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Chapter 3

detailed description of the main data path

The main data path consists of three main modules the strip reader, centroid finder and the hit filter. The data flow through each of the module and the data processing taking place in the module is described in detail in this chapter. 

Design features

The design is implemented in a FPLD and VHDL is used to describe the design behaviour. The design defines the logic for one channel of the Silicon Track Card (STC). Each STC has eight such identical channels operating in parallel. Each channel can be enabled or disabled according to incoming data from the experiment. The whole design (except for the SMT data filter) is designed to operate with system clock of frequency 32 MHz. The logic has a synchronous reset signal at startup that is used to initialize the design. All the modules are in their initial states and do not start the data processing till an event start signal is issued. The SMT data filter in the strip reader runs synchronously when the channel is enabled, and the centroid calculator in the centroid finder and the comparator module in the hit filter run asynchronously when the channel is enabled.

All the control modules are designed with the Moore type Finite State Machine (FSM) approach. A FSM is a state machine with finite number of states. The machine always resets into an initial state and updates states on each clock cycle. FIFO buffers are provided at the end of each module in the data path to maintain a synchronous data flow. The logic can process data for only one event, but the design can hold more than one event at the input in the SMT data, and output in the hit filter.

Design parameters

The parameters required for the data processing are unique for each channel. These parameters are downloaded in the channel memory on start up. The memory spaces are allocated to facilitate the main control logic to write into the memory and read out of the memory through a bi-directional bus. The control logic uses 15 address lines to access this memory space. The memory allocated area are as given in the table 3.1.

Table 3.1 Memory mapping for the single channel.

	Memory area
	Memory space
	Memory address

	Monitor space
	1K X 32
	0000 – 03FF

	Miscellaneous
	1K X 32
	0400 – 07FF

	Gain Offset LUT
	4K X 8
	0800 – 17FF

	Test data LUT
	256 X 18

(1K min.)
	1800 – 1BFF

	Empty Space (for future use)
	–
	1C00 – 3FFF

	Road data LUT
	16 K X 22
	4000 – 7FFF


1. Monitor space

 This space holds the monitoring counters from the strip reader and the centroid finder. These counters are defined as – 

(i) SMT counters 

(a) Mismatch Counter: This counter counts the number of times there was a mismatch in SEQ ID and HDI ID.

(b) SMT error (SERR) Counter: This counter keeps track of the error in reading the data VTM data.

(c) Zero Error Counter: This counter increments every time a byte of zeros is not present in the data stream after the SVX-II chip-id.

(ii) Chip activity counters: There are nine SVX-II chip activity counters, one for each SVX-II chip. The counter for the SVX-II chip is incremented when a strip from that SVX-II chip has data on it. Thus it is an indication of the activity on that SVX-II chip for an event.

(iii) Cluster counters: There are three cluster counters, one for each data type. These counters count the number of clusters of each data type in an event.

2. Miscellaneous memory 

 The miscellaneous memory constitutes of bad channel memory, chip ranges, pulse area thresholds, clustering thresholds and the miscellaneous data register.

(i) Bad channel memory space having 64, 32 bit wide words is actually a Look Up Table (LUT). Addresses assigned to this memory space are from 0400 – 047F (HEX). This memory has the status of each of the 128 channels of every SVX-II chip in the detector. A channel is set to be bad on the basis of the technical survey of the detector, conducted in between runs. This status is used to eliminate any false readings on the channels.

(ii) Chip range memory space is at address 0480 (HEX). This memory consists of 24-bit word. Each data type as a 4 – bit upper range value and a 4–bit lower value for the SVX-II chips, thus forming the 24-bit wide word.

(iii) Pulse area threshold memory space is at the address locations 0500 – 0503 (HEX). This memory is 24-bit wide and holds the three threshold values (Pulse_Threshold_1, Pulse_Threshold_2, and Pulse_Threshold_3) are required to calculate the pulse area for the clusters found in the event. These values are unique for each data type.

(iv) Clustering thresholds are downloaded are memory locations 0600-0603 (HEX). These are the threshold_1 and the threshold_ 2 values used in the clustering algorithm. The data value threshold_1 is minimum data value that should be on a strip to be considered as valid data. The data value threshold_2 is the minimum peak data value of a cluster to get a valid cluster from the strips.

(v) Miscellaneous data register is 32-bit register downloaded at address location 0580(HEX). This register has the following parameters -

(a) Unique 8–bit SEQ ID for the channel.

(b) Unique 3–bit HDI ID for the channel.

(c)  Delay: This is an 8-bit signal to indicate the delay between the FRC start signal and the main event start signal.

(d) Disable bit: This bit indicates whether the channel is disabled.

(e) SMT ID: This is 3-bit number, unique for each SMT data stream. 

Table 3.2 Miscellaneous register downloaded at 0580 (HEX).

	31..28
	27
	26..24
	23..16
	15..8
	7..0

	Empty
	Disable
	SMT ID
	Delay
	SEQ ID
	HDI ID


3. Gain offset memory holds the corrected data for each SVX-II chip in the detector, according to the gain and offset values for the SVX-II chips. This data is accessed with the SVX-II chip number and the data value for the strip.

Corrected data is calculated using following equation – 

Corrected data = gain * actual data value + offset. 

4. Test data LUT holds the test data in the same format as the 18 – bit data stream (refer table 3.3). This data stream is used to check the functionality of the design.

5. Road data LUT is an external memory space, which gives a unique pair of the roads (upper and lower) 11-bits wide defining a group of roads. The upper and lower road values are unique for each 17- bit road data value from the Level_1 that represents a fiber road track.

Strip Reader

The Strip reader module has two clocks; a SMT clock running at 53 MHz, to match the speed of the SMT data coming on the VME bus and the PCI System clock running at 32 MHz, this clock determines the flow of data through the design. The two sub modules in the strip reader are the SMT data filter and the strip reader control.
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Figure 3.1 The detailed block diagram of the strip reader module.

SMT data filter 

The SMT module gets input from the VME bus. The module has a state machine that filters out the excess data at the end of event. It also converts the 8-bit VTM data stream into 16-bit data word so that the system clock even though slower than the SMT data clock can match the speed of the input data stream. The   SMT data filter runs continuously when the channel is enabled. Any error in reading the input data stream is indicated by setting one of two error bits, one each for the higher and the lower byte of the output stream. These errors bits are also passed on to the next sub module along with the 16 bit data, thus forming an 18-bit word that is stored in the FIFO, as given in table 3.3.

Table 3.3 Data stream from SMT data filter to the Strip reader Control.

	17..16
	15..8
	7..0

	Error bits
	Higher byte
	Lower byte


Another task of this module is to determine the event number of the current data stream. This number is assigned after the FRC start signal is received. This signal is used to synchronize the SMT data event and the road data event (from Level_1). The event number is tagged along with the end of event marker and written as the last word in the FIFO.

Strip reader control 

(Reference flow chart in appendix A)

The strip reader using a Moore type FSM; reads the 18-bit data stream from the intermediate FIFO (refer table 3.3). Each channel is configured to read the data stream from a unique SEQ and HDI. Thus the first word read out of the FIFO is checked for the correct SEQ ID and the HDI ID; if there is a mismatch, the mismatch counter is incremented and mismatch bit (MM) is set. The SVX-II chip-id is identified next with a byte of zeros following it. These are important to isolate the strips with data values from the SVX-II chips. If the byte of zero is absent the zero error counter is incremented. The data type is determined by comparing the SVX-II chip-id with available SVX-II chip ranges for the three data types. Chip activity counters are present in this module to keep track of the number of strips per SVX-II chip. Once this is done, the design starts processing the strip numbers and the data values. The gain-offset memory is then accessed using address as the SVX-II chip id concatenated with the data value to get the corrected data. Before formatting the 23-bits data word (refer table 2.1) the strip number is compared with the bad channel memory and the strips, which are set to be bad are assigned a zero data value. The corrected data and the zero-ed bad channel strip with the data type, SVX-II chip-id and channel number are formatted into the 23-bits wide data word and written in the output FIFO (refer table 2.1).  An event covers many SVX-II chips but the same SEQ ID and the HDI ID. When an end of event marker is encountered, the state machine extracts the event number, which is the lower byte of the 18-bit word. The two error bits (refer table 3.3) serve as an input to the SERR counter and are passed on as a single SERR bit.

Centroid finder


The centroid finder module works at the frequency of system clock. This module has two sub-modules the cluster finder and the centroid calculator. This is the heart of the data processing in the data path. This module finds the clusters from the strips and calculates the centroids. The detailed block diagram of this module is shown in figure 3.2.
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Figure 3.2 Detailed block of the centroid finder module.

Cluster Finder 

The cluster finder module has three tasks (i) interface with the output FIFO of the strip reader module, (ii) find the clusters and (iii) pass on the strips of cluster to the centroid calculator module. It reads out the 23–bit word and splits it into its constituents (refer table 2.1). The strips in a cluster should have  - a data value greater than or equal to threshold_1, same data type and sequential addresses. The SVX-II chip id is concatenated with the strip number to form the strip address. The clusters are of five strips. There are five data buffers and address buffers to store the data values and addresses of strips constituting a cluster. There are also two secondary data buffers and address buffers to store the shadow values in anticipation of a peak value greater than the one already found for a cluster. The first data value read is always stored in D_3. The following data values after conferring to the above conditions are compared with data value in D_3. If the new data value is greater than or equal to D_3 then the peak is replaced or the following buffers are filled, (reference flow chart appendix A). The final peak cluster value should be greater than or equal to threshold_2. 
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Figure 3.3 An illustration example of a five-strip cluster.

The example in figure 3.3 is an illustration of a five-strip cluster. All the registers are initialized to zero before reading data for a new cluster.

(i) Strip 2 loaded into D_1, address in add_ 1 =(peak address – 2)

(ii) Strip 3 loaded into D_2, address in add_ 2  = (peak address – 1)

(iii) Strip 4 loaded into D_3, peak data value and address in add_3 = (peak address) 

(iv) Strip 5 loaded into D_4, address in add_ 4 = (peak address + 1)

(v) Strip 6 loaded into D_5, address in add_ 4 = (peak address + 2)

The strip number 7 and 8 are stored in the shadow buffers. When the data value of strip number 9 is compared with D_3 and found to be greater than data value of D_3 the data buffers D_1 and D_2 are over written with the shadow buffers B_1 and B_2. The corresponding address buffers are also replaced. The data value of strip number 9 is written in to data buffer D_3 and the strip address is written into add_3 (i.e. the peak address).

So the new data buffers are – 

(i) Strip 7 loaded into D_1, address in add_ 1 =(peak address – 2)

(ii) Strip 8 loaded into D_2, address in add_ 2  = (peak address – 1)

(iii) Strip 9 loaded into D_3, peak data value and address in add_3 = (peak address) 

(iv) Strip 10 loaded into D_4, address in add_ 4 = (peak address + 1)

(v) Strip 11 loaded into D_5, address in add_ 4 = (peak address + 2)

The end of cluster is found at strip – 11, as the strip – 12 is a bad channel. The number of strips used for the cluster is – 5 and the number of strips checked are – 11. The data values (8- bits each) and the address add_2 (11- bits) are passed on to the centroid calculator. 

Centroid calculator


This module takes the data values of the strips in a cluster from the cluster finder and performs the arithmetic calculation of finding the centroid using the centroid mass principle. The calculation for the three or five strip cluster is decided according to the cluster type bit.

In Figure 3.3 below, if D2 is viewed as the origin and D1, D3, D4 and D5 as point masses, the centroid of the system is [13]– 

[image: image5.jpg]




Figure 3.4 Realization of centroid calculation for a five-strip cluster [13].

The moment of the system is the mass times the distance from the origin:

 - D2  + D4, -- for a three-strip cluster

 - D1+D3+2D4+3D5,  -- for a five-strip cluster

 
Thus, the moment of the system is given by following equations
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Equation 3.1 Centroid Calculation for three-strip cluster.
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Equation 3.2 Centroid Calculation for five-strip cluster.

The centroid value obtained from these calculations is added to the address add_2 passed on from the cluster finder to get the exact address of the centroid for the cluster. The final centroid value is 13-bit wide, because of the addition of two precision bits after the calculation.


This module also finds the pulse area of the cluster. The pulse area is calculated by summing the data values for all the strips constituting the cluster and comparing the sum to three threshold values stored in the channel memory [19]. Two bits are set to indicate the cluster pulse area according to the scheme given in table 3.4.

Table 3.4 The scheme for determining the pulse area of the cluster [19].

	Bits
	Pulse area

	00
	<  Pulse_Threshold_1

	01
	(Pulse_Threshold_1, Pulse_Threshold_2 (

	10
	( Pulse_Threshold_2, Pulse_Threshold_3 (

	11
	( Pulse_Threshold_3


The centroid value its data type and pulse area are written into the output FIFO of the centroid finder (refer table 2.2).

Hit filter


The hit filter module is handles the axial and the z-axis centroids. It stores the z-axis centroid in z-centroid FIFO and compares the axial centroids with road data values to find the hits (refer chapter 2 –section Hit filter).

 The hit filter module has six sub modules. They are hit filter control module, comparator module, hit register module, hit-format module, hit read out module, and z- centroid module. The module handles only the axial and z- axis type of centroids.  The z- axis centroids are stored in a buffer, which can be accessed by the hit interface module and the axial type of centroids are compared with the roads from level –1 to find hits. The hits are written in the output FIFO form where they can be pulled out by the hit interface module to be passed on to the TFC. 


Figure 3.5 Detailed block diagram of the hit filter module.

Hit filter control 


This module controls the processing in the hit filter. It is activated with an event start signal. The roads from the road data memory are loaded into the comparators sequentially on every road write signal. Since the roads are loaded sequentially, each comparator corresponds to the track of Level_1. A masking register is created once all the roads are loaded into the comparators. This register masks all the comparator outputs that are not loaded. The module then reads one centroid at a time. The axial centroids are loaded into the comparators, while the z- axis centroids are passed on to the z- centroid module. The output of the comparators is masked, and the valid hit register is passed on to the hit-format module to find the hits and format them. The control module issues all the control signals for the processes comparing, masking and formatting. The control signals are LOAD_ROAD, READ_COMPARATOR and HITREG_VALID.

Z- centroids module


This module formats the z-centroids in a 32-bit format and stores them in a FIFO. The hit interface module reads out the centroids from the FIFO. The 32-bit word formed is given in table 3.5.

Table 3.5 The 32-bit word format of the Z-centroids.

	31
	30..28
	27..26
	25..24
	23..16
	15..13
	12..0

	0
	SMT ID
	Data type
	Pulse area
	SEQ ID
	HDI ID
	Centroid


Comparator module


The comparator module has 46 parallel comparators. It has a capability to compare 46 pairs of roads with each incoming axial centroid. The road pair of upper and lower roads of 11-bit each is compared with 11-bit centroid value (the two precision bits are not used in the comparison, as the roads are defined as whole values).

Hit register module


This module ANDs the output of the comparators with the mask register to get a valid hit register for the each centroid when it receives a READ_COMPARATOR signal from the hit control module. This helps to filter out the false outputs from comparators that are not loaded with roads.

Hit-format module


This module takes the valid 46-bit hit register when the hit control module issues the HITREG_VALID signal. The module checks for the hits serially. To make the scanning process faster, the register is split into five groups. The OR-ed output of each group indicates whether there is a hit in that group. The scanning of the register starts from the first group that has a hit, and then the logic goes through the rest of the register sequentially. The upper limit for this process is the number of comparators loaded with roads. Whenever the bit is set, it is an indication of a hit for that particular track. The final output in the form of a 32-bit word (refer table 3.6) is stored in the output FIFO of the hit filter module. At the end of hits for one centroid, the module waits for a next HITREG_VALID signal. 

Table 3.6 The data format of the hits in the output FIFO.

	31..26
	25..24
	23..16
	15..13
	12..0

	Track number
	Pulse area
	SEQ ID
	HDI ID
	Centroid


At the end of event signal, a trailer (refer table 3.7) is written into the FIFO. The module issues an independent end of event signal for the hit interface module.

Table 3.7 The data format of the trailer for the hits.

	31..27
	26
	25
	24..23
	21..19
	18..11
	10..8
	7..0

	11110
	SERR
	MM 
	- 
	SMT ID
	SEQ ID
	HDI ID
	Event no.


Hit read out module

This module includes the FIFO in which hits are written in a unique 32 – bit word format (refer table 3.6). When the hit interface module issues a read hits signal, the read request signal of the FIFO is activated and the hits are given out on each clock cycle.

The design of the data path was amended in different ways to optimize the speed, memory required and the logic cells utilized. The various approaches used for different modules are discussed in the following chapter. 




To


L3 Buffer





Data stream


Control signal


Handshaking signals





To 


Hit filter





F


I


F


O





Data from


Memory





To


Hit filter





From


Strip reader





To


L3 Buffer





Centroid Calculator





Cluster 


Finder





Strip reader Control





F


I


F


O





SMT


Data filter





Test Data


From Memory





Hand shaking signals


Data stream





Data


From Memory


L3 Buffers





To L3 Buffers





To


Centroid Finder





VTM Data





F


I


F


O





To L3 buffer





Hit interface module





Hit-format module





Centroids from FIFO





Hit Filter Control module





Hits





 Hit register module





Comparator


module





x5





x4





x3





0





x1





D2





D5





D4





D3





D11





� EMBED Equation.3  ���




















 FRC


Roads 





Centroid





Data stream


Control signal





Hit read out module





SMT


test select 





Threshold_2





Threshold_1





Pulse height





Clusters





Strip





Centroid


















































16

_1034089832.unknown

_1034089998.unknown

_1010266921.unknown

