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Abstract

All modern automotive applications fully depend on electronic systems
for their basic operation. The failure of the related equipment has important
cost implications for the producers, which could be faced among other with
safety issues for the car passengers, as well as expensive call back actions of
unreliable parts.

In recent years, due to the implementation of efficient design-for-
reliability strategies, wear-out failures almost disappeared in integrated
devices during the typical life cycle of a car, ranging from 10 to 15 kilo-
hours. Stated otherwise, the majority of the reliability issues that are
observed at present in properly designed products, integrated into well
matching and well controlled processes, mainly occur due to processing
incidents and process-related defects, e.g. in the form of particles,
lithography errors, or defects.

Consequently efficient screening procedures are needed to reach the
very low levels of residual defectivity required by the “zero-defect
strategies”.

Present thesis deals with four major developments.
The first development is aimed to improve the procedures to control the

defectivity of gate oxide in LDMOS transistors with an original solution
called Built-In Gate Stress Test (BI-GST). The approach is based on
dedicated embedded circuitry to perform on chip the voltage stress and the
measurement of the leakage current through the stressed device. Due to the
fact that it relies on a built-in circuit, the BI-GST solution can be applied
both at chip level and to packaged devices, targeting directly the point of
interest. Furthermore, since the whole process is managed by an internal
circuitry, it does not require any additional testing equipment and can be run
in parallel on a very large number of devices.

The scope of the second development is to screen out defects in the
shallow trench insulation of LDMOS transistors with an original procedure
called Built-In Drain Leakage Test (BI-DLT). The solution makes use of the
capabilities offered by the circuit for the BI-GST. The realization of this
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additional test mode has been made possible by minor design changes with
minor impact in terms of area overhead.

With the third development a novel approach to screen out defective
Vertical Parallel Plates (VPP) capacitors used in SAR (Successive
Approximation Register) Analog-to-Digital converters (ADC) is proposed.
The BI-VPPST (Built-In VPP Stress Test) method consists of two steps: in
a first phase, the capacitors are stressed with an HV pulse in order to force
the breakdown of defective devices, and in a second phase the effect of the
stress is measured with an advanced functional test, to check for possible
breakdown events.

Finally, the fourth development deals with a novel built-in ∆IDDQ 
testing technique for the screening of LV transistor of the SAR logic, which
is based on the concept of the background current compensation. This
original technique uses the spatial correlation between different IDDQ
measurements performed on neighboring ADCs in the same die, as a
replacement for the traditional vector-to-vector correlation in the ∆IDDQ 
method. This uses the fact that ADCs have highly correlated fault-free
parameters since they undergo similar processing. Spatial correlation
techniques exploit this feature to subtract the background IDDQ current.
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Riassunto

Le moderne applicazioni automobilistiche fanno largo uso di sistemi
elettronici per il loro funzionamento. Il guasto di queste apparecchiature
rappresenta un grande problema economico per il costruttore, che può
essere costretto sia a fronteggiare problemi di sicurezza per i passeggeri che
a costose azioni di richiamo dei sistemi difettosi.

Recentemente, grazie all’uso di efficienti strategie di “built in
reliability”, i guasti dovuti a usure generalizzate sono poco rilevanti nel
tempo di vita medio di una vettura che spazia tipicamente dalle diecimila
alle quindicimila ore. Pertanto, la maggioranza dei problemi affidabilistici
che si osservano attualmente in prodotti correttamente progettati e integrati
con processi stabili è dovuta a incidenti e difetti introdotti durante la fase di
processo, come ad esempio particelle, errori nella litografia o difetti.

Si richiedono pertanto procedure di screening per raggiungere i livelli
molto bassi di difettositá richiesti dalle strategie “zero-difetti”.

La tesi si occupa di quattro temi fondamentali.
Nella prima parte di questa tesi si affronta il tema di come rendere più

efficienti le procedure per il controllo della difettosità negli ossidi di gate
nei transistor LDMOS. La soluzione originale proposta è chiamata Built-In
Gate Stress Test (BI-GST). Il metodo è basato su una circuiteria integrata
per eseguire internamente sia lo stress di tensione che la misura della
corrente di leakage attraverso la struttura stressata. Grazie al fatto che è
basata su un circuito integrato, la soluzione proposta può essere applicata
sia a livello di wafer che in dispositivi in contenitore. Inoltre, poiché l’intero
processo è gestito da una circuiteria interna, non richiede strumentazione
dedicata e può essere eseguito su un largo numero di dispositivi in parallelo.

Nella seconda parte della tesi viene presentato un nuovo metodo per lo
screening degli ossidi STI nei transistor LDMOS. La procedura proposta
prende il nome di Built-In Drain Leakage Test (BI-DLT). La soluzione fa
uso delle potenzialità offerte dal circuito per il BI-GST. La realizzazione di
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questo test aggiuntivo è possibile con pochi cambiamenti con effetti
trascurabili sull’area occupata.

La terza sezione propone un nuovo approccio per eseguire lo screening
dei capacitori Vertical Parallel Plates (VPP) usati nei convertitori SAR
(Successive Approximation Register). Il metodo BI-VPPST (Built-In VPP
Stress Test) consiste di due passi. In una prima fase, i capacitori vengono
stressati con un impulso HV allo scopo di forzare il danneggiamento dei
dispositivi difettosi. Nella seconda fase gli effetti dello stress vengono
misurati mediante un avanzato test funzionale, allo scopo di rivelare la
presenza di possibili rotture.

Infine, nella quarta parte della tesi è dedicata a un nuovo metodo per lo
screening dei transistor LV della logica SAR.

Esso fa uso della tecnica ∆IDDQ integrata ed è basato sul principio della 
compensazione della corrente di background. Questa tecnica sfrutta la
correlazione spaziale tra diverse misure IDDQ fatte su ADC adiacenti in
sostituzione della correlazione fra vettore e vettore tradizionalemente usato
nella tecnica ∆IDDQ. La correlazione dei parameteri di ADC vicini è molto 
grande perché sono soggetti allo stesso processo. La correlazione spaziale
sfrutta questa caratteristica per compensare la corrente IDDQ di fondo.
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Chapter 1

Introduction

The ability to control the random defectivity of a product during its life
cycle becomes more and more vital. This is particularly true in the
automotive field, where the drive towards ‘‘zero defects” is very stringent.

The traditional procedures for reliability qualification of semiconductor
devices require a defined set of tests in a specified environment in order to
induce the intended failure mechanisms under accelerated conditions.

This approach has been shown to be inapplicable to modern IC
technologies with failure rates below 100 FIT and to technologies in the
development phase. The main limitations are:

 reliability results are available only at the end of the development
flow

 questionable definition of the internal stress levels and of the failure
criteria for complex ICs

 risk to overlook new failure mechanisms
 increasing effort, costs and sample size required for stress-testing.

The scope of this PhD thesis is to conceive and to realize the theoretical
and experimental tools for the implementation of built-in reliability program
for the SPT9 process (a 0.13 μm BCD) [1], based on the physics-of-failure 
approach.

The innovative aspects covered by the thesis are the development and
the use of in situ screening techniques to control the device defectivity in
the field.

The main industrial goals of the tools to be developed are the
reduction/replacement of the device screening and the quantification of the
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residual lifetime based on the stresses experienced by the device during its
operation.

Furthermore in production, product reliability monitor testing is used to
insure that reliability levels remain acceptable and demonstrate continuous
improvement in line with previously set goals.

This project is intended to advance this methodology by integrating
dedicated built-in self test structures, to ascertain the relevance of the
defectivity on early failures, to stress selectively the most critical
components, and to quantify the time-dependent degradation of the circuit
performances.

1.1 The Current Status

Up to now, built-in reliability procedures have been in use which are
based on the knowledge of the root cause of the failure mechanisms and on
the relationship among the product specifications, its constituting elements,
the variations in the manufacturing process, as well as the interactions of
product materials with the loads and their impact on the product reliability.

Recently, efficient practices have been established to ensure that
integrated circuits perform as intended for the desired duration in field use.
They mainly refer to Wafer Level Reliability (WLR) test techniques, which
are conducted as a part of the development cycle. Today’s qualification
testing, which is largely based on industrial techniques (e.g. JEDEC
Industry Standards), is aimed to insure that processes and products meet or
exceed the requirements.

The most common screening procedures require the use of automatic
test equipment (ATE) to accelerate the degradation of defective devices and
to detect the effects of the occurrence of the failure. The main limitations of
these traditional approaches are well-known. On one side they need
expensive ATE, they require dedicated contact pads and overhead circuitry
inside and outside the chip, they have very limited parallelization
capabilities and finally they are often no longer viable after device
packaging. On the other side, burn-in requires expensive equipment (load
boards, control electronic, and thermal chambers), needs long testing times
due to the limited acceleration factor, has limited accessibility to the points
of interest, has to be carried out on finished devices and, finally, it still
requires expensive parametric and functional tests that often exhibit a
limited testing coverage. In addition, the numerous manipulations of the
devices increase the risk of pre-damaging due to electrostatic discharges.



1.2 Goal of the Research

In order to solve these limitations, a new approach to the screen
defective devices is investigated in this PhD thesis. This approach
on dedicated embedded circuitries for stress and characterization

As they rely on built-in circuits, the proposed solutions are intended
both the chip level and packaged devices, targeting directly the point of
interest. Furthermore, since the whole process is managed by an internal
circuitry, no additional testing equipment has to be needed and
run in parallel on a very large number of devices. In other words, according
to the assumed philosophy, every chip should become responsible for its
own screening.

Structures for built-in screening are acceptable only if they do not
require any special manufacturing, cause no penalty in performance or
reliability, and result into negligible area overhead.

Major subjects to be addressed by this thesis are:

1. circuits to stress chip internal device structures (e.g. interconnects
and dielectrics),

2. circuits for stressing output power devices,
3. circuits to monitor stressed devices in-situ, and

Figure 1.1: The screening of defective devices investigated in this PhD
thesis is based on dedicated embedded circuitries for stress and
characterization
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4. consistent built-in screening procedures, consisting of appropriate
interfaces to assess the efficiency of the different solutions proposed
for in-situ stressing, screening, as well as monitoring.

The capability of the developed tools is demonstrated on benchmark
circuits to be implemented on silicon and verified experimentally.

1.2 Topics Covered

Modern automotive systems fully depend on electronic systems for their
basic operations. The failure of the related equipment has important cost
implications for the producers, which could be faced among other with
safety issues for the car passengers, as well as expensive call back actions of
the unreliable parts [2]

In recent years, due to the implementation of efficient design for
reliability strategies, wear-out failures almost disappeared in integrated
devices during the typical life cycle of a car ranging from 10 to 15 kilo-
hours. Stated otherwise, the majority of the reliability issues that are
observed at present in properly designed products, integrated into well
matching and well controlled processes, mainly occur due to processing
incidents and process-related defects, e.g. in the form of particles,
lithography, or defects [3].

The advent of new Smart Power Technologies in the automotive
environment enables to design high (HV) and low voltage (LV) devices
onto the same die [1]. HV devices are often used to match the voltage level
of signals from the outside world with the low voltage levels required for
the integration of complex analog and digital circuits. Thanks to this variety
of devices, a number of additional features can be added to existing circuit
solutions in order to extend their functionalities, reduce their cost, and make
them more flexible.

Most of the area of modern automotive ICs is occupied by HV devices,
implemented with LDMOS for power applications (50% up to 60% of the
total area). LV devices are used to implement the control logic (15% up to
20% of the total area) and the analog/mixed-signal part (25% up to 30% of
the total area).



Fig. 1.2 shows as an example a typical automotive application. The
block diagram represents a single channel of a four channel squib driver.
Highlighted are the HV components, which are used as power switches and
for high voltage handling, and the mixed signal components, w
represented here with five Successive Approximation Register
Analog to Digital Converters (ADC). Four ADCs are used in the regulation
loop of the squib (explosive device used for the inflation of automobile air
bags) current, while the fifth is used for diagnostics.

In critical applications most of the area of the analog/mixed
section is occupied by ADCs, e.g. a modern four channel airbag driver
includes more than twenty ADCs in the regulation loop of the squib
As a consequence, vital components exhibit a large area of thin and thick
gate oxide combined with a large volume of capacitor dielectric material
and STI isolation. Since both dielectrics are inherently prone to defects,
efficient screening procedures are needed to reach the very low levels of
residual defectivity required by the zero-defect strategies.

This thesis focuses on the improvement of the procedures to control the
defectivity in LDMOS transistors, low voltage transistors, and Vertical

Figure 1.2: Block diagram of a typical automotive application
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Parallel Plate (VPP) Capacitors used in the most advanced processes for
automotive devices (Table 1.1).

In chapter 2 the proposed built-in reliability test developed for the
screening of gate oxide in LDMOS is presented. A similar approach, used
for the screening of the STI oxide of LDMOS, will be described in chapter
3. Chapter 4 focuses on the built-in reliability solutions introduced for the
screening of VPP capacitors used in SAR ADCs. Finally chapter 5
introduces a novel built-in methodology intended to perform the screening
of gate oxides of LV transistors implementing the SAR control logic.

In all considered cases, the traditional screening procedures will be
reviewed, highlighting their intrinsic limitations. In the following sections,
the principles and the main advantages of the newly developed built-in
screening methodologies will be presented, referring to previous works
published by the same authors for the circuit details.

Table 1.1: Proposed built-in screening methodologies depending on the
affected oxide

Block Device
Affected

oxide
Traditional
screening

Proposed
built-in

screening
Chap

HV LDMOS
Thick gate

Oxide
GST BI-GST 2

HV LDMOS STI Oxide DLT BI-DLT 3

Mixed
signal

ADC
Intermetal
Dielectric

None
BI-VPPST

(Built-In VPP
Stress Test)

4

Mixed
signal

ADC
Thin Gate

Oxides
IDDQ

ΔIDDQ 

Integrated
IDDQ sensor
+ background

current
compensation

5



Chapter 2

Built-In Screening of the
Gate Oxide Defects in
LDMOS

Efficient screening procedures for the control of the defectivity are vital
to limit early failures, especially in critical automotive applications.
Traditional strategies based on burn-in and in-line tests are able to provide
the required level of reliability but they are expensive and time consuming.
This paper presents a novel built-in circuitry to screen out gate oxide related
defects in lateral diffused MOS transistors. The proposed technique is based
on an embedded circuitry that includes control logic, high voltage
generation, and leakage current monitoring. The concept and the advantages
of the proposed screening procedure are described in very detail and
demonstrated experimentally in conjunction with the integration of a test
chip.

2.1 Introduction

2.1.1 Gate Oxide Defects

The quality of a gate dielectric depends on the quality of the substrate
prior to oxide growth, the oxide growth cycle and the processing this oxide
is exposed to after it is grown [4].



According to the usual defective oxide classification, Class A includes
such oxides, which are expected to fail (usually due to pinholes) for an
applied field strength (EBD) lower than 1 MV/cm. Class B includes the so
called extrinsic oxides that fail for an EBD lower than the intrinsic value,
and Class C includes those oxides, which fail at an EBD above 10 MV/cm
(for the thickness range of interest in this paper) due to intrinsic dielectric
breakdown (Fig. 2.1). At present the required failure rate during the life
cycle of the product is assured by properly designed screening procedures
before and after packaging of the chip, which force oxides in the Class A
and B to fail, without introducing any substantial pre-damaging of the
robust subpopulation [5,6].

Figure 2.2 shows a typical example of oxide damage revealed after t
successive removal of the layers down to gate oxide.

2.1.2 Traditional Screening Methodologies

The most common procedure to screen gate oxide defects at chip level is
still the so-called gate stress test (GST), where a high voltage pulse is
applied to dedicated test pads of the LDMOS gate through an Automatic
Test Equipment (ATE).

Figure 2.1: A typical breakdown histogram. There are three peaks: A mode
(pin hole), B mode (weak spot), and C mode (defect free) oxide
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Subsequently, the eventual occurrence of the oxide breakdown is
detected by the measurement of the leakage current through the gate oxide.

After packaging, the accessibility of dedicated test pads becomes very
limited, such that additional gate oxide screening is usually carried out in
the form of a burn in of the packaged devices at nominal supply voltage, at
a junction temperature ranging from 125 to 140°C, and for a duration
ranging from 24 to 48 hours. In this case, an eventual gate oxide breakdown
is detected indirectly either by a parametric or by a functional test of the
device.

2.1.3 Limitations of the Traditional Screening
Methodologies

The main limitations of these traditional approaches are well-known. On
one side they need expensive ATE, they require dedicated contact pads and

Figure 2.2: Damage of the gate oxide
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overhead circuitry inside, and, outside of the chip, they have very limited
parallelization capabilities and finally they could be impossible after device
packaging. On the other side, burn-in requires expensive equipment (load
boards, control electronic, and thermal chambers), needs long testing times
due to the limited acceleration factor, has limited accessibility to the points
of interest, has to be carried out on finished devices and finally it still
requires expensive parametric and functional tests that often exhibit a
limited testing coverage [6-7]. In addition, the numerous manipulations of
the devices increase the risk of pre-damaging due to electrostatic
discharges.

2.1.4 The New Built-In Defect-Based Technique

In order to solve these limitations, a new approach to the screening of
defective gate oxides and junctions of LDMOS is presented, which is based
on dedicated embedded circuitry to perform on chip the voltage stress and
the measurement of the leakage current through the stressed device. As it
relies on a built-in circuit, the proposed solution can be applied both at chip
level and to packaged devices, targeting directly the point of interest.
Furthermore, since the whole process is managed by an internal circuitry, it
does not require any additional testing equipment and can be run in parallel
on a very large number of devices.

The principles of the novel solution developed for built-in GST have
been originally presented in [8], where the concept and circuit realization
have been shown together with circuit simulation results. Finally, after
integration of a test chip [9], the new procedure has been prototyped and
validated experimentally.

In this thesis, the traditional GST approach in use nowadays for several
automotive products is presented in Section 2.2, to point out requirements
and limitations. In Section 2.3, the concept behind the novel built-in GST is
defined together with its main constituting blocks. Finally, Section 2.4
reports about the integration of a test chip as well as the related
experimental characterization. The functionality of the solution and the
accuracy of the leakage current measurement unit are discussed in
conjunction with the illustration of the circuit overhead (area, complexity)
required by the novel built-in test methodology.
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2.2 Traditional Screening Methodology

2.2.1 Traditional Gate Stress Test Method

Traditionally, GST is performed accessing the gates of power FET-
switches by contacting needles of an ATE probe-card on a single or
multiple test pads. A typical configuration of such a circuitry is shown in
Fig. 2.3.

Several HV-LDMOS transistors might share the same gate stress test
pad by using decoupling diodes (D4 and D5 in Fig. 2.3). The zener diode Z
is required to protect the gate driver low voltage N-MOS and P-MOS
transistors from high voltages. The series resistor R is needed between the
gate driver and the gate stress test pad in order to limit the current during
the high voltage gate stress. The gate driver circuit design prevents current
flow into the driver during the gate leakage test by the use of the optional
diode D3. Passive gate-discharge circuits are disabled by additional test
pads during gate leakage test (e.g. test pad TP1 in Fig. 2.3). The gate is
stressed by a high voltage pulse applied through the ATE. The difference
between the current flowing into the GST pad before and after the stress is

Figure 2.3: Traditional gate stress test scheme (GST)
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calculated. If the difference exceeds a specified threshold, the device is
scrapped.

2.2.2 Issues Related to the Traditional GST
Methodology

The popularity of this solution is justified by the fact that is very simple
to be implemented, but on the other hand it does not solve a multitude of
challenges at different levels.

Design level: The diode D3 in Fig. 2.3 limits the driving voltage of the
gate of the LS-SWITCH. Therefore, in order to get the same Ron
performances, the area of the HV-LDMOS has to be increased. Moreover,
the resistance R is critical for applications where fast turn-on/off switching
time of the transistor is required.

Wafer level test: The wafer-probecard requires extra needles exclusively
dedicated to the GST. In addition, one has to rely on external ATE in order
to perform a non trivial measurement. This fact impacts the test cost and
reduces the capability to screen several devices at the same time
(parallelization).

Package level test: Since the stress introduced by bonding and plastic
molding compounds can affect the gate oxide reliability, performing GST is
essential after packaging, as well. However, for pin number reduction and in
order to avoid electrostatic discharge events, both the GST and the TP1 pad
are not bonded so that the gates of the HV-LDMOS switches are no longer
accessible.

Burn-in level test: Static temperature stress under constant bias voltage
is a way to accelerate the Time Dependent Dielectric Breakdown (TDDB)
during burn-in. An issue related to this approach is that the stress is applied
at the same time even to non-defective gate oxides. This reduces the
residual lifetime of the surviving gate oxides. Moreover, the detection of
possible breakdown events can only be performed indirectly through a
parametric or functional test, since accurate leakage current measurement is
no longer possible.
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2.3 Novel Built-In GST Concept

2.3.1 Working Principle

The proposed solution consists of the integration of all the functionality
required to perform a gate stress test into each device. Following this
approach, every chip should become responsible for its own stress test. The
principles of the implementation of this solution are presented in Fig. 2.4.

In order to save additional pads/pins for stressing, the high voltage,
which has to be applied to the gate oxide of the LDMOS, is forced via the
battery pin VS. The stress sequence is enabled by a command sent via a
serial interface. A digital controller asserts the GS and GS_ISO signals
controlling the stress switch and the protection switch according to the basic
waveforms shown in Fig. 2.4. The former is responsible for the application
of the stress voltage on the gate. The latter controls the disconnection of the
gate driver unit from the LDMOS gate.

The protection switch, the gate clamping and the inductive clamping are
designed in such a way that no current flows through them during the gate

Figure 2.4: Working principle of the solution implementing BI-GST
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stress. The current Ileak, flowing from the battery pin to the gate, is
measured, mirrored by the current mirror and compared with a threshold
current Ith by the current comparator. The result of the comparison is a
digital signal, COMP_O that is sent to the external world via a serial
interface, indicating whether the leakage current through the gate oxide is
higher than a given threshold current.

2.3.2 Advantages of the BI-GST

The BI-GST approach is beneficial for several reasons. Firstly, it
reduces the dependency on external ATE, shortening the testing time and
reducing the resulting testing cost. This is due in particular to the fact that
the average testing time required by the BI-GST approach is shorter than for
the traditional case, and that the BI-GST approach introduces the capability
to test more devices in parallel. Furthermore, the BI-GST approach enables
the manufacturer to perform a targeted GST after packaging of the device
what it has not been possible until nowadays by the use of the traditional
GST solution. This fact removes the need to perform burn-in and, it reduces
the testing to a few milliseconds [8].

2.3.3 Circuit Description

Several design challenges arise in the implementation, reported in Fig. 2.5,
of the concept discussed in Section 2.3.1. In particular, the design has to
handle high voltages, to perform accurate current measurements without
introducing significant voltage drop and to use a silicon area which is much
smaller than the typical size of the LDMOS to be screened.

Unfortunately, not all requirements can be fulfilled at the same time by a
standard HV or CMOS technology. In the most recent BCD technologies
high voltage (HV-DMOS), medium voltage (MV-CMOS) and low voltage
(LV-CMOS) transistors are available and can be combined on the same die.
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Protection Switch

In normal operation, the protection switch is closed and the stress switch
is open. The protection switch is based on a transmission gate engineered by

HV-LDMOS (P2-N3 in Fig. 2.6). This configuration is required such that
the switch can operate in normal conditions in the voltage range from 0 to
VDD. The stress section is completely transparent, such that no constraints
have to be imposed to the design of the gate driver.

During the BI-GST stress, the protection switch is open and the stress
switch is closed. The pull-down transistor N2 of the gate driver is constantly
on, forcing the net DRIVER_O to ground. The node P, grounded by N4
during normal operation, becomes floating when the GS_ISO signal is
asserted. To keep the protection switch off, N3 should have the gate to
ground, while the gate of P2 needs to follow the gate line voltage.

After the application of the stress, GS is disabled and the gate line is
discharged by closing N3 and connecting N2.

The additional circuit required for the implementation of the BI-GST
does not affect the performance of the original circuit in terms of switching
speed and power consumption because of the small additional RC load

Figure 2.6: Circuit description of the protection switch
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introduced. In fact, the protection switch has been designed to operate with
an ON-resistance of few hundred Ohms and the capacitive load added on
the gate line is negligible if compared with the gate capacitance of the
LDMOS under test.

Gate Clamping

The gate clamping circuitry is required to connect the gate line to

ground during Power-Down (PD) and to prevent the raising of the gate
voltage when the supply domains are not properly defined.

The circuit, which implements this functionality is reported in Fig. 2.7.
During the application of the stress, the gate discharging device Q1, is

disabled by the application of VS voltage on its base. P3 is switched on by
the voltage drop generated across the zener Z2.

Stress Section

As shown in Fig. 2.8, the stress switch for BI-GST is implemented by
P6 and P5. The switches are enabled by generating a voltage drop, VS-
VBIAS, at the node BIAS. P5 and P6 try to source current to the gate line

Figure 2.7: Circuit description of the gate clamping
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and to the node P. Since both are in the high impedance state, the voltage at
these nodes will rise, saturating P5 and P6 to a value equal to VS-VGS,P9. Z1
protects P2 against possible transient overvoltages which could damage the
gate oxide. This bias technique limits the charging current trough P6 and P5
and avoids fast transients, dangerous for parasitic current injection and
protecting P9 from high current flow. The pull-up resistor R4 is responsible
for discharging the BIAS node after the completion of the stress phase.

Current Monitor Section

The circuit design of the current comparator is shown in Fig. 2.9. The
performance of the current mirror affects the accuracy of the overall current
measurement. Two different errors are introduced: a voltage error Ve,
defined as the difference between the applied voltage at the battery pin VS

and the voltage really applied on the stress line Ve~VGSP,9/17, and a current

Figure 2.8: Circuit description of the stress section
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error Ie, defined as the mismatch between the measured leakage current Ileak

and the current Icopy that enters the comparator, Ie=Ileak-Icopy.
Both error sources have to be kept below the limits imposed by the

accuracy requirements for this application. In order to reduce the inaccuracy

of both sources, LV-PMOS devices P9-P10 and P17-P18 have been
introduced. This kind of device offers the best matching performance and
smallest threshold among all others. The drawbacks are their relatively low
output impedance and their poor voltage capabilities. To overcome these
limits a cascode current mirror with low input voltage requirement has been
chosen [10-13]. The configuration used in this paper is called regulated
cascoded circuit with reference tracking [13].

The original design has been modified here in such a way that the
reference current does not replicate the measured current Ileak, but the
current Ith that is used for the current comparator. This modification is
necessary because in general Ileak is too small to operate properly the current
mirror. P10 copies the leakage current Ileak with unity gain by avoiding any
channel length modulation effect when Ileak is of the same order of

Figure 2.9: Circuit description of the current mirror section
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magnitude as Ith. In fact, in this situation the feedback loop forces the drain
voltages of P10 to match the drain voltage of P9. This solution increases the
accuracy of the current mirror close to the range of interest (i.e. around Ith)
for the current comparator.

Recycling of LV-MOS devices connected directly to the battery supply
pin Vs is made possible by the fact that the common LV-CMOS p-well for
such devices can be connected to floating potentials. In particular, the p-
well of all LV-PMOS devices has been connected to the BIAS node.

The accuracy of the leakage current measurement is defined by the
matching performances of both current mirrors P9-P10 and N7-N8 in Fig.
2.9. The variance of the relative current differences in a current mirror is
given by:

where

represents the threshold mismatch of the transistors, while A is the matching
parameter for the threshold voltage. The fact that the variance is
proportional to the bias current and inversely proportional to the channel
length squared represents a drawback for the present application, where
small current are measured and a small voltage drop is used to minimize the
voltage error Ve. Both current mirrors have been designed in order to reach
a current mismatch better than 4% at 1uA bias current.

Furthermore, the contribution of the inaccuracy of the Ith has to be
considered for the overall accuracy estimation. Ith might be generated
internally, such that its accuracy is typically within 2-3%.

2.3.4 Test Conditions

For the calculation, it is assumed that a burn-in carried out at
temperature Tstress, at nominal supply voltage Vop and with duration D,
delivers the required failure rate in the field. Thus the problem to be solved
for the built-in GST is the calculation of the high voltage pulse duration tpulse

(at a voltage Vpulse), which delivers an equivalent stress as in the burn-in
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defined above. The conversion can be made, once the acceleration factors
related to the failure mechanism and to the stress factors (in this case the
electric field in the oxide Eox and the oxide temperature T) are known.

The dielectric breakdown due to extrinsic defects is usually attributed to
defects at or near the Si/SiO2 interface, e.g. decorated stacking faults or
local discontinuities in the oxide caused by metallic precipitates [5]. The
defect-induced breakdown is modeled accurately by the effective thinning
concept, where defects are represented as a localized thinning of the oxide
described by the effective oxide thickness Xeff at the weakest spot in the
oxide. This concept also covers frequent local defects related to asperities at
the interface and localized areas with anomalous chemical composition (e.g.
particles).

According to the general reliability design rule in presence of local
thinning, it is assumed that under operating conditions, the density of the
Fowler-Nordheim current has to be negligible. Therefore the electric field
strength across the thinning must not exceed 7 MV/cm. In other words, the
screening procedure has to be designed to eliminate all those devices, where
Eox exceeds 7 MV/cm under usual operating conditions, without introducing
any substantial pre-damaging of the robust subpopulation.

At microscopic level, the physics behind time-dependent dielectric
breakdown of extrinsic oxides is rather complex. It is modelled by a strong
statistical spread of the lifetime depending on the nature and on the density
of oxide defects (which are either native or created during the stress) [14-
15]. Nevertheless, there is a general consensus on the fact that for oxides
thicker than four nanometers, the lifetime due to dielectric breakdown
exhibits a temperature acceleration factor AFT that is described by the
Arrhenius-like relation
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where EA is the activation energy in the 0.4 – 0.6 eV range, k the Boltzmann
constant, Top and Tstress, the oxide temperature under operating and
accelerated conditions, respectively. Similarly, the field acceleration factor
AFV is given by

  opstressV EEAF  exp

Eq. 1.3

Eq. 1.4
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where  is the field acceleration parameter (in the 1.5 – 2 cm/MV range),

Eop and Estress are the electric fields in the field oxide under operating and
accelerated conditions, respectively.

Combining Eq. 1.3 with Eq. 1.4
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yields the required pulse duration tpulse.

For typical values of EA, Top, Tstress, , Xeff, Vop and for Vpulse in the range
from 17V down to 14V, Eq.5 delivers a pulse duration tpulse in the range
from 50 µs to 4 ms per hour burn-in. As an example, the pulse duration at
Vpulse = 16V, equivalent to 48 hours burn-in at 140°C, is 3 milliseconds.

The threshold current used for the defect screening is set to a value
proper to discriminate the intrinsic gate leakage current from the leakage
current resulting from a breakdown. The threshold current is typically set to
less than 10 µA based on results obtained from dedicated breakdown
experiments carried out on test structures.

2.4 Experimental Validation

2.4.1 Integration

Before extensive use in commercial products, the proposed scheme has
been prototyped and experimentally validated by implementation on a test
chip.

This solution has been introduced in a typical LS-SWITCH application,
designed to obtain RON = 0.4Ω (Fig. 2.10).  

Eq.1. 5
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The additional area occupied by the built-in test circuitry is 7% of the area
occupied by a single LS-SWITCH as shown in Fig. 2.10. In this case, the
reduction in terms of reliability due to the additional circuitry is negligible,
since the gate oxide area associated with built-in test unit is a factor of 500
smaller than the gate oxide area in a HV-LDMOS. The relative area
overhead is further reduced, if multiple LS-SWITCH circuits can be tested
in parallel.

The small size of the stress circuitry and the fact that no device is
degraded during the stress phase (excepted for the LS-SWITCH) makes the
solution attractive with negligible risks for additional reliability problems.

2.4.2 Measurement Results

In order to check the functionality of the developed solutions, the proper
application of the stress voltage and the correct leakage detection have been
verified.

To this purpose the GATE LINE in Fig. 2.5 has been cut in the test chip
in order to isolate the LDMOS from the rest of the circuitry. Two additional
pins have been introduced, which contact the GATE LINE at the
disconnection points. The pins are used to check the correct application of
the stress voltage and to introduce an artificial leakage current for the
accuracy measurement.

The verification methodology consists of three steps. In a first phase, the
stress voltage application and the gate leakage measurement are performed
on an intact oxide. Subsequently, a damage is artificially introduced in the
oxide of the LDMOS by forcing a breakdown through the application of
high voltage pulse. Finally, the stress voltage application and the gate
leakage measurement will be performed again on the broken oxide.

The oxide breakdown has been generated by the application of a voltage
ramp on the pad contacting the gate of the LDMOS. The ramp is stopped
soon after the breakdown event, visible by a sudden increase of the gate
leakage current, has been generated. The electric field inside the gate oxide
necessary to generate the breakdown is approximately 11.8 MV/cm. The
effect of the breakdown is visible in Fig. 2.11 as a not negligible gate
leakage current. The current entering the gate is transferred to the grounded
drain, meaning that the damage is located in the interface between the gate
and the drain.
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Intact and leaking gate oxides are characterized. Figures 2.12a, 2.12b
show the timing of the most significant control signals introduced in section
2.3 during the high voltage stress phase for the BI-GST. Figure 2.12d
shows the application of the stress voltage to the gate of the intact and
leaking oxide. The voltage on the gate oxide of the leaking devices does not
rise up to the full level of the stress voltage because of the current limiting
feature of the stress generator. Finally, Fig. 2.12e, shows the case of a
leaking oxide, where the leakage current is higher than the chosen
threshold. On the contrary, no appreciable current is detected in intact
devices. The correctness of the leakage measurement in the two cases is
evident in the output signal COMP_O (Fig. 2.12c), which is low at the end
of the test, when measuring the leakage of the intact device but remains
high showing excessive leakage in the case of the broken device. The initial
triggering of the COMP_O is due to the dynamic current necessary to
charge the gate capacitor.

Figure 2.11: Current characteristics at the gate pin. The breakdown is
visible as a current leakage flowing from gate to drain
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Figure 2.12: Measurement results in the case of BI-GST application to
intact and leaking oxides. a,b: The timing of BI_GST test; c: The result of
test. COMP_O remains high at the end of the test in the case of leaking
oxide; d: Voltage applied on the gate; e: Copy of the current flowing into
the gate
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GST application to
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The measurement data reported in Fig. 2.13 are used to ch
accuracy of the proposed solution. In these measurements, the threshold
current has been swept in 1µA steps up to 10µA, and a leakage current has

been introduced artificially by the use of a variable resistor connected to the
GATE LINE pin. The resistor value is trimmed at each step and the value of
the leakage current at which the comparator triggers has been acquired. The
gate voltage at the triggering point is also reported.

These data demonstrate the validity and the accuracy of the proposed
approach, as well as its suitability to reach the Zero Defect target
automotive environment.

2.5 Conclusions

A novel approach has been proposed to screen out defective gate oxides
in lateral diffused MOS transistors in integrated circuits for automotive

Figure 2.13: Accuracy of the gate leakage current measurement and of the
stress voltage applied on the gate
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applications. This technique is based on a programmable embedded
circuitry for built-in gate stress testing (built-in GST), which provides high
voltage pulse-stressing and accurate quantitative measurement of the
leakage current through the gate oxide. The test sequence is controlled by
internal logic and the unit communicates to the outside world through a
serial interface. The peculiarities of the circuit design have been discussed
with particular focus on the design solutions adopted for high-voltage
operation and accurate current measurement by dedicated current mirrors.

Built-in GST has been shown to be a valid alternative to the traditional
approaches relying on automatic test equipment (ATE) for screening and
burn-in. Built-in GST just implies a moderate silicon surface overhead (7%
of the area of the LDMOS). Opposite to the traditional techniques, it can be
applied both at chip level as well as in packaged devices, and does not
require sophisticated ATE to be used. This fact results in a more targeted
stress than for the traditional burn-in. Furthermore, built-in GST has a
duration of few milliseconds and can be performed in parallel on several
devices, decreasing the testing cost involved with gate oxide screening.



Chapter 3

Built-In Screening of
STI Defects in LDMOS

3.1 Introduction

Shallow Trench Isolation (STI) processes are an essential technology to
integrate isolated high-density semiconductor devices (Fig. 3.1). As shown
in Fig. 3.2, a STI is created during the early steps of the semiconductor
device fabrication process, before transistors are formed. The key steps of
the STI process involve etching a pattern of trenches in the silicon [16],
deposition of one or more dielectric materials (such as silicon dioxide) to
fill the trenches, and planarizing the excess dielectric using a technique such
as chemical-mechanical planarization (CMP). The remaining nitride is
removed subsequently by wet chemistry or reactive ion etching (RIE). The
planarization issue is perceived as the most critical step to the success of
STI [17,18]. Specifically, due to pattern density effects, the oxide thickness
after CMP can vary, due to step height variations and, in some cases,
overpolish of the oxide layer, leading to damage of the active region. Along
with the overpolish and pattern density issues, dishing into the oxide-filled
trench region can also lead to the degradation of the isolation performance.



Figure 3.1: Schematic cross section of the n-type LDMOS device

Figure 3.2: Steps in a typical shallow trench isolation (STI)
process flow [16]
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Typical defects after STI-CMP processing are shown in Fig. 3.3. The
torn oxide defects can be easily generated because of the weak point due to
the unstable moat structure, when the reverse moat pattern and trench
pattern do not align each other. Nitride residue is a defect in the polishing
condition for high post-CMP thickness and low trench depth. Silicon
damage can be caused by over-polishing and high trench depth.

Figure 3.3: SEM micrographs of various defects types. (a) torn oxide, (b) nitride
residue, (c) silicon damage [17].
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3.2 Traditional Defect Screening Techniques

The correlation between the presence of such STI defects and the
increase of the transistor leakage current by various orders of magnitude is
reported in the literature [19-20]. For this reason, screening for STI defects
is usually accomplished by measuring the drain leakage current while
biasing the device under sub-threshold conditions, after application of a
high voltage pulse to the drain terminal. This procedure is usually defined
as Drain Leakage Test (DLT). The configuration used for this test is shown
in Fig. 3.4.

Traditionally, DLT uses test equipment where the drain of the power
FET-switches are contacted through dedicated pins. ZESD is the zener diode
used as an ESD protection for the output pad D. The DLT consists of three
steps. Initially, the LDMOS is turned off by forcing the gate to ground
through the driver or the gate clamping. Then a high voltage pulse is applied
to the pad D. Finally, the leakage current flowing into the D pin is measured
by the ATE.

The level of the voltage pulse has to be high enough to force the
junctions affected by defects into reverse breakdown, such that the local
defect will possibly degrade and turn into an increased leakage current. The
voltage to be applied to D during the characterization of the leakage current
has to be sufficient to provide enough accuracy, but at the same time it
should not exceed the threshold for the activation of unwanted parasitic
conduction paths, which can be essentially of three types. In the first case,
the leakage is produced by the inductive clamping. This current path can be
blocked by switches or structures which increase the clamping voltage only

Figure 3.4: Traditional Drain Leakage Test scheme (DLT)
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during test mode (TM). The second cause is related to the zener diode ZESD,
which can be forced into reverse conduction. Last, the leakage current can
arise due to the intrinsic breakdown of the LDMOS. Therefore, the voltage
applied during the characterization phase is usually 2 up to 5 V lower than
the reverse breakdown voltage of the zener diode ZESD.

3.2.1 Issues Related to the Traditional DLT
Approach

The main issue of the traditional DLT is related to the fact that the
efficiency of the stress acceleration through a voltage pulse is questionable.
Actually, even if the high voltage pulse forces weak junctions into the
reverse breakdown, it might not produce permanent local damage that
results in an increased leakage current during the characterization phase. In
fact, leakage currents through the defects may be more efficiently increased
by a continuous voltage stress at increased temperature, as it is the case
during the burn-in. Under these circumstances, multiple accelerating effects
can be activated, such as local thermal damaging of the lattice, propagation
of the defect, or enhanced precipitation along the defect itself. However, the
strongest limitation of this traditional approach is the fact that the drain
contacts of the chip must be biased over the whole duration of the burn-in,
increasing in such a way the cost involved with the screening.

In addition, this procedure can only be carried out, if access to the drain
contact is directly (and separately) ensured. Actually, the direct contact to
the drain contact of LDMOS is just granted through the pins if they are used
to drive external loads. Nevertheless, in the case of modern designs using
large power transistors for internal purposes, this represents a major
limitation, since the design of an addition pin just for testing purposed is
rarely viable.
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3.3 Proposed Built-In Screening for STI
Defects

3.3.1 BI-DLT Concept

The solution proposed to implement the built-in Drain Leakage Test
(BI-DLT) makes use of the capabilities offered by the circuit for the BI-
GST, introduced above. The realization of this additional test mode has
been made possible by minor design changes with minor impact in terms of
area overhead.

The design concept is based on the same principles as for the BI-GST,
i.e. the use of an external high voltage source (provided through the battery
pin), the implementation of a high impedance node and the measurement of
the leakage current through the high impedance node. The solution is
illustrated in Fig. 3.5, where the blocks used for BI-GST and BI-DLT are
highlighted.

After receiving the command to perform the test from a serial interface,
a digital controller provides the necessary controlling signals. The signals
DL and DL_ISO have been added to control the application of the test
voltage on the drain and the opening of the inductive clamping. An on-

Figure 3.5: Working principle of the solution implementing BI-GST and BI-
DLT
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board switch connects the drain to ground during BI-GST and leaves it
floating during BI-DLT. The current flowing into the drain Idrain is mirrored
and compared with a threshold current Ith by the current comparator. Icopy is
a replica of the gate leakage current during BI-GST and a copy of the drain
leakage current during BI-DLT. The COMP_O signal will be forwarded via
serial interface to the external world, indicating a leakage current higher or
lower than the threshold current.

3.3.2 Advantages of the BI-DLT

The BI-DLT presents major advantages either as a standalone screening
technique, or in conjunction with a traditional burn-in procedure.

The design solution proposed here for the standalone version refers to a
Low Side (LS) switch with direct access to the drain and source through
external pins [21]. Obviously, this design can be easily extended to the case
of embedded LDMOS transistors without any direct access from outside.
This just requires an additional connection to ground of the source terminal,
as well as an isolation of the drain node to block any unwanted parasitic
leakage current during the test.

As in the case of the DLT, the BI-DLT cannot completely replace the
traditional burn-in screening procedure due to the erratic behavior of the
high voltage pulses used in both techniques to accelerate the degradation of
possible leakages due to defects. Nevertheless, since the BI-DLT has been
integrated in a process for temperatures up to 200 °C, it can be used very
effectively in conjunction with traditional burn-in storage under bias. In this
case, BI-DLT just requires the high voltage to be supplied through the
battery pin (as it is the case for the traditional burn-in). Operating the device
in the BI-DLT mode would enable to monitor the time dependency of the
drain leakage current at high temperature during the burn-in screening. The
main advantages involved with this approach are a better insight into the
degradation process over the whole duration of the screening, a better
screening efficiency due to the monitoring capabilities of the leakage
current during the burn-in (and not just at the beginning and at the end), and
a relevant cost/time reduction of the screening procedure because the
characterization can be carried out on all devices at the same time
(parallelization) and without the use expensive ATE equipment.

Finally, this also impacts very positively the development of optimized
temperature profiles for defects screening and the cost reduction of the
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burn-in test boards, which can be substantially simplified by the use of the
digital serial interface already embedded into the circuit to be screened.

3.3.3 Circuit Description

The circuit added to perform the BI-DLT is an extension of the circuit
used for BI-GST and as shown in Fig. 3.6, its working principle is the same.
Both sections work completely independently, in the sense that the
operation of the BI-GST section is not affected by the BI-DTL, and vice
versa. The only restriction is that both tests have to be carried out
sequentially.

The circuitry responsible for the disconnection of the inductive clamping
is shown in Fig. 3.7. During BI-DLT, the gate of the LDMOS under test N1
is kept down by the driver or by the gate clamping circuit via Q1. Z3 and
D1 are the inductive clamping circuit. In normal operation, when the
inductive clamping is required to work, P19 is on, since its gate is kept to
ground by N14. During the BI-DLT the gate of P19 is raised up to the test
voltage that is also applied on the drain of N1. In this case, the inductive
clamping circuit is open and no leakage current can flow.

The bias section is the circuit block required to apply the HV at the
drain. This is the same as the equivalent circuit for the BI-GST.

The current comparator circuit is used for both tests. For this reason it is
activated selectively, depending on which test is needed.

Similarly, N15 and N16 provide an easy way to generate the lowest
between the two voltages BIAS_GS and BIAS_DL. This voltage is used to
turn-on P7 when one of the two tests is required.
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3.4 Experimental Validation

3.4.1 Integration

Before extensive use in commercial products, the proposed scheme has
been prototyped and experimentally validated by implementation on a test
chip.

This solution has been introduced in a typical LS-SWITCH application,
designed to obtain RON = 0.4Ω. The additional area occupied by the built-
in test circuitry is 10% of the area occupied by a single LS-SWITCH as
shown in Fig. 3.8.

Figure 3.7: Circuit for the disconnection of the inductive clamping during
the application of the stress
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3.4.2 Experimental Results

Detailed measurements have been performed on a dedicated the test
chip.

In a first phase, the correct functionality of the circuit introduced to
disable the inductive clamping protection has been verified. Figure 3.9
shows the voltage and the current at the drain PAD (D) as a function of the
voltage applied ad the input pin for the stress voltage VS. The measurement
has been taken with the inductive clamping enabled and disabled. In the
first case (DL_ISO=0), the drain voltage is correctly limited at 47V. The
clamping circuitry (Z3 and D1 in Fig. 3.7) forces the voltage on the gate of
the LDMOS N1 to raise when the applied voltage on the drain is higher than
the clamping value (VD1+VTHP19+VZ3). Consequently, the LS-switch is
turned on and sinks current from the drain node, limiting the voltage on the
D pin. In the second case instead, the transistor N14 is turned off, so that the
gate of P19 is allowed to float up to the drain voltage. In this phase, P19 is
opened and the inductive clamping circuit is disabled. As shown in Fig. 3.9,
no current is sunk by the LS-switch in this case.

Figure 3.9: Measurement showing the behaviour of the drain pin with the
inductive clamping circuit enabled and disabled
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Subsequently, the application of the stress voltage and the correct
leakage detection have been verified. The verification methodology consists
of two steps. In a first phase, the stress voltage application and the drain
leakage measurement are performed on an intact device. Subsequently,
leakage is artificially introduced in the drain by the use of an external
resistor connected to the D pin (Fig. 3.7) and the same measurements is
performed again.

Measurements are shown in Fig. 3.10 for both cases. Figures 3.10a,
3.10b, 3.10c show the timing of the most significant control signals
introduced in section 3.3 during the high voltage stress phase for the BI-
DLT. The signal ON-LS (Fig. 3.10.c) controls the switching of the LDMOS
under test N1 and is used to bring the D node down after the application of
the stress voltage.

Fig. 3.10e shows the application of the stress voltage to the drain of the
intact and leaking device. Finally, Fig. 3.10.f, shows the case of a leaking
drain, where the leakage current is higher than the chosen threshold. On the
contrary, no appreciable current is detected for an intact device. The
correctness of the leakage measurement in the two cases is evident from the
logic state of the output signal COMP_O (Fig. 3.10d), which is low at the
end of the test when measuring the leakage of the intact device but remains
high showing excessive leakage in the case of the broken device.

The verification has been repeated for different temperatures ranging
from 30°C to 150°C, since the BI-DLT could be performed at room
temperature as well as during burn-in.

The performance of the section responsible for current measurement has
been already described in detail in chapter 2.
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3.5 Conclusions

A novel built-in approach (BI-DLT) has been proposed to screen out
STI defects in Lateral Diffused MOS transistors in automotive ICs. This
technique is based on a programmable embedded circuitry for built-in
testing, which provides high voltage pulse-stressing and accurate
quantitative measurement of the leakage current through the gate oxide or
through the drain. The test sequence is controlled by internal logic and the
unit communicates to the outside world through a serial interface. The
peculiarities of the circuit design have been discussed with particular focus
on the design solutions adopted for high-voltage operation and accurate
current measurement by dedicated current mirrors.

BI-DLT can be profitably added to the already developed solution for
BI-GST since their working principle is very similar. Both BI-GST and BI-
DLT have been shown to be a valid alternative to the traditional approaches
relying on automatic test equipment (ATE) for screening and burn-in. In
opposite to the traditional techniques, these new techniques can be applied
both at chip level as well as in packaged devices, and they do not require
sophisticated ATE to be used. This, in conjunction with the fact that they
can be performed in parallel in several devices, results at the same time in a
more targeted stress than for the traditional burn-in and in a noticeable
decrease of the costs involved with the screening. BI-GST and BI-DLT just
imply a moderate silicon surface overhead in the 10% range of the area of a
single LDMOS, which has a negligible impact on the reliability of the
whole circuit.
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Chapter 4

Built-In Screening of
VPP Capacitors in SAR
ADCs

In automotive applications, Successive Approximation Register (SAR)
ADCs fulfill very critical functions that have a direct impact on the
reliability and on the safety of the final system.

A SAR ADC employs a “binary search” algorithm in a feedback loop
containing a Sample and Hold block (S/H), a comparator (COMP), a logic
(that controls the algorithm), and a Digital to Analog Converter (DAC) [22].
The architecture of the SAR ADC under investigation is shown in Fig. 4.1.
An array of switched capacitors is used to implement both the DAC and the
S/H block. The main advantage of this architecture is that its accuracy and
linearity are primarily determined by the photolithographic processes,
which define the tolerance of the capacitance value as well as the quality of
the matching.

A major concern in this respect is the integrity of the thick dielectric in
vertical parallel plate capacitor banks because of their large area occupation
[23]. In fact, as reported in Fig. 4.2, more than 50% of the area consumption
related to ADC circuits is due to VPP capacitors.
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Vertical Parallel Plate Capacitors (VPP) are commonly used to
implement the capacitor array. As shown in Fig. 4.3, the capacitor is
realized by a stacked comb-comb configuration linked between the thin
wire levels by staggered vias [24-25]. Their popularity is mainly due to the
fact that the controlling switches and logic can be placed below the
capacitors and because this technology is suitable for high integration

Figure 4.2: Relative area occupation of the building blocks in a typical
SAR ADC

Figure 4.1: Considered SAR Architecture



densities. In fact, the lateral dimensions shrink at every technology step, but
not the vertical ones.

From a manufacturing and reliability point of view, these devices can be
rather challenging since they may contain millions of vias and meters of
metal interconnects [26-27]. Unfortunately, the SiO2 dielectric
uniform but it contains micro-inhomogeneities, entrapped particulates,
metal precipitates and zones with local thinning. These non

Figure 4.3: VPP Capacitor

Figure 4.4: Lateral oxide thinning in a VPP capacitor
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cause a reduction in the dielectric strength of the oxide and are frequently
the cause of early failures, as shown in Fig. 4.4.

The goal of the developed methodology is to screen out defects in the
dielectric of VPP capacitors. The proposed strategy is implemented by
means of an embedded circuit to stress and to characterize the devices under
test [28]. This solution has been integrated in a test-chip, by which the new
procedures have been prototyped and validated experimentally.

The main concepts inspiring the novel screening in situ procedure for
VPP capacitors are introduced in Section 4.1, while the design solutions that
have been adopted to supply the high voltage pulses to the VPP capacitor
banks are be described in Section 4.2, A dedicated parametric test to detect
tiny leakage currents in the capacitor bank is presented in Section 4.3.
Finally, the experimental procedure for the verification of the functionality
of the proposed solution is discussed in Section 4.4.

4.1 New Solution for the Screening of the
VPP Capacitor Array Bank

4.1.1 Challenges in Screening VPP Capacitor

The screening of oxide defects in the capacitor array of SAR ADCs has
not been considered up to now in spite of the fact that they could become a
non-negligible reliability issue because of the critical function in the
conversion performance.

In the past, traditional screening strategies based on burn-in procedures
have been used [30-32]. Burn-in is just moderately effective in reducing
early failures. On the contrary, the direct application of high voltage pulses
is much more effective, because of the higher acceleration factor related to
voltage activated phenomena.

In [26], the breakdown voltage of densely integrated VPP capacitors has
been investigated with respect to extrinsic defectivity. Figure 4.5 shows that
if the statistical sample becomes large enough, a systematic weaker
subpopulation can be observed, whose breakdown voltage is much less than
the intrinsic limit. The thinning model has adopted to model this early
branch of the experimental data. For industrial purposes, a lower breakdown
voltage limit VBDlimit is defined that can be converted into a number of
defects per surface unit based on the experimental distribution shown in Fig.
4.5. This breakdown criterion is used to distinguish between uncritical



defects and defects, which could lead to early failures in the field. As
demonstrated by failure analysis, the latter are mainly due to defects related
to the thinning of the dielectric,

The traditional screening procedure for discrete capacitors
breakdown of the critical defects by applying a voltage pulse, whose
amplitude is VDBlimit. However, this approach has never been attempted
before for VPP capacitors, due to the difficult task to apply the required
high voltage pulses to the capacitor bank.

Three main challenges have to be tackled to implement the new
screening procedure. The first problem to be solved is to avoid the
introduction of parasitics due the additional circuitry for screening.
second problem is to keep the area overhead due to the additional circuitry
within economical limits. Finally, a solution has to be found to supply
voltage pulses up to 60V to the VPP capacitor bank by using low voltage
technology.

Figure 4.5: Defect density in VPP capacitors with 10x10, 150x150
and 10x150x150 µm2 area.
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4.1.2 The Proposed Concept

The proposed approach consists of two steps. In a first phase, the
capacitors are stressed with an HV pulse in order to force the breakdown of
defective devices. In a second phase, a post-stress characterization is carried
out to check for possible breakdown events.

The principles of the implementation of this solution are presented in
Fig. 4.6.

In order to save additional pads/pins for stressing, the high voltage to be
applied to the capacitors is not generated internally but it is forced via a HV
capable pin (stress_pad, e.g. the battery input). The stress sequence is
enabled by a command sent via a serial interface. A digital controller asserts
the stress_iso and stress_on signals according to the basic waveforms
shown in Fig. 4.6. The former controls the disconnection of the VDD_HV
and VSS_HV pins of the ADC from the default supply rails VDD and VSS,
respectively. The latter enables the connection to the stress voltage. The
same voltage generator can be used to stress all the ADCs at the same time.
The working principle of the ADC to be screened and the basics for the
stress voltage generator are described in Section 4.2.

Once the stress phase is completed, a functional test is performed to
detect the presence of breakdown sites. The same digital controller forces

Figure 4.6: Working principle of the built-in screening circuit
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the ADCs to perform a conversion, connects the inputs of the ADCs to
known signals generated internally, and activates the ADC test condition
with reduced clock frequency. This operating condition is shown in Fig. 4.6,
where the TM signal has been set to on. Generation and switching of the
high voltage pulses are described in detail in Section 4.2.3.

Summarizing, the proposed solution presents several beneficial aspects:

 The screening of a critical automotive component can be
carried out in situ with a completely built-in concept.

 The solution requires a very small area overhead.
 No design change is needed in the ADC.
 Expensive burn-in procedures can be reduced.
 No additional reliability risks are introduced through the

additional circuitry.
 Enables statistical data processing of the defectivity in the

production that can be profitably used to tune the back-end
process.

4.2 Block Description

4.2.1 Voltage Stress Application

The easiest way to apply a high voltage (HV) difference across the
plates of the VPP capacitor array is to raise the voltage at the high
impedance nodes Vp and Vn by keeping the other plates to ground. These
nodes are shown in common to all the devices in Fig. 4.1. However, this
easy solution presents serious practical problems:

 The HV pulses can damage the LV devices, which are used
inside the comparator and connected to the nodes Vp and Vn.

 The large HV switch used to drive the HV on the stressed node
introduces an additional parasitic load that can jeopardize the
functionality of the ADC.
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The solution proposed here solves the issues listed above by using the
peculiarities of the BCD technology. In the most recent BCD technologies
high voltage (HV-DMOS), and low voltage (LV-CMOS) transistors are
available and can be combined on the same die. As shown in Fig. 4.7, the
coexistence is made possible by the use of a pseudo-p-substrate, where low
voltage devices are embedded, floating on the n-epi. Here, the main point is
that the pseudo-substrate can be biased up to any potential provided that the
LV devices are allowed to float up and that the voltage dropping across
their terminals is below the technology limits. In order to exploit this
feature, the input stage of the comparator is located in a dedicated zone,
which is isolated by deep trenches. The high voltage (VSTRESS) required to
stress the capacitors is applied during the stress phase to the pseudo-
substrate through the switch S1. The switch S2 is enabled during the
operation of the circuit, in order to tie the pseudo-p-substrate at ground and
is disabled during the stress of the capacitor bank. During the stress phase,
the n-epi layer is biased to the HV through the forward biased parasitic
diode D1. Therefore the full voltage difference drops across the n-epi and
the substrate junction (D5), which is always designed to sustain the HV.
The switch S3 disconnects the n-epi from the supply during the stress phase.
During the latter phase, the N+ wells of the NMOS transistors, are biased to
the HV level through to the bulk diode D2. Since the top plates of the
capacitor array are connected to a N+ well, they are also floating up to HV,
i.e. to the stress voltage.

Figure 4.7: Principle of the high voltage stress application
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During the HV stress, high voltage builds up at the common node n-epi
and the n-well of PMOS transistors, which drains to ground through the
switch S4 before initializing the functional mode. The pseudo-substrate is
discharged through the diodes D1 and D3. Source/drain P+ diffusions of the
PMOS transistors are tied to ground thanks to the bulk diode D4 as well.

In summary, the following design rules have to be used for safely
boosting a VPP capacitor bank to a high stress voltage and subsequently
discharging it to ground:

1. All devices have to be located in a trench isolated area.
2. The stress HV has to be applied through the pseudo-substrate.
3. The n-epi HV potential has to be discharged after stress.
4. Any net has to be connected either to a N+ diffusion of a

NMOS transistor, or to a P+ diffusion of a PMOS transistor.
5. Interfaces to the floating CMOS area must be capacitively de-

coupled.

4.2.2 Input Stage

The circuit shown in Fig. 4.8 is the input stage of the comparator in Fig. 4.1.
It has been modified according to the design rules stated above for safely
boosting the net nodes up to the stress voltage. In particular, the nodes Vp
and Vn (the inputs of the differential pair) can be set to the high voltage
level to stress the VPP capacitor bank.

The AC coupling of the input digital signals has been performed by
latches, while the output signal is AC coupled with the second stage of the
comparator implemented as a switched capacitor amplifier.

The bias current for the amplifier is provided by N3. It is generated
inside the island through the resistance RBIAS and the transistor N4
connected in diode configuration.

The paths used to charge and discharge the capacitors of the capacitor
array are also shown in Fig. 4.8.

It is obvious that the circuit is not working as an amplifier during the
stress phase, because the two supply rails will collapse to the stress voltage
and due to the non-conventional biasing of the wells. In this phase, the only
function required to the circuit is to apply the HV on the cap array and at the
same time to survive the HV stress itself. It should be noted that not only
the capacitors of the capacitor array are stressed, but also the capacitors,
which are connected to the second stage, as well as the capacitors used in
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the latches. For this reason these capacitors should be implemented as VPP
capacitors as well.

In the functional mode, i.e. if VSS_HV and VDD_HV are connected to
VSS and VDD, respectively, the circuit works as a standard differential pair
with resistive load and capacitive coupling to the subsequent stage.

Fig. 4.9 shows the layout of the original preamplifier and comparator
together with the new version that has been modified to implement the
built-in screening circuit. The modifications required affect the first stage of
the preamplifier, only. The silicon island is defined by the deep trench
connection shown in the layout. The decoupling capacitors have been
changed from poly-poly to VPP capacitors. Additional VPP capacitors have
been used to implement the dynamic latches.

Figure 4.8: Design of the first stage
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4.2.3 Stress Voltage Generator

The HV required to stress the capacitors is applied from outside to the
stress_pad. The circuit shown in Fig. 4.10 is in charge for the application
and removal of the stress voltage to the wells as described in Section 4.2.1.
All junctions playing an important role in the charge and discharge phase as
well as the related charging and discharging paths are indicated in Fig. 4.10.

Large area HV transistors (LDMOS) are needed in the stress voltage
generator circuit only. Nevertheless, due to the fact that the circuit can be
shared among several ADCs, this results into a negligible area overhead.

In the functional mode, both stress_iso and stress_on signals are low, so
that N1 and N2 connect VSS_HV and VDD_HV to the default supply rails
VSS and VDD, respectively. All other transistors are disabled.

The stress sequence consists of two different phases. When the
stress_iso signal is applied, the VSS_HV and VDD_HV nodes are
disconnected from the default supply rails. Subsequently, after the rising
edge of the stress_on signal, the stress voltage is applied to the VSS_HV
net, which is connected to the pseudo-substrate. In this phase, P1 is turned
on by the voltage drop generated across the zener diode Z1, due to the
current flowing to ground through N3.

Once the pseudo-substrate has been charged, any node of the first stage
of the comparator is able to float safely up to the stress voltage. In this
phase, the capacitors of the capacitor array and the decoupling capacitors to

Figure 4.10: Circuit for the application of the stress voltage
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the next amplifier stage are stressed.
In the final phase of the stress, which starts with the falling edge of the

stress_on signal, the connection to the stress_pad (VSTRESS) is removed and
a discharge path is provided through N4. The connections to the default
supply rails are re-established at the falling edge of the stress_iso signal.
Resistors R1 and R2 are used to limit the current during the charge and
discharge phase, respectively. This consideration, in addition to the fact that
each net is connected by two stacked forward biased diodes at most, limits
the maximum voltage drop across the devices to a safe level during the
charge and discharge phase.

4.3 Leakage Measurement

After the stress has been applied a parametric test is executed to check if
current leakages have been induced in the capacitor array.

Voltage and charge retention of the DACs capacitors are essential for
proper conversion results of a SAR ADC. In general, if a charge loss is
introduced by a breakdown in the dielectric, a wrong data conversion will
take place. The idea introduced here makes use of this concept, in a way
that the integrity of the capacitor bank of the SAR ADC is assessed by
checking whether the conversion is performed correctly, or not. A wrong
conversion performed on some reference input signal will be interpreted as
a signature of a defect, which changes the charge stored into the capacitor
array.

A dedicated ADC model has been developed (Section 4.3.1), in order to
verify the validity of the assumptions and to investigate the behavior of the
ADC when the capacitor array is affected by a charge leakage. The model
has been implemented in MATLAB. The influence of the test conditions on
the efficiency of the screening technique is assessed in Section 4.3.2 by
numerical simulation. Finally, circuit simulation has been used to prove the
consistency of the developed model (Section 4.3.3).
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4.3.1 Model of the SAR ADC Affected by Leakage
in the Capacitor Array

Successive approximation converters that incorporate capacitor DACs
are usually based on the “charge redistribution” principle [33]. This
principle is illustrated in Fig. 4.11.a, where the DAC consists of binary
weighted capacitors C1-Cn (Cj=2Cj-1, j=n,...2) and C0=C1. In the sampling
mode, the amplifier is closed in buffer configuration (SWB is on), so that the
top plate of the capacitors is virtually grounded, while all the bottom plates
are connected to the input signal VIN. In the transition from the sampling
mode to hold/conversion mode, SWB turns off and all the bottom plates are
grounded, causing the top plate voltage to be equal to the negative of the
sampled level. The conversion then proceeds by switching the bottom plate
of some of the C1-Cn to VREF (according to a binary searching algorithm)
such as the top plate voltage eventually returns to zero. For example, to
evaluate the most significant bit, the bottom plate of Cn is switched from
ground to VREF so that the top plate voltage increases by VREF/2. In this

Figure 4.11: Block diagram of a SAR ADC a). The leakage affecting the
capacitor can be modeled with a resistor (RLEAK)between the plates b).



59

phase, the input signal to the amplifier is Vd=0-(VREF/2-VIN)=VIN-VREF/2.
Subsequently, the comparator is strobed to determine the polarity of the
difference between the top plate voltage and ground, and hence the Most
Significant Bit (MSB). As example, Fig. 4.12 shows in blue the voltage at
the input of the amplifier at each conversion step when an 8 bit ADC is
required to convert an input signal VIN=1V (VREF=1.2V). The sequence of
decisions made by the comparator at each conversion phase is indicated in
blue on the top of the plot . This sequence is actually the content of the SAR
register at the end of the conversion and represents the result of the analog
to digital conversion.

The leakage generated by some defect inside the capacitor array is
modelled as a resistor in parallel with the affected capacitor (Fig 4.11.b).
The sampling of the input signal is not affected by the presence of the
leakage because during this phase the plates of the capacitors are connected
to low impedance nodes. Nevertheless, the effect of the leakage is visible
during the conversion phase as a change of the charge stored in the
capacitor array.

The influence of the leakage on the input signal of the comparator
depends on the connection of the low impedance node of the capacitor
affected by leakage. At each conversion step the initial differential input
signal of the amplifier (VBEGIN) tries to reach a steady state value (VEND),
which is 0 or –VREF depending on the connection of the low impedance
node of the leaky capacitor to 0 or VREF, respectively. The connection of the
low impedance node of the capacitors is defined by the content of the SAR
register. For this reason the effect of a leakage affecting the capacitor Cj in
the capacitor array is to drive the initial input voltage of the amplifier to a
steady state value equal to

ாܸே = − ோܸாி ∗ )ܴܵܣ )݆.

The speed of this mechanism is set by the time constant ,߬ defined by
the discharge of the capacitor array through the leakage resistance.

߬= ܴா ∗ 2
ܥ

For every conversion step the differential input of the amplifier Vd is
then

ௗܸ(ݐ) = ாܸே + ( ܸୋ ୍ − ாܸே)݁ି


ഓ

Eq. 4.1

Eq. 4.2

Eq. 4.3



60

where t is the time elapsed from the beginning of the conversion step.
At the end of the conversion step (t=TS), the error introduced is

ாܸ = ܸୋ ୍ − ௗܸ( ௌܶ) = ( ܸୋ ୍ − ாܸே)൬1 − ݁ି
ೄ
ഓ ൰

As an example, the variation of the input signal of the comparator during
the conversion in the case of C5 affected by leakage (ܴா = 50 (Ωܯ is
shown in red in Fig. 4.12. The conversion is performed at the same
conditions as in the previous case (VIN =1 V, VREF=1.2 V, n=8).

The error introduced by the charge loss is integrated step by step and
results into an error in the decisions after the forth step. Here, the
conversion error is defined as the difference between the expected and the

Eq. 4.4

Figure 4.12: Voltage at the input of the amplifier at each conversion step
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actual 8-bit conversion result. In this case the final conversion error is 7
LSBs.

4.3.2 Dependency of the Conversion Error on the
Test Parameters

The following parameters have an influence on the error in the
conversion, representing the symptom of an unwanted charge leakage in the
capacitor bank

 position of the leakage in the capacitor array
 amount of charge leakage introduced
 input signal to be converted
 clock frequency

The first two parameters are not under the control of the designer, while
the last two can be properly chosen to increase the sensitivity of the
procedure against leakage.

In following the influence of the test parameters (input signal VIN and
the clock frequency FCLK) on the efficiency of the detection of leakages is
discussed as a function of the location of the breakdown site.

Fig. 4.13 shows a series of plots that illustrate the error in LSBs
introduced in the conversion phase as a function of the frequency and of the
input signal for different position of the leakage.

It is evident that the reduction of the clock frequency FCLK is beneficial
in almost all cases for the leakage detection, independently on the location
of the leakage. In fact, the error introduced at the end of each conversion

step is proportional to ൬1 − ݁
ି

భ

ഓಷಽ಼൰. The slower the clock frequency, the

longer is the time for the capacitors to be discharged.
On the contrary, the conversion error depends on the input signal. The

charge loss is more evident when the low impedance node of the leaky
capacitor Cj is connected to the reference voltage VREF. This condition is
enabled when SAR(j)=1 or, in other words when the input signal VIN is
located in defined (n-j+1) intervals
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݆= 6 ܽ݊ ݀ … … … … .

�

Eq. 4.5

Figure 4.13: The influence of the test parameters (input signal VIN and the
clock frequency FCLK) in the detection of leakages for different locations of
the leakage.
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For this reason, the plots reported in Fig. 4.13 are divided in intervals
whose number depends on the position of the leakage in the capacitor array.

The only input signal which results in SAR(j)=1 for every possible value
of j is the reference signal VREF. For this reason, VREF is the best value to be
provided as input signal of the ADC during test. For differential
implementations of the amplifier, the input signals to be provided are VREF

and ground.

Figure 4.14: Influence of the test parameters (input signal VIN and the
clock frequency FCLK) on the detection of leakages for different values of
the leakage introduced (RLEAK)
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The influence of the test parameters (input signal VIN and the clock
frequency FCLK) on the detection of leakages for different values of the
leakage introduced (RLEAK) is shown in Fig. 4.14.

The resistor values for the inserted fault have been chosen starting from
100 MΩ  to 1 GΩ and the clock frequency has been swept from 100 kHz to 
2 MHz.

The excellent sensitivity of the proposed screening procedure is
demonstrated by two main results. Firstly, the absolute value of the
equivalent leakage resistance, which generates a wrong conversion, is very
high, i.e. in the 0.5 to 1 GΩ range. This means that the procedure is capable 
to screen out very small leakages. Secondly, the sensitivity of the leakage
detection is highly increased by reducing the clock frequency. This is due to
the fact that the equivalent leakage resistance threshold increases.

There is basically no relation between the functional clock frequency of
the ADC and the clock frequency to be used during test. The former is
designed to meet performance requirements and depends on the intrinsic
device behaviour; the latter is chosen to highlight different levels of leakage
introduced by activated defects and is strongly related to the extrinsic
device behaviour.

4.3.3 Circuit Simulations

The proposed model has been validated based on circuit simulations at
SPICE level of an existing 8-bit SAR ADC [23].

For this purpose, a dedicated model for leaky capacitors has been used
and the related instances have been implemented into the capacitor array.

The specified functional clock frequency of the targeted SAR ADC has
been chosen as fclk = 20 MHz and the unit size of a single capacitor in the
capacitor array is C = 4.26 fF. The resistor values related to the inserted
fault have been chosen starting from 1 to 10 GΩ. The clock frequency has 
been swept from 100 kHz to 20 MHz. Table 1 reports the conversion result
error resulting from the introduction of a single leaky capacitor in a bench
of capacitors, which connected to the positive input of the comparator Vp,
when the reference voltage VREF=1.2V is applied at the inputs.
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The results are in good agreement with the prediction obtained from the
model of the SAR affected by leakage in the capacitor array.

4.4 Experimental Validation

4.4.1 Integration

Before extensive use in commercial products, the proposed scheme has
been firstly prototyped and then experimentally validated by
implementation on a test-chip.

Fig. 4.15 shows the three different versions of the same SAR ADC that
have been used for verification. The first ADC is an 8 bit SAR ADC with
digital error correction algorithm. This structure (Fig. 4.15.a) has been used
as the reference ADC to compare the results with the modified ADCs. The
second ADC shown in Fig. 4.15.b implements the new built-in screening
feature and also includes the blocks described in the previous Section. The
third variation in Fig. 4.15.c is similar to the second version with the only
difference that a test pin is connected to the top plate of the capacitor. This
ADC will be used to verify the correct application of the stress voltage on
the capacitors. Due to the additional parasitic capacitive load of the pin on

Table 4.1: Signature of a leaky capacitor in the capacitor array
connected to the positive input of the comparator when Vin = Vref.
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the high impedance node of the comparator the ADC is not able to perform
the conversion correctly.

It is clear from the layout shown in Fig. 4.15 that the area overhead of
the ADC implementing the in situ screening feature in respect to the
original ADC is negligible. Most of the additional area for the
implementation of the built-in mode is occupied by the stress voltage
generator. However, since this structure can be shared among a large
number of ADCs, the resulting area overhead due to this circuit can be
considered as negligible.

4.4.2 Measurement Results

The functionality of the block is verified based on the measurement
oscilloscope traces shown in Fig. 4.16. In this particular case, a 60V pulse

Figure 4.15: Layout of the proposed solution as integrated into the test-chip
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with 2ms duration has been used as stress. In general, the stress voltage can
be set to any level, which can be sustained by the HV Section of the circuit.
Once the voltage level has been defined, the pulse duration can be adjusted
in such a way to reach the desired acceleration factor during the stress.

In functional mode, stress_iso and stress_on signals are low. In this
phase VSS_HV and VDD_HV are connected to the default supply rails
VSS and VDD, respectively. The stress sequence consists of two different
phases. When the stress_iso signal is asserted (time = 0ms), the VSS_HV
and VDD_HV node are disconnected from the default supply rails, and
subsequently after the rising edge of the stress_on signal (time = 2ms) the
stress voltage is injected into the VSS_HV net, which is connected to the
pseudo-substrate. Once the pseudo-substrate has been charged, any node of
the first stage of the comparator is able to float safely to the stress voltage.
In this phase, the capacitors of the capacitor array are stressed.

The final phase of the stress is defined by the falling edge of the
stress_on signal (time = 4ms), since the connection to the stress_pad
(VSTRESS) is removed. Subsequently, at the falling edge of the stress_iso
signal (time = 6ms), the connections to the default supply rails are re-
established.

Fig. 4.16: Oscilloscope traces showing the control signals and the stress voltage
applied on the capacitor
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The fact that the LV components are not damaged by the HV stress
applied on the bank of capacitors is proved by the fact that the dynamic
ADC performances are still the same as before the screening.

4.5 Conclusions

A novel built-in approach has been proposed to screen out defective
oxides in Vertical Parallel Plate (VPP) capacitors used in Successive
Approximations Register (SAR) ADCs. This technique is based on a
programmable embedded circuitry for built-in screening, which provides
high voltage pulse-stressing and accurate quantitative measurement of the
leakage current in VPP capacitors. The test sequence is controlled by
internal logic. The unit communicates to the outside world through a serial
interface. The peculiarities of the circuit design have been discussed with
particular focus on the design solutions for supplying the VPP capacitors
with high voltage pulses. For the first time, a solution has been presented,
which is based on the bias of the floating pseudo-substrate.

Furthermore, an accurate test for the detection of leaky VPP capacitors
has been proposed and the main advantages discussed.

The proposed solution is very simple to implement, since it does not
require any major design revisions in existing ADC circuits. It requires an
almost negligible area overhead because the use of the large HV
components is shared among all ADCs integrated on the chip.



Chapter 5

Built-In Screening of the
SAR Control Logic

In mixed signal circuits, digital circuit noise can be coupled to the
analog signal path provided that grounding systems are not used. Digital
grounds are more disturbed by noise than analog grounds because of the fast
switching in digital blocks during state changes. High currents spikes
produce voltage drops between various ground locations on the chip
because of the impedance of the metal lines. Ground corresponds to varying
voltage level bounces on signal lines. In general this does not represent any
challenge for digital circuits, but analog circuits can be severely affected by
the noise introduced. This behavior is especially visible in analog to digital
converters (ADCs), which often exhibit a dependency of the resolution on
the supply noise.

In general, this problem is avoided by keeping the analog and digital
grounds separated on the IC. Two completely separated supply rails allow at
the same time to provide switching currents to the digital section of the IC
and to obtain a clean analog supply voltage.

A typical supply configuration for mixed signal ICs is shown in Fig. 5.1,
where the separation between analog and digital supply is evident.
Generally, the logic part of the ADC is connected to the digital supply rail
(VDD_D, GND_D), while the analog section shares the quiet analog supply
rail (VDD_A, GND_A), which is also used by other analog blocks inside
the IC.
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The presence of defects in the logic connected to the digital supply rail,
and hence of the ADC logic, is usually detected by IDDQ measurements
after applying a high voltage stress pulse.

IDDQ testing is an electrical method to look for the presence of several
classes of manufacturing defects in CMOS integrated circuits [35]. It relies
on the measurement of the supply current IDD in the quiescent state, i.e.
when the circuit is not switching and all inputs are held at static values.

The identification of a defect by IDDQ testing is based on the principle
that in CMOS digital IC the quiescent current is very low, since there is no
static current path between the power supply and the ground. Therefore, in a
perfect CMOS IC, the measured current used as a reference value is due to
intrinsic leakage mechanisms, only. On the contrary, the presence of a
manufacturing defect often introduces an additional source of leakage
current, turning in an IDDQ value that is higher than the reference.
Fig. 5.2.a [35] shows a CMOS inverter, with a defect in the pFET that
causes its input impedance to drop from infinity to a finite value. Now, a
DC current flows in steady state along the path indicated by the arrow, and
this elevates the steady-state current, since current can still flow through the
defective pFET. Fig. 5.2.b shows the input and output voltages, and the
drain current that flows through the transistors. After switching completes,
this current is referred to as the quiescent current and called IDDQ. In the
good circuit IDDQ falls to a negligible value, whereas in the defective
circuit, remains elevated long after switching is over. A test system detects
such faults by measuring IDDQ at the time instant shown by the arrow. The

Figure 5.1: Separation between the analog supply (VDD_A and GND_A)
from the digital supply (VDD_D and GND_D) and traditional IDDQ
measurement technique



IDDQ current is measured through the VDD_D bus of the circuit, although
it could also be measured through the GND_D bus of the circuit.

5.1 Traditional Screening Procedures
Thin Gate Oxides in the SAR Logic

IDDQ testing is known as a powerful method to improve both
and reliability of CMOS circuits. IDDQ is used profitably in conjunction
with High Voltage Stress or burn-in to screen out defects that could turn
into early failures [36-37]. However this methodology presents severe
drawbacks which limit its application for new and emerging technologies
[38].

Problems related to the use of IDDQ
Emerging submicron technologies have increased leakage currents,

mainly due to sub-threshold conduction of MOSFETs, which can add up to
a large background level much higher than the leakage current produce
a single defect. As example, for a 130nm technology the leakage current
about 3nA/gate at room temperature. It increases exponentially with the
temperature.

Moreover, smaller transistors make it difficult to precisely control
transistor geometries, causing large variations in the IDDQ value
defect-free integrated circuits. Thus, because of the overlapping
distributions of defect-free and faulty devices, it becomes difficult

Figure 5.2: Basic principle of IDDQ testing [35]
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identify defective chips. As Fig. 5.3 [38] shows, any statistical fluctuation in
the threshold voltage results in false IDDQ rejects. This can result both in
an unwanted yield loss and/or false accepts.

Problems related to the use of ∆IDDQ  
Current signatures and ∆IDDQ are techniques that have been

in the past to overcome this issue. Nevertheless, both approaches are able to
detect only active defects (involving switching nodes) but they
passive defects involving non-switching circuit nodes [38]. Furthermore
both techniques require the use of complicated data acquisition and post
processing procedures. This turns into an increased complexity of the test
equipment and into higher test costs.

Problems due to the instrumentation
IDDQ can be measured only once all inputs are stabilized and internal

toggling is settled. This makes IDDQ testing comparatively
Furthermore, the accuracy of off-chip measurements is limited
parasitic impedance introduced by the tester probe (from 20 to 200 pF), and
by the related leakage currents. Additional noise degrading the IDDQ
performance is introduced by the tester load board.

Problems related to the scan chain introduction
The scan chain technique used in Design for Test provides

to set and observe each single flip-flop in an IC [35]. This is
by adding a test mode to the circuit. When the circuit is in this mode, all

Figure 5.3: A single threshold IDDQ test could distinguish between faulty
and fault-free die distributions for earlier technologies (a), but causes y
loss and/or test escapes for sub-micron technologies due to overlapping
distributions (b). [38]
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flip-flops functionally form one or multiple shift registers. The inputs and
outputs of these shift registers (also known as scan registers) are made into
primary inputs and primary outputs. Thus, using this dedicated test mode,
all flip-flops can be set to any desired logic state by shifting those states
through the shift register. Similarly, the states of flip-flops are observed by
reading out the content of the scan register.

The use of scan chain design has two main disadvantages. The
additional logic for the scan chain increases the chip size, leading to a
typical area overhead is in the range from 15% to 20%. In addition, scan
chains are known to slow down the clock frequency of the device, typically
by 5 to 10%.

5.2 Background Current Compensation

5.2.1 Principles

In this chapter, a novel built-in ∆IDDQ testing technique and circuit is 
presented based on the background current compensation concept proposed
in [39].

This technique uses spatial correlation between different IDDQ
measurements performed on neighboring ADCs integrated onto the same
die. This replaces the vector-to-vector correlation used in traditional ∆IDDQ 
tests. Neighboring ADCs have highly correlated defect-free parameters
because they undergo to the same process. Spatial correlation techniques
exploit this feature to filter out the intrinsic background IDDQ current [40].

The principle of the proposed concept consists in comparing the
difference between the IDDQ current of two identical neighboring ADCs in
the same state. If the measured difference in the IDDQ current values is
higher than a given threshold, the die is considered as defect.

The working principles of this technique are explained by the example
in Fig. 5.4. In Fig 5.4.a, the IDDQ measurements (IDDQA, IDDQB) are
performed on two neighboring ADCs (ADCA and ADCB, resp.) and
reported for different states of the ADC. The background current represents
the common mode in the IDDQ current, therefore it is removed by
differential measurement IDDQB-IDDQA. The difference is shown in Fig.
5.4.b. In this example it has been assumed that the ADCB is affected by
defects that introduce a significant leakage current in states 3 and 8. Once a
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proper threshold current (ITH in Fig. 5.4.b) is introduced, both defective
states can be easily recognized and the device is rejected.

This method works only under the plausible assumption that the logic
blocks under comparison are not affected by the same defect at the same
position. The requirement of the availability of at least two ADCs is always
satisfied in the targeted applications. In fact, in modern automotive designs
more than 20 ADCs are often embedded in the same IC for mixed signal
operations.

5.2.2 Current Compensation in ADCs

Fig. 5.5 shows the block schematic of the proposed technique, while Fig.
5.6 reports the main control signals.

The state of the ADC logic can be defined by proper input signals. The
peculiarity of the ADC logic is to be particularly active during the
conversion phase. In the test mode, the ADC logic can assume several
different states in order to emulate the behavior of the ADC during the
conversion phase. For this scope, different patterns are entered in the ADC
logic receiving the feedback signal from the analog part. To prove the

Figure 5.4: Example of IDDQ measurements performed on two equal ADCs
(a). The difference between the two currents compared with a threshold (b)
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validity of the methodology, simulations have been performed on an 8-bit
SAR ADC logic. The obtained results are summarized in section 5.3.

In the functional mode (TM=0), the supply nodes of both ADC logics
are connected to the supply rail (VDD) through low resistance PMOS
switches.

During test mode (TM=1), the supply switches are turned on only during
the first half of the clock period. In this phase, the ADC logic changes its

Figure 5.5: Working principle of the proposed built-in solution for reliability
test of SAR logic

Figure 5.6: Control signals in the built-in Concept. Logic B is
assumed to present an increased leakage.
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state and a low impedance connection to VDD is required to handle the high
current required to charge the parasitic capacitances inside the logic. In the
second half of the clock, the ADC logic is settled, and the supply nodes are
connected to the inputs of the low drop current comparator. The comparator
implements the function comp_o=sign(I1-I2-Ith) without generating any
significant voltage drop between VDD and the supply node of the logic. In
this phase (S1=1), the comp_o signal will rise only if an excessive leakage
from logic A is detected (comp_o=1 if IDDQA>IDDQB+Ith).

Once the ADC logic has passed through the number of state changes
necessary to obtain the required IDDQ coverage, the inputs of the current
comparator are reversed. In this phase (S1=0), the comp_o signal will rise
only if an excessive leakage from logic B is detected (comp_o=1 if
IDDQB>IDDQA+Ith). Fig. 5.6 shows the case of a leaky LOGIC B. The
comp_o is high on those periods where the ADC state is appropriate to
make IDDQ leakage visible.

5.2.3 Advantages of the Proposed Solution

The proposed solution is beneficial under many aspects to test the digital
part of SAR ADCs:

 It does not require to define an absolute threshold current, because
chip-to-chip and wafer-to-wafer variations in current measurements
are automatically compensated by the differential measurement.

 The procedure detects both active and passive defects and solves all
issues related to circuit partitioning [44].

Figure 5.7: Logic states of a MOSFET to detect defects by IDDQ
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 It reduces the dependency on external ATE, reducing the testing time
and the resulting testing costs, since multiple devices can be tested in
parallel.

 The procedure does not exhibit the typical limitations of scan chains,
since no scan chain is needed.

5.3 Estimation of the Test Coverage

To prove the validity of the methodology, simulations were performed
on an 8-bit SAR ADC logic.

In the following, only gate oxide defects and crystal defects in MOS
transistors are considered. A unified gate oxide short circuit model has
been proposed in [41]. A gate to drain (source) short, as well as drain to
source short, can be modeled as a resistance between the short-circuited
terminals. A defect can be detected by IDDQ measurement either when a
current flows through the short, or when the affected terminals are biased at
opposite voltages (Fig. 5.7). Under these specific conditions the defect is
defined as sensitized or activated.

The percentage of shorts that are activated at least once during a single
conversion phase (10 clock cycles) is defined as the Fault Coverage (FC) of
the testing procedure.

The FC has been calculated for the three different defects types (GS, GD
and DS) as a function of the test vector at the input (10 bits). The results are
reported in Fig. 5.8.




stransistor

shortsactivated
FC

#
: Eq. 5.1
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These plots have been obtained by VHDL simulation carried out on a
transistor level netlist, previously extracted from the ADC logic design. An
appropriate VHDL transistor model has been developed to perform such
simulations [42]. Fig. 5.8 clearly shows that, with a proper selection of the
test vectors almost all defects falling in the classes considered here (GS,
GD, DS), a test coverage level can be achieved which is close to 100%.

5.4 Block Description

5.4.1 The Low Drop Current Comparator

The function of the low drop current comparator introduced in section
5.3.2 is to compare the difference of the two IDDQ currents in both ADCs
with a defined threshold

comp _ o  sign IA  IB  ITH .

In order to simplify the design of the comparator, the comparison is split

into two different phases. The comparator checks first if BA II  and

Eq. 5.2

Figure 5.8: Simulated test coverage of IDDQ for different defects as a
function of the test vector at the input for a single conversion sequence



secondly if AB II  is higher than THI . Comp_o signal will be asserted

at least one of both conditions is true.

  



 


otherwise
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Both comparisons can be performed either sequentially,
measurement. In the first case, the measurement is repeated twice using the
same comparator with inputs IA and IB swapped. The second case
two different comparator stages. The first solution has been adopted
because of its compactness.

Theoretically, the IDDQ current sensor can be either connected
side to VDD, or low-side to the GND supply rails.

In reality, the choice of the solution is dictated by the technology to be
used. In present case, the logic cells used as building blocks for digital
circuits have a fixed very compact layout where the sources of the
transistors connected to the supply rails are also connected to the bulk of the
device itself. Fig. 5.9 shows as an example the case of a logic inverter,
where the sources of the n-mos and p-mos devices are connected to the
substrate and to the n-well, respectively. As it can be seen from Fig. 5.10a

Figure 5.9: Layout of an inverter where the sources of the P-MOS and N
are connected to the bulk

79

will be asserted if



or in a single
the measurement is repeated twice using the

he second case, requires
. The first solution has been adopted here

connected high-

In reality, the choice of the solution is dictated by the technology to be
the logic cells used as building blocks for digital

have a fixed very compact layout where the sources of the
connected to the bulk of the

of a logic inverter,
connected to the

As it can be seen from Fig. 5.10a
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Eq. 5.3
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this design is not suited for the low-side configuration. In fact, the IDDQ
current is shorted to ground via the common p-substrate and cannot be
detected by the sensor. On the contrary, a high-side IDDQ sensor can be
used as described in Fig. 5.10.b, because the n-wells of the P-MOS devices
can be connected very easily to a floating potential other than VDD.

Different designs of integrated current sensors for IDDQ are listed in
literature [43-45]. The proposed solutions can be grouped into two classes
depending on the sensing element:

 IDDQ sensors using current mirrors
 IDDQ sensors using resistors

The peculiarities of both solutions are discussed in the following
sections, with special focus on the reasons, which lead us to select a sensor
using resistors.

5.4.2 The IDDQ Sensor Using Current Mirrors

The typical implementation of a low drop current comparator using
current mirrors as sensing element is shown in Fig. 5.11.

Figure 5.10: Low-side (a) and high-side (b) IDDQ sensors
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In this case, two high-side current mirrors copy the IDDQ current IA and
IB toward a third current mirror. The current comparison takes place at the
high impedance node X. The node X goes high if IA>IB-ITH, so that the
comp_o will become high if IB-IA>ITH.

The main performances of the current sensor can be properly described

by two parameters: the voltage error Ve defined as the relative difference

between the voltage applied at the pin and the voltage actually applied on
the logic

DD

plyDD

V
V

VV
e

sup


and the current accuracy Ie which is defined as the relative difference

between the sensed current and the copied current

Eq. 5.4

Figure 5.11: Implementation of the IDDQ current sensor with current
mirrors
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Several techniques are reported in literature [46-47] to minimize the
voltage drop across the input stage of the current sensor and thus to reduce

the voltage error Ve . These solutions consist in reducing the VDS of the

copy transistor down to the limit of the triode region VDS=VOV=VGS-VTH.
Following this approach, the error voltage introduced by the current mirror
is

.,

DD

OV
cmV

V

V
e 

Theoretically VOV can be made arbitrarily small by properly sizing the
sensing transistor (large W/L ratio).

Nevertheless, the reduction of the overdrive voltage VOV negatively
affects the accuracy in the current copying.

In fact the variance i of relative current differences Ie in a current

mirror is given by

,
AreaV

A

OV

i 

where A is the matching parameter for the threshold voltage.
Since three current mirrors are involved in the variance of the error in

the current measurement is

,
3

,
AreaV

A

OV

cmi 

where the voltage error Ve and the variance of the current error Ie are

coupled through

Eq. 5.5

Eq. 5.6

Eq. 5.7

Eq. 5.8
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5.4.3 IDDQ Sensor Using Resistors

An alternative solution consists in sensing the current via a resistor
instead of a current mirror according to the typical implementation shown in
Fig. 5.12. The topology proposed here comprises a preamplifier, offset
storage capacitors and a latch [48].

Two matched resistors, RA and RB sense the current flowing into the
logic of the two ADCs logic. A third matched resistor convert the threshold
current ITH into a voltage VTH.

The comparison is made in two different phases, defined by the clock
signal. When the clock signal is high, the preamplifier is closed in buffer
configuration and its offset is stored into the coupling capacitors Cp and Cn.
The coupling capacitors sample at this time VDD and VDD-VTH. When the
clock is low, the amplifier is in open loop configuration and the inputs of
the capacitors are connected to VDD-VA and VDD-VB.

In this phase the differential output of the amplifier is

   ,** THBAVTHBAVOUT IIIRAVVVAV 

where AV is the voltage gain of the amplifier.
In order to synchronize the operation of the comparator with other parts

of the system, as well as to provide the gain needed to generate the logic
levels, a dynamic CMOS latch is used at the output as the final comparator
stage. The latch samples the output of the amplifier when the clock signal is
low and provides the related digital output signal during the successive
phase.

Eq. 5.9

Eq. 5.10
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In this case, the performance of the comparator can be described by the
parameters already introduced in the previous section, i.e. the voltage error

Figure 5.12: Implementation of the IDDQ current sensor with resistors
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Ve and the current error Ie . It is clear that in this case

DDQresV IRe *, 
.

The input referred offset introduced by the comparator relative to the input
signal is
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where AOSV , and AV are the input offset and gain of the amplifier,

respectively, Q is the mismatch in charge injection from the buffer

switches S5 and S6 on the sampling capacitors and LOSV , is the offset of the

latch.
The offset introduced by the comparator can be easily reduced by

designing a voltage gain AV higher than 20 with the use of a cascade of
offset compensated amplifiers.

The main contribution in Eq. 5.21 is represented by the third term, since
the offset voltage of the latch ranges from 50 to 60 mV. The mismatch of
the sensing resistors also introduces an additional error in the sensed
current. The input referred voltage error is
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where R is the mismatch in the sense resistor value.

The variance
resi ,

 of the relative error to the input signal Vin=R*IDDQ=

Ve is then
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Eq. 5.12

Eq. 5.13

Eq. 5.14
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Since the standard deviation 
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Eq. 5.14 can be rewritten as
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5.4.4 Comparison between the two Sensing
Techniques

Equations 5.9 and 5.16 clearly show that in both cases the error in the
voltage application has a correlation with the error in the current
measurement.

However, the benefits of the offset cancellation technique become
evident in terms of performances.

Fig. 5.13 reports for both approaches the calculated error in the current

measurement
i as a function of the introduced error voltage Ve by taking

as a parameter the footprint area of the matched current mirrors and
resistors, respectively.

It is evident that the area required by the solution using resistors is
always smaller than the area occupied by the solution using current mirrors.
As an example, a voltage error of 1.7% and a current error of 4.3% can be
easily achieved with the solution using resistors (10 µm2 resistor area),
while a much larger area is required if implementing the sensor by current
mirrors (1000 µm2 mirror area).

The solution using resistors is beneficial also in terms of stability. In
fact, this method is intrinsically stable, since no loop is involved in the
decision. On the contrary, the techniques used to reduce the spread in the
input voltage for current mirrors require the use of feedback schemes. In

Eq. 5.15

Eq. 5.16
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general, the dominant pole of the loop is not located at the low impedance
input node but is defined by some high impedance point inside the
regulation loop. Therefore, the large parasitic capacitance insisting on the
input node, due to the load of the logic, generates a pole at low frequencies
that impairs the stability of the current mirrors.

Finally, the topology using resistor is considerably more reliable than
the alternative, because of the smaller gate oxide area that is limited to the
active part of the circuit, only. Furthermore, the layout of this section can be
very compact, since no additional features are requires.

For the above-mentioned reasons the topology using resistors as current
sensors has been preferred in this work.

Figure 5.13: Variance of the error in the measurement of the leakage
current as a function of the voltage error introduced for different value of
the area of the sensing current mirror or resistor



5.5 The Integration in the Test Chip

The proposed concept has been validated and assessed by
bits SAR ADC design which has been subsequently integrated into a test
chip for experimental characterization (Fig. 5.14).

The sensitivity of the implemented technique has been characterized by
a dedicated circuit, which simulates the presence of defects inside the ADC
logic without altering the functionality of the original design. This circuit is
used for characterization purposes, only, and it is not a part of the proposed
solution. The circuit shown with a dashed line in Fig. 5.
introduce a leakage current in given nodes, whose value can be set from
outside. The applied leakage is used to simulate the presence of a defect
insisting on the affected node. The leakage current introduced can be
accurately measured by an external current meter, which measures the
IDDQ current flowing inside the logic through dedicated test
leakage current introduced can be set to the desired value by mirroring a

Figure 5.14: Layout of the proposed built-in solution for reliability test of
SAR logic as integrated into the test chip
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current forced with an external current generator through N1-N3 and P1-P2.
Four nets inside the ADC can be connected to the leakage generator via
switches (sw1-sw4) that can be easily turned on and off by a command sent
via the serial interface.

The correct functionality of the proposed solution has been verified by
the experimental data collected from the test chip and shown in Fig. 5.16 in
conjunction with the digital control signals. Reported are the CLOCK, the
SOC (start of conversion), the EOC (end of conversion), and the comp_o
signals.

The conversion required for the test is triggered at the rising edge of the
SOC signal, and it ends at the rising edge of the EOC. During this time
interval, the test vector is shifted in the ADC logic. The comp_o signal,
which represents the result of the test, is shown here for three different
cases. In a first case, all the defects artificially introduced have been turned
off, so that the comp_o remains low for the entire duration of the
conversion. In a second case, as single defect is activated and but the
leakage introduced is smaller than the threshold. Also, in this case the

Figure 5.15: Circuit for the introduction of artificial defects in the
ADC logic
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comp_o remains low for the entire duration of the test. Finally, the leakage
current introduced is raised above the programmed threshold and in this
case the comp_o correctly triggers on those states where the defect is
evidenced.

Figure 5.16: Measurement data showing the controlling signal
for the built-in reliability test for the ADC logic
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5.6 Conclusions

A novel built-in approach has been proposed to screen out oxide defects
in the logic of SAR ADCs. This technique is based on an internal circuitry
for the configuration, the stressing as well as for accurate and fast leakage
current measurement. The built-in feature reduces the dependency on
external ATE, reducing the testing time and the resulting testing cost. The
test sequence is controlled by an internal logic. The unit communicates to
the outside world digitally through a serial interface.

The principle of the background current compensation has been
introduced for the screening of the logic part of the SAR ADC and the
advantages of the technique have been discussed. A detailed description of
the circuits used to sense the leakage current has been provided.
Quantitative analyses of the performances of the proposed circuit have been
given.

The proposed screening solution has been integrated on silicon for
verification and characterization. The ideas imply a moderate silicon surface
overhead because of the use of offset compensated topologies. The oxide
area used is very small limiting additional reliability risks.
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Chapter 6

Conclusions

Reliability is a critical concern for the manufacturers and users of
integrated circuits (ICs).

Building in reliability in modern electronic components is a challenging
and costly task. The increasing inherent functional complexity of the basic
element implies significantly higher costs for life-testing and makes the
definition of failure criteria much more complicated than in the past.

A main component of the modern strategies is accelerated testing, which
uses enhanced stress conditions to characterize specific properties of the
design, process, or materials. In the case of critical automotive components,
accelerated testing is expensive and time consuming. In fact, the traditional
approach to reliability testing requires an extensive use of automatic test
equipment, dedicated contact pads, and overhead circuitry inside and
outside the chip. Furthermore, the capabilities for parallel processing and
testing of packaged devices are very limited.

In order to supply products with the required quality and to screen out
the 'infant mortality' failures and stabilize device performances after device
packaging, burn-in procedure is often used. However, despite its
meritorious intents, burn-in is a major constituent of overall test cost and
turn around time.

The main goals achieved by this PhD thesis work is the replacement of
the traditional device screening methodologies for LDMOS and analog-to-
digital converters thanks to the development and the use of in situ screening
techniques to control the device defectivity.

These techniques are based on a programmable embedded circuitry for
stress testing, which have been designed to provide both high voltage pulse-
stressing and accurate quantitative characterization of the leakage currents.
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The test sequence is controlled by internal logic and the unit communicates
to the outside world through a serial interface.

In Chapter 1 the priority of the reliability risks to be faced have been
defined and the structures to be stressed/monitored have been identified.

In Chapter 2 a novel approach has been proposed to screen out defective
gate oxides in Lateral Diffused MOS transistors. The proposed solution is
called Built-In Gate Stress Test (BI-GST). In opposite to the traditional
techniques, it can be applied both at chip level as well as in packaged
devices, and does not require sophisticated ATE to be used. This, in
conjunction with the fact that the typical test duration is reduced down to
some few milliseconds and that the BI- GST can be performed in parallel in
several devices, results at the same time in a more targeted stress than for
the traditional burn-in and in a noticeable decrease of the testing cost
involved with gate oxide screening.

With simple circuit adjustments and with very small area overhead the
functionality of the BI-GST can be extended to perform the in-situ
screening of the Shallow Trench Isolation (STI) Oxide used in LDMOS.
The built-in methodology is called Built-In Drain Leakage Test and has
been proposed in Chapter 3. The main advantages involved with this
approach are a better insight into the degradation process over the whole
duration of the screening, a better screening efficiency and a relevant
cost/time reduction of the screening.

Chapter 4 focuses on the reliability solutions introduced for the
screening of VPP capacitors used in SAR ADCs. Thanks to this new
methodology the screening of a critical automotive component can be
carried out in situ with a completely built-in concept. The proposed
approach presents several beneficial aspects. The solution requires a very
low area overhead and no design change is needed in the ADC. It removes
the necessity of expensive burn-in procedures and finally enables statistical
data processing of the defectivity in the production that can be profitably
used to tune the back-end process. The principle of the biasing of the
floating pseudo-substrate, introduced in this thesis for the first time, can be
re-used in different applications to allow low voltage components to survive
the application of a stress voltage.

Finally chapter 5 introduces a novel built-in methodology intended to
perform the screening of gate oxides of LV transistors implementing the
SAR control logic. The new idea consists in the integration of circuitry able
to perform locally the differential measurement of IDDQ current. It solves
the questionable definition of an absolute threshold IDDQ current for the
screening because chip-to-chip and wafer-to-wafer variations in current
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measurements are automatically compensated by the differential
measurement. The new principle of the spatial correlation shows the way
forward to the development of new test techniques for screening of general
purpose logic. As example, the main digital core can be split in smaller
parts connected to the current monitor. Differential IDDQ measurements
can be performed following the background current compensation
approach,

Before extensive use in commercial products, the proposed schemes for
the screening of LDMOS and SAR ADCs have been prototyped and
experimentally validated by implementation on two test-chips.

As an outstanding result, BI-GST and BI-DLT have been adopted as the
standard reliability test procedure for LDMOS in the new generation of
automotive product since the beginning of year 2010.
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