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1. Introduction

CMOS technology is increasingly being applied to de-
velop devices for medical and life science research. One
important application is the imaging of the brain to study its
functions [1]. We have been developing CMOS neural im-
aging tools which are capable of real time in vivo imaging
of the intact brain at arbitrary depths [2-3]. In our previous
work, we have successfully demonstrated functional imag-
ing inside the intact brain using a CMOS imaging device.
In this work, we combine CMOS and MEMS technologies
to develop a next generation device incorporating an imag-
ing array and electrodes onto a single minimally invasive
neural imaging and interface device.

2. CMOS Imaging and Interface Device
Sensor Chip

A single device that is capable of simultaneous imaging
and electrophysiological experiments will add another di-
mension to our understanding of the brain functions. This is
helpful for the study of various brain disorders such as
Parkinson’s disease or epilepsy. Using standard 0.35 um
CMOS process, we have designed and fabricated a sensor
chip for imaging and electrical interfacing with the mouse
hippocampus. It consists of electrodes strategically located
on an image sensor array as shown in Fig. 1. To reduce
cross-talk between the image sensor operation signals and
the electrode signals, the metal interconnections are sepa-
rated from each other on different layers. The chip specifi-
cation is listed in Table 1 while its schematic is shown in
Fig. 2.
Postprocessing and Packaging

In order to perform on-chip fluorescence imaging, we
integrated excitation light sources in the form of LEDs lo-
cated under the sensor chip. A checkered pattern of backlit
vias were included onto the sensor to enable the LED light
to propagate through the sensor and illuminate the biologi-
cal tissue in contact with the sensor front surface. A novel
process was developed to postprocess the sensor chip and
package it for invasive imaging. The process is shown in
Fig. 3. First, an Al etch mask for etching the backlit vias
was patterned onto the backside of the chip. The backlit
vias were etched using the DRIE Bosch process. The chip
was etched until the transparent passivation layer was
reached. The LEDs (peak wavelength 365 nm) were at-
tached to a flexible preprinted polyimide substrate by
flip-chip bonding. The postprocessed chip was then at-
tached on top of the LED. A filter which has cut-off wave-
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length below 400 nm was spin coated onto sensor surface.
Pt bumps were formed onto the exposed Al electrode. Fi-
nally, the device was sealed in a transparent epoxy and a
needle was attached for injection of chemical inside the
brain.

3. Verification Experiments
Fluorescence Imaging

The fluorescence imaging capability of the device was
evaluated by using a brain phantom. The brain phantom has
similar optical transmittance to the mouse brain within the
365 to 460 nm wavelength range. AMC fluorophore (ab-
sorbance peak: 380 nm, fluorescence peak: 460 nm) was
mixed into the phantom and fluoresce when illuminated
with light from the LED. The signal level from the image
array was plotted as a function of the AMC concentration
as shown in Fig. 4.
Electrical Interfacing

We tested the capability of the embedded Pt electrodes
for stimulation in vivo. The packaged device was inserted
until the Pt electrodes reached the Schaffer collateral. An
external 100 pm W electrode was used as the recording
electrode. A typical recorded signal response is shown in
Fig. 5. These result verify that the on-chip Pt electrodes can
inject sufficient stimulus current to induce normal synaptic
response at the CA1 region.

4. Conclusion

We have developed a CMOS imaging device for simul-
taneous fluorescence and electrical interfacing with the
mouse brain. Further work using the device for in vivo ex-
periments is underway.
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Table 1 Specification of CMOS sensor chip.

Technology 0.35 pm std. CMOS 4M2P
Operating voltage 3.3V

Chip size 2mmx 2.2 mm
Image pixel type 3-transistor APS

number 224 x 164 (non-rectangular)
size 7.5x7.5 um?
Photodiode type Nwell-Psub
size 19.75 um?
Backlit via size 85 x 85 um?
number 26
Electrode size 90 x 90 um?
number 4

Image sensor output Serial analog voltage

Backlit via

95 um
Al electrode
@ optical pixel electrode
Implant v

Schaffer collateral. C_A_1_..—""'-—

A N
hippocampus (4 mm) soma (50 um)

Fig. 1. Dedicated CMOS sensor chip for in vivo imaging and
interfacing with neurons of the mouse hippocampus.
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Fig. 2. Schematic of the sensor circuit showing the imaging
array, and column and row circuits.
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Fig. 3. Post-processing of the sensor chip and packaging process
flow of the device. (i) Sputter Al and pattern photoresist on back-
side of chip, (ii) wet-etch Al as mask for DRIE, (iii) deep reactive
ion etch backlit via and sensor outline (Bosch process), (iv)
flip-chip bond LED onto polyimide substrate, (v) attach sensor
chip on top of LED and spin coat filter resist, (vi) laser-assisted
ablation of resist at bond sites followed by wire bonding of input
output pads and forming Pt bump onto Al electrodes, (vii) seal
with transparent epoxy and precision laser cut out final shape. An
injection needle is attached onto the device for chemical delivery.
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Fig. 4. Fluorescence signal as a function of AMC concentration
(background level is normalized to 100%).
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Fig. 5. Typical in vivo recorded signal after single pulse (100

us) stimulation from the Pt electrodes.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




