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�
I.  Introduction


	The purpose of the SMD Crate Diagnostics Interface (SMDI) is to provide testing and diagnostic programs running on a PC computer the ability to monitor and control signals in the Shower Max Digitizer Crate [1].  Through the SMDI the PC can perform the following functions.





Emulate the SMXR Shower Max Readout Board ability to send SMQIE control signals including the system clock, and receive data transmitted from a single SMD Digitizer Board.


Place the SMQIE’s into the Bypass diagnostics mode and monitor the data transmission from a selected SMQIE channel in the crate.


Monitor the operation of the SMC Crate Controller by monitoring a selected set of the sequencing and control signals generated on the crate controller.





	The Diagnostic Interface is connected to the PC through either a 24-bit digital I/O port or through the CDF Particle Instrumentation Group’s ISA bus interface card.  Both of these interfaces will allow the code running on the PC to Read and Write all of the I/O addresses on the SMDI.


The SMDI connects to the SMD Crate in three ways.  Control signals are transmitted to the SMC Crate Controller over a thirty-four pair cable connected to the port normally used for the SMXR to SMC control link.  Data from the SMQIE’s on the SMD Digitizer Boards are received over a thirteen pair cable connected to the data output port of a selected SMD board in the crate.  The thirteen pair cable can also be connected to a second port on the SMC Crate Controller which is used specifically to transmit the sequence and control signals generated by the SMC to the diagnostics for monitoring proposes.


The SMDI uses an eight bit Transmit FIFO clocked at 33 ns to produce a sequences for the eight control signals which have system timing requirements.  That is the bits of each byte loaded into the Transmit FIFO represent the level of the signal associated with each bit during a certain 33 ns interval in time.  


The SMDI uses two eight bit Receive FIFO’s to receive the data transmitted to the interface from either the SMD boards or the SMC crate controller.  In the case of the SMD data, data is clocked into the Receive FIFO by the 33 ns data strobe from the SMD boards.  In the case of the data from the SMC, data is clocked in on the falling edge of the 132 ns system clock transmitted from the SMC.


	A more detailed description of the signals in the SMD crate is provided in the design note “CDF Shower Max SMC Crate Controller”, [1].  This document will focus on how the Diagnostics interface generates the signals and handles the necessary timing, and interfaces with the PC.





II.  Control Signal Generation and Transmission


II.1  The Clocks


	Three clocks are generated on the Diagnostics Interface.  A programmable clock oscillator (ICD6233, by IC Designs) generates a 132 ns clock which is used as the reference clock of a Motorola MC88915 low skew CMOS PLL clock driver.  From this PLL driver we take 132 ns clock, a 66 ns clock and a 33 ns clock.


The 132 ns clock is transmitted from the SMDI as the SMD crate system clock that is used to clock the SMQIE’s and time the data transmission sequencing signals and data strobe signals.


The 66 ns clock is used to clock the logic on the SMDI that generates signals used on the SMDI for such things as resetting the FIFO’s and timing the PC Read and Write signals.  Table II.1 lists the signals that are timed with the 66 ns clock.


The 33 ns clock is used to clock data out of the Transmit FIFO producing a sequences for the eight control signals that have a predetermined timing relationship to one another.  Each bit of each byte loaded into the Transmit FIFO represent the level of the signal associated with the bit during a certain 33 ns interval in time.





Table II.1.1  Signals timed with the 66 ns clock.


Signal�
Signal Description�
�
Read Port Select Signals from the PC�
Logic in DiagPLD1 uses the clock to guarantee that the output enable (chip selects) generated in response to a PC Read are active (low) for 66 ns beyond the rising edge of the Read signals.  This is done to provide plenty of data hold time.�
�
Write Port Select Signals from the PC�
Logic in DiagPLD1 uses the clock to generate data Write signals whose rising edge occurs 66 ns after the falling edge of the specific Write Port Select signal from the PC.  This provides a 66 ns setup time for the registers and ensures that the Write pulse rising edge will clock in data from the PC while it is still valid.�
�
Receiver FIFO Reset�
Logic in DiagPLD2 uses the clock to generate a 66 ns to 132 ns pulse to reset the receiver FIFO’s when a High is written to bit 0 of Register 4.�
�
Receiver FIFO Retransmit�
Logic in DiagPLD2 used the clock to generate a 66 ns to 132 ns pulse to signal a retransmission from the receiver FIFO’s when a High is written to bit 1 of Register 4.�
�
Transmit FIFO Reset�
Logic in DiagPLD2 uses the clock to generate a 66 ns to 132 ns pulse to reset the Transmit FIFO when a High is written to bit 2 of Register 4.�
�
Transmit FIFO Retransmit�
Logic in DiagPLD2 used the clock to generate a 66 ns to 132 ns pulse to signal a retransmission from the transmit FIFO when a High is written to bit 3 of Register 4.�
�
Start Receiver Command�
Logic in DiagPLD2 uses the clock to generate a 66 ns to 132 ns pulse to start reception of data into the receiver FIFO’s (in certain receiver modes) when a High is written to bit 5 of Register 4.�
�
Stop Receiver Command�
Logic in DiagPLD2 uses the clock to generate a 66 ns to 132 ns pulse to stop reception of data into the receiver FIFO’s (in certain receiver modes) when a High is written to bit 6 of Register 4.�
�
Start Transmission Command�
Logic in DiagPLD2 uses the clock to generate a 66 ns to 132 ns pulse to start transmission of data from the transmit FIFO when a High is written to bit 7 of Register 4.�
�
Receive FIFO Read Clocks�
Logic in DiagPLD2 uses the clock to generate a rising edge 66 ns after the falling edge of the receiver Read select signal.  The FIFO’s are of the synchronous variety and need a Read clock as well as a chip select.�
�
Load DAC Strobe�
Logic in DiagPLD2 uses the clock to generate a 198 ns active low pulse used by the SMC crate controller to load data into the DAC of the calibration voltage reference.  This occurs when a High is written to bit 4 of Register 4.�
�
Optional Clock for Counter 2�
This clock can be used by Counter 2 which can be used to time the occurrence of test stimulus into the SMQIE’s.�
�






II.2  Timed Signals from the Transmit FIFO


	The signals that are generated by the Transmit FIFO are listed in Table II.2.1.  A typical sequence of events involving these signals would be as follows.  First the SMQIE’s would be Reset.  The external input stimulus  for the SMQIE’s would be fired and forty-five clocks after this the digitized results of this input emerges from the QIE pipeline.  At this time a Level 1 Accept would be indicated and the data from the pipeline stored in one of four buffers.  After this a Data Transmit Request is made and the stored data is transmitted from the SMD boards.





Table II.2.1  Signals Timed Using the Transmit FIFO


Signal�
FIFO Bit�
Description�
�
TRIG_OUT�
Bit 0�
Triggers the external stimulus to the SMQIE’s�
�
SMRESET�
Bit 1�
SMD Crate Reset used to initialize the SMQIE’s and other logic in the crate.�
�
SML1A�
Bit 2�
The Level 1 Accept signal that used in conjunction with the Write Buffer bits to direct the SMQIE’s to store the data word emerging from the QIE pipeline in the buffer specified by the Write Buffer bits for later transmission to the SMXR readout board.�
�
SMDTR�
Bit 3�
The Data Transmit Request signal that is used in conjunction with the Read Buffer bits to direct the SMQIE’s to transmit the data stored in the buffer specified by the Read Buffer bits.�
�
SMWBUFF1�
Bit 4�
Write buffer bit 1�
�
SMWBUFF0�
Bit 5�
Write buffer bit 0�
�
SMRBUFF1�
Bit 6�
Read buffer bit 1�
�
SMRBUFF1�
Bit 7�
Read buffer bit 1�
�



	Data from the Transmit FIFO is clocked out by a 33 ns clock which is synchronized to the 132 ns clock that is transmitted from the SMDI to the SMD crate.  This allows us to change each of the eight signal generated by the FIFO to change four times per 132 ns clock or otherwise have pulse widths as small as 33 ns.


	There are some special timing requirements for the Level 1 Accept and the Write buffer select signals with respect to the 132ns clock (as measured at the SMQIE’s).  The requirements are determined by the SMQIE design and are presented in Figure II.2.1 and Table II.2.2.  The initial Td between the rising edge of the clock and the rising edge of the Level 1 Accept should be achieved by built in propagation delays built in between the FIFO output and the LVDS transmitters.  A 33 ns wide Level 1 Accept pulse should leave sufficient Td between the falling edges.
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Figure II.2.1  Timing for the Level 1 Accept.





Table II.2.2 Timing parameters for the Level 1 Accept.


Symbol�
Parameter�
Minimum�
�
Tcs�
Clock setup time before Level 1 Accept goes high�
> 0 ns�
�
Tch�
Clock hold time after Level 1 Accept goes low�
> 0 ns�
�
Tds�
Write Buffer Select setup time before Clock goes high�
5 ns�
�
Tdh�
Write Buffer Select hold time after Clock goes low�
5 ns�
�
TL1�
Level 1 Accept pulse width�
20 ns�
�






II.3  Counter Outputs


	There are two 12 bit Counter/Timers on the Diagnostics Interface.  The first is the Receiver Counter which, in certain modes, enables and disables the receiver.  The second is the Auxiliary Counter.  Each is a count down timer that can be loaded with an initial count value and a count match value.  When the output of a counter is equal to or less than its match value the counter MATCH signal is High.  When the output of a counter reaches zero the counter stops and the counter CNT_STOPPED signal goes High.


	The MATCH and CNT_STOPPED signals of the Auxiliary Counter are tied into the programmable logic device DiagPLD2.  Within DiagPLD2 these signals are used to generate the AUX_TRIGGER and AUX_OUTPUT signals.  There is some small amount of flexibility in the logic that generates the signals.


The AUX_TRIGGER signal is OR’d with the TRIG_OUT signal from the Transmit FIFO.  Both signals are driven by the SMDI to trigger an external stimulus input for the SMQIE’s.  The AUX_OUTPUT is an extra output.


	The Auxiliary Counter can be clocked with the 66 ns clock or with the 66 ns clock divided down to a 132 ns clock.  The Receiver Counter is clocked with either the data strobe signal sent with the received data or with the 66 ns clock, depending on the receiver mode of operation.





II.4  Asynchronous Signals


	There are several control signals transmitted from the SMDI that are not necessarily synchronized to one of the clocks or other signals.  These signals are listed in Table II.3.1.  These signals are control by the PC by writing certain registers in the SMDI.





Table II.4.1  Asynchronous control signals.


Signal�
Description�
�
MODESEL0


MODESEL1�
The mode select signals are decoded on the SMC Crate Controller to set the operation of the crate into the following configurations.


MODESEL[1:0] = 0  --  Normal DAQ Mode.


MODESEL[1:0] = 1  --  Current Injection Enabled (Normal DAQ Mode).


MODESEL[1:0] = 2  --  Source Monitoring Enabled (Normal DAQ Mode).


MODESEL[1:0] = 3  --  Bypass Mode, Single Channel Diagnostic.


These signals are controlled by writing to bit 0 and bit 1 of Register 1.�
�
SMCALEN1�
This is used to enable the current injection when in the Bypass mode.  This signal actually shares the same data link connection with the SML1A signal which is never used in the bypass mode.  When in the Bypass mode the  SML1A signal is derived from the 132 ns clock on the SMC Crate Controller.  SMCALEN1 is controlled by writing to bit 1 of Register 1.�
�
SML2R/CAL2�
This is two signals OR’d together.  The SML2 is the Level 2 Reject signal which halts transmission from the SMQIE’s in the normal mode.  CAL2 is the SMCALEN2 signal which enables source monitoring in the Bypass mode.  SML2R is controlled by writing to bit 3 of Register 1.  CAL2 is controlled by writing to bit 2 of Register 1.�
�
DIAG_DAC_STRB�
This is the DAC strobe signal used to load the calibration voltage reference on the SMC Crate Controller.  This signal is triggered by writing a High to bit 4 of Register 4.�
�
ALT_RESET�
This is signal is OR’d with the SMRESET reset signal that is generated by the Transmit FIFO.  This signal is controller by writing to bit 4 of Register 1.�
�






III.  Receiving Data


	The Diagnostics interface uses a Receive FIFO into which data is clocked from one of two sources.  The first is the data output port of the SMD Digitizer Boards.  The second is the signal monitor port on the SMC Crate Controller.  Data from the SMD boards are clocked into the Receiver FIFO with the 33 ns data strobe clock that is transmitted with the data.  Data from the SMC board are clocked in on the falling edge of the 132 ns system clock that is transmitted with the data from the SMC.


	Besides having a write clock input, the Receive FIFO has a write enable input which can be used to control when data is clocked into the receiver.  The logic for the receiver on the SMDI is designed to control the receiver in four different receiver modes.  These modes determine how data reception is started and how it is stopped.  The receiver modes are selected by writing bit 6 and bit 7 in Register 1, RCV_MODE[0] and RCV_MODE[1], respectively.


III.1  Receiver Mode 0, [Disabled]


	In Receiver Mode 0 the receiver is disabled.





III.2  Receiver Mode 1, [Manual Start, Manual Stop]


	Receiver Mode 1 is only slightly more interesting than Mode 0.  The receiver is enabled to receive data by writing a High to bit 5 of Register 4.  The receiver is disabled by writing a High to bit 6 of Register 4.  This mode is expected to be used in the SMXR emulation mode where data transmissions from the SMD Digitizer Boards is controlled by the Data Transmit Request signal from the SMDI Transmit FIFO.





III.3  Receiver Mode 2, [Manual Start, Auto-Counter Stop]


	In Receiver Mode 2 the user manually enables the receiver with a command from the PC, but reception is halted automatically once a predetermined number of data words have been received.  This is done by connecting the SMD Data Strobe to the clock input of the Receiver Counter and preloading the counter with the number of data words we wish to receive.  Once the counter has counted down to zero the CNT1_STOPPED signal disables the Receiver FIFO.  This mode is used when operating the SMD crate in the Bypass DAQ mode with a constant charge current input to the SMQIE’s.  In this situation, data is being transmitted from the SMD boards continuously.





III.4  Receiver Mode 3, [Auto-Timer Start, Auto-Timer Stop]


	In Receiver Mode 3 the Receiver Counter is preloaded with an initial count and the match register is setup with a value that when reached will cause the receiver to be enabled.  Once the Receiver Counter has reached zero the counter stops and the receiver is disabled.  In this mode the Receiver Counter is clock with the 66 ns clock.


Also, in this mode, the Auxiliary Counter is used to trigger the external stimulus input to the SMQIE’s.  Both counters are clock with the 66 ns clock and are gated on at the same time.  In this manner one can define a time window in which to receive data that has a fixed offset in time from the point that the external stimulus input is triggered.


This mode is expected to be used in the Bypass mode.  By using 12 bit counters clocked at 66 ns,  there are 270 micro seconds in which to set up the sequence of triggering the stimulus and receiving data.  If a new data point from the SMQIE’s is transmitted every 132 ns and it is desired to receive 20 data points there are still better than 260 micro seconds in which to adjust the differential between the trigger and the start of the receiver.  








IV.  The PC Interface





IV.1  The Register Address Map


	The register address space is divided into four sub-address groups of eight, eight bit registers each.  Each of the sub-address groups share Register 0.  It is bit 0 and bit 1 of Register 0 that are set to define the active group.








IV.2  The “PIG Tail” ISA Bus Interface


	The former CDF Particle Instrumentation Group has developed an ISA bus card that decodes I/O register Reads and Writes and extendes the resulting eight Read register select signals and eight Write register select signals out of the PC on ribbon cables along with an eight bit Read databus and an eight bit Write databus.  This interface has been used to interface DOS based programs written in BASIC with external devices requiring a simple PC interface.


IV.3  The Commercial Digital I/O Card Interface


	The second PC interface available on the SMDI is provided to allow any digital I/O card with at least 24 programmable I/O connections to be used.  Such digital I/O cards are available from many manufacturers and can be bought for nearly any bus standard used commercially for data acquisition.  These cards also come with software drivers that work with popular programming languages on the more popular operating systems.


	Our immediate interest is in using a digital I/O card in a PCMCIA format on a laptop computer running Windows 95 or NT.  This will allow for the smallest, lightest PC diagnostics setup.  This makes carrying the equipment around on the detector easier when hunting down a problem.


	Like the PIG Tail interface, this interface also provide an eight bit Read databus and an eight bit Write databus.  Unlike the PIG Tail, the digital I/O card sends out a three bit address and a Read/Write# bit which gets decoded into the eight Read register selects and eight Write register selects on the SMDI.


	The software interface to the digital I/O card involves writing an address port on the digital I/O card, and either Writing a Write databus port or Reading a Read databus port on the digital I/O card.  In order to Read a register on the SMDI you must first Write and address to the address port on the digital I/O card, then Read the Read databus port on the digital I/O card.  In order to Write a register on the SMDI you must first Write data to the Write databus port on the digital I/O card, then Write an address to the address port on the digital I/O card.  The programmer of the PC must note that these sort of Read and Write cycles are not automatically terminated.  As long as any single SMDI register is not Read two times consecutively or Written two times consecutively this is not a problem.  This does become an issue when writing the Transmit FIFO on the SMDI.  Extra Reads of the FIFO status register could be made.  The Transmit FIFO does have a retransmit function that avoids having to reload the FIFO when tests are to be repeated a multiple number of times.








IV.4  Diagnostics Interface Register Mapping


	The PIG Tail ISA bus interface to the SMDI only provides eight Read and eight Write select lines.  The implementation of the SMDI calls for more than eight registers.  Therefore a sub-addressing scheme is used to multiplex the select lines.  As illustrated in Figure IV.4.1, the first two bits of Register 0 are set to determine which select lines on the SMDI are selected to be activated by the the Read/Write select lines from the PC.


	Figure IV.4.2 diagrams the sub-address (0,0) registers.  Register 1 is Readable and Writable and contains most of the control asynchronous control signals that are transmitted to the SMC Crate Controller.  Figure IV.4.3 diagrams the sub-address (0,1) and sub-address (1,0) registers.  These are the registers associated with control of the receiver counter and the auxiliary counter.
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Figure IV.4.1  The sub-address multiplexing.
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Figure IV.4.2  Sub-Address (0,0) Registers.
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Figure IV.4.3  The Receive Counter and Auxiliary Counter registers.
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