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� Front-end electronics,

� Noise optimisation,

� Noise measurements, 
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� Noise measurements, 

� 405 nm blue laser results,

� Conclusions.



àA thin film sensor layer is deposited directly on top of the ASIC,

àSensors are made of hydrogenated amorphous silicon (a-Si:H),

àFull chip area is covered by sensor layer,

àIt does not require bump bonding,

àLow deposition temperature 

(around 200 ºC) is compatible 

TFA – Thin Film on ASIC technology
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(around 200 ºC) is compatible 
with post processing on finished 
electronics wafers,

àDeposition method: VHF PE-CVD 
(very high frequency plasma 
enhanced chemical vapor deposition).



ààTracking detectors for linear colliders , imaging,Tracking detectors for linear colliders , imaging,

àà Expected charges generated in aExpected charges generated in a--Si:HSi:H sensors sensors byby MIPMIPss are ~4are ~400ee--//µµmm

àà 1010--15 µm thick films of a15 µm thick films of a--Si:HSi:H werewere deposited directly on the deposited directly on the 
demonstrator chip (Amorphous Frame Readout Pixel demonstrator chip (Amorphous Frame Readout Pixel -- AFRP)AFRP)

àà Pixel dimension of the demonstrator chip: 40Pixel dimension of the demonstrator chip: 40 µmµm x 40 x 40 µmµm, , inputinput
capacitancecapacitance :~40fF (:~40fF (includingincluding detectordetector capacitancecapacitance))
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àà RRequirementsequirements for front end electronics:for front end electronics:

üü High gain (800mV/fC), ideally in a single stageHigh gain (800mV/fC), ideally in a single stage

üü Low noise (<30eLow noise (<30e-- ENC), to work with signal to noise ratio ENC), to work with signal to noise ratio 

üü Low power Low power consumptionconsumption (10µW/(10µW/pixelpixel).).



•• Non buffered Non buffered cascodecascode stage,stage,

•• Very small feedback capacitor (1.3fF) to ensure very high gain,Very small feedback capacitor (1.3fF) to ensure very high gain,

•• Preamplifier  works as a gated integrator with gate time tPreamplifier  works as a gated integrator with gate time tacqacq and and 
integration time constant integration time constant ττ,,

• Reset of Reset of thethe feedback capacitor  is provided by the transistor Mfeedback capacitor  is provided by the transistor M44, which is , which is 
biasedbiased with constant voltage at the gate (with constant voltage at the gate (VVbiasbias),),

•• In In thethe reset reset phasephase switchswitch
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•• In In thethe reset reset phasephase switchswitch

SSresetreset is open and the resetis open and the reset

current is delivered tocurrent is delivered to M4M4

inin thethe feedbackfeedback looploop, In this, In this

phasephase the circuit the circuit operatesoperates

as a as a transimpedancetransimpedance

amplifier. amplifier. 
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[1] [1] Reset phase Reset phase –– feedbackfeedback capacitorcapacitor is discharged is discharged throughthrough transistor Mtransistor M44 biased biased 
with a constant reset current with a constant reset current IIresetreset (this design (this design ensuresensures lower parasitic injection from lower parasitic injection from 
the reset signal to the 1.3fF feedback capacitor in comparison with a voltage the reset signal to the 1.3fF feedback capacitor in comparison with a voltage 
controlled reset transistor),controlled reset transistor),

[2] [2] Acquisition phaseAcquisition phase –– thethe
input input signalsignal isis integratedintegrated on on 
feedback capacitor feedback capacitor CCff and and 
sstoredtored on  on  CCoutout while switch while switch 
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Switch OFF

Switch OFF

Ireset

sstoredtored on  on  CCoutout while switch while switch 
SSoutout is closed. The acquisition is closed. The acquisition 
time ttime tacqacq is much longer than is much longer than 
integration time constant integration time constant ττ,,

[3] [3] Readout phaseReadout phase ––data are data are 
read outread out fromfrom 4096 4096 pixelspixels
“frame by frame” by a serial “frame by frame” by a serial 
multiplexer.multiplexer.



[1] [1] Reset phaseReset phase –– feedbackfeedback capacitorcapacitor is discharged is discharged throughthrough transistor Mtransistor M44 biased biased 
with a constant reset current with a constant reset current IresetIreset (this design (this design ensuresensures lower parasitic injection lower parasitic injection 
from the reset signal to the 1.3fF feedback capacitor in comparison with a voltage from the reset signal to the 1.3fF feedback capacitor in comparison with a voltage 
controlled reset transistor),controlled reset transistor),

[2] [2] Acquisition phaseAcquisition phase –– thethe
input input signalsignal isis integratedintegrated on on 
feedback capacitor feedback capacitor CCff and and 
sstoredtored on  on  CCoutout while switch while switch 

TFA front-endW. Dabrowski, AGH Kraków TWEPP-09, Paris, September 2009 11TWEPP 2009 11

Switch ON

Switch ON

sstoredtored on  on  CCoutout while switch while switch 
SSoutout is closed. The acquisition is closed. The acquisition 
time ttime tacqacq is much longer than is much longer than 
integration time constant integration time constant ττ,,

[3] [3] Readout phaseReadout phase ––data are data are 
read outread out fromfrom 4096 4096 pixelspixels
“frame by frame” by a serial “frame by frame” by a serial 
multiplexer.multiplexer.



[1] [1] Reset phaseReset phase –– feedbackfeedback capacitorcapacitor is discharged is discharged throughthrough transistor M7 biased transistor M7 biased 
with a constant reset current with a constant reset current IIresetreset (this design (this design ensuresensures lower parasitic injection from lower parasitic injection from 
the reset signal to the 1.3fF feedback capacitor in comparison with a voltage the reset signal to the 1.3fF feedback capacitor in comparison with a voltage 
controlled reset transistor),controlled reset transistor),

[2] [2] Acquisition phaseAcquisition phase –– thethe
input input signalsignal isis integratedintegrated on on 
feedback capacitor feedback capacitor CCff and and 
sstoredtored on  on  CCoutout while switch while switch 
SS is closed. The acquisition is closed. The acquisition 
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multiplexer.multiplexer.



•• MMatriatrixx of 64x64 pixels,of 64x64 pixels,

••PPixixel size: 40 µm x 40 µm,el size: 40 µm x 40 µm,

•• Analog and digital grounds andAnalog and digital grounds and
power power supplsupply busses y busses are separated to are separated to 
reduce the noise in the preamplifier,reduce the noise in the preamplifier,

•• Two clock signals to read out rowsTwo clock signals to read out rows
and columns of the chip,and columns of the chip,m

m
m

m
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and columns of the chip,and columns of the chip,

•• Master readout clock set to 10 MHz,Master readout clock set to 10 MHz,

•• Readout Readout timetime: : ~2.5 ms~2.5 ms
(600ns/pixel),(600ns/pixel),

•• The AFRPThe AFRP11 chip was designed and chip was designed and 
manufactured in 0.25 µm CMOS manufactured in 0.25 µm CMOS 
process.process.44 mmmm

44
m

m
m

m



•• Noise from theNoise from the cascodecascode transistortransistorss M1M1 and M3and M3, , 

•• Noise calculated employing the EKV model (the following Noise calculated employing the EKV model (the following 
noise terms are taken into account: thermal noise, gate noise terms are taken into account: thermal noise, gate 
inducted current noise, correlation term, and the flicker inducted current noise, correlation term, and the flicker 
noise), noise), 

•• The overall signal shaping function The overall signal shaping function KKreadoutreadout of the of the 
preamplifier is equivalent topreamplifier is equivalent to KKintint(f) • (f) • KKgategate(f)(f)
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•• The integration time constant The integration time constant ττ depends on the bandwidth of the undepends on the bandwidth of the un--
buffered buffered cascodecascode stage, which is loaded with stage, which is loaded with thethe input, output and input, output and thethe
feedback capacitancefeedback capacitance..



• The channel thermal noise of load 
(M3) and input (M1) transistors 
dominates:

• For un-buffered cascode τ depends on 
C , C and C capacitances as well as 
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Cint, Cf and Cout capacitances as well as 
on gm1 of the input transistor M1 and 
gds3 of the load transistor M3:

••The noise is expected to be below 1The noise is expected to be below 188 ee-- ENCENC,,

• ID has been chosen to optimize the power consumption and integration time 
constant τ, which limits minimum acquisition time tacq.

ENC ENC as a as a functionfunction of of biasbias currentcurrent ttacqacq=1=1 µs, µs, 
CCinintt==CCff+C+Cinin+C+Cg1g1== 40fF, 40fF, CCoutout=120fF.  =120fF.  
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•• Preamplifier in Preamplifier in thethe reset mode works as a reset mode works as a transimpedancetransimpedance amplifier with amplifier with 
parallel noise sources from feedback transistor Mparallel noise sources from feedback transistor M44,, reset reset transistortransistor M6M6, as , as wellwell
as as cascodecascode transistorstransistors M1 ans M3.M1 ans M3.

•• The dominating noise is the The dominating noise is the channel channel thermal noise,thermal noise,

••TheoreticalTheoretical estimationestimation agreesagrees quitequite wellwell withwith measurementsmeasurements performedperformed inin thethe
reset reset phasephase

•• This result This result mightmight suggestsuggest thatthat higher values of the reset current are preferable.higher values of the reset current are preferable.



Reset noise seen in the acquisition phase 

• Output noise in the reset is 
fed back to input, sampled 
during switching to acquisition 
phase, and then amplified with 

Preamplifier transfer functions changes between the reset 
phase and the acquisition phase. To evaluate noise in the 
frequency domain we use the following approximation:

Acquisition phaseReset phase
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phase, and then amplified with 
acquisition phase gain,

• Ratio K = Kvacq/Kvres is 
introduced to estimate 
contribution of the reset noise 
in the acquisition phase.

Acquisition phaseReset phase



Reset noise seen in the acquisition phase 
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• The noise originating from the reset phase increases for higher 
reset currents, 

• For reset current of 10 nA, reset noise, seen in the acquisition 
phase is estimated be below 28 e- ENC.

ENC ENC as a as a functionfunction of of thethe reset reset currentcurrent inin thethe acquisitionacquisition phasephase
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• Increasing the acquisition time (tacq) increases contribution of the parallel noise from 
detector leakage current,

• For given τ, tacq should be longer than τ, 

• This puts some constraint on τ, which affects the preamplifier design,

•The measured average leakage current per pixel on a-Si:H sensors bias with 55V is around 
1 nA, what indicate the expected noise related to this noise source below 30 e- ENC.

Measured leakage current per pixelCalculated noise originating from a-Si diode.



Measurement results

• The noise was measured in the acquisition phase on:
à bare AFRP1 chip,
à TFA structure with 10 µm a-Si diode deposited 
on top,
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on top,

• Measured noise is compared with calculations



•• NI PCINI PCI--6562 high speed digital input 6562 high speed digital input 
output card with LVDS signaling :output card with LVDS signaling :

–– 200 MHz maximum clock rate,200 MHz maximum clock rate,

–– 16 channels with per16 channels with per--channel channel 
direction control in singledirection control in single--datadata--
rate mode.rate mode.
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rate mode.rate mode.

•• NI 5112 oscilloscope card,NI 5112 oscilloscope card,

•• LabviewLabview environmentenvironment

•• Analyses made in ROOT environment Analyses made in ROOT environment 
(http://root.cern.ch).(http://root.cern.ch).



Test results – bare chip 
AFRP1 chip noise map Distribution of noise on the chip
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The noise of redadout pixels with open inputs is very uniform across 
the whole chip.



Measured ENC 
taken as the 
most probable 
noise over 4096 
pixels

Test results – bare chip 

TFA front-endW. Dabrowski, AGH Kraków TWEPP-09, Paris, September 2009 23

• Measured noise is slightly higher compared to calculations.
• Taking into account top 100 pixels with the best noise 
performance, the most probable noise is below 40 e- ENC



Noise map Distribution of noise on the chip 

Noise performance – TFA 
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• Measured noise is significantly higher than expected
• We observe very large spread of noise across the chip. 



Measured ENC taken as the most 
probable noise over 100 pixels

Noise performance – TFA 
Measured ENC taken as the most 
probable noise over 4096 pixels
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• 100 top pixels with the best noise performance are much closer to 
calcultions
• The noise stays below 48 e- ENC for parameters Ireset of 10 nA and tacq
of 0.3 µs,



Ireset 10nA,
t 0.5 µs

Ireset 10nA,
tacq 0.3 µs DDistributionistribution of the ENC across of the ENC across 

40964096 pixels pixels for reset for reset currentcurrent of of 
10 10 nAnA and and differentdifferent acquisitionacquisition
timestimes
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Ireset 10nA,
tacq 1 µs

tacq 0.5 µs



Ireset 10nA,
tacq 0.3 µs

Ireset 100nA,

DDistributionistribution of the ENC across of the ENC across 
40964096 pixels pixels for for acquisitionacquisition timetime
ofof 0.3 µs and and differentdifferent reset reset 
currentscurrents
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Ireset 100nA,
tacq 0.3 µs

Ireset 500nA,
tacq 0.3 µs



Calibration

§§ No No calibrationcalibration capacitorcapacitor was was implementedimplemented on on thethe citcuitcitcuit inin order order 
to to keepkeep thethe noisenoise atat lowlow levellevel,,

§§ CalibrationCalibration withwith thethe radiationradiation sourcessources (Fe(Fe--55, Sr55, Sr--90) 90) isis difficultdifficult
duedue to to veryvery high ahigh a--Si Si diodediode leakageleakage currentcurrent ((ttacqacq tootoo shortshort to to 
collectcollect acceptableacceptable hitshits statisticsstatistics),),
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§§ TheThe TFA TFA structurestructure was was calibratedcalibrated withwith a 405 a 405 nmnm blueblue laser by laser by 
comparisoncomparison to TFA to TFA structurestructure basedbased on on MacroPadMacroPad chip chip 
measuredmeasured gaingain: 713 : 713 mVmV//fCfC ((designeddesigned valuevalue: 800 : 800 mVmV//fCfC).).



405 nm blue laser tests 

HV 25 VHV 5 V HV 55 V

• According to [1] the full depletion bias 
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• According to [1] the full depletion bias 
voltage for a-Si sensor is defined as:
Vd = 0.48 d2 = 48V for 10µm thick diode,

• The signal from the blue laser, measured on 
TFA structure based on AFRP1 chip, does not 
increase for bias voltages above 55 V.

[1] M. Despeisse et al.Hydrogenated Amorphous Silicon Sensor Deposited on Integrated 
Circuit for Radiation Detection, IEEE Transactions On Nuclear Science, Vol. 55,
No. 2, 2008, pp. 802-811.



§§ Noise Noise performanceperformance::

üü TheThe calculated calculated reset reset noise behaviornoise behavior, as a , as a functionfunction of of IIresetreset,, agreesagrees quitequite wellwell
withwith thethe measurementmeasurement resultsresults

üü DiscrepancyDiscrepancy inin totaltotal noisenoise levellevel cancan be be attributedattributed to to parasiticparasitic capacitancecapacitance inin
thethe preamplifierpreamplifier structurestructure

üü TheThe bestbest noisenoise performance was performance was obtainedobtained for for thethe reset reset currentcurrent of 10 of 10 nAnA. . 
For For acquisitionacquisition timestimes 300 300 –– 500 500 nsns thethe noisenoise of TFA of TFA structurestructure isis belowbelow 48 e48 e--
ENCENC
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ENCENC

üü AtAt presentpresent noisenoise performance performance isis limited by limited by thethe sensor sensor leakageleakage crrentcrrent

§§ High aHigh a--Si Si diodediode leakageleakage currentcurrent makesmakes thethe calibrationcalibration withwith radiationradiation sourcesource
difficultdifficult becausebecause achievableachievable ratesrates ara ara lowlow and and requirerequire long long acquisitionacquisition timestimes

§§ TheThe TFA TFA structurestructure was was calibratedcalibrated withwith a 405 a 405 nmnm blueblue laser by laser by comparisoncomparison to to 
TFA TFA structurestructure basedbased on on MacroMacro Pad chip. As a Pad chip. As a resultresult thethe gaingain of of 
713 713 mVmV//fCfC was was foundfound


