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Preface

About This Guide

Xilinx® 7 series FPGAs include three unified FPGA families that are all designed for
lowest power to enable a common design to scale across families for optimal power,
performance, and cost. The Artix™-7 family is optimized for lowest cost and absolute
power for the highest volume applications. The Virtex®-7 family is optimized for highest
system performance and capacity. The Kintex™-7 family is an innovative class of FPGAs
optimized for the best price-performance. This guide serves as a technical reference
describing the 7 series packaging and pinout specifications.

This 7 series packaging and pinout specification, part of an overall set of documentation on
the 7 series FPGAs, is available on the Xilinx website at www.xilinx.com /7.

Guide Contents

This manual contains the following chapters:

¢ Chapter 1, Packaging Overview

e Chapter 2, 7 Series FPGAs Package Files

* Chapter 3, Device Diagrams

¢ Chapter 4, Mechanical Drawings

e Chapter 5, Thermal Specifications

¢ Chapter 6, Package Marking

e Appendix A, Recommended PCB Design Rules for BGA Packages

Additional Resources

To find additional documentation, see the Xilinx website at:

http:/ /www.xilinx.com/support/documentation/index.htm.

To search the Answer Database of silicon, software, and IP questions and answers, or to
create a technical support WebCase, see the Xilinx website at:

http:/ /www.xilinx.com/support.
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Chapter 1

Packaging Overview

Summary

Introduction

This chapter covers the following topics:

¢ Introduction
e Device/Package Combinations and Maximum I/Os
* Pin Definitions

* Die Level Bank Numbering Overview

This section describes the pinouts for the 7 series FPGAs in 0.5 mm chip-scale, 0.8 mm chip
scale, and 1.0 mm in various fine pitch and flip-chip BGA packages.

Artix™-7 and Kintex™-7 devices are offered in low-cost, space-saving packages that are
optimally designed for the maximum number of user I/Os.

Virtex®-7 and Virtex-7X devices are offered exclusively in high performance flip-chip BGA
packages that are optimally designed for improved signal integrity and jitter.

Package inductance is minimized as a result of optimal placement and even distribution as
well as an increased number of Power and GND pins.

All packages are available as Pb-free (G) with selected packages including a Pb-only
option.

All of the 7 series devices supported in a particular package are pinout compatible and are
listed in the same table (one table per package). Pins that are not available for the smaller
devices are listed as “No Connects”.

Each device is split into I/O banks to allow for flexibility in the choice of I/O standards
(see UG471, 7 Series FPGAs Select]O Resources User Guide). Global pins, including JTAG,
configuration, and power/ground pins, are listed at the end of each table. Table 1-9
provides definitions for all pin types.

7 Series FPGAs Packagin
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Device/Package Combinations and Maximum 1/Os

Table 1-1 shows the maximum number of user I/Os possible in the 7 series FPGAs BGA
packages. Some devices are available in both Pb and Pb-free (additional G) packages as
standard ordering options.

Table 1-1: 7 Series FPGAs Package Specifications

Package Specifications
Packages(!) Description
Package Type | Pitch (mm) Size (mm) | Maximum 1/Os(®
CPG236 BGA 0.5 10x 10 140
CSG225 Wire-bond chip-scale BGA 0.8 12x12 100
CSG324 BGA 0.8 15x15 210
FTG256 BGA 1.0 17 x17 170
FGG484 Wire-bond fine-pitch BGA 1.0 23 x23 285
FGG676 BGA 1.0 27 x 27 300
FB(G)484 BGA 1.0 23 x 23 285
FB(G)676 Flip-chip bare-die BGA 1.0 27 x 27 400
FB(G)900 BGA 1.0 31x31 500
FF(G)676 BGA 1.0 27 x 27 400
FF(G)900 BGA 1.0 31x31 500
FF(G)901 BGA 1.0 31x31 380
FF(G)1156 BGA 1.0 35 x 35 600
FF(G)1157 BGA 1.0 35 x 35 600
FF(G)1158 BGA 1.0 35 x 35 350
FF(G)1761 BGA 1.0 42.5x42.5 850
FF(G)1926 BGA 1.0 45 x 45 720
Flip-chip fine-pitch

FF(G)1927 BGA 1.0 45 x 45 600
FF(G)1928 BGA 1.0 45 x 45 480
FF(G)1930 BGA 1.0 45 x 45 1000
FL(G)1761 BGA 1.0 42.5x 425 850
FL(G)1925 BGA 1.0 45 x 45 1200
FL(G)1928 BGA 1.0 45 x 45 480
FL(G)1930 BGA 1.0 45 x 45 1100
FH(G)1761 BGA 1.0 45 x 45 850
Notes:

1. Leaded package options (FFxxx/FBxxx) are available for the Kintex-7 XC7K160T, XC7K325T, XC7K355T, XC7K410T, XC7K420T, and
XC7K480Tdevices.

2. The maximum I/O numbers do not include pins in the configuration Bank 0 (Table 1-2) or the GTX serial transceivers.
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Device/Package Combinations and Maximum I/Os

Table 1-2 lists the 21 dedicated I/O pins.

Table 1-2: 7 series FPGAs I/O Pins in the Dedicated Configuration Bank (BankO0)

DXP_0 VCCBATT_O0 | INIT_B_0 MO0_0 TDO_0 TDI_0 GNDADC_0
DXN_0 DONE_0 VN_O M1_0 TCK_0 VREFN_0 VCCADC_0
PROGRAM_B_0 | CCLK_0 VP_0 M2_0 TMS_0 VREFP_0 CFGBVS_0

Serial Transceiver Channels by Device/Package

Table 1-3 lists the quantity of GTP serial transceiver channels for the Artix-7 FPGAs.
Table 1-4 lists the quantity of GTX serial transceiver channels for the Kintex-7 FPGAs.
Table 1-5 lists the quantity of GTX and GTH serial transceiver channels for the Virtex-7
FPGAs. In all devices, a serial transceiver channel is one set of MGTRXP, MGTRXN,
MGTTXP, and MGTTXN pins.

Table 1-3: Serial Transceiver Channels (GTPs) by Device/Package (Artix-7 FPGAS)

GTP Channels by Package

assireyww.BD TiGreom/XILINX

Device CPG236 | CSG225 | CSG324 | FTG256 | FGG484 | FGG676 | FBG484 | FBG676 | FFG1156
XC7A8 0 0 0 - - - - - -
XC7A15 0 0 0 - - - - - -
XC7A30T - 4 0 0 4 - - - -
XC7A50T - 4 0 0 4 - - - -
XC7A100T - - 0 0 4 8 - - -
XC7A200T - - - - - - 4 8 16
XC7A350T - - - - - - 4 8 16

Table 1-4: Serial Transceiver Channels (GTXs) by Device/Package (Kintex-7 FPGAs)

GTX Channels by Package
Device
FBG484 FBG676 FBG900 FFG676 FFG900 FFG901 FFG1156
XC7K70T 4 8 - - - - -
XC7K160T 4 8 - 8 - - -
XC7K325T - 8 16 8 16 - -
XC7K355T - - - - - 24 -
XC7K410T - 8 16 8 16 - -
XC7K420T - - - - - 28 28
XC7K480T - - - - - 28 32
13
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Table 1-5: Serial Transceiver Channels (GTX/GTH) by Device/Package (Virtex-7 FPGAs)

GTX or GTH Channels by Package

Device FFG FFG FFG FFG FFG FFG FFG FLG FLG FLG FLG FHG

1157 1158 1761 1926 1927 1928 1930 1761 1925 1928 | 1930s | 1761

XC7V585T (20| 0 - 36| 0 - - - - - - - - S

XC7V1500T - - - - - - - 36| 0 - - - - | =

XC7Vv2000T - - - - - - - - 16| 0 - - 36| 0
XC7VX330T | 0 |20 - 0 |28 - - - - - . - - -
XC7VX415T | 0 |20 | O |48 - - 0 |48 - - - - . _ -
XC7VX485T |20 0 (48| 0 |28 0 - 56| 0 - 241 0 - - - - -
XC7VX550T - 0 |48 - - 0 | 64 - - - . - _ _
XC7VX690T | 0 |20 | O |48 | 0 |36 0 |64| 0 |80 - 0 |24 - - - - -
XC7VX980T - - - 0 64 - 0|72 0 |24 - - - - -
XC7VX1140T - - - - - - - - - 09| 0|24 -
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Device/Package Combinations and Maximum I/Os

Table 1-6 shows the number of available I/Os and the number of differential I/Os for each
Artix-7 device/package combination. Table 1-7 shows the number of available I/Os and
the number of differential I/Os for each Kintex-7 device/package combination. Table 1-8
shows the number of available I/Os and the number of differential I/Os for each Virtex-7
device/package combination. When applicable, it also lists the number of user I/Os in the
3.3V-capable high-range (HR) banks and the number of 1.8V-capable high-performance

(HP) banks.
Table 1-6: Available I/O Pin/Device/Package Combinations for Artix-7 FPGAs
Artix-7 User I/O Artix-7 Packages: HR I/O Banks Only
Devices Pins CPG236 | CSG225 | CSG324 | FTG256 | FGG484 | FGG676 | FBG484 | FBG676 | FFG1156
User I/0O 140 - 200 170 - - - - _
XC7A8
Differential - 192 - - - - _
User I/0O 140 - 200 170 - - - - _
XC7A15
Differential - 192 - - - - -
User1/0 - 100 210 170 250 - - - -
XC7A30T
Differential - 202 - - - -
User1/0 - 100 210 170 250 - - - -
XC7A50T
Differential - 202 - - - -
User1/0 - - 210 170 285 300 - - -
XC7A100T
Differential - - 202 - - _
User1/0 - - - - - - 285 400 500
XC7A200T
Differential - - - - - _
User1/0 - - - - - - 285 400 600
XC7A350T
Differential - - - - - _
7 Series FPGAs Packagin 15
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Table 1-7: Available I/O Pin/Device/Package Combinations for Kintex-7 FPGAs

Kintex-7 Packages: HR and HP I/O Banks
Kintex-7 User I/O
Devices Pins FBG484 FBG676 FBG900 FFG676 FFG900 FFG901 FFG1156
HP | HR | HP | HR | HP HR | HP | HR | HP | HR | HP | HR | HP | HR
User I/0 100 | 185 | 100 | 200 - - - - - - - - - -
XC7K70T
Differential | 96 179 96 192 - - - - - - - - - -
User I/0 100 | 185 | 150 | 250 - - 150 | 250 - - - - - -
XC7K160T
Differential | 96 | 179 | 144 | 240 - - 144 | 240 - - - - - -
User I/0 - - 150 | 250 | 150 | 350 | 150 | 250 | 150 | 350 - - - -
XC7K325T
Differential - - 144 | 240 | 144 | 336 | 144 | 240 | 144 | 336 - - - -
User I/0 - - - - - - - - - - 0 300 - -
XC7K355T
Differential - - - - - - - - - - 0 288 - -
User I/0 - - 150 | 250 | 150 | 350 | 150 | 250 | 150 | 350 - - - -
XC7K410T
Differential - - 144 | 240 | 144 | 336 | 144 | 240 | 144 | 336 - - - -
User I/0 - - - - - - - - - - 0 350 0 350
XC7K420T
Differential - - - - - - - - - - 0 336 0 366
User I/0 - - - - - - - - - - 0 380 0 400
XC7K480T
Differential - - - - - - - - - - 0 366 0 384
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Device/Package Combinations and Maximum I/Os

Table 1-8: Available I/O Pin/Device/Package Combinations for Virtex-7 FPGAs

Virtex-7 Packages: HR and HP I/O Banks
2. - USer FFG | FFG | FFG | FFG | FFG | FFG | FFG | FLG | FLG | FLG | FLG | FHG
Virtex-7 /o
Devices . o 1157 | 1158 | 1761 | 1926 | 1927 | 1928 | 1930 | 1761 | 1925 1928 & 1930 1761
HP HR| HP |HR|HP |HR| HP |HR|HP HR HP [HR HP HR|/HP HR HP |HR HP HR HP |HR HP HR
xc7y  |User 600/ 0 | - 750100, - - - - - - - - -
585T  piff |576| 0| - |720/96 | - - - - - - - - -
xcyy  |[User | - - - - - - - |850/| 0 - - - -
1500T  |pjgf - - - - - - - |816] 0 - - - -
xcyy  |[User | - - - - - - - — 12000 0 | - - |ss50| 0
2000T | pje - - - . - - - - |1152] 0 - - |816/ 0
xc7yx |User 600/ 0 | - 65050 - - - - - - - - -
330T  |piff |576| 0 - 64|48 - - - - - - - - -
xCyyx |User 6000 0 350 0 | — - 600 0| - - - - - - -
415T  piff |576| 0 |336] 0 | - - sl 0| - - - - - - -
xc7yx |User (600[ 0 1350/ 0 700/ 0 | — [600| O | - [700| 0 | - - - - -
485T  piff |576 0 |336| 0 |672| 0 - 576/ 0 - le72]0 - - - - -
xcyyx User | — (350 0| - - 600 0| - - - - - - -
550T g - 1336 0| - - sl 0| - - - - - - -
xc7vx |User (600 0 [350| 0 (850 0 720/ 0 [600| O | - |1000| 0 | - - - - -
690T  piff |576| 0 |336| 0 |816] 0 [690| 0 576 0 - 90| 0 - - - - -
xcrvx |User | - - - |720/0 - |480/ 0|90/ 0| - - - - -
980T |pjfr - - - |690] 0 — 1460 0 864 0 - - - - -
xcrvx |User | - - - - - - - - —  1480| 0 1100/ 0 | -
40T |y - - - - - - - - - 1460| 0 |1056| 0 -
7 Series FPGAs Packagin 17
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Pin Definitions

Table 1-9 lists the pin definitions used in 7 series FPGAs packages.

Note: There are dedicated general purpose user I/O pins listed separately in Table 1-9. There are
also multi-function pins where the pin names start with either I0_LXXY_ZZZ_# or I0_XX_ZZZ_#,
where ZZZ represents one or more functions in addition to being general purpose user I/O. If not used

Table 1-9: 7 series FPGAs Pin Definitions

for their special function, these pins can be user I/O.

Pin Name Type Direction Description

User I/O Pins
Most user I/O pins are capable of differential signaling and
can be implemented as pairs. The top and bottom I/O pins
are always single ended. Each user I/O is labeled

10 LXXY # y I0_LXXY_#, where:

_ _ . Input . 1 .
10, XX_# Dedicated Output 10 indicates a user 1/O pin.

e Lindicates a differential pair, with XX a unique pair in
the bank and Y =[P | N] for the positive /negative sides
of the differential pair.

e #indicates a bank number.

Configuration Pins

For more information, see the Configuration Pin Definitions table in UG470, 7 Series FPGAs Configuration User Guide.

CCLK 0 Dedicated® Input/ Configuration clock. Output in Master mode or input in
Output Slave mode.

DONE. 0 Dedicated® Bidirectional ActlYe ngh, DONE indicates successful completion of
configuration.

INIT B_0 Dedicated® Bldll‘QCthl:lal Active Low, indicates initialization of configuration memory.

(open-drain)

MO0_0,M1_0, or M2_0 Dedicated Input Configuration mode selection

PROGRAM_B_0 Dedicated ™ Input Active Low, asynchronous reset to configuration logic.

TCK_0 Dedicated® Input JTAG clock.

TDIO Dedicated " Input JTAG data input.

TDO_0 Dedicated ") Output JTAG data output.

TMS_0 Dedicated!) Input JTAG mode select.
This pin selects the preconfiguration I/O standard type for
the dedicated and multi-function configuration banks 0, 14,
and 15. If the Vg for banks 0, 14, or 15is 2.5V or 3.3V, then
this pin must be connect to Vg g. If the Voo for banks 0,
14, and 15 are less than or equal to 1.8V, then this pin should

: 1) ’ q ’ p

CFGBVS_0 Dedicated Input be connected to GND.
Note: To avoid device damage, this pin must be connected
correctly. See the Configuration Bank Voltage Select section in
UGA470: 7 Series FPGAs Configuration User Guide for more
information.

D00 through D31 Multi-function | Bidirectional | Configuration data pins.

18 Series FPGAs Packaging
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Pin Definitions

Table 1-9: 7 series FPGAs Pin Definitions (Cont’d)

Pin Name Type Direction Description
ADV_B Multi-function Output BPI Flash address valid output
A00 through A28 Multi-function Output Address A00-A28 BPI address output.
RSO or RS1 Multi-function Output RSO and RS1 revision select output.
FCS_B Multi-function Output BPI and SPI flash chip select.
FOE_B Multi-function Output BPI flash output enable.
MOSI Multi-function Output ff;s?:rsg:t% rz:l;r;f}eo;:g;l: .Sgﬁgl@own as the SP1 bus
FWE_B Multi-function Output BPI flash write enable.
DOUT Multi-function Output Data output for serial daisy-chain configuration.
CSO_B Multi-function Output Active Low chip-select output for parallel daisy-chain.
CSI_B Multi-function Input SelectMAP active Low chip-select input.
Active Low input enables internal pull-ups during
configuration on all SelectlO pins:
PUDC.B Multi-function Input 0 = Weak preconfiguration I/O pull-up resistors enabled
1 = Weak preconfiguration I/O pull-up resistors disabled
RDWR_B Multi-function Input ‘S/:jﬁ?;i;[ilzlg;frsgz r(lzlgzgi.on control signal for reading or
EMCCLK Multi-function Input External master configuration clock.
Power/Ground Pins
GND Dedicated N/A Ground.
VCCAUX Dedicated N/A 1.8V power-supply pins for auxiliary circuits.
VCCAUX_IO_G#® Dedicated N/A 1.8V /2.0V power-supply pins for auxiliary I/O circuits.
VCCINT Dedicated N/A 0.9V/1.0V power-supply pins for the internal core logic.
veCo_#0) Dedicated N/A Power-supply pins for the output drivers (per bank).
VCCBRAM Dedicated N/A 1.0V power-supply pins for the FPGA logic block RAM.
VCCBAITO Detied | N/ Dmriermemen iadap ity v i
These are input threshold voltage pins. They become user 1/
VREF Multi-function N/A Os when an external threshold voltage is not needed (per

bank).

Analog to Digital Converter (XADC) Pins

For more information, see the XADC Package Pins table in UG480, 7 Series FPGAs XADC User Guide.

VCCADC_0®) Dedicated N/A XADC analog positive supply voltage.

GNDADC_0®) Dedicated N/A XADC analog ground reference.

vp_0®) Dedicated Input XADC dedicated differential analog input (positive side).
VN_0® Dedicated Input XADC dedicated differential analog input (negative side).

7 Series FPGAs Packagin
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Table 1-9: 7 series FPGAs Pin Definitions (Cont’d)

Pin Name Type Direction Description
VREFP_0(5) Dedicated N/A 1.25V reference input.
VREFN_ 0 Dedicated N/A 1.25V reference GND reference.
XADC (analog-to-digital converter) differential auxiliary
ADOP through AD15P . . analog inputs 0-15.
Multi-funct I t
ADON through AD15N | 0 HeHon P Auxiliary channels 6, 7, 13, 14, and 15 are not supported on

Kintex-7 devices.

Multi-gigabit Serial Transceiver Pins (GTXE2 and GTHE2)

For more information on the GTXE2 pins see the Pin Description and Design Guidelines section in UG476, 7 Series FPGAs
GTX Transceivers User Guide.

MGTXRXP[0:3] Dedicated Input Positive differential receive port GTX Quad.

MGTXRXNJ[0:3] Dedicated Input Negative differential receive port GTX Quad.

MGTXTXP[0:3] Dedicated Output Positive differential transmit port GTX Quad.

MGTXTXNI0:3] Dedicated Output Negative differential transmit port GTX Quad.

MGTHRXP[0:3] Dedicated Input Positive differential receive port GTH Quad.

MGTHRXNIJ0:3] Dedicated Input Negative differential receive port GTH Quad.

MGTHTXP[0:3] Dedicated Output Positive differential transmit port GTH Quad.

MGTHTXNJ[0:3] Dedicated Output Negative differential transmit port GTH Quad.

MGTAVCC G# Dedicated Input 1.0V an.alog.power—sgpply pin for the receiver and
transmitter internal circuits.

MGTAVTT_G# Dedicated Input 1.2V analog power-supply pin for the transmit driver.

MGTVCCAUX_G# Dedicated Input 1.8V aux1he'1ry analog Quad PLL (QPLL) voltage supply for
the transceivers.

MGTREFCLKO/1P Dedicated Input Positive differential reference clock for the transceivers.

MGTREFCLKO/1N Dedicated Input Negative differential reference clock for the transceivers.

. Precision reference resistor pin for internal calibration

MGTAVITIRCAL Dedicated N/A termination. Not used for Artix-7 devices.

MGTRREE Dedicated Input Prec1.51or} reference resistor pin for internal calibration
termination.

Other Pins

RSVD Dedicated N/A Reserved. No Connection; leave floating.
These are the clock capable 1/Os driving BUFRs, BUFIOs,
BUFGs, and MMCMs/PLLs. In addition, these pins can drive
the BUFMR for multi-region BUFIO and BUFR support.
These pins become regular user I/Os when not needed as a

MRCC Multi-function Input clock. When connecting a single-ended clock to the
differential CC pair of pins, it must be connected to the
positive (P) side of the pair. The MRCC (multi-region) pins,
when used as single region resource, can drive four BUFIOs
and four BUFR in a single bank.

20 Series FPGAs Packaging
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Table 1-9: 7 series FPGAs Pin Definitions (Cont’d)

Pin Name Type Direction Description
These are the clock capable 1/Os driving BUFRs, BUFIOs,
and MMCMs/PLLs. These pins become regular user I/Os
. . when notneeded for clocks. When connecting a single-ended
SRCC Multi-function Input clock to the differential CC pair of pins, it must be connected
to the positive (P) side of the pair. The SRCC (single region)
pins can drive four BUFIOs and four BUFRs in a single bank.
This pin is for the DCI voltage reference resistor of N
VRN® Multi-function N/A transistor (per bank, to be pulled High with reference
resistor).
This pin is for the DCI voltage reference resistor of P
VRP®©) Multi-function N/A transistor (per bank, to be pulled Low with reference
resistor).
Temperature-sensing diode pins (Anode: DXP; Cathode:
DXN). The thermal diode is accessed by using the DXP and
DXN pins in bank 0. When not used, tie to GND.
To use the thermal diode an appropriate external thermal
DXP_0, DXN_O0 Dedicated Input monitoring IC must be added. Consult the external thermal
monitoring IC data sheet for usage guidelines.
The recommended temperature monitoring solution for
7 series FPGAs uses the temperature sensor in the XADC
block.
T0, T1, T2, or T3 Multi-function Input This pin belongs to the memory byte group 0-3.
T0_DQS, T1_DQS, . . The DDR DQS strobe pin that belongs to the memory byte
T2_DQS, or T3_DQs | Multi-function | Input |\ g T3,

Notes:

1. All dedicated pins (JTAG and configuration) are powered by Vo o

2. For devices that do not include VCCAUX_IO_G# pins, auxiliary I/O circuits are powered by VCCAUX pins.

3. Vcco pins in unbonded banks must be connected to the Vg for that bank for package migration. Do NOT connect unbonded
Vo pins to different supplies. Without a package migration requirement, V¢ pins in unbonded banks can be tied to a common
supply (Vo or ground).

4. Refer to the data sheet for VccparT o Specifications.

5. See UG480, 7 Series FPGAs XADC User Guide for the default connections required to support on-chip monitoring.

6. The DCI guidelines in the 7 series FPGAs are different from previous Virtex device DCI guidelines. See the DCI sections in UG471:

7 Series FPGAs SelectIO Resources User Guide for more information on the VRN/VRP pins.
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Die Level Bank Numbering Overview

Banking and Clocking Summary

The center clocking backbone contains all vertical clock tracks and clock buffer
connectivity.

The CMT backbone contains all vertical CMT connectivity and is located in the CMT
column.

Not all banks are bonded out in every part/package combination.
GTP/GTX/GTH columns summary:

¢ One bank = One GT Quad = Four transceivers = Four GTPE2s or GTXE2s or
GTHE2 primitives.

e Not all GT Quads are bonded out in every package.
I/0 banks summary:

* Each bank has four pairs of clock capable (CC) inputs for four differential or four
single ended clock inputs.
- Can connect to the CMT in the same region and the region above and below
(with restrictions).
- Two MRCC pairs can connect to the BUFRs and BUFIOs in the same region/
banks and the regions/banks above and below.

- Two SRCCs pairs can only connect to the BUFRs and BUFIOs in the same
region/bank.

- There are no global clock pins (GC pins) in the 7 series FPGAs.

* Each user I/O bank has 50 single-ended 1/Os or 24 differential pairs (48
differential I/Os). The top and bottom I/O pin are always single ended. All 50
pads of a bank are not always bonded out to pins.

Bank locations of dedicated and dual-purpose pins:

¢ In most devices, banks 14 and 15 always contain the dual-purpose configuration
pins. Bank 15 and 35 contains the XADC auxiliary inputs; however, in Kintex-7
devices, the auxiliary inputs are only in bank 15. Bank 0 contains the dedicated
configuration pins.

e In the XC7V1500T and XC7V2000T devices, banks 11 and 12 contain the
dual-purpose configuration pins. Bank 12 and 32 contains the XADC auxiliary
inputs. Bank 0 contains the dedicated configuration pins.

e All dedicated configuration I/Os (bank 0) are 3.3V capable

The physical XY locations for each IDELAYCTRL start at X0YO in the bottom left-most
bank and are then increment by one starting with the lowest bank number in each
column in the vertical Y direction and by one for each column in the horizontal X
direction. IDELAYCTRLSs are located in each of the HROWs.

Figure 1-1 through Figure 1-20 visually describe a die view of the FPGA bank numbering.

Note: The figures for some Artix-7 and Virtex-7 FPGAs are in development.

22
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Die Level Bank Numbering Overview

XC7A8 or XC7A15 Banks

Figure 1-4 shows the I/O banks for the XC7A8 and XC7A15. These devices do not include
transceiver banks.

CSG324 Package
e All HR banks are fully bonded out.

Left 1/10
Column
Banks

Right 110
Column
Banks

HROW

16 BUFGs

Horizontal Center

(16 BUFGs D

Bank
|_| 50 I/Os
Clocking T
CMT
Backbone Backbone

UG475_c1_01_082411

Figure 1-1: XC7A8 and XC7A15 Banks

XC7A30T or XC7A50T Banks

Figure 1-2 shows the I/O and transceiver banks for the XC7A30T or XC7A50T.

CSG324 Package

e HR bank 16 is partially bonded out.
e The GTX Quad bank 116 is not bonded out.

Left 1/0O
Column
Banks

CMT
Backbone

Right 1/0
Column
Banks
HROW [ | Quad
GTP Quad 116 }GTP

(16 BUFGs D

Horizontal Center

(16 BUFGs D

Bank

50 I/Os

L]
f

Clocking
Backbone

CMT
Backbone

UG475_c1_02_081211

Figure 1-2: XC7A30T and XC7A50T Banks
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XC7A100T Bank
Figure 1-3 shows the I/O and transceiver banks for the XC7A100T.

CSG324 Package

e HR bank 13 is not bonded out.
* HRbank 16 is partially bonded out.
e The GTX Quad bank 116 is not bonded out.

Left I/O Right /0
Column Column
Banks Banks

] Quad
GTP Quad 116 } GTP

(16 BUFGs D
(16 BUFGs D

Horizontal Center

Bank
50 I/Os
HROW
GTP Quad 113
CMT Clocking CMT
Backbone Backbone Backbone

UG475_c1_03_081211

Figure 1-3: XC7A100T Banks
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XC7K70T Banks
Figure 1-4 shows the I/O and transceiver banks for the XC7K70T.

FBG484 Package
¢ HRbank 16 is partially bonded out.
¢ Al HP banks are fully bonded out.
e The GTX Quad bank 116 is not bonded out.

FBG676 Package
All HR and HP banks and the GTX Quads are fully bonded out in this package.

Left I/O Right 1/0
Column Column
Banks Banks
PLLO3 [
Bank16 | | oMt GTX Quad 116 }Q“""d
HR GTX
MMCMO03
PLLO2
Ba:'l';w | comt GTX Quad 115
| MMCM02 16 BUFGs N Horizontal
Center
Bank 14 PLLO1 16 BUFGs PLL11 Bank 34
MMCMO1 MMCM11
Bank 13 PLLOO | ppow PLL10 Bank 33 || Bank
HR — CMT CMT — HP 50 1/Os
MMCMO0 MMCM10
CMT Clocking CMT
Backbone Backbone Backbone
UG475_c1_08_081211

Figure 1-4: XC7K70T Banks
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XC7K160T Banks
Figure 1-5 shows the I/O and transceiver banks for the XC7K160T.

FBG484 Package
e HRbank 12 is not bonded out and bank 16 is partially bonded out.
e HP bank 32 is not bonded out.
e The GTX Quad bank 116 is not bonded out.

FBG676 and FFG676 Packages

e All HR and HP banks and the GTX Quads are fully bonded out in these packages.

Left 110 Right I/O
Column Column
Banks Banks
PLLO4 [
Bank16 || cumT GTX Quad 116 } Quad
HR GTX
MMCMO04
PLLO3
Bank 15
— CMT GTX Quad 115
16 BUFGs
: HR MMCMO03 g—r) > Horizontal
Bank 14 PLLO2 16 BUEGs PLL12 Bank 34 Center
— CMT CMT H
HR MMCMO02 MMCM12 HP
Bank 13 ek e Bank 33
— CMT CMT H HP
HR MMCMO1 MMCM11
Bank 12 P00 HROW et Bank 32 Bank
— CMT CMT H 50 1/Os
HR MMCMO0 MMCM10 HP
CMT Clocking CMT
Backbone Backbone Backbone

UG475_c1_09_081211

Figure 1-5: XC7K160T Banks
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XC7K325T Banks
Figure 1-6 shows the I/O and transceiver banks for the XC7K325T.

FBG676 and FFG676 Packages

e HR banks 17 and 18 are not bonded out.
¢ Al HP banks are fully bonded out.
e GTX Quads 117 and 118 are not bonded out.

FBG900 and FFG900 Packages

All HR and HP banks and the GTX Quads are fully bonded out in these packages.

Left I/0O Right I/O
Column Column
Banks Banks
PLLO6 [
Bank18 | | CMT GTX Quad 1.18 }Quad
HR GTX
MMCMO06
PLLO5
Baﬂ';” | omT GTX Quad 117
MMCMO5
PLLO4
Ba:'l';w | o GTX Quad 116
| MMCMo4 16 BUFGs Horizontal
PLLO3 Center
Baﬂ';” | cmT 10 BUFGS GTX Quad 115
MMCMO3
PLLO2 PLL12
Ba|r_1||;14 | omT cMT Ba|r_1|l|(334
MMCMO02 MMCM12
PLLO1 PLL11
Ba|r_1|l|<q13 | oMT CMT | Ba|r_1|ll(333
MMCMO1 MMCM11
PLLO PLL10
Ba|r_1|||<q12 | omt [_HROW cMT L Ba|r_1|l|(332 EgT/I(C)s
MMCMO0 MMCM10
CMT Clocking CMT
Backbone Backbone Backbone

UG475_c1_10_081211

Figure 1-6: XC7K325T Banks
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XC7K355T Banks
Figure 1-7 shows the I/O and transceiver banks for the XC7K355T.

FFG901 Package
All HR banks and the GTX Quads are fully bonded out in this package.

Left 110
Column
Banks
PLLO4 ] Quad
Bank 17 CMT GTX Quad 117 GTX
HR MMCM05
PLLO4
Baﬂ';w CMT GTX Quad 116
MMCMO04
PLLO3
Bank 15 CMT GTX Quad 115
. Al RMEHoS 16 BURGS Horizontal
Center
PLLO2 16 BUFGs
Bank 14 CMT GTX Quad 114
HR MMCM02
PLLO1
Bank 13 CMT GTX Quad 113
HR MMCMo1
PLLOO
HROW
Bank 12 | | cMT GTX Quad 112
HR MMCMO00 ]
CMT Clocking
Backbone Backbone

UG475_c1_11_060711

Figure 1-7: XC7K355T Banks
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XC7K410T Banks
Figure 1-8 shows the I/O and transceiver banks for the XC7K410T.

FBG676 and FFG676 Packages
HR banks 17 and 18 are not bonded out.

All HP banks are fully bonded out.
GTX Quads 117 and 118 are not bonded out.

FBG900 and FFG900 Packages
All HR and HP banks and the GTX Quads are fully bonded out in these packages

Figure 1-8: XC7K410T Banks

Left /0 Right I/O
Column Column
Banks Banks
PLLO6 B
Bank 18 | | oyt GTX Quad 118 }Q“ad
HR GTX
MMCMO06
PLLO5
Bank 17| | oMt GTX Quad 117
HR MMCMO05
PLLO4
Baﬂ'l‘qm | cmT GTX Quad 116
h MEGMO:: 108UFCs Horizontal
PLLO3 Center
Bank 15 | oMt 168UFGs GTX Quad 115
HR MMCMO03
PLLO2 PLL12
Balr-]|'|(214 | oMT CMT Balr_1ll|(334
MMCM02 MMCM12
PLLO1 PLL11
Ba|r_1|||(q13 | oMT CMT Balr_1ll|(333
MMCMO1 MMCM11
PLLO PLL10
HROW
e S R i
MMCM00 MMCM10
CMT Clocking CMT
Backbone Backbone Backbone
UG475_c1_12_081211
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XC7K420T Banks
Figure 1-9 shows the I/O and transceiver banks for the XC7K420T.

FFG901 and FFG1156 Packages
¢ All HR banks and the GTX Quads are fully bonded out in these packages.

Left 110
Column
Banks
PLLO6 ] Quad
Bank 17 CMT GTX Quad 117 ey
HR MMCM06
PLLO5
Bank 16 CMT GTX Quad 116
HR MMCMO5
PLLO4
Bank 15 CMT GTX Quad 115
. HR MMEMOS 16 BUFRGs > Horizontal
Center
PLLO3 16 BUFG
Ba:';” CMT > GTX Quad 114
MMCM03
PLLO2
Balr_}';w CMT GTX Quad 113
MMCMO2
PLLO1
Baﬂ';‘m CMT GTX Quad 112
MMCMO1
PLLO
HROW
Bank 11 | [ omT © GTX Quad 111
HR MMCM00
CMT Clocking
Backbone Backbone

UG475_c1_13_060711

Figure 1-9: XC7K420T Banks
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XC7K480T Banks
Figure 1-10 shows the I/O and transceiver banks for the XC7K480T.

FFG901 Package

e HR bank 18 is not fully bonded out.
e  GTX Quad bank 118 is not bonded out.

FFG1156 Package
All HR banks and the GTX Quads are fully bonded out in this package.

Left I/O
Column
Banks
PLLO7 (]
Baﬂ';w CMT GTX Quad 118 Quad
MMCMO7
PLLO6
Baﬂ';” CMT GTX Quad 117
MMCMO06
PLLO5
Bank 1
ancio || oMt GTX Quad 116
MMCMO05
PLLO4
Bank 15 | | cMmT GTX Quad 115
HR MMCMO4 16 BUFGs > Horizontal
: Center
PLLO3 16 BUFG
Bank 14 | | oyt = GTX Quad 114
HR MMCMO03
PLLO2
Bank 13 | | oMt GTX Quad 113
HR MMCMO02
PLLO1
Bank 12 CMT GTX Quad 112
HR MMCMO1
PLLO
HROW
Bank 11 CMT GTX Quad 111
HR MMCMO00 L |
CMT Clocking
Backbone Backbone

UG475_c1_14_060711

Figure 1-10: XC7K480T Banks
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XC7V585T Banks
Figure 1-11 shows the I/O and transceiver banks for the XC7V585T.

FFG1157 Package

e All HR banks (11, 12, and 13) are not bonded out.
e HP banks 31, 32, and 33 are not bonded out.
e  GTX Quads 111, 112, 113, and 119 are not bonded out.

FFG1761 Package

¢ HRbank 11 is not bonded out.
¢ All HP banks and the GTX Quads are fully bonded out in this package.

Left I/O Right 1/0
Column Column
Banks Banks

GTX Quad 119

GTX Quad 118

GTX Quad 117

GTX Quad 116

16 BUFGs

16 BUFGs

GTX Quad 115

GTX Quad 114

Bank 13
GTX Quad 113
HR
Bank Bank 12
50 I/Os { HR GTX Quad 112
HROW
Bt GTX Quad 111
HR
T T Horizontal Center —
Clocking CMT
Backbone Backbone
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Figure 1-11: XC7V585T Banks
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XC7V1500T Banks
Figure 1-12 shows the I/O and transceiver banks for the XC7V1500T.

FLG1761 Package

¢ HP bank 11 is not bonded out.
e All the GTX Quads are fully bonded out in this package.
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Figure 1-12: XC7V1500T Banks
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Chapter 1: Packaging Overview & XILINX.

XC7V2000T Banks
Figure 1-13 shows the I/O and transceiver banks for the XC7V2000T.

FHG1761 Package
e HP banks 11, 20, 21, 22, 40, 41, and 42 are not bonded out.
e  GTX Quads 120, 121, and 122 are not bonded out.
FLG1925 Package

e All HP banks are fully bonded out in this package.
e GTX Quads 111, 116, 117, 118, 119, 120, 121, and 122 are not bonded out.
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Figure 1-13: XC7V2000T Banks

(e o e ww. BD TE€eeom/ XILINX *


http://www.xilinx.com

Chapter 1: Packaging Overview & XILINX.

XC7VX330T Banks
Figure 1-14 shows the I/O and transceiver banks for the XC7VX330T.

FFG1157 Package

e HR bank 13 is not bonded out.

e HP bank 33 is not bonded out.

e  GTH Quads 113 and 119 are not bonded out.
FFG1761 Package

All HR and HP banks and the GTH Quads are fully bonded out in this package.
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Figure 1-14: XC7VX330T Banks
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Die Level Bank Numbering Overview

XC7VX415T Banks

Figure 1-15 shows the I/O and transceiver banks for the XC7VX415T.

FFG1157 Package
e All HP banks are fully bonded out.

e  GTH Quads 119, 214, 215, 216, 217, 218, and 219 are not bonded out.

FFG1158 Package

e HP banks 18, 19, 37, 38, and 39 are not bonded out.
* GTH Quads are fully bonded out in this package.

FFG1927 Package

All HP banks and the GTH Quads are fully bonded out in this package.
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UG476_c1_19_071411
Figure 1-15: XC7VX415T Banks
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XC7VX485T Banks

Figure 1-16 shows the I/O and transceiver banks for the XC7VX485T.

FFG1157 Package

e HP banks 13 and 33 are not bonded out.

e  GTX Quads 113, 119, 213, 214, 215, 216, 217, 218, and 219 are not bonded out.
FFG1158 Package

e HP banks 13, 18, 19, 33, 37, 38, and 39 are not bonded out.

e  GTX Quads 113 and 213 are not bonded out.
FFG1761 Package

e All HP banks are fully bonded out in this package.

e  GTX Quads 213, 214, 215, 216, 217, 218, and 219 are not bonded out.
FFG1927 Package

e HP banks 13 and 33 are not bonded out.

e All the GTX Quads are fully bonded out in this package.
FFG1930 Package

e All HP banks are fully bonded out in this package.
e  GTX Quads 119, 213, 214, 215, 216, 217, 218, and 219 are not bonded out.
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Figure 1-16: XC7VX485T Banks
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XC7VX550T Banks
Figure 1-17 shows the I/O and transceiver banks for the XC7VX550T.

FFG1158 Package
e HPbanks 12,13, 18, 19, 32, 33, 37, 38, and 39 are not bonded out.
e GTH Quads 112, 113, 212, and 213 are not bonded out.
FFG1927 Package

e HP banks 12, 13, 32, and 33 are not bonded out.
¢ All GTH Quads are fully bonded out in this package.
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Figure 1-17: XC7VX550T Banks
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XC7VX690T Banks
Figure 1-18 shows the I/O and transceiver banks for the XC7VX690T.

FFG1157 Package

e HP banks 10, 11, 12, 13, 30, 31, 32, and 33 are not bonded out.

e GTH Quads 110, 111, 112, 113, 119, 210, 211, 212, 213, 214, 215, 216, 217, 218, and 219
are not bonded out.

FFG1158 Package

e HPbanks 10, 11, 12, 13, 18, 19, 30, 31, 32, 33, 37, 38, and 39 are not bonded out.
e GTH Quads 110, 111, 112, 113, 210, 211, 212, and 213 are not bonded out.

FFG1761 Package

e HP banks 10, 11, and 30 are not bonded out.
e GTH Quads 110, 210, 211, 212, 213, 214, 215, 216, 217, 218, and 219 are not bonded out.

FFG1926 Package

¢ HP bank 17 is partially bonded out.
e HP banks 18, 19, 37, 38, and 39 are not bonded out.
e GTH Quads 110, 119, 210, and 219 are not bonded out.

FFG1927 Package
e HP banks 10, 11, 12, 13, 30, 31, 32, and 33 are not bonded out.
e All GTH Quads are fully bonded out in this package.

FFG1930 Package

e All HP banks are fully bonded out in this package.

e GTH Quads 110, 111, 112, 119, 210, 211, 212, 213, 214, 215, 216, 217, 218, and 219 are not
bonded out.
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Figure 1-18: XC7VX690T Banks
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XC7VX980T Banks
Figure 1-19 shows the I/O and transceiver banks for the XC7VX980T.

FFG1926 Package

¢ HP bank 17 is partially bonded out.
e HP banks 18, 37, and 38 are not bonded out.
e GTH Quads 110 and 210 are not bonded out.

FFG1928 Package

e HP bank 16 is partially bonded out.
e HP banks 10, 11, 12, 17, 18, 30, 31, and 32 are not bonded out.
e All GTH Quads are fully bonded out in this package.

FFG1930 Package

¢ Al HP banks are fully bonded out in this package.

e GTH Quads 110, 111, 112, 210, 211, 212, 213, 214, 215, 216, 217, and 218 are not bonded
out.
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Figure 1-19: XC7VX980T Banks
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XC7VX1140T Banks
Figure 1-20 shows the I/O and transceiver banks for the XC7VX1140T.

FLG1928 Package

¢ HP bank 16 is partially bonded out.
e HPbanks 10, 11, 12,17, 18, 19, 20, 21, 30, 31, 32, 39, 40, and 41 are not bonded out.
e All GTH Quads are fully bonded out in this package.

FLG1930 Package

e HP banks 40 and 41 are not bonded out.

e GTH Quads 110, 111, 112, 119, 120, 121, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,
220, and 221 are not bonded out.
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Figure 1-20: XC7VX1140T Banks
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Chapter 2

7 Series FPGAs Package Files

About ASCII Package Files

The ASCII files for each package include a comma-separated-values (CSV) version and a
text version optimized for a browser or text editor. Each of the files consists of the
following:

* Device/Package name (FPGA Family—Device—Package), date and time of creation

¢ Eight columns containing data for each pin:

Pin—Pin location on the package.
Pin Name—The name of the assigned pin.

Memory Byte Group—Memory byte group between 0 and 3. For more
information on the memory byte group, see UG586, 7 Series FPGAs Memory
Interface Solutions User Guide.

Bank—Bank number.

Veeaux Group—Number corresponding to the Vecayx 10 power supply for the
given pin. Vocayyx is shown for packages with only one Vcaux group.

Super Logic Region—Number corresponding to the super logic region (SLR) in
the devices implemented with stacked silicon interconnect (SSI) technology.

I/0 Type—CONEFIG, HR, HP, or GT (GTP, GTX, GTH, GTZ) depending on the
I/0 type. For more information on the I/O type, see UG471, 7 Series FPGAs
SelectlO Resources User Guide.

No-Connect—This list of devices is used for migration between devices that have
the same package size and are not connected at that specific pin.

e Total number of pins in the package.
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ASCII Pinout Files

Note: All package files are ASCII files in TXT and CSV file format.

This chapter includes the pinout information tables for the following device/packages.

To download all available Artix-7 FPGAs package/device/pinout files click here:

http:/ /www.xilinx.com/support/packagefiles /artix-7-pkgs.htm

Note: Only the available files listed in Table 2-1 are linked and consolidated in the above ZIP file.

Table 2-1: Artix-7 FPGAs Package/Device Pinout Files
Device CPG236 | CSG225 | CSG324 | FTG256 | FGG484 | FGG676 | FBG484 | FBG676 | FFG1156
XC7A8 CPG236 CSG324 | FTG256
XC7A15 CPG236 CSG324 | FTG256
XC7A30T CSG225 CSG324 FTG256 | FGG484
XC7A50T CSG225 CSG324 FTG256 | FGG484
XC7A100T CSG324 FTG256 | FGG484 | FGG676
XC7A200T FBG484 FBG676
XC7A350T FBG484 FBG676 | FFG1156

To download all available Kintex-7 FPGAs package/device/pinout files click here:

http:/ /www.xilinx.com/support/packagefiles /kintex-7-pkgs.htm

Table 2-2: Kintex-7 FPGAs Package/Device Pinout Files

Device FB(G)484 FB(G)676 FB(G)900 FF(G)676 FF(G)900 FF(G)901 FF(G)1156

XC7K70T FBG484 FBG676

XCTKIOT | s pncors 7S

xcrkanst PG | EBG0 | HRGes | HrGsod

XC7K355T %

mry | mm | mey | e

XC7Ka20T FGNT | FrGIS

XC7K480T % 1%15165/6
48 Series FPGAs Packaging
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http://www.xilinx.com/support/packagefiles/k7packages/xc7k70tfbg484pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k420tffg901pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k420tffg901pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k160tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k160tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k160tffg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k160tffg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tfbg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tfbg900pkg.txt
http://www.xilinx.com/support/packagefiles/kintex-7-pkgs.htm
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tffg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tffg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tfbg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tfbg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tffg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tffg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tffg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k410tffg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k160tfbg484pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k160tfbg484pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k70tfbg676pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tffg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k325tffg900pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k480tffg901pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k480tffg901pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k480tffg1156pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k480tffg1156pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k420tffg1156pkg.txt
http://www.xilinx.com/support/packagefiles/k7packages/xc7k420tffg1156pkg.txt
http://www.xilinx.com
http://www.xilinx.com/support/packagefiles/a7packages/xc7a8csg324pkg.txt
http://www.xilinx.com/support/packagefiles/artix-7-pkgs.htm
http://www.xilinx.com/support/packagefiles/a7packages/xc7a15csg324pkg.txt
http://www.xilinx.com/support/packagefiles/a7packages/xc7a30tcsg324pkg.txt
http://www.xilinx.com/support/packagefiles/a7packages/xc7a50tcsg324pkg.txt
http://www.xilinx.com/support/packagefiles/a7packages/xc7a100tcsg324pkg.txt
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To download all available Virtex-7 FPGAs package/device/pinout files click here:
http:/ /www.xilinx.com /support/packagefiles/ virtex-7-pkgs.htm

Note: Only the available files listed in Table 2-3 are linked and consolidated in the above ZIP file.
Table 2-3: Virtex-7 FPGAs Package/Device Pinout Files

Devi FF(G) | FF(G) | FF(G) | FF(G) | FF(G) | FF(G) | FF(G) | FL(G) | FL(G) | FL(G) | FL(G) | FH(G)
evice
1157 1158 1761 1926 1927 1928 1930 1761 1925 1928 1930 1761
XC7V585T | FF1157/ FF1761/
FFG1157 FFG1761
XC7V1500T FL1761/
FLG1761
XC7V2000T FL1925/ FH1761/
FLG1925 FHG1761
XC7VX330T | FF1157/ FF1761/
FFG1157 FFG1761
XC7VX415T | FF1157/ | FF1158/ FF1927/
FFG1157 | FFG1158 FFG1927
XC7VX485T | FF1157/ | FF1158/ | FF1761/ FF1927/ FF1930/
FFG1157 | FFG1158 | FEFG1761 FFG1927 FFG1930
XC7VX550T FF1158/ FF1927/
FFG1158 FFG1927
XC7VX690T | FF1157/ | FF1158/ | FF1761/ | FF1926/ | FF1927/ FF1930/
FFG1157 | FFG1158 | FFG1761 | FFG1926 | FFG1927 FFG1930
XC7VX980T FF1926/ FF1928/ | FF1930/
FFG1926 FFG1928 | FFG1930
XC7VX1140T FL1928/ | FL1930/
FLG1928 | FLG1930
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http://www.xilinx.com/support/packagefiles/v7packages/xc7v2000tflg1925pkg.txt
http://www.xilinx.com
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1157pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1157pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1158pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1158pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7v2000tfhg1761pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7v2000tfhg1761pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1761pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1761pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1927pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1927pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1930pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7vx485tffg1930pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7v585ttffg1157pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7v585ttffg1157pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7v585tffg1761pkg.txt
http://www.xilinx.com/support/packagefiles/v7packages/xc7v585tffg1761pkg.txt
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Chapter 3

Device Diagrams

Summary

This chapter provides pinout, I/O bank, high-performance and high-range I/O bank,
memory groupings, and power and ground placement diagrams for each 7 series FPGA
package/device combination. Some figures for Artix-7 FPGAs and Virtex-7 FPGAs are in
development.

*  Artix-7 FPGAs Device Diagrams Cross-Reference, page 52
¢ Kintex-7 FPGAs Device Diagrams Cross-Reference, page 57
* Virtex-7 FPGAs Device Diagrams Cross Reference, page 97
The figures provide a top-view perspective.

The symbols for the multi-function I/O pins are represented by only one of the available
pin functions; with precedence (by functionality) in this order:

e ADV_B, FCS_B, FOE_B, MOSI, FWE_B, DOUT_CSO_B, CSI_B, PUDC_B, or RDWR_B
e RS0-RS1
e ADOP/ADON-AD15P/AD15N

¢ EMCCLK

e VRN, VRP, or VREF
e D00-D31

e AQ00-A28

e  DQS, MRCC, or SRCC

For example, a pin description such as IO_L8P_SRCC_12 is represented with a SRCC
symbol, a pin description such as IO_L19N_T3_A09_D25_VREF_14 is represented with a
VREF symbol, and a pin description such as IO_L2IN_T3_DQS_A06_D22_14 is
represented with a D0-D31 symbol.

Note: The available files are listed in Table 3-1, Table 3-2, and Table 3-3 are linked. Figures for
some Artix-7 FPGAs and Virtex-7 FPGAs are in development.
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Table 3-1: Artix-7 FPGAs Device Diagrams Cross-Reference
Device | CPG236 = CSG225 | CSG324 | FTG256 | FGGA484 | FGG676 =FBG484 | FBG676 | FFG1156
XC7A8 page 52
XC7A15 page 52
XC7A30T page 55
XC7A50T page 55
XC7A100T page 55
XC7A200T
XC7A350T
Note: The available files are listed in Table 3-1 are linked. Figures for some Artix-7 FPGAs are in
development.
CSG324 Package—XC7A8 and XC7A15
~ QNN [IONe0eeexNe -
- 900000 N NO00ON000 :
cOONOOOOHNONOOSSH c
> HOOOONKOLIHAOKOONS®S o
e QOOHOOOHCIHMMPIHOO®D =
FONOOOKORACONNJ00000® -
¢« QOOONOHEOFMENECEINO®S «
+OOEOOOHDMEINMAEDRO
H\ele;]
«QO0
L QEO
QOO
v OON
»@OO0
RQOO
TONO
O ®
vOOEOOOONOOeO®HeEI®®N v
User I/O Pins Dedicated Pins Other Pins
QO oxy_# [c] coko VP_0 A eno
® oxxs [ crasvs.o VN_O [ vecaux o a#
[o] ooneo VREFP_0 [ vocaux
Multi-Function Pins [1] oxpo VREFN_O @ veont
— [] oxno N veco #
(6] 4ove @ van Il cnosoc o ] vocsram
(6] Fese S e INIT_B_O [0] ne
(8] Foes Q@ vrer [0] moo
[B] wosi @® Doo-D31 [ mio
(6] Fwes [ R M2_0
(6] poutcsos @ vas [F] ProGRAM B.0
(6] osie @© wrce [k] Toko
(5] Puoce @ sncc [1] o
(9] rowns [0] 0.0
[[] mso-rst [M] Tms0
@ ADOP/ADON-AD15P/ADISN [ vecaoc o
& emcok HH veceatto
ug475_c3_301_090711
Figure 3-1: CSG324 Package—XC7A8 and XC7A15 Pinout Diagram
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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B B
c c
D D
E E
F F
G G
H H
J J
K 14[14f Kk
L 1a[1a]1a]1a] Tra] L
M 14[14]  |14[14]14|m
N 14[14[14] 14 N
P 14[14f |14]14] P
R 14| 14| |14[14]14]14| R
T 14[14) 14 14| |1a|T
u 14[14[14] |14]14]14| U
v 14| [14]14]14[14 v

12 13 14 15 16 17 18
ug475_c3_302_081211

Figure 3-2: CSG324 Package—XC7A8 and XC7A15 I/0 Banks

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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A ® BREIEEEREE
B BEEEREEEE
c [35][3] @[ slEFERE ] o
D 35] 35 15] [15] 18] [15] [ [15] @ o
E E
F 8] [38 5 > 5 F
G [z3] ks G
« HOIOH "
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K 34][][34] K
L [eal[[34][34] [34] 34! L
v [32)[zl2|a) | M
N 34| [34] [34] N
P P
« HONHEHEI & .
T [34][][34][34] [34] [24] 34][14][14] [14] L[] 7
U [32] 69 [34] [3] ] [34] [24] > @ [ ] [1] 2] (5] [1] [ ] [ (7] [i2] v
v [34]6 [][34] [32] [22] [34] ] 6 @ @ [32] ] ][] [r] (el (] v
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18

Memory Groupings Pins

HP /O

HR /O

HP I/0 — VCCAUX Group 0
HP 1/O — VCCAUX Group 1
HP 1/0 - VCCAUX Group 2
HP 1/O - VCCAUX Group 3
HP I/0 - VCCAUX Group 4
HP 1/O - VCCAUX Group 5
HP 1/0 - VCCAUX Group 6
HP I/0 - VCCAUX Group 7

DQS pin
DCl pin

Memory Byte Group 0
Memory Byte Group 1
Memory Byte Group 2

Memory Byte Group 3

cEEE 00

Bank Number

ug475_c3_303_081211

Figure 3-3: CSG324 Package—XC7A8 and XC7A15 Memory Groupings
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

< Cc 42UV zEZTr-rXxc<cI®TNMmMOOW>»

< c+4 3 Vv=z=Z - X< IO®TNmOoO

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Power Pins

VCCO_# . GND

VCCINT
VCCAUX
VCCAUX_IO_G#
VCCBRAM
VCCBATT_O
VCCADC_0
GNDADC_0

ug475_c3_304_090711

Figure 3-4: CSG324 Package—XC7A8 and XC7A15 Power and GND Placement
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CSG324 Package—XC7A30T, XC7A50T, and XC7A100T
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O oxxy_# CCLK_0 VP_0 A oo
© oxx# @ cresvs o VN_O [ vecaux.io_a#
[o] poneo VREFP_0 [ vecaux
Multi-Function Pins [5] oxeo VREFN_0 8 veowt
— [ oxno N veco.#
(5] nov.s @D van B Genoaoc o H] veceram
(8] Fess O vre [¥] w80 [a] nc
(6] Foes & vRer [0] Moo
(8] wmosi @ D00-D31 I| M1_0
(5] Fwes @ 100-n28 [2] w20
(8] pout_cso.s QD nvas [P] PROGRAM B0
6] csie @ wrcc [K] Tcko
(5] Puce @ sree (1] ™o
[U] rown.s [0] o0
[[] Rso-mst [M] T™s.0
@ ADOP/ADON-AD15P/AD1SN [l vecaoc o
@ emcoik FH veceart o

ug475_c3_305_090711

Figure 3-5: CSG324 Package—XC7A30T, XC7A50T, and XC7A100T Pinout Diagram

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
ug475_c3_306_081211

< cH4>»®UV=zEIZT - X< IO®TTMOO® >

Figure 3-6: CSG324 Package—XC7A30T, XC7A50T, and XC7A100T I/O Banks
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HeLeE N
J (O3 J
K 3] K
L [aa|[\[34] 214l s L
M [34 34] M
M e N
3 34 P
Rf a4 3] (3] [zl ()< O [l [ @ @ 2[4 =
7 (3] (][4 [34] (2] (34] ] [34] [2] (7] 1] (] (4] =] (1] @ [1[14] *
U [34] 34] [34] €» @[] [14] (7] (1] 2] (] 2] [l 4] v
v [ 34] 34] [34] (o] ] @3 @ @ (] [ [ (4] (=] ] ] v
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Memory Groupings Pins

HP 0 ® opaspin
HR 110 & ocipin
HP 1/0 - VCCAUX Group 0 #  Memory Byte Group 0

HP 1/0 - VCCAUX Group 1
HP 1/0 - VCCAUX Group 2
HP 1/0 - VCCAUX Group 3
HP 1/0 - VCCAUX Group 4
HP 1/0 - VCCAUX Group 5
HP I/0 - VCCAUX Group 6
HP 1/0 - VCCAUX Group 7

Memory Byte Group 1
Memory Byte Group 2
Memory Byte Group 3

w % ®

Bank Number

FHER-EEREE

ug475_c3_307_081211

Figure 3-7: CSG324 Package—XC7A30T, XC7A50T, and XC7A100T Memory Groupings

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

< CcH4 2 V=zEZr-Xxc<cIO®TNMmMOOB>

< c+4»VvV=z=ZT - X< IO®TmO

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Power Pins

VCCO_# . GND

VCCINT
VCCAUX
VCCAUX_IO_G#
VCCBRAM
VCCBATT_O
VCCADC_0
GNDADC_0

ug475_c3_308_090711

Figure 3-8: CSG324 Package—XC7A30T, XC7A50T, and XC7A100T Power and GND Placement
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Table 3-2: Kintex-7 FPGAs Device Diagrams Cross-Reference

Device FB(G)484 FB(G)676 FB(G)900 FF(G)676 FF(G)900 FF(G)901 FF(G)1156
XC7K70T page 57 page 60
XC7K160T page 57 page 63 page 70
XC7K325T page 63 page 66 page 70 page 73
XC7K355T page 77
XC7K410T page 63 page 66 page 70 page 73
XC7K420T page 81 page 89
XC7K480T page 85 page 93
FBG484 Package—XC7K70T and XC7K160T
~BAMOCHEIEOOOON0000NeSSSMH
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vNOOOOENEHE @OO®N[Y] v
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v OOOEOOODNOOOOEOOODNKOQO v
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v QONOOOOHOOOONOOOOHOOOQ w
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»QEOOODONOOOOEHDOOONOOODE
= O00NOOOOHEOOOONOOOOHEOOD *
User I/O Pins Transceiver Pins Dedicated Pins Other Pins
QO oxxy_# MGTAVCC_G# [€] coko VP_0 & eno
© 1oxx# [v] maravrT 6 @ cresvs o VN_O [ vecaux o et
[A] maTvecaux a# [o] oponeo VREFP_0 [ vecaux
Multi-Function Pins MGTAVTTRCAL [5] oxpo VREFN_O @™ veonr
— MGTRREF [ oxno N veco_#
6] Aove @D van & MGTREFCLK1/0P B cvoroc o I vcceram
8] rese O vee & NGTREFCLK1/0N INIT_B_0 [n] nc
(5] roes Q@ vRer & MGTXRXP [0] moo
(6] wosi @ Doo-D31 & MGTXRXN [1] mio
(8] Fwes & n00-A28 O verxrxe M2_0
8] pourcsos @ oas < maTxTxn [P] ProGRaM B0
(6] osie @ wnrce [E] maTHavee 6+ [K] Teko
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1] Rowss & MGTHRXP [o] o0
[[] Rso-mst & MGTHRXN [M] Tms0
@ ADOP/ADON-AD15P/ADISN QO vaTHTXP [ vecaoc o
@ emcok O MaTHTXN HH vecearr o
ug475_c3_13_090511
Figure 3-9: FBGA484 Package—XC7K70T and XC7K160T Pinout Diagram
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Figure 3-10: FBG484 Package—XC7K70T and XC7K160T I/O Ba
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nks

Figure 3-11: FBG484 Package—XC7K70T and XC7K160T Memory Groupings

58

www.BDTH eom/XILIN X,

Series FPGAs Packaging
75 (v1.4) October 17, 2011


http://www.xilinx.com

& XILINX. Kintex-7 FPGAs Device Diagrams

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Power Pins
VCCO_# MGTVCCAUX
VCCINT MGTVCCAUX_G# or MGTHVCCAUX_G#
VCCAUX MGTAVCC
VCCAUX_IO_G# MGTAVCC_G# or MGTHAVCC_G#
VCCBRAM MGTAVTT
VCCBATT_0 MGTAVTT_G# or MGTHAVTT_G#
VCCADC_0 GND
GNDADC_0

ug475_c3_16_052311

Figure 3-12: FBGA484 Package—XC7K70T and XC7K160T Power and GND Placement

(s oo o WwW.BD TE€eem/XILINX *


http://www.xilinx.com

Chapter 3: Device Diagrams

& XILINX.

FBG676 Package—XC7K70T
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Figure 3-13: FBG676 Package—XC7K70T Pinout Diagram
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Figure 3-14: FBG676 Package—XC7K70T I/O Banks
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Figure 3-15: FBG676 Package—XC7K70T Memory Groupings
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Figure 3-16: FBG676 Package—XC7K70T Power and GND Placement
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Figure 3-17: FBG676 Package—XC7K160T, XC7K325T, and XC7K410T Pinout Diagram
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Figure 3-18: FBG676 Package—XC7K160T, XC7K325T, and XC7K410T I/0 Banks
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Figure 3-19: FBG676 Package—XC7K160T, XC7K325T, and XC7K410T Memory Groupings
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Figure 3-20: FBG676 Package—XC7K160T, XC7K325T, and XC7K410T Power and GND Placement
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Figure 3-22: FBG900 Package—XC7K325T and XC7K410T I/O Banks
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Figure 3-23: FBG900 Package—XC7K325T and XC7K410T Memory Groupings
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Figure 3-24: FBG900 Package—XC7K325T and XC7K410T Power and GND Placement
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Figure 3-25: FFG676 Package—XC7K160T, XC7K325T, and XC7K410T Pinout Diagram
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Figure 3-26: FFG676 Package—XC7K160T, XC7K325T, and XC7K410T 1/O Banks
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Figure 3-27: FFG676 Package—XC7K160T, XC7K325T, and XC7K410T Memory Groupings
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Figure 3-28: FFG676 Package—XC7K160T, XC7K325T, and XC7K410T Power and GND Placement
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Figure 3-29: FFG900 Package—XC7K325T and XC7K410T Pinout Diagram
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Figure 3-30: FFG900 Package—XC7K325T and XC7K410T 1/O Banks
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Figure 3-31: FFG900 Package—XC7K325T and XC7K410T Memory Groupings
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Figure 3-32: FFG900 Package—XC7K325T and XC7K410T Power and GND Placement
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Figure 3-33: FFG901 Package—XC7K355T Pinout Diagram
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Figure 3-34: FFG901 Package—XC7K355T I/0 Banks
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Figure 3-35: FFG901 Package—XC7K355T Memory Groupings
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Figure 3-36: FFG901 Package—XC7K355T Power and GND Placement
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Figure 3-37: FFG901 Package—XC7K420T Pinout Diagram
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Figure 3-39: FFG901 Package—XC7K420T Memory Groupings
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Figure 3-40: FFG901 Package—XC7K420T Power and GND Placement
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Figure 3-42: FFG901 Package—XC7K480T I/0 Banks
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Figure 3-43: FFG901 Package—XC7K480T Memory Groupings

(s oo o WwW.BD TE€eem/XILINX 8’


http://www.xilinx.com

Chapter 3: Device Diagrams

& XILINX.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

<S<cH®D®DUVZEZTr-rXx<cIOTNMOO®W>

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Power Pins

VCCO_#
VCCINT
VCCAUX
VCCAUX_IO_G#
VCCBRAM
VCCBATT_O
VCCADC_0
GNDADC_0

[ ] mervecaux

MGTVCCAUX_G# or MGTHVCCAUX_G#
MGTAVCC

MGTAVCC_G# or MGTHAVCC_Gé#
MGTAVTT

MGTAVTT_G# or MGTHAVTT_G#

GND

ug475_c3_48_052311

Figure 3-44: FFG901 Package—XC7K480T Power and GND Placement
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
A 117[117] 17|17 |17 17 A
B [117[117| 117[117] 17|17 |17 | 17 B
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Figure 3-46: FFG1156 Package—XC7K420T I/O Banks
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Figure 3-47: FFG1156 Package—XC7K420T Memory Groupings
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Figure 3-48: FFG1156 Package—XC7K420T Power and GND Placement
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Figure 3-49: FFG1156 Package—XC7K480T Pinout Diagram
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A 117[117] 118118 118118 17
B [117j11 117|117 118118} 17|17
[ [117(117| 118118 118118 17|17
D [117[117| 117|117 118118} 17
E 117[117] 118[118 118|118 17|17
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Table 3-3: Virtex-7 FPGAs Device Diagrams Cross Reference

FF(G) | FF(G) | FF(G) | FF(G) | FF(G) | FF(G) | FF(G) | FL(G) | FL(G) | FL(G) | FL(G) | FH(G)
Device
1157 1158 | 1761 1926 1927 1928 1930 1761 1925 1928 1930 1761
XC7V585T | page 98 page 102
XC7V1500T FL1761/
FLG1761
XC7V2000T page 106 page 110
XC7VX330T | FF1157/ FF1761/
FFG1157 FFG1761
XC7VX415T | FF1157/ | FF1158/ FF1927/
FFG1157 | FFG1158 FFG1927
XC7VX485T | page 114 | page 118 | page 122 page 126 page 130
XC7VX550T FF1158/ FF1927/
FFG1158 FFG1927
XC7VX690T | FF1157/ | FF1158/ | FF1761/ | FF1926/ | FF1927/ FF1930/
FFG1157 | FFG1158 | FFG1761 | FFG1926 | FFG1927 FFG1930
XC7VX980T FF1926/ FF1928/ | FF1930/
FFG1926 FFG1928 | FFG1930
XC7VX1140T FL1928/ | FL1930/
FLG1928 | FLG1930

Note: The available files are listed in Table 3-3 are linked. Figures for some Virtex-7 FPGAs are in
development.
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Figure 3-55: FF(G)1157 Package—XC7V585T Memory Groupings
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Figure 3-56: FF(G)1157 Package—XC7V585T Power and GND Placement
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Figure 3-59: FF(G)1761 Package—XC7V585T Memory Groupings
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Figure 3-60: FF(G)1761 Package—XC7V585T Power and GND Placement
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Figure 3-61: FLG1925 Package—XC7V2000T Pinout Diagram
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Figure 3-63: FLG1925 Package—XC7V2000T Memory Groupings
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Figure 3-64: FLG1925 Package—XC7V2000T Power and GND Placement

7 Series FPGAs Packagin

www.BDTE@eem/XILINX

UG475 (v1.4) October 17,

109


http://www.xilinx.com

Chapter 3: Device Diagrams & XILINX.

FHG1761 Package—XC7V2000T

» OIS <dH$«EEEOCOOOHOOOONOOOOEHOOOONOOOOHDN®OD -
s IECOAMS ocAEEHEEORQORQONOOORECODINOOOOHNOORIONOO -
c OOAMOCHEISeEd ONOOOPHOOOO [olojnl I 10] QOORM ¢
e AECOAMS cHEEQONOOCOOHOOOONOOOOHOYO®ONO oD »
e QOOMSSAEISOOO0O0OHOOOONOOOOHOOOONO®OOHOKXDVONO &
FOEOOOVSO<EOEOCEOOOONOOOOESOOONOOOOEOOOONDOOO ¢
s POAMSSAESSEOOONDOOOEOORONOOOOEDPOOOSNOOOOADOD «
+HO60OMSOEANOOOCHOOOONOOOOHEDOOONOOKOEOOOON +
s OOAMSSHEAEOOOEODOONOOOOEHOOOONOOOOHOOOONOOD ¢
«<HECOA0S AEEQOOONOSOOEOOOONOOOOHEOODONOOOOHECD «
L OOHMSSAEOAERKONOOOOHOOOONOOOOHDOOONOOLOHOOOO +
v AECCHOS ANOOOOEPOOONODOOHESOODONOOOOEOOOONOO «
v O OEMSSANEIHEOOODONOOORKHOOOONOOOOHOOPONOOOKM ~
rO0C0OMS cOAHMEBNHEERXOHOODOONOOMOHOOOXNOOOOHOOD ¢
R OOOMSoANOMOANRORANDNESANEMADNEODONOOOOHOOOOND ~
rO0co0fS<ONOfNROLENOSARIDNAESNOOROEOOOONOOQO
vOCHOScINNEONSEIROSINESONEMEAMAECOEOOODONOOOOEOO v
v ..00..0Q..B.B.B.IZ.B.B.B.[I.B.OOOI!CDG)...OO@OE v
v OOENMOSSH = EENOOOOESOOONOOD w
vOgoeomme HEOOEOK®OONODOOEQ ¥
mOOEAMS S HHEOOOONOOOOEPORQO
Sodds FEONOOOSHOOOONOO
HREOOOHOOOONOOOOME
(] EECOOONOOODHEOOO »
HOONOOOOEODOOONO »
NO@OOHDOOONOOOO +
PFeNeoc@®ONOSCODHEOO
@@ORXONO®@®DIEODOON
ONE®OOH®@®@®ONOOQ ~
©@@®HOOO0O®NO®OQOEO A«
O0@@OONO®EI®HOKXDD A
OQNEI®@UARIROON @@~
SOOO®EI@@NO@ROOME A
AP..00..0Q..OCD.EGGOOIOOG)CDI!OGQCD.CDOOOE@O.....AF’
oMo 0ECOOSNOOOOHEOOOONOOOPIO000N®
>0E OO0O0ON OOOONOKXODOHOOOONO0®®
oMéed ONO00 O0HOOPONOOO0H®S® v
S>OONMSoOE OQ0OHO OOONOOCOOHOOO®N ~
oMéemd OO0OONOOOOHOOOONOOOOHOOO®NO[ ]
~AHCCHMSHEAEOOOYNOOOOHEKROOONOOCOOHOOOKNEISQOED A
s POAMSOOAESEAONOOOOHOOOONOOOOHRKODONOOOSHS®R[E]® -
e FOCHESoEAEOCOOHOOYONOOOOHOOOONOOOOHO®®S®NE] -
User I/O Pins Transceiver Pins Dedicated Pins Other Pins
QO 1oxxy_# [E] maravee 6t CCLK_0 [s] veo B eno
® oxc MGTAVTT_G# [[ cresvs o VN_O M vecaux 0 a#
MGTVCCAUX_G# [o] poneo [s] veerpo [ vocaux
Multi-Function Pins MGTAVTTRCAL [5] oxpo [s] vmerno @™ veont
MGTRREF [ oxno N veco#
[B] aovs @D van @ MGTREFCLK1/0P Il cnosoc o ] vocsram
[B] Foss O v & NGTREFCLK1/0N INIT_B_0 [n] nc
[B] Foes & vrer & MGTXRXP [o] moo
E Mos! @ D00-D31 Q MGTXRXN ' M1_0
[B] rwes & n00-A28 @O verxrxe [2] meo
[8] pourcsos (D obas O maTxTXN [F] ProcRam B0
[8] csis @ wrcc [E] maTHavee 6t [K] Teko
[8] Puoc_s @ snce MGTHAVTT_G# [1] oo
[U] rowr s & MGTHRXP [0] o0
[F] mso-mst & MGTHRXN [M] mso
@  ADOP/ADON-AD15P/AD1SN QO vaTHTXP [ vecaoc o
@ emcok < MaTHTXN 3 vcceart o

ug475_c3_204_090511

Figure 3-65: FHG1761 Package—XC7V2000T Pinout Diagram

e www. BD T EEieem / XTLIN X Seres reoas Packaging


http://www.xilinx.com

& XILINX. Virtex-7 FPGAs Device Diagrams

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

A 119(119] [119]119] 115 A
B 119|119 119(119] 115 B
C [119]119] 119(119| 119119 [
D 119(119] [119[119] D
E [|119]119) 118(118] 118|118 E
F 118118 118118 F
G [118]118] 118|118} 118118} G
H 118(118} 118[118 H
J [118118] J
K | K
L L
M M
N N
P 116116} P
R 116|116 116{116) R
T 116116 116116 T
U 116|116 116{116) u
v 116116 116116 v
W [115]115] 116|116 112[112] w
Y 115(115] 115(115] Y
AA[115]115] [115(115 AA
AB 115]115] 115]115] AB
AC|115|115| 115(115] 118|118 AC
AD 114114 114114} AD
AE|115115) 114114] AE
AF [114(114] 114114 14|14 AF
AG|114]114] [114114] 14 1414|114 AG
AH [114(114] 14 14|14 |14 AH
AJ [114]114] 141414 141414 AJ
AK [114114] 1414|1414 14 AK
AL 14|14 14 (141414 AL
AM 1414|1414 1414 AM
AN 13 14|14 (14|14 AN
AP 112]112] 13[13] 13 141414 AP
AHTII‘ 112]112] 13[13] 13|13 AR
AT 112[112] 112[112] 13|13 1383|1313 AT
AU|112112) 112]112] 112[112] 1313|1313 13 AU
AV 112[112 112[112] 13 1313 13|13 AV
WitT1j111 111|111 111[111] 13[13] 13 1313 AW
AY 111|111 111]111 13[13] 13|13 AY
BA (111111 111[111 (111111 13|13 131313 BA
BB 111111 111[111 1313|1313 13 BB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

ug475_c3_205_052311

Figure 3-66: FHG1761 Package—XC7V2000T I/O Banks

(s oo o WW.BD TE€eem/XILINX


http://www.xilinx.com

Chapter 3: Device Diagrams & XILINX.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

A I 1 @[ 5717 &) @ [(1[67 57 Bl & @

B | 37 37][571 @) @) ] [37 @[[elfe] 8
c [37][37][57] [3 |37|[37] 37| [37 [35][19][1e][ ] ©
D 39][39) [J[e71[37] 871 [37] ] 7] [37] [e5] @) ] @9 o
E @) [[e71[37] 7] @7 1@ G [a7 [37 ® ® |[79] &
F 39) 38| @) 4 [a7] ] 62 @) [a7][e7] ] [o7] [27] [37] @ ® I[1s] F
o DEEEEe0Ee 110® ©
H ALO® 5] [5<] 3] 3] ] Bl el el [re] ] +
J H@ 39] 6 ] ] 1] [19] @9
K [ =] 212 19] [19][19] [19] K
L [ @ 1) 34][34] 4 [3e] (][] [38] o] [is]
M 365 @ € el ORI @@ 34] (1 [s] el [l el ] el [is] m
N [][=8] [34] 18] [18] 4B 4[] [19] 8] [xs] [1e] ] ~
P @[l R[] 18] [18] (] 18] [1&] 18] [1e] [ ] [1e] [i] @) P
R [ 34] € [32] [ [8] G®) (19)[18] ] 18] [1] 8] [1=] R
T @ @ [34][1e] ][] @® [18] 18] [][e] [1e] [1e] [g] T
u &[4[ [z4] e (i8] (8 ] [i8] [ [ie] [7e] ] [ie] [ie] v
v 10101000 (][] @ (@@ [18][7e] ] [i8] [ v
w 18] [1] ] 4> [18] ] [ie w
Y 16| [16] €& [16] [ [16] > @ Y
AA 16| [16] (16) G6) [_] [16] 6] [16] [16] [ ]G [17] (7] [17] An
AB 6] (] [16][16] [16] €& ] G&) @8 [17][17] [ ][] [17] a8
AC 16//16/ |16 16/ 1616/ 16! 17|17)[17] |17|[_] Ac
AD 16] [16[16] [16] (] (16l [16] [16] () [ [i7] 7] 7] a0
AE 16] [16] (] @) @6 [16][16] [][16] (D [17] [17] (] [17] A€
AF 14|16} 16} @ 16|16/ 16 17| 17| 17)[17] AF
1o ®0HS EE0ESE@HHE
AH 1] [14] [14] &) [] [12] [1] < [16] [ (71 @ [z [z (] A+
A a1 a1 []ia1 31 32 32 [ | (a3 83 a3 a3 [|[2][12][ ] [14] [ ] [¥4] G2 [3a] [14] (][4 [+] [v4] [i7] (] (7] (] 7] o
AK 31 31/31 a1 [_] 32| /a2 32 33/[ ] as a3 [i2] 2] (] (2] [l [12] [14] [] (72l [12] [1] [r2] (][4 (] (7] (i) (]
AL 31 []ia1 31 31 32 [ ] 32 33 a3 33 [ ]3s[i2]i2][1 14 [14] [14] [1] [] [14] [14] [+<] [14] (] [37] [17] @D @ A
AM 31 81 31 31 [] 32|32 32 (52 [ ]33 33 33 33 | @ 15| AM
AN a1 [ ]a1 a1 a1 32/ ]s2 @2 33 33 [ ]33 as [i2][i2] AN
AP 31 81 31 [ |31 92 a2 32 [ ] s2 33 33 33 [ |[12] | 5] AP
AR a1 31 31 81 [ |82 a2 32 32 [ ]33 33 83 [12 15| AR
AT a1 [ ]a1 a1 82 a2 [ ] 32 a2 83 a3 [ ] s [i2][1 15 AT
AU 81 (a1 81 [ ] 82 32 32 2 ] 83 (a3 83 83 [ 1 15| AU
AV [/t 31 a1 82 []32 82 a2 33 [ ] 83 a3 (@ (@[ ][2][72] i3] [3] (] [a] [=] i3] (7] (] [1] 5] [i8] [15] ] Av
AW a1 a1 [ |81 32 82 a2 [ ] a2 83 a3 33 [ |[r2l[iz][r2l[i 18] [13][1a] [+3] ][] [+=] @) [151 [ ] [15] [15] [15] Aw
AY 31 (a1 31 a1 [] 82 a2 (32 a2 [ |83 33 83 33 [|[v2][12] 2] 3] [] (il [ie] [r=] 3] [ @) [1] 5] [i5] [ ]@®) Av
BA a1 [ ]t 31 32 32 [ |32 32 a3 33 [ |8 a8 @[ ][12|[18] @ @[] [:=][x3][8] ][5 [15] [15] G5) ea
88 31 81 31 [ |2 @2 a2 32 [ ]33 33 33 33 [ ][i2][r2l[i2][x [E8](3] (=] D[] [=] (78] sl 8] [][3s] e

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Memory Groupings Pins

HP 110 @ opaspin
HR 110 <& ocipin
HP 1/0 ~ VCCAUX Group 0 #  Memory Byte Group 0

HP 1/0 — VCCAUX Group 1 #  Memory Byte Group 1
HP 1/0 — VCCAUX Group 2 #  Memory Byte Group 2
HP 1/ - VCCAUX Group 3 #

HP 1/O - VCCAUX Group 4 #

HP 1/ - VCCAUX Group §
HP 1/0 - VCCAUX Group 6
HP 1/O — VCCAUX Group 7

Memory Byte Group 3
Bank Number

FEFE-EEEEE

ug475_c3_206_052311

Figure 3-67: FHG1761 Package—XC7V2000T Memory Groupings
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Figure 3-72: FFG1157 Package—XC7VX485T Power and GND Placement

7 Series FPGAs PackaginwWW. BDTI@‘%“@@!II /XILINX 117

UG475 (v1.4) October 17, 2


http://www.xilinx.com

Chapter 3: Device Diagrams

& XILINX.

FFG1158 Package—XC7VX485T

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

~JECoN0EHESOSNSOOOHOOOONE®@@EAEE > EE »
e QOOOOCCHENDIHNSSADOOONOOOOCH®@®@He SHAE P ¢
c AMo<oOEHRSeSO®®OONOOROHOLEIEIQN@®HEIHS S ME
° OOMESSAHEIOS®ONOOROHEDPOOONO®®@H < SAMPD 0
s d0S<O0EHE®eNO00OHOOOONOOC®ON®®HEHeSHM -
FOOHOOoNOHOOHeO00NOOo0H OeoOmod -
« AMOCHEIEHHOO®ONOOOOHOOOONOHEEEIAPG OMME -
FOOMESoNINONONOOOOHNOOOON@®OOEHEACSAMPD +
'O0S<0EHS«O0000N0O00DNOOOEHOMNEHeSEHHCSEMA ¢
«OOHOSOoNNNEOO0ONOOOOHPee@NOOES SAE PP «
cAMO<HdE&«H0ONOOOOHORKOON®®®HNeSEHeSMA -
v OONHSeONN00OIDOOOONOOC0eNeOONHe SEM PP v
OO OHOESeOO0OeO00ONOOOON®®R@HeSEIHO>HE ~
P OOHOSIOHOQONOOOOHOOOON®PHOHS SAE D »
rOMSodES¢eOFOROEOROMONORCHOOeSEIHSSMME »
TOOMESoNNOMEOHANFNEISONIRNOSEREERC SAMOD
O | 0 O N o o [ o . [ " [ 0 R AW W RO I W
vOOOEScONOFMOLJORMONANO4OSACIEReSAmed v
wHMOOONS O ORETNASEEEHNEAHAERME e SHEC PME w
v OOMESoHNNOHMOLMORACSENOLOSANEAERS SAMOD v
~OHocodl¢«eNASINERLLNENOSERACHeSEHe SEE
L o [ R o I [ o[ [ ] I I o 0 0 R 0 [ RO
~OMoodl¢«oOENEOINONORITNOSNRON @S EHS SN M~
oSOV HOSeDONNONRILOROROIO4JONOSRTIOEe SAMOD »
x=0HS<0ES«ANOSOOHOOOONOOOOHHeSEIHe SMM ~
SO0 <oOHEOOEOOOONOOOOHOCOONNHeSEE PP
x=AMSoAEEAHOOPCONDXOOHORXOONOONOHEHS MM«
AP OMESSHOERKNOOOOHOOOONO®O®HOHe SEM DD A
~HESCHEENOOOOHKOOONOOCOOHNO®@ OHEIHC>EE ~
w«POHEASSHOOHOOPONOOCOONOOOONOXE S SHE PP A«
A BMSHEIHQCOOONOOOOHOODONOOCOOHNHEIHS S ME A
wmOOMESSEONOOOOHROOONOOOCHOODH S SEM PP A
aBAESCAEEOCOCOEOOOONOOOOHEOOOONOHEEIED > EE A
»SOHESCSEACOOONOOOOHEOOOONOOOOHS SEE PP
User I/O Pins Transceiver Pins Dedicated Pins Other Pins
QO oxxy_# [E] maravee et [c] coko VP_0 A eno
® oxxs [v] wmeravrr s @ cresvs.o VN_O [ veecaux o a#
[A] matvecaux s [o] poneo VREFP_0 [ vocaux

Multi-Function Pins MGTAVTTRCAL DXP_0 VREFN_0 @™ veonr

— MGTRREF DXN_0 N veco_#

(6] aove @ van @ MGTREFCLK1/0P Il cnosoc o ] vocsram

(6] Fess O vee & VGTREFCLK1/ON INIT_B_0 [0] ~e

(5] Foes Q@ vRer & MGTXRXP [0] moo

(8] wosi @ Doo-03t & MGTXRXN M1_0

(6] Fwes & n00-A28 O verxxp [2] m2o

(] poutcsos Q@ vas P maTXTXN [F] ProcRam B.0

6] csie @© wrce [E] matHavce e TCK O

(5] puocs @ shce [v] maTHAVTT G# [ oo

(0] rown.s Q MGTHRXP @ TDO_0

[[] mso-mst & MGTHRXN [M] Tms0

@ ADOP/ADON-AD15P/AD1SN O maTHTXP [ vecaoc o

& emcok P MaTHTXN HH vecearro

ug475_c3_104_090!

511

Figure 3-73: FFG1158 Package—XC7VX485T Pinout Diagram

118

www.BDTEieom/XILIN

Series FPGAs Packaging
75 (v1.4) October 17, 2011


http://www.xilinx.com

& XILINX. Virtex-7 FPGAs Device Diagrams

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

A 119(119] 14 (1414|114 [219]219 A
B |119[119) 119[119) 14 14|14 (14 219[219) 219]1219] B
[ 119(119] 141414 14 219]219 [
D [119]119) 119(119| 1411414 |14 1219[219) 219]1219| D
E 119|119 14|14 14|14 2191219 E
F [119]119] 118118 141414 1218218} 219[219| F
G 118|118 115/115] 14 14 [215[215| 218|218 G
H |118[118] 118|118 14|14 (1414 218[218] 218[218| H
J 118|118 119]119] 14 14[14 219[219 218|218 J
K |118[118] 118|118 14 (1414 218[218] 218[218( K
L | [119]119] 141414 L
M mﬂa 118|118] 14114 14 M
N | 118118 14|14 (14|14 N
P 14 14[14 P
R 14 14 R
T T
u U
v mﬂﬁ 116(116| 1216216} 216[216( V
w 116|116 116|116} [216[216| 216[216] w
Y [116]116] 116{116) 216[216) 216[216 Y
AA 116116} 116116 216|216} [216[216 AA
AB 116|116 115|115 215]215| 216[216| AB
AC 116{116) 115(115] [215[215) 216/216 AC
AD [115]115| 114114} 214]214] 215|215/ AD
AE 115|115 114114] 214[214] 215]215 AE
AF [115]115] 115[115| 1215[215 1215[215| AF
AG 115(115) 1215[215) AG
AH|115/115} 115(115| 1215[215 |215[215| AH
AJ 115|115 215]215 AJ
AK [114]114] 114|114] 214]214] 2141214/ AK
AL 114(114| 1214[214 AL
AM|114[114] 114|114] 214]214] 214]214|AM
AN 114114 1214[214] AN
AP |114(114] 114114 214]214] 214214/ AP

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
ug475_c3_105_052311

Figure 3-74: FFG1158 Package—XC7VX485T I/O Banks
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Figure 3-75: FFG1158 Package—XC7VX485T Memory Groupings
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Figure 3-76: FFG1158 Package—XC7VX485T Power and GND Placement
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Figure 3-77: FFG1761 Package—XC7VX485T Pinout Diagram

22 www. BD T EEieem / XTLIN X Seres reoas Packaging


http://www.xilinx.com

& XILINX. Virtex-7 FPGAs Device Diagrams

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

A 119(119| 119(119] 115 A
B 119|119 119(119] 115 B
C [119]119| 119(119| 119|119 [
D 119(119] [119[119] D
E [119]119) 118(118] 118|118 E
F 118118 118118 F
G [118]118] 118|118} 118118} G
H 118(118} 118[118] H
J [118[118] J
K | K
L L
M M
N N
P 116116} P
R 116|116 116{116) R
T 116116 116116 T
U 116|116 116{116) u
v 116116 116116 v
W [115]115] 116|116 w
Y 115(115] 115(115] Y
AA[115]115] [115(115 AA
AB 115]115 115]115] AB
AC|115|115| 115(115] AC
AD 114114 114114} AD
AE|115115) 114114] AE
AF [114(114] 114114 14|14 AF
AG|114]114] 114114] 14 141414 AG
AH [114(114] 1414 |14)14 14|14 |14 AH
AJ [114]114] 14 14|14| 14|14 141414 AJ
AK 114114 14|14 |14 1414|1414 14 AK
AL 14|14 (14|14 14 (141414 AL
AM 1414|1414 14114 AM
AN 13113 14|14 (14]14 AN
AP 13[ 13| 13|13 141414 AP
AR 1 13 13[ 131313 AR
AT 131313 13[13[13 AT
AU 1313|1313 13 AU
AV 13113 13|13 13|13 AV
AW 13[13]| 13|13 1313 AW
AY| 13 13[13] 13|13 AY
BA 131313 131313 BA
BB 1313|1313 13 BB

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
ug475_c3_109_052311

Figure 3-78: FFG1761 Package—XC7VX485T I/0O Banks
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Figure 3-79: FFG1761 Package—XC7VX485T Memory Groupings
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Figure 3-80: FFG1761 Package—XC7VX485T Power and GND Placement
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Figure 3-81: FFG1927 Package—XC7VX485T Pinout Diagram
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Figure 3-82: FFG1927 Package—XC7VX485T I/O Banks
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Figure 3-83: FFG1927 Package—XC7VX485T Memory Groupings
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Virtex-7 FPGAs Device Diagrams
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ug475_c3_115_052311

Figure 3-84: FFG1927 Package—XC7VX485T Power and GND Placement
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Figure 3-85: FFG1930 Package—XC7VX485T Pinout Diagram
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Figure 3-86: FFG1930 Package—XC7VX485T I/O Banks
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Figure 3-87: FFG1930 Package—XC7VX485T Memory Groupings
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VCCBRAM MGTAVTT
VCCBATT_0 MGTAVTT_G# or MGTHAVTT_G#
VCCADC_0 GND
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Figure 3-88: FFG1930 Package—XC7VX485T Power and GND Placement
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& XILINX.

Mechani

Chapter 4

cal Drawings

Summary

This chapter provides mechanical drawings (package specifications) of the following
7 series FPGA packages:

e FB(G)484 Flip-Chip Bare-Die BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 136

e FB(G)676 Flip-Chip Bare-Die BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 137

e FB(G)900 Flip-Chip Bare-Die BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 138

e FF(G)676 Flip-Chip BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 139

e FF(G)900 Flip-Chip BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 140

e FF(G)901 Flip-Chip BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 141

e FF(G)1156 Flip-Chip BGA (Kintex-7 FPGAs) (1.0 mm Pitch), page 142

e FF(G)1157 and FF(G)1158 Flip-Chip BGA (Virtex-7 FPGAs) (1.0 mm Pitch), page 143
¢ FF(G)1761 Flip-Chip BGA (Virtex-7 FPGAs) (1.0 mm Pitch), page 144

e FH(G)1761 Flip-Chip BGA (Virtex-7 FPGAs) (1.0 mm Pitch), page 145

FF(G)1926, FF(G)1927, FF(G)1928, and FF(G)1930 Flip-Chip BGA (Virtex-7 FPGAs)
(1.0 mm Pitch), page 146

¢ FL(G)1925, FL(G)1928, and FL(G)1930 Flip-Chip BGA (Virtex-7 FPGAs) (1.0 mm
Pitch), page 147

Note: This chapter is intentionally missing drawings.
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FB(G)484 Flip-Chip Bare-Die BGA (Kintex-7 FPGAS)
(1.0 mm Pitch)
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Figure 4-1: FB(G)484 Flip-Chip Bare-Die BGA Package Specifications for Kintex-7 FPGAs
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& XILINX. FB(G)676 Flip-Chip Bare-Die BGA (Kintex-7 FPGAs) (1.0 mm Pitch)

FB(G)676 Flip-Chip Bare-Die BGA (Kintex-7 FPGAS)
(1.0 mm Pitch)
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Figure 4-2: FB(G)676 Flip-Chip Bare-Die BGA Package Specifications for Kintex-7 FPGAs
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FB(G)900 Flip-Chip Bare-Die BGA (Kintex-7 FPGASs)
(1.0 mm Pitch)
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Figure 4-3:  FB(G)900 Flip-Chip Bare-Die BGA Package Specifications for Kintex-7 FPGAs
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& XILINX.

FF(G)676 Flip-Chip BGA (Kintex-7 FPGAs) (1.0 mm Pitch)

FF(G)676 Flip-Chip BGA (Kintex-7 FPGASs)

(1.0 mm Pitch)
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Figure 4-4: FF(G)676 Flip-Chip BGA Package Specifications for Kintex-7 FPGAs

UG475 (v1.4)

7 Series FPGAs Packagin

October 17, 2 WWW BDT@M/XILINX 139


http://www.xilinx.com

Chapter 4: Mechanical Drawings

& XILINX.

FF(G)900 Flip-Chip BGA (Kintex-7 FPGASs)
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Figure 4-5: FF(G)900 Flip-Chip BGA Package Specifications for Kintex-7 FPGAs
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& XILINX. FF(G)901 Flip-Chip BGA (Kintex-7 FPGAs) (1.0 mm Pitch)

FF(G)901 Flip-Chip BGA (Kintex-7 FPGASs)
(1.0 mm Pitch)
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Figure 4-6: FF(G)901 Flip-Chip BGA Package Specifications for Kintex-7 FPGAs
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Chapter 4: Mechanical Drawings

& XILINX.

FF(G)1156 Flip-Chip BGA (Kintex-7 FPGASs)
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Figure 4-7: FF(G)1156 Flip-Chip BGA Package Specification for Kintex-7 FPGAs
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& XILINX. FF(G)1157 and FF(G)1158 Flip-Chip BGA (Virtex-7 FPGAs) (1.0 mm Pitch)

FF(G)1157 and FF(G)1158 Flip-Chip BGA (Virtex-7 FPGAS)
(1.0 mm Pitch)
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Figure 4-8: FF(G)1157 and FF(G)1158 Flip-Chip BGA Package Specification for Virtex-7 FPGAs
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Chapter 4: Mechanical Drawings

& XILINX.

FF(G)1761 Flip-Chip BGA (Virtex-7 FPGASs)

(1.0 mm Pitch)
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Figure 4-9: FF(G)1761 Flip-Chip BGA Package Specification for Virtex-7 FPGAs
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& XILINX.

FH(G)1761 Flip-Chip BGA (Virtex-7 FPGAs) (1.0 mm Pitch)

FH(G)1761 Flip-Chip BGA (Virtex-7 FPGAs)
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Figure 4-10: FF(G)1761 Flip-Chip BGA Package Specification for Virtex-7 FPGAs
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Chapter 4: Mechanical Drawings

& XILINX.

FF(G)1926, FF(G)1927, FF(G)1928, and FF(G)1930 Flip-Chip BGA

(Virtex-7 FPGAs) (1.0 mm Pitch)
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Chapter 5

Thermal Specifications

Summary

Introduction

This chapter provides thermal data associated with 7 series FPGAs packages. The
following topics are discussed:

* Introduction

e Power Management Strategy

¢ Some Thermal Management Options

e Support for Compact Thermal Models (CTM)

e References

7 series FPGAs are offered exclusively in thermally efficient flip-chip BGA packages. These
0.5 mm, 0.8 mm, and 1.0 mm flip-chip packages range in pin-count from the smaller

10 x 10 mm CPG236 to the 45 x 45 mm FFG1930. The suite of packages is used to address
the various power requirements of the 7 series devices. All 7 series devices are
implemented in the 28 nm process technology.

Similar to Virtex®-6 FPGAs, all 7 series devices feature the versatile SelectlO™ resources
that support a variety of I/O standards. They also include analog-to-digital converters
(XADC), DSPs, and other traditional features and blocks (such as block RAM) contained in
earlier Virtex products.

In line with Moore's law, the transistor count in this family of devices has been increased
substantially. Though several innovative features at the silicon level have been deployed to
minimize power dissipation, including leakage at the 28 nm node, these products have
more densely packed transistors and embedded blocks with the capability to run faster
than before. Thus, a fully configured 7 series FPGA design that exploits the fabric speed
and incorporates several embedded circuits and systems can present power consumption
challenges that must be managed.

Unlike features in an ASIC or a microprocessor, the combination of FPGA features used in
a user application are not known to the component supplier. Therefore, it remains a
challenge for Xilinx to predict the power requirements of a given FPGA when it leaves the
factory. Accurate estimates are obtained when the board design takes shape. For this
purpose, Xilinx offers and supports a suite of integrated device power analysis tools to
help users quickly and accurately estimate their design power requirements. 7 series
devices are supported similarly to previous FPGA products. The uncertainty of design
power requirements makes it difficult to apply canned thermal solutions to fit all users.
Therefore, Xilinx devices do not come with preset thermal solutions. The user’s operating
conditions dictate the appropriate solution.

7 Series FPGAs Packagin
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Table 5-1 shows the thermal resistance data for 7 series devices (grouped in the packages
offered). The data includes junction-to-ambient in still air, junction-to-case, and
junction-to-board data based on standard JEDEC four-layer measurements.

e Thermal data is available on the Xilinx website at:

http:/ /www.xilinx.com/cgi-bin /thermal /thermal.pl.

e Compact package thermal models for these products are available on the Xilinx
support download center (under the Device Model tab) at:

http:/ /www.xilinx.com /support/download /index.htm

Table 5-1: Thermal Resistance Data—AIl Devices

Package . GJA OJB OJC OJA (OC/W) GJA (OC/W) GJA (OC/W)
Package | gogysize | DOVIC®S | oCW) | (°C/W) | (*C/W) | @ 250 LFM | @ 500 LFM @ 750 LFM

Artix-7 FPGAs

XC7AS8 10 | 234 | 889 352 333 320
CP(G)236 10x 10

XC7A15 41.0 234 8.89 35.2 33.3 32.0

XC7A30T 26.1 109 494 21.1 19.7 18.8
CS(G)225 12x 12

XC7A50T 261 | 109 | 494 211 19.7 18.8

XC7AS 206 | 161 | 741 246 232 24

XC7A15 206 | 161 | 741 246 232 24
CS(G)324 15x15 | XC7A30T 245 | 113 | 467 196 18.4 17.6

XC7A50T 245 | 113 | 467 196 18.4 17.6

XC7A100T 219 88 | 347 16.8 156 15.0

XC7A8 31.2 211 11.08 26.5 25.0 24.2

XC7A15 31.2 211 11.08 26.5 25.0 24.2
FT(G)256 17 x 17 XC7A30T 24.3 14.2 7.14 19.8 18.5 17.7

XC7A50T 243 14.2 7.14 19.8 18.5 17.7

XC7A100T 21.8 11.0 5.24 16.9 16.6 149

XC7A200T 14.2 4.6 0.05 10.2 9.1 8.6
FB(G)484 23x 23

XC7A350T 143 | 42 | 005 96 8.6 8.1

XC7A30T 197 | 113 | 701 151 14.0 135
FG(G)484 23x23 | XC7A50T 197 | 113 | 7.01 151 14.0 135

XC7A100T 179 | 91 5.48 133 122 117

XC7A200T 143 | 46 | 005 95 8.4 7.9
FB(G)676 27 x 27

XC7A350T 133 | 40 | 004 8.7 77 71
FG(G)676 27 x 27 XC7A100T 16.8 8.5 52 12.3 11.3 10.8

XC7A200T 10.2 3.7 0.33 6.4 54 4.8
FF(G)1156 35 x 35

XC7A350T 9.8 2.2 0.23 6.1 52 4.6
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Table 5-1: Thermal Resistance Data—All Devices (Cont'd)
PaCkage . OJA GJB eJc GJA (OCIW) GJA (OCIW) GJA (OCIW)
Package | oy size | DOVIC®S | (oCW) | (°C/W) | ("C/W) | @ 250 LFM | @ 500 LFM | @ 750 LFM
Kintex-7 FPGAs
XC7K70T 16.4 6.6 0.16 12.0 11.0 104
FB(G)484 23x23
XC7K160T 13.5 5.0 0.06 10.4 9.4 8.8
XC7K70T 15.8 6.8 0.16 11.7 10.8 10.2
XC7K160T 12.8 5.1 0.09 9.8 8.9 8.3
FB(G)676 27 x 27
XC7K325T 11.8 4.0 0.04 9.1 8.1 7.5
XC7K410T 111 3.6 0.03 8.5 7.5 7.0
XC7K325T 11.3 4.1 0.04 8.8 7.9 7.3
FB(G)900 31x31
XC7K410T 10.6 4.3 0.04 8.3 7.3 6.8
XC7K160T 10.5 44 0.41 7.4 6.4 5.8
FF(G)676 27 x 27 XC7K325T 9.5 3.7 0.25 7.1 6.1 5.6
XC7K410T 9.3 3.4 0.19 6.8 59 54
XC7K325T 8.4 2.6 0.24 6.1 5.3 5.0
FF(G)900 31x31
XC7K410T 8.2 2.6 0.19 5.9 5.1 4.7
XC7K355T 8.6 3.6 0.22 6.1 5.3 4.8
FF(G)901 31x31 XC7K420T 8.1 3.2 0.19 6.0 5.2 4.7
XC7K480T 7.6 3.2 0.17 5.9 5.1 4.6
XC7K420T 7.3 3.2 0.19 5.8 4.9 44
FF(G)1156 35x 35
XC7K480T 7.0 3.1 0.17 5.6 4.8 4.3
Virtex-7V FPGAs
FF(G)1157 35x35 XC7V585T 6.9 2.2 0.13 5.4 4.6 4.3
FF(G)1761 42.5x42.5 | XC7V585T 5.9 2.1 0.11 4.6 3.9 3.6
FL(G)1761 425x425 | XC7V1500T
FH(G)1761 425x425 | XC7V2000T
FL(G)1925 45 x 45 XC7V2000T
7 Series FPGAs Packagin 151
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Table 5-1: Thermal Resistance Data—All Devices (Cont’d)
PaCkage . OJA GJB eJc GJA (OCIW) GJA (OCIW) GJA (OCIW)
Package | oy size | DOVIC®S | (oCW) | (°C/W) | ("C/W) | @ 250 LFM | @ 500 LFM | @ 750 LFM
Virtex-7VX FPGAs
XC7VX330T 7.4 2.3 0.18 5.6 4.8 4.4
XC7VX415T 7.0 2.1 0.14 5.4 4.7 4.3
FF(G)1157 35x 35
XC7VX485T 6.7 2.4 0.11 5.3 4.6 4.2
XC7VX690T 6.1 2.0 0.04 4.8 4.2 3.8
XC7VX415T 6.8 2.2 0.13 5.4 4.7 43
XC7VX485T 6.4 2.2 0.11 52 4.6 4.2
FF(G)1158 35x 35
XC7VX550T 6.5 2.1 0.09 52 45 4.2
XC7VX690T 6.2 2.1 0.04 4.8 4.2 3.8
XC7VX330T 6.4 2.3 0.19 4.8 4.1 3.7
FF(G)1761 42.5x42.5 | XC7VX485T 5.8 2.0 0.13 45 39 3.5
XC7VX690T 54 1.9 0.09 4.3 3.7 34
XC7VX690T 49 1.8 0.07 4 3.5 3.1
FF(G)1926 45 x 45
XC7VX980T 4.8 1.7 0.04 3.8 3.2 2.9
XC7VX415T 5.6 1.8 0.14 43 3.7 3.3
XC7VX485T 5.2 1.8 0.13 4.5 3.8 3.4
FF(G)1927 45 x 45
XC7VX550T 54 1.8 0.09 4.2 3.6 3.3
XC7VX690T 49 1.8 0.07 3.8 3.2 2.9
FF(G)1928 45 x 45 XC7VX980T 4.8 1.7 0.04 4.0 3.4 3.1
XC7VX485T 55 1.8 0.11 4.3 3.6 3.3
FF(G)1930 45 x 45 XC7VX690T 52 1.7 0.04 3.9 3.3 3.0
XC7VX980T 5.0 1.7 0.04 3.8 3.2 29
152 Series FPGAs Packaging
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Power Management Strategy

Xilinx relies on a multi-prong approach with regards to the heat-dissipating potential of
7 series devices:

Design and Silicon

Significant power reduction in 7 series devices at the 28 nm node is achieved through
innovative process and circuit design. For example, transistor static leakage current is
minimized by more than 50 percent (comparable devices) by deploying multi-gate
oxide transistors in the power-efficient 7 series architecture. Despite these
improvements and a lower operating voltage, the base transistor counts are higher for
these 7 series devices. They pack higher gate densities and the fabric is faster.
Compared to previous generations, the power consumption is lower for the same
design (same function and gate density) in a 7 series FPGA implementation.

However, the increased resources and functionality associated with these higher gate
density devices and faster switching fabric implies that more computation is possible
in shorter time. Associated with this improved functionality is potential higher power
dissipation that would have been worse without the silicon and device-based
innovations.

Packaging

At the package component level, Xilinx has selected the more efficient flip-chip BGA
packages, which present a low thermal path to the outside. This package incorporates
a heat spreader with a thermal interface material (TIM), as shown in Figure 5-1.

Thermal Interface Material (TIM)

Lid-Heat Spreader
Vi A}

/I Die |
O 0O O O O 1
Substrate

Figure 5-1: Heat Spreader with Thermal Interface Material

UG475_c05_01_082610

Materials with better thermal conductivity and consistent process applications deliver
low thermal resistance up to the heat spreader. The junction-to-case thermal resistance
(top of heat spreader) of all 7 series FPGA packages is typically less than 0.20°C/W.
These packages deliver a low resistance platform for heat sink applications.

The parallel effort to ensure optimized package electrical return paths has produced an
added benefit of enhanced power and ground plane arrangement in the packages. The
boost in copper density on the planes improves the overall thermal conductivity
through the laminate. In addition, the extra dense and distributed via fields in the
package increase the vertical thermal conductivity. These packages offer up to 20%
lower Ojg compared to previous flip-chips packages.

7 Series FPGAs Packagin
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Heat Sinking Solutions at the System Level

Depending on the system's physical as well as mechanical constraints, the expectation
is that the thermal budget is maintained with custom or OEM heat sink solutions,
providing the third prong in the thermal management strategy. At this point, Xilinx
has left the heat sink solution to the system-level designers who can tailor the design
and solution to the constraints of their systems, being fully aware that the part has
certain inherent capabilities for delivering the heat to the surface.

Heat sink solutions do exist and can be effective on these low 0y flip-chip platforms.
Table 5-2 illustrates a finned heat sink solution matrix in Network environment (1U
and 2U) arrangement for 35 mm packages and up for power ranging from 15W to 40W.
The AAVID standard finned heat sink offerings are used to illustrate the coverage
given thermal budgets of AT = 35°C and AT = 45°C scenarios. Other heat sink
configurations can be explored similarly.

Table 5-2: Finned Heat Sink Solution Matrix for Large Flip-chip BGA in Network

35 x 35 mm 42.5 x 42.5 mm
Package Power FF1156 FF1761
W)
AT=35°C AT=45°C AT=35°C AT=45°C
1U® Note 1 Note 1
15W
20 Note 1 Note 1
1U® Note 4 Note 2 Note 4 Note 2
25W
20 Note 2 Note 1 Note 2 Note 1
1u® Note 4 Note 3 Note 4 Note 3
35W
20 Note 4 Note 2 Note 4 Note 2
1U® - - Note 4 Note 3
40W
20©) - - Note 3 Note 2
Notes:
1. Solution available at 200 LEM, for example, AAVID finned part number 68520, 72390, 72415.
2. Solution available at 400 LFM, for example, AAVID finned part number 68520, 69920.
3. Solution available at 600 LFM, for example, AAVID finned part number 72390, 69920, 74590.
4. No standard. AAVID finned solution below 600 LFM—custom finned might be required.
5. For 1U Height—(max heat sink height = 26 mm)
6. For 2U Height—(max heat sink height = 64 mm

The 7 series FPGA packages can be grouped into medium- and high-performance
packages based on their power handling capabilities. All 7 series FPGA packages can use
thermal enhancements, ranging from simple airflow to schemes that can include passive as
well as active heat sinks. This is particularly true for the bigger flip-chip BGA packages
where system designers have the option to further enhance the packages with bigger and
more elaborate heat sinks to handle excesses of 25W with arrangements that consider
system —physical constraints as illustrated in Table 5-2.

154
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Some Thermal Management Options

The flip-chip thermal management chart in Figure 5-2 illustrates simple but incremental

power management schemes that can be applied on a flip-chip BGA package.

Low End | Bare Package with | Bare Package
1-6W Moderate Air Package can be
8—12°C/W used with moderate
airflow within a system
Mid Range | Passive H/S + Air | Packaged Used with
4-10W 5-10°C/W Various Forms of
Passive Heat Sinks
Heat spreader techniques
High End | Active Heat Sink | Package Used with
8-25W 2-3°C/W or Better Active Heat Sinks

TEC and board level
heat spreader techniques

UG475_c5_02_082610

Figure 5-2: Thermal Management Options for Flip-Chip BGA Packages

For moderate power dissipation (less than 6W), the use of passive heat sinks and heat
spreaders attached with thermally conductive double-sided tapes or retainers (with
TIM around 0.2°C/W) can offer quick thermal solutions in these packages.

The use of lightweight, finned, external, passive heat sinks can be effective for
dissipating up to 10-25W in the bigger packages. The more efficient external heat
sinks tend to be tall and heavy. To help protect component joints from heat sink
induced stress cracks, the use of spring-loaded pins or clips that transfer the mounting
stress to a circuit board is advisable whenever a bulky heat sink is considered.

As stated earlier, the flip-chip BGA packages offered for 7 series devices are thermally
enhanced BGAs with the die facing down. These packages have an exposed metal
heat sink at the top. These high-end thermal packages lend themselves to the
application of efficient external heat sinks (passive or active) for further heat removal
efficiency. Again, precautions must be taken to prevent component damage when a
bulky heat sink is attached. The thermal interface resistance needs to be controlled to
take full advantage of these packages.

An active heat sink might include a simple heat sink incorporating a mini fan or even
a Peltier Thermoelectric Cooler (TEC) with a fan to carry away any dissipated heat.
When considering the use of a TEC for heat management, consultation with experts in
using the device is important because these devices can be reversed and cause
damage to components. Also condensation can be an issue with these devices.

The printed circuit board on which the package is mounted can have a significant
impact on thermal performance. As much as 60 to 80 percent of the dissipated heat
can go through the BGA balls and thus to the board. A typical systems board is larger
than the standard 4 x 4 in JEDEC thermal board. Components mounted on these
boards with multiple copper layers and several internal vias show low effective
junction-to-ambient thermal resistances.

Table 5-3 shows this impact as an FF1156 flip-chip package's effective junction to
ambient resistance is changed depending on the mounting board.
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UG475 (v1.4) October 17, 2


http://www.xilinx.com

Chapter 5: Thermal Specifications & XILINX.

Table 5-3: Impact of Mounted Board Characteristics on 0,,(FF1156)

Xilinx 35 x 35mm 04a (°C/W) for Different Board Sizes
FF1156 4x4in 10x10in 20 x 20 in
4 91M 8.3 -
8 8.0 55 49
;Azﬁtgg‘é%;’; 12 7.5 47 44
16 7.2 45 4.2
24 - 43 4.0

Notes:
1. Base JEDEC Mount Conditions

* Designs can be implemented to take advantage of the board's ability to spread heat.
The effect of the board is dependent on its size and how it conducts heat. Board size,
the level of copper traces, and the number of buried copper planes all lower the
junction-to-ambient thermal resistance for a package mounted on the board. The cold
ring junction-to-board thermal data for 7 series FPGA packages are given in Table 5-1.
Users need to be aware that a direct heat path to the board from a component also
exposes the component to the effect of other heat sources on the board, particularly if
the board is not cooled effectively. An otherwise cooler component can be heated by
other heat contributing components on the board.

Support for Compact Thermal Models (CTM)

Table 5-1 provides the traditional thermal resistance data for 7 series devices. These
resistances are measured using a prescribed JEDEC standard that might not necessarily
reflect the user’s actual board conditions and environment. The quoted 64 and 0yc
numbers are environmentally dependent, and JEDEC has traditionally recommended that
these be used with that awareness. For more accurate junction temperature prediction,
these might not be enough, and a system-level thermal simulation might be required.
Though Xilinx continues to support these figure of merit data, for 7 series FPGAs,
boundary conditions independent compact thermal models (BCI-CTM) are also available
to assist users in their thermal simulations.

Two-resistor as well as eight to ten-resistor network models are offered for all 7 series
devices. These compact models seek to capture the thermal behavior of the packages more
accurately at predetermined critical points (junction, case, top, leads, and so on) with the
reduced set of nodes as illustrated in Figure 5-3.

Unlike a full 3D model, these are computationally efficient and work well in an integrated
system simulation environment. Delphi CTM models are available on the Xilinx support
download center (under the Device Model tab) at:

http:/ /www.xilinx.com/support/download /index.htm
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DELPHI BCI-CTM Topology for Two Resistor Model
FCBGA

Junction

UG475_c05_03_082610

Figure 5-3: Thermal Model Topologies

The CTM models are based on the DELPHI approach that JEDEC has proposed. Since the
JEDEC neutral (XML) format proposal has not been adopted yet, the DELPHI approach is
used to generate these files and the data saved in the NATIVE and proprietary file formats
of the targeted CFD tools - rather than follow a neutral file format. The CTM libraries are
available in Flotherm (PDML) format — good for V5.1 and above and Icepack (version 4.2
and above) format.

References

The following websites contain additional information on heat management and contact
information.

e hittp://www.wakefield.com

e hittp://www.aavidthermalloy.com

e http://www.gats.com

Refer to the following websites for interface material sources:

e Power Devices - http:/ /www.powerdevices.com

® Bergquist Company - http://www.bergquistcompany.com

¢ AQOS Thermal Compound - http://www.aosco.com

e Chometrics - http:/ /www.chomerics.com

e Kester - http:/ /www.kester.com

Refer to the following websites for CFD tools Xilinx supports with thermal models.

¢  Flomerics - Flotherm & FloPCB - http://www.flomerics.com

¢ Fluent - Icepak - http://www.icepak.com
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Package Marking

All 7 series devices have package top-markings similar to the examples shown in
Figure 6-1 and Figure 6-2 and explained in Table 6-1.

XILINXe

KINTEX -7

Device Type +————» XCTK325T "

Package —— FF900xxxXXXX Date Code
DDXXXXXXXA Lot Code
Speed Grade —+— [1C ES Engineering Sample
—/
L
Operating Range ug475_c6_01_031511

Figure 6-1: Kintex-7 Device Package Marking
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VIRTEX =7

. XC7VX485T "

Device Type
Package L~ FFG1761xxxXXXX l— Date Code
DDxxxxxxxA Lot Code
Speed Grade 1C ES Engineering Sample

Operating Range ug475_c6_02_081011

Figure 6-2: Virtex-7 Device Package Marking

Table 6-1: Xilinx Device Marking Definition—Example

Item Definition

Xilinx Logo Xilinx logo, Xilinx name with trademark, and trademark-registered status.

Family Brand | Device family name with trademark and trademark-registered status. This line is optional and could

Logo appear blank.

1st Line Device type.

2nd Line Package code, circuit design revision, the location code for the wafer fab, the geometry code, and date
code.
A G in the third letter of a package code indicates a Pb-free RoHS compliant package. For more details
on Xilinx Pb-Free and RoHS Compliant Products, see: http://www.xilinx.com/pbfree.

3rd Line Ten alphanumeric characters for Assembly, Lot, and Step information. The last digit is usually an A or
an M if a stepping version does not exist.
Device speed grade and temperature range. When not marked on the package, the product is
considered to operate at the commercial (C) temperature range. For more information on the ordering
codes, see DS180: 7 Series FPGAs Overview.
Other variations for the 4th line:
L2E The L2E indicates a -2LE device. The -2L devices operate at either of two voltages, 0.9V

4th Line and 1.0V. The E is for the extended temperature operating range. For more information,

see the specific device’s data sheet at:
http:/ /www.xilinx.com /support/documentation/7_series.htm#156339.

1C xxxx The xxxx indicates the SCD for the device. An SCD is a special ordering code that is not
always marked in the device top mark.

1CES The ES indicates an Engineering Sample.
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Appendix A

Recommended PCB Design Rules for
BGA Packages

Xilinx provides the diameter of a land pad on the component side. This information is
required prior to the start of the board layout so the board pads can be designed to match
the component-side land geometry. The typical values of these land pads are described in
Figure A-1 and summarized in Table A-1. For Xilinx® BGA packages, Non-Solder Mask
Defined (NSMD) pads on the board are suggested to allow a clearance between the land
metal (diameter L) and the solder mask opening (diameter M) as shown in Figure A-1. The
space between the NSMD pad and the solder mask as well as the actual signal trace widths
depend on the capability of the PCB vendor. The cost of the PCB is higher when the line
width and spaces are smaller.

Mask Opening outside of Land

UGA475_aA_01_082610

Figure A-1: Suggested Board Layout of Soldered Pads for BGA Packages
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Appendix A: Recommended PCB Design Rules for BGA Packages & XILINX.

Table A-1: Recommended PCB Design Rules for All FF(G) Packages

Design Rule (Dimensions im mm)

Component Land Pad Diameter (SMD)(l) 0.53

Solder Land (L) Diameter 0.45
Opening in Solder Mask (M) Diameter 0.55

Solder (Ball) Land Pitch (e) 1.00

Line Width Between Via and Land (w) 0.13

Distance Between Via and Land (D) 0.70

Via Land (VL) Diameter 0.61

Through Hole (VH) Diameter 0.300

Notes:

1. Component (15@ pad diameter refers to the pad opening on the component side (solder
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