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1.
Introduction

This Document contains a description of the clock distribution and timing variation on the Front-End Driver (FED) cards. 

The FED has an onboard 40MHz crystal oscillator which is the default clock for the card on power up. There is provision for a test clock through a connector on the Back Place.

The TTCrx (Timing, Trigger and Control Receiver) acts as an interface between the TTC distribution system for the LHC detectors and the FED.  The TTCrx delivers a 40.08MHz clock, together with two de-skewed versions of the clock: TTC_CLK, TTC_CLK_DES1 and TTC_CLK_DES2. TTC_CLK_DES1 is connected to the VME FPGA through the BE FPGA. See Figure 1.
The 40MHz operating clock is selected by writing to a control register in the VME FPGA. The source of this clock can be the onboard crystal clock, the back plane test clock, or the TTC clock.

Once the operating clock has been selected in the VME FPGA, then all the DCMs (Digital Clock Manager) are reset in order to lock to the new operating clock. 
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Figure 1: Clock Distribution Outline

2.
Clock Distribution

Under normal operating conditions, the TTC_CLK_DES1 is selected in the VME FPGA and output to all FPGAs.

The Digital Clock Managers (DCMs) on the Virtex-II devices are used to generate the required clock frequencies within each FPGA.

2.1
Back End FPGA Clocks

The 40MHz input clock to the BE FPGA is provided by the VME FPGA. The source of this clock is selected within the VME FPGA, and can be the onboard crystal clock, the back plane test clock, or the TTC clock.

There are a number of different clocks used within the BE FPGA which are:

CLK1X

This is a 40MHz clock, which is used for decode, control and monitor. 

CLK2X

This is an 80MHz clock, which is used for data and address handling to/from the QDR memories.

QDR_CLK_K & QDR_CLK_K_BAR

These are 80MHz clocks generated form CLK2X_90, and have a 90 degrees phase shift with respect to CLK2X.

These clocks are used for presenting data and address to the QDR memories during write operations, and for presenting address to the QDR memories during read operations.

QDR_CLK_C & QDR_CLK_C_BAR

These are 80MHz clocks generated form CLK2X_90, and have a fixed delay of 1ns with respect to CLK2X_90. CLK2X_90 has a 90 degrees phase shift with respect to CLK2X.

These clocks are used during read operations from the QDR memories, and clock the data out of the memories into the BE FPGA.

SLINK_CLK

This is an 80MHz clock generated from CLK2X. This clock is transmitted along with other SLINK signals to the SLINK transition card. SLINK_CLK has fixed delay of 2.94ns with respect to CLK2X.
FE_LVDS_CLK & FE_LVDS_CLK_B
There are eight pairs of LVDS clocks which are provided to the eight FE FPGAs. These clocks are generated form the 40MHz CLK_1X.

The DCM locked signals are used to generate the internal FPGA reset signal.

2.2
Front End FPGA Clocks

The 40MHz input clock to the FE FPGA is provided by the BE FPGA. 

There are a number of different clocks used within the FE FPGA which are:

CLK
This is a 40MHz clock, which is used for decode, control, monitor and data acquisition. 

CLK_80
This is an 80MHz clock, which is used for data/address handling to/from the buffers, data reordering and transfer to BE FPGA.

CLK_270

This is an 80MHz clock, phase shifted by 270 degrees. This clock is provided to the delay FPGAs.
3.
Timing Measurements

All timing measurements are specific and have been carried out under certain conditions using the FED cards available at the time.
3.1
Delay FPGA Clock Skew Measurement

These measurements are carried out under power up conditions on FED #030.
To set up the FED, John Coughlan’s software was used. During this test, the output clock of one delay FPGA was selected as reference. The clock output of a second FPGA was changed through the 32 steps of fine skews, and the difference between two clocks was noted. The coarse skew was set to zero for all tests. The measurement error is in the order of +/-100ps.
Reference FPGA: Delay FPGA 0 of FE FPGA 3
Test FPGA: Delay FPGA 0 of FE FPGA 8

	Fine Skew
	Reference Clock
	Test Clock
	Fine Skew
	Reference Clock
	Test Clock

	0
	0 ns
	-1.840 ns
	16
	0 ns
	+10.89 ns

	1
	0 ns
	-0.960 ns
	17
	0 ns
	+11.65 ns

	2
	0 ns
	-0.050 ns
	18
	0 ns
	+12.49 ns

	3
	0 ns
	+0.784 ns
	19
	0 ns
	+13.37 ns 

	4
	0 ns
	+1.540 ns
	20
	0 ns
	+14.05 ns

	5
	0 ns
	+2.368 ns
	21
	0 ns
	+14.77 ns

	6
	0 ns
	+3.088 ns
	22
	0 ns
	+15.49 ns

	7
	0 ns
	+3.792 ns
	23
	0 ns
	+16.25 ns

	8
	0 ns
	+3.792 ns
	24
	0 ns
	+16.25 ns

	9
	0 ns
	+4.592 ns
	25
	0 ns
	+17.01 ns

	10
	0 ns
	+5.392 ns
	26
	0 ns
	+17.69 ns

	11
	0 ns
	+6.252 ns
	27
	0 ns
	+18.49 ns

	12
	0 ns
	+7.052 ns
	28
	0 ns
	+19.21 ns

	13
	0 ns
	+7.772 ns
	29
	0 ns
	+19.93 ns

	14
	0 ns
	+8.492 ns
	30
	0 ns
	+20.75 ns

	15
	0 ns
	+9.232 ns
	31
	0 ns
	+21.49 ns


The power up position of the clocks has been taken as the reference where the delay between the two clocks is taken to be 0ns. As it is clear from the above table, on power up the fine delay skew is set to 2. 

As these measurements cover a 25ns clock cycle, there are three points where the delays are not linear and coincide with 90 degrees, 180 degrees and 270 degrees phase shift, ie the cross over point of the four quadrants.
These steps are:

1. Fine skew steps 7 and 8 where step 7 is the last step of first quadrant and step 8 is the first step of second quadrant.
2. Fine skew steps 15 and 16 where step 15 is the last step of second quadrant and step 16 is the first step of third quadrant. In order to generate the third (and forth) quadrant clock, a real inverter has been used instead of the output of the DCM. Therefore the difference between these two steps includes the delay through an inverter and is about twice the difference between any other two steps which.
3. Fine skew steps 23 and 24 where step 23 is the last step of third quadrant and step 24 is the first step of forth quadrant.

3.2
Clock Delay Between BE and FE FPGAs 

In this test, the clock delay between the BE FPGA to all eight FE FPGAs was measured. This measurement was taken on the test point outputs of the relevant FPGAs.
Using the BE FPGA as the reference 40MHz clock, the delay measurement includes track delay and I/O delay in the BE and FE FPGAs.

All measurements are in nano-seconds.

	
	FED #020
	FED #023
	FED #030
	FED #040
	FED #043
	FED #044

	FE FPGA 8
	5.452
	5.692
	5.412
	5.532
	5.332
	5.572

	FE FPGA 7
	5.332
	5.252
	5.252
	5.452
	5.372
	5.212

	FE FPGA 6
	5.292
	5.212
	5.212
	5.412
	5.292
	5.252

	FE FPGA 5
	5.132
	4.892
	5.092
	5.092
	5.132
	5.252

	FE FPGA 4
	5.172
	5.052
	5.412
	5.452
	5.332
	5.212

	FE FPGA 3
	5.412
	4.852
	5.332
	5.412
	5.452
	5.212

	FE FPGA 2
	5.492
	5.572
	5.412
	5.452
	5.492
	5.252

	FE FPGA 1
	5.452
	5.732
	5.532
	5.452
	5.652
	5.332


3.3
Clock Delay between FE and Delay FPGAs 

In this test, the clock delay between the FE FPGA to three Delay FPGAs was measured. This measurement was taken on the test point outputs of the relevant FPGAs.

Using the FE FPGA as the reference 40MHz clock, the delay measurement includes track delay and I/O delay in the FE and Delay FPGAs.

All measurements are in nano-seconds.

	
	Delay FPGA 1
	Delay FPGA 2
	FE FPGA 3

	FE FPGA 8
	-1.828
	-1.668
	-1.828

	FE FPGA 7
	-1.588
	-1.628
	-1.788

	FE FPGA 6
	-1.668
	-1.868
	-1.828

	FE FPGA 5
	-1.868
	-1.548
	-1.668

	FE FPGA 4
	-1.908
	-1.828
	-2.068

	FE FPGA 3
	-2.028
	-2.068
	-1.828

	FE FPGA 2
	-1.588
	-1.588
	-1.868

	FE FPGA 1
	-1.748
	-1.748
	-1.828


3.4
TTCrx Clock Variation – source: Optical Box 
In this test the delay between TTCrx clocks on two different FEDs are measured. The TTCrx input to the FEDs are taken from the Optical box with two identical fibre optic cables. The measurement is done on the Test point of the TTC_CLK_DES1 signal.
FED # 030 is used as reference.

	FED Number
	CLK delay w.r.t. FED #030

	020
	0ps

	022
	0ps

	023
	-470ps

	037
	-730ps

	038
	-570ps

	039
	0ps

	040
	-770ps

	043
	+50ps


3.5
TTCrx Clock Variation – source: TTC ex Card
This test is exactly as the 3.4, except the TTC clock is sourced from the TTCex card instead of the TTCoc.
	FED Number
	CLK delay w.r.t. FED #030

	020
	-370ps

	022
	-430ps

	023
	-670ps

	037
	-790ps

	039
	+100ps

	040
	-1.01ns

	043
	0ps


3.6
Clock Variation on ADCs 

In this test, the reference clock is TTC_CLK_DES1 on FED #030. Then the delay is measured between the reference clock and the ADC clock a. Only the ADCs on the top of the FED card were tested.

	ADC Number
	Delay
	ADC Number
	Delay

	FE 8 ADC 1
	11.71 ns
	FE 4 ADC 1
	11.71 ns

	FE 8 ADC 2
	11.39 ns
	FE 4 ADC 2
	11.63 ns

	FE 8 ADC 3
	11.79 ns
	FE 4 ADC 3
	11.63 ns

	FE 7 ADC 1
	11.55 ns
	FE 3 ADC 1
	11.79 ns

	FE 7 ADC 2
	11.47 ns
	FE 3 ADC 2
	11.71 ns

	FE 7 ADC 3
	11.47 ns
	FE 3 ADC 3
	11.71 ns

	FE 6 ADC 1
	11.55 ns
	FE 2 ADC 1
	11.87 ns

	FE 6 ADC 2
	11.55 ns
	FE 2 ADC 2
	11.87 ns

	FE 6 ADC 3
	11.80 ns
	FE 2 ADC 3
	11.63 ns

	FE 5 ADC 1
	11.71 ns
	FE 1 ADC 1
	11.55 ns

	FE 5 ADC 2
	11.71 ns
	FE 1 ADC 2
	11.79 ns

	FE 5 ADC 3
	11.70 ns
	FE 1 ADC 3
	11.63 ns


3.7
Clock Variation of the Optical Box 

In this test, the variation of the optical clock from the 12 outputs of the optical box is measured on two different FEDs. The top output of box (called output 1) is connected to FED #043 as reference. All the other outputs are connected to FED #030 in turn and the difference in noted. The test point on the TTC_CLK_DES1 is used to make the measurements.
	Output
	Delay

	1st to 2nd
	0 ps

	1st to 3rd
	+100 ps

	1st to 4th
	+100 ps

	1st to 5th
	-300 ps

	1st to 6th
	-410 ps

	1st to 7th
	-530 ps

	1st to 8th
	-180 ps

	1st to 9th
	+240 ps

	1st to 10th
	+180 ps

	1st to 11th
	+250 ps

	1st to 12th
	+250 ps

	1st to 13th
	+280 ps

	1st to 14th
	+400 ps

	1st to 15th
	+100 ps

	1st to 16th
	0 ps


Appendix A JTAG Boundary Scan Chains

Configuration chain for system ACE:

Configuration chain for VME FPGA:

Test chain for TTCrx and QDR memories:

Appendix B Event Formats
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