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Abstract: In this paper, Ippg and Ippr testing methods are analyzed for bridging and stuck-open (SOP) faults in
complementary metal-oxide semiconductor (CMOS) circuits. Two test circuits (one digital and one analog) are
chosen and faults are injected at particular locations. Simulation is carried out in 90 nm technology using the
Cadence Virtuoso platform to observe the current waveforms and detect faults. With reference to the test
circuits, simulation results show that the Ippg testing method is effective in detecting bridging fault for both
digital and analog circuits, and SOP fault in analog circuits. On the other hand, the Ippt testing method
successfully detects only SOP faults in digital circuits.
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I.  Introduction

Recent development in CMOS nanometer technology has increased the number of defects in ICs and
introduced new defects which are difficult to be detected through conventional testing methods [1]. Current
monitoring is an alternate testing technique for low cost and high speed testing process [2]. Current monitoring
based testing has proved effective for bridging, transistor stuck-on (TSON) and stuck-open (SOP) faults in
digital and analog CMOS circuits [3,4].

The quiescent power supply current, Ippo testing has become a popular test method since it was
proposed [5,6]. A CMOS circuit consumes negligible current at standby mode, but at the present of any short
faults, this current increases significantly as a path is completed from supply to ground. However, the efficiency
of Ippg testing is decreasing due to the increased leakage current for submicron and nanometer feature sizes,
long wait time for steady current, and increased area and power requirement for current sensing equipment [7].
Moreover, Ippg testing is ineffective for SOP fault as it does not lead to increased quiescent current [8]. As a
result, the Ippt testing was proposed to increase the effectiveness of fault detection [9,10]. The transient power
supply current, Ippt testing monitors the instantaneous current during the switching stage in CMQOS circuits. The
presence of a fault can be indicated by different parameters of the dynamic current waveform such as the
maximum/minimum peaks and the width or delay [11]. The transient current curve of a CMOS inverter is
shown in Fig. 1 for 2 different input frequencies. Open defects usually cause a slow rise in node voltage which
consequently causes a delay in the transient current.
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Figure no. 1: Transient current curve of a CMOS inverter

Several works in literature have analyzed the effectiveness of Ippg and Ippr testing in digital circuits for
TSON/bridging faults and SOP faults, respectively [3,8,12,13]. However, only a few works have analyzed on
analog circuits for such cases [11,14].In this paper, we analyze the effectiveness of Ippg and Ippr testing in
digital and analog circuits for detecting bridging and SOP faults. A circuit under test (CUT) is selected for both
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cases. The faults are inserted and output currents are simulated using Cadence Virtuoso in 90 nm technology.
The paper is organized as follows: section 2 briefly describes the test methodology, section 3 presents the CUTs
and discusses the fault conditions, section 4 presents the simulation results and performance analysis. Finally,
section 5 concludes the paper.

Il.  Test Methodology
The overall test methodology to determine the effectiveness of the two test techniques for digital and
analog circuits is briefly presented as a flow chart in Fig. 2. At first, the fault types are selected and inserted at a
certain position of the circuit. The two fault types analyzed in the circuits are bridging and SOP faults. The
corresponding input combination is applied which will cause two different current values for fault-free and
faulty cases. This input combination is called the test vector (TV). The testing method (lppo/lppt) is then
selected to observe the change in current waveforms and determine whether the faults have been detected

effectively.
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Figure no. 2: Test Methodology

Bridging Fault:

A bridging or short fault occurs when two terminals in a circuit are shorted. It can occur at the inter-
gate or intra-gate level of ICs. Bridging fault occurring between the drain and source terminals of a transistor are
also called TSON fault. An example of a bridging fault between the outputs of two different NOR gates is
shown in Fig. 3.
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Figure no. 3: Bridging fault
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Stuck-Open Fault:

A SOP fault creates a high impedance between two points in a circuit which allows negligible or no
current flow. At transistor level, a SOP fault means that the transistor never conducts any current. Testing of a
SOP fault requires a two pattern test, where the output is first set at a logic level through the initialization vector
(IV) and then the TV is applied to propagate the fault to the output node. An example of a transistor SOP fault is
shown in Fig. 4, where transistor P, is SOP and disconnects a connection between Vpp and source of P,. First,
the IV <10> is applied to set the output at logic 0. In the next step, the TV <00> is applied which will result to
an output logic 1 for fault-free, but an indeterminate logic or floating node during faulty case. Therefore, it
becomes difficult for SOP faults to be detected by logic level.
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Figure no. 4: Stuck-open fault

Test Circuits:

The digital combinational circuit selected for the analysis is based on the following Boolean functions
given by equations (1-3). The overall test circuit with fault locations is shown in Fig. 5 which consists of an
inverter and two NAND gates. The current Ippg in the circuit is the steady-state current for a fixed input
combination and the current Ippt is the transient current during switching state between any two consecutive
input combinations.

fz= E (1)
ii=x ()
fi=xx;  (3)

V,
X dd
'
. | 1
X — '
= _4 i Bridging fault
fa i
i |
1
I~
i =4
{ Stuck-open fault
—

Figure no. 5: Digital CUT

The analog circuit chosen for the analysis is a basic single stage CMOS operational amplifier which is
operated as a comparator. The SOP and bridging fault locations are shown in Fig. 6. The Ippg current in an
amplifier circuit is the steady-stage sinusoidal current which flows during the normal amplifying operation of
the circuit. The Ippt current in the circuit is defined as the transient current which occurs when the inputs V+ or
V- are switched on.
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Figure no. 6: Analog CUT

I11.  Simulation Results and Discussions

The simulation of the circuits are carried out in 90 nm technology using Cadence Virtuoso platform.
The supply voltage is 1.2V and the width of all transistors are 120 nm for both circuits. The digital circuit is first
analyzed. Figure 7 shows the input signals and fault-free output voltage of the digital CUT. The bridging fault is
applied as shown in Fig. 5 and the output voltage and current are observed. For the fault to propagate to the
output logic, the outputs f; and f, should be different i.e. if f; = 1, then f, = 0 and vice-versa. The corresponding
input combinations required and the resultant output voltage for fault-free and faulty cases are shown in Table 1.
During the fault, the shorted f;-f, node holds an intermediate voltage level below 0.5V for all TVs and is
interpreted as logic 0 by the second NAND gate. Therefore, the output logic is same for both fault-free and
faulty cases and the fault remains undetected through the voltage method.
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Figure no. 7:Inputs and output of digital CUT for fault-free case

Table no 1: Test vectors and corresponding output logic for bridging fault

Intermediate node Inputs Outputs
F1 Fa X1 | X,  X; | Fault-free = Faulty
0 1 1 0 0 1 1
1 0 1 1 1
1 1 0 1 1
1 0 0 1 1 1 1

The Ippg and Ippr current curves for fault-free and faulty cases are shown in Fig. 8. The Ippg curve
clearly indicates the presence of a fault by the increased magnitude in the quiescent current level for the faulty
state compared to the fault-free state. For the Ippt testing method, although the fault can be detected from the
decreased slope of the transient current during the input switching, the fault-free and faulty Ippt current curves
are difficult to compare.

DOI: 10.9790/4200-10040107 www.iosrjournals.org 4 | Page



Investigating the Effectiveness of Current Monitoring Methods to Detect Bridging and ..

600
400 |- ;
0 T O O O
|
200 - o
~ j """"
5. ‘ [ | Fault free
- U117 IDDQ
Or I i
| 0 O
d | | Faulty
| | IDDQ for
-200 Bridging
Fault
o | EEEERSEEENERESES EREEENN | |
0.0 100 2010 3010 400
time (ns)
(a)
6004
i «o0| Faulty IDDT for
200 A e
2 7| Bridging Fault _— ==t
{2004 —— —_
-400
700
< 2%/ Fault-free IDDT
2501 Fault-free =
r S ot e ot o= T e e
=150 P e e
4330
S 1 input A
0.6
=
0.0
~ %" mputB s
2 06 S
> 00 S
€ 12 —
06
> input C
0.0 —
10:000 10.001 101002 10.003 101004 10.005
time (ns)
(b)

Figure no. 8: (a) Ippg and (b) Ippr current curves for the digital CUT with bridging fault

After the circuit
applied for the two patter

is tested for bridging fault, the SOP fault is injected and the IV <x; X, X3>= <010> is
n test. This input combination sets the nodes f1 and f2 at logic 1 and the output at logic

0. The TV <x; X, x3>= <011> is then applied to propagate the fault which will result to an output logic of 1 for
fault-free case and 0 for faulty case. The voltage and Ippt current outputs in Fig. 9 and 10 shows that the SOP
fault can be successfully detected from both logic and current testing methods. The Ippt testing method indicates
the fault by a delayed rise of the transient current during the switching state. Since there is no significant change
in quiescent current for a SOP fault, the Ippg testing method is ineffective for SOP fault detection in digital

circuits.
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Figure no. 9: Faulty output voltage of the digital CUT for SOP fault
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Figure no. 10: Fault-free and faulty IDDT curves for the digital CUT

I (nA)

Next, the effectiveness of the two methods in analog circuits for the two fault types are analyzed with a
CMOS operational amplifier. Both faults are individually applied and the instantaneous current curves are
observed. Two input signals of 200 MHz with different amplitudes at VV+ and V- are applied after a certain time
to observe both Ippg and Ippr currents in the circuit. Figure 11 shows the current curves of the amplifier for both
faults. It can be observed that for both types of fault, the overall DC offset value of the sinusoidal steady-state
current changes. For a bridging fault, the quiescent current increases, whereas it decreases for a SOP fault. The
peak-peak amplitude of the current also decreases significantly for the SOP fault. Therefore, it can be concluded
that the IDDQ testing method successfully detects both faults in the amplifier. However, the transient switching
currents when the inputs are applied, for both fault-free and faulty cases, cannot be differentiated to effectively
identify the presence of a fault. This indicates that the IDDT testing method is ineffective for bridging or SOP

fault detections in analog circuits.
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Figure no. 11: Current curves of analog CUT for (a) bridging and (b) SOP faults

IV. Conclusions
In this paper, the effectiveness of Ippg and Ippr testing has been studied to detect bridging and SOP

faults in CMOS digital and analog circuits. Results show that in the digital CUT, the bridging fault can be
clearly detected by Ippg testing as the current waveform shows an increase in magnitude. Although the Ippr
waveform also shows a decrease in the slope for a bridging fault, it is not very decisive to detect the fault. For an
SOP fault, Ippr testing affirms the presence of the fault by a delay in the waveform. However, Ippq testing is not
effective in this case as there is no significant change in steady-state current. In the case of the analog CUT, Ippg
testing effectively detects both types of faults mentioned by observing changes in the magnitude of the
sinusoidal steady-state current; increases for bridging fault and decreases for an SOP fault. The Ippr testing
method proves to be ineffective in the analog CUT to detect faults as the transient switching currents for both
fault-free and faulty cases cannot be differentiated.

References

[1]. International  Technology Roadmap for Semiconductors, 2009 Edition, available at the following URL
http://www.itrs.netiLinks/20091TRS/Home2009.html

[2]. Hamieh L, Mehdi N, Omeirat G, ChehabA Kayssi A. The Effectiveness of Delay and lppr Tests in Detecting Resistive Open
Defects for Nanometer CMOS Adder Circuits. IEEE 6™ International Design and Test Workshop (IDT). 2011:53-57

[3]- Guibane B, Hamdi B,MtibaaA,Bensalem B. Fault tolerant system based on IDDQ testing. International journal of electronics. 2018;
105(6):1025-1035

[4]. Nuernbergk DM, Lang C.Fast and precise on-chip IDDQ current sensor. ANALOG 2016; 15. ITG/GMM-Symposium. 2016:1-6

[5]. Levi M. CMOS is Most Testable. International Test Conference. 1981:217-220

[6]. MalaiyaYK, Su SYH. A New Fault Model and Testing Technique for CMOS Devices.International Test Conference. 1982: 25-34

[7]. Rajsuman R. Ippg Testing for CMOS VLSI.Proceedings of the IEEE. 2000;88(4):544-568

[8]. Ishida M, Ha DS, Yamaguchi T, Hashimoto Y, Ohmi T. IDDT Testing: An Efficient Method for Detecting Delay Faults and Open
Defects. IEEE International Workshop on Defect Based Testing.2001:23-28

[9]. Su S, Makki R. Testing Random Access Memories by Monitoring Dynamic Power Supply Current. Journal of Electronic Testing:
Theory and Applications (JETTA). 1992:3(4):265-278

[10]. Makki RZ, Su S, Nagle T.Transient Power Supply Current Testing of Digital CMOS Circuits. International Test Conference.
1995:892-901

[11]. Guibane B,HamdiB, Mtibaa A. Investigation on the effectiveness of current supply testing methods in CMOS operational
amplifiers. 15" International Multi-Conference on Systems, Signals & Devices (SSD). 2018:1041-1044

[12].  Perry R. Iddq Testing in CMOS Digital ASICs. Journal of Electronic Testing: Theory and Applications. 1992:31-39

[13]. Gyepes G. Application of IDDT Test in SRAM Arrays Towards Detection of Weak Opens. Ph.D. thesis, Faculty of Electrical
Engineering and Computer Science, Institute of Electronics and Photonics, Slovak University of Technology, Bratislava. 2014

[14]. Golonek T, GrzechcaD, Rutkowski J. Analog IC fault diagnosis by means of supply current monitoring in test points selected

evolutionarily. ICSES 2010 International Conference on Signals and Electronic Circuits. 2010:397-400

S. M. Ishraqul Hug, et. al. "Investigating the Effectiveness of Current Monitoring Methods to
Detect Bridging and Stuck-Open Faults in CMOS Circuits." I0SR Journal of VLSI and Signal
Processing (IOSR-JVSP), vol. 10, no. 4, 2020, pp. 01-07.

DOI: 10.9790/4200-10040107

www.iosrjournals.org



