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I. INTRODUCTION

This report describes the results obtained for measureneantied out on a chip fabricated through
Mosis under the MEP research programme (Design Nunitart9, Fab-ID: 752G AH). The fabricated
test structures are described in section Il. Measuremefaboicated passive devices are given in section
[ll, while section IV presents the measurements of activaads. Firstly, however, it is important to put
this work in context with previously published material. @tad with the advancements in the performance
of active device technologies of modern semiconductorgsees there has been a simultaneous increase
in the number of metal layers which allow for more intricatgngl routing techniques for RF device
characterisation. This work focusses on the developmemptmum de-embedding test structures for
measurement of a SiGe HBT (emitter areal.25um?) on IBM's 0.24 um 6HP BiCMOS technology
[1]. This process ha$ metal layers, including a thick top metal layer tailored gfeally for high
Q applications. The well know four step procedure, reqgirantotal of 5 de-embedding standards, is
employed to de-embed the DUT [2]. Figure 1 shows the strastuequired to implement the four step
de-embedding procedure. Figure 2 shows an impedance basdel of the parasitics of structure of
figure 1. Structure® to 5 are used to characterise and remove each of the parasitarsién to obtain
accurate DUT data. The standard approach to de-embeddegyjust one metal layer [2] while more
sophisticated approaches have proposed ground planes {8J-ax type arrangements [4]. While these
approaches have been studied upidsHz, here we examine the behaviour of a wide variety of stinest
up to 50 GHz.
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Fig. 1: DUT and corresponding de-embedding structures
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Fig. 2: Representative impedance model of test structurasities

Il. TESTSTRUCTUREOPTIMISATION

In order to take advantage of tisemetal layers (metal to metal6) available in the BICMOS process,
five different test structures have been developed. For eéHh and test structure set, anothérde-
embedding standards, specific to each test structure, hese fabricated (total of5 test structures).
Figures 3 and 6 show cross-sections of the region AA" of theTBdtructure of figure 1 for each of the
fabricated structures.
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Fig. 4: M1 ground shielded test structure

Figure 3 shows the most basic of the de-embedding test stascthat employs just one metal layer
for signal routing (standard structure). The shield baseatwire of figure 4 utilises the lowest layer of
the process, metdl, to provide a substrate shield for the signal linel(structure). A similar structure,
using metab as the substrate shield, has also been fabricatéds{Mcture). More advanced test structure
cross-sections are shown in figures 5 and 6. Figure 5 illiestra structure that utilises the lower five
metal layers and corresponding via interconnects to forraeked ground plane underneath the signal
line (stacked structure). A structure, similar to that preéed in [4], is shown in figure 6. In this case
the signal line, metab, is completely surrounded by a ground shield to form a typereivafer coaxial
environment (surround structure).
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Fig. 6: Surround structure

IIl. M EASUREDTEST STRUCTURE PARAMETERS

Detailed s-parameter measurements have been carriedoonts60 MHz to 50 GHz us a HB510C
network analyser. Each of the parasitics of the test fixtundehof figure 2 can be extracted and analysed
using the de-embedding structures of figure 1. Detailedyaisabf the parasitics of the RF signal pads,
Z. and Z,, has been investigated in many previous publications. Wik focuses on the test structure
parasitics beyond the pads that are a result of the connetdidhe intrinsic DUT terminals. The full
open and full short de-embedding structures are used ferpilmipose. The full open standard is used to
extract the parasitics labelled, and Zs in figure 2. Figure 7 shows the forward coupling;, for each
of the five different full open standards (Standardl, M5, Stacked and Surround) frof®0 MHz to 50



GHZ'. As the HBT device is very small the fixture gap separating tiuti and output signal lines is
only 7.0 um.
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Fig. 7: S-parameter measurement of open standards
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Fig. 8: Extracted forward coupling capacitance

TNote that the symbols in the graphs are not shown for every messlata point so that each symbol can be easily discerned
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Fig. 9: Extracted ground coupling capacitance

As seen in figure 7 the stacked structure offers improvedaigo over the standard, Mand Mp
structures. Even greater isolation between input and ouypris is achieved with the surround structure.
The effect of this increased isolation can be illustratedendearly by analysing the forward coupling
capacitance of each structur@,, the coupling capacitance from the base terminal of the HBThé
collector terminal, is shown for each of the test structurefigure 8. The surround structure achieves
the lowest level of forward coupling capacitance and alspldys the least variation over frequency. The
parasitic, 73, is the coupling capacitance from the input (base) and ouytmilector) signal lines to the
emitter ground line connection. The extracted ground dogptapacitance(’s, is illustrated in figure 9.
Due to the top and bottom metal ground layers of the surrotmattsire, the surround structure has the
largest ground coupling capacitance which is the only apgadisadvantage of this structure.

The impedance model of figure 2 shows that the signal trackiibate the parasitics labelled;, 7,
and Z;. These parameters are measured using a full short stanstandtgre5 of figurel). Figure 10
shows an s-parameter plot of the input reflection co-efficign, of each of theb different test structures.
Increases in resistive and inductive components of a lieecharacterised by an increase in the radius
of the Smith chart response. In the standard full short gtrac(structure5 of figure 1) a long metal
line is needed to connect the intrinsic emitter terminaln® ground pads. For the shield based full short
(structure6 in figure 1) this long length of line is not required as the ceetion from the emitter terminal
to ground can be made directly to the ground shield usingck stevias. Hence the Smith chart response
is much improved once a shield based structure is employexvidenced by the smaller circles on the
Smith chart. Figure 11 shows the extracted resistance &drthe short standarélsThe surround, stacked
and M structures provide the least resistance. In terms of irchegt, the surround structure out performs
all other structures and provides the greatest immunitydquency variations (figure 12).

fNote that the measured results for thés Btructure have not been included in figure 11 for reasonsanftglas the curve sits very close to that of the
surround and stacked structures
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Fig. 10: S-parameter measurement of short standards
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Fig. 11: Short standard extracted resistance
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Fig. 12: Short standard extracted inductance

IV. HBT M EASUREMENTS

This section presents measured results for the fabricaB tkansistors. Transistors, embedded within
the 5 different test structures were fabricated. In each caséestestructure parasitics were de-embedding
from the raw measured data. Figures 13 to 17 illustrate thea&ed small signal gairf,;, for each of
the HBT devices fronb00 MHz to 50 GHz. As can be seen very consistent results are achieved. The
measured data follows the theoretica0 dB roll-off very closely in all cases.
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Fig. 13: De-embedding HBTho; | for standard test structure
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Fig. 14: De-embedding HBThs; | for M1 test structure
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Fig. 15: De-embedding HBTh; | for M5 test structure
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Fig. 16: De-embedding HBTh2; | for stacked test structure
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Fig. 17: De-embedding HBTho; | for surround test structure

V. CONCLUSION

Detailed measurements fro600 MHz to 50 GHz on the IBM chip (Design Numbef72519, Fab-
ID:T52GAH) have been presented. It has been demonstrated that thiy qpfabe-embedding test
structures can be improved dramatically using the stacketespecially the surround structures. The
isolation levels achieved with the surround structuresvipless great scope for fabrication of improved
scalable de-embedding structures such as that originaigepted in [6]. Even though it has been
demonstrated that the traditional standard de-embeddmgtsres still achieve very good results, it is
judicious to use the best quality structures.



REFERENCES

[1] S. A. St. Ongeet al., “A 0.24 um SiGe BiCMOS mixed-signal RF production technology featmra 47 GHz fr HBT and0.18 um L.y¢ CMOS,”
Proc. of the 1999 Bipolar/BiCMOS Circuits and Technology Meeting, pp. 117-120, 26-28 Sepember 1999.

[2] T. E. Kolding, “A four-step method for de-embedding gigetzeon-wafer CMOS measurement$EEE Trans. on Elec. Dev,, vol. 47, no. 4, pp. 734-740,
April 2000.

[3] J. A. O’'Sullivanet al., “Verification of layout efficient shield based de-embeddiachniques for on-wafer HBT characterisation uB3@GHz,” Proc.
of the 2005 ICMTS, vol. 18, pp. 119-124, April 4-7 2005.

[4] T. Kaija et al., “A novel test fixture with enhanced signal port isolaticapability for on-wafer microwave measurement®foc. of the 2005 ICMTS,
vol. 18, pp. 177-181, April 4-7 2005.

[5] J. D. Cressler and G. NiuSlicon-Germanium Heterojunction Bipolar Transistors, Artech House, 2003, pp. 149-151.

[6] T. E. Kolding, “Shield-Based Microwave On-Wafer Devibéeasurements,|EEE Trans. on MTT, vol. 49, pp. 1039-1044, June 2001.



