
Surfa
e Dete
tor Trigger Operating GuideD. NitzVersion 1.21 7-Jan-131 Introdu
tionThis do
ument the operation of the Auger SDE level 1 trigger, with emphasis on the register stru
ture and program-ming issues. It is a 
ompletely rewritten evolution of the �Surfa
e Dete
tor Trigger ASIC/PLD Operating Guide�.Obsolute information has been removed, and the do
ument has been re-organized to make it more maintable. There-fore, the title has been 
hanged, and the revision history reset.1.1 Revision History
• Revision 1.00; initial version (August, 2002).
• Revision 1.01; small updates (O
tober, 2002)
• Revision 1.02; simplify ID register plus other small updates (De
ember, 2002)
• Revisions 1.03, 1.04; expand ID register; add enable for _BUSERR (January, 2003)
• Revision 1.05; update s
aler, muon memory, 
hip ID, and global 
ontrol do
umentation (Mar
h 2003). Validfor 
ode versions x170303y and later.
• Revision 1.06; add des
ription of TC0 and TC1. Add 
ontrol bit in GLOBAL CONTROL register. (Mar
h2003). Valid for 
ode versions x310303y and later.
• Revision 1.07; modify muon trigger so that 3 bins are saved prior to the triggering bin rather than just one;add option to invert normal sense of external trigger input from low true to high true; in
rease muon trigger Aburst length to 20, muon trigger B burst length to 8 (April 2003). Valid for 
ode versions x250403y and later.
• Revision 1.08; �x error in resetting muon bu�er full 
ondition when the bu�er be
omes full via running out ofspa
e (as opposed to via time-out); 
larify muon word 
ount and read sequen
e do
umentation (July 2003).Valid for 
ode versions x070703y and later.
• Revision 1.09; add option to store low instead of high order ADCs in PLDb memory to fa
ilitate testing those
onne
tions; �x small error in shower memory readout; modify External Trigger to be edge triggered; �xmuon bu�er Time Tag B; remove some redundant register readba
ks to save PLD spa
e; add pedestal tra
kingmodules (O
tober 2003). Valid for 
ode versions x221003y and later.1



• Revision 1.10; add option to pre-s
ale any trigger by 256; add readout of fra
tional 
omputed pedestal; addlat
hing of 
omputed pedestal on shower trigger; remove unused muon trigger B and single bin sum triggers;redu
e maximum width & o

upan
y of TOTb to 127; redu
e maximum width & o

upan
y of TOT
 to 63(November 2003). Valid for 
ode versions x241103y and later.
• Revision 1.11; add option to require 2 
onse
utive bins above threshold in single bin trigger; 
hange muon bu�erburst behavior to have �xed 20 bin length instead of retriggering; remove TC0, TC1 outputs and 
orresponding
ontrols from GLOBAL CONTROL register; add ADC ERROR COUNT register (July 2004). Valid for 
odeversions x290704y and later.
• Revision 1.12; repla
e the 2 s
aler instan
es with 3 simpler s
aler instan
es; add timing information table; makesmall transparent 
hanges to improve timing margin for �rst word read via DMA (February 2005). Valid for
ode versions x030205y and later.
• Revision 1.13; update number of wait states needed during programming to work with prototype Cy
loneboards. Change in do
umentation only, no 
hange in PLD 
ode. Valid for 
ode versions x030205y and later.
• Revision 1.14; Improve tra
king for ADC_FILTER. Fix do
umentation error regarding ADC_FILTER register.Valid for 
ode versions x190705y and later.
• Revision 1.15; Add AMIGA trigger. Add �time-over-threshold-de
onvoluted� (ToTd) trigger. Remove instan
esB and C of ToT trigger. Remove ADC �lter. Note that there are 
hanges to the TRIGGER_MASK andTRIGGER_ID registers. Valid for 
ode versions x040410y and later.
• Revision 1.16; In
rease ToTd maximum window width from 63 to 127; �x PMT enable logi
 for ToTd trigger;remove input signal routing to allow ToTd 
hanges. Valid for 
ode versions x270211y and later.
• Revision 1.17; De
rease ToTa maximum window witdh from 255 to 127; add MoPS trigger. Valid for 
odeversions x270711y and later.
• Revision 1.18; Add TRIG_RATES module to 
ount the rates of the various level 1 triggers. Valid for 
odeversions x280911y and later.
• Revision 1.19; Add integral signal requirement to MoPS trigger; remove variable window width feature fromToT and ToTd triggers (now �xed at 120 bins). Valid for 
ode versions x121211y and later.
• Revision 1.20; Add integral signal requirement to ToTd trigger; tweak input to EVTCLKF delay; moved triggerdelays table to separate do
ument; removed trigger interfa
e se
tion. Valid for 
ode versions x161012y andlater.
• Revision 1.21; Modify details of integral signal integration so that the integral remains valid for delayed triggers;
hanged MoPS window to 120 bins, the same as ToT and ToTd. Valid for 
ode versions x070113y and later.2 OverviewThe trigger 
ir
uitry is partitioned among 3 
hips; 2 Altera PLDs and one IDT stati
 RAM (Cy
lone versions ofthe front-end board have one PLD and one stati
 RAM). These 
hips interfa
e with 6 Analog Devi
es ADCs whi
hdigitize tank PMT signals. They also interfa
e with the station 
ontroller PowerPC (PPC403GCX) pro
essor.2



3 Register UsageThe register address spa
e of the trigger 
ir
uitry o

upies 128 registers. The register de�nitions have been stru
turedto in
orporate the best features of the pre
ursor PLD and ASIC designs. However, the addresses of the registersin the pre
ursor designs is not 
onsistent with the partitioning of the 
urrent design into 2 PLDs. Therefore, theopportunity was taken to better organize the register address stru
ture into fun
tional groups. Ea
h of these isdes
ribed below.3.1 ADC �lterThe input ADC signals may be pro
essed through a digital �lter to stabilize the pedestal. The �lter implements a
Σ, δ measurement of the pedestal, 
omparing the measured pedestal with the ADC value in ea
h time bin. If thesignal is greater than the measured pedestal, the measured pedestal is in
remented by δ. If it is less it is de
rementedby δ. The value of δ is set to 1/256 
ount, so that the maximum rate of 
hange of the measured pedestal is 1 
ountper 6.4 µs. This method de
ouples the pedestal determination from the in�uen
e of large signals, sin
e only thesign, and not the magnitude of signal deviations from the measured pedestal is utilized. The measured pedestal issubtra
ted from the data, and the target pedestal is added. This �lter is 
ontrolled by the following set of registers.Name Address Width Des
riptionADC[9:0℄ FILTER base+0 30 Pedestal & enable for ADC[9:0℄ADC[19:10℄ FILTER base+1 30 Pedestal & enable for ADC[19:10℄ADC[29:20℄ FILTER base+2 30 Pedestal & enable for ADC[29:20℄ADC[39:30℄ FILTER base+3 30 Pedestal & enable for ADC[39:30℄ADC[49:40℄ FILTER base+4 30 Pedestal & enable for ADC[49:40℄ADC[59:50℄ FILTER base+5 30 Pedestal & enable for ADC[59:50℄Please note that registers at addresses base+0 through base+2 above read ba
k at both their base addresses and theirshadow addresses, as the information is utilized in both PLDa and PLDb. Registers at addresses base+3 throughbase+5 are written at the base addresses, but 
an only be read ba
k at their shadow addresses.Bit usage for ea
h of the ADC FILTER registers is as follows:Bit(s) Des
ription9:0 Target value for pedestal of �ltered ADC data.10 Enable �lter if set.11 Not used19:12 Fra
tional portion of 
urrent pedestal value determined by the �lter module.29:20 Integer portion of 
urrent pedestal value determined by the �lter module.Note: Previously implemented ADC �lter is not present in 
ode versions x040410y and later.3.2 Input signalInput signal routing is managed by the following set of registers. This routing o

urs after any input �ltering. Thusinternally generated test patterns are not �ltered. 3



Name Address Width Des
riptionCONTROL base+0 7 Control register for data sour
eMODE base+1 12 Spe
i�es test pattern modeADC[9:0℄ TEST base+2 10 Initial test pattern for ADC[9:0℄ADC[19:10℄ TEST base+3 10 Initial test pattern for ADC[19:10℄ADC[29:20℄ TEST base+4 10 Initial test pattern for ADC[29:20℄ADC[39:30℄ TEST base+5 10 Initial test pattern for ADC[39:30℄ADC[49:40℄ TEST base+6 10 Initial test pattern for ADC[49:40℄ADC[59:50℄ TEST base+7 10 Initial test pattern for ADC[59:50℄Please note that registers at addresses base+0 through base+4 above read ba
k at both their base addresses and theirshadow addresses, as the information is utilized in both PLDa and PLDb. Registers at addresses base+5 throughbase+7 are written at the base addresses, but 
an only be read ba
k at their shadow addresses.Bit usage for the CONTROL register is as follows:Bit(s) Des
ription5:0 Enable bit for ea
h of 6 ADC inputs: 0=use ADC, 1=use test pattern.6 Route low order instead of high order ADCs to PLDb memory if set.The test pattern generates a either a �xed value, a sawtooth, or rotating bit waveform for ea
h ADC input 
hannel.The sawtooth is useful for verifying the design in simulation. The rotating bit pattern gives better 
overage fortesting. The MODE register spe
i�es the form of the test pattern. Bit usage for the MODE register is as follows:Bit(s) Des
ription5:0 Spe
i�es �xed or variable pattern for ea
h ADC input: 0=�xed, 1=variable.11:6 If variable, spe
i�es whether the pattern 
ounts up or rotates: 0=
ount, 1=rotate.Note: Previously implemented ADC input signal routing is not present in 
ode versions x270211y and later.3.3 Single bin triggerSingle bin triggers operate on a single ADC time bin. This trigger is 
ontrolled by the registers shown below.Name Address R/W Width Des
riptionTHR0 base+0 R/W 10 Threshold for PMT1THR1 base+1 R/W 10 Threshold for PMT2THR2 base+2 R/W 10 Threshold for PMT3THRSUM base+3 R/W 12 No longer usedENABLE base+4 R/W 10 Control bits for the triggerThe bit usage for the ENABLE register is as follows:
4



Bit(s) Des
ription0 No longer used1 No longer used2 No longer used3 In
lude PMT1 in multipli
ity logi
 if set4 In
lude PMT2 in multipli
ity logi
 if set5 In
lude PMT3 in multipli
ity logi
 if set7:6 Coin
iden
e level for multipli
ity logi
 sub-trigger8 No longer used9 Require 2 
onse
utive bins above threshold if set3.4 Time-over-threshold triggerThe time-over-threshold trigger �rst applies trigger 
onditions of the type used for the single bin trigger to individualbins, then 
ounts the number of bins within a sliding window whi
h meet those 
onditions. If the o

upan
y ex
eedsa spe
i�ed value, a time-over-threshold shower trigger is generated.A blo
k of 7 registers 
ontrols ea
h time-over-threshold trigger instan
e.Name Address R/W Width Des
riptionTHR0 base+0 R/W 10 Threshold for PMT1THR1 base+1 R/W 10 Threshold for PMT2THR2 base+2 R/W 10 Threshold for PMT3THRSUM base+3 R/W 12 No longer usedENABLE base+4 R/W 10 Control bits for the triggerWID base+5 R/W 7 Width in bins of sliding window (see below!)OCC base+6 R/W 7 O

upan
y required for triggerThe bit usage for the ENABLE register is the same as for the single bin trigger above.The sub-trigger that feeds the time-over-threshold o

upan
y logi
 is the logi
al OR of the enabled multipli
ity andpulse height sum sub-triggers.Note: Previously implemented trigger instan
es B and C are not present in 
ode versions x260210y and later.Note: The maximum WID and OCC is redu
ed to 127 starting with 
ode versions x270711y.Note: WID is �xed at 120 bins starting with 
ode versions x121211y.3.5 Time-over-threshold trigger (de
onvoluted)The time-over-threshold-de
onvoluted trigger �rst de
onvolutes the typi
al exponential fall from the FADC tra
e,se
ondly applies a pulse height window to ea
h de
onvoluted tra
e, and thirdly 
ounts the number of bins within asliding window whi
h meet pulse height window 
onditions. Finally, if the o

upan
y ex
eeds a spe
i�ed value in therequired multipli
ity of de
onvoluted tra
es, a time-over-threshold-de
onvoluted shower trigger is generated. Pleasenote that the order of operations is not the same as for the time-over-threshold trigger above.Also note that as of version x161012y the signal integral 
ondition in the MOPS trigger registers is also applied tothe ToTd trigger, and that the same threshold for the integral applies.A blo
k of 11 registers 
ontrols the time-over-threshold-de
onvoluted trigger instan
e.5



Name Address R/W Width Des
riptionTHR0 base+0 R/W 10 Lower threshold for PMT1THR1 base+1 R/W 10 Lower threshold for PMT2THR2 base+2 R/W 10 Lower threshold for PMT3UP0 base+3 R/W 10 Upper threshold for PMT1UP1 base+4 R/W 10 Upper threshold for PMT2UP2 base+5 R/W 10 Upper threshold for PMT3ENABLE base+6 R/W 8 Control bits for the triggerWID base+7 R/W 7 Width in bins of sliding window (see below!)OCC base+8 R/W 7 O

upan
y required for triggerFD base+9 R/W 6 De
ay 
onstant - binary fra
tionFN base+a R/W 6 Normalizer - binary �xed pointNote that the THRx and OCC 
onditions are satis�ed when the signal is stri
tly greater than (>) the register value,while UPx 
ondition is satis�ed when the signal is less than or equal to (≤) the register value. Thus writing 1023 toan UPx register disables that 
onstraint.The bit usage for the ENABLE register is shown below.Bit(s) Des
ription0 Not used1 Not used2 Not used3 In
lude PMT1 in multipli
ity logi
 if set4 In
lude PMT2 in multipli
ity logi
 if set5 In
lude PMT3 in multipli
ity logi
 if set7:6 Coin
iden
e level for multipli
ity logi
 sub-triggerFD is obtained from FD = e−∆t/τ where ∆t = 25ns, and τ is the de
ay time of light in the tank. FD is 6 binary digits
onstrained to be less than 0.75. The value of FN to load is determined by FD from the equation FN = 1/(1−FD).It is loaded as a �xed point number xx.yyyy, and must be less than 4. Values of FD and FN are within the allowedrange for τ ≤ 80 ns.The following logi
 
an be used to obtain the values of FD and FN to load in the registers.
FD = (int) (64. ∗ e−∆t/τ + 0.5)

FN = (int) (1024./(64.− FD) + 0.5)This trigger is present in 
ode versions x040410y and later.Note: WID is �xed at 120 bins starting with 
ode versions x121211y.3.6 Multipli
ity of Positive StepsThe multipli
ity-of-positive-steps (MOPS) trigger 
ounts positive steps in ea
h FADC tra
e, a

umulating bin to binsteps until the �rst bin whi
h is smaller than the previous bin is en
ountered. The aggregate positive step is then6



subje
ted to a minimum & maximum height 
onstraint. If it passes this 
ondition the step is added to the 
ount ofsu
h steps within a �xed length 120 bin long sliding window. A variable length veto may be applied to ignore aggregatesteps following another su
h step. Finally, if the o

upan
y ex
eeds a spe
i�ed value in the required multipli
ity oftra
es, and the integrated signal ex
eeds a spe
i�ed value in those same tra
es, a multipli
ity-of-positive-steps triggeris formed.The signal integration operates by keeping a running sum of the pulse height in the 
urrent ADC time bin minusthat in the bin 250 time slots earlier. However, there is a period after a trigger, when no triggers are possible dueto �nishing the ADC tra
e or if no bu�ers are available, in whi
h the earlier time bin is not available in the PLD.While this does not a�e
t any triggered events, it 
ould 
ause the integrated signal to diverge from zero. In orderto mitigate this e�e
t, the integrated signal is exponentially de
ayed with a time 
onstant of 2048 time bins. Thea
tual integral de
ays faster than that due to the undershoot following a signal. Note that in any 
ase, the integraldepends upon the history of signals not only in the tra
e, but before the tra
e, so an exa
t o�ine re
onstru
tion ofthe trigger is not possible. The integral remains valid for ≈250 time bins after the primary trigger.A blo
k of 10 registers 
ontrols the multipli
ity-of-positive-steps trigger instan
e.Name Address R/W Width Des
riptionMIN0 base+0 R/W 10 Lower threshold for PMT1MIN1 base+1 R/W 10 Lower threshold for PMT2MIN2 base+2 R/W 10 Lower threshold for PMT3MAX0 base+3 R/W 10 Upper threshold for PMT1MAX1 base+4 R/W 10 Upper threshold for PMT2MAX2 base+5 R/W 10 Upper threshold for PMT3ENABLE base+6 R/W 8 Control bits for the triggerINT base+7 R/W 10 Minimum integrated signalOCC base+8 R/W 7 O

upan
y required for triggerOFS base+9 R/W 4 VetoNote that the MINx, OCC, and INT 
onditions are satis�ed when the signal is stri
tly greater than (>) the registervalue, while MAXx 
ondition is satis�ed when the signal is less than or equal to (≤) the register value. Thus writing1023 to a MAXx register disables that 
onstraint.The veto is a
tive for max(0, int(log2(ph)) + 1 − ofs) bins following a aggregate step of size ph. The veto 
an bedisabled by setting OFS to 10 (de
imal). Also note that a veto length of 1 has no e�e
t sin
e at least on negativebin to bin step is required to �nish an aggregate step. The following table lists some example veto durations.OFS Aggregate step Veto duration0 2 20 3 20 9 41 2 11 5 21 8 32 8 24 8 0The bit usage for the ENABLE register is shown below. 7



Bit(s) Des
ription0 Not used1 Not used2 Not used3 In
lude PMT1 in multipli
ity logi
 if set4 In
lude PMT2 in multipli
ity logi
 if set5 In
lude PMT3 in multipli
ity logi
 if set7:6 Coin
iden
e level for multipli
ity logi
 sub-triggerThis trigger is present in 
ode versions x270711y and later. The minimum integrated signal requirement is presentin 
ode versions x081211y and later. Note this uses the register previously used to spe
ify the window length.Also note that as of version x161012y the minimum integrated signal requirement set for the MOPS trigger is alsoapplied to the ToTd trigger.3.7 Random TriggerThe random trigger provides a means for the PPC403 to generate a trigger after a spe
i�ed delay, irrespe
tive of theADC inputs. It is 
ontrolled by a bank of 3 registers.Name Address R/W Width Des
riptionDELAY A base+0 R/W 12 Low order 12 bits of delay (25ns in
rements)DELAY B base+1 R/W 12 High order 12 bits of delay (25ns in
rements)START base+2 W � Writing anything to this register starts the random trigger timerOnly 1 random trigger is generated per write to the START register. Also note that the trigger inhibit will blo
krandom triggers with less than 256 
lo
k 
y
le delay.3.8 Shower memoryThis bank of registers 
ontrols aspe
ts of the shower memories and provides status information.Name Address R/W Width Des
riptionTRIGGER MASK base+0 R/W 15 Mask of allowed triggersTRIGGER ID base+1 R 15 Indi
ates the trigger for the bu�er being readCONTROL base+2 R/W 4 Controls the DMA readout sequen
eSTATUS base+3 R 26 Reports shower memory bu�er statusThe following bits are de�ned in the TRIGGER MASK register. Note that the external trigger is enabled by defaultafter a reset. Note that some of the mask bits have 
hanged starting in 
ode version x040410y. Note further 
hangesstarting in 
ode version x072711y.
8



Bit(s) Des
ription0 Single bin trigger1 Time-over-threshold A trigger2 Time-over-threshold de
onvoluted trigger3 Multipli
ity-of-positive-steps trigger4 External trigger5 Random trigger6 Pre-s
ale single bin trigger by 256 if set7 Pre-s
ale time-over-threshold A trigger if set8 Pre-s
ale time-over-threshold de
onvoluted trigger if set9 Pre-s
ale MoPS trigger if set10 Pre-s
ale external trigger if set11 Pre-s
ale random trigger if setThe following bits are de�ned in the TRIGGER ID register. The initial trigger bits indi
ate whi
h trigger generatedthe T1 trigger from the logi
. The additional trigger bits �ag any trigger 
onditions that are satis�ed by the FADCtra
es after an initial trigger. Note that some of the ID bits have 
hanged starting in 
ode version x040410y. Notefurther 
hanges starting in 
ode version x072711y.Bit(s) Des
ription0 Initial single bin trigger1 Initial time-over-threshold A trigger2 Initial time-over-threshold de
onvoluted trigger3 Multipli
ity-of-positive-steps trigger4 Initial external trigger5 Initial random trigger6-7 Not used8 Additional single bin trigger9 Additional time-over-threshold A trigger10 Additional time-over-threshold de
onvoluted trigger11 Additional multipli
ity-of-positive-steps trigger12 Additional external trigger13 Additional random triggerThe following bits are de�ned in the CONTROL register.Bit(s) Des
ription0 Reset bu�er pointers to prepare bu�er for read (or re-read)1 Prefet
h data from memory to �ll readout pipeline. Reads ba
k as 0.2 Sele
ts whether PLDa or PLDb provides the data during DMA.0: Subsequent DMA is low order ADC data from PLDa.1: Subsequent DMA is high order ADC data from PLDb.3 Reset bu�er full status; reset write pointers; release bu�er to a

ept new data. Reads ba
k as 0.The following bits are de�ned in the STATUS register. 9



Bit(s) Des
ription2:0 EVTSYNF for the 
urrent bu�er to be read5:3 EVTSYNF for bu�er 08:6 EVTSYNF for bu�er 19 Bu�er number that will be/was read10 Full �ag for bu�er 011 Full �ag for bu�er 115:12 Not used25:16 Number of words read from bu�er3.9 Trigger RatesThe trigger rates blo
k 
ounts reports the rates of several of the triggers a

umulated over the last 26.8 se
onds. Therate 
ounters are double bu�ered, so there is always a stati
 value representing the number of triggers during a 26.8se
ond interval that ended some time between 0 and 26.8 se
onds ago. The trigger rate registers are organized asfollows: Name Address R/W Width Des
riptionTRIGGER RATES base+0 R 32 Rates for single bin, ToT, ToTd, and MoPS triggersDELAYED RATES base+1 R 32 Rates for single bin, ToT, ToTd, and MoPS delayed triggersThe information is pa
ked in ea
h of these two registers as follows:Bit(s) Des
ription7:0 # single bin triggers in last 26.8 se
onds / 3215:8 # ToT triggers in last 26.8 se
onds23:16 # ToTd triggers in last 26.8 se
onds31:24 # MoPS triggers in last 26.8 se
ondsThe 
ounts in ea
h �eld are limited to a maximum value of 252 (fc16). Any rate higher than 252 per 26.8 se
ondinterval will read as 252. For example, any ToTd rate higher than about 9.38 Hz will read 252.3.10 Muon triggersThe muon trigger registers are organized as follows:NAME Address R/W Width Des
riptionMU TRIGGER base-base+4 R/W Varies Muon trigger registersThe MU TRIGGER blo
ks has the same format as the single bin trigger blo
k des
ribed above.3.11 Muon memory bu�ersThis bank of registers 
ontrols aspe
ts of the muon memory bu�ers and provides status information. The �rst bu�eris not a
tive until the TRIGGER MASK register is written. Subsequent writes to the TRIGGER MASK registerwill restart the 
urrent bu�er from the beginning. 10



Name Address R/W Width Des
riptionBUF TIMER A base+0 R/W 12 Low order 12 bits of muon bu�er timer (25ns in
rements)BUF TIMER B base+1 R/W 12 High order 12 bits of muon bu�er timeTIME TAG A base+2 R 30 Time tag at the beginning of the bu�erTIME TAG B base+3 R 30 Time tag at the end of the bu�erTRIGGER MASK base+4 R/W 3 Mask of allowed triggersCONTROL base+5 W 5 Controls the DMA readout sequen
eSTATUS base+6 R 6 Reports muon memory bu�er statusWORD COUNT base+7 R 32 Reports number of words in memory & number readThe following bits are de�ned in the TRIGGER MASK register.Bit Des
ription0 Enable muon trigger if set1 No longer used2 Enable muon bu�er timeout if setThe following bits are de�ned in the CONTROL register.Bit(s) Des
ription0 Reset bu�er pointers to prepare bu�er for read (or re-read)1 Prefet
h data from memory to �ll readout pipeline. Reads ba
k as 0.2 Not used3 Reset bu�er full status; reset write pointers; release bu�er to a

ept new data. Reads ba
k as 0.4 For
e bu�er full status for the bu�er 
urrently being written.The following bits are de�ned in the STATUS register.Bit(s) Des
ription0 EVTSYNS for the 
urrent bu�er to be read1 EVTSYNS for bu�er 02 EVTSYNS for bu�er 13 Bu�er number that will be/was read4 Full �ag for bu�er 05 Full �ag for bu�er 1The following bits are de�ned in the WORD COUNT register. The number of words available to be read from thememory is the write address minus 1.Bit(s) Des
ription13:0 Write address (14 low order bits)15:14 Not used29:16 Number of words read from bu�er31:30 Not used11



3.12 S
alersThere are 3 32-bit s
aler instan
es. Ea
h s
aler instan
e a

umulates 
ounts of s single bin trigger instan
e. The
ount 
an be reset by writing (anything) to the s
aler register. Unlike 
ode versions prior to x010105y, these s
alersare no longer tied to muon bu�er intervals and they are not double bu�ered. S
aler in
rementing is inhibited whiles
aler is being read. Ea
h s
aler blo
k has the following format.Name Address R/W Width Des
riptionTrigger Blo
k base+0:base+4 R/W Varies Blo
k de�ning dedi
ated triggerSOURCE MASK base+5 R/W 7 Mask of sour
es for this s
aler instan
e - no longer usedHOLDOFF base+6 R/W 10 Mininimum number of bins between triggers - no longer usedSCALER base+7 R/W 32 S
aler valueThe trigger blo
k has the same format as the single bin trigger blo
k des
ribed above. The s
alers 
ount on theleading edge of a trigger satis�ed 
ondition. After 
ounting, the s
alers will not 
ount again until after the inputdata has fallen below the trigger threshold.3.13 AMIGA triggerThis trigger blo
k produ
es the interfa
e signals for the AMIGA trigger. Only one register is used.Name Address R/W Width Des
riptionAMIGA GPS STAMP 15 W 24 GPS timestamp at trigger3.14 OtherThe following registers don't �t into any of the groupings above.Name Address R/W Width Des
riptionCHIP ID A 2f R 32 ID register PLDaCHIP ID B 7f R 32 ID register PLDbGLOBAL CONTROL 2e W 2 Some global 
ontrol operationsADC ERROR COUNT 78 R 32 Counts ADC register errorsThe ID registers 
ontain the following bits.Bits Des
ription31:0 8 Hex digits: �Addmmyyn� for PLDa, �Bddmmyyn� for PLDb, where:�ddmmyy� represents the day/month/year of the 
ode version release�n� is set to �0� for produ
tion 
ode, and �d� for test versions.The GLOBAL CONTROL register 
ontains the following bits.
12



Bit(s) Des
ription0 Generate a 
ir
uit wide reset (same as _RESET input signal)1 Not used2 Re-enable _RESET pin3 No longer used4 Invert normal sense of external trigger input from low a
tive to high a
tiveWriting a 1 to the GLOBAL CONTROL register will both generate a 
ir
uit wide reset and disable the _RESETpin. This is done be
ause early versions of the UB 
ode hold the _RESET pin low, preventing any useful operationof the trigger. The _RESET pin may be re-enabled after doing the above operation by writing a 4 to the GLOBALCONTROL register.The ADC ERROR COUNT register 
ounts the number of 
lo
k 
y
les for whi
h the low order bit of ea
h high gainPMT registered in PLDa di�ers from the 
orresponding value registered in PLDb. The 
ount is 
umulative sin
e thelast global reset. This is mainly used as a diagnosti
 tool.Note: _BUSERR output is not implemented in the 
urrent version of the 
ode, irrespe
tive of the setting of the bitin the global 
ontrol register.3.15 Address MapThe address stru
ture is shown in the following table.
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Address Des
ription0-7 Input signal blo
k8-d Input �lter blo
ke-f Reserved10-14 Muon trigger blo
k15 AMIGA trigger16-1f Multipli
ity-of-positive-steps trigger20-27 Muon memory blo
k28-2b Shower memory blo
k2
-2d Trigger rates blo
k2e GLOBAL CONTROL register2f ID register A30-34 Single bin trigger blo
k35-37 Random trigger blo
k38-3e Time-over-threshold trigger A blo
k3f Reserved40-4a Time-over-threshold-de
onvoluted trigger blo
k4b-4f Reserved50-57 S
aler A blo
k58-5f S
aler B blo
k60-67 S
aler C blo
k68-6d Shadow input �lter register blo
k6e-6f Reserved70-77 Shadow input signal register blo
k78 ADC ERROR COUNT register79-7a Reserved7b-7e Shadow shower memory registers7f ID register B4 PPC modes4.1 Bank registersThere are 3 PPC403 bank registers that need to be 
on�gured for operation with the trigger 
ir
uitry.4.1.1 PDT operationsBank register 4 must be 
on�gured for PDT operations between the PPC403 and the trigger 
ir
uitry. Bank register4 should be set to 2059058316. This 
orresponds to CSON=1, HOLD=1, and 5 wait states.4.1.2 PLD 
on�gurationBank register 6 must be 
on�gured for loading the 
on�guration �les into the PLDs. Bank register 6 should be setto 6019058316. This 
orresponds to CSON=1, HOLD=1, and 5 wait states. This will work with both ACEX andCy
lone based boards. 14



4.1.3 DMA transfersBank register 7 must be 
on�gured for DMA transfers from the trigger 
ir
uitry into station 
ontroller memory.Bank register 7 should be set to 00b90ab016. This 
orresponds to �Burst A

ess=1� and �First A

ess=1�.5 Shower Triggers & Memory5.1 Register write orderTo avoid spurious triggers, normally all registers should be loaded with their desired values before enabling anytriggers in the Shower Memory TRIGGER MASK register. During test operations it may be desired to 
hange theInput Signal ADC[xx:yy℄ registers while triggers are enabled. This is allowed, but be aware that 
hanges are appliedimmediately upon the next rising CLK edge after the registers are written.5.2 Shower memory writingThe storage of shower memory data is split between PLDa and PLDb. The format the data words is shown below.Bits Des
ription9:0 PMT1 ADC (low or high gain)19:10 PMT2 ADC29:20 PMT3 ADC30 0 = High gain PMT 
hannels, 1 = Low gain PMT 
hannels31 05.3 Reading shower memoryThe shower memory 
an only be read after a trigger. The PPC403 is noti�ed of a trigger by an a
tive signal on_EVTCLKF.The shower memory 
an 
urrently be read only by DMA reads. Address bits are ignored for DMA reads. If morethan one bu�er is full, the oldest bu�er is presented �rst. The shower memory is partitioned between PLDa andPLDb. PLDa 
ontains the 3 high gain PMT inputs, PLDb 
ontains the 3 low gain inputs. Up to 768 words maybe read from ea
h PLD. Shorter reads are allowed, but the same number of reads should be done to ea
h PLD. Ifmore than 768 words are read, data will still be presented to the bus, but the data words beyond the 768th fromea
h PLD will be invalid. Note that this stru
ture, whi
h is utilized be
ause of the relatively slow enable/disable oftri-state outputs in the PLDs, is di�erent than that previously used.It is not feasible to dire
tly fet
h data from the shower memory and pla
e it on the data bus qui
kly enough tosatisfy the timing 
onstraints of the �rst word transfered during a DMA. The timing of subsequent transfers 
an beadjusted by setting �First A

ess� (whi
h adds a delay before the 2nd word, but unfortunately not before the 1stdata word is strobed into memory) and �Burst A

ess� (whi
h adds delays for subsequent words) bits in the bankregister. Therefore, one must pre-fet
h the data (whi
h also �lls the memory read pipeline).1. Write �1� to Shower Memory CONTROL register to prepare bu�er for DMA read and sele
t PLDa.2. Write �2� to Shower Memory CONTROL register to pre-fet
h the �rst word to output bu�er.15



3. Do DMA transfer of N words where N ≤768 to get low order (high gain) ADC information.4. Write �4� to Shower Memory CONTROL register to sele
t PLDb.5. Do DMA transfer of N words, where N ≤ 768 to get high order (low gain) ADC information.6. Read Shower Memory STATUS register to verify number of reads & obtain other status information.7. Read Shower Memory TRIGGER ID register to �nd out what triggered the bu�er just read.8. Write �8� to Shower Memory CONTROL register to reset bu�er full �ags and make bu�er ready to a

ept anew event.5.4 External TriggerNote that the external trigger 
omes up enabled after a general reset of the trigger 
ir
uitry. This is a provisionfor testing purposes in that it allows a 1-bit input signal _EXTRG, to result in a 1-bit output signal _EVTCLKF,without having to do any setup of the registers. An in
rement to the 3-bit EVTSYNF signal would also o

ur.5.5 Random TriggerA random trigger (or any other trigger for that matter) will be surpressed if it o

urs within 768 
lo
k 
y
les of ageneral reset of the trigger 
ir
uitry, a previous shower, external, or random trigger. A random trigger is suppressedfor 256 
lo
k 
y
les after a write to any register that 
ould modify the trigger 
onditions (in
luding starting arandom trigger). A random trigger will also be supressed if both memory bu�ers are full. The random trigger willnot subsequently o

ur after any of the 768 
lo
k 
y
le periods or after a memory bu�er be
omes available to re
orddata unless the random trigger is again enabled by writing to the Random Trigger START register. That is, if arandom trigger is blo
ked by one of the normal inhibit 
onditions (applied to any trigger), the random trigger behaveslike other triggers and will not o

ur.6 Muon Triggers & Memory6.1 Register write orderTo avoid spurious triggers, normally all registers should be loaded with their desired values before enabling anytriggers in the Muon Memory TRIGGER MASK register. During test operations it may be desired to 
hange theInput Signal registers while triggers are enabled. This is allowed, but be aware that 
hanges are applied immediatelyupon the next rising CLK edge after the registers are written.6.2 Muon memory writingIn 
ontrast to the shower memory bu�ers, muon triggers do not 
ause CPU interrupts, they merely enable a shortsubsequent burst of data to be written to a muon memory bu�er. A muon memory bu�er is 
onsidered full, and aninterrupt (_EVTCLKS) signal is sent to the PPC when either there is no more spa
e in the memory bu�er, or themuon memory BUF TIMER has expired, whi
hever o

urs �rst.16



When a MU TRIGGER 
ondition is satis�ed, a 30 bit time stamp is saved in memory. In addition the 3 high gainPMT 
hannels for that time bin, the pre
eding 3 time bins, and the subsequent 16 bins are saved in the muonmemory.The muon bu�ers are stored in an external memory (IDT70V3569S - 16k*36bit Dual-Port stati
 RAM). Two typesof data are stored: ADC values, and time stamps. The format the ADC data words is shown below.Bits Des
ription9:0 PMT1 high gain ADC19:10 PMT2 high gain ADC29:20 PMT3 high gain ADC30 Not relevant31 0 � Indi
ates data wordThe format of the time stamp data words is as follows.Bits Des
ription29:0 Time stamp30 Not relevant31 1 � Indi
ates time stamp6.3 Reading muon memoryThe muon memory 
an only be read after an _EVTCLKS interrupt to the PPC403 trigger. Muon Memory WORDCOUNT register should be read before attempting to read the muon memory bu�er. This operation returns the
urrent write address pointer, N for the memory bu�er. The number of words of data in the memory is N − 1. andwill be between 0 and 8191. When reading the memory, the number of reads should be < N . Reads beyond N − 1will return invalid data.The pro
edure for reading out muon memory is:1. Write 1 to the Muon Memory CONTROL register to reset bu�er read pointer and number of words read portionof the Muon Memory WORD COUNT register.2. Read Muon Memory WORD COUNT register and 
al
ulate number of words to transfer.3. Read MU TIME TAG 1 register4. Read MU TIME TAG 2 register. This 
orresponds (up to a �xed o�set) to the time that the bu�er was 
losedand _EVTCLKS was asserted. The di�eren
e indi
ated the time interval during whi
h the muon bu�er wasa
tive.5. Write 2 to the Muon Memory CONTROL register to prefet
h data from memory to �ll the readout pipeline.This also removes the external IDT memory 
hip right port from �power down� mode.6. Start DMA transfer7. Wait for DMA transfer to �nish8. Read muon memory STATUS register to retrieve bu�er status information.17



9. Read muon memory WORD COUNT register to verify number of words transferred.10. Write 8 to muon memory CONTROL register to prepare bu�er to a

ept new data. This resets the initial writeaddress and the full indi
ator. This also restores the external IDT memory 
hip right port to �power down�mode.7 TimingsThe delay between a signal at the input 
onne
tor to the frontend board and the input to the PLD is 1.21 µs. Forother delays please refer to the do
ument �Trigger_delays.pdf�.
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