CMS FED Virtex-II Decoupling Capacitance
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The values of decoupling capacitors for the Virtex-II devices were calculated as follows.

1. Delay FPGA XC2V40

Core VCCINT high frequency Decoupling

Calculate the equivalent capacitance of the device, which depends on the operation frequency. For this device the inputs are at 40MHz and outputs are at 80MHZ, therefore an operating frequency of 60MHz is used. (the calculations were also done using both 40 and 80MHz and the capacitor values were identical to 60MHz figure).

CEQ = Power / (V2  * Ferq)

CEQ = 191mW / (1.52 * 60MHz) = 1.42nF

CBT = S * CEQ 




Total decoupling capacitance

S = 25

4% ripple on VCCINT
S = 50

2% ripple on VCCINT
S = 100
1% ripple on VCCINT
CBT = 50 * 1.42nF

CBI = CBT / NP 




CBI = individual pin capacitance

CBI = (50 * 1.42nF) / 4 = 17.7 nF

Np = VCCINT/GND pairs on device

Use the next preferred value which is 22nF on each VCCINT pin and one 2.2uF CER 6.3V 0805 for the device.
Core VCCINT  mid-frequency Decoupling

Use a tantalum (or low-inductance electrolytic) 47-100uF. Each device needs one mid-frequency capacitor for every 1500CLBs. For Virtex-II four slices are equal to one CLB. These must be mounted within 3cm of the device.

For XC2V40 :
256 slices / 4 = 64 CLBs.

Use one mid frequency capacitor 47uF TANT 4V case B, and one 2.2uF CER 6.3V 0805 for the device.

Core VCCINT  low-frequency Decoupling

Need to use at least one low frequency Decoupling cap (470uF – 3300uF) for each voltage level. One cap per 4 devices.

Use two 220uF TANT 10V case D (instead of 470uF) for three delay FPGAs.

I/O VCCO  high frequency Decoupling

Calculate the equivalent capacitance that device has to drive. This is equivalent to the number of outputs multiplied by the capacitance of the pin which the device drives. On average the input capacitance of the pins connected to the Virtex-II device has been chosen to be 10pF.

CEQ = NL * CL  

CEQ = 10 * 10pF = 100pF


load driven by each I/O bank

CBT = S * CEQ 




Total decoupling capacitance

S = 25

4% ripple on VCCO
S = 50

2% ripple on VCCO
S = 100
1% ripple on VCCO
CBI = CBT / NP 




CBI = individual pin capacitance

CBI = (50 * 100pF) / 2 


Np = VCCO/GND pairs on bank

CBI = 2.5nF per VCCO per I/O bank

Use the preferred value 4.7nF on each VCCO which is used on the board.

I/O VCCO  mid frequency Decoupling

Use one 47uF-100uF TANT for every 1 to 4 I/O bank.

I/O VCCO  low frequency Decoupling


As above

Summary:


VCCINT

(1.5V) 22nF CER per pin + 1 * 2.2uF CER + 1 * 47uF 4V TANT


VCCO

(3.3V) 3.3nF CER per pin + 1 * 2.2uF CER + 1 * 47uF 10V TANT


VAUX

(3.3V) 3.3nF CER per pin

2. Front End  FPGA XC2V1500


Power: 1.5A at 1.5V 


VCCINT

47nF CER per pin + 2 * 2.2uF CER + 2 * 47uF 4V TANT + 470uF 


VCCO

4.7nF CER per pin + 4 * 2.2uF CER + 2 * 47uF 10V TANT + 470uF


VAUX

4.7nF CER per pin

3. Back End  FPGA XC2V2000


Power: 1.5A at 1.5V 


VCCINT

47nF CER per pin + 2 * 2.2uF CER + 2 * 47uF 4V TANT + 470uF 


VCCO

4.7nF CER per pin + 4 * 2.2uF CER + 2 * 47uF 10V TANT + 470uF


VAUX

4.7nF CER per pin

4. VME FPGA XC2V1500


Power: 0.75A at 1.5V 


VCCINT

(1.5V) 33nF CER per pin + 2 * 2.2uF CER + 1 * 47uF 4V TANT + 470uF 


VCCO

(3.3V) 3.3nF CER per pin + 4 * 2.2uF CER + 1 * 47uF 10V TANT + 470uF


VAUX

(3.3V) 3.3nF CER per pin

Note:

The above values for Virtex-II devices are the result of calculations based on power estimates indicated.

It is anticipated that the Decoupling capacitors would be rationalised in order to reduce the component count, such that 10nF would be used for VCCO on all devices, and 47nF would be used for VCCINT on all devices.

Therefore the following high frequency Decoupling capacitors will be used on all FPGAs:

VCCINT

47nF 10V X7R 0402 per pin + large caps

VCCO

10nF 10V X7R 0402 per pin + large caps

VAUX

10nF 10V X7R 0402 per pin

If it is found difficult to source 47nF X7R 0402, then 100nF X5R 0402 shall be used instead.

47nF 10V X7R 0402 part number: GRP155R71A473KA01E or FC
47uF TANT 10V case C part number: TAJC476K010R
47uF TANT 4V case B part number: TAJB476K004R
220uF TANT 10V case D part number: TAJD227K010R


5. QDR Memory MT54V512H18A


Power: 820mA max at 2.5V and 21mA at 1.5V


The following are based on Micron Technical data sheet TN-54-01


VDD

(2.5V) 100nF CER per pin + 2 * 2.2uF CER + 1 * 47uF TANT + bulk cap on regulator cct 


VDDQ

(1.5V) 100nF CER per two pin + 2 * 2.2uF CER + 1 * 47uF TANT 

6. TTCrx ASIC 


Power: 69mA max at 3.3V

VDD Analogue

100nF CER per pin + 2.2uF CER + inductor + 47uF 10V TANT (<3cm)
VDD I/O


100nF CER per pin + 2 * 2.2uF CER
VDD Core

100nF CER per pin + 2.2uF CER


7. System ACE Controller


3.3V (see Xilinx Answer record #11991)


VCCL

100nF CER per pin (<1cm) + 4 * 4.7uF 10V TANT (<3cm)


VCCH

100nF CER per pin (<1cm) + 2 * 4.7uF 10V TANT (<3cm)


8. Buffer 74VMEH22501 

3.3V


VDD

five 100nF CER + 1 * 2.2uF CER

9. Buffer 74LVTH125 

3.3V


VDD

100nF CER per pin

10. Serial EPROM xc18v04


3.3V 


VCC_INT

(3.3V) 100nF CER per pin (<1cm) + 1 * 2.2uF CER


VCCO

(3.3V) 100nF CER per pin (<1cm)


