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 Introduction

· Terminology:

1 or 2 hybrid(s) + 2 to 4 sensors = 1 module
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· Status:

Assembly of Phobos Spectrometer finished

(42 installed modules)

 Calibration and Source Test

· 2 module tests:

· Calibration (performed on all hybrids and on all modules)


· Source Test (performed on final modules)



· Why calibration?

· Testing, immediately repairing bad bond wires etc. before any further assembly step

· Obtaining gain (calibration) of every single channel (spectrometer including spares: 68k)

· Find defect and noisy channels

· Why source test?

· Final module test, similar to beam operation

· Study module properties

· Determine signal and signal-to-noise

Measured data is filled into the Assembly Database (accessible via Phobos Web pages)
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 Calibration Details

· Step pulse over capacitor

· (Q = C (V

· Ex.: 1 mV on 2 pF gives 12500 e-
· Design considerations to minimize noise

· Output parameter: Channel gain [mV/fC]

· Calibration test setup

· Hybrid/Module

· Adapter board with step DAC and pulse generator board (E. Griesmayer, H. Frais-Kölbl), range 0..350 fC, diff. lin. better than 1%

· CERN Repeater cards (A. Rudge)

· NIM sequencer logic

· National Instruments ADC board

· PC running LabView

· Calibration components

· 1 capacitor is located close to each VA chip on the hybrids

· Switching logic is integrated in the VA chips

· Gain Uniformity

· Within 1 chip: <3% pp
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· Chip-to-chip: <15% pp
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· Calibration allows to indentify

· good channels

· pinholes

· channel shorts

· Calibration modes

· “Standard”: done on every hybrid and module, running for about 6 months

· “Precision”: done on selected modules, special effort on stability and parameter settings, done for module properties measurements (running for a few days)

· Calibration repeatability

· Standard: <3% (no effort to maintain voltages like FEC)

· Precision: <1% (as expected with FEC)

· No charge loss due to detector capacitance

· Could be calculated from calibrations of hybrid (w/o sensor) and module (w/ sensor) to see large effects >10%

· Detector capacitance: 25 pF (typ.)

· VA input capacitance: not measured

· Charge loss below standard mode error 
( VA input C >> detector C

· Sample gain map for MOD20001

[image: image5.wmf]
· Comparison of average chip signals without and with channel calibration

[image: image6.wmf]
 Module Studies

· Levels of study

Single sensor level

· Single module level

· Module/sensor comparison level

· Typical example: MOD20001

· 4 sensors (thicknesses 308..310 m)

· 5 rows, 400 columns
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· Sensor level

· Sensor signal distribution (norm. to 300m)

[image: image8.wmf]
· Fit function: Landau convoluted with Gaussian



· Gaussian sigma represents electronic noise and intrinsic detector fluctuations
, typically about 2x electronic noise

· Peak of convolute is slightly shifted from pure Landau peak (MP)

· Sensor RMS noise map

[image: image9.wmf]
· Sensor MP signal vs. row

[image: image10.wmf]
· Module level

Signal and SNR distributions (norm. to 300m)

[image: image11.wmf]
MP = 21523 e- = 77.9 keV

[image: image12.wmf]
SNR = 16.4

· Relative MP signal vs. row

[image: image13.wmf]
Uniformity better than 1% pp !!!

 Signal

· Absolute MP signal vs. sensor type (normalized to 300 m thickness)


[image: image14.wmf]Absoulte MP Signal vs. Sensor Type (normalized to 300um)
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· Acquired with 90Sr  source

Average source signal: 21081 e-
· Signal range: 20119..21552 e-
· Signal MP agrees with capacitive loss calculation (charge sharing between detector and VA input capacities)

· Relative MP signal vs. row
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· Uniformity: <1%

· Very uniform even though readout lines vary in length (3..65 mm)

· Mystery
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Stringtest (Types 1..5)

Testbeam (Type 1)


· 3% (1% at testbeam) difference between front and back half of hybrids

· Intrinsic module property, reason: ?

· We can exclude external effects because:

· Calibration and source tests are done with the same set of repeater boards

· Switching the ADC channels does not change anything

· Same (though smaller) effect in testbeam with totally different DAQ hard- and software

 Noise

· Single channel physical connections


· Single channel preamp noise model


symbol
represents
typ. value

ILeak
Fraction of sensor leakage current
5 nA

RP
Parallel resistance (polysilicon)
2 M

C
Capacitance of pad against backplane, between pads and between metal 1 and metal 2 layers
25 pF

RS
Effective serial trace resistance
40 

TP
Shaper peaking time
1.2 s

ENCC
Preamp noise (k + C · d)
950+5/pF e-

Total preamp equivalent noise charge
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· Contributions


[image: image18.wmf]d

C

k

ENC

C

+

=



[image: image19.wmf]P

Leak

ILeak

T

I

ENC

106

=



[image: image20.wmf]P

P

R

T

RP

ENC

758

=



[image: image21.wmf]P

S

T

R

RS

C

ENC

395

.

0

=


with ENC [e-], k [e-], d [e-/pF], 
ILeak [nA], TP [s], RP [M], RS []

Preamp noise with typical values (as stated above)

ENCC =
1078
e-

ENCILeak =
249
e-

ENCRP =
562
e-

ENCRS =
60
e-

ENC =
1243
e-

· Shaper/Buffer and readout noise adds to preamp noise

· Estimated shaper/buffer noise: 100 e-
· Measured test setup readout noise: 450 e-
· Calculated and measured noise vs. sensor type
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· Calculation and measurement agree very well
· Measured RMS noise:

· Average noise: 1383 e-
· Noise range: 1230..1517 e-
 Signal-to-Noise

SNR vs. Sensor Type (normalized to 300 m)
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· Measured SNR:

· Average SNR: 15.2

· SNR range: 14.4..16.9

 Summary

· Stable calibration and source test setups

· Gain of every single channel written into assembly database

Gain uniformity: 
<3% pp within chip, <15% pp chip-to-chip

· Calibration repeatability during tests
<1% precision

· Gain before and after sensor mounting is the same within error bars

· No significant charge loss by detector capacitance

· Due to large VA input capacitance

· Mystery

· 3% signal difference between hybrid halves

· “The general picture”

· Landau-Gaussian convolute fit function

· Typ. values (MOD20001):

· MP signal (90Sr source) = 21500 e-
· RMS noise = 1347 e-
· SNR = 16.0

The sensor properties:

Signal (normalized to 300 m thickness)

· Average MP signal: 21081 e-
· Signal range: 20119..21552 e-
(depending on sensor type)
· Uniformity: Signal vs. row <1% on all sensor types ( very uniform!!!
· Noise

· Primarily depends on detector capacitance

· Average RMS noise: 1383 e-
Noise range: 1230..1517 e-
(depending on sensor type)
· Agrees very well with model

· Signal-to-noise (normalized to 300 m thickness)

· Average SNR: 15.2

· SNR range: 14.4..16.9
(depending on sensor type)
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� P. Shulek et al., Sov. J. Nucl. Phys. 4, 400 (1967)
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Calculation assumes MIP signal MP of 22200 e and VA input capacity of 500 pF.

Calculated Signal MP

Measured Signal MP

Sensor Type

Signal MP [e]

Absoulte MP Signal vs. Sensor Type (normalized to 300um)

21530.4044224615

21499.5

21330.1152402713

21551.75

21188.4627865692

21494.75

20731.3884427179

20741.5

20450.6512887595

20119.25



Sheet1

		Stringtester's Data

				PEAK VALUES [e]

		PEAK		s0		s1		s2		s3				avg

		Type 1		21728		21728		21271		21271				21499.5

		Type 2		21892		21705		21352		21258				21551.75

		Type 3		22235		21752		21054		20938				21494.75

		Type 4		20673		21280		20400		20613				20741.5

		Type 5		20310		20630		19775		19762				20119.25

		avg		21367.6		21419		20770.4		20768.4

		rel		1		1.0024055111		0.9720511429		0.9719575432

		error		0.0077725106		0.0045132314		0.0062741539		0.0058416782

		(TB) rel		1		1		0.9883222475		0.9883222475

		(TB) error		0.0010952826		0.0010952826		0.0010540261		0.0010540261

		Testbeam Data - Type 1

				PEAK VALUES [keV]						PEAK VALUES [e]				rel. PEAK VALUES

		Momentum		s0		s1				s0		s1		s0		s1

		0.5		84.507122		84.123994				24046.7961325967		23640.8895718232

				84.631702		83.384328								1		0.9831201396

				89.310313		87.687215

				89.748471		87.124544

		0.75		84.217519		83.030685				23806.5587016575		23638.8328038674

				83.701124		83.386541								1		0.9929546349

				88.089415		87.418247

				88.710912		88.454826

		1		81.947244		85.711493				22271.7532458564		22227.5620856354

				80.016332		77.057538								1		0.9980158203

				84.031875		83.392551

				76.499536		75.693517

		1.5		83.265066		82.732821				23772.5564917127		23520.2468922652

				83.875752		82.927508								1		0.989386518

				87.96716		88.251304

				89.11864		86.661542

		2		84.279399		83.294956				23901.1950966851		23634.6636049724

				83.797058		82.714199								1		0.9888486124

				88.135207		88.479503

				89.877641		87.741271

		3		85.207213		83.427718				24183.8323895028		23708.5877071823

				85.455306		84.066692								1		0.9803486613

				89.417772		87.985315

				90.101602		87.820625

		4		85.407686		83.475594				24272.6727209945		23958.6077348066

				85.281667		84.829848								1		0.987060964

				89.662104		89.355584

				91.116844		89.259614

		6		86.284684		85.557457				24447.623480663		24166.9738950276

				85.684391		85.50076								1		0.9885203735

				90.349749		89.0126

				91.682764		89.866965

		8		86.728325		85.161216				24496.1139502762		24189.6960635359

				86.249009		85.688124								1		0.9874911634

				90.128886		89.083597

				91.59751		90.333862

		Average		86.5578611111		85.5470598333								1		0.9884163208

				1		0.9883222475

				0.0010952826		0.0010540261

		TB-Type 1		1		1		0.9883222475		0.9883222475

		ST-Type 1		1		1		0.9789672312		0.9789672312

		ST-Type 2		1		0.9914580669		0.9753334551		0.9710396492

		ST-Type 3		1		0.9782774904		0.9468855408		0.9416685406

		ST-Type 4		1		1.0293619697		0.9867943695		0.9970976636

		ST-Type 5		1		1.0157557853		0.9736582964		0.9730182176

						VA Cin		500		pF

						Signal0		22200		e

		Avg Signal vs type

				Avg MP		Cap		1/Cap

		TB-Type 1		23700

		Type 1		21499.5		15.55		0.969838037		21530.4044224615

		Type 2		21551.75		20.391		0.9608160018		21330.1152402713

		Type 3		21494.75		23.87		0.9544352607		21188.4627865692

		Type 4		20741.5		35.42		0.9338463262		20731.3884427179

		Type 5		20119.25		42.77		0.9212005085		20450.6512887595

		Avg		21081.35

		ST-RMS		0.0300771136		%
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Testbeam

Source tests

Signal MP

Sensor Type (TB=Testbeam MIP pi-, others=Sr90 source)

Signal MP [e]

Absoulte Signal vs. Sensor Type



		



Calculation assumes MIP signal MP of 22200 e and VA input capacity of 500 pF.

Calculated Signal MP

Measured Signal MP

Sensor Type

Signal MP [e]

Absoulte MP Signal vs. Sensor Type (normalized to 300um)
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Sheet1

		Signal-MP vs row

		Module		row		MOD10003				MOD20001				MOD60001				M4T40001				M4T50004

		SenType				1				2				3				4				5

				0		1.0005				1.0002				0.9894				1.0007				1.0045

				1		0.9916				0.9989				0.986				0.9991				0.9955

				2		0.9947				1.006				0.9907				0.9989				0.9917

				3		0.9932				0.9972				0.9939				0.9998				1.0064

				4		0.9964				0.9958				1.0004

				5		0.9988								1.01

				6		0.9906								1.0075

				7		0.9952								1.0091

				8		0.9989

				9		0.9924

				10		0.9997

				11		1.0042

				12		1.006

				13		1.0065

				14		1.0101

				15		1.0064

				16		1.0043

				17		1.0074

				18		1.0041

				19		1.0075

				20		1.0056

				21		1.0017

				relcol				relcol				relcol				relcol				relcol

		MaxRow-1				21				4				7				3				3

				0		1.0005		0		1.0002		0		0.9894		0		1.0007		0		1.0045

				0.0476190476		0.9916		0.25		0.9989		0.1428571429		0.986		0.3333333333		0.9991		0.3333333333		0.9955

				0.0952380952		0.9947		0.5		1.006		0.2857142857		0.9907		0.6666666667		0.9989		0.6666666667		0.9917

				0.1428571429		0.9932		0.75		0.9972		0.4285714286		0.9939		1		0.9998		1		1.0064

				0.1904761905		0.9964		1		0.9958		0.5714285714		1.0004

				0.2380952381		0.9988						0.7142857143		1.01

				0.2857142857		0.9906						0.8571428571		1.0075

				0.3333333333		0.9952						1		1.0091

				0.380952381		0.9989

				0.4285714286		0.9924

				0.4761904762		0.9997

				0.5238095238		1.0042

				0.5714285714		1.006

				0.619047619		1.0065

				0.6666666667		1.0101

				0.7142857143		1.0064

				0.7619047619		1.0043

				0.8095238095		1.0074

				0.8571428571		1.0041

				0.9047619048		1.0075

				0.9523809524		1.0056

				1		1.0017
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Relative Signal-MP

Signal-MP vs. row
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Type 1

Sensor Row

Relative Signal-MP

Signal-MP vs. row, Sensor type 1



		



Type 1

Sensor Row

Relative Signal-MP

Signal-MP vs. row, Sensor type 2



		



Type 1

Sensor Row

Relative Signal-MP

Signal-MP vs. row, Sensor type 3
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Sensor Row

Relative Signal-MP

Signal-MP vs. row, Sensor type 4
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Sensor Row

Relative Signal-MP

Signal-MP vs. row, Sensor type 5
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		Noise estimates for Phobos Modules

		Noise estimates for Phobos Modules

		Tp [us]		1.1		peaking time

		Rp [Mohm]		2		3.8		2		1.5		5.7		2												2

		Ileak [uA] for 32cm2		5		leakage current

		Ileak [nA/mm2]		1.5625		0.96875		0.4375		1.25		1.46875		0.59375

						Type1		Type 2		Type 3		Type 4		Type 5		Ring small		Ring large		Octagon		TS1

		pads				1540		512		512		256		256		64		64		128		121

		pad area [mm2]				1		2.55		5.025		10.05		13.3		25		100		11		1

		trace length [cm]				3		3.36		4		5.5		6.5		9		4		11		1.8				4

		pad border [cm]				0.4		2.05		1.64		3.15		3.95		20		4		1.44		0.4

		pad cap [pF/mm2]		0.4

		trace cap [pF/cm]		4.85

		interpad cap [pF/cm]		1.5

		trace resist [Ohm/cm]		10

		total cap				15.55		20.391		23.87		35.42		42.77		83.65		65.4		59.91		9.73				25

		total leakage/pad [nA]				0.96875		1.115625		6.28125		14.7609375		7.896875		39.0625		156.25		17.1875		1.5625				5

		ENC VA const		953

		ENC VA slope		5

		ENC cap [e-]				1031		1055		1073		1131		1167		1372		1280		1253		1002				1078

		ENC PR [e-]				408		562		649		333		562		562		562		562		562				562

		ENC Ileak				109		117		279		427		312		695		1390		461		139				249

		ENC SR [e-]				32		45		57		99		130		299		156		237		16				60

		ENC total				1115		1202		1286		1257		1339		1664		1978		1468		1157				1243

		ENC meas				1230		1347		1517		1436		1387

		Noise corrected		460.9772228646		1140.3508232119		1265.6654376256		1445.264335684		1359.998529411		1308.1548073527

						240.1606770353		395.2495732688		660.0369463779		517.993158838		0

		Signal [e-]		20864.8		20524		21523		21436		20730		20111

		Signal/Noise				19		17		16		17		16		13		11		14		18

		ENC total + readout				1206		1288		1366		1339		1416

		Readout noise [e]		450

		Shaper,Buffer noise [e]		100
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		SNR vs Module/Sensor Type												MIPSig [e]		20500

		Type		SNR_Peak (300um)				thickness						Noise calc		SNRcalc		MPSig		SNRcalc

		1		16.92				319.8						1206.3261786125		16.99		21866.5821581366		18.1265917509

		2		15.98				309.2						1287.7060125785		15.92		21536.1854733747		16.7244582715

		3		14.13				308.7						1365.8844129047		15.01		21304.8445363881		15.5978385397

		4		14.44				310.2						1339.3203826557		15.31		20571.224136903		15.3594497652

		5		14.50				328.2						1416.1907956852		14.48		20130.1164045862		14.2142686324

		avg		15.194				315.22
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Chart3

		1		0.0077725106		0.0077725106		1		0.0010952826		0.0010952826

		1.0024055111		0.0045132314		0.0045132314		1		0.0010952826		0.0010952826

		0.9720511429		0.0062741539		0.0062741539		0.9883222475		0.0010540261		0.0010540261

		0.9719575432		0.0058416782		0.0058416782		0.9883222475		0.0010540261		0.0010540261



Stringtest (Types 1..5)

Testbeam (Type 1)

Sensor number

Rel. MP Signal

Relative MP signal vs. sensor number



Sheet1

		Stringtester's Data

				PEAK VALUES [e]

		PEAK		s0		s1		s2		s3				avg

		Type 1		21728		21728		21271		21271				21499.5

		Type 2		21892		21705		21352		21258				21551.75

		Type 3		22235		21752		21054		20938				21494.75

		Type 4		20673		21280		20400		20613				20741.5

		Type 5		20310		20630		19775		19762				20119.25

		avg		21367.6		21419		20770.4		20768.4

		rel		1		1.0024055111		0.9720511429		0.9719575432

		error		0.0077725106		0.0045132314		0.0062741539		0.0058416782

		(TB) rel		1		1		0.9883222475		0.9883222475

		(TB) error		0.0010952826		0.0010952826		0.0010540261		0.0010540261

		Testbeam Data - Type 1

				PEAK VALUES [keV]						PEAK VALUES [e]				rel. PEAK VALUES

		Momentum		s0		s1				s0		s1		s0		s1

		0.5		84.507122		84.123994				24046.7961325967		23640.8895718232

				84.631702		83.384328								1		0.9831201396

				89.310313		87.687215

				89.748471		87.124544

		0.75		84.217519		83.030685				23806.5587016575		23638.8328038674

				83.701124		83.386541								1		0.9929546349

				88.089415		87.418247

				88.710912		88.454826

		1		81.947244		85.711493				22271.7532458564		22227.5620856354

				80.016332		77.057538								1		0.9980158203

				84.031875		83.392551

				76.499536		75.693517

		1.5		83.265066		82.732821				23772.5564917127		23520.2468922652

				83.875752		82.927508								1		0.989386518

				87.96716		88.251304

				89.11864		86.661542

		2		84.279399		83.294956				23901.1950966851		23634.6636049724

				83.797058		82.714199								1		0.9888486124

				88.135207		88.479503

				89.877641		87.741271

		3		85.207213		83.427718				24183.8323895028		23708.5877071823

				85.455306		84.066692								1		0.9803486613

				89.417772		87.985315

				90.101602		87.820625

		4		85.407686		83.475594				24272.6727209945		23958.6077348066

				85.281667		84.829848								1		0.987060964

				89.662104		89.355584

				91.116844		89.259614

		6		86.284684		85.557457				24447.623480663		24166.9738950276

				85.684391		85.50076								1		0.9885203735

				90.349749		89.0126

				91.682764		89.866965

		8		86.728325		85.161216				24496.1139502762		24189.6960635359

				86.249009		85.688124								1		0.9874911634

				90.128886		89.083597

				91.59751		90.333862

		Average		86.5578611111		85.5470598333								1		0.9884163208

				1		0.9883222475

				0.0010952826		0.0010540261

		TB-Type 1		1		1		0.9883222475		0.9883222475

		ST-Type 1		1		1		0.9789672312		0.9789672312

		ST-Type 2		1		0.9914580669		0.9753334551		0.9710396492

		ST-Type 3		1		0.9782774904		0.9468855408		0.9416685406

		ST-Type 4		1		1.0293619697		0.9867943695		0.9970976636

		ST-Type 5		1		1.0157557853		0.9736582964		0.9730182176

						VA Cin		500		pF

						Signal0		22200		e

		Avg Signal vs type

				Avg MP		Cap		1/Cap

		TB-Type 1		23700

		Type 1		21499.5		15.55		0.969838037		21530.4044224615

		Type 2		21551.75		20.391		0.9608160018		21330.1152402713

		Type 3		21494.75		23.87		0.9544352607		21188.4627865692

		Type 4		20741.5		35.42		0.9338463262		20731.3884427179

		Type 5		20119.25		42.77		0.9212005085		20450.6512887595

		Avg		21081.35

		ST-RMS		0.0300771136		%
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Testbeam

Source tests

Signal MP

Sensor Type (TB=Testbeam MIP pi-, others=Sr90 source)

Signal MP [e]

Absoulte Signal vs. Sensor Type



		



Calculation assumes MIP signal MP of 22200 e and VA input capacity of 500 pF.

Calculated Signal MP

Measured Signal MP

Sensor Type (TB=Testbeam MIP pi-, others=Sr90 source)

Signal MP [e]

Absoulte Signal vs. Sensor Type
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