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Abstract— The typical electrical degradation on the  (ABS), Electric Power Steering (EPS) and etc. In the earlier
complementary  metal  oxide semiconductor (CMOS)  BCD 1 technology era, the gate oxide thickness is about 300A
performance is due to defect in gate oxide layer. During  (30nm), then decreasing progressively to 70A (7nm) for BCD

integrated circuit (IC) infant mortality phase, stress tests 9 [1]. Figure 1 graphically illustrates the trend of gate oxide

introduced at wafer sort and final test in order to assured only  hickness towards technology and the applied voltages.

good I C being deliver to end customer. Siress tests such as bur n- The reduction of gate oxide thickness was resulted due to

in, gate stress, and quiescent current (Ippg) test, demonstrated . . .
their competency to screen out this type of early failure. the technology scaling demand. However, it becomes major

Never theless, the latent defect is a time dependent failure, which, ~ concern on oxide quality and reliability. Thinner oxide denotes
affect the CMOS reliability after certain time, temperaturesand ~ t0 increase the driver current controlled and short channel
application stress. Consequently, revisefailure analysistechnique  effects and at the same time, it may potentially fail earlier than

has tobe introduced in effective approach to compensate the  the product warranty given by the IC manufacturer.
problem in the current technology due to metal interconnection

layers and dense for front side failure analysis (FA). The Downscalling CMOS dimension on BCD Technology
motivation of thiswork is to present the fault localization on the 1.24 . . . . . . . .
elevated I pp current of the faulty logic cells during the transition 300A/1pm
. . . . . 1 —a—n —H— gateL - 30.0n
by photo localization technique and clarify gate oxide defect g —u— GOXthickness I
through circuit simulation. We have confirmed that the IDD scan 10 e N -
test and photo localization technique were effective to localize 1 \ Source: STM-APG Products_ 55 o,
faulty IC in silicon active area through front side. 800.0n 1 -
4]
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I, INTRODUCTION ] '\
The slim layer of a SiQis a non-crystalline and 20001+ @120nm'l°'°”
amorphous material, which were used to isolate the transistor 1 Mos Voltage |
gate from its channel. Nowadaysautomotive product 00 S Vddsv——=  SSv 18y 12y 5.0n
application such as Bipolar CMOS DMOS (BCD) technology roy 02 bodd bedh bod® bedd bod® bed
is known as a typical kind of Application Specific Integrated BCD Technologies

Circuit (ASIC) device which capable to operate analog, digital

and power fU”C_“O” _inSid(_a the same Chi_p for al"tommiquig.1: The BCD technology trend on oxide thickness, gate length and applied
product application, i.e. Air-Bag, Automatic Brake Systemyoltage [1].
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microscope. Figure 3(a) and (b) shows the physical mddel o
Il. MODEL Sio, DEFECT. Ohmic short between the gate and the terminals for drain,
source, and channel, which may possibly occur during the
O breakdown or wear out phase [dlhese models will be use
during the OrCAD simulation

Oxygen

I1l. DEFECTSIMULATION ON OXIDE.

fault = Mamps 1)
Rfault

Theoretically, elevatedph can measure based on the
magnitude of R [6]. The calculation shown by equation (1)
was derives from the typical Ohms Law, which represeat
Oxygen amount of leakage current flow during the logic transition.

r VoD = (vDD

— Vi

Fig.2: SiQ molecules bond geometry orientation, cited froni. [3

Generally, silicon dioxide (Sif) layer made during the wafer
diffusion process inthe chemical ratio of silicon (Si) to
oxygen (O) atoms. From molecular orientation as shows on

g
mn

Figure 2, Si atom emerge to bond four O atoms with each O _TE:L_TU 0
atom also bond to another Si atom. The,St€trahedron o
molecules are inflexible with formation of about 109° @sgl —=
between Si and O bond. Notable from this rigid bonding, the ‘_——F—ﬁﬁ

bond angles form is about 120° to 180°, with mean of 150° : MJFJ' T e

[2]. Hence, diverging angle from its mean value witint the
bond angle to become weak and then finally resultirfgulty %;_'\_
condition. This inconsistent bond strength becomes the -
foundation of statistical conduct for the oxide wear-aftl a =
breakdown for current research and development in this field .. \ i

In today's electronic circuit miniaturization and complhgxit L
requirement, the ultra thin oxide with <30A thickness has Toves
challenged the quality and reliability concern [3]. Fréine  Fig.4: The ohmic short model affected by the p-&h.cell by using OrCAD
design for application point of view, the CMOS voltage hassimulation for bo current examines.
been downgrading as well as the channel length (L) in order to
introduce IC with more high speed and at the same liés®
power consumption. From this emerging, leakage current c
be less by minimizing the trapped electron charged@nshe
oxide layer. However, for nano-metric CMOS Very Large
Scale Integrated (VLSI) circuit requirement, as the olager
became thinner, it compensate by quantum tunneling effe
which amplifies exponentially in leading the gate to cfedn
current leakage [4].

V53

The equivalent OR logic shown in Figure 6 were designed
ith 0.6um CMOS technology by Cadence ORCAD software.
e circuit designed with embedded Ohmic defect, proposed
from the gate oxide short (GOS) models. During the
simulation, 1 kHz of CLK speeds and 5V ofp/supply MOS
Xpltage were used, considered as the most suitable frequency
and voltage work for this technology. Study on the
leakage current via simulation also performed on th# feee
circuit for the sake of comparison.
o The Ohmic defect in Figure 4 circuit, p-ch MOS of OR
Thin oxide : cell assured that it does not modify the logic stdtethe
output. However, results shown in Table 1 & 2 demonstrated
that irregular gp current were elevated, and causes high power
n-well consumption on the circuit which in reality working I€wiill
p-substrate wear-out as a killer defect. The proposed value is tetititie
as a latent defect, which presented during the infant plase
Fig.3 (a): CMOS structure in three-dimension fornd aine expected current may weaken during the stress test and applicative womdi
leakage (by arrow). subsequently break down during the normal life.
Research and study earlieron the Ohmic value
In the present study, we will investigate the gate oxiefect  proposed with afew Q. It hasshows howthe oxide
on BCD. First, we will simulate the defect model usBrAD  breakdown experiments by using electrostatic discharge
simulation and then we will localize the defect using siois



(ESD) and laser techniques contributed with a greauatof Even through the fault circuit measured with lower current
leakage current can be detected [7]. than the fault-free circuit, Figure 5 shows the currenttlier
Hence, few Ohmic values can only emphasize to indicatiault free circuit (M2) rise in a pulse, ranging from
the gate oxide failure during the early phase of the IC fopicoseconds to nanosecond time.On the other hand,
Design for Testability (DfT) development. the current for the faulty circuit consequence from @enic
defect R1, rise in mill-seconds. For fault localization

TABLE 1: ELEVATE lop CURENT DURING THE IDD SCAN TESTON  L6CPNiqUe using photo emission, the rising time effett w

FAULT-FREE CELL reflect how much proton will be emitted from the working
CMOS due to the collective emission time by the failure
Vin Iop current (LA) on fault-free AND cell analysis (FA) tool.
A | B | MO ML M2 M3 M4 MS Therefore, exposing the circuit with longer elevatggl |
0l o 0 0 0 0 0 0 time may benefit the defect to be sensitized and lochlizer
0] 1[ 250[ 250 o [2750] o 250 the fault localization techniques, it can be estinzeed on
1] 0| 250| 250 | 50 0 0 | 200 the equipment sensitivity. The broad requirement on the na
1)1} 0] of o] 0 [F3000] O -electronics failure analysis shows the recommendation of

TABLE 2: ELEVATE loy CURENT DURING THE #5 SCAN TEST ON several types qf equipments. The fund.amental of s.electlve
FAULTY CELL appropriate equipments for failure analysis is reallyetieling

on the detector and leakage current sensitivity versus it

spatial resolution of defect size estimation [8].

Vin Gate op current (HA) on faulty AND cell
A | B | Oxide | MO M1 | M2 | M3 | M4 | M5
Short
G/B 0 50 0
ol o GIS 50 50 50 0 50 50 IV. FAULT LOCALIZATION METHOD
G/D 50 50 0 50 50 0
G/B 50 50 0 50 50 0

0
0

0 0 50

Fault localization on the faulty IC with 0.8um technglog

0|1 . ; : 7
GIS 9 0 50| S0 50 has been analyzed with front-side failure analysis. An

G/D 50 0 50 0 50

G/B 0 0 50 | 50| 50| 50 emission microscope (EMMI) of Hamamatsu PHEMOS-1000
1|1 0] GIs | 50 0 50 | 50| 50 0 equipment was use to examine during the test [9].

GMD | 50 | 50 | 50 | 50 0 0 Figure 6 shows the leakage current measured on the both

GB | 50 | 0 | 50 | 50 | 50 | O circuits for comparison purpose. For the fault locailimat

1|1] GIs 0 0 0 50 | 50| 50 o : . . .
h) 0 50 T 50 | 50 0 50 photoemission was use with the electrical stimulus generation

Note: G/B — gate to bulk, G/S — gate to source, Ghate to drain to keep all the digital logic stimulated continuouslyidg the
test. Outcome from the test, an emission spot being obtained
Based on the measured |eakage current during tHéom the restrict area of the faulty circuit while noteln
simulation, the simplified test pattern as an output which cadetected on the fault-free IC.
be used to sensitize the current inside the circuit Whand

11’ input patterns, as hlg_hl_lghted in grey color on thble. Elevate IDD current on the faulty IC
Both patterns were sufficient to cover these three GOS
models, which were introduce into the circuit earlier. 6.00E-04
5.00E-04 —
w o @ 4.00E-04 -
Vind g 3.00E-04 | —e— Defect free
2>VW 7 g 2 00E-04 —a— Defective
o V(HZg) 1.00E-04 W
sov 0.00E+00 +&—%— T T T T T T T T
e Vin2 1 2 3 45 6 7 8 9 1011
o Voltage (V)
o w(Ms:g)
stua Faulty circuit
s (Longer time of IDD) Fig.6: Measurement of elevated current frogp Yin between the defect free
w . (MPloo s | and the defective IC.
o -(R1)
Fa(‘:)'fjgze”g'gc)“'t During the logic transition, leakage current in the faulty
T (M2)loo T | CMOS will induce photon recombination effect with different
T | | ‘ response from the normal current behavior for fault free

T
0s 02ms 0.4ms 06ms 0.3ms 1.0ms

= e Tne CMOS. This current observation significantly allows
an effective localization step by photoemission toohiclw
designed with Charge Couple Detector (CCD) camera with
>45% Quantum Efficiency (QE) range from wavelength
400nm to 1200nm. However, for more broad detectability,

Fig.5: Comparable elevateghblbetween faulty circuit and fault free.



further recommendation should be considered with others
detectors with different QE and wavelengths sensjtidnge, Physical analysis has also done with chemical by remove
i.e. MerCAD (HgCdTe) detector with >80% QE range fromcompletely undesired layers (metal interconnection) inrorde
wavelength 800nm to 2200nm or InGaAs camera detectdP understand the correlation between the observed iemiss
with 80% QE range from wavelength from 900nm to 1600nn$Pot and the physically defect. Figure 9 shows the detéils
for the fault localization [9]. the gate oxide defect observed by the Field-Emission
Scanning Electron Microscope (FE-SEM) after poly-silicon
strip been removed.

@
35)

240nm: pinhole

porapvew - —>. <+ 28nm: thickness
Fig.7: Result from the photoemission observed §igamt hot spot on the _:ﬁ
logic cell with 100X lens. The metals level stitiuihd adequate for front side

analysis since the faulty cell not blocked. Fig.9: Result from the physical analysis observethglie defect on the p-Ch

MOS after poly-gate removed.
The bp scanning test found competent to sensitize the

faulty logic circuit during the test [10]. Figure 7 shows a The morphology and the dimension of the gate oxide short

anomalous hot spot been detected on the defectivaiigd (pinhole defect) was examined using FE-SEM equipment.

the fault localization step. From the observation, the sioris  Figure 9 shows the measured pinhole value and it was found

spot found on top of poly-silicon (gate) strip demonstraied greater than the SpQhickness itself. Originally, the pinhole

symptom of the oxide defect. size can predicted smaller from the measured value. During
the physical analysis, it had been expanding further
consequence from the chemical reaction on the oxide layer

V. EMISSIONCHARACTERIZATION AND PHYSICAL during earlier etching step at poly silicon.
ANALYSIS Nevertheless, for precise topology view of the defect c
obtain by using Focus lon Beam (FIB) equipment, which we
From the fault localization result, the obtained emissio effective presenting vertical view of the desire awdthout

profile plotted with intensity profile vs. spatial restotmn of  modifying the originality of the pinhole defect size.

the pixel chart as shown on Figure 8. The high intensity Based on the physical analysis result, it was confirthed

radiated localized from fault M3 p-Ch MOS after penfiarg  short having high possibility induced by the time dependent

crosscheck with Cadence LVStool. The emission welbielectric breakdown models (TDDB). Through the TDDB

indicated the present of leakage current on faulty Ithduhe  models, the failure may originates by grounds of; theall

test. thinning of thin oxide layer, which degraded during the

fabrication process or by hot electron orientation, wlerea

more electrons attract and trapped into oxide, then adatemu

until reaching the attracted final breakdown [11, 12].

250 Emission profile on the OR cell during the test

200
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VI. CONCLUSIONS

In this research, we have shown the failure analysis
technique for gate oxide defect of CMOS VLSI on the @Sl
device. Gate oxide (Sgpdefect is a time dependence defect
and this paper successfully reveals experimentation on the
failure of IC that suffers from field application.

An abnormal emission being spotted and characterized base
on the elevatedph current on the fault cell during the logic
transition. Therefore,pp scan test technique was effective to

Fig.8: P-Ch. M3 MOS showing high radiation from teecessive current localize faulty IC in silicon active area fault througbrft side
generation. FA.
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However, we should note that this method may
ineffectively apply with 65nm to lower scale of teclogies.
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to discriminate if the defect in actual circuit havingedt
impact to the current generation or not. The influences fro
the input frequency for high speed circuit also need to be
considered. It might create blockade to determine the
correlation between the defect and the how much current vall8
elevated inside the circuit during every single CMOS[Z]
transition time during electrical stimulus. At this poifault
localization may become mystified to breakthrough.

In other hand, for higher scaled technologies, even throug
the gate length may reduce to few nm with oxide thicknes8l
<1lnm, the current leakage between the gate and the channel
may occur by quantum tunneling effect. This may cost th?4]
fault localization and isolation techniques become more
complex if depend solely on the elevated or quiescament |5
values. Therefore, the proposal of future work is to sthey t
estimate current measurement for the lower technologg scal
which may facilitate to distinguish between fault-free i@ia [l
faulty one. The experimentation can be achieved at softwaﬁ
level via circuit simulation with technology library supp

Since the interconnection dense and levels increasing by
technology complexity, sample preparation has to innovate fgs]
backside failure analysis. This method highly recommends
overcoming the disadvantages of conventional front-sidé]
failure analysis. Through this advance, silicon area lsa
access without terrified of losing signal strength due td10l
impediment by the metal line or refractive index of sitic
layer. As a benefit, equipment sensitivity may amplify

significantly to localizing the defect. [11]

[12]

collaboration and discussion.
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