Notes on CMSdelay chip
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Brief description: -

The CMSdelay chip sits between the ADC’s and front end FPGA on the CMS FED cards.

For more information on the CMS FED cards see: -

(http://www.te.rl.ac.uk/local/ESDG/SDG/Projects/cms-fed/index.html)

The CMSdelay chip is made up of four identical data channels that take asynchronies data from the ADC connected to each fibber and brings all four channels into synchronisation. 

This is achieved by adjusting the phase (relative to the system clock) of the ADC sample clock to provide fine phase control and a variable length shift register to delay signals by whole clock cycles.

The Xilinx Virtex II was chosen as the target device mainly because of its Digital Clock Managers (DCM) that can manipulate clocks and provide the fine phase control needed. The variable length shift registers in the Virtex II are small and easy to use.

In addition to the normal data path there is the ability to capture data into a spy RAM and then output it serially this is not a real time operation as the serial link is much too slow for that. This system is called the spy_data system.

The CMSdelay chip has three main functions called skew, coarse and spy data.

Skew is the fine phase adjustment to the ADC clocks that enables the sample point to be moved so as the best sampling point can be found.

Coarse delays signals by whole clock cycles as they pass through the chip and its value is the number of delays added into the data path.

I.e. a signal with a coarse delay value of five will arrive two clock cycles after the same signal with a delay of three. All four course and skew values are set with one command. All eight values need to be updated if one is to be changed. 

If the skew and coarse values are set correctly the CMSdelay chip can bring out of sync signals into line.

The chip has a busy signal that is high when a new delay value is being implemented Data passing through the chip at this time may be corrupted. I.e. out of phase or looking at the wrong input register and therefor producing junk data.

While it is possible for most of the data passing trough the chip while its changing skew and course values to still be valid this can not be guaranteed. It is probably best to assume all data up until nineteen clock cycles after the busy signal goes low again is invalid. This is a worst case value.

All of the function mentioned above are configured and controlled by a serial link from the CMS front-end chip.

Each CMSdelay chip has a dedicated serial link to and from the front-end chip so no addressing is needed for the CMSdelay chip there fore all of the CMSdelay chips are identical. Although the CMS front end chip dose have an addressing method for the CMSdelay chip’s so the back end and higher up can address a

CMSdelay chip individually.


[image: image1.wmf]REG

10

REG

DCM 0

REG

SHIFT

REG

REG

10

REG

DCM 3

IOB

REG

SHIFT

REG

5 Slices

5 Slices

5 Slices

5 Slices

1

4

DPM

BLOCK RAM 0

REG

IOB

DPM

BLOCK RAM 3

IOB

Counter

IOB

CONTROL

REG

CLOCK  - 40 MHz

RESET

Serial In

Serial Out

busy

DATA OUT 0

DATA OUT 3

DCI

DCI

CLOCK OUT 0

CLOCK OUT 3

2.5/3.3V I/O?

1.5/1.8/2.5/3.3V I/O?

Control

Clock

Counter

10 Slices

10 Slices

XC2V40-CS144

10


Fig.1. Over view of system.

Differences between diagram and implementation: - 

1) The Block RAMs for the spy data are controlled together so there is only one counter to produce the address for all four block RAMs both read and write.

2) The output data for the channels is DDR multiplexed so as to make each channel only 5bits wide at the output but at twice the frequency.

3) All counters except the address generator for the spy data system are shift registers of the appropriate length this was done to save space.

The diagram shows the four 10bit data paths starting from the ADC’s on the far left of the diagram. The sample clock for each of the ADC’s is from a separate DCM this allows for each ADC to have its own phase and therefore sample point. The data is then latched into the two sets of input latches one set latches on the +ve edge and the other set on the –ve edge of the system clock this allows the data to always be read from a latch that has the correct data in it.  The latches are the input DDR latches they have short set-up and hold times witch helps avoid meta-stability. The result of this operation is to bring all the data into the synchronous domain, although the data can still be advances or delayed by a number of whole clock cycles.

The data then passes trough a variable length shift-register. By changing the length of this shift-register all the signals can be brought into line.

The data is then DDR’ed together into pairs of channels to form 2 x 10bit DDR outputs. This is done to save pins as the target chip only has 144 pins (88 user pins) and to save pins on the CMS front-end chip.

Three CMSdelay chips connect to one front-end driver chip to provide the twelve channels. There are twenty-four CMSdelay chips to make up the ninety-six channels required on each FED card. 

The CMSdelay chip isn’t capable of functioning by its self it needs support from the front-end chip. The main reason for this is the inability of the CMSdelay chip to recognise a tick mark on the data path.

This is a complex piece of logic and the target device doesn’t have enough logic cells to implement it.

The advantage of this arrangement is that all ninety-six fibbers on a card can be lined up without any external interference or sideways communication (i.e. between CMSdelay chips) and the whole CMS tracker can be synchronised in a few steps, described in the documentation for the front end chip.

Because of this interdependency with the CMS front-end chip to understand how the CMSdelay chip works it is useful to have an overview of the CMS front-end chip before continuing. This document also provides a brief overview of the whole CMS tracker system.

(http://www.te.rl.ac.uk/med/projects/High_Energy_Physics/CMS/FED_FE_FPGA/pdf/Technical_Spec.pdf)

The serial command in.

The serial interface has no error detection or correction in it and can handle variable length packets.

A packet is made up of a header containing two bits (“10” = write “11” = read) then a 5bit designator that defines the operation the data relates to. I.e. 1 = load_calRAM, 2 = load_tick.

After the designator is a single high bit to mark the start of a 16bit length field with indicates the amount of data to follow. The rest of the packet, as defined by length is the data. 
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The command decoder receives the commands and decodes them for the rest of the system.

This block is a VHDL rewrite of the Verilog block in the front-end chip although it only has a small subset of the commands.

There is no read-back of the skew and course values as the front-end chip holds the master copy of these values.

Commands interpreted by the CMDdelay chip: -

Designator 

command

length 

description 

00001


Load skew/coarse 
36

load course and skew values









into CMSdelay chip. 

00111


SPY_ARM

0

Record the next 1022 word of data.

01000


SPY_FIRE

40923

Read out spy_data.

For a full explanation of the serial protocol see the front-end FPGA documentation referenced above.

The skew and course values for each channel are loaded by the load skew/course command with a data packet made up of 4 * (4bit skew + 5bit course) = 36 bits arranged as shown: -

<course1><skew1><course2><skew2><course3><skew3><course4><skew4>

The CMSdelay chip will adjust the DCM’s and variable length shift registers to match these values as quickly as it can after receiving them. There is no fixed time for this as it depends how long it takes the DCM’s to lock on to the input clock again but the further they have to move the more times this has to happen so the longer it will take. It will also take longer if the input clock displays a lot of jitter or shifts frequency a lot. 

DCM’s

The DCM’s adjust the phase of there output clock relative to the input clock this provides the fine phase control to adjust the sample position within the time frame.  The fine adjustment is represented by a 5bit variable this gives 32 step adjustments from –180 degrees to +180 degrees phase shift, with 0 = -180, 16 = 0 and 31 = +180 degree phase shift. The value received is an absolute value i.e. there is no need to know where the DCM is before moving it. The fine adjustment is loaded in along with the coarse for all four channels at the same time, described in Serial decoder section.

Shift registers

These provide the coarse delays. Once the data has been brought into the clocked domain it is feed into a variable length shift register. By adjusting the length of all the shift registers all four signals can be made to line up. It is a good idea to make the delays as short as possible to reduce latency. I.e. if delays of 5,6,8 and 10 are calculated then these could be implemented as 0,1,3 and 5 therefore reducing latency by five clock cycles. The front-end chip implements this. Course is a 4bit value so delays of 0 – 15 clock cycles are possible. 

Spy_data

Again controlled by the serial decoder this function has two commands: -

Arm starts the capture of data into block-RAM’s the next 1022 values are stored for each channel.

Arm starts to capture data as soon as it’s received but there will be a delay in transmitting and decoding the command. Arm captures data from all four channels at the same time.

Fire starts the readout of the captured data by the serial link.

The data is sent in 10bit words MSB first, starting with channel one’s first word then channel two’s first word. After the first word is sent for all four channels the second set of words is sent and so on.



<channelA,word1><channelB,word1><channelC,word1><channelD,word1><channelA,word2><channelB,word2>…Ect.

The data read out takes 40880 clock cycles and starts 43 clock cycles after fire is received so there needs to be at lest 40923 clock cycles clear on the serial line after fire is sent or data will get corrupted.


 A corresponding set of spy_data for all or a subset of fibbers can be read out by arming all the channels in question and then firing them one after the other.

It is not possible to read just some channels from a CMSdelay chip. If not all four channels are wanted then all four must be read out and the unwanted ones then discarded.

It would be possible to read out all channels of raw data from one moment in time by arming every chip simultaneously and the reading them all out one by one, although this would take a very long time. 

The spy_data is taken from after the variable length shift register so all spy_data will have the corresponding data in corresponding positions.

When the CMSdelay chip has finished any skews requested and isn’t receiving any data then it sets a busy line low. Note. Once the command has been received the spy_data system dose NOT set the busy line high.

The spy data system will ignore any further arm or fire commands sent to it while its arming. If an arm command is sent before a fire command but after its finished arming the first time then the system will re-arm.

Fire will read out the data captured by arm down the serial link. If arm is activated while firing is in progress then the arm command will be ignored. A second fire command is always ignored. 

Busy

This is an output pin that is high when the CMSdelay chip is busy. It is set high by the serial decoder detecting the header of an incoming serial command or while the DCM’s are moving to a new position.

It will remain high until all four DCM’s have settled to their new values.

Overview of the CMS delay chip: -
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1) The clock skew block. This block takes the requested skew and makes the output clock match it.     (see diagram for how it works)

2) Input DDR registers. Used to half the input latency and avoid set-up and hold problems when clock skews.

3) Variable shift-register. This provides the course delay in the data path.

4) DDR output block. Takes the 10bit wide de-skewed data and DDR’s it onto a 5bit wide bus for transmission to the FE chip.

5) Serial command decoder. A minimum VHDL form of the serial command decoder found in the FE and BE chips.

6) Busy line generator. Combines all the internal busy lines into one signal for transmission to the FE chip.

7) Register selector. Selects witch register in the input DDR block contains valid data.

8) Spy data. This block captures and stores the “spy data” it also serialises it for transmission. 

The four red box’s highlight the four data channels and are exact copies of each other.

Overview of the fine phase shift block: -
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1) Skew pulse generator. Takes the requested skew and monitors the real skew it then decides how many steps need to be taken and in which direction.

2) DCM controller. For each pulse received from the Skew pulse generator it issues eight pulse’s to the DCM. After each pulse it waits for the PSDONE signal to come back from the DCM before issuing the next pulse. 

3) The DCM. This is a Xilinx Digital Clock Manager.

4) Clock Buffer. Buffers the clock so it can be used by the feedback path on the DCM.

5) BUFGMUX. A clock buffer that can select between two clocks. This and 6) form the quadrent switching.

6) Clk Inverter. Will selectively invert a clock.  

The DCM is only capable of skewing over about a third of a 40Mhz clock wave. To work round this, the DCM is only made to skew over a quarter of the clock cycle. A combination of using clk0, clk90 a bufgmux and the inverter means all four quadrants can be reached. 
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