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= AMD Xilinx2| 7 Series FPGAs

https://docs.amd.com/v/u/en-US/ds180 7Series Overview

& XILINX.

7 Series FPGAs Data Sheet: Overview

DS180 (v2.6.1) September 8, 2020

Product Specification

General Description
Xilinx® 7 series FPGAs comprise four FPGA families that address the complete range of system requirements, ranging from low cost, small form factor,
cost-sensitive, high-volume applications to ultra high-end connectivity bandwidth, logic capacity, and signal processing capability for the most demanding
high-performance applications. The 7 series FPGAs include:

Spartan®-7 Family: Optimized for low cost, lowest power, and high
I/O performance. Available in low-cost, very small form-factor
packaging for smallest PCB footprint.

Artix®-7 Family: Optimized for low power applications requiring serial
transceivers and high DSP and logic throughput. Provides the lowest
total bill of materials cost for high-throughput, cost-sensitive
applications.

Kintex®-7 Family: Optimized for best price-performance with a 2X
improvement compared to previous generation, enabling a new class
of FPGAs.

Virtex®-7 Family: Optimized for highest system performance and
capacity with a 2X improvement in system performance. Highest
capability devices enabled by stacked silicon interconnect (SSI)
technology.

Built on a state-of-the-art, high-performance, low-power (HPL), 28 nm, high-k metal gate (HKMG) process technology, 7 series FPGAs enable an
unparalleled increase in system performance with 2.9 Tb/s of I/O bandwidth, 2 million logic cell capacity, and 5.3 TMAC/s DSP. while consuming 50% less
power than previous generation devices to offer a fully programmable alternative to ASSPs and ASICs.

Summary of 7 Series FPGA Features

Advanced high-performance FPGA logic based on real 6-input look-
up table (LUT) technology configurable as distributed memory.

36 Kb dual-port block RAM with built-in FIFQ logic for on-chip data
buffering.

High-performance SelectlO™ technology with support for DDR3
interfaces up to 1,866 Mb/s.

High-speed serial connectivity with built-in multi-gigabit transceivers
from 600 Mb/s to max. rates of 6.6 Gb/s up to 28.05 Gb/s, offering a
special low-power mode, optimized for chip-to-chip interfaces.

A user configurable analog interface (XADC), incorporating dual
12-bit IMSPS analog-to-digital converters with on-chip thermal and
supply sensors.

DSP slices with 25 x 18 multiplier, 48-bit accumulator, and pre-adder
for high-perfermance filtering, including optimized symmetric
coefficient filtering.

Powerful clock management tiles (CMT), combining phase-locked
loop (PLL) and mixed-mode clock manager (MMCM) blocks for high
precision and low jitter.

Quickly deploy embedded processing with MicroBlaze™ processor.
Integrated block for PCI Express® (PCle), for up to x8 Gen3
Endpoint and Root Port designs.

Wide variety of configuration options, including support for
commeodity memories, 256-bit AES encryption with HMAC/SHA-256
authentication, and built-in SEU detection and correction.

Low-cost, wire-bond, bare-die flip-chip, and high signal integrity flip-
chip packaging offering easy migration between family members in

Table 1: 7 Series Families Comparison

the same package. All packages available in Pb-free and
packages in Pb option.

Designed for high performance and lowest power with 28 nm,
HKMG, HPL process, 1.0V core voltage process technology and
0.9V core voltage option for even lower power.

Max. Capability Spartan-7 Artix-7 Kintex-7 Virtex-7
Logic Cells 102K 215K 478K 1,955K
Block RAM() 4.2 Mb 13 Mb 34 Mb 68 Mb
DSP Slices 160 740 1,920 3,600
DSP Performance(2) 176 GMAC/s 929 GMAC/s 2,845 GMAC/s 5,335 GMAC/s
MicroBlaze CPU®) 260 DMIPs 303 DMIPs 438 DMIPs 441 DMIPs
Transceivers - 16 32 96
Transceiver Speed - 6.6 Gb/s 12.5 Gb/s 28.05 Gb/s
Serial Bandwidth - 211 Gb/s 800 Gb/s 2,784 Gbls
PCle Interface - x4 Gen2 x8 Gen2 xB8 Gen3
Memory Interface 800 Mb/s 1,066 Mb/s 1,866 Mb/s 1,866 Mb/s
110 Pins 400 500 500 1,200
1/0 Voltage 1.2V-3.3V 1.2V-3.3V 1.2V-3.3V 1.2V-3.3V
e I el =l et
Notes:

1. Additional memory available in the form of distributed RAM.

2. Peak DSP performance numbers are based on symmetrical filter implementation.
3. Peak MicroBlaze CPU performance numbers based on microcontroller preset.
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E DA E (EDA: Electronic Design Automation)
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EDA =

= Synthesis(2fA)

@ High-level synthesis > Vivado

@ RT-level synthesis https://www.xilinx.com/support/download/index.html/cont
ent/xilinx/en/downloadNav/vivado-design-tools.html

3 Gate-level synthesis

@ Technology mappin :
o | + bare-metal programming

= Placement & Routing = Vitis
@ Placement https://www.xilinx.com/support/download/index.html/cont
@ Clock tree synthesis ent/xilinx/en/downloadNav/vitis.html
® Signal routing . |
@ Timing closure + Linux embedded programming
= PetalLinux

= Device programming_/

https://www.xilinx.com/support/download/index.html/cont
ent/xilinx/en/downloadNav/embedded-design-tools.html
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Verilog HDL

A=0, &
= VHDL {=0l, @i Verilog?
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Verilog HDL
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Verilog HDL

= 0| A|l; even-parity detector

module even parity detector (
input [2:0] a,
output even

)
wire odd;

assign odd = a[2]”al[l]l%al[0];
assign even = ~odd;

endmodule

. KO
== ]

- Ol5li5h7| &
« =0T AO{Qf H|=E
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library ieee;
use leee.std logic 1l64.all;

-- entity declaration

entity even parity detector is

port (

a : in std logic vector(Z downto 0);

even: out std logic
) ;

end even parity detector;

—-— architecture body

architecture xor arch of even parity detector is

signal odd: std logic;
begin
even <= not odd;

odd <= a(?) xor a(l) xor a(0);

end xor arch;




Verilog HDL

= 0| A|: even-parity detector

module even parity detector )\E.|7:” 7|% Alz!.
(
input [“:0] a, I E 7|%
output even - : o
) ; « 2&H: 3-bit M=
« &3 1-bit M=
wire odd; .
Net 7|=
assign odd = a[ 1%al 1%al'1:; T -
assign even = ~odd; —7F—°|=|I- 2|E %FJSEDI
S Z~ 11
endmodule 27 7lg €
\
a[1] ]

odd DQ
a[0] / L/ even
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7|= 7l I ALK} = of

+ EfI 2 4+3=7
- b 7 | 2 5_-4=1
* =Ool/| 2 3*7 =21
/ Lt57| 2 18/2=9
% LI H X| (modulo) 2 25 % 3 =1
xx 1 & Xl & (power) 2 3* 3=27
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7|2 IS | & &kX} of

> ~HLCF ALCH 2 4 > 1 =true (1'b1)

< ~HCF &t 2 9 < 7 = false (1'b0)

>= ~HCF 3L 20} 2 5>=5 =true

<= ~HCF 2L ZC} 2 6 <=9 = true

== ~HLC} ZLCH (=2 S7h 2 9 == 8 = false

1= | ~HLC} C}2C} (=2| 25 2 1 1= 45 = true
=== case &/} 2 4’'b1z0x === 4’'b1z0x = true
I== case ¥ 2 4’b1z0x == 4’b1z0x = false
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7= 7ls m| A MK} 5= of
~ HE 27 1 ~4'b0011 = 4b1100
& H| E and 2 2'b01 & 2’b11 = 2’b01
| H|E or 2 2'b10 | 2’b01 = 2’b11
A H| E xor 2 2’'b00 A 2’b11 = 2’b11
& =9} and 1 &4'b0111 = 1’b0
| =% or 1 14'61100 = 1’b1
A =2 xor 1 A4'b1010 = 1’b0
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Verilog ¢ £FX}

. = 2| QI AR}

—

7|= 7l I A MK} = of
! =2 £73 1 14’0010 = false (1°b0)
&& =2| and 2 2'b01 && 2’b10 = true (1'b1)
| =2| or 2 2’b00 || 3'b000 = false (1’b0)

. 7|EFSIALRL

7|12 | 7l | mAHLMX}; £ of

{3 At OFF 7H== {3’b001, 2’b11, 1’b0} = 6’b001110
{{3 o= OFF 7%= {3{3'b100}} = 9’b100100100

?: = 3 (3'b110 > 3'b011) ? 1’b1 : 1°’b0 = 1’b1
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a
COMP
b
a>b |a==

3

assign out = (a == b) ? (in + 1) : M ~_

(a >b ) ? (%rl + 2) : in ® U M
Gt X U out
2 g X
/

1 :
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» 7 (high impedance)
VCC VCC VCC

oI
I
NID

—O0 —0
GND GND GND

dir assign out = (dir) ? in :

i I\I\ out dir out

Vv 0 Z

tri-state buffer 1 in
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module bi io port (
input in,
input dir,
inout bi

) ;
wire sig in;

assign bi = (dir) ? in
assign sig in = bi;

endmodule



z 5l x

X (don’t care)

* Verilog ZE 24 Al 2X 2 LIEILA| B2 IHEHESS x2 HEAE + US
= xOfl Chal Al=Z 20| M2t 22| XjO[7t AZ

. T Al SR AIKBHE 9I0) x2 00|LH 12 HHE
« AZ20|M Al x= 00|L} 10| Ot 5% 7t0.2 SEHE

L- |1 O HA— O

= “unknown” 22 Z=7|3} £|X| QL= 2|0

ol=d == assign c = (a== && b== ) ?
(a== && b== ) ?
a b C (a== && b== ) °?
0 0 0 '
0 1 1 N
1 0 1 (#H Ma=1b1b=1b1 o= 160 ]
1 1 X
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= 223| = (combinational circuit)
- HlZ2l(EE ME)E ZHSRI AB o o0
. Zo s e =Y )
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initial % always 2=

= jnitial %% initial
- ot Ed =d becriltlatements;_
- A2 0|M [Tt AR end ‘
. always %% always @(sensiti\“z",j:ty_list)
" %jé% égég begizatements;.. |
« A & A[ZH0[Md | ArE 7ts  end

*”

procedural assignments

assign|yl = x1 & x2
assign|y2 = x1 | x2

----------- continuous assignments
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continuous %

O:y=a&b&c

module cont assign (
input a, b, c,
output vy

)

assign y = a & b & c;

endmodule

Q

—
BT

| procedural

module proc assign (

) ;

input a, b, c,
output vy

always @(a, b, c) E:>

begin

y =a &b & c;
end
endmodule

—
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module proc assign
input a, b, c,

output vy
) ;

always |[@*

begin
y=a &b &c;
end
endmodule
y
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continuous % procedural

O:y=a&b&c

module cont assign ( module proc assign (
input a, b, c, input a, b, c,
output vy output vy
) ; )
assign y = a; always @*
assign y =y & b; begin
assign y =y & C; y = aj
y =Yy & b;
endmodule y =Yy & C;
end
d

Ci

b — L endmodule
[—} y
—D—
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if ... else ...

if condition

COMP

begin
statements; a
end
else b
begin
statements;
end 3
assign out = (a == b) ? (in + 1) .
(a >b ) ? (in + 2) In—%
(in + 3);
if (a == Db) 2
out = in + 1;
else if (a > Db)
out = in + 2;
else
out = in + 3; 1
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priority routing network
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case

case expression
item:
begin
statements;
end
item:
begin
statements;
end
item:
begin
statements;
end
default:
begin
statements;
end
endcase
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case (sel)
2'"b00: out = ay
2'b0l: out = by
2'"b10: out = c;
2'bll: out = dy;
endcase

multiplexing network

// default AIE 7}

—

— out

|

: sel
| 2
' a —

|
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1
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