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Abstract

Serial Command Link delivers crucial information from hub end to all of the geographic section and back.  Since so much depends on SCL, it must be error free.  This projects goal is design a portable troubleshooting module, which will decode SCL and display the information on a logic analyzer bit by bit.  During commissioning a portable module like this one can save time and effort.  I shall discuss the motivations for this project, design phase of the project, and the future of the project, as it will be put in service.

1.0 Motivations

1.1 Serial Command Link

The D-Zero Trigger DAQ System is used to send L1 and L2 trigger and timing information to 128 geographic sections (GS).  It also sends request to GS to initialize.  It will return L1 and L2 busy, L1 and L2 error, and initialize acknowledge signals from GS to hub end.  The system has five components to it; Trigger Hub Controller (THC), Trigger Status Concentrator (TSC), Serial Link Fanout (SLF), and the Serial Command Link Receiver (SCLR).  All of these boards are on a custom J3 backplane installed in VIPA VME subrack.

SCL is a 1 GHz line carried on a coaxial cable (from SLF to SCLR).  From SCLR to TSC the signals are carried via RS-485 logic (deferential Transistor Transistor Logic) on a 26-twisted pair ribbon cable. 

All the L1 and L2 trigger and timing information is on SCL.  SCLR decodes and de-multiplexes information on SCL and provides it to its host board as 75-bit wide data at 7.59Mhz rate in TTL logic.  Host board sends its status as 8-bit wide TTL to SCLR, which is then translated into RS-485 and sent out to TSC.
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Block diagram of SCL and RS-485
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	SCLR card
	SCL going into the mezzanine card mounted on the host card (a VME Readout Buffer Controller (VRBC)).


Since all the L1 and L2 information is carried via SCL, during commissioning run it would be extremely helpful to verify if the information sent to the GS is correct or not.  It would also be very useful to verify the information being sent back to TSC is correct.  A logic analyzer can be probed on to SCLR card and the information can be read bit by bit.   Unfortunately, the host card lies in a VME crate and during the commissioning run and the crate completely full; therefore, it is virtually impossible to probe SCLR with a logic analyzer. It can be easily seen from the pictures above that it is almost impossible to tap into SCLR if the crate is full.

Another way to tap into SCLR would be by splitting SCL signal at the GS.  By splitting the SCL now it can be sent to two SCLR, one can lie on the host board and other can lie on a board that is connected to a logic analyzer.  With a few other modifications the module can also look at signals going back to TSC via RS-485 line.  Since there are over 40 GS all over D-Zero Assembly Building, it would be convenient to have the module be portable.  By splitting SCL at GS, a bad cable possibility can be eliminated immediately.  It is also much more convenient to see the behavior of the host board at same time as looking at the signals on the logic analyzer.


The design for a Portable SCL Receiver Troubleshooting Module (PSRTM) is a difficult task.  In the next section I shall discuss steps that were taken to over come many challenges in designing PSRTM.   


2.0 Design

2.1 Design requirements

The major design requirement for PSRTM is portability.  Since PSRTM is designed to be used at all geographic sections, a large and heavy module will be useless.  PSRTM is designed with understating that it is a troubleshooting module and the problems it will encounter in service, are completely unknown at the moment.  For this reason the design is very conservative. The module should be expandable for usage beyond its formal capabilities.  

Another consideration is amount of channels that a logic analyzer has.  As mentioned before SCLR has 75 output lines to the host board and 8 input lines from the host board going to the hub end.  If PSRTM is to be used at all geographic sections, then there can be no constrains on what channels the user can tap into.  Therefore the logic analyzer must have at least 83 channels. 

2.11 Portability

Commercial logic analyzers tend to be heavy and large.  Caring a large logic analyzer all over is uncomfortable, dangerous, and unproductive.  A solution to this problem is to use a PC-hosted logic analyzer.  Since small, light laptops are available, it is very convenient to attach a small PC-hosted logic analyzer to the laptop.
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A PC-hosted logic analyzer.


    Standalone logic analyzer.

2.2 Constrains due to availability of commercial products and solutions

There is a wide variety of PC-hosted logic analyzers available in the market today, but not all of them are compact.  NCI-USA’s GoLogic is extremely compact (6.3( x 3.8( x 1.6( and weights 14 oz.).  Unfortunately GoLogic has only 72 channels.  This does not meet the requirements of PSRTM.  The other option was to go with Link Instruments LX45160, which has 160 channels.  LX45160 is eight times bigger than GoLogic.  LX45160 does not meet constrain of being portable.  Since portability cannot be sacrificed, GoLogic was chosen for PSRTM.  

A solution to not having enough channels is a cross-matrix switch (CMS).  This switch will give user the capability of choosing which 72 lines out of 83 that he/she wants to look at.  This cross-matrix switch can be controlled via a graphic user interface (GUI) application on laptop.

Another trouble is to split SCL.  PSRTM is assumes that SCL can be split into at least two lines.  Since SCL is a fast (1GHz) line, splitting is not trivial.  A design and a splitter test board were obtained from collaborators from University of Arizona.  An extensive test was run on a Mini-Circuits’ passive splitter JPS-3-1W.  Test lasted for over 100 hours using SCL Receiver Test Module (SRTM) at Feynman Computing Center.  The test was extremely successful; the error rate was in order of 10-14.
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The splitter test board with four different designs, two with amplifiers.

2.3 Block Diagram


The following block diagram explains the logic that is used to design PSRTM.  SCL comes into a splitter and is sent to the GS and to the PSRTM PC-board.  The RS-485 from the GS also goes into the PC-board, and then it is sent back to the hub end.  All the signals that go into the PC-board can be seen on the laptop via the logic analyzer.  The logic analyzer will be connected to the laptop via parallel port.  Since logic analyzer can only work with a EPP port and PSRTM needs to make use of two parallel ports other being communication between laptop and the CMS), a PCMCIA to parallel port card is used.  It is recommended that the logic analyzer should be used with PCMCIA to parallel port adapter.  A block diagram of the PC-board is also shown in next section section.
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2.4 Parts List and Description

	Part Name
	Manufacturer/Model 
	Description

	Laptop
	Winbook Si2
	Intel Pentium III Processor

9.6( x 12.2( x 1.65( weights 7.1 lbs. 

14.11.65( screen size

2 Type II or 1 Type I PCMCIA slot

One Parallel Port

	Logic analyzer
	NCI-USA GoLogic
	

	PCMCIA to Parallel Port
	Quatech SPP 100
	PCMCIA card which gives an additional parallel port

	Splitter
	Mini-Circuits ZFSC-3-1W
	A 1 to 3 splitter

	Cables
	
	

	72 Channels/ CMS Control Cables
	NCI-USA
	Parallel Port terminator to 36 pin terminator


2.5 Design of the PC Board

The goal of this project is to display information decoded by SCLR on a logic analyzer.  The SCLR card will be placed on the PC board as a daughter board. The SCLR will decode SCL and send the signal to the FPGA placed on the PC board.  This FPGA will server as the cross-matrix switch.  Another input that the PC Board will have will be the line going to the hub end from the SCLR on the host board.  This line is RS-485 logic.  Since the logic analyzer cannot read RS-485 logic, two RS-485 to TTL converters are place on the board.  Once the signal is converted to the TTL logic it is feed into the FPGA.  The FPGA will guide this signal back to the SCLR daughter board, which will then send the signal out to the hub end.

2.51 PC-Board Block diagram 

The following block diagram show the logic process on the PC-board.  It has two SCL input from the SLF and RS-485 input from the host card at that particular GS.  SCL is decoded by SCLR and sent to the FPGA.  RS-485 is converted to TTL and sent to the FPGA.  The FPGA sends the status information up to the SCLR card, which then sends the information to TSC.  FPGA is controlled by CMSC through laptop.  CMSC tell FPGA which 72 signals to send to the logic analyzer.  The CMSC logic is discussed in section 2.6.  And finally logic analyzer receives the signals and displays them on the laptop.  The JTAG allow user to down load a logic program into the FPGA.  For more information refer to the detail schematic, which is attached to this document as an appendix.


[image: image7.wmf] 

SCL

 

Par

t 

list 

for 

par

ts 

on 

the 

PC 

Boa

rd

 

L

 

RS

-

485 to TSC

 

SCLR

 

RS 485 to TTL

 

Status from Host 

Board in TTL

 

FPGA   Acex 1K

 

Signals from SCL

 

RS

-

485 to TSC

 

Status from 

Host Board in 

TTL

 

 

72 lines to the 

logic analyzer

 

 

Cross

-

Matrix 

Switch 

Control from 

the l

aptop

 

JTag from a 

PC

 


2.52 Part list for parts on the PC Board

	Part Name
	Manufacturer
	Description

	SCLR
	                  -
	

	2 64-Pin Surface mounts
	Molex/ 120525-1
	The SCLR will connect to these connectors

	FPGA
	Altera ACEX 1K
	Will be used as a cross-matrix switch

	FPGA Configuration Device
	Altera EPC1
	Will D/L logic in Acex 1K upon power up

	26-Pin Surface Mount
	Robinson Nugent RN PAK-50 Board Mount Right Angle IDC Plug
	RS-485 Status from host card will connect there 

	36-Pin Surface Mount
	3M N10236-5212VC
	CMSC connection

	JTAG Adapter
	Custom
	Bit-Blaster can be plugged into this adapter and then via RS-485 ribbon cable computer can communicate with the FPGA


2.6 Cross-Matrix Switch


A cross-matrix switch can be fairly complicated.  PSRTM makes use of the FPGA that lies on the PC-board.  The FPGA is a externally programmable device.  If a program considering all possible combinations of 72 by 83 lines were written it would be approximately 20,000 lines.  Instead of writing that many lines, a better algorithm is developed.  The laptop will send 72 number ranging from 1 to 83.  These 72 numbers will be sent chronologically.  These 72 numbers will be assign channel 1 to 72 chronologically.  Although this program has yet been developed, the algorithm should work.  
3.0 Various Usages of PSRTM and Conclusion


PSRTM should be extremely useful during commissioning for run II.  While troubleshooting a GS host board, PSRTM will save time and effort.  Beyond that PSRTM will serve as a portable logic analyzer, which can be used for many tasks.  It can also be used to troubleshoot SLF.  The JTAG adapter can be plugged into SLF and viewed on the logic analyzer.


At this point computer codes need to be written for PSRTM.  It is recommended to do a study of schematics for any errors that may be present.  The ACEX 1K has Phase Locked Loop capabilities, if the curator of PSRTM feels that this option can be useful then he/she should make some modifications accordingly.  Power calculations for the PC-board are not complete.  The SCLR consumes 5V @ 2A.  Calculations for ACEX 1K and DS36950 (RS-485 to TTL converter) have to be done.
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