

Page 1 of 11
LAT-TD-04134-01            How to Set the LAT Timing Registers
Page 5 of 11

	[image: image1.jpg]



	Document #
	Date

	
	LAT-TD-04134-01 
	21-June-2004

	
	Author(s)
	

	
	 Gary Godfrey
	

	GLAST LAT System Specification
	
	

	
	Subsystem/Office

	
	Integration and Test

	Document Title

	How to Set the LAT Timing Registers


Gamma-ray Large Area Space Telescope (GLAST)

Large Area Telescope (LAT)

Integration & Test Subsystem

How to Set the LAT Timing Registers
Change History Log

	Revision
	Effective Date
	Description of Changes

	-01
	6/6/04
	Original

	
	
	

	
	
	

	
	
	


Contents

41.
Purpose


42.
Scope


43.
Definitions


43.1.
Acronyms


43.2.
Definitions


54.
Applicable Documents


55.
Description of the Equipment


56.
Description of the System


77.
How to Adjust the Timing Knobs


98.
Suggestion for a “ScanDelay” script


99.
Suggestion for a “Scan Width” script




1. Purpose

The purpose of this document is to describe in one place the various LAT Timing registers, describe the method for setting them, and serve as a guide for writing the procedure to set them.
2. Scope

The methods described in this document to set the timing can be used on the full 16 tower LAT or any subset of towers from 1 to 16 as long as there is a GLT module.  This method should also work when LAT is in orbit.
3. Definitions

3.1. Acronyms

ACD
Anti-Coincidence Detector

CAL
Calorimeter

CNO
Carbon Nitrogen Oxygen

DAQ
Data Acquisition system

EM
Engineering Model tower.

GEM
Global Trigger Electronics Module
GLAST
Gamma-ray Large Area Space Telescope

GLT
Global Lat Trigger
EGSE
Electronic Ground Support Equipment

LAT
Large Area Telescope.

ROI
Region of  Interest
SLAC
Stanford Linear Accelerator Center in Menlo Park, California

TKR
Tracker

TBD
To Be Determined

TBR
To Be Reviewed

TACK
Trigger Acknowledge

TREQ
Trigger Request

3.2. Definitions

Tracker
Silicon strip tracker within each tower of the LAT

4. Applicable Documents

[1]
LAT-TD-00605
TheTower Electronics Module (TEM) Programming ICD specification
[2]
LAT-TD-00639
The ACD Electronics Module (AEM) Programming ICD specification.
[3]
LAT-TD-01545
The GLT Electronics Module Programming ICD specification
[4]
LAT-MD-03489-01
Ad Hoc Committee on End-to-End Testing

5. Description of the Equipment
The equipment is the LAT (or subset of towers) with a GLT module and EGSE hardware and software to read out the LAT.

6. Description of the System

When a particle enters the LAT, the various subsystems (Tracker, Calorimeter, ACD) may send Trigger Requests (TREQs) to the GLT.  The GLT may then issue a Trigger Acknowledge (TACK) which returns to the subsystems to lock in information.

All three subsystems have preamps that put out shaped pulses that peak at different times after the entrance time (t0) for the particle into the LAT.  In all three cases time delays must be adjusted so that the returning TACK clocks the various electronics at the peak of these pulses.  Clocking at the tracker preamps’ peaks guarantees the maximum tracker efficiency and no effect of trigger time jitter to first order. Clocking at the Calorimeter preamps’ peaks guarantees that the various trigger sources will all have the same energy calibration (channels/MeV) and that trigger time jitter will not affect the measured energy to first order.  Clocking at the ACD preamps’ peaks guarantees the maximum ACD efficiency and trigger time jitter will not affect the efficiency to first order.

The GLT makes five items to participate in the trigger:

1) ROI vector (16 regions-of-interest in ACD),

2) TKR Vector (16  3-in-a-row bits from the 16 TEMs),

3) Cal Low Vector (16 low energy disc bits from the 16 TEMs),

4) Cal High Vector (16 high energy disc bits from the 16 TEMs), 

5) CNO Vector  (12 bits from the 12 ACD Free Boards).

The GLT produces an OR signal of the bits in each of the 5 vectors.

1) ROI bit         = OR of all 16 ROI Vector bits

2) TKR bit        = OR of all 16 TKR Vector bits

3) Cal Low bit  = OR of all 16 Cal Low Vector bits

4) Cal High bit = OR of all 16 Cal High Vector bits

5) CNO bit       = OR of all 12 CNO Vector bits.

Two additional bits can be produced by an internal periodic signal or a computer generated solicited trigger.

6) Periodic bit

7) Solicited bit

A 7 bit mask determines which of these 7 bits can contribute to opening a Trigger Window.  The leading edge of the OR of the selected bits opens the trigger window.  The Trigger Window is programmable, but fixed width During the Trigger Window, any bits that are high for ~1 clock cycle (50 ns) or more are latched.  The bits of these latched vectors are used to form the 7 bit Condition Summary word.

(LSB) Bit 0    = ROI Condition Bit
= see text below

1 = TKR Condition Bit
= OR of all latched TKR Vector bits

2 = Cal Low Condition Bit
= OR of all latched Cal Low Vector bits

3 = Cal High Condition Bit
= OR of all latched Cal High Vector bits

4 = CNO Condition Bit
= OR of all latched CNO Vector bits 

5 = Periodic Condition Bit
= latched Periodic bit

6 = Solicited Condition Bit 
= latched Solicited bit

The ROI Condition Bit can be configured to be one of two things: 1) If configured as a coincidence, the bit is the OR of 8 coincidences between pairs of latched ROI vector bits, 2) If configured as a veto, the bit is (OR of all 16 latched TKR vector bits) AND (latched ROI vector * latched TKR vector = 0).

This 7 bit Condition Summary word is used as the address for a look up table.  Each address in the table has been loaded by the user with a 4 bit number that specifies 1 of 16 different Trigger Message engines.  The Trigger Engine has been loaded by the user to prescale, check if the LAT is busy, and then issue a TACK of preloaded information. Thus the TACK timing is off the trailing edge of the Trigger Window. 

Figure 1 shows a diagram of the various time delay registers and time width register that are available.

When the TREQ delays are adjusted correctly, all TREQs’ leading edges will arrive at the GLT with the same time delay after t0, for all trigger sources.  The Trigger Window Width should be set wide enough to capture any of the 7 inputs which happen to jitter late.  The Trigger Window should not be so wide that it prevents the TACK from getting back in time to hit the shaper peaks (eg: most problematical the tracker and ACD peaks).  The TACK delays should be set to hit the shaper peaks.
7. How to Adjust the Timing Knobs
1) Set all delays in Figure 1 to zero.  Set the Trigger Window Width=.5 usec

(which is its nominally expected value).
2) For each trigger source (TKR, Cal Low, Cal High, ACD/muon telescope) do a TACK scan.  Acquire 10,000 triggers at each TACK setting from 0 to 95 ticks (in 5 tick steps).   The same number is put into all TACK delays ((Tkr+Cal) x 16 TEMs + 12 in AEM) for each step of this scan.  The muon telescope substitutes for the ACD as a trigger source when the ACD is not present.  Table 1 summarizes these runs and gives an estimate of run times.

3) From the data, select a common trigger source, and find the TACK delays to hit the three subsystems’ shaped peaks.  The common trigger source should be the ACD or Muon Telescope since their TREQs will be the earliest after t0. The TKR Trig, or Cal Low would work except the indications from the EM testing is that they won’t come early enough to get to the early side of the TKR shaped pulse, particularly with the additional delay now introduced by the GLT. Therefore, use the external muon trigger for early tests and then use the ACD when it is available.  From the data we obtain the delays A,B,C .
Peak TKR efficiency for muon trig
→
TKR TACK Delay

= A

Peak Cal Energy for muon trig
→
Cal TACK Delay

= B

Peak ACD pulse height for muons
→
ACD TACK Delay(12 )
= C

The relative times between A,B,C will be the same no matter what the trigger source. 

4) From the data, select a common shaped peak and find the relative delays for different trigger sources to hit the peak. It will be easiest to find the Cal energy peak or the ACD pulse height since an adc is returning a number for what we are trying to peak.  Conversely, for the TKR, only subtle changes in efficiency are measured as the shaped pulse remains above threshold for a wide range of times.  Since the ACD will not be available in the early part of testing, let’s use the Cal peak. From the data we obtain the delays D,E,F,G .

Peak Cal Energy for TKR Trig

→
Cal TACK Delay = D

Peak Cal Energy for Cal Low Trig

→
Cal TACK Delay = E

Peak Cal Energy for Cal High Trig
→

Cal TACK Delay = F

Peak Cal Energy for ACD Trig

→
Cal TACK Delay = G

The relative times between D,E,F,G will be the same no matter what system’s shaped peak is being used.

5) Calculate and set the TREQ and TACK delays.  First, choose the smallest delay of D,E,F,G .   Assume it is D (the TKR), so set TKR TREQ Delay =0.

TKR TREQ Delay 

= D-D

Cal Low TREQ Delay

= E-D

Cal High TREQ Delay
= F-D

ACD TREQ Delay(12)
= G-D

These TREQ delays are now as small as possible. Notice that these TREQ delays have the same spacing as D,E,F,G.

TKR TACK Delay 

= D+(A-B)

Cal TACK  Delay

= D+(B-B)

ACD TACK Delay (12)
= D+(C-B)

Notice that these TACK delays have the same spacing as A,B,C.  Further more, if you add Cal TACK Delay to any of the TREQ delays, you get the D, E, F, G total delays that were measured.  Hence, these settings are correct.
6) Notice that all cable delays have been left equal to zero.  This minor infinity of knobs was included to compensate different cable delays which are surely negligible at the level of ±1 tick =±50 ns=±50 feet=±10 gate delays.  Likewise, making different TREQ and TACK for different towers would also be for compensating for cable delays. Unless some unexpected effect is seen, these cable delays will be left equal to zero to avoid untold confusion.

7) Find an optimal Trigger Window Width.  Acquire ~10,000 events for each width between 0 and 19 ticks in 1 tick steps (the nominal setting was 10 ticks.   We will then plot the number of occurrences of each 5 bit trigger word versus time.  The goal will be to set this window as narrow as possible without decreasing the efficiency for any 5 bit word.  Table 2 gives an estimate of the run time.

Enable the TKR trigger for recording data.  For each decrease/increase of the Trigger Window Width we should increase/decrease the 3 TACKs so that Trigger Window Width + TACK delay = constant.  This will guarantee that the shaper peaks are being hit for all runs, and thus the subsystem data will be good.  The subsystem data can be used to measure the deadtime effects of different Trigger Window Widths.

Put the optimal Trigger Window Width and the modified (as in last paragraph) TACK delays into the registers.

Done. 
8. Suggestion for a “ScanDelay” script

This script would be executed with a unique configuration file for each line in Table 1. The configuration file would include: 1) The trigger source, 2) Minimum TACK tick setting, 3) Change in ticks per step, 4) Number of scan steps, 5) Number of triggers per step.  The script would then zero all the cable delay, TREQ, and TACK registers, enable the specified trigger, and execute the scan.  All the data would be recorded to one data file as a single run.  During analysis, the event count could be used to determine when the TACKs were incremented.  Alternatively, a special record could be inserted into the event stream to record the content of the registers when the change is made.

This script should be designed to work, no matter how many towers are present (eg: EM, 1, 2, 4, 16).  However, there must be a GLT module.

9. Suggestion for a “Scan Width” script
This script would be executed once with a unique configuration file for each line in Table 2. The configuration file would include: 1) The trigger source, 2) Minimum Trigger Window Width tick setting, 3) Change in ticks per step, 4) Number of scan steps, 5) Number of triggers per step.  The script would then set all delays to their calibrated values, enable the specified trigger, and execute the scan.  All the data would be recorded to one data file as a single run.  During analysis, the event count could be used to determine when the Trigger Window Width was incremented.  Alternatively, a special record could be inserted into the event stream to record the content of the registers when the change is made.

This script should be designed to work, no matter how many towers are present (eg: EM, 1, 2, 4, 16).  However, there must be a GLT module.

Figure 1. A diagram of the various time delay registers and time width registers that are available.
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Table 1. Summary of data runs for TACK scans.  It is assumed that the TACK registers are changed during a run on the 10,000 event boundaries.  Thus one run contains an entire scan.  The trigger rates are rough estimates for the LAT.

	Run
	Trigger Source
	TACK delay [ticks]
	Triggers
	LAT Trig Rate [Hz]
	Time

 [Hrs]

	
	
	
	
	
	

	1
	Tkr 3-in-a-row
	0-95 (step=5)
	20 x 104
	300
	1/4

	
	
	
	
	
	

	2
	Cal Low
	0-95 (step=5)
	20 x 104
	300
	1/4

	
	
	
	
	
	

	3
	Cal High
	0-95 (step=5)
	20 x 104
	30
	2

	
	
	
	
	
	

	4
	ACD / Muon Telescope
	0-95 (step=5)
	20 x 104
	30 / 5
	2   /  12


Table 2. Summary of data runs for Trigger Window Width scan.  It is assumed that the Trigger Window Width register is changed during a run on the 10,000 event boundaries.  Thus one run contains the entire scan.  The trigger rate is a rough estimate for the LAT.

	Run
	Trigger Source
	Trigger Window Width [ticks]
	Triggers
	LAT Trig Rate [Hz]
	Time

 [Hrs]

	
	
	
	
	
	

	1
	Tkr 3-in-a-row
	0-19 (step=1)
	20 x 104
	300
	1/4





































































Hard copies of this document are for REFERENCE ONLY and should not be


considered the latest revision beyond the date of printing.



Hard copies of this document are for REFERENCE ONLY and should not be


considered the latest revision beyond the date of printing.

