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Verification of board assemblies populated  
with low-voltage IC technologies 

In-circuit test meets 
next challenges  
Alan Albee, Teradyne Assembly Test Division 

To perform powered-up vector testing of digital 
components, in-circuit testers use driver/sensor 
(D/S) pins capable of force input pins to the 
required logic states, and sensing the resulting 
logic states of the output pins. The digital pin 
drivers are designed as low-impedance voltage 
sources that can typically source or sink 600 mA or 
more. This voltage source shortly forces nodes on a 
board to the logic levels required by the test. This 
technique of temporarily overdriving component 
outputs to force a node to its opposite logic state is 
called backdriving. Backdriving is a common and 
long established method, occurring due to circuit-

design conditions, possible fault conditions on a 
board, or missing isolation code in the test pro-
gram. 

Drive and sense accuracy 
To successfully test low-voltage technologies, in-
circuit drivers must be accurate enough to supply 
the logic high and low voltages that are expected 
by the device input pins. Likewise, the in-circuit 
sensors must also be accurate enough to detect 
the difference between logic high and logic low 
voltages on the device output pins.  

Most conventional in-circuit testers use a D/S de-
sign that consists of a rail driver and a simple com-
parator. This is a simple design that is low cost and 
easy to engineer because it consists of readily avail-
able commercial off-the-shelf parts. The rail-driver 
design typically exhibits an output impedance of 
approximately 5 ohms and a no-load driver error of 
approximately 150 mV. The sensor in this design 
will usually exhibit greater than 300 mV of voltage 
input error. 
More accurate in-circuit testers utilize a closed 
loop, custom ASIC design that greatly improves 
the accuracy of the driver and sensor resources. 
These designs are higher cost and require greater 
engineering effort, but they typically exhibit much 
lower output impedance (1 ohm or less) and 
smaller driver/sensor error (100 mV or less). 
Either D/S design is capable of adequately testing 
chip technologies operating at greater than 1.2V 
under no-load current conditions. It can however 
become impossible to test IC technologies that are 
operating at lower than 1.2 V with the simple de-
sign due to the inherent inaccuracies in the pin 
sensor. Even higher voltage technologies become 
untestable with the simple design under back -
driving conditions, because of the high output im-
pedance of the rail-driver pin design. 

Accuracy under  
backdrive conditions 

An analysis of a typical in-circuit test program of a 
PC motherboard found that backdriving occurred 
during 17 of the 56 digital device tests, and that 
156 events required greater than 50 mA of back-
driving current. The median current was 176 mA, 
the highest event required 600 mA, and the long-
est duration was 2.5 ms. Backdriving of this mag-
nitude can be problematic on in-circuit testers that 
use high-output impedance rail drivers because 
the voltage inaccuracy of the pin driver increases 
dramatically as backdriving current increases. Fig-
ure 1 shows the relationship between backdrive 
current and driver inaccuracy for both the high-
output impedance/rail driver pin design and the 
low-output impedance/custom ASIC pin design.  
The high-output impedance driver design loses ac-
curacy rapidly as backdrive current increases. At 
100 mA backdrive current, the driver is no longer 
accurate enough to test 1.2 V logic technologies. 
At 200 mA current, the driver can no longer accu-
rately test 3.3 V technologies. When this current 
exceeds 300 mA, the driver is not even accurate 
enough to test 5 V technologies. At 500 mA, the 
high-output impedance driver exhibits over 2 volts 
of error. In contrast, the low-output impedance 
driver is accurate enough to test 0.8 V logic tech-
nology even at currents of up to 400 mA. 
Figure 2 demonstrates the performance of both 
high-output and low-output impedance drivers 
captured in a lab experiment under backdrive and 
non-backdrive conditions. The waveforms show 
that the high-output impedance driver pro-
grammed for 1.2 V only achieves 0.58 V when it is 

The demand for low-voltage ICs has grown significantly in order to 
satisfy demands for powerful products, smaller packages, reduced 
power consumption and longer battery life. However, these ICs are  
increasingly difficult to accurately and safely verify using conventional 
in-circuit testers. The reasons are the inaccuracy of traditional in- 
circuit drive/sense pin electronics. Moreover, there is also the great  
likelihood of violating increasingly tight maximum voltage and  
current specifications. Performing powered-up in-circuit vector testing 
is challenging. Testers are needed with independently programmable, 
high-accuracy driver/sensors, real-time backdrive-current measure-
ment and control, controller and multiple-level isolation capabilities. 

Figure 1: Driver inaccuracy rises as backdrive current 
increases 
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subjected to a 6-ohm load. In contrast, the low-
output impedance driver is able to achieve 1.07 V 
under the same 6-ohm load conditions.  

Greater susceptibility  
to damage 

Because of smaller device sizes and lower maxi-
mum voltage thresholds, low-voltage technol-
ogies are more susceptible to some significant 
types of failures. 
Gate-oxide breakdown. The smaller transistor-
gate oxide thickness required of low-voltage com-
ponents makes them more susceptible to damage 
when they are exposed to over-voltage conditions. 
The failure mechanism is known as TDDB (time-de-
pendent dielectric breakdown), and it is an inter-
action between time, temperature, voltage and 
gate-oxide width. Gate oxide breakdown can 
occur when a device pin is driven to a voltage 
greater than its maximum specified rating. For ex-
ample, the maximal specified voltage rating of 
Intel’s FSB/PSB bus is 1.75 V. If device pins on this 
bus are driven to voltages greater than 1.75 V for 
an extended duration, then damage to the transis-
tor gate-oxide will occur. 
Most conventional in-circuit testers are designed 
so that groups of D/S pins must share the same 
logic-level assignments (groups of 16 or 32 pins 
are forced to use the same levels). This design is in-
expensive, but it can lead to problems when D/S 
pins in the same group are connected to pins of 
different voltage technologies. When this occurs, 
test programmers are forced to use common logic-
level assignments for all pins in the group, which 
can result in some low-voltage device pins being 
driven beyond their maximum specified voltage 
ratings. 
Over-voltage conditions are also more likely to 
occur on in-circuit testers that use high-output im-
pedance drivers, because engineers may increase 
programmed voltages to try and compensate for 
the voltage inaccuracies that occur when a pin 
driver is backdriving. Figure 3 shows an example of 
an application where this possibly could occur. 
Advanced in-circuit testers avoid these potential 
problems by having more accurate D/S pins, and 
their drivers designed so that assigned logic-level 
thresholds can be programmed independently for 
each pin. This per-pin-programmability eliminates 
test-compromise situations that can cause device 

pins to be inadvertently driven beyond their maxi-
mum voltage ratings, and it ensures that each pin 
on the device is being driven to the exact logic-
level thresholds that are required by that device.  
ESD diode overstress. Overstress at IC-pin circuitry 
provided against electro static discharge is a failure 
mechanism that can occur on low-voltage tech-
nologies when the ESD protection-diodes are sub-
jected to backdrive currents beyond their maxi-
mum. Some chip manufacturers recommend that 
these diodes not be overstressed beyond 100 mA. 
Exceeding these ratings can cause ESD diode da-
mage that goes undetected by factory testing, and 
can be source of latent failures in the field. ICs with 

Figure 2: Driver accuracy com-
parison 

ESD diode-damage lack protection from electro 
static discharge that can degrade the performance 
of a device and eventually cause a catastrophic fail -
ure. [2]  
Identifying and avoiding situations of ESD diode 
overstress is impossible for most in-circuit testers. 
Currently, only one in-circuit tester on the market 
is capable of measuring real-time backdrive cur-
rents, reporting where backdriving is occurring on 
an IC, and programing maximum backdriving cur-
rent and time limits.  
Figure 4 shows an example backdrive-report from 
this tester that the operator can use to identify po-
tentially harmful conditions. 

Figure 3: Shared-logic level assignments causing over-voltage condition 

Figure 4: ICT report showing back-
drive currents  
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CMOS latchup. CMOS latchup is a failure mech-
anism that occurs when a pair of transistors forms 
a PNPN or NPNP silicon-controlled rectifier (SCR) 
type structure. This results in a low impedance, 
high-current path from power to ground in the 
semiconductor. This will cause the device to mal-
function or be permanently destroyed. Latchup is 
usually induced by the application of a fast rise or 
fall voltage-spike to the inputs of the CMOS de-
vice. This can occur due to electrostatic discharge 
or during in-circuit testing when an output 
suddenly changes its logic state while being back-
driven. Figure 5 shows an application example that 
can cause voltage spikes to occur on device inputs 
during in-circuit testing. Figure 6 is a digital-stor-
age scope image that shows the large voltage 
spike that can occur when outputs change logic 
state as they are being backdriven, and how this 
can adversely affect the reliability of the test and 
the device itself. 
To prevent these potentially harmful voltage 
spikes from occurring during digital in-circuit test-
ing, multiple-level digital-isolation techniques are 
required. This practice makes sure that all outputs 
on a net are controlled and are in a known state 
before connection of a digital driver. Some in-cir-
cuit testers only isolate outputs that are directly 
connected to the inputs of the device under test 
(DUT), but as figures 5 and 6 show, this is inad-
equate in preventing voltage spikes which can 
occur on nets that are not directly connected to 
the DUT.  

Test duration 
Current flowing through a backdriven component 
increases the temperature of the component’s 
output junction and bond wires remarkably. The 
maximum safe backdrive time for an IC is a func-

tion of the number of pins on the IC being back-
driven, the current level, duration, packaging and 
technology. Long backdrive times may cause a fail -
ure in a bond wire if it raises its temperature above 
the melting point, or it may activate a fatigue 
mechanism in the wire that can cause latent de-
fects and early life component failures. [3] 
Therefore, it is important that in-circuit testers 
keep test duration to a minimum whenever back-
driving is occurring. Advanced testers are designed 
with specialized digital controller and memory be-
hind the pin architectures that are very efficient at 
applying test vectors quickly and with precise tim-
ing. Conventional in-circuit testers require longer 
test duration because test vectors are transferred 
from PC memory during the procedure. Timing for 
this equipment is very unpredictable because it 
depends on the type of PC being used, the amount 
of data being transferred and whatever else may 
be running on the PC. 
An experiment performed to measure the relative 
performance of the two approaches demon-
strated that a tester without a specialized digital 
controller required 520-times longer than a tester 
with a specialized digital controller to execute 

Figure 5: Voltage spike caused 
by output switching during 
backdrive 

1000 test vectors (104 ms compared to 0.2 ms). 
This reduction in execution time results in less 
stress on backdriven components, and lowers the 
probability for occurrence of voltage spikes related 
to on-board activity.  

EPP EUROPE 407 
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Figure 6: Voltage spike resulting from output changing during backdrive
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ZUSAMMENFASSUNG 
Die Betriebsspannung von ICs, früher mal als Stan-
dard bei 5 V angesiedelt, wird fortlaufend aus einer 
ganzen Reihe von Gründen abgesenkt. Das führt je-
doch zu Problemen beim In-Circuit-Test von digita-
len Bausteinen auf den Boards, insofern die Schwel-
lenspannung für Low- und High-Pegel entsprechend 
dazu natürlich auch geringer wird und so der Ab-
stand erheblich sinkt. Ältere oder nach konventio-
nellen Maßstäben entwickelte Tester sind hier nicht 
mehr in der Lage, die Messungen mit der benötigten 
Präzision vorzunehmen. Zudem kann es auch beim 
Backdriving der ICs zur Überlastung kommen. Neue 
Tester-Konzepte weisen weitaus genauere Treiber-
Sensor-Elektroniken auf und kontrollieren die Prüf-
prozedur wesentlich genauer, inklusive der Dauer 
und Höhe des Backdrivingstroms.

RÉSUMÉ 
La tension de service des CI, autrefois fixée à une 
valeur standard située autour de 5 V, va baisser 
pour un certain nombre de raisons. Ceci pose cepen-
dant des problèmes pour les tests sur circuit des 
composants numériques sur les cartes dans la mesu-
re où la tension de seuil pour les niveaux Low et 
High sera bien sûr également réduite, entraînant 
une baisse de l'écart. Les testeurs anciens ou déve-
loppés suivant des critères conventionnels ne sont 
plus en mesure d'effectuer les mesures avec la préci-
sion requise. Une surcharge est également possible 
lors du backdriving des CI. Les testeurs de concepti-
on plus récente présentent des électroniques de pi-
lotes et de capteurs bien plus précises et contrôlent 
la procédure d'essai de manière beaucoup plus 
exacte, y compris la durée et la valeur du courant de 
backdriving.  

SOMMARIO 
La tensione di servizio dei circuiti integrati, in passa-
to insediati come standard a 5 V, viene progressiva-
mente ridotta per tutta una serie di motivi. Tuttavia, 
ciò comporta dei problemi nei cosiddetti In-Circuit-
Test di moduli digitali sui circuiti stampati, in quanto 
a ciò la tensione di soglia per livelli Low High natu-
ralmente corrisponde anche a valori inferiori, con-
sentendo anche di ridurre notevolmente le distanze 
tra i componenti singoli. I tester più vecchi o svilup-
pati sulla base di criteri convenzionali qui non sono 
più in grado di offrire la precisione richiesta per le 
misurazioni. Inoltre, anche nel Backdriving dei circui-
ti integrati non sono da escludere dei sovraccarichi. I 
nuovi concetti di tester ora mostrano sistemi elet-
tronici con driver sensoriali assai più precisi e sono 
in grado di controllare la procedura di test con una 
precisione notevolmente maggiore, compresa la du-
rata e l'intensità della corrente del Backdriving.
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ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 2400 2400 ] dpi
     Papierformat: [ 638 887 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Nein
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: << /Colors 4 /QFactor 0.15 /Columns 2517 /Blend 1 /Resync 0 /HSamples [ 1 1 1 1 ] /Rows 329 /ColorTransform 1 /VSamples [ 1 1 1 1 ] >>
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Nein
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Nein
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Abbrechen
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Nein

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Nein
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de
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