
Fabrication and Charactrization of Large Silicon 
Micro-Resistor Array 

 

R.A. Shukla1,2, V. G. Achanta1, S. R. Dugad1, S. P. Duttagupta2, S. K. Gupta1, S. S. Prabhu1 
1Tata Institute of Fundamental Research 

Mumbai, India 
e-mail: raghunandan@tifr.res.in 

 

2Indian Institute of Technology Bombay,  
Mumbai, India 

 

 
 

Abstract— Silicon Photo-Multiplier is a state of the art photo-
detector, capable of detecting extremely low light flux with high 
gain (~ 105) and high resolution. The SiPM consists of a large array 
of Avalanche Photo Diodes (APDs), connected to a common bias 
grid through individual series resistors and biased in ‘Geiger’ 
mode. The series resistor acts as quenching mechanism, which 
stops the avalanche produced in an APD due to incidence of 
photon(s). Thus, the quenching resistor is an integral component 
to the device operation. We have fabricated a large array of silicon 
micro-resistors to be later integrated with SiPM. Amorphous 
silicon thin films were grown with Hot Wire CVD instrument at 
lower substrate temperatures of about 300 ºC. In-situ boron doped 
films of thickness 100 -200 nm were grown and patterned to create 
large array of micro-resistors. Statistical analysis of the resistance 
obtained from individual resistor testing was observed to be about 
7% at 1-sigma level across the array of the resistors. Variation of 
the resistance across rows of the resistor array was comparatively 
lower to be ~5%. A systematic variation in the resistance was 
observed in particular direction of the array and thus could be 
attributed to the variation in the thickness of the deposited film. 
This article describes, characterization of in-situ doped silicon thin 
films obtained using HWCVD process as well as fabrication, 
characterization and analysis of the large silicon micro-resistor 
array.  
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Fig. 1.  Schematic Representation of Silicon Photo-Multiplier (SiPM). 

I.  INTRODUCTION 
Silicon based resistors are integral part of many sensors and 

on-chip circuits. Typically such resistors are integrated with 
main sensor device and last stage of fabrication and thus are 
required to be fabricated at lower temperatures to minimize 
thermal budget of overall device. Silicon Photo-Multiplier 
(SiPM) is one such state of the art photo-detector device capable 
of detecting extremely low light flux with high resolution [1, 2]. 
The SiPM is a large array of avalanche photo diodes (APDs) all 
connected in parallel and biased above their breakdown voltage 
(Geiger mode) for high gain operation. When properly biased, if 
a photon(s) hits the active area of the device, it produces an 
electron-hole pair which gets swept across the junction of the 
APD by high electric field. Due to high electric field carriers get 
accelerated and gain high energy, subsequently imparting it to 
other carriers, thus forming an avalanche. To bring back the 
device to operational mode this avalanche has to be quenched 
which is achieved with a series resistor as shown in Fig 1. 

Thus, the quenching resistor is a vital component to the 
SiPM. Typical size of the resistor is 50 μm × 10 μm. Since SiPM 
typically has few thousand APDs (pixels) and the response of 
the device is summation of individual pixel response. The 
uniformity of the quenching resistance is of prime importance 
for SiPM, as variation of the resistance may cause change in RC 
time constant of the individual diodes during recovery time, 
leading to poor timing response of the device. 

We have explored fabrication of array of such silicon micro-
resistors to be integrated with SiPM. Large number of these 
resistors were characterized using I-V measurements and 
uniformity of the resistance across the array was judged. To 
achieve low thermal budget to grow poly-silicon films, Hot Wire 
CVD (HWCVD) instrument was used. The HWCVD provides 
facility of growing in-situ boron doped silicon films at moderate 
temperatures of 300 °C - 400 °C. 

II. FABRICATION OF SILICON MICRO-RESISTOR ARRAY 
A test structure was fabricated with HWCVD deposited in-situ 
boron doped a-Si films at substrate temperatures of about 300 
°C [3]. Layer stack of the test structure is shown in Fig 2. Highly 
resistive silicon wafer substrate was first deposited with thick 
SiO2 layer for electrical isolation of the substrate. This was used 

 



 
Fig. 2. Layer stack-up of the test structure. A thick layer of SiO2 was used to 
isolate the substrate from resistor array. 

 
as a base substrate to grow Si thin films using HWCVD. 

A. Growth and characterization of the Si thin film 
 

 

Fig. 3. Results from Secondary Ion Mass Spectroscopy (SIMS) measurements 
of a-Si film grown using HWCVD with layer stack as shown in Fig. 2. 

As described earlier, HWCVD was used to grow a-Si films with 
in-situ boron doping. B2H6 was used to introduce boron doping 
(p) into the a-Si film growth process using Silane (SiH4). Growth 
parameters such as SiH4 and B2H6 gas flow was optimized to get 
desired resistivity of the resulting film. Typically films with 100 
-200 nm thickness were grown. Resistivity of the film was 
measured using four-probe sheet resistance measurement. Films 
were also characterized using powder XRD measurement to 
estimate the crystalinity of the film and Secondary Ion Mass 
Spectroscopy (SIMS) to establish doping uniformity of the film 
across the depth. Fig 3 shows the results from the SIMS 
measurements. SIMS measurements indicate relative doping 
across the depth of the sample. SIMS measurements indicate the 
doping of boron in the film to be fairly uniform along its 
thickness. 

B. Process for fabrication of the resistors 
Once the film was optimized and characterized, resistor 

arrays were patterned with photo-lithography and Reactive Ion 
Etching (RIE) system. Size of the individual resistor was 10 m  

Fig. 4. Microscopic image of part of the fabricated resistor array. Contact pads 
were provided for charactrization using probes. 

x 50 m and complete array was spread across large area of 
about 5 mm x 5 mm. A thin layer of about 50 nm was deposited 
for passivation onto the sample. Contacts windows were etched 
into the SiO2 thin film for aluminum contacts. Aluminum was 
deposited with RF sputtering and patterned using wet etching 
agent. Final sample was subjected to Rapid Thermal Annealing 
(RTA) cycle optimized at 500 °C for 60 seconds. Annealing step 
was performed in Ar + N2 ambient environment. Microscope 
photograph of the final sample is shown in Fig 4. Large number 
of these resistors were characterized with I-V measurements 
using probe station before and after final annealing cycle. 
Characterization procedure and results are described in the next 
section.   

III. CHARACTERIZATION AND RESULTS 
Fabricated resistors were subjected to I-V characterization 

and rigorous analysis of the measurements was done to estimate 
uniformity of the resistance across the sample. Uniformity of 7% 
was achieved at 1-sigma level. I-V characteristics of the resistors 
were recorded by using Keithley source meter. Measurements 
were done before and after final annealing cycle.  

Fig 5 (a) and (b) shows the I-V characteristics of a resistor, 
before and after annealing cycle, respectively. Annealing cycle 
removes the Schottky barrier formed at the Al-Si contact and 
thus significant reduction in the resistance is observed. About 
100 resistors were measured before annealing. Analysis was 
performed to estimate nature and source of non-uniformity in the 
resistance.  

Fig. 5. IV Characteristc of a resistor a) before anneling and b) after annealing. 

 

 



Fig. 6. a) 2-D bar graph showing variation of the reisstance across the array, distibuted as rows and columns. b) Average resistance of each column as function of 
column number. This indicates systematic variation in the resistance across the columns. c) Average resistance of  rows plotted for respective rows. This shows 
comparively lower varitaion in the direction of columns.                                                                                                                   

Fig 6 (a) shows the visualization of the resistance across the 
sample. Systematic variation of the resistance can be seen from 
one end of the array to another. Further, average of the resistance 
of each column was calculated and plotted as a function of the 
column number. Fig 6 (b) shows clear trend in resistance 
variation. This indicates non-uniformity of the resistance due to 
variation of the film thickness, which can be improved by 
optimizing the deposition conditions further. Fig 6 (c) shows the 
average resistance of rows for each row. Fig 7 shows the 
histogram of the resistance measured at different parts of the 
array after annealing. The variation of about 7% has been seen.  
The variation of the resistance across the column was seen to be 
lower (~ 5%).  

Fig. 7. Histogram of resistance measured from different parts of the array after 
anneling process. Variation of about 7% is observed at 1-sigma level.  

IV. CONCLUSION 
Quenching resistor is an integral component of the large area 

pixel detectors like SiPM. The uniformity of these resistors is of 
prime importance for SiPM as variation of the resistance may 
cause change in RC time constant of the individual diodes during 
recovery time, leading to poor timing response of the device.  

We have fabricated a large array of silicon micro-resistors to 
be later integrated with SiPM. Amorphous silicon thin films 
were grown with HWCVD instrument at lower substrate 

temperatures of about 300 ºC. In-situ boron doped films of 
thickness 100 -200 nm were grown. Films were later patterned, 
passivized and aluminum contacts were made using optical 
lithography. Fabricated resistors were thoroughly characterized 
using individual I-V measurements. Detailed analysis of the 
recorded I-V data was carried out by fitting the measured I-V 
data with first order polynomial and recording fit parameters for 
each of the tested resistors. Statistical analysis of the resistance 
obtained from fit parameters indicate variation of about 7% at 1-
sigma level across the array of the resistors. Variation of the 
resistance across rows of the resistor array was comparatively 
lower to be ~5%. The systematic variation was mainly observed 
across the rows of the array as indicated in Fig 6 (c) and thus 
could be attributed to the variation in the thickness of the 
deposited film. 

ACKNOLEDGMENT 
Part of the reported work was carried out at the IITBNF, 

IITB under INUP program which is sponsored by DIT and 
MCIT, Government of India. We thank all the IITBNF staff and 
INUP mentors for their support and encouragement. SIMS 
measurements were performed at SAIF facility of IITB 
sponsored by DST, Government of India. 

REFERENCES 
[1] R. A. Shukla, S. R. Dugad, C. S. Garde, A. V. Gopal, S. K. Gupta, and S. 

S. Prabhu, “A micron resolution optical scanner for characterization of 
silicon detectors”, Review of Scientific Instruments 85, 023301 (2014); 
doi: 10.1063/1.4863880 

[2] P. Buzhan, B. Dolgoshein, L. Filatov, A. Ilyin, V. Kantzerov, V. Kaplin, 
A. Karakash, F. Kayumov, S. Klemin, E. Popova, and S. Smirnov, Nucl. 
Instrum. Methods Phys. Res., Sect. A 504, 48 (2003). 

[3] Nitin S. Kale, Sudip Nag, Richard Pinto, and V. Ramgopal Rao, 
“Fabrication and Characterization of a Polymeric Microcantilever With 
an Encapsulated Hotwire CVD Polysilicon Piezoresistor”, Journal of 
Microelectromechanical Systems, Vol. 18, No. 1, February 2009. 

 

  
 

 

 

                   
 

(a)                                                                  (b)                                                          (c)  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


