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  The signal processing electronics is essentially made up of VXI mother-cards (DMCH-16X) carrying on:

· CFD (constant fraction discriminator) and CFD monitoring

· MT (mean timer), MT output (on front panel) and MT Test Generator

· front-back coincidence, Next Pulse Neutralization, Global Buddy, Buddy time encoding, 120Hz, Laser and Test Generator modes

· Time of flight coding and histogramming

· VME interfacing and data collection.

  Moreover, each mother-card is able to support one daughter-card, which carries on the two following functions:

· CFD output (on front panel)

· 104 scalers.

  The 104 scalers are implemented on two chips: one programmable logics chip, which supplies 104 pre-scalers, and one DSP (digital signal processor) chip, which supplies 104 post-scalers and data transfer to the mother-card. The maximum instantaneous input frequency is larger than 250MHz (the needed maximum instantaneous frequency is 30MHz). The mean input frequency is larger than 4MHz on each scaler with a false counting probability clarified below.

  The 104 scalers of each daughter-card are assigned as follows:

· 32 “total period” scalers counting “direct CFD”
· 16 “total period” scalers counting “direct MT”
·   8 “total period” scalers counting Glogal Buddy
· 32 “sliding gate” scalers counting “single CFD”

· 16 “sliding gate” scalers counting “direct MT”
  A “direct CFD” scaler counts CFD signals without taking into account the output of the other CFD of the same scintillator.

  A “direct MT” scaler counts MT signals without taking into account the output of the other MT of the same front+back detector.

  A “single CFD” scaler counts CFD signals only when the related MT is not triggered.

  Consequently,

“direct CFD” rate = “single CFD” rate + “direct MT” rate

and    “direct MT” rate = “single MT” rate + “complete MT” rate

with “complete MT” rate given by the TOF measurement made on the mother-card.

  A “total period” scaler counts all the signals occurring during the beam period (32 ns).

  A “sliding gate” scaler counts only the signals occurring during a 2ns gate, which is set inside each beam period and spans (under program control) regularly the whole beam period.

  So, an ideal Sliding Gate Scaler (SGS) is a Time to Digital Converter (TDC) with 2ns binning and 1:16 = 6.25% efficiency.

  The efficiency of a SGS is easily measured, for example by dividing the “direct MT” SGS rate by the “direct MT” total period scaler rate. The efficiency can be adjusted by program.

  Characterisation of the Differential Non Linearity (DNL) of a SGS is not so straightforward as for a conventional TDC. We have to measure two DNL diagrams instead of one: the discrepancy diagram (16 channels) of the width of the gate [WIDTH diagram] and the discrepancy diagram (16 channels) of the delay of the gate [DELAY diagram]. These discrepancies can not be adjusted.

WIDTH diagram

  The WIDTH diagram is supplied by means of a random generator (in fact with a 25MHz periodic generator). Measurements were made on the SGS DFC0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 of the daughter-card prototype

   The following tables show that the width discrepancy is less than 1% (20ps).
	
	DFC0
	DFC1
	DFC2
	DFC3
	DFC4
	DFC5
	DFC6
	DFC7

	
	
	
	
	
	
	
	
	

	0
	498049045
	496770277
	531848197
	534837562
	659115382
	666551231
	666717653
	659563354

	1
	498589864
	495911437
	531901895
	535757409
	658895100
	669727343
	665553959
	663453165

	2
	498853160
	496615989
	532449559
	536120084
	660167500
	666978089
	667955862
	660615788

	3
	499183619
	496201665
	531832238
	535535463
	656894858
	668668135
	662719557
	661133954

	4
	496710465
	495358833
	532477966
	537039879
	661915970
	668209213
	670587584
	662567331

	5
	498891712
	495536493
	531895081
	535091727
	656133911
	667913258
	661567081
	660093869

	6
	499771118
	497852592
	532363677
	536717390
	661474357
	668098846
	669911652
	661479384

	7
	499612012
	495113326
	532104214
	534937822
	657852318
	668928647
	663959030
	662011710

	8
	498073074
	496884125
	531884957
	536070597
	659633525
	667092522
	667616298
	659971975

	9
	498295164
	495598598
	533291860
	536076854
	659081914
	669557306
	665286649
	663022596

	10
	498789877
	496775977
	531373528
	535406129
	659560444
	667098628
	667675353
	660535285

	11
	499663966
	496276498
	532318708
	536071121
	658054557
	668695126
	663910062
	661420186

	12
	496201369
	495343615
	531854683
	535384387
	660770392
	667829550
	668861505
	661955679

	13
	499405700
	495792740
	531557595
	536498563
	657885373
	668548409
	664474210
	661153242

	14
	499425897
	497499443
	532633096
	535846456
	659621731
	667229326
	666768986
	660528809

	15
	499529785
	495418769
	532359350
	536608551
	659280662
	669584592
	666213735
	662916393

	
	
	
	
	
	
	
	
	

	it
	7979045827
	7938950377
	8514146604
	8573999994
	10546337994
	10690710221
	10659779176
	10582422720

	Mo
	498690364,2
	496184398,6
	532134162,8
	535874999,6
	659146124,6
	668169388,8
	666236198,5
	661401420

	
	
	
	
	
	
	
	
	

	Hi
	499771118
	497852592
	533291860
	537039879
	661915970
	669727343
	670587584
	663453165

	Lo
	496201369
	495113326
	531373528
	534837562
	656133911
	666551231
	661567081
	659563354

	Hi - Lo
	3569749
	2739266
	1918332
	2202317
	5782059
	3176112
	9020503
	3889811

	A%
	0,715824739
	0,552066129
	0,360497809
	0,410975881
	0,877204429
	0,475345332
	1,353949698
	0,588116518

	
	
	
	
	
	
	
	
	

	Hi - Mo
	1080753,813
	1668193,438
	1157697,25
	1164879,375
	2769845,375
	1557954,188
	4351385,5
	2051745

	B%
	0,216718407
	0,336204331
	0,2175574
	0,217378936
	0,420217198
	0,233167549
	0,653129552
	0,310211762

	
	
	
	
	
	
	
	
	

	Mo - Lo
	2488995,188
	1071072,563
	760634,75
	1037437,625
	3012213,625
	1618157,813
	4669117,5
	1838066

	C%
	0,499106333
	0,215861798
	0,142940409
	0,193596944
	0,456987231
	0,242177783
	0,700820146
	0,277904756

	
	
	
	
	
	
	
	
	

	A% = ((Hi - Lo) / Mo) * 100
	B% = ((Hi - Mo) / Mo) * 100
	
	C% = ((Mo - Lo) / Mo) * 100
	


	
	DFC8
	DFC9
	DFC10
	DFC11
	DFC12
	DFC13
	DFC14
	DFC15

	
	
	
	
	
	
	
	
	

	0
	548709266
	546541245
	
	
	
	
	
	

	1
	551316563
	546953615
	
	
	
	
	
	

	2
	549770742
	548599279
	
	
	
	
	
	

	3
	550693388
	547082063
	
	
	
	
	
	

	4
	550272638
	548449384
	
	
	
	
	
	

	5
	550361180
	546732490
	
	
	
	
	
	

	6
	550477180
	548055703
	
	
	
	
	
	

	7
	549703519
	546483453
	
	
	
	
	
	

	8
	550748487
	547859823
	
	
	
	
	
	

	9
	550890538
	547940617
	
	
	
	
	
	

	10
	550619497
	548099193
	
	
	
	
	
	

	11
	550507315
	547313182
	
	
	
	
	
	

	12
	549150167
	546403490
	
	
	
	
	
	

	13
	550458157
	547791546
	
	
	
	
	
	

	14
	550468449
	548391678
	
	
	
	
	
	

	15
	551948873
	547894167
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	it
	8806095959
	8760590928
	
	
	
	
	
	

	it / 16
	550380997,4
	547536933
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Hi
	551948873
	548599279
	
	
	
	
	
	

	Lo
	548709266
	546403490
	
	
	
	
	
	

	Hi - Lo
	3239607
	2195789
	
	
	
	
	
	

	A%
	0,58861171
	0,401030299
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Hi - Mo
	1567875,563
	1062346
	
	
	
	
	
	

	B%
	0,284870948
	0,194022711
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Mo - Lo
	1671731,438
	1133443
	
	
	
	
	
	

	C%
	0,303740762
	0,207007588
	
	
	
	
	
	


DELAY diagram

  The DELAY diagram is supplied by means of a numerically controlled delay generator synchronized on the beam period (100ps step with 50ps step discrepancy). The actual delay is taken when the efficiency of the channel is 50%. Measurements were made on the SGS DFC0 and 8 of the daughter-card prototype.

  The following figures show that the delay discrepancy is quite less than 100ps (the DNL of the delay generator does not allow a better precision).
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FALSE COUNTING PROBABILITY

  Each scaler is split into 2 parts: pre-scaler (7 bit) and post-scaler (up to 32 bit)

  As the signals to be counted respect a Poisson law, there is a false counting probability due to a pre-scaler carry occurring prior the previous one has been processed by the DSP.

  The false counting rate has been calculated according to input frequency and taking into account the dead time of the electronics, and measured with radioactive source (at high counting rates in order to get significant numbers).

  Calculated curves with 35ns dead time (upper: rate/day/scaler; lower: rate/10000 macro-pulses/scaler) and measured points (for 10000 macro-pulses) are represented below.

  If the actual G0 rates are very large, about 4MHz, we should take into account the “double carry” (then, the size of the pre-scaler becomes 8 bits). In this configuration, the false counting rates are very small: less than 10-34/day/scaler @ 4MHz.
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CONCLUSION

  The scalers supplied by the electronics meet greatly the G0 bandwidth specifications: 30MHz instantaneous frequency, 2MHz mean frequency. The false counting rates due to pre-scaler/post-scaler architecture can be reduced to very small values.

  They offer a straightforward, cheap and real-time way for test and monitoring.

  The good width and delay DNL allows the SGS to be used for evaluation of losses due to single DFC and single MT.

  The efficiency of the SGS is well defined. So, it may be interesting to use them in order to validate the FastBus slow control efficiency.

_____________________________
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Feuil1

		Débit Moy		Cycle DSP		m		x		tm

		5.0000E+06		2.3520E-05		1.1760E+02		128		3.5000E-08

		Debit		p(m,x)		P(m,x)		Al		Al/mps		Al/10000mps		Al/Jour

		1000000		4.1960E-59		4.9524E-59		7.0739E-61		1.9090E-58		1.9090E-54		4.9481E-52

		1500000		4.5503E-40		5.9335E-40		8.8168E-42		3.6349E-39		3.6349E-35		9.4217E-33

		2000000		9.8743E-28		1.4442E-27		2.2583E-29		1.2647E-26		1.2647E-22		3.2781E-20

		2500000		3.8284E-19		6.4054E-19		1.0702E-20		7.6356E-18		7.6356E-14		1.9792E-11

		3000000		5.3973E-13		1.0607E-12		1.9338E-14		1.6880E-11		1.6880E-07		4.3754E-05

		3500000		1.3635E-08		3.2670E-08		6.6942E-10		6.9533E-07		6.9533E-03		1.8023E+00

		4000000		1.5804E-05		4.8811E-05		1.1734E-06		1.4213E-03		1.4213E+01		3.6840E+03

		4500000		1.5236E-03		6.6355E-03		1.9950E-04		2.7750E-01		2.7750E+03		7.1928E+05

		5000000		1.8126E-02		1.3065E-01		5.3962E-03		8.5167E+00		8.5167E+04		2.2075E+07

				Al/mps		Al/10000mps		Al/Jour

		1000000		1.9090E-58		1.9090E-54		4.9481E-52		1.9090E-58		1.9090E-54		4.9481E-52

		1500000		3.6349E-39		3.6349E-35		9.4217E-33		3.6349E-39		3.6349E-35		9.4217E-33

		2000000		1.2647E-26		1.2647E-22		3.2781E-20		1.2647E-26		1.2647E-22		3.2781E-20

		2500000		7.6356E-18		7.6356E-14		1.9792E-11		7.6356E-18		7.6356E-14		1.9792E-11

		3000000		1.6880E-11		1.6880E-07		4.3754E-05		1.6880E-11		1.6880E-07		4.3754E-05

		3500000		6.9533E-07		6.9533E-03		1.8023E+00		6.9533E-07		6.9533E-03		1.8023E+00

		4000000		1.4213E-03		1.4213E+01		3.6840E+03		1.4213E-03		1.4213E+01		3.6840E+03

		4500000		2.7750E-01		2.7750E+03		7.1928E+05		2.7750E-01		2.7750E+03		7.1928E+05

		5000000		8.5167E+00		8.5167E+04		2.2075E+07		8.5167E+00		8.5167E+04		2.2075E+07

		3.85E+06		1.0000E+00

		4.04E+06		2.6000E+01

		4.15E+06		7.1000E+01

		4.19E+06		9.7000E+01

		4.27E+06		2.2800E+02

		4.35E+06		5.6000E+02

		4.38E+06		8.3500E+02

		4.45E+06		1.5960E+03
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