Conceptual design of DAq system for a proto type detector

( S.S.Upadhya, 24/09/03)
Proposed Detector specifications: 

· Dimension: 1m x 1m x 1m 
· 14 layers of Glass Spark Chambers (GSC) ( 1m x 1m x 2 cm) with 6cm of iron sandwiched in between.
· GSC has two signal planes orthogonal to each other and each having 32  pick- up strips of 30 mm pitch 
· Total no. of channels of information = 32x14x2=896 pick up strips
· Pulse specifications given:
 Pulse height = 100 to 300mV ; rise time = 2-3ns ; 
Width = 100ns ;  Rate  ~ 200 Hz 

· TRIGGER  information:
 Expected Trigger rate is few Hz. 

      Required Trigger logic is m x n fold where 

           m = 1 to 4 ; no. of consecutive chnls in a layer 

           n = 5 to 1  ; no. of consecutive layers with m fold in each layer 

ie  m x n = (1 x 5) OR (2 x 4) OR (3 x 3) OR (4 x 2) 

· Information to be recorded on a trigger 

Absolute arrival time of the  trigger upto (sec ( 10 bytes)

  
Track identification (XYZ points in GSC layers)=896/8=112 bytes


Direction of track ( TDC =28chnls inform =56 bytes)

Miscellaneous information like coincidence in each plane, TDC hit , layer coincidence, calibration data etc. ( 2 x 28 + 2)
TOTAL data = 236 bytes
DESIGN APPROACH:

. Limited time 

. Easy implementation 

. Flexibility & modularity
. Integration of  Standard commercial and In house developed Modules 

. Decentralized  DAq system having basic front end electronics controlled by back end system which minimizes signal lines to back end

. Monitoring the health of detector:

  Monitoring of pick-up channel rates, coincidence rates in each pick-up  planes, mxn fold rates of detector, Trigger rates etc.
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· Front End Electronics (FEE) designed for 32 chnls and has sections like Discriminator, Trigger(0&1) logic, Latch data &  read out logic, Monitor Logic. Trigger(0&1) logic generates m fold logic in a plane  

· Trigger-TDC router receives m fold signals & TDC stop from each of nearby 8 FEE modules and routes them to back end Trigger modules and TDC modules respectively.
· In back end CAMAC DAq system, Trigger module generates mxn fold in either plane forming the Event trigger. Control Logic drives event data serially to back end read out modules and monitors 8 channels in parallel in sequential cycle. The back end data are read to PC via CAMAC Controller. 

· DAq. SW will be developed in C under Linux 
Design Considerations: 

· To find direction of track , timing resolution of  100ps or better is required. Hence TDC resolution should be of 100ps or  better.
·  Discriminator and trigger logic should be faster logic so as to generate fast trigger as well as to get better timing accuracy of the track. 
· Trigger coincidence window is 50ns to reduce the chance trigger rate
· Fast Recording time by Parallel-Serial technique
· Flexibility &  reliability of data 
· Fast Monitoring  cycle by parallel- sequential technique.
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Level 0:  ECL wire OR logic 

Level  1:  Simple PLDs or Discrete Gates

Level  2:  CPLD/FPGA logic

     Worst case response time of trigger  is ~ 100ns ( jitter of few ns may be there )
TRIGGER LOGIC

 Considering  following points 

a) Trigger rate is few Hz

b) Individual Channel  rate is few hundred 

c) Minimum signal lines to Back end Electronics

It is decided  to adapt loose trigger logic which allows all the genuine trigger logics and may allow unwanted chance trigger which  is negligibly low.

Whole detector is imagined as two duplicate detectors , each detector having symmetric pick-up planes of all the layers.

Trigger logic of each detector (X-plane & Y-plane) has three stages ie Trigger level 0,1 & 2.

Trigger level 0: Here digital signals with a gap of 8 are ORed to get S1,S2..S8 signals as shown below.
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Assuming individual pickup signal rate of 200Hz,

Sn rate[n=1..8]  = 4x 200 = 0.8 KHz

Here 32 signals are reduced to 8 signals for further trigger  section.

Propagation delay of this level  may be around 10ns

TRIGGER LEVEL 1:  It is part of  front end electronics. Here m fold coincidence of consecutive trigger 0 signals Sn, in a pickup plane are produced using simple PLDs or Discrete  ICs.

Assuming coincidence window,  T=50ns ; Sn rate R= 0.8 KHz

Using the formula,   

m fold chance Rate= mRm Tm-1 Hz

chance rates are calculated as below:

S1 + S2 + S3+…..+S8
= L1P1(1F)= 6.4 KHz, 1 fold rate  

S1.S2+ S2.S3 +…..+S7.S8+S8.S1 = L1P1 (2F) 

                                                       = 0.5 Hz , 2 fold rate

S1.S2.S3+ S2.S3.S4 +…..+.S7.S8.S9+S8.S9.S1 =  L1P1(3F) 

 = 3 x 10-5 Hz, 3 fold rate

Hence L1P1(4F) ie, 4 fold rate is negligible.

  Propagation delay of this stage may be around 20ns 
Trigger level 2:
Trigger Logic is m x n fold

       Where m= min. consecutive chnls in a pick-up planes



 n = no. of such consecutive planes

Assuming T=50ns ; Chance rate of m x n fold = c.(nRmn Tn-1)

1F x 5F = 2.684x 10-9 Hz  ( Rm=6.4 KHz)

2F x 4F = it will be much less

Since total chance trigger  is very much negligible , this trigger logic is viable.

Here FPGA logic can used to have flexibility in the trigger
32 channel Front-end Electronics
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Front end Electronics board: 
There is a one board per plane supporting 32 pick up channels and it is a common PCB for both +ve or –ve input pulses . This board mainly consists of following sections:
Analog to Digital pulse: Analog signals above common set threshold , is converted to fast digital ECL pulse.
Trigger section: 

 Trigger (0):  Fast S1 to S8 ECL signals are generated

  Trigger (1): These S1 to S8 signals are converted to fast TTL logic and differential m Fold (1F to 4F) signals are generated. These signals are sent to Trigger(2) logic at back end thr’ router.
Timing Information: The ORed output of S1 to S8 signals  gives the relative timing information along the Z plane of the detector. This differential signal goes to TDC through Router board.

Event data : All the channel  signals are converted to TTL & shaped. These channel information along with m fold signals, Timing signals and board ID are latched at input trigger pulse ( T )  forming event data. These data are read by back end serially. Speed of serial data transfer is user selectable. (Max. of 5 M bits/sec )
Monitoring sections :  A total of 40 signals like 32 channel signals, m fold signals, TDC signal and Calibration signals are monitored for their rates sequentially. Monitoring cycle is user selectable.

Hand shake signals: EVE in & out ports are used to daisy chain the event section of FE boards and MON in & out ports are used to daisy chain monitoring portion of the FE boards. The length of these two chains are independent depending  upon number of parallel path required. More the paths faster the operations of Event readout and monitoring of all channels. Common In & out ports are common to both Event & Monitor operations. Hence they are daisy chained to a fixed length. The first FE board of each daisy chain gets hand shake signals from the CAMAC based Control board and out port signals of last FE board of the chain goes to Read out & Monitor module at back end.
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      To  level 2 trigger module 


     To  level 2 trigger module

This module sorts  the trigger –1 signals and TDC signals  from each of the Front end Electronics modules 

(max. of 8) and routes them to level 2 trigger module and TDC modules in back end CAMAC.  

4 Channel Control Module

The data read out and monitoring of the system is controlled by this board. This is a CAMAC based system having four channels of control signals. Each channel has three set of control / hand shake signals for selection of FE board, read out of event data and monitoring of pick up signals in the selected board.  

Control / Hand shake signals:

Common Signals:( out port)
4 Bit Address: addresses the  FE board to be accessed (max. of 16)

E/-M : indicates the mode of operation vide Event (High)/ Monitor(Low)

T: Event trigger which latches data in all connected FE boards.

Event Hand shake: (out port)
SO: This is used for calibration of Event data section in each of the FE board
Clk: The every bit of data from the selected FE board is read into read out board. Data read out is synchronized to          -ve edge of the clk.

Monitor hand shake: (out port)
MO : Can be used to calibrate part of Monitor section and Monitor scalers. In normal operation, it is a dummy o/p to have compatibility with FE monitor input connector.

MClk:  The 1st clock enables the addressed board Monitor section and subsequent clock selects next pick up channel to be monitored (1 to 40)
MR: Monitor Reset clears and selects the 1st monitor channel in the enabled board.

Features: 
· Final trigger initiates event process or interrupt
· Event SW read out or hardware preprogrammed read out.
       In SW read out mode, Final trigger invokes the interrupt routine where event board selection & read out clock is completely under program control while reading the event data from FE modules. Hence read out speed is program controlled. 

       But in Hardware mode, the number & speed of clock is preloaded. Final trigger  initiates preset number of clocks at preset speed to read the latched data from FE modules into FIFO buffer in the read out  module. The 4 bit module address increments after  every 48 clock pulses selecting the subsequent module for reading the data.  
· Programmable monitor cycle and interrupt on every cycle
READ OUT MODULE

It is a CAMAC based module. It has 4 serial event data read out inputs and 8 monitor inputs.
Serial Event data from each of 4 inputs is read into 8 bit serial to parallel converter on + ve edge of  clk. converted  byte data is written to FIFO buffer. The FIFO data is read thr’ CAMAC bus in the event routine. 
The 8 selected monitor channels are translated to ECL logic to monitor the rates through ECL input CAMAC scaler modules in the monitor routine.

Hand shake signals:

Event Hand shake: (In port)

SI: serial data from last FE board of the Event daisy chain. 
Clk:  +ve adge of clock sense serial data at SI for serial to parallel conversion
Monitor hand shake: (In port)

MI : monitoring channel signal routed thr’ the last FE board of Monitor daisy chain

MClk:  not used 

MR:  not used

SOFTWARE
Event Interrupt routine : 



Monitor Interrupt routine

 (invoked by Final trigger)



( invoked by preset periodic trigger in Control module )
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 Pending design works :
1. FE board : ( SSU, SKR )
a) Trigger (1) logic: Design using discrete ICs / simple PLDs / complex PLDs

b) Conversion of conceptual design to IC design
2. Trigger & TDC Router:  Conversion of conceptual design to IC design  (SSU)

3. Trigger (2 ) logic :  CAMAC based module

           Design using CPLD/ FPGA
4. 4 channel Control Module : Design ( CAMAC based)

5. Read out & Monitor Module: Design (  CAMAC based )

Note : Persons for items 3, 4 & 5 are to be identified 
OVER ALL CONNECTION DIAGRAM

{ FE[l],[m,n] where  l- board ID, m- Event board ID, n- Mon board ID }
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