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Design and simulation of Gaussian shaping amplifier made only with
CMOS FET for FEE of particle detector

WEMBE TAFO Evariste'"?> SU Hong'""

QIAN Yi' KONG Jie! WANG Tongxi'

! Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China

2 Department of Physics, University of Douala, Cameroon

Abstract The objective of this paper is to design and simulate a shaping amplifier circuit for silicon strip, Si(Li),

CdZnTe and Csl detectors, etc., which can be further integrated the whole system and adopted to develop CMOS -

based application, specific integrated circuit for Front End Electronics(FEE) of read-out system of nuclear physics,

particle physics and astrophysics research, etc. It’s why we used only CMOS transistor to develop the entire system. A

Pseudo-Gaussian shaping amplifier made by fourth-order integration stage and a differentiation stage give a result

same as a true CR-RC" filter, we perform shaping time in the range, 465 ns to 2.76 u s with a low output resistance and

the linearity almost good.
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1 Introduction

In nuclear instrumentation, a shaping amplifier is a CR
-RC" filter consisting of a differentiation stage
followed by an n order integration stage. A band-pass
biquadratic structure is preferred to implement the
shaping amplifier, because of its low sensitivity to
component variations. A two-stage amplifier has been
designed at IMP for the filter, followed by a source
output stage!’ .

The design is a single channel shaping
amplifier, intended to read out the signals from charge
sensitive preamplifier for silicon strip, Si(Li), CdZnTe
and Csl detectors, etc. Gaussian shaping amplifier
accepts a step-like input pulse and produces an output
shaped like a Gaussian function. The purposes are to
filter much of noise from the signals of interest and to
provide a quickly restored baseline to allow high
counting rates; it s why the shaping time
specification should be well selected. The shaping
time is defined as the time-equivalent of the standard

deviation of the Gaussian output pulse. A simpler

measurement to make in the laboratory is the full
width of the pulse at half of its maximum value
(FWHM). This value is greater than the shaping time
by a factor of 2.35!". The design consists of 4 poles
integration and signal gain is available for different
shaping times with the range 465 ns to 2.76 us.

The filter parameters have been selected by

simulation using Proteus!’!

to optimize the energy
resolution. The circuit configuration of the shaping
amplifier proposed in this paper can be adopted to
develop CMOS-based application specific integrated
circuit (ASIC) for front end electronics (FEE) of read-
out system of nuclear physics, particle physics and
astrophysics research, etc. providing measurements of

energy of particle.
2 Circuit design

2.1 Shaping amplifier principle
A shaping amplifier is AC-coupled to preamplifier

which is a two-stage amplifier with a source follower
output stage, as illustrated in Fig.1. The DC level from
the input network is isolated by the capacitor C1. Also
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the C1 and the input resistor of the amplifier provide
the differentiation function of shaping amplifier. The
output of this circuit looks like the result of true RC/
CR filter. After connecting four shaping amplifiers, a
Pseudo-Gaussian shaping amplifier is constructed with
one differentiation stage and four integration stages,
and has almost the same function as a true CR-RC*
shaping amplifier. The shaping time can be selected
from 465 ns to 2.76 us supported by the simulation
result.
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Fig.1 Schematic drawing of shaping amplifier.

2.2 The core shaping amplifier

Composed of a two-stage amplifier followed by an
integration stage, this shaping amplifier mainly
comprises the capacitor C2, the transistor M7
implemented as resistor, and the transistors M2 and
M1(Fig.1), and the last stage is a source follower unity
gain buffer with output stage for low output resistance.
The first stage amplifier minimizes the power
dissipation by allowing the transistor input to be
biased through the transistor CMOS M6 implemented
as diode!®. The input transistor bias is set by transistor
CMOS M4 and M5 implemented as an external
resistor

which also delivers to the transistors

(transistors M8 and M9) current mirror' .

2.3 Shaping transfer function

The shaping amplifier in Fig.2(A) is the same as the
one in Fig.1, we just replaced the transistors (M4, M5,
M7, M8, and M9) implemented as a resistor 8] and the
transistor M6 implemented as a diode (Vg =Vpp —

Vdsat())'
transformed the circuit in Fig.2 to an equivalent circuit

To develop the transfer function, we

related to the frequencies adopted (Fig.2B).
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Fig.2 Shaping amplifier circuit (A) and its equivalent circuit

related to the frequencies adopted (B).

From Fig.2(B), R is the equivalent resistance
of R4 and RS looked in parallel, the transfer function

is given by Eq.(1) :
1 n
H(S) = H, |~ || L (1)
I+7,8 \1+175
s=jw, n=1, 13=RCi,1p=[RR/(R+R)]C,

1 1+g,R
[(1+g1Rds1)+Rm(+g2“‘52jJ
_ R, Ry, ( RR,, jC
) 2

| R +R
[(1 ’ gleSl ) + Rdsl (1 + ng]edsz]J 7 ds2
R, R +R,,

where Hj is a constant depending of the parameters
from different stage and from the input and output
resistances; 7; is the shaping time (the time constant of
the integrators); 7p is the time constant of the
differentiator; and n is order of the integration stage

(also called shaper order).

2.4 Main design parameters

The main design parameters are given in Table 1.
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Table 1 The design parameters of the shaping amplifier

Parameters Values

Power supplies Vop=+2V, Vgs= -2V
K=2x10"A/V?, Vr=1

K=2x10"A/V2, V=1

Input transistor M1 parameter

Transistor M2 parameter

Bias voltage of transistor M2 ~ SBIAS = +2V
Input amplitude range 10mV,,t02V,,
Output resistance 25Q
150
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s 0/ ®
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% 0
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100
()
50 /
0
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Time / ps
(A)

3 Shaping amplifier performance

3.1 Simulation results and discussion

The measurement was made for several values (Fig.
3A). The shaping time of signals observed in the
output of a single shaping amplifier, have a range from
939 ns to 4.26 us related respectively to integration
capacitor value from 10 pF to 100 pF. The output
impedance of shaping amplifier was measured at 25
Q with 10 kHz 100 mV input signals. It was also
observed that the shaping time increased with the
integration capacitor value, while the amplitude

decreased with increasing capacitor values.
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Fig. 3 Shaping output CR-RC (A) and CR-RC*(B). (a) C,=10 pF, (b) C,=50 pF, (c) C,=100 pF

When we constructed a CR-RC* filter, other
integration stages with the same specification as one in
Fig. 3(A) was connected directly without the AC couple.
The shaping time was improved; therefore the range
now is 652 ns to 3.12 ps, as illustrated in Fig.3(B).

3.2 Linearity measurements

Non-linearity of the circuit was measured (Fig. 4). One
sees that the linearity is good up to 500 mV, where the
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Fig.4 Measured non-linearity of the shaping amplifier (CR-
RC* filter)

non-linearity begins to increase , but it remains below
2% for Vin, max=1000 mV.

3.3 Achievement

The circuit configuration of the shaping amplifier can
be adopted to develop CMOS-based application-
specific integrated circuit, by replacing the integration
capacitor with the transistor CMOS implemented as
capacitor’”). The replacement of the capacitor in Fig. 1
by transistor CMOS called capacitor CMOS, gives a
new shaping amplifier circuit (Fig.5). The simulation
from this circuit according to the same specification
used for the real capacitor of integration, gives a slight
change of shaping time, from 465 ns to 2.76 us (Fig.
6). Also the measured linearity of CR-RC” filter is
below 2% for the input amplitude range, 50 mV to
1000 mV.
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Fig.5 Schematic drawing of shaping amplifier with CMOS

implemented as integration capacitor.
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Fig.6 Shaping output CR-RC* with CMOS implemented as
integration capacitor, (a) C,=10pF, (b) C,=50pF, (c)
C,=100pF.

From the results in Fig.3(B) and Fig.6, we can
appreciate the difference of the amplitude and the
shaping time. These differences come probably from
parameters of the CMOS transistors [10]
equivalent resistance, which is not easy to control

when we implement transistor CMOS as a capacitor ).

, such as the

It will be a challenge for us to control these parameters
in the next step researches.

To summarize, the good show of Gaussian
shaping amplifier after simulation can be obtained
when the integration capacitor value is increased
toward to100pF, but a big capacitor is not too good for
ASIC realization. Fig.7 shows the output shaping
amplifier of n=1 to n=4 order integration stage.

4 Conclusions

After designing the new shaping amplifier with CMOS
FET implemented as integration capacitor, computer
simulation was carried out by PSPICE simulator using
BSIMV3.3 parameters of the Proteus, and the nearly
same results were obtained when the simple capacitor
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Fig.7 Output of shaping amplifier when n=1, n=2, n=3 and
n=4 for C,=100pF

is used as integrated capacitor and CMOS FET is
implemented as integration capacitor. The advantage
of this design is to develop CMOS-based application
specific integrated circuit for an entire shaping
amplifier. The shaping time for this purpose gives the
range 465ns to 2.76 pus with 25 Q as output
resistance and good linearity. In the near future, we
expect to improve these results by controlling the
parameters of CMOS equivalent circuit, when it uses
such as resistor, capacitor or diode, etc.

References

1 Rivetti A, Delaurenti P, A Fast large dynamic range
Shaping amplifier for particle detector front-end.
INFN-Sezione di Torino, FEE 2006.
http://fee2006.pg.infn.it/talks/fee2006/thursday/02-special
-new/03-Rivetti-FEE2006_final.ppt

2 Johnson R P, Poplevin P, Sadrozinski H F-W, et al. CA
95064, IEEE Trans Nucl Sci vol. 1998, 45: 927-930

3 Thomas Noulis, Constantinos Deradonis, Stylianos Siskos,
et al. Advanced Readout System IC Current Mode
Semi-Gaussian Shapers Using CCIIs and OTAs”.
Hindawi Publishing Corporation, Feb 2007, 1-12.

4 “CR-200 Gaussian Shaping Amplifier”: application guide
cremate. Rev.2, April 2008. http://cremat.com

5 Proteus 6.7 SP3. Labcenter Electronic 1989-2005.
http://w.w.w.labcenter.co.uk

6 Wembe Tafo E, Su H, Peng Y, et al. Nucl Sci Tech, 2008,
19(1): 39-44

7 Khoman P, Eliyahu Z, Low Voltage Standard CMOS
Opamp Design Techniques, ECE1352F, 2004.

8 Boaz Shem-Tov, Miicahit Kozak, Eby G. Friedman. IEEE,
2004, 13: 623-626

9 Wembe Tafo E, Su H, Gao Y, ef al. Nucl Sci Tech, 2008,
19(4): 241-245.

10  Field Effect Transistors in Theory and Practice, Motorola
Semiconductor Application Note AN211A, Motorola Inc.,
1993, 1-2.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


