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Abstract—In this letter, a heterogeneous interconnect
stitching technology is proposed. Stitch chips with high-
density fine pitch wires are placed between the substrate
and the active chips. Fine-pitch microbumps are used to
bond the chips and provide high density and low-energy
signaling. Compressible microinterconnects (CMIs) are
used to compensate for package non-planarity and enable
chip-package interconnection. A testbed with two passive
chips and one stitch chip was fabricated and assem-
bled. The post-assembly electrical resistance values of the
microbumps and CMis, as well as the mechanical com-
pliance of the CMIs, are measured. The resistance of the
microbumps ranges from 77.8 to 188.3 uQ and the resis-
tance of the CMIs ranges from 141.2 to 252.9 mQ. The
mechanical compliance of the CMI is approximately 13.7
mm/N with a vertical elastic deformation of up to 30 um.

Index Terms—3D IC, flexible interconnects, heteroge-
neous integration, interconnect, system-in-package.

I. INTRODUCTION

HERE is an ever increasing need to integrate multiple

dice of various functionalities, including ASICs, CPUs,
GPUs, FPGAs, microsensors, photonics, MEMS, and RF com-
ponents into a single package [1] [2]. This need has spurred
significant research in heterogeneous interconnection plat-
forms, including silicon interposer (2.5D IC [3]), embedded
multi-die interconnect bridge (EMIB) technology [4], and chip
stacking (3D IC [5]-[7]). While each of the aforementioned
solutions has benefits, they also have potential limitations, as
noted in Table. L.

To avoid these shortcomings, we present a hetero-
geneous interconnect stitching technology (HIST) plat-
form to enable the interconnection of multiple dice
(or “chiplets”) of various functionalities in a man-
ner that mimics monolithic-like performance, yet utilizes
advanced off-chip interconnects and packaging to pro-
vide flexibility in IC fabrication and design, improved
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Fig. 1. Schematic of the HIST platform.

scalability, reduced development time, and reduced cost.
Figure 1 illustrates the schematic of a HIST platform. A stitch
chip with high-density fine pitch wires is placed between the
substrate and the chiplets. Fine-pitch microbumps are used
to bond chiplets to the stitch chip to provide high-bandwidth
density and low-energy signaling. Compressible microinter-
connects (CMIs) are used to compensate for package non-
planarity and enable chiplet-package interconnection. CMIs
are pressure-contact based interconnects designed to interface
with a pad on the package substrate. Compared to competitive
solutions, the advantages of HIST include the following: HIST
achieves a similar signal bandwidth density as the silicon
interposer technology [8], but is not reticle-size limited, thus
making it very scalable in size; HIST eliminates the need
for through-silicon-vias (TSVs) in the substrate for decreased
cost and improved signaling [9]; HIST is based on die-to-
die face-to-face bonding, and thus there are no intermediate
package levels, which enables higher signal I/O pitch and
lower capacitance; and lastly, HIST can be applied to any
packaging substrate (organic, ceramic, etc) since HIST is
augmented to the top-most surface of the package substrate.
The presence of CMIs can also improve system mechanical
reliability. In addition, the integration of silicon photonics is
another promising application of HIST, as illustrated in Fig. 1.

Il. FABRICATION AND ASSEMBLY

Scanning electron microscope (SEM) images of a chiplet
are shown in Fig. 2. In this effort, 20 gm and 10 xm pitch
Cu-Au microbumps are fabricated with a lift-off process.
The gold-coated NiW alloy CMIs are approximately 55 x¢m in
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TABLE |
COMPARISON OF DENSE FINE PITCH INTERCONNECT SOLUTIONS

HIST (THIS WORK) EMIB [4] Silicon Interposer [7] Chip Stacking [6] [7]
Microbump pitch <20 pm ~50 pm 30-60 pm >7.6 pm
Footprint Scalable Scalable Limited Scalable (vertical)
Interface Si-Si Face-to-face Si-Organic-Si Si-Si Si-Si
Require TSV No No Yes Yes
Agnostic to substrate Yes No - -
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Fig. 2. SEM images of the chiplet with microbumps and CMls.

height, 20 gm in width at the tip, 200 gm in length, and are on
a 200 um pitch. Since CMIs are lithographically defined, they
can be miniaturized. In order to maximize the vertical elastic
range of motion, an approximately tapered design is adopted
to distribute the stress along the body of the CMI during
deflection. The upward-curved profile of the CMI ensures that
the tip of the CMI remains in contact with the mating pad
during deflection.

The chiplets were assembled with a Finetech Fineplacer
Lambda flip-chip bonder using a thermal compression process.
A force of 5 N was applied during bonding with a maximum
temperature of 300° C. Optical and x-ray images of the
assembled chiplets are shown in Fig. 3. In this demonstration,
the stitch chip on the package was emulated by a step-like
structure that is approximately 40 xm in height. As shown in
the SEM image, part of the chiplet is bonded to the stitch
chip, while the rest of the chiplet is suspended above the
substrate and supported by the CMIs. Note that the CMIs
traverse the height of the stitch chip that is “sandwiched”
between the package substrate and the chiplets to provide
the needed electrical interconnection to the package substrate
(power delivery and other signaling needs). Figure 3 shows a
die micrograph and an X-ray image of the assembled HIST
testbed. Two chiplets are placed side-by-side on the stitch
chip and the substrate. For testing purposes, approximately
half of the chiplet area is occupied by microbumps to support
high density interconnects to the stitch chip, while the other
half is occupied by CMIs that interconnect to the pack-
age substrate. In this testbed, the dice are not underfilled.
However, technologies for applying underfill within the small
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Fig. 3. (a) Optical image; (b) X-ray and SEM images of the HIST testbed
after assembly.

gap and the high-density microbumps have been demonstrated
in [10] and may be used when needed.

[1l. MECHANICAL AND ELECTRICAL MEASUREMENTS

Mechanical compliance is a key property of the CMI and
was measured using a Hysistron Triboindenter, as shown in
Fig. 4. Five CMIs located at different regions of the chiplets
were measured, and the results are shown in Fig. 4. The
indentation results show that the mechanical compliance is
approximately 13.7 mm/N, and CMIs can achieve up to 30 ym
of vertical elastic deformation.

The post-assembly resistance values of the 20-um pitch
microbumps and the CMIs are measured with Kelvin resis-
tance structures. A Keithley 2182A voltmeter and a Keithley
6220 current source are used to perform the measurements
with a Karl-Suss probe station, as shown in Fig. 5. The resis-
tance of the microbumps ranges from 77.8 #Q to 188.3 pQ.
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Fig. 5. Kelvin resistance measurement setup and results.

The cause of the data variation is the misalignment of the
assembled testbeds due to limits of our in-house flip-chip bon-
der. The resistance of the CMIs (including contact resistance)
ranges from 141.2 mQ to 252.9 mQ. The current carrying
capability of flexible interconnects of similar materials and
approximate dimensions has been demonstrated tobe up to 1 A
[11]. Simulations using ANSYS HFSS show that the insertion
loss of the CMIs is approximately 0.26 dB at 20 GHz. This
value is significantly lower than the loss of TSVs [3], [12].
The inductance (extracted from the simulated S-parameters at
1 GHz) of the CMIs is approximately 156 pH. The size of

the CMIs can be decreased since they are lithographically-
defined, which will further decrease the loss and inductance.

IV. CONCLUSION

In this letter, a Heterogeneous Interconnect Stitching Tech-
nology (HIST) testbed is fabricated and assembled for the
first time. The post-assembly electrical resistance values of
the microbumps and compressible microinterconnects are
measured. The proposed HIST platform strives to achieve
monolithic-like performance, yet utilizes TSV-less high-
density interconnection using stitch chips that are integrated
between the chiplets (i.e., logic-, memory-, sensors-die, etc)
and the package substrate.

REFERENCES

[1] K.-W. Lee, A. Noriki, K. Kiyoyama, T. Fukushima, T. Tanaka, and
M. Koyanagi, “Three-dimensional hybrid integration technology of
CMOS, MEMS, and photonics circuits for optoelectronic heterogeneous
integrated systems,” IEEE Trans. Electron Devices, vol. 58, no. 3,
pp. 748-757, Mar. 2011.

[2] J.-Q. Lu, “3-D hyperintegration and packaging technologies for micro-
nano systems,” Proc. IEEE, vol. 97, no. 1, pp. 18-30, Jan. 2009.

[3] N. Kim, D. Wu, D. Kim, A. Rahman, and P. Wu, “Interposer design
optimization for high frequency signal transmission in passive and
active interposer using through silicon via (TSV),” in Proc. IEEE
Electron. Compon. Technol. Conf. (ECTC), Jun. 2011, pp. 1160-1167,
doi: 10.1109/ECTC.2011.5898657.

[4] R. Mahajan, R. Sankman, N. Patel, D.-W. Kim, K. Aygun,
Z. Qian, Y. Mekonnen, I. Salama, S. Sharan, D. Iyengar, and
D. Mallik, “Embedded multi-die interconnect bridge (EMIB)—A
high density, high bandwidth packaging interconnect,” in Proc. IEEE
Electron. Compon. Technol. Conf. (ECTC), Jun. 2016, pp. 557-565,
doi: 10.1109/ECTC.2016.201.

[5]1 J. U. Knickerbocker, C. S. Patel, P. S. Andry, C. K. Tsang,
L. P. Buchwalter, E. J. Sprogis, H. Gan, R. R. Horton, R. J. Polastre,
S. L. Wright, and J. M. Cotte, “3-D silicon integration and silicon
packaging technology using silicon through-vias,” IEEE J. Solid-State
Circuits, vol. 41, no. 8, pp. 1718-1725, Aug. 2006.

[6] S. V. Huylenbroeck, M. Stucchi, Y. Li, J. Slabbekoorn, N. Tutunjyan,
S. Sardo, N. Jourdan, L. Bogaerts, F. Beirnaert, G. Beyer, and E. Beyne,
“Small pitch, high aspect ratio via-last TSV module,” in Proc. I[EEE
Electron. Compon. Technol. Conf. (ECTC), Jun. 2016, pp. 43-49,
doi: 10.1109/ECTC.2016.155.

[7] T. Kondo, N. Takazawa, Y. Takemoto, M. Tsukimura, H. Saito, H. Kato,
J. Aoki, K. Kobayashi, S. Suzuki, Y. Gomi, S. Matsuda, and Y. Tadaki,
“3-D-stacked 16-Mpixel global shutter CMOS image sensor using
reliable in-pixel four million microbump interconnections with 7.6-xm
pitch,” IEEE Trans. Electron Devices, vol. 63, no. 1, pp. 128-137,
Jul. 2016, doi: 10.1109/TED.2015.2442611.

[8] C. Erdmann, D. Lowney, A. Lynam, A. Keady, J. McGrath, E. Cullen,
D. Breathnach, D. Keane, P. Lynch, M. De La Torre, R. De La Torre,
P. Lim, A. Collins, B. Farley, and L. Madden, “A heterogeneous
3D-IC consisting of two 28nm FPGA die and 32 reconfigurable high-
performance data converters,” in ISSCC Dig. Tech. Papers, Feb. 2014,
pp. 120-121, doi: 10.1109/ISSCC.2014.6757364.

[9]1 X. Zhang, V. Kumar, H. Oh, L. Zheng, G. May, A. Naeemi, and
M. S. Bakir, “Impact of on-chip interconnect on the performance
of 3-D integrated circuits with through-silicon vias: Part 1I,” [EEE
Trans. Electron Devices, vol. 63, no. 6, pp. 2510-2516, Jun. 2016,
doi: 10.1109/TED.2016.2556693.

[10] L. Xie, S. Wickramanayaka, B. Y. Jung, J. A. J. Li, J. Lim, and
D. Ismael, “Wafer level underfill study for high density ultra-fine
pitch Cu-Cu bonding for 3D IC stacking,” in Proc. IEEE Electron.
Compon. Technol. Conf. (ECTC), Dec. 2014, pp. 400404,
doi: 10.1109/EPTC.2014.7028388.

[11] C. Zhang, H. S. Yang, H. D. Thacker, 1. Shubin, J. E. Cunningham,
and M. S. Bakir, “Mechanically flexible interconnects with contact tip
for rematable heterogeneous system integration,” IEEE Trans. Compon.
Packag. Manuf. Technol., vol. 6, no. 11, pp. 1587-1594, Oct. 2016,
doi: 10.1109/TCPMT.2016.2614997.

[12] H. Oh, P. A. Thadesar, G. S. May, and M. S. Bakir, “Low-loss air-
isolated through-silicon vias for silicon interposers,” IEEE Microw.
Wireless Compon. Lett., vol. 26, no. 3, pp. 168-170, Mar. 2016.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


