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VL Sl Design D ebug Using Focused lon Beam Technology

Chang Xu ( )

(N ational M icroanalysis Center, Fudan U niversity, Shanghai 200433)

Abstract The use of focused ion bean (FB) systems to edit prototype integrated circuits
(ICs) has been increasingly relied upon by the samiconductor industry. This paper develops
methods for very large scale integrated circuit (VL SI) design debug using FB, including
probing pad formation for degp node signal and device modification for prototype ICs D iffer-
ent modification m ethods for different VL SImanufacturing processes are described T he elec-
tric properties of the deposited material and the reliability of themodification are discussed
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1 Introduction

U rged by the developments in the electronic industry tow ards miniaturization, the
level of integration of integrated circuits (ICs) has steadily increased and the typical di-
mensions of the constituent devices have steadily decreased T he assciated increase in the
costs for the development of complex ICs and the demand for a short time-to-market for
electronic products have resulted in the need for a submicron tool cepable of testing and
modifying malfunctioning circuits in very large scale integrated circuit (VL SI) design'™.
For this reason the focused ion beanm (FB) technology is getting increasingly important
During FB process, a beam of Ga’ ions is electrostatically focused into a 50nm spot and
scanned over the surface of the sanple The interaction of the ion beam w ith the sanple
results in the ejection of atom s from sanple surface and the production of secondary elec-
trons and ions T he secondary charged particles can be collected, and their signals anpli-
fied and digplayed to form an mage of the surface Theproduction of ejected neutral atom s
is generally referred to as guttering If the bean is rastered over a certain area for a
length of time, materialw ill be reanoved from that area D eposition ispossible in thepres
ence of organometallicor TEOS gas T he scanning parameters can be adjusted to decom-
pose themoleculesw hich are introduced in the area of the ion beam and adsorbed onto the
surface, forming ametal or insulator layer'®.
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Thispaper developsmethods for mechanical probing pad formation and device modifi-
cation by using F B for different VL SImanufacturing processes T he electric properties of
the deposited material and the reliability of the modification are discussed Several points
of concern are highlighted

2 Expermentand Resaults

The FB systan used in this paper is a FEI model FB200xP systan, with a Ga’
LM IS operating at a bean energy of 30keV. The systen uses organometallic (CeH1sPt)
and TEOS as the precursor gases for conductor and insulator deposition They are deliv-
ered to the sanple via a stainless steel tube of 0.4mm i d placed within 100m from the
surface, the tubemaking an angle of 45°w ith the sanple nomal The background pres
sure in the chanber is typically 1.33x 10 ‘Pa By ollecting the ion-induced secondary
electronsor the secondary ions generated by the beam, in-situ maging is achieved End-
point detection is accomplished by monitoring the secondary ions to detect the change in e
mission at the sam iconductor material interface

VL Sl design is a complex process requiring frequent revisions and multiple design it-
erations The flow of a typical design debug isasfollows (1) Discover fault through sys
tem level test; (2) fault localization through electric test; (3) fault isolation and signal
probing; (4) design fix by re-laying out circuit; (5) smulate fix through simulation en-
ging (6) verify fix by performing on-silicon device modification; (7) implement fix by
generating a nev mask set and manufacturing fix devices For testing and modifying, FB
can be used to cut metal lines by suttering through the metal lines, or to rearrange con-
nections by locally cutting through the passivation on top of two lines and deposition of a
Pt interconnect betw een these lines Similarly, al probing padsfor electric testing can be
deposited on devices W ith the aid of insulator deposition, the re-insulation of cut IC
w iring and F B deposited conductors is available
2 1 DeviceM odif ication

For devicesw ith design rules exceeding 1um and two or three layersof interconnects,
it is generally possible to find an access point for each track or signal which is not com-
pletely covered by other metal layers Such devices can be repaired by directly F B-9ut-
tering to cut and uncover tracks in conjunction w ith F B-induced conductor deposition for
the interconnects Figure 1(a) isa top viev of such modification T he deposited intercon-
nects have high concentrations of mpurities A uger analysis of the surface platinum film
gives the composition ratios to be  50% Pt, 34% of C, 15% Gaand 1% O. The
resistivity is detemined to be about 300uQ* an using four-point probe test, w hich falls in
the range 70 100uQ* an that onewould expect for pure metals N evertheless, even at
this resistivity, themodification has been tested as having good effectiveness The Pt-A |
via is then sectioned to give an illustration Figure 1(b) show s that the alum inum linew as
cut off about 20 percent and the platinum made good contact w ith the aluminum track
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Fig 1 Rewiring in wo-level metal structure using F B-induced Pt deposition

Themost complex devices have four or more layersof interconnects, w ith the upper
layers often being in w ide pow er or ground buses, or even bond pad covering much of the
signal interconnects in the lower levels The forw ard modification hasmuch difficulty to
route buried tracksw ithout removing large areasof the coveringmetal plane W ith the in-
troduction of F B-induced local insulator deposition, a nev method show n schematically in
Fig 4 is developed to overcome this Iimitation First, on each side aviaw ith 3 3.5um in
w idth is drilled dow n through the top metal into the dielectric layer below (Fig 2(a)).
Enhanced etching is used for thisprocess to avoid any re-deposition effects that would oc-
cur by guttering alone and to make a higher-agpect-ratio via Thisvia is then back-filled
w ith the insulator deposition material to a degpth of 2 3um (Fig 2(b)). Once the insula-
tor deposition iscompleted, enhanced etching isused to mill a snaller via through the cen-
ter of the original hole to expose a contact w ith themetal track below (Fig 2(c)). Final-
ly, Pt material is deposited into the hole to bring the signal to the surface (Fig 2(d)).
Figure 3 show sa F B cross-section through a completed via structure T he deposited insu-
lator. which is analyzed by A uger electron gpectroscopy. (A i Al ilicon
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Fig 2 Rawiring technique using Fig 3 FB imageof a completed via structure,
silicon dioxide deposition by F B. show n schematically in Fig 2
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and oxygen and al®o 5% Ga T he leakage betw een the deposited platinum and the pow er
line is detemined to be less than 2nA at 30v, corregponding to an isolation resistance of
15GQ, more than enough for a successful F B repair.
2 2 Probing Pad Formation

VL SI simulation modeling cannot alw ays duplicate all of the independent variables
found in a systam level gpplication Sometimesmonitoring the logic states at multiple in-
ternal nodesw hen operating in the native environment is the only w ay of debugging a sub-
tle design error. In this situation, FB technology is used to provide microprobe access
points to deeply buried nets, which is achieved by drav ing the electrode from the low er
level metal layer. Typically, aholeof approximately 1.5% 3um ismilled to contact acces
sible pointson the net lines, and filledw ith platinum to create studs A 15x 15x 2um pad
connected to the studs is deposited on the surface formechanlcal tip touchlng At the same
tme, the tested devices are eIectncaIIy‘ ko k. St L det
iolated using FB cutting Figure 4 show s ah ; TN
successful pad formation deposited on the sur- &
face of a E’PROM array, inw hich the probing
pad is just over the studs The ground line of |
this array is cut as shown !

3 D iscussion

FB-induced vias and interconnects are
not zero ohm connectionsand F B cuts are not
perfect open circuits The resistivity of the
F B interconnects varies considerably depend-

Fig 4 M echanical probing pad

fomation using F B.

ing on the deposition sourcematerial, the ion bean parametersused during the deposition,
and the precursor gas flux (w hich, in turn, is dependent on the needle position relative to
the sample, needle diameter, crucible temperature and chamber vacuum). If longw iring
runs more than 200um are required, low er resistivity interconnects can be achieved by
combining FB local connectionsw ith long laser CVD (LCVD) deposited gold conduc-
tors”. In this technique, agold carrier gas is decomposed by a scanning laser beam, leav-
inga5 10um wide gold line on thework surface The resulting sheet resistance of the
L CVD gold lines ison theorder of 0. 1Q/0. The capacitance of the interconnects is aimost
mpossible to model, because it dependson a lot of paraneters that cannot be controlled
like substrate layout, dielectric thickness, dielectric constant, etc But there definitely is
capacitance and it will affect signals in the F B deposited lines If we know that a connec-
tion isparticularly sensitive to resistance and capacitancew e should takem easures to mini-
m ize these effects L ikew ise, these propertiesmay be used to slow a signal or cure a race
condition FB cutsare just trenchesm illed across a conductor, w ith gallium mplanted in-
to the bottom of the trench'*. W hile this is an open circuit for most OM O'S processes,
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there is a snall leakage across the trench that can be a trouble in certain high voltage or
analog processes

It has been traditionally believed that FB irradiation contributes to the failure of a
VL Sl device'®. FB imaging and circuit modification processes can cause electrostatic dis-
charge (E9D) danage in ICs In general, the success rate of F B modifications is increased
by reducing the ion dose for maging and navigation purposes to an abolutem inimum. Ex-
treme care must be exercised when performing circuit modifications on certain types of
ICs, particularly when the modifications are in close proximity to the active (transistor)
regions Evenw ith these precautions, post-modification electric testing may indicate that
the ICs are altered to some extent by FB exposure

4 Conclusions

Even the most pow erful circuit modeling systans cannot alw ays generate 100% chip
functionality on first revision silicon Chip design layout and logic errors can be extramely
damaging to one’ s business in tem sof both increased development costs and delayed time
to market U sing F B-assisted design debug developed in this paper, designers can now
minimize tme and expense during the design cycle by modifying a prototype device rather
than creating a nev prototypew afer.

A s the first commercial FB systan in China, wew elcome customers to our center at
Fudan U niversity. Both individual die and packaged parts can be accommodated The san-
plemust be vacuum compatible and conductive samples are preferred

References

[1] M. Abrano and R. W asielew ski,“ FB for Failure A nalysis, ” Semiconductor International, 1997, pp. 133 134

[2] FEICompany, FB W orkstationU ser’ s Guide, 1997.

[3] J Funatsuetal ,J Vac Sci Technol B, 1996, 14(1): 179 180

[4] H. Komano etal , IEEE Trans Electron Devices, 1988, 35:899 902

[5] R G Leeandd C Morgan,” Integration of a Focused lonBean System in a FailureA nalysis’, Proc of the 17th
Int Symp. for Testing and Failure A nalysis, 1991, pp. 85 95



