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1DD CFT/ CTT Midterm OutlookCFT/ CTT Midterm Outlook

CFT
Larger issues:
• Frozen VLPC c hannels
• High Rate Effec ts and Rebiasing:

– L1 dead time reduc tion
– disc r. oc c .effec ts
– VLPC rebiasing

• Offline ADC c ut
• Monitoring for Radiation Damage
Smaller issues:
• Working Examine browser
• Added Examine func tionality
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2DD FT_EXAMINEFT_EXAMINE

David  Lam, ND, c omb ined sub-detec tor online examines into a  sing le 
examine. 

Program runs well and  is a  grea t improvement
• ROOT b rowser is needed  to view the histograms. Browser (pa tterned  a fter 

the GM browser) c rashes.  From Fred : “ Its ha lf life between c rashes is 
c omp letely random and  can be from hours to sec onds.  It does not c rash 
benignly but does nasty things to the whole node.  As a  result it is 
unusab le.  This should  be a  simp le fix, but we have exhausted  our 
expertise and  need  help .”

Need  to add  fea tures: 
• Automatic  fiber oc c upanc y c hec ker: a lgorithm exists; need  somebody to 

imp lement it
• SES a la rm integra tion



June 6, 2004 Stefan Grünendahl

3DD Frozen ChannelsFrozen Channels

• About 1.7% of a ll VLPC c hannels 
unresponsive/ d isc onnec ted

• Kills 6.5% of CPS c lusters !
• Most likely issue with wa ter ic e lifting  the c old  end  

c in::apse c onnec tors (stud ies by George Ginther)
• Have outline of a  ba ttle p lan for the Fa ll 2004 shutdown:

– Warm up  one c ryosta t, pump out, rec ool, extensive c hec ks
– Needs 2 weeks a t beg inning  of shutdown, working  DAQ for 

c hec ks
– If it works: repea t with 2nd c ryosta t; if not: warmup , inspec t 

c assette
• Still deba ting  on this, but doing  nothing  seems bad  op tion 

for long term operab ility p rospec ts
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4DD L1 Readout L1 Readout Deadtime Deadtime Reduc tion Reduc tion 

From Fred  Borc herd ing : 
“ Reduc tion of L1 Dead Time - This is a prob lem shared  by SMT and FT with

a  c ommon c ause.  Both the SMT and FT lead  the detec tors in the amount of L1
dead  time. At the p resent L1 ra te a ll o ther sub-detec tors have less than 1/ 2
the dead time we do.  Our dead  time is set by the readout of the SVX c hips.
A g roup  has a lready been formed  with members from SMT, FT, and  eng ineering
experts for a ll the hardware involved .  We have a  weekly stand ing  meeting
tha t I c ha ir.  Ac tive work is ongo ing  for both the SMT and  FT groups tha t is
being  c oord ina ted  so tha t it is as c omplementary and  non-overlapp ing  as
possib le.  Improvements in the range of 20% seem very possib le and  will take
month long  time sc a les to test and  imp lement.  Improvements of over 50% to a
fac tor of 2 have been proposed but will take a  lot of work and  possib ly
hardware c hanges.  This g roup has goa ls for both before the fa ll shutdown
and for c oming  out of the shutdown.”

Current Stra tegy
• Streamline some setup  etc . times
• Remove VSVX addresses: 7% (Fred  has deta iled  p lan for this)
• Read  out a t 53 MHz: sp lit c loc k for VSVX and  SVX ?  Some risk even if tests go well (c f. last year) 
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5DD VLPC rate, VLPC rate, rebiasingrebiasing

• Next slides d irec tly taken from Juan Cruz Estrada
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6DD
Photopeak spec trum (using LED) gives 
rela tive Quantum Effic ienc y (Q.E.) and  
gain.

ga in and Q.E. drop as the ra te into the VLPC 
inc reases (c a libra tion da ta  from LAB3)

0 MHz

2 MHz 

4 MHz 

6 MHz

8 MHz

VLPC operation at high ratesVLPC operation at high rates

now

Low gain dispersion
(0.13 pe)

L=280e30

The model for 
this effec t d id  
not ma tc h our 
observa tions.

Juan Estrada  
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7DD VLPC operation princ ip lesVLPC operation princ ip les

When a  b ias voltage is applied , the 
elec trons popula te the inpurity levels 
(D*) in the ga in region, leaving a  
fixed  c harge density in tha t a rea .

donor(a rsenic ) : ND~1018/ c m3 

ac c ep tor: NA~1014/ c m3

highly doped  weakly c ompensa ted

Opera tion:
• photon is absorbed in the intrinsic  or 
ga in reg ion c reating an e-hole pa ir.
• In the ga in region the hole c an 
separa te an elec tron from a  D* sta te 
sta rting the ava lanc he (a lso c rea ting 
D+ c harges).

1.12 eV 0.05 eV
(impurity)

doped region

(old  model: H.Hogue, Proc eed ings of SCIFI97)

The c urrent goes up with rate, and 
field in the gain region drops due 
to Ohm’s law in Drift region.

Juan Estrada  
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8DD Verification in the test CryostatVerification in the test Cryostat

In order to verify wha t we saw in the detec tor, we d id  a  ra te experiment in the test 
c ryosta t and  c onfirmed  our observa tions. We were able to see gain and Q.E. 
dropping with rate, and the bias c urrent going up. The old de-biasing model is ruled 
out.

The TriP allows this!!!

Juan Estrada  
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9DD

We c onc lude:

After an ava lanc he, a  reg ion of the VLPC has a  
c onc entra tion of D+ c harges. The c harge density in 
tha t reg ions d rops, and  this reduc es the field .

The dark c urrent d rops very fast with the field  (Poole-
Frenkel effec t). QE and  ga in depend on the field .

D+ c arriers a re very slow.

VLPC operation a t high rates (new VLPC operation a t high rates (new 
model)model)
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Calculations using typical parameters for the VLPC

Effort to understand  the effec t.

We see a  d rop  in dark c urrent d rop  a fter a  single 
pulse.

Juan Estrada  
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10DD Recovery timeRecovery time

We measured  the rec overy 
time as a  func tion of b ias 
voltage and  tempera ture.

This shows tha t the rec overy 
is therma lly ac tiva ted .

Juan Estrada  
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11DD VLPC numerical simulationVLPC numerical simulation

• the VLPC is made of c ells (60K)

• the ava lanc he for a  photon oc c urs inside one c ell

• no c ommunic a tion between c ells 

The ava lanc he turns off the da rk c urrent for tha t 
c ell, and  has an exponentia l rec overy with 
c harac teristic  time on the order of 3.5 ms.

The ga in rec overs with the same c harac teristic  
time, the QE is a  power of the ga in.

This VLPC c an be simula ted  numeric a lly

VLPC surface 8 pe avalanches

Juan Estrada  
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12DD

(measurements  and model submitted to Applied Physics Letters)

VLPC operation a t high rates (new VLPC operation a t high rates (new 
model)model)

Numeric a l simula tions show tha t the observed  

c harac teristic  time of 3.5 ms c an exp la in 
performanc e dec rease with ra te for the VLPC. 

Using  the model we estimate:

area for the avalanches: 12mmmmm 

drift veloc ity for the slow carriers: 0.3 cm/ s 

Juan Estrada  
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13DD Gain dispersionGain dispersion

Another nic e aspec t of this model is tha t it p red ic ts the inc rease in ga in d ispersion 
as a  func tion of ra te. This effec t is seen in the LAB3 da ta . If our paper with the new 
model gets pub lished , this is something tha t I will like to submit in the next VLPC 
paper.

Juan Estrada  
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14DD Gain drop Gain drop vsvs gaingain

2MHz

4MHz

6MHz The frac tiona l ga in d rop is la rger 
for VLPCs tha t have a  la rger ga in. 
The p lot inc ludes the c a lib ra tion 
da ta  for 10240 c hannels a t a  fixed  
b ias voltage.

In our model this means tha t the 
higher gain is ac hieved by 
inc reasing the size of the 
avalanc hes.

If our model is pub lished  in APL, I 
will like to inc lude this in a  next 
VLPC paper.

Juan Estrada  
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15DD Single pulse saturationSingle pulse saturation

calculatedobserved

There has been observa tion of sing le pulse sa tura tion in the VLPC, devia tions from linearity for ~1000 photons 
(Marvin Johnson, Don Linc oln, Bruc e Hoeneisen, Alan Bross, and  others) .

We see this oc c urring  muc h earlier than expec ted  due to ava lanc he superposition. 

I think this is rea l deb iasing , the b ias c urrent rea lly goes up  for a  short t ime a fter the pulse and  the effec tive 
voltage in the VLPC drops. I will a lso like to inc lude this is a possib le next VLPC paper.

10K

50K

Juan Estrada  
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16DD How can we use this model at How can we use this model at 
DDØØ??

We c an determine the ra te of pe ava lanc hes 
in the VLPC by looking a t the b ias c urrent, as 
measured  by the AFE. Using the LED system 
we d id  a  c a libra tion of this measurement

Channel arc hiver for d ifferent LED rates.

Using this c a lib ra tion we measured  about 
3MHz for L=50E30, c onsistent with the zero 
b ias oc c upanc y (David  Lam).

Juan Estrada  
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17DD How can we use this model at How can we use this model at 
DDØØ??

Using the LAB3 d a ta  we c an determine by how muc h we need  to c hange the voltage to 
ob ta in the “ desire” performanc e  (is not c lea r to me tha t we know what is the desired  
performanc e). We a re p robably getting a  d rop  of 20% in performanc e in the inner most 
layer for L=50E30. 

0 MHz

2 MHz 

4 MHz 

6 MHz

8 MHz

3MHz � ~10% 3MHz � ~10%

Juan Estrada  
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18DD How c an we c hec k that we are doing How c an we c hec k that we are doing 
this right?this right?

As suggested  by Jadzia last 
week, we need  to c hec k tha t 
we see the ra te effec t and  
tha t we a re c hanging the 
b ias c orrec tly. This c ould  be 
done looking a t the pedesta l 
for unsuppressed  c hannels, 
a lso suggested  by Jadzia .

This is the d ifferenc e tha t we 
will see between 0 and  4 MHz 
(da ta  taken a t LAB3)

This is a lso inc ompatib le with 
the de-biasing model.

ADC

Juan Estrada  
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19DD RebiasingRebiasing : Conc lusion: Conc lusion

• We know have a  better  understand ing of the ra te effec t in the 
VLPC.

• We now have another tool to measure the ra te in the VLPC, tha t 
c ould  be of use for the opera tion of the detec tor.  

• At 40E30, we get ~3MHz in the inner most layer of the CFT (this has 
been measured  by David  Lam and  c onfirmed  with b ias c urrent 
measurements).  We should  be ab le to see some ineffic ienc y.

We need to:

1. Define what we want to optimize (Effic ienc y for a fixed 
oc c upanc y? What oc c upanc y? How often do we want to 
rebias?)

2. Implement the rebiasing, this will be a very large projec t, but is 
going to be needed to keep up with the luminosity.

Juan Estrada  
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20DD +20 ADC count offline cut+20 ADC count offline cut

• Online: 1 c ut va lue per SVX c hip  (= 64 c hannels) ta rgeted  
a t 1% oc c upanc y

• Offline: we (Jadzia ) supp ly them with c hannel-by-c hannel 
thresholds

• Bec ause of tracking  p rob lems, offline c hose to add  a  fixed  
offset of +20 c ounts to this c hannel-by-c hannel threshold  
=> equiva lent in photoelec trons (and  MIPs) va ries wild ly (1-
1.5 pe)

• Works now, will seriously c ut into effic ienc y onc e detec tor 
ages

• Need  to get rid  of it, if nec essa ry rep lac e it with something  
tha t makes (more) sense; tic k (c rossing ) d ependent c ut?
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21DD CTT upgradeCTT upgrade

• (SG): p lan p resented  a t Trigger-3 and  INSTPHYSCOM meetings (see 
agenda  server)

• New system (2 DFEA c ra tes from Boston) very simila r to existing CTT 
• Cha llenges: ha rdware not ac c essib le in MCH; need  to keep old  system 

running
• Plan: estab lish pa ra llel da ta  pa th for p roto type of new system on 

p la tform, and  debug while still running the CTT with the old  DFEA c ra tes 
• Fa ll 2004 shutdown: insta ll and  test sp litter ha rd ware and  infrastruc ture 

(c ra te, bac kp lane, c ab les, power supp ly, downstream modules) on 
p la tform

• Fa ll 2004 and  la ter: multi-step  bootstrapp ing of new system
– Test new boards (Cra te Controller, DFEB) (JTAG, 3rd floor test stand) 

– insta ll tested  p rototypes in para llel system on p la tform (b rief ac c esses)
– Estab lish download  and  c ontrol; verify input hand ling; estab lish L3 readout; 

estab lish Trigger Framework c onnec tion; test trigger a lgorithms on p la tform

• Summer 2005: switc h over to new system
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22DD CTT upgradeCTT upgrade

• Worries: 
– Manpower for adap ta tion of infrastruc ture and  verific a tion software 

• INSTPHYSCOM WG feedbac k: 
– Will ha rdware be read y? -> d ifferent c ommittee… (seriously: it’ s on sc hedule)
– Need to estab lish p roc edure to insure tha t new hardware will work for a ll 

existing CTT c ustomers (‘ vic tims’ ), in partic ula r STT (rec eives duplic a te output)
– Fina l rep lac ement of DFEA c ra tes, rec ab ling and  c onnec tion testing will still be 

c hallenging
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23DD CFT summaryCFT summary

• Quite a  few c hanges p lanned  to ma inta in 
performanc e and  long term effic ienc y of CFT

• Some trivia l (exc ep t for manpower and  
c ommunic a tion/ persuasion issues), some not

• Reb iasing: p ic k one possib le performanc e 
metric , c ompute b ias vs. ra te, test

• Frozen VLPC c hannels: agree on and  fina lize 
p lan for Fa ll 2004 shutdown


