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System Overview

1.1 Operator Requirements

The functionality required of SCTAPI and its associated control environment may be summarised as follows:

· To be able to read in system configuration information from persistent storage.

· To be able to read in module configuration and calibration information from persistent storage.

· To be able to vary the parameters of a module’s registers, from the system level down to a single chip.

· To configure trigger parameters.

· To configure BOC parameters.

· To configure and execute scans.

· To be able to define arbitrary groupings of modules and treat them differently when changing parameters, executing scans etc.
· To retrieve, save, analyse and display scan data.
1.2 System interactions

The interactions between the software components of the system are shown in Figure 1.
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Figure 1: Interactions in the Final System

Here SCTAPI runs as a process on the host controller.  Communication between SCTAPI and each RCC crate controller process is by means of Inter Process Communication (IPC).  

Commands are despatched to each RodCrate controller process, and replies are received, by means of Inter Process Communication.  This method is also used to send commands to the 

This mode of operation will support an arbitrary number of partitions, crates and RODs up to the numbers required in ATLAS.

1.3 Initial System
The interactions required in the initial system, used for the early development of SCTAPI and the user evaluation of ROD, are shown in Figure 2.

[image: image3.png]ROOT
Interpreter

Analysis Macros

Structured
Data Files

RCC Processor

Configuration
Files

DSP Program
Images





Figure 2: Interactions in the Initial System

Here everything runs on the RCC processor, with no use being made of any ATLAS Online packages.  Direct links are made between the classes needed to configure and operate the system and to communicate with ROD. This allows the SCTAPI developers to become familiar with ROD before the middle layers have been fully implemented.

Upon starting ROOT, the shared library libTApi.so is loaded.  The class TApi is a wrapper compatible with ROOT with methods which map directly to the methods of SCTAPI.  TApi instantiates SctApi which in turn instantiates the Configuration class according to the contents of the XML configuration file.  SCTAPI methods may now be called directly from the ROOT interpreter.

The method SctApi::InitialiseAll will create an instance of the interim RodCrate class, Crate, with one instance of the class VmeInterface.  Instances of the classes RodModule and TimModule will be created as defined in the system configuration.

This mode of operation is envisaged to support a limited number of  RODs running within a single crate.
Module Addressing Schemes

1.4 Working Model

Unlike the configuration database, the addressing used within SCTAPI is probably best organised to match the modularity of the readout hardware (partition/crate/rod/module).  To achieve this we give each module a discrete 32 bit identifier:


0x PPKKRRCC

where


PP – partition number


KK – crate number


RR – rod number


CC – BOC output channel number

Methods will be provided to transform between this scheme and all sensible alternatives.

1.5 Software Structures

None.

1.6 SCTAPI Methods

1.6.1 UINT32 findModule(char* serial_number);

This method returns the unsigned 32 bit module identifier for a module described by its serial_number. If the module cannot be found within the configuration, 0xFFFFFFFF is returned.

1.6.2 UINT32 findModule(INT32 part, INT32 mur, INT32 module);

This method returns the unsigned 32 bit module identifier for a module within partition part described by its index module (1 to 6) within MUR mur. If the module cannot be found within the configuration, 0xFFFFFFFF is returned.

1.6.3 UINT32 findBarrelModule(INT32 barrel, INT32 row, INT32 number);

This method returns the unsigned 32 bit module identifier for a barrel module described by its physical location upon the structure: barrel (3,4,5,6), row and number (-6,-5,…-1,1,2,…6).  If the module cannot be found within the configuration, 0xFFFFFFFF is returned.

1.6.4 UINT32 findEndcapModule(INT32 disk, INT32 ring, INT32 number);

This method returns the unsigned 32 bit module identifier for an endcap module described by its physical location upon the structure: disk (-9,-8,…-1,1,2,…9), ring and number (-6,-5,…-1,1,2,…6).  If the module cannot be found within the configuration, 0xFFFFFFFF is returned.

2 Module Configuration

2.1 Working Model

The ROD primitives rwModuleData and sendConfig have been implemented to upload/download and broadcast configuration data.  The SCTAPI methods suggested below may be written now: although further methods and primitives may be added later, the set described below represents a good starting point.

The rwModuleData primitive allocates sufficient ROD memory to store 5 sets of configuration data for 48 modules each.  However in many cases redundancy loops will not be closed within a single ROD, hence each ROD may be responsible for the generation of configuration information for more than 48 modules.

Also, two copies of the configuration structure for each module should be maintained on the ROD: an initial set and a working set.  During scanning, changes are made to the working data prior to the broadcast of configuration data to the modules.  After scanning, the modules may be restored to their original configuration by use of the initial configuration data. This leads us to suggest that the ROD memory allocated to store module configuration data be used as shown in Figure 3.


Figure 3: Suggested use of the five sets of configuration data stored on ROD

At system startup, SCTAPI reads the configuration information for each MUR and the detector modules associated with that MUR from the configuration database.  Instances of the module data structures are created and filled with this information.  For each module associated with a ROD, including those for which the ROD provides the redundant control path, the data is copied into master DSP memory and the rwModuleData primitive is used to upload the data into each of the configuration sets relevant to that module.

Once the DCS system has brought the power supplies into an appropriate state, the sendConfig primitive may be used to broadcast the configuration commands to each module.  At the time of writing SCTAPI is responsible for controlling the masks used to direct the command bitstreams towards the correct module but it is hoped that a future upgrade of the ROD software will move this functionality to the master DSP.

2.2 Software Structures

Standard C structures have been defined to store the configuration data for each SCT module.  These are reproduced in section 7.1.

SCTAPI Methods

2.2.1 void getABCDModule(UINT32 bank);

This method downloads the configuration of all modules from block bank of ROD memory to the system configuration.

2.2.2 void getABCDModule(UINT32 mid, UINT32 bank);

This method downloads the configuration of module mid from block bank of ROD memory to the system configuration.

2.2.3 void getABCDModule(mList* mlist, UINT32 bank);

This method downloads the configuration of a series of modules defined by mlist from block bank of ROD memory to the system configuration.

2.2.4 void modifyABCDMask(UINT32 mid, UINT32* mask);

This method modifies the configuration of module mid such that the mask is set according to the values given in array mask[48].

2.2.5 void modifyABCDMask(mList* mlist, UINT32* mask);

This method modifies the configuration of the series of modules defined by mlist such that the mask is set according to the values given in array mask[48].

2.2.6 void modifyABCDTrims(UINT32 mid, UINT8* trims);

This method modifies the configuration of module mid such that the trim DAC values are set according to the values given in array trims[1536].

2.2.7 void modifyABCDTrims(mList* mlist, UINT8* trims);

This method modifies the configuration of the series of modules defined by mlist such that the trim DAC values are set according to the values given in array trims[1536].

2.2.8 void modifyABCDVar(UINT32 typ, FLOAT32 var);

This method modifies the configuration of all modules such that parameter typ of all chips is set to value var.  A list of ABCDModule parameter identifiers is suggested in section 7.2.

2.2.9 void modifyABCDVar(UINT32 mid, UINT32 typ, FLOAT32 var);

This method modifies the configuration of module mid such that parameter typ of all chips is set to value var.  A list of ABCDModule parameter identifiers is suggested in section 7.2.

2.2.10 void modifyABCDVar(mList* mlist, UINT32 typ, FLOAT32 var);

This method modifies the configuration of the series of modules defined by mlist such that parameter typ of all chips is set to value var.  A list of ABCDModule parameter identifiers is suggested in section 7.2.

2.2.11 void modifyABCDVar(UINT32 mid, UINT32 chip, UINT32 typ, FLOAT32 var);

This method modifies the configuration of module mid such that parameter typ of chip chip is set to value var.  A list of ABCDModule parameter identifiers is suggested in section 7.2.

2.2.12 void modifyABCDVar(mList* mlist, UINT32 chip, UINT32 typ, FLOAT32 var);

This method modifies the configuration of the series of modules defined by mlist such that parameter typ of chip chip is set to value var.  A list of ABCDModule parameter identifiers is suggested in section 7.2.

2.2.13 void setABCDModule( UINT32 bank);

This method uploads the configuration of all modules from the system configuration to block bank of ROD memory.

2.2.14 void setABCDModule(UINT32 mid, UINT32 bank);

This method uploads the configuration of module mid from the system configuration to block bank of ROD memory.

2.2.15 void setABCDModule(mList* mlist, UINT32 bank);

This method uploads the configuration for the series of modules defined by mlist from the system configuration to block bank of ROD memory.

2.2.16 void sendABCDModule(UINT32 bank, UINT32 type=2);

This method sends the configuration described in block bank of ROD memory to all modules.  The default value of the optional argument type is 2 which will program all registers.  If type is set to 1 only the trim DACs will be programmed.  If type is set to 0, just the basic registers will be programmed.

2.2.17 void sendABCDModule(UINT32 mid, UINT32 bank, UINT32 type=2);

This method sends the configuration described in block bank of ROD memory to module mid.  The default value of the optional argument type is 2 which will program all registers.  If type is set to 1 only the trim DACs will be programmed.  If type is set to 0, just the basic registers will be programmed.

2.2.18 void sendABCDModule(mList* mlist, UINT32 bank, UINT32 type=2);

This method sends the configuration described in block bank of ROD memory to the series of modules defined by mlist.  The default value of the optional argument type is 2 which will program all registers.  If type is set to 1 only the trim DACs will be programmed.  If type is set to 0, just the basic registers will be programmed.

3 Trigger Configuration

3.1 Working Model

Triggers are sequences of ABCD fast commands including at least one Level 1 Accept.  They may also include, for example, Calibration Strobe, Pulse Input, Soft Reset or BC Reset commands.

Triggers may originate at the ROD, at the local TIM, at the Master TIM or from the external TTC system.  In the case triggers originate in the ROD they are not synchronous across any wider part of the system than one ROD, but can be easily despatched in well-defined numbers.  However, in the case where triggers do not originate within ROD, the numbers of triggers in a burst must be controlled or counted at a crate or system-wide level complicating book-keeping at the ROD level.   

In the case where triggers are to be generated by ROD, the primitive buildStream may be used to assemble a trigger sequence within ROD memory and the primitive sendStream may be used to broadcast the resulting sequence from either of the Master DSP’s serial output ports. Each of these ports has its own command mask which may be used to control the direction of commands towards one or more of the modules associated with that ROD.

TODO: add information on the generation of triggers by TIM.

3.2 Software Structures

None.

3.3 SCTAPI Methods

3.3.1 void setRODTrigger(UINT32 cmd0, UINT32 data0=0, UINT32 cmd1=0, UINT32 data1=0, UINT32 cmd2=0, UINT32 data2=0, UINT32 cmd3=0, UINT32 data3=0, UINT32 cmdBuff =1, UINT32 chipAddress=ALL_CHIPS );

This method assembles a sequence of up to four ABCD commands cmd0-3 with data data0-3 in buffer cmdbuff.  By default the chip_address ALL_CHIPS is used.

3.3.2 void sendRODTrigger(UINT32 cmdBuff=1);

This method used the sendStream primitive to broadcast the command sequence stored in buffer cmdBuff.  The masking of command streams must be performed seperately. 

TODO: methods appropriate to the generation of triggers by TIM.

4 Scan Configuration

4.1 Working Model

Scans are sequences of bursts separated by programmed changes in at least one scan variable.  A burst is a programmed sequence of triggers resulting in occupancy data.

ROD would usually be configured to perform the programmed changes between scan points and to histogram the data.

· setupEventTrapping

· histogramSetup

· startEventTrapping

· (issue triggers)

· stopEventTrapping

· rwSlaveMemory

4.2 Software Structures

None.

4.3 SCTAPI Methods

TODO

DCS Interaction

4.4 Working Model

The DCS system will be capable of autonomous operation.  During normal operation of the detector, actions requested of the DCS system will be restricted to state transitions at start/pause/end of run and possibly HardReset.  For diagnostic purposes a more complete set of functionality is requested.

4.5 Software Structures

None.

4.6 SCTAPI Functionality

4.6.1 void requestHardReset()

This method requests the DCS system to send a HardReset signal to all modules in the system.

4.6.2 void requestHardReset(UINT32 mid)

This method requests the DCS system to send a HardReset signal to module mid.

4.6.3 void requestHardReset(mList* mlist)

This method requests the DCS system to send a HardReset signal to the series of modules specified by  mlist.

4.6.4 void requestIVCurve(UINT32 mid, FLOAT32 start, FLOAT32 stop, FLOAT32 step);

This method requests the DCS system to record an IV curve for module mid.

4.6.5 void requestIVCurve(mlist* mlist, FLOAT32 start, FLOAT32 stop, FLOAT32 step);

This method requests the DCS system to record an IV curve for each of the series of modules specified by  mlist.

4.6.6 void requestState(UINT32 state);

This method requests the DCS system to move into state state.

4.6.7 void setDCSVariable(UINT32 mid, UINT32 typ, FLOAT32 var);

This method requests the DCS system to set the HV or LV parameter identified by typ to have value var for module  mid.  A list of DCS parameter identifiers is suggested in section 7.4.

4.6.8 void setDCSVariable(mlist* mlist, UINT32 typ, FLOAT32 var);

This method requests the DCS system to set the HV or LV parameter identified by typ to have value var for the series of modules specified by  mlist.  A list of DCS parameter identifiers is suggested in section 7.4.

4.6.9 void setSelect(UINT32 mid, UINT32 var);

This method requests the DCS system to set the CLOCK SELECT line for module mid to value var.

4.6.10 void setSelect(mlist* mlist, UINT32 var);

This method requests the DCS system to set the CLOCK SELECT line for the series of modules specified by  mlist to value var.

Appendices

4.7 sct_structures.h

/*

 * sct_structures.h

 *

 * A fresh look at what may be needed for the 

 * SCT ROD configuration data structures

 *

 * This is a revised and expanded version of John Hill's "sct_structure.h"

 * which can be found here:

 * http://sctpixel.home.cern.ch/sctpixel/Cambridge/sct_structure.txt 

 *

 * From our point of view, the layout of the structures is less important

 * than their content, so the ROD developers should feel free to suggest

 * alternative layouts and/or naming schemes.

 *

 * Version 0.8 PWP/GFM 2002.06.04

 */

#define N_CHANS    128

#define N_CHIPS     12

/*

 * Structure Definitions

 */

typedef struct {

  /* This structure corresponds to the ABCD chip configuration register.

   * Aside from one correction to suit the ABCD3T chip (trimRange) it

   * is essentially the same as that proposed by John Hill. */

  UINT16 readoutMode  : 2;

  UINT16 calibMode    : 2;

  UINT16 trimRange    : 2;

  UINT16 edgeDetect   : 1;

  UINT16 mask         : 1;

  UINT16 accumulate   : 1;

  UINT16 inputBypass  : 1;

  UINT16 outputBypass : 1;

  UINT16 master       : 1;

  UINT16 end          : 1;

  UINT16 feedThrough  : 1;

  UINT16              : 2;  /*pad to 16 bits */

} ABCDConfig;

typedef struct{

 /* This structure holds calibration information about this

  * ABCD chip.  None of these parameters was present in

  * John Hill's version - we probably hadn't thought of it

  * two years ago! */

 /* We store a functional representation of the response 

  * curve (equivalent threshold as a function of charge)

  * so that we may request ROD to set the threshold to

  * a value specified in fC. */

  UINT8 rc_function;     /* Used to denote the type of function which

                          * has been fitted to the response curve, eg.

                          *  0 - no calibration information

                          *  1 - (can't remember, probably exponential)

                          *  2 - second order polynomial 

                          *  3 - (can't remember, probably "Grillo" func)

                          *  4 - straight line fit */

  FLOAT32 rc_params[3];  /* Response Curve Fit */

  FLOAT32 c_factor;      /* Capacitor Correction factor */

 /* Other calibration data is available from the wafer test -

  * but it's probably irrelevant. */

 /* We had a discussion about putting temperature correction

  * coefficients in here, but to avoid the complication of 

  * delivering recent temperature data to ROD, we conclude 

  * that temperature corrections are best done offline. */

} ABCDCaldata;

typedef struct {

  /* The five basic DAC and DELAY registers of an ABCD chip,

   * including the three which are changed most often (vthr, vcal

   * and delay). We choose to put them together so that we may

   * request ROD to return them to us together. */

  UINT8 vthr;            /* Threshold,             8 bits */

  UINT8 vcal;            /* Calibration Amplitude, 8 bits */

  UINT8 delay;           /* Strobe Delay,          6 bits */

  UINT8 preamp;          /* Preamp Bias Current,   5 bits */

  UINT8 shaper;          /* Shaper Current,        5 bits */

} ABCDBasic;

typedef struct {

  /* This structure includes all register settings and

   * calibration information for one ABCD chip. */

  UINT8        active;   /* 1 -> participates in scans */

                         /* 0 -> registers unchanged during scanning */

  UINT8        address;  /* In SCTDAQ we chose to associate a hardcoded

                          * chip address with each location on a module.

                          * That's fine as long as things work correctly.

                          * If we allow the address to be configurable

                          * we can recover from (a subset of possible)

                          * address failure modes. */

  ABCDBasic    basic;    /* The five basic DAC and DELAY registers */

  ABCDConfig   config;   /* Configuration Register */

  ABCDCaldata  caldata;  /* Calibration data for this chip */

  UINT32 mask[4];        /* Mask Register, 128 bits */

  UINT8  trim[N_CHANS];  /* TrimDAC registers, 4 bits/channel

                          * This could be more tightly packed, but

                          * unless you need the space, this sounds

                          * like an unnecessary complication... */

} ABCDChip;

typedef struct {

  /* This structure includes all register settings and

   * calibration information for one ABCD module. */

  ABCDChip chip[N_CHIPS];

  UINT8 active;   /* 1 -> participates in scans */

                  /* 0 -> registers unchanged during scanning */

  UINT8 select;   /* 1 -> use redundant clk/com; ID4=1 */

                  /* 0 -> use primary clk/com; ID4=0 */

 /* Each of a module's datalinks may or may not be in use 

  * dependent upon the bypass configuration.  ROD should 

  * consider the settings of the MASTER bit of the

  * configuration register of each master chip when

  * choosing to enable or disable input streams, 

  * reallocating buffers as necessary. */

} ABCDModule;

ABCDModule Parameter Identifiers

/* ABCD3T DAC and Delay Settings */

#define ST_VTHR          1  /* threshold DAC */

#define ST_VCAL          2  /* calibration DAC */

#define ST_STROBE_DELAY  3  /* strobe delay register */

#define ST_PREAMP        4  /* preamplifier bias current DAC */

#define ST_SHAPER        5  /* shaper bias current DAC */

#define ST_TRIM          6  /* set trim value of all channels */

#define ST_MASK          7  /* predefined mask patterns used during tests */

#define ST_ROLE          8  /* master / slave / end / dead / paranoid */

#define ST_NMASK         9  /* number of channels to be masked */

/* ABCD3T Config Register Settings */

#define ST_CAL_MODE      10  /* calibMode   */

#define ST_COMPRESSION   11  /* readoutMode */

#define ST_TRIM_RANGE    12  /* trimRange   */

#define ST_EDGE_DETECT   13  /* edgeDetect  */

#define ST_SEND_MASK     14  /* mask        */

#define ST_ACCUMULATE    15  /* accumulate  */

#define ST_ACTIVE        18  /* set ACTIVE or INACTIVE */

#define ST_TOKEN         19  /* a bit pattern that defines the bypass 

                                scheme allowing all combinations. A ‘1’

                                means that the chip is read out, a '0' 

                                means that the chip is bypassed/dead */

/* Adjustment of ABCD3T DAC settings using the calibration data */

#define ST_QTHR          41 /* set threshold in fC

                               (uses the response curve data) */

#define ST_QCAL          42 /* set charge in fC

                               (uses the capacitor calibration factor) */

4.8 BOC Parameter Identifiers

TODO

4.9 DCS Parameter Identifiers

TODO
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