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Abstract

For purpose of improving quality of devices before shipping to customers, VLSI
testing methods have been developed to detect defective devices effectively by using
automatic test equipment (ATE). To test a chip properly, it is required to test a
number of devices to characterize the device and determine manufacturing defects
that should be corrected before full production of the device.

Since the characterization and production tests need to be undertaken fast and
effectively, automatic test equipment is employed to test each device.

This thesis presents test methods for characterization test, including contact
test, input and output voltage level test, input leakage test, IDD current test, power
supply voltage bump test and IDDQ test by using the ADVANTEST T2000 test
system. This thesis also provides test procedure and results for the each test.

For each of these tests, test results are presented to show the characteristics of

each of several devices, implemented with different technologies.
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Chapter 1

Introduction to VLSI Testing

Since the first integrated circuit was invented in 1958, Very Large Scale Integrated
Circuit (VLSI) technology has significantly improved in the past decades [1]. Defects
created during the fabrication process cannot be ignored since even a tiny defect can
make an entire integrated circuit (IC) unusable. For purposes of improving quality
of devices before shipping to customers, VLSI testing methods have been developed
to detect defective devices effectively by using automatic test equipment (ATE) [2].

Testing a device can be performed at different points from design concept through
full device fabrication. Since there are many types of defects, such as bridging faults
and stuck-at faults, that need to be detected, a number of different test methods are

often used on an IC.

1.1 Fault modeling

A particular fault is the result of a specific type of defect in a VLSI circuit. The
existence of a fault in a circuit will likely cause failures of operation. By modeling
the effects of each type of fault, one can predict the consequences of a particular fault
on the operation of an IC.

There are some basic fault models that are frequently used in VLSI circuit design

and test.

Bridging fault

A bridging fault refers to two or more signal lines shorted together. Sometimes, a

bridging fault can be regarded as 1-dominant (OR bridge) when the neighbor shorted
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line is forced to 1. It can also be treated as O-dominant (AND bridge) when the
neighbor shorted line is forced to 0. In some cases, a bridging fault does not affect
the logic state of a neighbor signal line, because of high impedance between two signal

lines. However, in this case, the circuit may experience some timing faults. [2].
Stuck-at fault

At the gate level, a stuck-at fault means a node of a circuit is constantly 0 or 1.
These nodes can be inputs or outputs of logic gates or flip-flops [2].

Transistor fault

This fault can be described at the transistor level of a logic gate. This kind
of fault often behaves as a stuck-open or stuck-on fault. In a stuck-open fault, the
transistor is always off (it does not conduct current). In a stuck-on fault, the transistor

is always on (it always conducts) [4].
Transition delay fault
With a delay fault, functions of a device may be correct but signal transitions

are slower (or rarely more quickly) than normal [4].

1.2 Testing Procedure

VLSI test is required at different stages of design and fabrication of an IC. Each

of the tests has its own purpose, as described below.

1.2.1 Simulation

When the design of circuit is being developed with EDA tools, the design needs
to be simulated to ensure all functions are correct before fabrication. In this step,

a netlist of a design such as a Verilog or VHDL file that has whole structure of the



circuit, is required to be simulated. Once a circuit design has been fully verified, this

design can be sent to tape out [5].

1.2.2 Device debug and characterization test

Some of the initial fabricated devices are used as samples to verify the opera-
tion of a design, using full functional test and parametric tests (including DC and
AC parametric tests) before the design is sent to production. The purpose of char-
acterization test is determining limits of device parameters at which the device will
be operational. The purpose of functional test is mainly detecting whether a device
has stuck-at faults or other faults that affect logic states. These samples need to be
tested in different operating environments to observe how behavior changes based on
different operating conditions. Some specific sequences of input test vectors may lead
to device failures. If these failures are analyzed deeply, one can find problems in the
fabrication process and the chosen test limits. These sample chips can be compared
to the designed simulation model. If a device fails initial test, it must be diagnosed

to find out the root cause of the failures [5].

1.2.3 Production test

After characterization test, a device will be sent to full scale production. Produc-
tion test is used to distinguish faulty devices from good devices. Moreover, devices
need to be tested on Automatic Test Equipment (ATE). Since a large number of
devices must be tested, the test time plays an important role in this step, requiring
the design of efficient tests. At this stage, all failed devices are not required to be
analyzed to determine the root causes of the failures. During production testing, it

is sufficient to simply discard faulty devices [5].



1.2.4 Burn-in test

Research has found that some devices fail in early stages of operation. However,
after fabrication these devices can successfully pass the tests listed above. Therefore,
burn-in test is often performed to accelerate the life of device to make some devices
fail before shipping to customers. During the test, production tests can be performed
at high temperature and voltage. In this stage, infant mortality failures and freak
failures are tested. In infant mortality failures, an extreme environment will accelerate
devices to fail by burning out weak resistive lines. In freak failures, a device works
properly in normal conditions but fail after a long time. Thus, these devices are put

in burn-in test for a long period [4].

1.3 Typical characterization test program flow

In characterization test, there are always a number of tests that are designed
for testing electrical parameters. In this step, engineers are required to set up both
ATE and test programs. Figure 1.1 shows the general sequence of test operations
performed on an ATE during characterization testing. Some of these tests are also

used in production testing.

DC Parametric Test

Functional Test

AC Parametric Test

Figure 1.1: General characterization test procedure by ATE [6].



1.3.1 Functional test

In functional test, a sequence of test vectors is applied to a device to check
whether the output functions are the same as expected. In current technology, inte-
grated circuits are very large; therefore, there may be many test vectors required to
verify all functions. For example, if a device has 60 pins, and each pin has binary

state (0 or 1), the number of possible test vectors is

9260 — 1 154 108 (1.1)

Assuming that the 250MDMA module of the ADVANTEST T2000 test system
is used for doing functional test (this module supports up to 250MHz frequency, or a
test period of 4ns), the time for this system to finish all functional tests on the device

is

1.15% 10" % 4ns = 4.6 x 10° s = 1281023 hours (1.2)

In this case, to finish all possible tests will consume a very long time. This is
unacceptable. For this reason, other tests such as IDDQ test are employed to reduce

test time. For complex devices, functional test performs well in testing stuck-at faults,

which IDDQ has limited ability to detect.

1.3.2 Contact test

During device packaging, there is the possibility that a package pin is shorted to
other pins or a package pin is open to the internal die. Due to these reasons, checking
pin contacts of each device can save time for testing devices, by preventing further

tests from being performed on a device with faulty pins [6].



1.3.3 DC parametric test

In this stage, device DC parameters such as leakage current, and input and output
voltage are tested to ensure tested values are within the electrical specifications.
Margin search test (mentioned in input voltage test in Chapter 3) is used to locate
precise input threshold voltages and output driving voltages, then a limited set of
values is used for production test [7]. The details of these tests are described in

Chapter 3.

1.3.4 Power supply current test

Power supply current tests usually include gross IDD current test, static IDD
current test, dynamic IDD current test and power supply bump test. Power supply
current test can measure current consumed when device is powered up. In this test,
measuring the current value from a power supply can determine if some physical
defects exist inside the chip, such as defects caused by under-etching or photo mask
misalignment. Usually, this test is performed after contact test and DC parametric

test [6].

1.3.5 IDDQ testing

IDDQ testing is a supplemental test method to find bridging and other faults
in CMOS circuits by measuring quiescent power supply current. IDDQ testing has
become a standard test technique since the end of the 20th century to decrease PPM
levels. In addition, IDDQ testing can also discover some potential reliability failures
that do not result in any logic failures in functional test. However, IDDQ test is
unable to replace functional test because it is limited in detecting many stuck-at
faults. So it can be regarded as a supplemental test to reduce overall testing time [8].

In contrast to dynamic IDD test, IDDQ test is required to measure power supply

current in steady state after executing each test vector. Hence, in order to test



for a bridging fault, the IDD(Q test vector set generated by automatic test pattern

generation (ATPG) is to toggle on and off as many transistors as possible.

1.3.6 AC parametric test

The main purpose of AC parametric test is to make sure that the device can meet
all timing specifications. AC parametric tests include propagation delay, rise/fall

time, setup time, hold time, pulse width and maximum clock frequency tests [6].

1.4 Production test

Production test is typically performed by using GO/NOGO testing. The elec-
trical values used in the test are defined after characterization test. If a measured
value is outside a designed range, this device can be judged to be failed. In order to
minimize the cost of test, test time is required to be reduced as much as possible.
Again, the functional test is performed to detect stuck-at faults or other faults that
affect logic states in production test.

This test method is same as characterization test, except without fault diagnosis.
Once a device fails to pass a test, this device can be thrown away directly without

further testing.

1.5 Thesis goal and organization

There has been much work on developing functional tests. Therefore, design and
implementation of DC parametric tests and IDDQ tests for the ADVANTEST T2000
ATE are explored in this thesis.

The thesis is divided into five chapters. The organization of chapters is as fol-
lowed:

Chapter 2 illustrates the structure and the functions of the ATE.



Chapter 3 describes test strategies and results of contact tests and DC parametric
tests performed on the ATE.

Chapter 4 discusses test method and results of IDDQ testing on the ATE and
IDDQ test pattern generation using FastScan.

Chapter 5 summarizes the work performed and provides in this project and

suggestions for future work.



Chapter 2

Automatic Test Equipment

After a device product has been sent to a foundry to produce chips, it is required
to test a number of devices to characterize the device and determine manufacturing
defects that should be corrected before full production of the device. Furthermore,
after characterization of a device has been confirmed, production test is performed to
filter out bad devices that have fabrication defects from the entire group of devices.
These steps can guarantee that devices shipped to customers have low defect levels.
The characterization and production tests need to be undertaken fast and effectively.
Therefore, ATE is employed to test each device. The test engineer designs and sets
up the automatic test program and lets the ATE apply the test.

In the experiments performed for this thesis study, the Advantest T2000GS Test
System is used for performing contact tests, DC parametric tests and IDDQ tests.
The T2000GS test system is an entry level system that contains three units, the

mainframe, a user interface console and a test head.

2.1 Mainframe

The mainframe of the T2000GS contains a system controller, site controller and
bus switch. The system controller is the primary connection between the user and the
test system, and runs operating system Windows XP with test development tools.
The user must create a test program before running the test on the site controller.
The system controller also provides power supplies for the whole T2000 test system.
The site controller executes testplans on each device under test (DUT). The bus

switch provides connections between the site controller and DUT [9].
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2.2 Test head

In the test head, different modules with different functions are available to test
DUTs. The system used in this work contains a programmable power supply module
(DPS500mA) that provides up to 500mA power supply current for up to 32 chan-
nels, a 250MHz digital module (250MDM) that controls up to 128 DUT pins, and a

synchronous generator /matrix 16 module (SGM16) [9].

2.2.1 DPS500mA

The main purpose of a Device Power Supply (DPS) is to provide power to a DUT
and measure current or voltage at DUT power supply pins.

The DPS500mA module has 32 channels, and each channel of the DPS500mA
can either be controlled independently or programmed in parallel with other channels
to supply more current to the DUT. As device power requirements vary so much,
multiple power supply voltages are required for many DUTs.

Table 2.1 shows that the driving voltage can be any value from -2V to 8V or from
-2V to 12V (voltage in range from -2V to 8V has better precision). The resolution
of the voltage in the DPS500mA module is 1mV. However, the actual drive voltage
accuracy is about +(0.1%+10mV’). That means if the 6V is programmed, the voltage
of the power supply can vary from 5.984V to 6.016V. Furthermore, the DPS module
provides a current source mode that generates up to 500mA for each DPS channel.
Maximum measurement memory means 256 measurements can be made and stored
when using trace mode. There are two modes for for measurements. One is trace
mode that traces every sampling point and display in the Console Window. The other
one is average mode that traces every sampling point but only calculates the average

value of all sampling values.
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Table 2.1: DPS500mA specification [10].

Resource Value Resource Value
5uA /50uA /500uA /
Channel 32ch/Module VSIM measurement
5mA /50mA /500mA
-2V to 8V / -2V to VSIM measurement 5mA range:
Drive voltage range
12V accuracy +(0.20%8uA2uA/V)
Drive voltage Max Output
1mV 16A/6.4A
resolution Current(Ganged)

Max Meas. Memory -
Drive voltage accuracy £(0.1% + 10mV) 256
Trace Mode Method

Max number of
Output current range 500mA /200mA 4 (2 bits)
Vbump supported

The DPS module is used in this work for measuring power supply current in
voltage bump tests and IDDQ tests.

Figure 2.1 shows the simplified schematic of a DPS measurement channel. The
DPS specifications, circuitry, number of Range-Register, Tester Interface Unit (TIU)
interconnections, etc. are different for each DPS model. The DPS channels apply their
test conditions on the Force (F) lines. When applying a voltage, the applied voltage
is sensed via sense (S) lines, which are used by the DPS channel to properly maintain
the desired voltage at the DUT. The current measurements are done by measuring
the voltage across the range registers, offering smaller measurement current ranges
with better accuracies. In order to achieve the best accuracies, some connections from

the DPS Modules to the DUT are especially important [10].
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DPS Channel

NS
R1« Range-Register > puT
'"ul\'l“f— L.
Source W ¥
- |D/A )— DPS
Data Relay
AMPS| GND|

i AMP2 é

Current Clamp B
Circuit AMP1+

Clamp Alarme

&

{ a/D

Tester Interface Unit (TIW)

Figure 2.1: Simple diagram of the DPS channel [10].

In a typical Voltage Source Current Measure (VSIM) operation, the engineer
programs a voltage source, by applying a binary value, corresponding to the desired
voltage, to a DAC. The DAC output is sent through two amplifiers and a resistor, R1,
which is used for the current measure. The value of the voltage at the DUT is sensed
and fed back to the first amplifier. If it does not match the programmed voltage,
adjustments are made to maintain the desired voltage at the DUT. To measure the
supplied current, a differential amplifier sends the voltage across the Range-Resistor
to an ADC, which measures that voltage. The data is read back as current, based
on the voltage value of across the selected Range-Resistor. Different resistors (range
registers) can be switched in to create smaller current ranges with greater accuracy.
The current is determined by measuring the voltage across them. In addition, the
resistor R1 is used to determine whether the current for power supply is outside the
programmed current range. If the current from AMP2 is out of the current range,
the AMPS will immediately turn off to protect the DUT [10].

For example, in Figure 2.2, the source DAC is programmed to 1V. That goes

through the adjusting amps and ideally is 1V. This is amplified to 1.0005V to adjust
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for the drop across the Range-Resistor and losses in the overall path to the DUT.
0.0005V is measured across the Range-Resistor and the digital data is stored in result

memory. So the power supply current drawn by the DUT is

0.0005 V/
=16mA 21
0.031250hms " (2.1)
S
DUT
1,0005\4\ 0.03125 Ohms
DAC v l/ MW F
S
AMPS 3
.“é‘
=
.0005V. 2
«
@
RESULT ADC \ £
MEMORY E
w
R

Figure 2.2: The operation of a DPS channel [10].

2.2.2 Module trigger

As shown in Figure 2.3, a module trigger is a resource to control an external
module, with trigger signal produced by the Pattern Generator (PG).

In a DPS module, a trigger controls when to take current or voltage measurements
on power supply channels during a test. As shown in Figure 2.3, the DPS500mA
module has one trigger signal input, which controls all 32 channels in the module
by starting and stopping the current measure ADC, described earlier. In the thesis,
signal pin DIMTRG is used for controlling the ADC. HIMTRG and LIMTRG are
used in other DPS modules.

The module trigger resource name and assignment are specified in the socket

and pin description files as shown in Figure 2.4(a) and Figure 2.4(b).As shown in
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Figure 2.5, the user programs the timing of a trigger signal with an 8-bit binary value
supplied with the SNDT instruction of the PG. Our T2000 250Mbps Digital Module
has four triggers, PMDTRO - PMDTR3 [10].

DPS:

TIu HIMTRG

LIMTRG
DIMTRG START
—

Digital Module:

1
]
i
]
:
PG | x‘w(jSTOP CURRENT
; : MEASURE
A T L ADC
. 1 =
PMDTR2G | | HIMTRGG
I :lLIMTRGG
: | DIMTRGG
b !

Figure 2.3: Pattern generator controls the measurement ADC [10].

Resource moduletrigger Resource moduletrigger

{ {

EMDTRO; EMDTRO 1003.129;

FMDTR1; FMDTR1 1003.130;

PMDTR2 ; PMDTRZ 2003.131;

EMDTR3; PMDTR3 2003.132;

! }
(a) Program setup of module (b) Program setup of module
trigger in pin description file. trigger in socket file.

Figure 2.4: Example of programmed setup for module trigger.

As shown in Figure 2.5, the trigger signal is generated when a particular bit,
which is the logical AND of a value assigned to PMDTR and an operand from the
SNDT instruction, becomes 1. The data 0x1 is assigned to PMDTRO when the Test
object is created and the SNDT operand data changes to 0x1, 0x2, 0x3, and 0x4 while
the pattern executes. For example, as shown in Figure 2.5, we chose PMDTRO to be
0x1 (00000001 in binary format) in the testplan file and SNDT to be 0x1 (00000001 in
binary format) in the pattern file. The logic AND of these two numbers is 00000001,

which means the pin Trigger 0 (PMDTRO) is activated.
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The example below illustrates why PMDTRO and PMDTRS3 are on for the in-
struction SNDT 0x1:

0000 0001 (SNDT 0x1) & 0000 0001 (PMDTRO 0x1) = 0000 0001=1
0000 0001 (SNDT 0x1) & 0000 0010 (PMDTR1 0x2) = 0000 0000=0
0000 0001 (SNDT 0x1) & 0000 0100 (PMDTR2 0x4) = 0000 0000=0
0000 0001 (SNDT 0x1) & 0000 0001 (PMDTR3 0x1) = 0000 0001=1
NOP SNDT NOP SNDT NOP SNDT NOP SNDT EXIT
01 0x2 0x3 (e
PMDTRO
(0x1) ON ON
PMDTRA
(0x2) i
PMDTR2
(0x4) i
PMDTR3
(0x1) ON ON
pMoTrROOxt [ 0 J 0 [ o Jo | oo o [
pMoTRIx2 [ 0 [ 0 [ o [ o [ o | o [Ba] 0
PMDTR20x4 [ 0 [ 0 [ o [ o [ o B o | 0
pMoTR3oxti [ 0 J 0 o [ o [ o o] o |54
y y k' PMDTRO PMDTR1 FPMDTR2 PMDTR3
snoToxt [0 JoJoJoJoJoTJo P l—»f 0N oFfF | OFF [TONTT]
SNDT012]0|0|0|0|0|3|"I+|§|—D{ oFf [RNONINN oFf | OFF |
SNDT <3 IOIDIOlOIDIg'IfI?I—H L I N . |
swomm]o|o|o[o|a|f|t|g|—p{ OFF | OFF [DONRN] OFF |

Figure 2.5: Both SNDT instruction in pattern file and PMDTR in testplan file can
determine when to activate module trigger signal to high [11].
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2.2.3 250MDM

The T2000 128 channel 250Mbps digital module (250MDM) is exclusively de-
signed for the T2000 test system, which is a test system using the OPENSTAR
standard. Installing the module in the test head of a T2000 test system allows tests
to run with a rate of up to 250Mbps. The module has 128 digital I/O pins. Additional
modules can be installed to accommodate higher pin counts of target devices, as well
as allowing multiple devices to be tested in parallel [12].

Tables 2.2 and 2.3 list specifications of the driver and comparator, respectively,
of the pin electronics section of the 250Mbps digital module.

As indicated in Table 2.2, each channel of the 250MDM can provide VIH value
from -1.15V to 7V and VIL from -1.25V to 5.9V. Table 2.3 shows that the output

voltage comparison level can be set to -1.25V to 6.75V for both VOH and VOL.

Table 2.2: Pin electronics driver specifications [12].

’ Item \ Value H [tem \ Value ‘
-1.15V 4.0ns
Voltage range VIH to +7.0V || Minimum pulse width 507 (at 3V)
-1.25V 2.51s
VIL to +5.9V 50% (at 1V)
Voltage 0.1V : :
amplitude (VIH-VIL) to 8.0V _ Driver Hi-Z | 10ns
Voltage minimum on time
. 2mV VTT | 5.0ns
resolution
. 1.2ns : .
Transition 20% to 80% Driver Hi-Z 10ns
) (at 3V) .. :
time Tns minimum off time
20% to 80% (at 1V) VTT | 5.0ns

A pin electronics driver is utilized for driving voltages VIL and VIH to input
pins of a DUT. A pin electronics comparator is used for setting up comparison levels
so the test system is able to judge whether the output voltage of a DUT pin is within
the range of VOH and VOL.
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Table 2.3: Pin electronics comparator specification [12].

\ Item \ Value H Ttem \ Value \
-1.25V . Hi-7Z: 2.4ns
Voltage range VOH to +6.75V qu.n'v alegt 20% to 80% | (at 3V)
transition time
VOL -1.25V VTT: 2.0ns
to +6.75V 20% to 80% | (at 1V)
Minimum 0.0V Wl.ndow ) 4.0ns
voltage strobe minimum on time
Voltage Window
resolution 2mV strobe minimum off time 4.0ns

In the 250MDM, each of the 128 channels also has a parametric measurement
unit (PMU), as shown in the diagram of Figure 2.6, which is similar to that of the
DPS500mA shown in Figure 2.1, and therefore the mechanism is identical.

For example, in VSIM mode, the user programs a voltage source value, applied
to a DAC. This data is sent through Main Amplifier, Buffer Amplifier and a resistor
(this resistor is selected when using different current measurement ranges) to apply
a voltage to a DUT pin. The voltage value at the DUT is sensed and fed back to
determine if the voltage applied to DUT is identical to the programmed voltage value.
The clamp amplifier senses the current flow through the 5 Ohm or 50 Ohm clamp
resistor, and outputs current to the main amplifier. The main amplifier can decide
whether the programmed voltage is able to continue to force the DUT by comparing
a clamp limit to the current value from the clamp amplifier. To measure the DUT
input current, the current amplifier (IM Amp) sends the voltage across the range
resistor to an ADC, which measures the voltage. The data is read back as current,

based on the value of the range resistor.
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24 | Main Amp
+ Buffer Amp

Clamp resistor+

Range resistor+

‘i

Figure 2.6: The simple schematic of a 250MDM channel, which is also a PMU [11].

2.3 Test program

Test programs are created by a user to perform tests on the ATE. The user
must provide three main inputs: a test program, test vectors, and analog test wa-

verforms. Test vectors can be typically generated by an APTG tool, such as Tessent

FastScan [26].

The Advantest T2000GS test system uses the Open Architecture Test System
Test Programming Language (OTPL). This programming language defines test in-
formation for signal pins, timing information, DC signal levels and test patterns.
A block diagram of files that make up a test program on the T2000 test system is

shown in Figure 2.7. The components of a test program are described in the following

paragraphs [13].
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[

Pin —| Timing
Description

— TimingMap Test
y Pre-Header [T
Socket Def | [ Levels
Test
| .
J DCParametrics H | Condition
Group —s| Test 1
Specification
v N Sets | | | Selector =
Pattern 1 (min, typ. max) min, typ
or max Test |
Pattern 2 Condition
F PList
Pattern 3

Figure 2.7: Block diagram of test program files on T2000 test system [13].

2.3.1 Pin description file

The pin description file (*.pin) defines the names of the DUT signal and power
supply pins. Typically, signal pins are defined with digital pin resource "dpin” and
power supply pins are defined with digital power supply 500mA resource ”dps500mA”.
In the pin description file, pins can be grouped together to make them easy to reference
in other test program files. Figure 2.8 shows the format of the pin file. A "resource”
refers to pins in a specified module. For example, ”Resource AT.Digital.dpin” means
use the 250DMD module to define DUT signal pins. ”Resource dpsb00mA” means

use the DPS500mA module to define power supply pin VDD [13].
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FinDescription

Resource AT.Digital. dpin

A1 # Pin are defined
CLE1;
QAL ;
GRB1;
acl;
6ol ;
QDE;
Qcz;
QBZ;
QAZ;
CLEZ;
B2

Group inpins # Group input pins

} Al, AZ, CLR1, CLEZ

Group outpins
pAl, QB1, QCl1, QD1, QAZ, @BZ, QCZ, QD2

)
%esource dp=b00mA

VDD
Figure 2.8: Example of a pin description file.

2.3.2 Socket file

In the socket file, signal pins of a device are mapped to ATE connectors and pins.
Figure 2.9 is an example of socket file. In this example, DUT input signal pin Al
is associated with ATE connector ”1003.1”, which refers to pin 1 on connector 1003.
Every time the ATE forces a signal to pin 1003.1, that signal is applied to pin Al of
the device [13].
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SocketDef
{ DT Tvpe DiazPB
{ Pinlescription pindesc.pin;
DaT 1
{

SiteController 1;

Resource AT.Digital. dpin

Al 1003.1;
CLE1l 1003, Z;
oAl 1003, 3;
GE1 1003, 4;
acl 1003, 5;
ool 1003, &;
Qo2 1003, B8;

QC2 1003, 59;
CBZ2 1003. 60;

QAZ 1003. 61;
CLEZ 1003, 6Z;
A2 1003, 63;

}
%esource dpsh00mb
YOO 2010, 27;

Figure 2.9: Example of a socket file.

2.3.3 Specification file

This file defines device specifications such as power supply voltage, input thresh-
old voltage, output driving voltage, slew rate and timing related parameters. In this
file, multiple values can be specified for each parameter, such as min, typical and max
values. In addition, the unit of each parameter is clearly stated, so it can be directly
used in other files. The parameters of a device are acquired from its datasheet. Fig-
ure 2.10 is example of a specification file, using specification data of the 741.S393 1C
(4-bit binary counter). For a particular test, one set of values will be selected (ex. all
min values) in levels, test condition and testplan files. Also, the variables defined in

the specification file can be used in other files [13].
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Import uservar. usrv;

SpecificationSet DiagPBSpec(min, tvp, max)

Voltage vforce = 4. 75V, &5V, b, 2LV
Current ich = Z0m4, 100md, Z00md;
Current icl = —400md, -1600mb, —2400mé;
VoltageSlew slewrate= T8, 125;

Voltage vih = 2V;

Voltage vil = OV:]

2.8V, 3.4V, 3.4V,

Voltage voh

Voltagze wvol 0. 35V, 0,38V, 0.5V

# min tvp max
Time t5trbH = L0ns, S0n5, Ens;
Time t5trhL = h0n5, 50n5, s

Figure 2.10: Example of a specification file.

2.3.4 Levels file

This file is able to define what kind of signal should be associated with various pin
resources. It defines voltage and current levels at each pin or pin group. For instance,
as shown in Tables 2.2 and 2.3, since VIH range is defined from -1.15V to 7V in
the pin electronics specification, the VIH values in the levels file cannot exceed this
range. In addition, it also states what testing mode will be applied during the test.
For instance, the levels file can indicate whether current source voltage measurement
(ISVM) or voltage source current measurement (VISM) is to be used in the test.
Figure 2.11 is an example of a levels file. In this levels file, the variables, such as
vforce, vih, vil, voh and vol, are assumed to have been defined in the specification

file [13].
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%evels Lvll

%DD
ViRange = TV; # Valtaze supply range
VForce = vforce;# Voltaze value, 11 can either define in specification file or level file
DpsRelay = CLOSE:# Close the relay between DUT and test head
) PowerSequence = ON;
Delay 3ms;
inpins
VIH = wih; #specification file defined the variable vih, vil, wvoh and wol
VIL = +il;
PinfutRelay = CLOGE;
) PowerSequence = ON;
outpins
VOH = woh;
VOL = wol;

PinfutEelay = CLOEE;
PowerSequence = ON;

Figure 2.11: Example of a levels file.

2.3.5 Timing and timing map files

The timing file defines test vector periods and waveforms (signal transition times)
for each pin or pin group. A timing file can define up to four different periods and
eight waveforms. The values defined in a pattern file should be applied in accordance
with the timing file. In a pattern file, the waveform of a vector can be directly defined
using the variable defined in timing map file [13].

Figure 2.12, an example of a timing file, shows waveform and period tables. In
this example, the period table defines four test period values, one waveform table de-
fine input pin in timing, and four different waveform tables define output pin sampling
times.

Figure 2.13, an example of a timing map file, that defines waveform sets, each of
which associates a period with a specified set of waveform tables. In this example, the
timing map file defines four different waveform sets; the detailed waveform parameters

of seql, seq2, seq3 and seq4 are defined in the timing file shown in Figure 2.12.
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T[irning Tim_200_to_190
Commonsection
Domain default
F]‘EeriodTable
Period per0 { 200nS; 1
Period perl { 197.5nS; }
Period perZ { 195nS; ]
} Period per3 { 192.5nS; }
Pin inpins]
anveformTable seql

{1 [ UeonS,E1; 1}
{0 {DeOnS,E1; 1}

Waveformlable seq?

{1 { U040nS, E1;D@140nS,E1 3 )
{0 [ DR40nS,E1 1 3

}
I
Pin outpins
anveformTable seql

[ H { HB199.5nS,E5; 1 1
{L {L0199.5n5,E6; 1 1

Waveformlable seq?

[ H [ HP19TnS,B5; } }
{L {Le19TnS,E6; } 1

Waveformlable seqd

[ H { H9194.5nS8,B5; } }
{L {L0194.5n%,B6; 1 1

Waveformlable seqd

{H { HP192nS,E5; |}
{L [ Le192nS,B6; } 1

Figure 2.12: Example of a timing file.

"l;{iming]'ﬂap THapl
Domain default
V']J{avefurm]'ﬁap
PinFormat | inpins, outpins }
wisl, per0, { seql, seql }
wfs2, perl, { seql, =eq? }

wis3, per?, | seql, seq3 }
wfsd, per3, 1 seql, seqd |

Figure 2.13: Example of a timing map file.
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Figure 2.14 is an example that shows what the timing file and map represent. In
this example, waveform set wfsl of the timing map of Figure 2.13 is used, which has
a test period per(, defined as 200ns in the timing file of Figure 2.12. Figure 2.14(a)
shows an input signal to the DUT. The waveform seql is defined in timing map
file shown in Figure 2.13, which inputs applied at the beginning of the test period.
Figure 2.14(b) shows the output sampling point of 199.5 ns for each period, corre-
sponding to waveform table seql. The tester will do a comparison between the preset
VOH/VOL and the actual voltage value at the sampling point. Figure 2.14(c) shows
that input voltage levels can also change within a period, to create clocks and related

signal.
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Seqle \ /

Value is changed

at the beginning of

waves

A
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(a) The waveform to an input of DUT.

i
Seql « /
} Sampling
point+
200 ns+ 200 ns«

(b) The waveform of an output of DUT.

Seg2 +

200ns+

(¢) Example of an input.

Figure 2.14: Example of waveform.

2.3.6 Test condition file

This file defines what levels of voltage or current from the specification and
which timing parameters should be chosen for a given test. Each test is defined with
a specific set of test conditions. Figure 2.15 is an example of a test condition file.
In this example, the specification set DiagPbSpec shown in Figure 2.10, the levels

Lvll shown Figure 2.11, the timing Tim_200_to_190 shown in Figure 2.14, and the
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timing map TMapl shown in Figure 2.15 are combined to create this test condition

group [13].

EestCDnditiDnGrDup DiagPBTCG 200 to 190

SpecificationSet DiagFBSpec;
Levels Lvll;
Timings

Timing = Tim_200_to_190;
TimingMap = THapl;

Figure 2.15: Example of a test condition file.

2.3.7 Pattern file

In a pattern file, input test vectors and expected outputs are defined to verify
circuit functions in each test period. In addition, the system can automatically pro-
duce different types of patterns, such as by algorithmic pattern generation (ALPG)
and SCAN pattern generation. Users can also specify instructions for each test vector
to control test pattern application. Figure 2.16 is an example of a pattern file. In this
example, the timing of waveform set wfsl is applied to the vectors, as defined in the
timing file and the timing map file shown in Figure 2.12 and Figure 2.13, respectively.
In this pattern file, the variables inpins and outpins are defined in the pin description
file shown in Figure 2.8. In this example, the first input vector is 0111, which applies
0 to pin Al, 1 to pin A2, 1 to pin CLR1, and 1 to pin CLR2. The output vector
LLLLLLLL means expecting a low voltage level at all of the outputs when applying

this pattern. [13].
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MOP { ¥ { {inpins=0111: outpins=LLLLLLLL: } # V indicates voltage levels
linpins=1100; outpins=LLLLLLLL:}
[inpins=0000: outpins=HLLIHLLL:}
[inpins=1100; outpins=HLLIHLLL:}
[inpins=0000; outpins=lHLIIHIL:} W{allpins=wfsl;} }

Figure 2.16: Example of a pattern file.

2.3.8 Testplan file

The testplan file determines which test conditions and specifications should be
combined in a specific test. It also defines test organization and what type of test
class, such as DC parametric test and power supply test, to use during each step of the
test. Figure 2.17 is an example of a test plan file. In the example, the test initializes
the DatalogSetup block, and then performs the function test of the DiagPBFunction-
alTest_200_to_190. If DiagPBFunctionalTest_200_to_190 block passes the test, it will
proceed to block DiagPBFunctionalTest_190_to_180. Otherwise, it will proceed to 1
which means this test is failed. Each block in a DUTFlow is a DUT flow item, as
shown in Figure 2.17. To facilitate testing, the built-in tool Flow Editor GUI shows
each DUT flow item as a block of a test plan, as illustrated in Figure 2.18. The user

can edit the test plan via the GUI, and observe the execution flow of a test [13].
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EestCDnditiun TC_200_tao_190
TestConditionSroup = DiagPBTCG 200 _tao_190;
Selector = twvp;

}
}

Eest FunctionalTest DiagPBFunctionalTest_Z00_to_190
PListParam = DiagFBFat;
} TestConditionFaram = TC 200 to 190;

Test FunctionalTest DiagPBFunctionalTest 190 to 180

PListParam = DiagFBFat;
TestConditionFaram = TC 200 to 190;

¥
%UTFIDW FlowNain
%UTFlDwItem DatalogSetupFlow DatalogSetup
%esult 0

} GoTo FlowMaln_ 200 _to_190;

¥
%UTFlowItem FlowNain 200 to 190 DiagPBFunctionalTest 200 to 190
%esult ]

} GoTo FlowNain 190 to 180;

Result 1

{ Return 1;

i
%UTFlDwItem FlowlMain_190_to_180 DiagPBFunctionalTest_190_to_180
{ %esult 0

Return 0;

}
%esult 1

Return 1;

Figure 2.17: Example of a testplan file.

l“ﬁl s

DatalogSe DiagPEF Ll

Figure 2.18: Example of the test flow item that shows in Flow Editor GUI.
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Chapter 3

DC Parametric Test

After integrated circuit device fabrication, DC parametric tests ensure that var-
ious electrical parameters of a circuit device are within its specifications. Generally
speaking, DC parametric testing includes [6]:

1. Contact test (Open and Short)

2. Input leakage current test (IIL, ITH)

3. Input threshold voltage test (VIL, VIH)

4. Output driving voltage test (VOL, VOH)

5. Power consumption test (Gross, Static)

6. Power supply bump test

The first four tests use the PMU of the 250MDMA, and the fifth and sixth tests
employ the DPS500mA (DPS) module.

In some DC parametric tests, before performing the test, a device needs to be
preset to some specific state. For example, if IIL is the parameter to be tested, the
power supply of this device should be preconditioned to a maximum level. When
using the PMU, some settling time is required before taking a measurement on the
device [14].

In the experiments performed for this thesis, two standard digital functions,
each implemented in three different technologies, are utilized to determine differences
between those chips. The chips used in the test include 74HC393, 74HCT393, 74L-
S393, 74HC163, 74HCT163 and 74LS163. Function 74393 is a 4-bit binary ripple
counter [16] and the 74163 is a 4-bit synchronous presettable binary counter [15].

Here, 74HC means using CMOS technology. Chips using CMOS technology have
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merits such as working over a wider range of voltages with lower power consump-
tion than 74LS series chips. 74LS series chips, made with Schottky transistors, have
advantages like reducing the stored charge and operating at higher frequency than
TAHC series chips. T4HCT series chips mainly use CMOS technology but with TTL-
compatible inputs and outputs to make HCT chip voltage levels compatible with LS

series and other T'TLchips.

3.1 Contact test

Open and short tests are also named continuity tests, and mainly check two
problems. One is device pins open and the other is shorted device pins. The main
causes of opens and shorts are physical defects occurring in the fabrication of die or
the packaging of die. The defects include missing, broken, or incomplete bond wires,
shorted metal pins and pins damaged by static electricity. This test is typically done
first because there is a possibility that the electrical contacts between the ATE and
the DUT or between wafer and wafer probe card are defective. Open and short tests
are simple tests that can be finished rapidly to decrease the average time of testing
a faulty device by identifying faulty devices before applying more costly tests. In
this test, all input and output signal pins are forced to a fixed current to measure
voltage between these pins. If the voltage is out of range, we can treat this device as

faulty [6] [7].

3.1.1 Test method

Generally speaking, each device pin is usually connected to protective diodes as
shown in Figure 3.1(a). If a forward bias current is applied to either of these diodes,
a voltage drop occurs between the two terminals of the diode, which is illustrated in
the V-I characteristic in Figure 3.1(b). By using this V-I characteristic, a signal pin

can be checked to see whether the connection is defective.
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(a) Protective diode [7]. (b) V-I characteristic plot of diode [3].

Figure 3.1: The protective diode of DUT.

To test open and short faults, the GND level (0V) should be applied on all VDD,
GND and signal pins, except for target pins, as shown in Figure 3.2. This is used to
check whether signal pins are open circuited or short circuited to other signal pins
or power supply pins. A fixed current is applied to each device signal pin from the
build-in PMU to measure the electric potential (voltage) across each signal pin. If the
signal pins are correctly connected without opens and shorts, as shown in Figure 3.2,
then if a positive current is applied through signal pins, the current will flow through
the diode and back to the current source to form a voltage drop across diode. By

using ISVM, this voltage drop can be measured by the PMU and compared to the

expected value.
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(a) Forward bias the diode [7]. (b) Reversed bias the diode. [7]

Figure 3.2: Contact test setup diagram.

However, if the target pin is shorted to other device pins or GND, as shown in
Figure 3.3(a), the measured voltage is the same electric potential of OV. If a discon-
nection, as shown in Figure 3.3(b), is inside of the device or the device interface, then

the applied current flows through an infinite resistance; this measured voltage will

reach a clamp voltage level, causing this test to fail.

VDD

TF[—f oo |
A e

Signal Pin
— Signal Pin|

Forcey e — Short Foree|
‘ ‘ Vol rop
‘ ' BT V88
T T 7%— 7T T 77‘:E

(b) Pin open.

(a) Short circuited between signal pin and
ground.

Figure 3.3: Contact test defect diagram.

3.1.2 Test procedure

The steps listed below are applied to all six test chips.
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1. Apply 0 V to all power supply pins in the levels file.

2. Apply 0 V to all signal pins in the levels file.

3. Apply a forward bias current to the target signal pins in the levels file to
measure voltage on each signal pin, one by one.

4. In the testplan file, set up the PMU module, serial testing mode and settling
time for testing.

5. Load and run the test plan and view results in the Console Window.

6. If the measured voltage is larger than -0.1 V, the signal pin is considered
short-circuited.

7. If the measured voltage is smaller than -1.0 V, the signal pin is open.

8. If the measured voltage is within the range of -0.1 V to -1.0 V, the DUT pin

is correctly connected to the device interface and within the DUT.

3.1.3 Test program

The statements of the program files used in the contact test are shown in Fig-
ure 3.4 and Figure 3.5. In order to measure the voltage of the signal pins, -200 uA

current is applied to each pin to measure the threshold voltage.
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DCParametrics he393_open

allpins
OFNade = ISV # current source voltage measurement
ISRanze = 600ud; # current source range
IForce = =200u4;# applving —200uhs to each pin seriallwy
VNMEanze =N # voltagze measurement range
VC1 ampH1 = 1V; # high clamp woltaze
VClampLo = -2V: # low clamp voltage
TJudeellpperVoltageVal = —0,1V; # high falled voltaze
) TJudgelowerVoltageVal = ~-1V; # low failed woltasze

(a) Setting up testing mode and relevant parameter.

Levels hc393_open_levels

VDD {
¥5Range = 6V: # woltage source range to pin “VID”
VForce = 0V: # connecting sround to pin “VDD”
[psRelay = CLOSE; #Close the relay between DUT and test head
FowerSequence = ON;

1

allpins
PinCutRel ay = CLOSE;
FIXL =0V, # applving fized 0 V to all siznal pins
PowerSequence = ON;

1

Delay 3mS;

(b) Setting up voltage levels to VDD and signal pin.

Figure 3.4: Program setup of the levels file.

Test DCParametricFMUTest he393 open test |

TestConditionParam = hc393 open TC;

TestConditionParam = he393_open FNU_TC:

NeasurementPin = “allpins”: # measure all sienal pins
PNURelayControl = " # turn on FNU

NeasMode = "Serial”; # measure each pin on by one

# walt time after the power is turned on

SettlingTimePreleasure ms"
1nS”; # wait time after the power is twrned off

SettlingTimePostNeasure

”
”

Figure 3.5: Program setup of the testplan file.

3.1.4 Test result

Figure 3.6 shows the measured voltages when -200uA current is applied to each
signal pin of device 74HC393; the unit of each value is V. The result indicates all pins

are operational within the limit (from -1V to -0.1V).
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DUT ID 1l:DCParametric test hc353_open test execution succeeded.

PinName Value Result Status
a1 -0.724 Pass Vvalid
nZ -0.726 Pass valid
CLR1 -0.724 Pass valid
CLRZ -0.726 Pass valid
QAal -0.514 Pass Vvalid
QB1 -0.512 Pass valid
Qcl -0.514 Pass valid
QD1 -0.514 Pass valid
QA2 -0.51 Pass Vvalid
QB2 -0.51 Pass Valid
Qc2 -0.512 Pass valid
QD2 -0.512 Pass valid

Figure 3.6: Voltage result of contact test on device 74HC393 captured from the
Console Window.

The results shown in Table 3.1 and Table 3.2 show that all six chips pass the
contact test. By analyzing the data, it can be seen that measured pin voltages of LS
chips are higher than HC and HCT chips. For each chip, test voltages of inputs are
almost identical between HC and HCT devices. In addition, voltages of inputs on
LS devices are much higher than that for HC and HCT devices. Output voltages are

almost nearly the same on all of the devices.
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Table 3.1: Testing result of 74393 chips (Unit for all values is V).

7TA4HC393 | 7T3HCT393 | 7415393
Al -0.724 -0.716 -0.558
A2 -0.726 -0.718 -0.558
Inputs
CLR1 | -0.724 -0.716 -0.56
CLR2 | -0.726 -0.716 -0.558
QA1 -0.514 -0.582 -0.608
QB1 -0.512 -0.578 -0.606
QC1 -0.514 -0.584 -0.604
QD1 -0.514 -0.588 -0.61
Outpus
QA2 -0.51 -0.586 -0.608
QB2 -0.51 -0.586 -0.606
QC2 -0.512 -0.586 -0.602
QD2 -0.512 -0.588 -0.608
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Table 3.2: Testing result of 74163 chips (Unit for all values is V).

74HC163 | 73HCT163 | 74LS163
A -0.688 -0.724 -0.432
B -0.688 -0.724 -0.43
C -0.69 -0.724 -0.43
D -0.688 -0.724 -0.43
Inputs CLR -0.69 -0.724 -0.432
CLK -0.69 -0.724 -0.45
ENP -0.688 -0.724 -0.43
ENT -0.688 -0.722 -0.43
LOAD | -0.688 -0.724 -0.43
RCO -0.556 -0.586 -0.61
QA -0.556 -0.604 -0.562
Outputs | QB -0.554 -0.604 -0.57
QC -0.55 -0.59 -0.578
QD -0.552 -0.59 -0.592

3.2 Input leakage current test

Input Leakage Current Testing is a voltage source current measurement (VSIM)
test that checks whether leakage current of all input signal pins is within the design
specifications. Since the ideal input pin has infinite resistance, the input pins do
not sink or source more than the current stated in the specification. Based on the
measured current, resistance from input pins to VDD and GND can be measured,
and some defects in the device can be detected [7].

High leakage current on a signal pin is usually caused by defects of fabrication.

Sometimes, static electricity may also lead to damage of a signal pin. Because of the
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physical defects, a low resistive path has possibility to be formed between signal pins
or between signal pins and power supply pins. If a faulty device has a low resistance
between a targeted pin and another pin under test, high leakage current will be formed
because of the voltage drop across this low resistance path [6].

This test is typically performed after Contact Test.

1IH

When doing ITH test, voltage VDD, the same as the power supply, is applied to
the target pin and GND voltage to non-target pins. All output pins are left open (the
relays from the DUT to the tester are open). The PMU will apply a voltage to the
target pin and measure the current flow through it. Figure 3.7(a) illustrates ITH test

setup [7].

IIL

IIL is tested as shown in Figure 3.7(b). Testing IIL is similar to IIH. GND is
applied to the target pin and VDD to non-target pins. All of the output pins are

again kept opened [7].

VDD
ik VDD VDD
Measurement Pin T
] i
e i
o
/J Input Fins OpBl‘l
j Input Fins Open
|vop ]
} Cutput Bins ] Measurement Pin Cutput Fins

7T T

=1
74.” vss (\i.) 717 ves

(a) ITH test setup. [7] (b) IIL test setup. [7]

Figure 3.7: Input leakage current test.
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Serial and Parallel method

In testing IIL and ITH, there are two testing approaches. One is serial and the
other is parallel. As the name implies, in serial mode, the input pins, output pins and
power supply pins are configured to the settings shown in Figure 3.7. Pins are tested
serially by repeatedly implementing the same test on each individual target pin.

Parallel measurement is performed by driving low simultaneously all input pins,
to take measurements of I1L. In the 250MDM, a PMU is provided for each pin of the
tester. Parallel test is performed faster than in serial mode. However, since it gives

all the input pins the same voltage level, leakage currents between input pins cannot

be detected [7].

3.2.1 Test procedure

Generally, the ITH and IIL test procedure can be summarized as follows.

ITH test procedure

1. Apply the maximum power supply voltage to the power supply pin in the
levels file.

2. Apply the same voltage as that of GND to the non-target input signal pins in
the levels file.

3. Set up all output pins to be opened to the tester in the levels file.

4. In the level file, apply the same voltage as that of the power supply to the
target pin.

5. In the testplan file, set up PMU module, serial testing mode and settling time
for testing.

6. Measure the current value which flows into the target pin. Test results are
displayed in the Console Window.

7. Determine whether the measured current value is within the specification of

the device.
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IIL test procedure

1. Apply the maximum power supply voltage to the power supply pin in the
levels file.

2. Apply the same voltage as that of the power supply to the non-target input
signal pins in the levels file.

3. Set up all output pins to be opened to the tester in the levels file.

4. In the levels file, apply the same voltage as that of GND to the target pin.

5. In the testplan file, set up the PMU module, serial testing mode and settling
time for testing.

6. Measure the current value which flows into the target pin. Test results are
displayed in the Console Window.

7. Determine whether the measured current value is within the specification of

the device.

3.2.2 Test Program

Figure 3.8 and Figure 3.9 are test program examples for testing input leakage

current.
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[CParametrics Leakagze I

inpinsl
OFMode = VSINM; #Voltage source current measurement
VSRange = 7V, #Voltage source range
VForce = vin; # The applied voltasze to inputs, vin is OV defined
# in specification file
IMRange = lmk; # Current measurement ranage
IC]lampHi = lmk; # High clamp current
IClampLo = -lmh; # Low clamp current
JudgellpperCurrentVal = lm&; # High failed current
} JudgeLowerCurrentVal = -lmA; # Low failed current

(a) Program setup for VDD, non-target input pins and output pins.
%evels 12393 _DCleakagze IIL_levels

VID {
VERange = TV; # Voltage source range
VForce = vee_apply: # Apply VDD to power supply voltaze
DpsEelay = CLOSE;

. Powersequence = ON;

Delay 3mS;

inpins
FIXH = vih; # Apply input signal pins to vih (same voltage as VDD)
PowerSequence =0N;

} PinOutRelay = CLOSE:;

outpins
PowerSequence =CFF; # Leawve output siznal pins open

: PinOutRelay = OFEN;

Delay 3mS;

(b) Program setup for target input pins.

Figure 3.8: Program setup of the levels file for IIL test.

In Figure 3.9, the statement "MeasurementPin = inpins” indicates that all in-
put pins are to be tested. The statement "MeasMode = Serial” means that serial

measurement mode is to be used.
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Test DCParametricPMUTest DCLeakage low |

TestConditionParam = DC_IIL_lewels;
TestConditionParam = DC_IIL params;
NeasurementFin =

FNUEel ayContraol = "On"

Neaslode =
SettlingTimePreleasure = “3mS™:
SettlingTimePostMeasure = "0, 5ms”;
ExecFndCondition =1;

Test DCParametricPMUTest DClLeakage hiszh f

TestConditionParam = DC_IIH lewels;
TestConditionParam = DC_IIH params;
NeasurementPin = "inpins";
FNRel ayControl = "On";

NeasMode = "Serial
SettlingTimePreleasure = “3mS™:

SettlingTimePostMeasuwre = “0.5m3”;

ExecEndCondition

o . a .
inpins™; # only measure inputs
o

o : . . .
Serial”; # measurement mode 1s serial

Figure 3.9: Program setup of the testplan file for IIL and ITH test.

3.2.3 Test result

Figure 3.10 is the result of IIL test for the 74HC393 using serial mode. The

unit of value is A. Since minimum current test range is 5uA with 0.01uA precision,

input leakage current is so small that it is unable to be measured accurately. In the

specification, input leakage current is 0.1uA maximum. Therefore in testing results,

le-8 is equivalent to 0.01uA and 2e-8 is 0.02uA, which are smaller than the maximum

value. Based on the results, this device passes IIL testing.

DUT ID l:DCParametric test DCLeakage low execution succeeded.

PinName Value

al -le-008
a2 -1le-008
CLR1 -1le-008
CLR2 -Ze-008

Result
Pass
Pass
Pass
Pass

Status
valid
Valid
Valid
Valid

Figure 3.10: The test result of IIL test for 74HC393 captured from the Console

Window.

Figure 3.11 is the result of ITH test for 74HC393 using serial mode. The results

are also within specification, which means this device passes the test of IIH.
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DUT ID l:DCParametric test DCLeakage high execution succeeded.

PinName Value Result Status
il le-008 Pass Vvalid
Rz -1=-008 Pass valid
CLR1 2e-008 Pass valid
CLRZ -Ze—-008 Pass Vvalid

Figure 3.11: The test result of ITH test for 74HC393 captured from the Console
Window.

According to Table 3.3 and Table 3.4, all HC and HCT device pins have very

small input leakage currents compared with LS devices.

Table 3.3: Test result of 74393 chips (Unit for all values is A).

7T4HC393 | 74HCT393 | 74L.S393
ITH
Al 1e-008 2e-008 -0.000128
A2 -1e-008 -1e-008 -0.000144
Inputs
CLR1 | 2e-008 2e-008 -1.6e-005
CLR2 | -2e-008 -3e-008 -1.6e-005
1L
Al -1e-008 -1e-008 -0.000352
A2 -1e-008 -1e-008 -0.000336
Inputs
CLR1 | -1e-008 -1e-008 -0.000208
CLR2 | -2e-008 -2e-008 -0.00024
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Table 3.4: Test result of 74163 chips (Unit for all values is A)

74HC163 | 74HCT163 | 74LS163
ITH
A -5e-008 -5e-008 -1.6e-005
B -2e-008 -2e-008 -1.6e-005
C -6e-008 -6e-008 -1.6e-005
D -4e-008 -4e-008 -1.6e-005
Inputs | CLR 1e-008 1e-008 1.6e-005
CLK 1e-008 2e-008 -1.6e-005
ENP 1e-008 2e-008 -4.8e-005
ENT | -6e-008 -6e-008 -1.6e-005
LOAD | 1e-008 1e-008 -3.2e-005
IIL
A -2e-008 -2e-008 | -0.000144
B -2e-008 -2e-008 | -0.000128
C -1e-008 -1e-008 | -0.000112
D -1e-008 -1e-008 | -0.000128
Inputs | CLR -1e-008 -2e-008 -0.00016
CLK -1e-008 -1e-008 -1.6e-005
ENP -1e-008 -2e-008 | -0.000144
ENT | -2e-008 -1e-008 | -0.000144
LOAD | -2e-008 -2e-008 -0.00016

3.3 Input threshold voltage test

The input voltage test checks whether a device operates properly for input voltage

values in the device electrical specification. The input threshold voltage can be usually
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classified by two levels: VIH is high level input voltage threshold and VIL is low level
input voltage threshold [6].

When using the T2000 test system, there are two types of input voltage tests.
One can perform a GO/NOGO test by performing functional test and looking for
output errors if VIH/VIL are out of range. The other uses the margin search method

to obtain the exact VIH or VIL level.

3.3.1 Margin search

A margin search test tries different input voltages to test if functions are correct
for these voltage levels. The input voltage test using the margin search method
obtains the input voltage threshold value while performing functional tests to search
for the pass/fail transition point by changing the input voltage level over a range of
values. The margin search method is mainly used for detecting the maximum and
minimum value of each parameters [7].

In the test, output voltage levels are the same as the GO/NOGO test. The input

voltage (VIH or VIL) that is to be tested is varied over a range of values.

3.3.2 Test procedure

The input voltage test using the margin search method is performed according
to the following procedure.

1. Apply power supply voltage in the levels file.

3. Set an input signal level in the levels file.

4. Set output level conditions in the levels file.

5. Set signal timing in the timing file.

6. Set up test vectors in the pattern file.

7. Load test patterns and set up the margin search test parameter in the test

plan file.
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8. Execute the test patterns.

9. Check the test pattern execution results in the Console Window.

10. Change the input signal levels.

11. Return to step 7 if input signal level is lower than the stop value.

12. Determine whether the input signal level is within the specification of the
device.

13. Search will be terminated after the last test value has been performed.

3.3.3 Test Program

Figure 3.12 is an example of a levels file for testing the 74HC393. In this program,
normal values of VIH and VIL are assigned.

%evels AllPins_Levels

inpins
VIH = wvih; # vih and vil are defined in specification file
VIL = v1l; # the values of vih and il are 3.15% ¥V and 1. 3% ¥V respectivelw
PinfutRelay = CLOSE;

) PowerSequence = ON;

outpins
VOH = woh; # the values of voh and vol are 4. 32 V and 0.15% V respectively
VOL = waol;
FinOutEelay = CLOSE;

PowerSequence = ON;

I
Delay 1mS;
Figure 3.12: Program setup of the levels file for VIH test.

In the testplan shown in Figure 3.13, the Algorithm is the ”"Margin”, which
means searching VIH from lower voltage to higher voltage step by step. In the next
line, for ”SearchVarParam”, vih represents the variable we want to change, 1.5 V is
start value, 0.01 V is the increment of variable at each test, 100 is the number of tests

we wish to perform.
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Test SearchTest Search InputWoltageTest Hizh

FListParam = DiagPBPat;

TestConditionParam = InputVoltaze_AllDps_Levels_Typ_TC;

TestConditionParam = InputVoltage AllPins Levels Typ_TC;

TestConditionParam = FunctionalTest Timing Tvp TC ;

Algorithm = "Nargin”;

Search¥arParam = "%, InputVoltage A11Pins Lewels Typ TC, wih, 1.5V, 0.01¥, 1007:

Figure 3.13: Program setup of the testplan file for VIH test.

Figure 3.14 is the set of random test patterns used for these margin search test.

The test patterns were created manually for this experiment.

NOP 1 V finpins=0000; outpins=300000000 1 Wiinpins=wfsl; outpins=wfsl;}}

NOF { V {inpins=0011; outpins=LLLLLLLL;} }
NOP { V {inpins=0011; outpins=LLLLLLLL:} }
NOF { V {inpins=0000; outpins=LLLLLLLL:} }
NOP { V {inpins=1100; outpins=LLLLLLLL:} }
NOF { V {inpins=0000; outpins=HLLLHLLL:} }
NOP { V finpins=1100; outpins=HLLIHLLL:} }
NOF { V {inpins=0000; outpins=LHLLLHLL:} }
NOP { V {inpins=1100; outpins=LHLILHLL:} }
NOP { V {inpins=0000; outpins=HHLLHHLL;} }
NOP { V {inpins=1100; outpins=HHLIHHLL:} }
NOF { V {inpins=0000; outpins=LLHLLLHL:} }
NOP { V {inpins=1100; outpins=LLHLLLHL:} }
HOP { V {inpins=0000; outpins=HLHLHLHL;} }

Figure 3.14: Program setup of the pattern file for VIH test.

3.3.4 Test result

Figure 3.15 shows margin search test of VIH for device 74HC393. This plot
provides information such as start value, stop value, resolution and the VIH levels that
pass functional test. The symbol ”.” means the device using this voltage level does
not pass functional test. The symbol ”*” indicates this device passes the functional
test at this voltage level. Figure 3.15 shows that VIH values from 1.98V to 2.49V can

make this device function correctly.

vik=2, 4¥ M | 1:1. 980V
2. 400V 1. 500V 2,490V delta=0. 01V

Figure 3.15: The test result of VIH on the device 74HC393.
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Figure 3.16 shows margin search test results of VIL on the device 74HC393.
Based on the result in Figure 3.16, the functional test is correct for VIL values from

1V to 1.56V.

vil=l. 35V | kR, L | 1:1.580%
1. 350V 1. 000V 1. 990V delta=0. 01V

Figure 3.16: The test result of VIL on the device 74HC393.

Table 3.5 and Table 3.6 illustrate that the difference between VIH and VIL in LS
devices is normally larger than in HC and HCT devices. In addition, test results are
not always consistent with the specifications on the datasheet. For example, when
testing the 741.S393, the specified minimum VIH is 2 V and maximum VIL is 0.8 V.

However, the measured maximum VIL was found to be 0.66V.

Table 3.5: Input threshold voltage test result of 74393 chips (Unit for all values is

V).
7T4HC393 | 74HCT393 | 74LS393
VIH (Specified(Min)) | 3.15 2.0 2.0
VIH (Measured) 1.98 1.35 1.49
VIL (Specified(Max)) 1.35 0.8 0.8
VIL (Measured) 1.56 0.84 0.66

Table 3.6: Input threshold voltage test result of 74163 chips (Unit for all values is

V).
74HC163 | 74HCT163 | 74LS163
VIH (Specified(Min)) 3.15 2.0 2.0
VIH (Measured) 2.52 1.58 1.55
VIL (Specified(Max)) 1.35 0.8 0.8
VIL (Measured) 2.12 1.33 1.04
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3.4 Output voltage test

The output voltage test checks whether the voltage on an output pin satisfies the
specification under the load conditions designated in the device electrical specification.
The output voltage is classified as VOH, the high level output voltage, and VOL, the
low level output voltage [6].

In the T2000 test system, margin search was used to find out where output

voltages exceed their specified threshold values of VOH and VOL.

3.4.1 Test method

The output voltage test, using the margin search method, obtains the output
voltage value while performing functional tests, to search for the pass/fail transition
point by changing the comparison voltage value. This method is used when tests
using the PMU cannot be performed (when the output voltage level is not stable) [7].

In testing VOH, power supply voltage is set to a typical value of the specification,
and typical values are applied to all input pins. Output pins are configured to change
the high level comparison voltage, VOH, while keeping low level comparison voltage
to a typical value.

Similarly, in VOL testing, input voltage level is the same as for VOH testing,

and the low level comparison voltage, VOL, is changed over a range.

3.4.2 Test procedure

The output voltage test using the margin search method is performed according
to the following procedure.

1. Apply power supply voltage to the power supply pins in the levels file.

2. Set the input signal levels to input pins in the levels file.

3. Set output voltage levels in the levels file.

4. Set signal timing in the timing file.
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8.
9.

. Set, up test vectors for functional test in the pattern file

Load test patterns and select margin search method in the test plan file.
Execute the test patterns.
Check the test pattern execution results in the Console Window.

Change the output signal comparison level.

10. Return to step 7 after the change of output signal comparison level.

11. Determine whether the output signal comparison level is within the specifi-

cation of the device.

3.4.3

When testing VOH and VOL, there are some parameters that should be changed

in the testplan as shown in Figure 3.17. The levels file and patterns are the same as

Test condition

the test of VIH and VIL, as shown in Figure 3.12 and Figure 3.14, respectively.

According to Figure 3.17 and Figure 3.18, voh is changed from 3.98 V to 4.97 V

for this test.

Test SearchTest Search InputVoltageTest High

3.4.4

Figure 3.18 shows the result of VOH testing for the device 74HC393. The result

FPListParam = DiagPBFat;

TestConditionParam = InputVoltage &110ps Levels Tvp TC;
TestConditionParam = InputVoltage Al1Pins Levels Tvp TC;
TestConditionParam = FunctionalTest Timing Tvp TC ;
Alzorithm = "Margin”;

SearchVarParam = “x, InputVoltage A11Pins Levels Typ TC, woh, 3. 98V, 0.01%, 1007

Figure 3.17: Program setup of the testplan file for VOH test.

Test result

shows that the upper limit of device 74HC393 for VOH is 4.47V.
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\ Ao o | 1:4. 470V
3. 980V 4. 970V delta=0. 0LV

Figure 3.18: The test result of VOH on the device 74HC393.

Figure 3.19 shows the result of VOL testing for the device 74HC393. The result
shows that the lower limit of device 74HC393 for VOH is 0.11V.

[sseennsse H | 1:0.110¥
ov 0. 990% delt==0. 01V

Figure 3.19: The test result of VOL on the device 74HC393.

Table 3.7 and Table 3.8 show VOH and VOL, respectively, for the six chips.

Table 3.7: Output driving voltage test result of 74393 chips (Unit for all values is

V).
7T4HC393 | 74HCT393 | 74LS393
VOH (Specified(Min)) 3.98 3.98 2.7
VOH (Measured) 4.47 4.47 3.75
VOL (Specified(Max)) 0.33 0.33 0.5
VOL (Measured) 0.11 0.1 0.25

Table 3.8: Output driving voltage test result of 74163 chips (Unit for all values is

V).
74HC163 | 74HCT163 | 74LS163
VOH (Specified(Min)) 3.98 3.98 2.7
VOH (Measured) 4.5 4.5 2.4
VOL (Specified(Max)) 0.26 0.26 0.5
VOL (Measured) 0.03 0.04 0.22
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3.5 Gross IDD current test

Gross IDD current test is used to measure resistance between VDD and GND. For
most cases, this test is performed after continuity test to determine if subsequent tests,
after Gross IDD current test, are worth doing. This test is performed immediately
after contact test. If functional test is performed on a faulty device, it may lead
to high current on the power supply that affects the test system. If gross IDD is
performed first, a high current that exceeds the clamp current value will turn off the

power supply, which can protect the test system [6].

3.5.1 Test method

Since this test measures the current flow through the power supply, it utilizes
the DPS module to take the measurement. All input pins are driven low, and output
pins are left open. Current flow through the power supply pin is measured gross IDD

current [17].

3.5.2 Test procedure

1. Apply power supply voltage to the power supply pin in the levels file.

2. Set level conditions of input signal pins in the levels file.

3. Set all input signal pins to 0 V in the levels file.

4. In the levels file, open the pinout relays of the output pins.

5. Set up power supply current measurement in the test plan file.

6. Measure a current value on the target power supply pin and view the results
in the Console Window.

7. Determine whether the measured current value is within the specification of

the device.
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3.5.3 Test Program

Figure 3.20 is the levels file for this test. The key items are OPMode, IClampHi,
[ClampLo, JudgeUpperCurrentVal, JudgeLowerCurrentVal and SamplingMode.

DCParametrics staticICC_setting

\-EDD
OFMade = VSIN; # Voltage source current measurement
VERanze = TV; # Voltage source range
VForce = BV; # Apply BV to VDD
INRanze = B0ud; # Current measurement
IC] ampHi = 10ud; # High clamp current
IClampLao = -10uh;# Low clamp current
JudgelpperCurrentVal = 15uh; # High failed current
JudgeLowerCurrentVal = Qud; # Low falled current
SamplingMode = Average; #Sampling current every 100us and calculate the averaze value
DpsRelay = CLOSE;

. PowerSequence = ON;

Delay 1m3;

(a) Program setup for VDD of DUT.

Levels GrossIDD levels

Delay 3m3;
inpins
FIXL = OV;

PinDutRelay = CLOSE;
PowerSequence = ON;

}

outpins
PinOutEelay = OPEN;

}
Delay 3ms;

(b) Program setup for input and output

pins.

Figure 3.20: Program setup of the levels file for gross IDD current test.

Figure 3.21 shows one section of the testplan file. The key items are Measure-

mentPins and SettlingTime.
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Test ATDCParametricPowersupplyTest Gross_I DOParametricTest

TestDescription = "Gross Power Supply Cwrrent Test”:
TestConditionParam = IDD_L_lewvels;
TestConditionParam = IDD L _params;
Datalog

Mode = #l1log, # display result in Console Window
) Stvle = Detailed
%DwerSupplyFaram

MeasurementPins = “VDD”,
) SettlinsTime = 3ms  # settling time before perform measurement
%inOutRelay

Node = Cloze

Figure 3.21: Program setup of the testplan file for gross IDD current test.

3.5.4 Test result

The gross IDD current measurement result are tabulated in Table 3.9 and Ta-

ble 3.10.

Table 3.9: Gross IDD current result of 74393 chips

7T4HC393 | 74HCT393 | 74LS393

Current of VDD | 3.48uA 3.16uA 12.46mA

Table 3.10: Gross IDD current result of 74163 chips

7T4HC163 | 74HCT163 | 74LS163

Current of VDD | 3.24uA 2.96uA 22 2mA

3.6 Static IDD current test

Static IDD current means the current is measured when the device is not active.
This test is important for portable devices that operate on batteries. Since a portable

device is always in standby mode, high static IDD current will cause higher power
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consumption, resulting in short battery life. If a device has higher static IDD current

than its specification, it may have some physical defects [6].

3.6.1 Test method

Figure 3.22 illustrates how static IDD test is performed. Before measuring pow-
er supply current, the test supplies maximum VDD voltage. Secondly, exact pre-
condition patterns should be applied to input signal pins to set this device in steady-
state mode [17]. In the case of the 74HC393, since there is not a specific steady state,
a random test vector can be used to measure static IDD current. In the static IDD
current test, the pinout relays of output pins are opened so that the power supply
current value will not become larger by the influence of the digital module connected
to the DUT output pins. After the device has been configured to steady state mode,
current measurement is performed to comparing the measured value with the value

in the specification.

Vddmax

Idd ._ Measure
Current

‘-\_\

Vdd pin

Apply
Preconditioning
Pattern

Gnd

Figure 3.22: Static IDD current test setup diagram [6].

3.6.2 Test procedure

The static power-supply-current test is performed according to the following

procedure.
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1. Apply power supply voltage to the power supply pin in the levels file.
2. Set level conditions of input signal pins in the levels file.

Set output level conditions in the levels file.

-~ W

Set timing conditions of input signal pins in the timing file.

ot

Set up the module trigger and load test patterns in the test plan file.

Execute the test patterns to set the DUT to the stand-by state.

Ne

Open the pinout relays of the output pins in the levels file.

o

Measure a current value of the target power supply pin.
9. Determine whether the measured current value is within the specification of

the device.

3.6.3 Test Program

Figure 3.23 is the example of the levels file that defines the measurement mode.
The key items are OPMode, IClampHi, IClampLo, JudgeUpperCurrentVal, JudgeLow-
erCurrentVal, SamplingMode, TriggerControlStart and TriggerControlStop. Trigger-
ControlStart and TriggerControlStop are used for controlling the start and stop of
the current measurement.

DCParametrics staticICC_setting

\-EDD
OFMode = V5IN; # Voltage source current measurement
VSRanze = TV; # Voltaze source range
VForce = BV; # Apply BV to VDD
IMRanze = B0ud; # Current measurement
IC] ampHi = B0ud; # High clamp current
IClamplo = —b0uh;# Low clamp current
JudgelpperCurrentVal = 15ud; # High failed current
JudzeLowerlurrentVal = Qud; # Low falled current
Samplingfode = Trace; #Sampling current every 100us and calculate the average value
TriggerControlStart = External; # Module trigger signal control start sampling
TrigzerControlStop = External; # Nodule trizgzer signal control stop sampling
Dpskelay = CLOSE;
! PowerSequence = ON;
Delay 1m3;

Figure 3.23: Program setup of the levels files for static IDD current test.
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3.6.4 Test result

In static IDD current test, the device is usually set to steady-state mode. How-
ever, when testing a chip like the 74HC393, there is no specific steady state, and
therefore this device can be set to an arbitrary state to measure quiescent power
supply current.

In this case, the test preconditions this device to all inputs at low voltage level
and all outputs at high voltage level, and then static current flow through the power
supply is measured.

However, when measuring static IDD current of the 74163 chips, the static IDD
current will decrease to almost 0 A over time except for 74L.S163. For instance, if
a settling time is long enough, the static IDD current will reduce from hundreds of
microamps to hundreds of nanoamps (about 400nA) in devices 74HC163 and 74HC-
T163 as shown in Figure 3.24. The static ICC current (24mA) for 74LS163 is shown

in Figure 3.25.

DUT Index Result Status Value Judze Hi  Judge Lo Act.Cnt Pin Name
1 1 PASS Valid 412, Ond 10, 00uk 0. 0004 1 VDD
1 2 PASS Valid 410. Ond 10. 00uk 0. 000A 1 VDD
1 3 PASS Valid 408. OnA 10. 00uA 0. 000A 1 VDD
1 4 PASS Valid 406, Onk 10. 00ud 0. 000A 1 VDD
1 5 PASS Valid 406, Ond 10, 00uk 0. 0004 1 VDD
1 & PASS Valid 406. Ond 10. 00uk 0. 000A 1 VDD
1 T PASS Valid 406. Ond 10. 00uA 0. 000A 1 VDD
1 8 PASS Valid 406, Onk 10. 00ud 0. 000A 1 VDD
1 9 PASS Yalid 404, Und 10, 00ud 0. 0004 1 VDD
1 10 PASS Valid 404, Ond 10, 00uk 0. 0004A 1 VDD

Figure 3.24: Static IDD current test result of device 74HC163.

OUT Index Besult Status Value Judse Hi Judsze Lo Act.Cnt Pin Name
1 1 PASS Yalid 24, 00mé 50, 00méA 0. 0004 1 VID
1 2 PASS Yalid 24, 00mé 50, 00mé 0. 0004 1 VID
1 3 PASS Yalid 24, 20mé 50, 00mé 0. 0004 1 VID
1 4 PASS Yalid 24, 00mé 50, 00mé 0. 0004 1 VID
1 5 PASS Yalid 23, B0mé 50, 00mé 0. 0004 1 VID
1 6 PASS Yalid 24, 00mé 50, 00mé 0. 0004 1 VID
1 T PASS Valid 24, 00mé B0, 00mé 0. 0004 1 VID
1 8 PASS Yalid 24, 00mé B0, 00mé 0. 0004 1 VID
1 9 PASS Valid 24, 00mé B0, 00mé 0. 0004 1 VID
1 10 PAES Yalid 24, 00mé B0, O0mé4 0. 0004 1 VID

Figure 3.25: Static IDD current test result of device 74LS163.
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3.7 Power supply bump test

The power supply bump test checks whether a device functions properly if the

power supply voltage fluctuates while the device is operating.

3.7.1 Test method

To execute the power supply voltage bump test, the same conditions are used as
the functional test of the DUTs. Power supply voltage is fluctuated during pattern
execution to check that the DUT is not influenced by the fluctuation.

The DPS module has a power supply bump test function (VBUMP function), as
illustrated in Figure 3.26. By using the power supply bump test function, the power
supply voltage can be changed while executing a test. The DPS module can hold four
voltage values to be used in the test. The voltage value changes at times determined
by an external trigger signal. A two-bit external trigger signal is required for the
power supply bump test. The external trigger signal is supplied from the module

trigger of the 250MHz Digital Module as shown in Figure 3.26 [10].
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DES
BES source |[TIU
VOLTAGE
VOLT LEVEL 1 — >
DAC DUT
VOLT LEVEL 2 o 4 TO 1 —
VBUMP External
VOLT LEVEL 3 SELECTCRE [+ <VEMED iggers
2 BITS xVEMPOG|
TO
VOLT LEVEL 4 Ea—
XVEMFPT
xVBMP1G
Digital Module
PMDTR1G—
PMDTR1L
PG output:
PMDTRO-3  |pmprROGE
(SNDT) PMDTRO

Figure 3.26: The connection from PMDTRO-1 on digital module to VBMPO0-1 on
DPS module [10].

Vbump trigger control

DPS500mA provides four user selected voltages for a voltage bump test. Which
voltage is applied to an operating device depends on the two trigger signals sent from
the pattern generators of an active digital module. Figure 3.26 illustrates the 4 to 1
selector for the DPS source voltage DAC. The selected value is determined by signal
VBMPO-1 trigger, supplied from the 250MDM digital module [10].

As shown in the example of Figure 3.27, four SNDT instructions are used in
the pattern file to generate triggers to the DPS module. The four voltage values are
programmed with the selector numbers as shown. The SNDT parameter and module
triggers can determine which voltage value is applied to the device. For instance, the
parameter of module trigger ”PMDTRO0” is 0x1 and "PMDTR1"” is 0x2, which are the
parameters in the testplan file shown in Figure 3.28. 0x1 means 01 in binary format.

In Figure 3.29, the pattern file shows that the SNDT instruction parameters are from
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0x0 to 0x3, which are 00, 01, 10 and 11 in the binary form. The final outputs of
"PMDTRO” are decided by the logic AND of the "PMDTRO0” bit from the testplan
file and SNDT parameter from the pattern file. In this case, in the pattern with SNDT
0x0 as shown in Figure 3.29, "PMDTRO0” is 0 since the logic AND of "PMDTR0”
pattern (01) and SNDT 0x0 pattern (00) is 00. For the same reason, ”PMDTR1" is
0 since logic AND of "PMDTR1” bit (10) and SNDT 0x0 bit (00) is 00. However, for
the test pattern with instruction SNDT 0x1, the logic AND of "PMDTRO0” bit (01)
and SNDT 0x1 bit (01) is 01, and logic AND of "PMDTR1” bit (10) and SNDT 0x1
bit (01) is 00. The result shows how power supply voltage changes when vbump0-1
signals are varied in Figure 3.27. As mentioned in the manual [10], the minimum

period of a test vector is 4 us in voltage bump tests.

4uS min

| ] —

SNDT | SNDT | SNDT | SNDT !
oXo |

ox1 0X2 | 0X3
i i

RON —|§ ! 3 i i
PMDTRA(0X2) - xVBMP1 ___ 0 ; 0 .| 1T L ] [
' 0 ‘ : .

PMDTRO(0X1) > xVBMPO —

. | : j f VBUMP1 = 1.8V
SE T A . SR j VBUMP3 = 1.4V
DPS OUTPUT .. ; ; ; i VBUMPO = 1.0V
i | | ; ! VBUMP2 = 0.6V

Figure 3.27: The supply voltage is fluctuated depending on SNDT and PMDTRO-
1 [10].
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NoduleTrizgzer

Pin = “FNDTEOD",
} BitSelect = Oxl
NoduleTrigger

Pin = “FNDTEL",
} BitSelect = Ox2

Figure 3.28: Define module trigger signals in the testplan file.

NOP { ¥V {inpins=1100; outpins=LLLLLLLL;} 1}
MOF { ¥ {inpins=0000; outpins=HLLLHLLL;} 1
SHDT Ozl { ¥V {inpins=1100: outpins=HLIIHIIL:} } #Select woltage lewvel 2
NOP { ¥ {inpins=0000; outpins=LHLLLHLL:} }
SHNDT 0x2 1 ¥ {inpins=1100; outpins=LLHLLLHL:} } #Select woltage lewvel 3
NOP { ¥V {inpins=0000; outpins=HLHLHLHL:} }
SNDT 0x3 | V [inpins=1100; outpins=HHHLHHHL:} } #Select voltage level 4
NOP { ¥ {inpins=0000; outpins=LLLHLLLH:} }
SNDT 0x0 { ¥ {impins=0000: outpins=HHLHHHLH:} } #Select woltaze lewel 1
NOP { ¥V {inpins=1100; outpins=HHLHHHLH:} }

Figure 3.29: Pattern file example of voltage bump test.

3.7.2 Test procedure

The power supply bump test is performed according to the following procedure.
1. Apply power supply voltage to the power supply pins in the levels file.

2. Set a signal level in the levels file.

3. Set load conditions in the levels file.

4. Set signal timing in the timing file.

5. Execute the test patterns.

6. Fluctuate the power supply voltage during test pattern execution.

7. Check whether the logic outputs are correct or not.

3.7.3 Test Program

Part of the testplan file, defining the module trigger, is displayed in Figure 3.28.

The levels file for this test is shown in Figure 3.30. The levels file defines the four
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VForce values. The pattern file with the four SNDT instructions is shown in Fig-
ure 3.31. The NOP instruction means no a specified operation but just runs patterns

without any action.

VoD

{
VoRange = TV;
VBumpNode = Enable;
VFaorce = 4.4Y¥: # voltagze level 1
VForce = 4 3V; # voltaze level 2
YForce = 4. 5V: # voltagze lewvel 3
VForce = 4. 6V; # voltagze level 4
IC] ampHi = 1mh;
IClamplo = —1mh;
DpsRelay = CLOSE;
PowersSequence = [ON;

Figure 3.30: The program setup of the levels file for voltage bump test.

According to the test mechanism that illustrates in the section 3.7.1 of this
chapter, the vectors between "SNDT 0x0” and "SNDT 0x1” will be applied with 4.4
V as the power supply voltage.

The vectors between "SNDT 0x1” and "SNDT 0x2” will be applied with power
supply voltage =4.3V. The vectors between "SNDT 0x2” and "SNDT 0x3” will be
applied with power supply voltage =4.5V. The vectors between "SNDT 0x3” and
"SNDT 0x0” will be applied with power supply voltage =4.6V. The vectors between

"SNDT 0x0” and ”"EXIT” will be applied with power supply voltage =4.4V.

63



SNDT 0x0 { V {inpins=0000; outpins=X2000000(; } W{inpins=wfs1;
outpins=wifs1;}}

NOP { V {inpins=0011; outpins=LLLLLLLL;} }

NOP { V {inpins=0011; outpins=LLLLLLLL;}

NOP { V {inpins=0000; outpins=LLLLLLLL;}

NOP { V {inpins=1100; outpins=LLLLLLLL;} }

NOP { V {inpins=0000; outpins=HLLLHLLL;} }

SNDT 0x1 { V {inpins=1100; outpins=HLLLHLLL;} }

NOP { V {inpins=0000; outpins=LHLLLHLL;} }

NOP { V {inpins=1100; outpins=LHLLLHLL;} }

NOP { V {inpins=0000; outpins=HHLLHHLL;} }

NOP { V {inpins=1100; outpins=HHLLHHLL;} }

NOP { V {inpins=0000; outpins=LLHLLLHL;} }

SNDT 0x2 { V {inpins=1100; outpins=LLHLLLHL;} }

NOP { V {inpins=0000; outpins=HLHLHLHL;} }

NOP { V {inpins=1100; outpins=HLHLHLHL;} }

NOP { V {inpins=0000; outpins=LHHLLHHL;} }

NOP { V {inpins=1100; outpins=LHHLLHHL;} }

NOP { V {inpins=0000; outpins=HHHLHHHL;} }

SNDT 0x3 { V {inpins=1100; outpins=HHHLHHHL;} }

NOP { V {inpins=0000; outpins=LLLHLLLH;} }

NOP { V {inpins=1100; outpins=LLLHLLLH;} }

NOP { V {inpins=0000; outpins=HLLHHLLH;} }

NOP { V {inpins=1100; outpins=HLLHHLLH;} }

NOP { V {inpins=0000; outpins=LHLHLHLH;} }

NOP { V {inpins=1100; outpins=LHLHLHLH;} }

SNDT 0x0 { V {inpins=0000; outpins=HHLHHHLH; } }

NOP { V {inpins=1100; outpins=HHLHHHLH;} }

NOP { V {inpins=0000; outpins=LLHHLLHH;} }

NOP { V {inpins=1100; outpins=LLHHLLHH;} }

NOP { V {inpins=0000; outpins=HLHHHLHH;} }

NOP { V {inpins=1100; outpins=HLHHHLHH;} }

NOP { V {inpins=0000; outpins=LHHHLHHH;} }

NOP { V {inpins=1100; outpins=LHHHLHHH;} }

NOP { V {inpins=0000; outpins=HHHHHHHH;} }

NOP { V {inpins=0000; outpins=HHHHHHHH;} }

EXIT { V {inpins=0000; outpins=HHHHHHHH;} }

Figure 3.31: The pattern file used in voltage bump test of the device 74HC393.

3.7.4 Test result

The specified VDD for all HC devices is from 2 V to 6 V. The specified VDD for
all HCT devices is from 4.5 V to 5.5 V. The specified VCC for all LS devices is from
4.5V to 5.5V.

When the test condition described above is applied, all of the six chips passed

the power supply bump test for values between 4.3V and 4.6V.
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However, if a voltage level is changed to a much lower voltage level, like changing
from 4.3V to 3.9V, all six devices fail functional test. The failed information is
displayed in Figure 3.32. In addition, power supply voltage can directly determine
the output voltage levels. Therefore, the output driving voltage is decreased with a
lower power supply voltage. For this reason, if the preset comparison voltage level
VOH in the test program file is low enough, changing the power supply voltage over
a wide range can also make both HC and LS devices work properly. For example,
the device 74L.S393 has a minimum power supply voltage 4.5V on its datasheet, and
the minimum output driving voltage level VOH is 2.4V. In testing, only when power
supply voltage is below 3.5V does this device output a voltage below the minimum
VOH. In contrast, if the power supply voltage of a device 74HC393 is 3.5V, the high
output voltage level is around 3.4V.

Figure 3.32 shows which patterns failed. Symbol ”#” means the output values

are not correct for the applied pattern.

AACCOOLREREE
1Z2LLARCDABCD
FR11112222
12
Maindddr  Apphddr Cycle 35 fissaieaisine s
>»»» Pattern @ 15393

Oxb & 0N 0000OHLLLHLLL

# #
Oxla 27 0 N 1100HHLHHHLH
R #
Oxll Z8 0 N 0000LLHHLLHH
i 22
Oxlec 29 0 N 1100LLHHLLHH
i 22
Oxld 30 0 N 0000HLHHHLHH
#ORE A
Oxle 31 0 N 1100HLHHHLHH
oW A
Oxlf 32 0 N 0000LHHHLHHH
HHE
0xZ20 33 0 N 1100LHHHLHHH
HHE
0xZl 3 0 N Q000OHHHHHHHH
RS
0xZ2 35 0 N 0000OHHHHHHHH
R

0xZ3 36 N oo

OOHHHHHHHH
B

Figure 3.32: The function error in voltage bump test.
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Chapter 4
IDDQ test

In the 1980s, the yields of IC products increased due to their quality and reliabili-
ty remarkably improving in this period. The failure rates dramatically decreased from
1000 dpm (defects per million) to 50 dpm. In the same period, IBM proposed a goal
to reduce failure rate to 3.4 dpm. This approach is called ”zero defects”. However,
the conventional test methods would need to increase test fault coverage, burn-in cov-
erage and electrostatic discharge damage awareness if they were to reach this failure
rate. For the sake of improving IC test coverage much easier, IDD(Q) current testing
was carried out to boost test coverage. The stuck-at fault model is typically used for
functional test. However, when it comes to resistive bridging faults, tests designed to

detect stuck-at faults have limited ability to detect them [2].

4.1 Reason for IDDQ testing

The main reason for IDDQ testing is because it is extremely cost effective and
it detects many physical defects. For instance, it may double test cost to increase
stuck-at fault test coverage from 80% to 90% - 95% [18]. However, a small IDDQ test
set is able to reach the same level of test coverage. Test coverage can be increased to
almost 100% when IDDQ testing is applied as a supplement to functional test [18].
However, IDDQ testing does not check the functionality if power supply current is
the only object observed. So this is the reason why IDDQ is used as a supplemental
test.

Due to the reason that functional testing can be time consuming when test

coverage is above 90%, IDDQ testing is a good supplemental test to shorten the time
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to market. For example, 60% functional fault coverage plus 20 IDDQ vectors might
raise the test coverage up to 95%. Moreover, a faulty circuit can be often determined
by observing power supply current. Without verifying logic outputs. In addition,
research has shown that IDDQ testing is capable of detecting some defects that do
not result in logic failures but may lead to timing related faults (e.g. resistive bridging

and sub-threshold leakage faults) [8].

4.2 1IDDQ theory

In a CMOS circuit, the dissipated current of a defect-free circuit is almost zero
or very small when in steady state. But in the case of a gate-oxide short or internal
short circuit, a short circuit is formed from the power supply (VDD) of the circuit to
ground (GND). Due to this reason, a noticeably high current can be easily observed
through the power supply. The power supply current of a faulty circuit can be higher
than that of a fault-free circuit by orders of magnitude. Hence, the faulty circuit and
fault-free circuit would be distinguished in this way [2].

Figures 4.1(a) and 4.1(b) show examples of short circuit paths and Figure 4.1(c)
indicates how power supply current changes in a faulty circuit. As shown in Fig-
ure 4.1(a), one defect is because of the conduction between outputs of two inverters.
A PMOS transistor is on in one inverter and an NMOS transistor is on in the other
inverter, forming a conducting path leading to a high current flow from VDD to GND.
In Figure 4.1(b) another defect, named gate-oxide short, makes the PMOS transistor
of the second inverter shorted, which results in conduction from VDD through the
PMOS and NMOS transistor to GND. Therefore, Figure 4.1(c) illustrates that IDDQ
current is low if the circuit is defect free. By contrast, IDDQ current is high after
current has subsided if this circuit has a gate oxide shorted defect. Thus, measuring

power supply current is able to find out whether a circuit is faulty or not.
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Figure 4.1: IDDQ fault.

4.3 Different types of physical defects

4.3.1 Bridging fault

A bridging fault is a physical defect that links multiple metal lines together.

Pictures of real physical bridging defect are displayed in Figure 4.2.
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(a) The unexposed pho-
toresist causes a short cir-
cuit among several metal

lines. [20]

(b) A particle on the met- (¢) Shorts and breaks of

al mask leads to four metal metal lines are caused by

lines shorted. [20] a scratch in the photore-
sist. [20]

Figure 4.2: Photos of short circuits in physical layouts.

Bridging faults are not always absolute shorts. In many cases low resistive and

high resistive shorts can also cause circuit failure [2].

Vdd Vdd H

(a) Simple potential divider model for (b) Definition of voltage

bridging. [21] levels. [21]

Figure 4.3: Analysis of short circuit resulting from a bridging fault.
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The behavior of a bridging fault can be explained by the potential divider rule
illustrated in Figure 4.3. The outputs of two logic elements are indicated by V1 and
V2, and the bridge resistance is shown as x. The resistance that connects the L(H)
node to ground(Vdd) is r (rg). If the minimum output high voltage is Hy, the
H-level noise margin is Ny, the maximum output low voltage is Ly, the L-level noise
margin is N, and the switching threshold voltage is S7. So the voltages at the output

nodes V; and V5 are

Vi =Vdd[ria/(ron + @+ ru2)) (4.1)

and

Vo = Vdd[(rpy +x)/(rpy + o+ r9)] (4.2)

When x = oo, there is no bridging fault. Assume that V1 =0 and V2 = Vdd. Ifx
=0, V1 and V; can be 1/2Vdd when 71, and rp are equivalent. This means the bridge
resistance determines whether it induces a faulty logic value or not. Since 1/2Vdd
may result in an unknown logic value and a high bridge resistance may cause changes
in Hw and Lw to reduce reliability. For example, if the resistance x 4+ rgs = 2 * rpq,
the V; will be half of the original value that changes the output driving voltage level.
For this reason, IDDQ is a good test method to detect a bridging fault.

Research has showed that most cases of bridging faults are low resistance while
only approximately 20% behave as high resistance [22] [23]. However, high resistance
bridging faults may not cause any logic failures, but may have slight effects on noise
margin, thus reducing reliability. Therefore, IDDQ testing was designed for testing
such bridging faults. As shown in Figure 4.1(a), the conduction path from VDD to

GND due to a bridging fault significantly boosts the value of power supply current.

70



The IDDQ testing method does not require fault propagation; it only needs to check

power supply current.

4.3.2 Gate oxide short (GOS)

Gate oxide defects cause pinholes, micropores, dendrites, trapped charge and
direct shorts to diffusion. These kind of defects happen frequently, and result in an
unexpected current flow through the gate oxide of a MOSFET transistor. GOS is a
defect that forms a low resistance path between gate oxide and underlying silicon.
According to the location of the defect, GOS can be divided into two types. One
is gate to transistor channel short, which is shown in Figure 4.4(a). The other one
is a gate to diffusion short that is illustrated in Figure 4.4(b). As shown by the
example in Figure 4.1(b), since the PMOS transistor gate oxide is shorted to diffusion,

VDD is directly connected to GND when the NMOS transistor of the first inverter is

conducting.
Gate Gate
Source poy Drain Source Ry Drain
N+ IN+ N+ N+
P P
(a) Shorted circuit path from gate to (b) Shorted circuit path from gate to
substrate. [25] source diffusion. [25]

Figure 4.4: Gate oxide short models.

In a majority of cases, GOS may result in reliability degradation (e.g threshold
voltage change) and slow switching time. Only avalanche breakdown and subsequent
shorts will cause function to be abnormal. There are some papers that present accu-
rate models of gate oxide shorts [24]. Generally speaking, functional testing is not a
good way to detect gate oxide defects. IDDQ testing is relatively efficient in detecting

this kind of fault via abnormal power supply current.
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4.4 1IDDQ test vectors

Since IDDQ testing requires taking measurements of quiescent power supply
current, it does not need to verify pin voltage. This test only needs to implement a
sequence of IDDQ test vectors and measure power supply current after power supply
current has subsided for each test vector. The IDDQ test vectors generated by E-
DA tools mainly detect gate-oxide faults, adjacent bridging faults or stuck-on faults.
Devices can be judged to have internal manufacturing defects if excessive current
occurs.

IDDQ testing does not propagate IDDQ fault effects to output signal pins but
excessive current passes through the power supply pin. For this reason, the generated
IDDQ test vector set may be very compact and still cover a high percentage of faults.
IDDQ testing can be treated as a supplemental test method to increase overall test

coverage achieved by functional test.

IDDQ test vectors can be produced in the following three ways [26]:

Every-vector. This methodology basically applies every vector in a functional
test vector set to observe current on the power supply. However, applying each test
vector of a functional test is not efficient because taking a current measurement is
very slow compared with voltage test.

Supplemental. This method can save time by using a compact set of special
IDDQ test vectors. The generated IDDQ test vectors are intended to toggle as many
values as possible to trigger potential bridging faults. Supplemental IDDQ test vectors
can be generated by FastScan.

Selective. This method intelligently chooses a compact test vector set from the
test vector list of a functional test. FastScan can also select test vectors for IDDQ

test from external pattern files.
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In the experiments performed in this study, Tessent FastScan [26] is used to pro-

duce IDDQ test vector sets by supplemental and selective test methodologies.

IDDQ test vectors can be classified into two test vector types [26].

Ideal. Applying ideal IDDQ test vectors to a device can produce nearly zero
quiescent power supply current during testing of a good device. Most methodologies
would like to see this result.

Non-ideal. This kind of IDDQ test vector will produce a small quiescent current

that flows through the power supply when testing a good circuit.

Two CMOS device types can be considered when perform IDDQ test [26]:

Fully static. All states of this kind of device consume nearly zero IDDQ current.
These circuits do not have pull up or pull down resistors, and there is only one active
driver at a time on tri-state buses. Therefore, any vector applied to this circuit will
result in a very small quiescent current.

Resistive. In resistive CMOS circuits, high IDDQ current will low through the
power supply by applying IDDQ test vectors, due to pull-up and pull-down resistors

and tri-state buses that these circuits have.

4.5 Generating IDDQ test vectors by ATPG

This section describes the process of generating IDDQ test vectors with FastScan.
The command to start up FastScan is:

fastscan testckt.v -lib $ADK /technology/adk.atpg -Dofile dofile_name

"Testckt.v” is the circuit netlist file for which we want to generate IDDQ test
vectors. 7-lib $ADK /technology/adk.atpg” is a library file. ”-Dofile dofile_name”
means use a do file of commands to generate IDDQ test vectors. The do file example

used in this work is shown in Figure 4.5.
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Zet 3ystem mode atpg

get fault type iddg

add faults -all

set pattern source internal
create patterna -auto

run

write fault atpg.flt -replace
3ave patterns atpg.pat -replace
report faunlts > atpg.faults
report statistics > atpg.stats
EXit

Figure 4.5: Do file example for generating IDDQ test vectors.

The command "set fault type iddq” causes the produced test vector to be de-
signed for IDDQ testing. This command can also be changed to generate test vectors
for toggle, stuck-at or path delay faults. This simple example used supplemental
generation methodology because the pattern source is set to internal, rather than
selecting IDDQ test vectors from an external pattern file.

The generated test vector set will be saved to file "atpg.pat”, for our simple
example. In this example, we imported a Verilog netlist of the 74HC163, a binary
counter, created from a schematic in its datatsheet, to get IDDQ test vectors. There
is also a command that is capable of selecting a number of IDDQ vectors from the
generated supplemental IDDQ test vectors.

Figure 4.6 shows the statistics of this simple example. Since the 74HC163 chip
does not have a scan chain in its schematic, the test coverage is only 58.16% by using
the generated patterns shown in Figure 4.7.

Figure 4.7 shows detailed test vectors for performing this IDDQ test. For in-
stance, in pattern 0, ”force "PI” 7001010001” 0” means apply the input vector
7001010001” to primary inputs as step 0. Figure 4.7(a) shows the corresponding
signal pin for each test vector. For example, in pattern 0, only input signal pins
D27, "CET” and "CP” are set to high in this pattern. The statements: ”"measure

"PO” "XXXXX” 17 and "measure IDDQ ALL 1”7 indicate measuring primary output
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values and quiescent power supply current in step 1. Since IDDQ testing measures
current flow through the power supply, it does not care about output logic. The

resulting test coverage is 58% even though logic outputs are not observed.

Statistica:
Teat Cowverage = 58.16%
Total Faults = 282
D3 (det simmlation) = 1684
AT (atpg_untestable) = 118
Total Patterns = 5

Figure 4.6: Statistics of the ATPG produced IDDQ test vectors.

SETUF =
declare input bus "PI™ = */DO", */D1%, *“/D2", "/D3", "/CEI",
"/CEB", "/DE", "JMR", "/CB":
declare output bus "PO" = "/QO", "/Q1", "/Q2", "/Q3", "/IC";

(a) The signal pin sequence.

pattern = 07

force "PI™ "0010XQ001™ Q0
measure "PO"™ "XEXEX" 1;
measure IDDD ALL 1;

pattern = 1;

force "PI™ TloE0¥0Xia™ o:
measure "PO™ "™ 1;
measure IDDD ALL 1:
pattern = 2;

force "BI™ "000001100™ 0;
measure "PO™ "KXEXO™ 1:
measure IDDY ALL 1;

pattern = 3;

force "PE™ "L1¥IYI0IAT O
measure "PO™ ™IOOOM 1;
measure IDDD ALL 1;

pattern = 4;

force "BI™ "000000010™ O;
measure "POT "HHEXO0™ 1;
measure IDDD ATL 1;

(b) IDDQ test vectors.

Figure 4.7: The generated IDDQ test pattern file.
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4.6 Program example

4.6.1 Pattern file

Figure 4.8 is an example of a T2000 pattern file that can be used for testing
power supply current. In this file, instruction SNDT is used to cause IDDQ current
to be measured between "SNDT 0x1” to "SNDT 0x2”.

The SNDT instruction controls the module trigger signal in order to attain syn-
chronization with the DPS500mA. The 250Mbps Digital Module has four trigger
signals that are transmitted to the performance board. The SNDT instruction con-
trols trigger signal outputs using eight-bit data (0 to 255) specified for the operand,

as explained in the section module trigger of Chapter 2.

NOP { V {inpins=0000; ocutpins=LLILLLLLL;} W{inpins=wfs3; outpins=wfs3;} }
NOP { V {inpins=0011; outpins=LLLLLLLL;} W{inpins=wfs2; outpins=wfs2;} }
NOP { V {inpins=1100; outpins=LLLLLLLL;} W{inpins=wfsl; outpins=wfsl;} }
SNDT 0x1 { V {inpins=0000; outpins=HLLLHLLL;} }

NOP { V {inpins=1100; outpins=HLLLHLLL:;} }

NOP { V {inpins=0000; outpins=LHLLLHLL;} }

SNDT 0x2 { V {inpins=0000; outpins=LLLLLLLL;} }

EXIT { V {inpins=0000; outpins=LLLLLLLL;} }

Figure 4.8: An example pattern file for IDDQ test.

The example of Figure 4.9 shows how module triggers change based on the SNDT
instructions in the pattern file of Figure 4.8. In the picture, module trigger 0 is forced
high in instruction "SNDT 0x1” and remains high for the following two "NOP” in-
structions (NOP means no operation) before instruction ?SNDT 0x2”. Since Module
Trigger 0 is the only module trigger pin used during this IDDQ test, the test system
only responds to Module Trigger 0. That means power supply current is measured in

the period when this signal is at a high level.
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Figure 4.9: Module trigger changed their values by controlled SNDT instruction [11].

4.6.2 Testplan File

Figure 4.10 is the OPTL code used in the testplan file. In Figure 4.10, ”Datalog”
indicates the results to be displayed in the Console Window, a built-in tool of the
T2000 Test System Software. With the help of this tool, any fault result can be easily

observed and then we can determine which kind of fault the DUT has.

Datalog

{
Mode = AllLocg,
Style = Detailed

}

PowerSupplyParam

{
MeasurementPins = "vVDD",
SettlingTime = 1mS

}

ModuleTrigger

{
Pin = "DMDTRO™,
BitSelect = 0Oxl

Figure 4.10: A part of the testplan file for setting IDDQ test.

In the block ”PowerSupplyParam” in Figure 4.10, "MeasurementPins” defines

which pin of the device is to be measured. ”SettlingTime” determines how much time
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is needed to wait after module trigger signal has been set to the high level. In IDDQ
testing, it is usually required to wait some time to allow IDDQ to subside before
measuring.

In the "ModuleTrigger” section, "Pin” indicates the name of the module trigger
pin. In this case, Module Trigger 0 (PMDTRO) is used. ”BitSelect” is an output
control bit that determines which module trigger signal will be turned on in the
operation. This variable can be changed to 0x1, 0x2, 0x3 and 0x4 for Module Triggers
0-3, respectively. The example presented in Chapter 2 illustrates module trigger

operation in detail.

4.6.3 Levels File

In the levels file shown in Figure 4.11, voltage source current measurement
(VSIM) is selected for measuring current flow through the VDD. Pin current measure-
ment range (IMRange) is defined as 5mA. High clamp current and low clamp current
are set to 1mA and -1mA, respectively. The statement ”JudgeUpperCurrentVal =
3mA” means when current from VDD exceeds 3mA, it judges that this device has
failed the IDDQ test. This design measures current over a period of 100uS, which is

controlled by the module trigger.

VDD

{
OPMode = VSIM; #voltage source current measurement
VSRange = TV; #voltage source range
VForce = 4.5V; #apply 5 V to VDD
IMEange = SmA; #current measurement range
IClampHi = 50mA; #current exceed this walue will turn off power
IClampLo = -50mA; fcurrent lower than this walue will turn off power
JudgeUpperCurrentvVal = 3mA; #current exceed 3mA will judge to fail
JudgeLowerCurrentvVal = QOua; #current lower than 0A will be judged to fail
SamplingMode = Trace;#display current on each sampling point
TriggerControlStart = External;#control sampling start point by trigger
TriggerControlStop = External;#control sampling stop point by trigger
DpsRelay = CLOSE; #close the relay between device and tester
PowerSequence = ON; #give VDD a value when in operation

Figure 4.11: The parameters of the levels file for IDDQ test.
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4.7 Test program

Figure 4.10 is the setting of the testplan file and Figure 4.11 is the setting of the
levels file for IDDQ test. Figure 4.12 is a pattern file that measures IDDQ current
of a 74HC163 between "SNDT 0x1” to "SNDT 0x2”. The period for each vector is
1ms. Since IDDQ current is the quiescent VDD current after applying a test vector
to inputs, it requires current to be subsided to a stable value before determining if
the current is appropriate. In this example, each IDDQ test vector is required to
operate for 6ms to subside IDDQ current. The cycle for each pattern is 1ms, so an
IDDQ test vector is applied for seven consecutive cycles. Among the seven cycles,
since the settling time is 6ms so that the first six cycles are used for subsiding current
to stable value. Therefore measurements only sample the current in the last 1ms of
each vector. Measurements can sample 10 current values for each vector since the

sampling interval is 100us.
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NOP { V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=0; CLE=0: outpins=LLLLL;} W{inpins=wfs3; outpins=wfs3;}]
NOP { V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=0; CLE=1: outpins=LLLLL;} }
NOP { V {inputs=0000; LOAD=0; ENP=0. ENT=0; CLR=1: CLE=0: outpins=LLLLL;} }
NOP { ¥ {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=1; CLE=1; outpins=LLLLL;} }

SNDT 0xl { ¥ {inputs=1000; LOAD=1; ENP=0; ENT=1; CLR=1; CLE=0; outpins=LLLLL;} }
NOP { V¥ {inputs=1000; LOAD=1; ENP=0; ENT=1; CLR= 1; CLE=0; outpins=LLLLL;} }
NOP { V {inputs=1000; LOAD=1; ENP=0; ENT=1: CLR=1; CLE=0; outpins=LLLLL:} }
NOP { V {inputs=1000: LOAD=1. ENP=0: ENT=1. CLR= ; CLE=0; outpins=LLLLL;} }
NOP { V {inputs=1000; LOAD=1; ENP=0; ENT=1. CLR=1; CLE=0: outpins=LLLLL;} }
NOP { V {inputs=1000; LOAD=1; ENP=0; ENT=1. CLR= 1 CLE=0; outpins=LLLLL;} }
SNDT 0x2 { V {inputs=1000; LOAD=1; EN'P Q; ENT 1; CLR=1; CLE=0; outpins=LLLLL;} }

,_.,_.,_.

SHDT 0xl { ¥ {inputs=0000; LOAD=1; ENP=1; ENT=0; CLR=0; CLE=0; outpins=LLLLL:;} }
WOP { ¥V {inputs=0000; LOAD=1; ENWP=1; ENT=0; CLE=0; CLE=0; outpins=LLLLL;} }
NOP { ¥V {inputs=0000; LOAD=1; ENP=1; ENT=0; CLR=0; CLE=0; outpins=LLLLL;} }
NOP { V {inputs=0000; LOAD=1; ENP=1; ENT=0; CLR=0; CLE=0: outpins=LLLLL;} }
NOP { V {inputs=0000; LOAD=1; ENP=1; ENT=0; CLR=0; CLE=0; outpins=LLLLL:} }
NOP { V {inputs=0000: LOAD=1: ENP=1. ENT=0: CLE=0: CLE=0: outpins=LLLLL:} }
SHMDT 0x2 { ¥ {1nputs 0000; LOAD=1; ENP= 1; ENT= 0; CLR= 0; CLE= 0; outpins= LLLLL I

DDD

SNDT 0x1 { V {inputs=1111; LOAD=0; ENP=1; ENT=1; CLR=1; CLE=1; outpins=LLLLL;} }
NOP { ¥ {inputs=1111; LOAD=0; ENP=1; ENT=1; CLR=1; CLE=1; outpins=LLLLL;} }
WOP { V {inputs=1111; LOAD=0; ENP=1; ENT=1; CLE=1; CLE=1; outpins=LLLLL;} }
WOP { V {inputs=1111; LOAD=0; ENP=1; ENT=1; CLE=1; CLE=1l; outpins=LLLLL;} }
NOP { V {inputs=1111; LOAD=0; ENP=1; ENT=1; CLR=1; CLE=1: outpins=LLLLL;} }
NOP { V {inputs=1111; LOAD=0; ENP=1; ENT=1; CLR=1; CLE=1; ocutpins=LLLLL;} }
SNOT 0x2 { V {inputs=1111: LOAD=0: ENP=1. ENT=1: CLR=1: CLE=1. outpins=LLLLL:} }
SNDT 0xl { V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=1; CLE=0; outpins=LLLLL;} }
NOP { V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=1: CLE=0: outpins=LLLLL;} }
NOP { ¥ {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=1; CLE=0; outpins=LLLLL;} }
NOP { V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLE=1; CLE=0; outpins=LLLLL;} }
NOP { ¥V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLE=1; CLE=0; outpins=LLLLL;} }
NOP { ¥V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLR=1; CLE=0; outpins=LLLLL;} }
SNDT 0x2 { V {inputs=0000; LOAD=0; ENP=0; ENT=0; CLE=1; CLE=0; outpins=LLLLL;} }
SNOT 0x1 { V {inputs=0010: LOAD=0: ENP=0; ENT=1: CLR=0: CLE=1. outpins=LLLLL:} }
NOP { V {inputs=0010; LOAD=0; ENP=0; ENT=1: CLR=0; CLE=1l: outpins=LLLLL;} }
NOP { V {inputs=0010; LOAD=0; ENP=0; ENT=1. CLR=0; CLE=1: outpins=LLLLL;} }
NOP { V {inputs=0010; LOAD=0; ENP=0; ENT=1. CLR=0; CLE=1: outpins=LLLLL;} }
NOP { V {inputs=0010; LOAD=0; ENWP=0; ENT=1; CLE=0; CLE=1; outpins=LLLLL;} }
WOP { V {inputs=0010; LOAD=0; ENP=0; ENT=1; CLE=0; CLE=1: outpins=LLLLL;} }
SNDT 0x2 { V {inputs=0010; LOAD=0; ENP=0; ENT=1; CLE=0; CLE=l; outpins=LLLLL;} }

EXIT { V {inputs=1000; LOAD=1; ENP=1; ENT=1; CLR=1; CLE=0; outpins=LLLLL:} }

Figure 4.12: The pattern file for IDDQ test.

4.8 Test result

Device 7T4HC163 is used to perform IDDQ test by applying IDDQ test vectors
generated by FastScan.

Since different input voltages will affect quiescent IDD current significantly, in
this test, various input voltage levels are applied to observe the difference.

The measurements are taken when VIH is 4.5V and VIL is set to 0 V. The current
in these input conditions is what we primary concern in IDDQ test.

Figure 4.13 displays all measured values during the IDDQ test. It is apparent

that the current value of each IDDQ test vector is stable. Measurements 1-10 are
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the testing result of the first IDDQ test vector, the measured IDDQ is about 350
nA. Measurements 11-20 are the testing result of the second IDDQ test vector, the
measured IDDQ is about 188 nA. Measurements 21-30 are the testing result of the
third IDDQ test vector, the measured IDDQ is about 322 nA. Measurements 31-40
are the testing result of the fourth IDDQ test vector, the measured IDDQ is about
238 nA. Measurements 41-50 are the testing result of the fifth IDDQ test vector, the

measured IDDQ is about 214 nA.
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DUT Index Eesult Status Value Judsze Hi  Judze Lo Act.Cnt Pin Name

1 1 PASS Valid 352 Ond b, 0004 0. 0004 1 VDD
1 2 PASS Valid 352, OnA 5. 000ud 0. 0004 1 VID
1 3 PASS Valid 352, Ond B, 0004 0. 0004 1 VDD
1 4 PASS Valid 352, OnA 5. 000ud 0. 0004 1 VID
1 5 PASS Valid 350, Ond B, 0004 0. 0004 1 VDD
1 & PASS Valid 348, OnA 5. 000us 0. 0004 1 VID
1 T PASS Valid 344, Ond B, 0004 0. 0004 1 VDD
1 8 PASS Valid 344, OnA 5. 000us 0. 0004 1 VID
1 9 PASS Valid 34Z. Ond b, 0004 0. 0004 1 VDD
1 10 PASS Valid 342, Ond 5. 0004 0. 0004 1 VDD
1 11 PASS Valid 130. Ond b, 0004 0. 0004 1 VDD
1 12 PASS Valid 130. 0nd 5. 0004 0. 0004 1 VDD
1 13 PASS Valid 130, Ond 5. 0004 0. 0004 1 VDD
1 14 PASS Valid 130. 0nd 5. 0004 0. 0004 1 VDD
1 15 PASS Valid 188, Ond 5. 0004 0. 0004 1 VDD
1 16 PASS Valid 188, Ond 5. 0004 0. 0004 1 VDD
1 1T PASS Valid 184, Ond 5. 0004 0. 0004 1 VDD
1 18 PAGSS Valid 184, Ond 5. 0004 0. 0004 1 VDD
1 19 PASS Valid 184, Ond 5. 0004 0. 0004 1 VDD
1 40 PASS Valid 184, Ond 5. 0004 0. 0004 1 VDD
1 21 PASS Valid 325 Ond 5. 0004 0. 0004 1 VDD
1 22 PASS Valid 324, Ond 5. 0004 0. 0004 1 VDD
1 23 PASS Valid 322 Ond 5. 000us 0. 0004 1 VDD
1 24 PASS Valid 322, Ond B, 0004 0. 0004 1 VDD
1 25 PASS Valid 322 Ond 5. 000us 0. 0004 1 VDD
1 26 PASS Valid 322, Ond B, 0004 0. 0004 1 VDD
1 27 PASS Valid 324, On& 5. 000wk 0. 0004 1 VDD
1 48 PASS Valid 324, Ond B, 0004 0. 0004 1 VDD
1 29 PASS Valid 326, On& 5. 000wk 0. 0004 1 VDD
1 30 PASS Valid 326, Ond 5. 00004 0. 0004 1 VDD
1 31 PASS Valid 240. On& 5. 000wk 0. 0004 1 VDD
1 32 PASS Valid 238, Ond 5. 00004 0. 0004 1 VDD
1 33 PASS Valid 23E. On& 5. 0004 0. 0004 1 VID
1 34 PASS Valid 238, Ond 5. 00004 0. 0004 1 VDD
1 35 PASS Valid 236. On& 5. 0004 0. 0004 1 VID
1 36 PASS Valid 236, Ond B, 0004 0. 0004 1 VDD
1 3T PASS Valid 236. OnA 5. 000us 0. 0004 1 VID
1 38 PASS Valid 236, Ond B, 0004 0. 0004 1 VDD
1 39 PASS Valid 238. OnA 5. 000us 0. 0004 1 VID
1 40 PASS Valid 238. Ond B, 0004 0. 0004 1 VDD
1 41 PASS Valid 216, OnA 5. 000us 0. 0004 1 VID
1 42 PASS Valid 216, Ond B, 0004 0. 0004 1 VDD
1 43 PASS Valid 214, OnA 5. 000ud 0. 0004 1 VID
1 44 PASS Valid 214, Ond B, 0004 0. 0004 1 VDD
1 45 PASS Valid 214, OnA 5. 000ud 0. 0004 1 VID
1 46 PASS Valid 214, Ond B, 0004 0. 0004 1 VDD
1 47 PASS Valid 214, OnA 5. 000us 0. 0004 1 VID
1 48 PASS Valid 214, Ond B, 0004 0. 0004 1 VDD
1 49 PASS Valid 214, OnA 5. 000us 0. 0004 1 VID
1 50 PASS Valid 21Z. Ond B, 0004 0. 0004 1 VDD

Figure 4.13: The IDDQ test result when VIH is 4.5 V and VIL is 0V.

Different input values can cause different internal gates to turn on or turn off.

Therefore, IDDQ current is highly dependent on input values.
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However, when both VIH and VIL are changed to different values, for instance,

VIH is set to 4.5V and VIL is set to 2.1V, then, input voltages are still effective to

make this device fully functional. The results are shown in Figure 4.14.
In Figure 4.14, all of IDDQ test vectors that result in much higher

the currents shown in Figure 4.13.
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Figure 4.14: The IDDQ test result when VIH is 4.5 V and VIL is 2.1 V.
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At this time, there are no convenient methods for creating IDDQ faults in tested

devices. Therefore, our experiments simply explored how to perform IDDQ test on

the ATE.
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Chapter 5

Conclusion and Future Work

5.1 Conclusion

In the experiments described in this thesis, we demonstrated how to design and
perform DC parametric tests and IDDQ tests on the T2000 test system. In Chap-
ter 2, we introduced the function and the specification of the T2000 tester system
DPS500mA and 250MDM modules. The DPS500mA module can perform voltage
source current measurement (VSIM) to measure the current flow through the power
supply pin of a device. The 250MDM module is used in the experiments mainly for
measuring the voltage and current on input signal pins and the output signal pins of
a device. Chapter 2 also illustrates the syntax of the test program that needs to be
executed on the tester.

DC parametric test is discussed in Chapter 3. In both characterization test and
production test, DC parametric test is usually performed first. This chapter describes
seven tests that were designed and performed on the six 74-series chips. The tests
include contact test, input leakage test, input threshold voltage test, output driving
voltage test, gross IDD current test, static IDD current test and supply voltage bump
test. Each of the tests used different program setup on the T2000 to measure the
required parameters. The main purpose of these tests is verifying that the device
operates within its specifications for various electrical parameters.

IDDQ test, discussed in Chapter 4, is also one of the test techniques used in
both characterization test and production test. Since IDDQ test is especially useful
in detecting bridging faults, it can be applied as a supplemental functional test. The

IDDQ test vectors are generated by ATPG tools like FastScan. With help of the
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IDDQ test vectors, test coverage can be improved with much fewer test vectors when
compared to functional test. For example in the experiment, FastScan only generated
five IDDQ test patterns for the device 74HC163 to cover more than 50% of its faults.

In conclusion, DC parametric test and IDDQ test are efficient test methods that
reduce the overall test time. DC parametric test and IDDQ test are equally important
to functional test. Without DC parametric test and IDD(Q) test, a functional test may
require too many test vectors to ensure a system working properly, which increases

the cost of a device.

5.2 Future work

5.2.1 Testing output current of devices

The T2000 test system has the ability to measure the currents of output signal
pins when a DUT has been loaded. However, it requires the test program to set up
properly to avoid errors. Errors were shown in the GUI when we tried to test the
output currents in some situations. If this test is working properly, it can measure

the current of outputs so that compares with specification.

5.2.2 Emulating IDDQ faults in Field Programmable Gate Arrays (FP-
GA)

An FPGA is an integrated circuit designed to be configured by a customer or a
designer after manufacturing. Stuck-at faults can be easily emulated in an FPGA.
For Xilinx FPGAs, the Xilinx Design Language (XDL) and FPGA Editor can be
used to configure internal wires and Look-Up Tables (LUT) manually. Therefore, the
FPGA configuration can be modified to emulate some IDDQ fault in an FPGA by
employing XDL and FPGA Editor. However, we were unable to emulate bridging
faults in FPGA in this experiment.

There are a number of papers that refer to fault injection for FPGA [27] [28].
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