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Field Programmable Gate Arrays

FIGURE 3-26: Layout of a Typical FPGA
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Basic FPGA Operation

e Writing configuration memory
= defines system function

— Input/Output Cells |—
— Logicin PLBs

— Connections between PLBs
& 1/O cells

» Changing configuration
memory data = changes
system function

Ei
m

— Can change at anytime

— Even while system function
IS In operation
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Interconnect

(b) Row based

Logic block_/

| Architectures for FPGAs
(a) Matrix based (symmetrical array)
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TABLE 3-9: Architecture, Technology, and Logic Block Types of Commercial FPGAs

Programming
Company Device Names General Architecture Logic Block Type Technology
Actel ProASIC/ProASIC3/ | Sea of Tiles Multiplexers & Basic Gates | SRAM
ProASICP!us
SX/SXAleX/IMX Sea of Modules Multiplexers & Basic Gates | Antifuse
Accelerator Sea of Modules Multiplexers & Basic Gates | SRAM
Fusion Sea of Tiles Multiplexers & Basic Gates | Flash, SRAM
Xilinx Virtex Symmetrical Array LUT SRAM
Spartan Symmetrical Array LUT SRAM
Atmel AT40KAL Cell Based Multiplexers & Basic Gates | SRAM
QuickLogic | Eclipse Il Flexible Clock LUT SRAM
PolarPro Cell Based LUT SRAM
Altera Cyclone I Two-Dimensional Row LUT SRAM
and Column Based
Stratix Il Two-Dimensional Row LUT SRAM
and Column Based
APEX Il Row and Column, but LUT SRAM
Hierarchical Interconnect
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Ranges of Resources

Large

FPGA Resource FPGA

25,920

1 38
45 406
139 3,462
128 36,864
16 576

0 512

62 1,200

42,104 | 79,704,832
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Programmable ASIC logic cells

 Xilinx: “configurable logic block” (CLB) contains

— SRAM lookup tables (LUTs) to implement combinational logic
— D flip flops
— Multiplexers to establish paths in the CLB

e Actel "ACT” : multiplexers implement logic

e Altera “Flex” : similarto Xilinx CLB

e Altera "MAX": PALs implement logic

TABLE 3-8: Characteristics of the Major FPGA Programming Technologies

Programming Area

Technology Volatility Programmability Overhead Resistance Capacitance

SRAM Volatile In-circuit Large Medium High
reprogrammable to high

EPROM Nonvolatile Out-of-circuit Small High High
reprogrammable

EEPROM Nonvolatile In-circuit Medium High High
reprogrammable to high

Antifuse Nonvolatile Not reprogrammable Small Small Small

FPGAs




Mux-based logic blocks in FPGAs

Text Figure 3.33
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Actel ACT architecture (rig. 5.1)

(mux-based logic modules)

Logic Module Logic Module Logic Module

0 M1 AO N F
Actel ACT s a1 Do D E E1
E DDDDDDDDDD g DD § A1 ; SA —| F1 1'11' F
B Y O\,F m c 0
EEEEEEEEEEEEEEEEEEEEDE M2 "l’ BO u \—,— 1
O OO 2 BO - D
OOOoooOooooooooo 0 S B1 |>O 8 F2

B1 I 1 F2 S? 1'11'

(a) B2 s3 o R A
S3
0 ) > o
S1 o1 S1 O1 B

: Pass transistor _ .
ACT 1 logic module . . F=(A-B)+(B'-C)+D
implementation

(b) (c) (d)
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Xilinx FPGA families (2015)

Spartan-6 Artix-7 Kintex-7 Virtex-7 Kintex UltraScale Virtex UltraScale
Logic Cells 147,443 215,360 477,760 1,954,560 1,160,880 4,432,680
BlockRAM 4.8Mb 13Mb 34Mb GEMD T6MD 132.9Mb
DSP Slices 180 740 1,920 3,600 5520 2,880
DSP Performance (symmetric FIR) 140GMACS 930GMACSs 2,845GMACS 5,335GMACSs 8,180 GMACs 4,268 GMACs
Transceiver Count ] 16 32 96 G4 120
Transceiver Speed 32 Ghis 6.6 Gbis 12.5 Ghis 28.05 Gbis 16.3 Ghis 3275 Gbis
Total Transceiver Bandwidth (full duplex) 50 Ghis 211 Gh/s 800 Ghis 2784 Ghis 2 086 Ghis 5,886 Ghis
Memary Interface (DDR3) 300 1,066 1,866 1,866 2,400 2,400
PCI Express® Interface ®1 Gen ¥4 Gen2 %8 Genz %8 Gen3 %8 Gen3 %8 Gen3
Analog Mixed Signal (AMSNHADC - HKADC HADC KADC System System
Maonitar Maonitor
Configuration AES Yes Yes Yes Yes Yes Yes
IfQ Pins 576 500 500 1,200 832 1,456
i Violtage 1.2V-3.3V 1.2V -3.3V 1.2V -3.3V 1.2V-3.3V 1.0-3.3V 1.0-3.3V

Digikey.com (4/03/18):

Spartan-3A XC3S50A: $8.05

Spartan-6 XC65LX4: $11.48

Artix-7 XC7A100T: $136.50

Kinetix-7 XC7K70T: $139.65

Virtex7 XC7V1140T-G2FLG1925E: $32,815.17

FPGAs



Xilinx FPGAs

e Virtexand Spartan 2
— Array of 96 to 6,144 PLBs

©GLUTSRAMS Ginpu) - ————0 Soooooooooo

* 4 FF/latches o O o o o e e s s s

~ 410 32.4K-bit dual-port RAMs Special cores : : : : : : : : : : :

e Virtex I, Virtex Il Pro I I/O cells 1 e s s s R s s el s
— Array of 352 to 11,204 PLBs Routing : : : : : : : : : : :

e 8 LUTs/RAMS (4-input) PLBs
* 8FF/latches
— 12 t0 444 18K-bit dual-port RAMs
— 1210 444 18xa8-bit multipliers
— oto 2 PowerPC processor cores

_ alals Do DED
* Virtex 4 > IIII Do gupEoom
— Array of 1,536 to 22,272 PLBs "'I'I"I'I"'I
+ 4 LUTs/RAMs (4-input) et el e e

*  8FFflatches = Array of 192 to 8,320 PLBs

— 48to 552 18K-bit dual-port RAMs a 4 LUTS/RAMS (4-input)

e Also operate as FIFOs m 4 LUTs (4-input)
— 32to 512 DSP cores include: m 8 FF/latches

— oto 2 PowerPC processor cores _/ » 410104 18K-bit dual-port RAMs
B 410104 18x28-bit multipliers

FPGAs



Xilinx 7 Series Families

Maximum Capability

Artix-7 Family

Kintex-7 Family

Virtex-7 Family

Logic Cells 215K 478K 1,955K

Block RAM(T) 13 Mb 34 Mb 68 Mb

DSP Slices 740 1,920 3,600

Peak DSP Performance!® 929 GMAC/s 2,845 GMAC/s 5,335 GMAC/s
Transceivers 16 32 96

Peak Transceiver Speed 6.6 Gb's 12.5 Gb/s 28.05 Gb/s

Peak Serial Bandwidth (Full Duplex) 211 Gb's 800 Gb/'s 2,784 Gb/s

PCle Interface x4 Gen2 8 Gen2 8 Gen3

Memory Interface 1,066 Mb/s 1,866 Mb/s 1,866 Mb/s

'O Pins 500 500 1,200

/0 Voltage 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V | 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V | 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, 3.3V
Package Options Low-Cost, Wire-Bond, Lidless Low-Cost, Lidless Flip-Chip and Highest Performance Flip-Chip

Flip-Chip

High-Perfiormance Flip-Chip

FPGAs




Xilinx Artix-7 Famaily

c“"“‘-‘““’f‘é‘l’_g:]?i“ Blocks Block RAM Blocksi?)
Device ol Max Shoes?) M cMTsl®) | PClel® | GTPs ;ﬁf:i Bk | Mo
Slices') | D istributed 18Kb | 36Kb | e
XCTA1ST 16,640 2,600 200 45 50 25 000 5 1 4 1 5 250
XCTA35T 33,280 5,200 400 90 100 50 | 1,800 5 1 4 1 5 250
XCTASOT 52,160 8,150 600 120 150 75 | 2,700 5 1 4 1 5 250
XCTATST 75,520 11,800 802 180 210 | 105 | 3,780 6 1 8 1 8 300
XCTAI00T | 101,440 15,850 1,188 240 270 | 135 | 4,860 6 1 8 1 8 300
XCTA200T | 215380 | 33850 2,888 740 730 | 385 | 13140 | 10 1 18 1 10 500

Notes:
Each T series FPGA slice contains four LUTs and eight flip-flops; only some slices can usa their LUTs as distributed RAM or SALs.

1.

2. Each D3P slice contains a pre-adder, a 25 x 18 multiplier, an adder, and an accumulator.

3. Block RAMs are fundamentally 36 Kb in size; each block can also be used as two independent 18 Kb blocks.
4. Each CMT contains cne MMCM and ona PLL.

5. Artix-7 FPGA Interface Blocks for PCI Express support up to x4 Gen 2.

B. Does not include configuration Bank 0.

7. Thizs number does not include GTP transceivers.

0 SBG484 2} FBG484(2) 3 FBGETE FFG1156
Package() CPG236 C5G324 C5G325 FTG256 SEV484 FGG4a4! FBVA484 FGGETE FBVETE FEV1156
Size (mm) 10 x 10 15x15 15x15 17T x 17 19 x 19 23x 23 23x 23 2T x 27 27T x 27 35x 35
Ball Pitch {mm} 0.5 0.8 0.8 1.0 0.8 1.0 1.0 1.0 1.0 1.0

Vo o o o o Lo o o Vo o

Device GTP GTP GTP GTP GTP GTP GTP GTP GTP GTP

HR(4) HR#) HRi#) HR4 HR{4) HRI# HRi#) HRi4 HR{4 HR{4)
XCTAAST 2 106 0 240 4 150 0 170 4 250
XCTASRT 2 106 0 210 4 180 0 170 4 250
XCTARDT 2 106 0 240 4 150 0 170 4 250
XCTATST 0 240 0 170 4 285 8 300
XCTAA0OT 0 240 0 170 4 285 8 300
XCTA200T 4 285 4 285 8 400 16 500

FPGAs



Xitlinx “UltraScale” Family

Kintex and Virtex UltraScale and UltraScale+

Kintex Kintax Virtex Virtes Zyng Zyng
Uitrascale Uhtrascale+ Ultrascale UltraScala+ | UltraScale+ | LitraScale+

FPGA FPGA FPGA FPGA MP5oC RF 50
MPSol Processing System « o
RF-m0 IO o
SU-REL o
Swetem Logic Cells (K] 118-1 451 I5E-1,147 THI-E E41 BE2-3, TR 103-1,14% ETE-510
Black Memary (Mb) 12.7-75 9 12./-34.6 44, 3-13.2.9 X1 E-94.5 4_5-34.6 2F.8-34.0
Ulrafuas (Mb) U-36 - 250 L-36 135-12 &
HEM DEAM [GB) L=-3
DSP (Shoes) TRA-5 520 1,368~-3, 5208 BOD-2 EHU £ 280=-14, 258 240-3 SR 3 145-4 272
DSP Performanos (GMACE) H_1H{) b, 2B i, 208 P s FHF £,611
I ransoeivers 1.2 1Nt Ji—-1.20 2i=-15H D= H=-10
Max, Transoehver Spesd (Ghi's) 16.3 2 TE 30.5 275 275 3> ¥5
Maw. Seral Bandwidth (full duplex) (Ghfs) 2 [(0E 3258 gE1E 8,384 ] 1,048
Memory Interface Performance (Mbi's) 2 400 2,558 2 400 26656 2 GEE 2G5S
140 Pin= 112-BE32 LB0—EbE 138-1 456 LOB-H3d Hi-GHi5Y L B0—ai08

FPGAs




Xilinx: Basic CLB Architecture

e Look-up Table (LUT) implements truth table
e Memory elements:
— Flip-flop/latch
— Some FPGAs - LUTs can also implement small RAMs
e Carry & control logic implements fast adders/subtractors

carry out
LUT/

»Output
-, Q output

Flip-flop/
Latch

Control

-

clock, enable, set/reset

3 carry in |

FPGAs



Combinational Logic Functions

A
* Gates are combined to create S__»_.‘

— Z

complex circuits }

e Multiplexer example B
— IfS=0,Z=A
Truth table
— IfS=1,Z=8B SAB|Z
o - 0 Loglc symbol

— Very common digital circuit 1
— Heavily used in FPGAs 0
1

e Sinput controlled by 10

configuration memory bit 10

e We'll see it again 11

11

FPGAS



Look-up Tables

Multiplexer
e Recall multiplexer
example
e Configuration memory
holds outputs for truth
Truth table
table SAB|Z
* Internal signals 00010
connect to control 8 2 é 2
signals of multiplexers 011 |1
to select value of truth 100 |0
table for any given 101 [1]
input value 1100
111 [1

FPGAS



Look-up Table Based RAMs

e Functions of more variables than LUT inputs
fta,a,b,b,)=a.f,a,b,b,)+a,foa,b,b,)

aa, b ._;"IJI.I __;'Iiffa'___,cfl_l, .'JJ..,;’I}I!_J
0000] 0 oo~ o 1 lhoo
00 01 1 0 001 0 001
0 010 ] 010
0010 1 i 011 | 011 .
o a.a.b.b 0 100 D———" 0 100 D—/(@,a,b.by
001 1 I P aff | fia,a,b,b) 1 I | B
0100 0 : R 000 0 1 110 0 110
1 111 I 111
0101 0 00 1 0
AA AR
0110 1 010 | LUT1 ALY LUT2 A 0~
0111 I - 011 1 | !
1000 0~ 1oo0]| o
1001 0 101 I 3 gﬁa
| 001
Lot1o 0 110| o | 010
1 011 1 0 011 f )
fila,b,b) [ 111 1 | 100 D
1100 0 ' B 0 101
1101 0 - 1o
| 11
1110 0 AA
1 111 0~ LUT2 A/ﬂ]/r/
(a) a, b b (a)

FPGAS



Look-up Table Based RAMs

Artix-7 6-input LUTs can be partitioned into two 5-input LUTs

0 % 0 %
0 001 [ 001
0 010 1 010
! omn (A, A,4 Sum | 011 fAA
0 100 D Pfo( o i 0) YT U 100 D Jy il r}
I 101 Fo 0 101 Fo
I 110 | 110
AS FO - 1 111 1 111
—iA
2 A A
—a, Rl— AA AA
—1A F,— -
D1
A
0 000 0 000 [
I 001 0 001
| 010 0 010
0 011 Cout 1 011
1 100 DI 74 4,4 F 0 100 DI s 4,4, F
0 101 Jid 449 ! 0 101 “retd !
0 110 0 110
1 11 0 .
A A
it it

FPGAS



Look-up Table Based RAMs

Data In —

ckO 10

e Normal LUT mode performs cki 1o

read operations k2

e Address decoder with write ck3 1
enable generates clock

signals to latches for write ck4 1o

operations ks H1
 Small RAMs but can be

combined for larger RAMs cké 1o

Write ck7 11

Enable

FPGAS



A Simple CLB

Two 3-input LUTs
— Can implement any

4-input : b
combinational logic | 71 Ce]1Cs[[Cal[Ca|[Ca]|Ca][Co]
function B B B RV
1 flip-flop g A LUT out

LUT C

— Programmable:
D2-0
o Active levels T
e Clock edge LUT S

e Set/reset
. : D3
22 configuration

memory bits CBs
Clock Enable
— 8perLUT
Set/Reset
e Co-7
Clock
* 50-7
6 controls * CB| = Configuration
CBy| |CB,| |CB, Memory Bit
e (CBo-7

FPGAs



Artix-7 SLICEL (1/2 shown)

Four 6-input Look-Up Tables (LUTs)

Any combinational logic function of up to 6 inputs

SLICEM LUT can function as small RAM (16x1-bit) or

shift register (up to 16-bit)

Example CLB

Eight D flip-flops
—  Programmable as latches
- Programmable clock edge, clock enable, set/reset

Extra logic
—  Fast carry for adders

- MUXs for Shannon expansion
- And more

_~D—E DEE-!:I}
COUT o SHL
- OINITE G Jasat T
[‘ —CE pINImo ype
B —C O Symcibs
K gp . Sy Async
o ' o FFALAT
[
—, ™ DMLY
Dt ] AB:Ad | -
I D
ﬁ ' ™ o FELAT
- [ T v o
> f
o SEHI CE 9:||_|:|
__D—E O SALD |~ oK
g OINTE @ SR
—E ainmo
o L :
T,
1 1 I
X —J ' = CMUX
CiEd — aBAl | " Ji _,-"'\ |~
[ -1
- ™ o FFILAT
= W oNT Q0
D olNTD
o SEHI ce DEAH
]—E oSALO | - Ci '3*:';'3'
.. OIMIT 8
—{CE pinrm @
—CK_=n
T
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Synchronous sequential circuit

X
CLB1 CLB2 CLB3
X X X
_A2 —-A2 Az £
Y i
Ay D Qf—; Ay D Qf—¢V A Y b ol
' A
Ao v |_> 0 * |_> AOY |_>
~ |
CLK ~ 5 P
\\ | //
RN L -
‘\‘-\ 1 //
'\I\I i e
xy1ya | Y11 1Yy 1z
’ x 000|000
State 0 ! State [ y1 ya Y1Y2 o :
TR
A | A0 | B/O A |0 o 00 | 00/0 | 01/0 001 [10:10,:0
B| A0 | C/1 B | 0 1 01 | 00/0 | 11/1 010 | 11
| |
c| B/O | DO C |11 11 | 01/0 | 10/0 011 :0:1 0
T
D| ¢ | Do D l1 o0 10 | 1171 | 10/0 100 /0 10
Next State/Output Y, Y,/z 101 | 11 o '
[ |
1101170010
111 [1,.0].0

FPGAs



CLBs and Slices in rows/columns

CcouT couT CouT COouT
F:_LB_ ______ g :_CIEI_ ______ T
i Slical | 1 | Slics |
| X1Y1 || XIY1 |
I || I
| || |
: Slica0 I : Slicad I
|| o | xan |
| |

| CIN CIN l | CIN CIN l
—___lCOuT _ _[CcouTr_ __ __ cout COouUT_
[ CLB | [ CLB |
I Slicel : I Slice :
| X1Y0 I 3o |
| I |
[ I [
I Slical I Slical I
I | xovo l || xevo l
| |1 |

—_————— - - - —— | e —— e e ——

LIGATS e 3 320

Table 2-1: Logic Resources in One CLB

Slices | LUTs | Flip-Flops ”&"::‘:ﬁ';‘;?n"s" Distributed RAM("! | Shift Registers!)
2 B 1& 2 256 bits 128 bits

MNotes:
1. SLICEM only, SLICEL does not have distribused RAM or shift registors.
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Using lookup-table (LUT) programmable logic

FIGURE 3-32:
Highlighting Paths G
for Function F, B X-Function
generator
A LUT4
| x,
|
| v,
|
Y2 | y-Function
| Y3 generator
| LUT4
Yy
—




FIGURE 6-6:
Realization of
Six-Variable
Functions Using
(a) Five-Variable
and (b) Four-
Variable Function
Generators

Functions of more variables
than # of LUT inputs

Lol

5 variable Z,
function
generator
5 variable Z,
function
generator

(a)

4 variable
function
generator

4 variable
function
generator

— T function

b |4 variable 7

generator

4 variable
function
generator

4 variable
function
generator

1, |function

A

Y

b 14 variable Z,

generator

(b)
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FIGURE 6-2: X_ T T T T T T T - xX__ -0~

- - - I [ —
Highlighting Paths O sepincion | X5]x Function
for a 4-to-1 Mux I “Tx.| generator Pl X,| generator
3 fo
Sy _IY LUT4 : Sﬂ? LUT4
I 1|
Y
Ty | kS : |
| Y3|Y Function S QY | | | Y2y Function
513 | v | generator _EEFF b | : [ Y, generator
0= Lums - v 1M i IT4 LUT4
4 T )
M — 515010 + 515011 + 515012 =F 515013
( J ( J
|
Ma M2
FIGURE 6-4: |- - - - - - - - -0 -0 \
|
A 4-to-1 Multiplexer | ™ s QX
in a Programmable | S, | D m@ |
Logic Block with X L~ :EE
Three Function . X, X Function e R |
Generators 0= X,| generator & [ Xout|
I _‘_ 7 Function 7 e ‘
LUT4 P
X t
L 4 generator |
| LUT3 N L v
Di =0
‘ Yl "_/ —CE FF ‘
S ‘ Y>|Y Function . ~ —P R ‘
0= y,| generator } Yisiii |
Lo v| LUT4 — \
T — \
- - - - - - - - —1

D = Programmable MUX
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FIGURE 6-5:

(a) Circular Shift
Register;

(b) Implementation
Using Simple FPGA
Building Block

0 0 0 0. p'TY
D, QI——D, QF——D; *—D, QF—— D=0,
FF1 FF2 FF3 FF3 D=0,
(> 1> (> (> Dy=0Q;
CLK —e @ .
(a)
X, _i Dyx,_ T T T _i 0
D IX2 X Function é QX I Q IXZ XFUH?UOH é 3 QX | 3
I —={ generator D" Q 1 <] generator D i
X, —{ceFF | X5 —CE |
| LuT4 - R | I LUT4 - r |
X4 x| - I
| : | :
LY . L o
D, IE Y Function ~ QY : D, lﬁ Y Function oS QY :
|Y3 generator e FF | Q, |Y3 generator —{ceFF |Q,
y,| LUT4 -+ R | IY,| Lut4 g S
I— I Y | I_ l |
|

(b)
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FIGURE 6-11: Carry

X Carry-in
Chains for Fast [ 00 S 5 T B A O
Addition r
a . . o
| Programmable . . Fig. 6-13 Simplified Spartan and
& LUT il T - :
by — | Virtex Slice
| |
= Dedicated |
| ~|  Carry Chain
| Logic Block 1 |
7 Camy T -
- == ="""="Fr """~ ="5 x
| Programmable | G 1 C 1
a » FF —P s Inputs i
b LUT | P Logic D Q—=YQ
2 I | CE
| L ) >
4 Dedicated |
| “|  Carry Chain FXA
g ) | Mux FX
| ‘} Logic Block 2 EXB
. BY |
Carry il
Mux F5
r = ST ST e WE oA E e W o= R ow = ow B o= od =
" | ProgrzlljnUl};ubic EF : > s, BX
|
b, — Carry %
| Lp | Logic
Dedicated Control
| > Carry Chain | F 41 te- T_. Logic D Qr—=>XQ
| Inputs Entry CE
| Logic Block LUT
Ca £
r— - - — — — — — — 7 \__Cin y,

| Programmable | )
LUT FF —lb Carry-Out

| I
Dedicated |
| Carry Chain

| — Iﬂgic_B]oan-i—l_l
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Input/Output Cells

e Signals between I/O pins and the logic array

Logic Array

I0B1
Pinl

> ~|CLB CLB
IBUF
10B2

. CLB—|CLB
Pin2

OBUF CLB CLB

FPGAs



Input/Output Cells

e Bi-directional buffers
— Programmable for input or output
— Tri-state control for bi-directional operation

— Flip-flops/latches for improved timing Tri-state Confrol

e Set-up and hold times to/from
e Clock-to-output delay internal |Output Data
routing

— Pull-up/down resistors resources

Input Data
\

* Routing resources

— Connections to core of array

* Programmable I/O voltage & current levels

FPGAs



Detailed 1/0 Cell

FIGURE 3-39: Programmable 1/0 Block for an FPGA

CONFIGURATION BITS

- T Vce
ouT 3-STATE LATCHED SLEW PASSIVE
INVERT INVERT OQUTPUT RATE PULL UP
M M M M 2N
0 0 0

e H

(OUTPUT ENABLE)
ouT ii ’ OUTPUT
SIGNAL MUX BUFFER
FLIP
FLOP
ENABLE CE /O PAD
R
.
IN SIGNAL <
IN SIGNAL Q Q 5
(LATCHED) FLIP
FLOP
or VOLTAGE
LATCH
ENABLE o = REFERENCE
R
l (GLOBAL RESET)

CLK CLK
-]
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Interconnect Network

* Wire segments of varying length

— xN=NCLBsinlength

* 1,24, and 6 are most common LTS/
confi
— xH = half the array in length bit ? _l
— xL =length of full array Wire B

e Programmable Interconnect Points (PIPs)
» Also known as Configurable Interconnect Points (CIPs)
— Transmission gate connects to 2 wire segments
— Controlled by configuration memory bit

e 0 =wiresdisconnected

e 1 =wires connected

FPGAs



Xilinx Joel | |1 e, Joosis]

Block Block Block

interconnect 1 I i

Swifch & Switch

structures —— o N o —

1 y |
_ | Logic _|Logic| Logic|
| Block| | Block | Block|
I I | [

Y |

(a)
C, C Cy Cy
A B PEAR
! oo o o . AN
]// | \\2
4 B . : S
2 o o ¢ o 2 - | %
o3
N 5 | 1
A B \\ 5
d oo o o 2 o B
4 « ! “B
A B S ’
. o—0 0 ¢ 4 M

(b) (©)




PIPs

Break-point PIP

O

— Connect or isolate 2 wire segments
Cross-point PIP o
— Turn corners
Multiplexer PIP ~
— Directional and buffered —(- ’
— Select 1-of-N inputs for output G

P P ®

e Decoded MUXPIP — N config bits select from 2N inputs
e Non-decoded MUX PIP —1 config bit per input

Compound cross-point PIP $
— Collection of 6 break-point PIPs /\‘\

e Canroute to two isolated signal nets

FPGAs



Switch box

e Connects CLB to the “routing fabric”

Switch Box

P&
P7

P3

P4

YYY
> =

P5

A A

Wirel

Wire2

A

FPGAs

CLB

Wire3

Wired




Spartan 3 Routing Resources

over 2,400 PIPs
mostly MUX PIPs

switch matrix
N

PLB consists
of 4 slices

X0 Wiri
segments

X2 wire
segments

xH & xL wire_> bisiere
segmen S

over 450

total wire — O
I

segments T (T I -

in PLB
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FIGURE 3-36: Direct
Interconnects
between
Neighboring

Logic Blocks

FIGURE 3-37:
Global Lines

I | |
_|Logic|_ _|Logic|_ _|Logic| Logic Logic Logic
_|Block| _|Block| ‘ ‘ _|Block| Block Block e Block
T [ I
Switch Switch
Matrix Matrix ‘ f A
I | |
i oo - o0 Logic Logic Logic
_|Logic| _|Logic|_| | Logic| g g | I g
Block| _|Block r_ Block| Block Block Block
[ [ I
Switch Switch
— | Matrix Matrix v + '
| | | Logi Logi Logi
-1 . . -1 . ogic ogic ogic
L L _|Logic| |
ook JBtock| Jiock| Block Block Block
[ [ [
(a) (b)
— — e+ —F Tristate
I T A — — .
FJ; i F‘JF F‘I F‘:L FI F:L l -
Logic Logic Logic Logic
Block Block Block Block
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Fully routed design

LOGICIN1 S2BEGo LOGICOUT1
(5,7) l S3 (6,7) \ (7.7) X/ S1 (8,7)
—e—> S .01
Jd1
l/.\l Net N1 l LOGICOUT2
W2ENDo W2BEGo W2END1 W2BEG1
S>ENDo LOGICIN2
(5,6) (6,6) \ (7,6) (8,6) S2
o / - dF
Net N2 |
E2BEG2 E2END2

Net N1: Site Sa output pin O1 connects to input pin |1 on site S3
Net N2: Site S1 output pin O2 connects to input pin |1 on site S2
Black “dots” are routing pips

Predefined connections exist between switch boxes




ELEC 4200 Lab 0 in Spartan 6
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Lab 0 in Spartan 6
(routing details)




Ex: modulo7 counter (device xc6slx25t)

D@8 &|u| 55+ BE|E=5 XEQKR[QB|S|L| [- —JHHEEHE o=k lwa o|n]s o)

& Arayl INTSs fo o s | st o] | —=
- |l Mets ~| attib
MNatme Filter autoroute
|* ﬂ clear
delay
Name | Fanout | Max Pin| Hilited dic
1 clk_BUF |1 ? no color editblack
2 clk_BUF |1 ? editmode
3 count_IB |4 ? no color find
L I_0_IBUF|1 ? no color |ye|l0uﬂ Vilte
5 I_1_IBUF |1 ? no color 15
6 I_2_IBUF|1 ? no color infa
7 load_IBU| 1 ? no color probes
8 Q_s<0= |4 ? _o color
autoprobe
9 Q_s<1= |4 ? no color
10 Q_s<2= |4 ? no color route
1 reset_inv|1 ? no color [ouiehenon)
12 _n0023_j |1 2 [ coter] swap
unroute
C L B delete
S

& World1 = o "

FPGAs



FPGA clock regions

Logic
Resources

Logic
Resources

Logic
Resources

Logic
Resources

Logic
Resources

Logic
Resources

Logic
Resources

FPGAs

Logic
Resources

Center Clock
Column(s)

Clock Region

Clock Region

Clock Routing




Spartan 6 clock tree example

om mm mm = =

\
I
I
I
I

FPGAs

€ Main vertical spine

“Folded” vertical spine
(one each in top and bottom half)

Distribution wire in
center of clock region

— o e — oy,

Clock to INTs

//nane column

- -7 INT

CLEXM

A




7 Series FPGA high-level clock architecture view

Clocking
Canlar
Clock Hegion J Clock Hagion
|

bi i_ |

| | |

| : I I

|

Clock | | : Forizontal Giock |
Ragion : I i Fow (HROW) :

1 BUFE 18 | Clock
el 2 L\ Do
B i 1@ o=

] N

i - Vi

| - |
Clook | Horizonial Clock
Regon | | Row (HROW) {HROW) !

N |

| |
|

T I -\ /

b | |

I | :

: : i l |

Clock || | Horizonizsl Clock ! |
Il il | f I | b
i 1 | Lo
L L |l '
} L _}_ | i L1 | I
[ e — —— — e — — — —— —_— e R S S S S — _I_ ____________ -
| | CMT Column ( | |I 170 Columin |
CMT Backbone | | CMT Backbone |
110 Columin Clock Backbons CMT Column GT Column

Mmara 4 on AaaTE

A clock region always contains 50 CLBs per column, ten 36K block EAMs per column
(unless five 36K blocks are replaced by an integrated block for PCI Expressi), 20 DSF slices
per column, and 12 BUFHs. A clock region contains, if applicable, one CMT (PLL/
MMOCM), one bank of 50 [/ Os, one GT gquad consisting of four serial transceivers, and half
a column for PCle® in a block RAM column.

FPGAs




Basic view of a clock region

Clock
Hackbone

PLL 15D
Bank

Fabric . Falric

Colurmn Ll

BLIFWR
HROW < GT

BUFG

FPGAs



Clock management tile (CMT)
Mixed-mode clock manager (MMCM)

General :L:.":ik Lock Detect M M C M
Routing | S Witeh L Lock
—=| CLKIN CLKDUTo —= Cirut [ Lock Monter Outputs
CLKOUToR l E-phase taps + 1 variable phess tap
—=| CLKFBIN CLKOUTY —= E'Emz :—_U_ o 5 4 0 I
- L - —=| L — | —= LAl
. CLKDUTIE PO ©F Frpvee \’_ Fractional Divide p— CLKOUTOB
—={ PWADWN CLKDUT2 [—= . -
CLKFE ———= - [ CLROUTI
CLKOUTZE |[—= N J_ o1 b—= CLKOUT1E
|~
CLKOUT3 [—= Clock | oz —= CLKDUT2
CLKOUTSE [—= — CLKOUT2E
LKOUTe Sources |, cikouTs
] |_ 03 = CLKOUTSE
CLKDUTS [—= )
CLKOUTE |— —} o4 [T EHAOUTE
CLKFBOUT |— _l_ o8 —= CLKOUTS
CLKFBOUTE |—=
LOCKED |— _] o8 — CLKOUTe
M CLKFBOUT
— ]— {Fractional Divids) CLKFBOUTE
[ B ol )
MMCME2_BASE

MMCM Outputs = frequency divided, phase shifted, inverted
Up to 24 CMTs per Series 7 device

FPGAs



Clock management tile (CMT)
Phase-locked loop (PLL)

PLL = frequency synthesizer using a voltage-controlled oscillator (VCO)

CLKIN1 CLKDUTS General __| Jlock Lock Detect Lok
CLECUTY —= Routing Circuit Lock Monitor PLL
—=| CLEFEIN CLEOUTZ —= #-phass taps
| |— / Outputs
—={ {57 CLKOUTS — E'EIH: _ J_, D B
—| pwRDWN CLKOUTS [— - I L e e e A _\’_ S I
CLKOUTS |—- CLKFE ™~ —,J— o1 = clkouTs
CLKFBOUT [—= L
Clock _} or | ClKOUTz
Sources - Y, _,J_ 03 |— ClKOUTs
ooken Fvco = Fokm™ 5
- = —\’— 04 —= CLKOUTS
M - 05  |— CLKOUTS
[ . 5 e
‘ our = Fokiv* oo JJ:
— M CLEKFBOUT
PLLE2 BASE

gV _DG_ e

FPGAs



Spartan 6 global clock sources
From DCM/PLL  From top efiee global clock pads BUFGs Vertigﬂlvspines

andtbric
m—
== -
BUFG controls Clock created — g | F;om rllgf;t I
from fabric by MIPS control ~ —> —8 4 ilo%ek?);dsa
logic Switch Box E e t
From dlock . | =4 :4
From left edge . —> Eh =
input pad SN - i
Global clock PUtH I — &
pads AT ’| ' il | = i e
s | ne= r e
-
From DCM/PLL g &
o f "

rom bottom edge global clock pads
FPGAs



Specialized “hard “ cores

RAMs - single-port, dual-port, FIFOs
e 128 bits to 36K bits per RAM
* 4to 575 RAM cores per FPGA
DSPs —18xa18-bit multiplier, 48-bit accumulator, etc.
e uptosizperFPGA
Microprocessors and/or microcontrollers
e Upto 2 perFPGA (hard core processor)
e Support soft core processors
— Synthesized from HDL into programmable resources
Communication functions
e Gigabit transceivers
e Ethernet MAC
e PCE Express bus

FPGAs



FPGA Architectures

4000/Spartan

— NxN array of unit cells

e Unit cell =CLB + routing
— Special routing along center axes

— 1/O cells around perimeter
Virtex/Spartan-2

— MXxN array of unit cells

— Added block 4K RAMs at edges

Virtex-2/Spartan-3
— Block 18K RAMs in array
— Added 18x18 multipliers with each RAM
— Added PowerPCs in Virtex-2 Pro
Virtex-4/Virtex-g
— Added 48-bit DSP cores w/multipliers
— 1/O cells along columns for BGA

FPGAs
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Xilinx Virtex-4 FPGAs

Configuration memory: 4.7M to

50.8M bits of RAM \

PLBs: 1,536 t0 22,272 — nEgEEo
— 4 slices per PLB SIEEE

e 2L UTs & 2 FFs perslice :E EEE

e 2slices can operate as RAMs/SRs =l E=l=k=
Block RAMs: 48 to 552 18K-bit dual- EIESE
port RAMs 'HHOT
— Also operate as FIFOs F I e
DSP cores: 32 to 512, each includes:| I =
— 18x218-bit multiplier EIEEE

— 48-bit adder & accumulator /
Up to 2 PowerPC processors

FPGAs



Block RAMs

e 36 Kbit dual-port RAM
e Each portindependently configurable:

IK words x 36 bits

* 32 data bits + 4 parity bits
2K words x 18 bits

e 16 data bits + 2 parity bits
4K words x g bits

e 8data bits + 1 parity bit
8K words x 4 bits (no parity)
16K words x 2 bits (no parity)
32K words x 1 bit (no parity)

e Each port has independently
programmable

clock edge, active levels for write enable,
RAM enable, reset

FPGAs

CASCADEOUTA

CASCADEOUTH

]ﬂﬁ-vibit Block FAM ]
2, Joia
—2s ol DiPa
2% .|appRa PortA
—2c  {wEa
— | EMa
— | ASTREGA
— | ASTRAMA DOA |2 o
——— LKA DOPA 5w
——=| REGCEA| a0 p
::J Mamary [::

AUTEY
= 32
——| 08 (00 T
—*—={ DIPB DOPE ——
JE. ) aDDRE
2s  lwEsm
—= ENE Paort B
— | ASTRECE
— | ASTRAME
—» CLKB
— | REGCEB

CASCADEIMA CASCADEINE

LG4 =l A
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FIGURE 6-19: Behavioral VHDL Code That Typically Infers Dedicated Memory

Tibrary IEEE;
use IEEE.numeric_bit.all;

entity Memory 1is
port(Address: 1in unsigned(6 downto 0);
CLK, MemWrite: 1in bit;
Data_In: 1in unsigned(31 downto 0);
Data_Out: out unsigned(31 downto 0));
end Memory;

architecture Behavioral of Memory 1is
type RAM s array (0 to 127) of unsigned(31 downto 0);
signal DataMEM: RAM; -- no 1initial values
begin

process (CLK)

begin

if CLK'event and CLK = "1' then
if MemWrite = '1' then

DataMEM(to_integer(Address)) <= Data_In; -- Synchronous Write
end if;
Data_Out <= DataMEM(to_integer(Address)); -- Synchronous Read
end if;

end process;
end Behavioral;

FPGAs



FIGURE 6-20: Look-Up Table-Based 4 X 4 Multiplier

Tibrary IEEE;
use TEEE.numeric_bit.all;

entity LUTmult 1is Fa(:)qu

port(Mplier, Mcand: 1in unsigned(3 downto 0);

Product: out unsigned(7 downto 0)); Contents

end LUTmult;

architecture ROM1 of LUTmult 1s

type ROM 1is array (0 to 255) of unsigned(7 downto 0);

constant PROD_ROM: ROM: =
(x"00™, x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00", x"00",
x"00", x"01", x"02", x"03", x"04", x"05", x"06", x"07", x"08", x"09", x"OA", x"OB", x"0C", x"OD", x"OE", x"OF",
REO0, 5027, FON"; TOE",: XT8N XFOR, XF0CY, FOE", ¥T107, X123, sCTAT, 167, I8N, TR, »ICT, EN,
x"00", x"03", x"0oe", x"09", x"oC", x"OF", x"12", x"15", x"18", x"1B", x"1E", x"21", x"24", x"27", x"2A", x"2D",
x"00", x"04", x"08", x"0C", x"10", x"14", x"18", x"1C", x"20", x"24", x"28", x"2C", x"30", x"34", x"38", x"3C",
x"oo", x"o05", x"oAa", x"OF", x"14", x"19", x"1gE", x"23", x"28", x"2D", x“32", x"37", x"3C", x"41", x"46", x"4B",
x"00", x"06", x"O0C", x"12", x"18", x"1E", x"24Y, x"2A", x"30", x"36", x"3C", x"42", x"48", x"4E", x"54"™, x"BA",
Xx"00", x"07", x"OE", x"15", x"1C", x"23", x"2A", x"31", x"38", x"3F", x"46", x"4D", x"54", x"SB", x"62", x"69",
XU00", X"08Y, x"I0M, x"18", x"ZO", x"28", XK"30", x"3E, x"40Y, x"48", x"s50", x"SBY, x"60", x"68", x"7O, x"7E",
x"00", x"09", x"12", x"1B", x"24", x"2D", x"36", XxX"3F", x"48", x"51", x"S5A", x"63", x"6C", x"75", x"7VE", x"87",
x"00", x"0A", x"14", x"1E", x"28", x"32", x"3C", x"46", x"50", x"5A”, x"64", x"6E", x"78", x"82", x"8C", x"96",
x"00", x"OB", x"16", x"21", x"2C", x"37", x"42", x"4D", x"58", x"63", x"6E", x"79", x"84", x"8F", x"9A", x"AS5",
x"00", x"oC", x"18", x"24", x"30", x"3C", x"48", x"54", x"e0", x"eC", x"78", x"84", x"90", x"9C", x"A8", x"B4",
x"00", x"OD", x"1A", x"27", x"34", x"41", x"4E", x"5B", x"68", x"75", x"82", x"8F", x"9C", x"A9", x"B6", x"C3",
x"00", x"OE", x"1C", x"2A", x"38", x"46", x"54", x"e2", x"70", x"7E", x"8C", x"9A", x"A8", x"B6", x"C4", x"D2",
x"00", x"OF", x"1E", x"2D", x"3C", x"4B", x"S5A", x"e9", x"78", x"87", x"9s", x"AS5", x"B4", x"C3", x"D2", x"E1");

begin
Product <= PROD_ROM(to_integer(Mplier&cand)); -- read Product LUT
end ROM1;

FPGAs



FIGURE 6-17:
Creating Memory
from LUTs

Distributed RAM

Address [3:0]

FPGAs

EN

D1
4-input
LUT

16 x 1 i
(RAM FE

D2

EN

4-input
LUT

(l6x1 Lo
RAM FF




LUT-BL?:(IJI-ER?:\-I%I; FPGA Family LUT-Based RAM (Kb) | No. of LUTs

- Some FPGAs | Xilinx Virtex 5 320-3420 19200-207,360
Xilinx Virtex 4 96-987 12288-126,336
Xilinx Virtex-ll 8-1456 512-93,184
Xilinx Spartan 3E 15-231* 1920-29,504
Altera Stratix I 195-2242%* 12480-143,520
Altera Cyclone |l 72-1069** 4608-68,416
Lattice SC 2451884 15200-115,200
Lattice ECP2 12-136 6000-68,000

* does not use all of the LUTSs as distributed RAM

** calculated from LUT counts

FPGAs



FIGURE 6-18: Behavioral VHDL Code That Typically Infers LUT-Based Memory

Tibrary IEEE;
use IEEE.numeric_bit.all;

entity Memory 1is
port(Address: 1in unsigned(6 downto 0);
CLK, MemWrite: 1in bit;
Data_In: 1in unsigned(31 downto 0);
Data_Out: out unsigned(31 downto 0));
end Memory;

architecture Behavioral of Memory is
type RAM 1is array (0 to 127) of unsigned(31 downto 0);
signal DataMEM: RAM; -- no initial values
begin
process (CLK)
begin
if CLK'event and CLK = '1"' then
if MemWrite = '1' then
DataMEM(to_integer(Address)) <= Data_In; -- Synchronous Write
end 1if;
end if;
end process;

Data_Out <= DataMEM(to_integer(Address)); -- Asynchronous Read
end Behavioral;

Refer to the “synthesis guide” for recommended HDL forms

FPGAs




DSP Blocks: Multiplier and Support Circuits

FIGURE 6-21: 18
Deleat_ed Multiplicand f
Multipliers =5
1818 y Prod
Multiplier ! roduct
18
Multiplier /

FIGURE 6-22: VHDL Code That Infers Dedicated Multipliers

Tibrary IEEE;
use IEEE.numeric_bit.all;

entity multiplier is
port(A, B: 1in unsigned (31 downto 0);
C: out unsigned (63 downto 0));
end multiplier;

architecture mult of multiplier is

begin
C «= A #* B:
end mult;

FPGAs



7 Series DSP48FE1 DSP slice

48-Bit Accumulator/Logic Unit

_.- -_F

B —=
>
A—t - I
> 25 x 18
D N Multiplier
- S Pre-adder
C -
E

-

!

>

Pattern Detector

UDEATE el 210111

e 25 x 18 two's-complement multiplier: Dynamic bypass

e 48-bit accumulator: Can be used as a synchronous up/down counter

e Power-saving pre-adder: Optimizes symmetrical filter applications and
reduces DSP slice requirements
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DSP48E 1 slice detatls

L T T R S T v

R I T T e e e e R
| BCOUT* ACOUT* 48 AB MULTSIGNOUT T PCOUT |
| 18 30 |
I ALUMODE J [
I 18 4 p 48 [
1B , 18 |
I Dual B Register |
I 18 0 — .|
I i M P -
|A 30 CARRYOUT [
| 30 I
' | DuaaD B 25 ’ 48 :
: agl,| @nd Pre-adder ’i/ 1 P pl
ID 25 |
— ] |
!G . s [0 0 p | PATTERNDETECT |
I 4 1 17-Bit Shift PATTERNBDETECT :
|
| iInmoDE 5 17-Bit Shift CREG/C Bypass{Mask I
I - 3
ICARRYIN - _ 'MULTSIGNIN* I
[ ' 1
jOEMODE ? - CARRYCASCIN® |
| CARRYINSEL I
I I
| 48 I
| BCIN® ACIN® PCIN® _!

*These signals are dedicated routing paths internal to the DSP48E1 column. They are not accessible via fabric routing resources.
Uz38a_c1_01_052108
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Embedded Processors

JHard core JSoft core
Faster Slower
Fixed position Can be placed anywhere

Few devices Applicable to many devices

ARM Processors

dVirtex-4 Processors: |in7series

2rmoeaclelecel | Core | Max Clock |.,. Block
Progess Jr Iype | Ereguency. SlisegPLBs RAMS
BowearPC | Hard | 222 MHz [1000| 250 9
WVlierae la ze | Soft | 180 MHz | 940 | 235 9
Blegoleza | Soft | 221 MHz | 333 | 84 3
= 3

[zl
PISODREZS | g n | 233 MHZ | 274 | 69
(ERlINMZE);
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Xilinx Zynq SoC devices

Zyng-7000 SoC: Dual-core ARM Cortex-Ag MPCore (up to 1GHz)
Zynq UltraScale+ MPSoC:

e Quad-core ARM Cortex-A53 MP (up to 1.5 GHz)

* Dual-core ARM Cortex-R5 MPCore (up to 600MHz)

 GPY ARM Mali-400 MP2 (up to 667MHz)

™~

ARM processor
(hard processor)

N

PL =
Programmable

optional PL Logic

MicroBlaze

processor

(soft processor, built from
logic slices) \ J/
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Zynq-7000 SoC Features (1)

Processing System Resources

Zymig-T0040 All Programmable 2ol
Device Mame Z-TH D Z-THS I-T02D Z-Thal Z-T035 Z-T45 Z-T404
Part Number ICTZMHD MCTIMHS ICTIm20 XCTI0ED ICTZNAG NCTI04E ECTEAM
Procassor Corg Dunl-cora AAME Cortar™ -3 MPCora™ with CoreSight™
Processor Exlensions MECOMN™ & Single / Doubde Precsion Floating Poinl for each processon
Mmarmum Frequancy 67 MHz (-1 766 MHz |-Z); BE MHz (-3) BET MHz [-1)c 800 MHz [-2) 1 GHz |-3) BET MHz [-1)
B0 MHz [-2)
L1 Cacha I KB Insruction, 3¢ KB dats por procosson
‘E L2 Caache 512 KH
E On-Chip Mamory 256 KB
E Extarnal Memary Suppartil] DDF3, DOAR3L, DOAZ, LPFDDRE
E Extarnal Static Mamory Support!ll | 2x Quad-SP1, MamD, MOA
Diia Chonnels 4 {4 dedcated fo Programmabla Logic)
Peripharals! | 2x AR, Zx Cal 2,08, 2w 20, 2x 5P, 4x 326 GPID
Poripharals wi built-in D8I 2x LGEE 2.0 [OTG), 2w Tri-moda Gigabit Ethernat, 2x SOVEDID
Eaourityt ] ASA sushentication, and AES and SHa 258-bit Dwecryplion and Authongication for Securs Boot
2x AX] 376 Mosiar 2x AX] 32-bit Slwa
Progeamimasin Liye; Wit o, | o e i Mamey
{Frimary Inierfaces & Internupts Only) | 430 64-bit ACF
16 Inlarmupts
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Zynq-7000 SoC Features (2)

Programmable Logic Resources

Zynig-T00D All Programmmable Sol

Device Mame Z-THID Z-T015 Z-7020 Z-7030 Z-7035 Z-T045 Z-7100
Part Humber XCTZIHD XCTZONS XCTZ020 XCTZO30 XCTZ035 XCTZOAS NCTZA00

ﬂ;‘-ﬁ ;gﬂ':h.f:m”""““ ArnE-T FPGA | Arfc7 FPGA | AtacTFPGA | Kiniad@7 FPGA | Kintac? FPGA | Kinso 7 FPGA | Kimtax 7 FPGA
Programmabla Logic Calls 20K Logic Calla | 74K Loge Colls | 86K Loge Call | 126K Logc 275K Logic 50K Logic 44K Logi
[Apprommaia &SI Zaies)'™! [ KL (-1-1M) [—1-2K4} Cells |-1.584) Calls [-4.TM) Calls {-5.2M) Calls. |-6.EM)
Look-Up Tablcs (LUTs) 47,800 36,200 £2.200 78,600 471,800 218,500 277,400

3 Fli-Flogs 36, 200 a2 400 406,400 157 200 421 00 437 200 E54,800

%' E';“_bﬂaiﬁ FaM J40KB (B0} | 80Km(es) | SEOKE {180y | 1,080 KB [zes) | 2,000 kEj500) | 2180 KB 45 | 2,020 KB [7EE)

g Frearammable DSF Slices Y| 60 220 400 200 800 2,020

£ | e E I0GMACs | 200GMACs | 276GMACs | ECOGMACs | 13 GMACs | 1.334GMAC: | 2,677 GMACs
Eﬁiﬁmﬁ?@i”“c”ﬂ'w — GonZ x4 - GonZ x4 Gan? Gan x& Gari?

A Mixed Signal
|.ﬁj'?_;.- naDC

2x 12 b, MSPE ADCs with up o 17 Diffarantial Ingues

Saourityi<)

AES and FHA 266b for Boot Code and Progremmaobla Logic Configuration,

Decrypion, and faushanlicaton

FPGAs




Zynq® UltraScale+™ MPSoCs

Application Processor

Real-Time Processor

Graphics Processor

Video Codec

Programmable Logic

Applications

CG

Devices

Dual-core ARM® Cortex™-AS3
MPCore™ up to 1.3GHz

Dual-core ARM Cortex-R5
MPCore up to 533MHz

103K—600K System Logic Cells

* Sensor Processing & Fusion
* Motor Control

* Low-cost Ultrasound

* Traffic Engineering

FPGAs

EG

Devices

Quad-core ARM Cortex-A53
MPCore up to 1.5GHz

Dual-core ARM Cortex-R5
MPCore up to 600MHz

Mali™-400 MP2

103K—1143K System Logic Cells

» Flight Navigation

+ Missile & Munitions

» Military Construction

* Secure Solutions

* Networking

* Cloud Computing Security
* Data Center

* Machine Vision

* Medical Endoscopy

EV

Devices

Quad-core ARM Cortex-A53
MPCore up to 1.5GHz

Dual-core ARM Cortex-R5
MPCore up to 600MHz

Mali™-400 MP2
H.264 / H.265

192K-504K System Logic Cells

* Situational Awareness

* Surveillance/Reconnaissance
* Smart Vision

* Image Manipulation

* Graphic Overlay

* Human Machine Interface

* Automotive ADAS

* Video Processing

* Interactive Display




Zynqg-7000 SoC Processor System

Zyng-7000 AP Sot

= Processing System

Fof ighamba Cinck I Appication Pracassar Unit

/ﬂ’ T Ciangrafion FPU 3zl hah Enain
L= =i sl AR Coifsx-A0
Gigk ] I'.E: ] CPLU

GigE #x 50
B0 k D-Cache

500 1 Ao -
S0 dregop Gorindkar, AWGT, Timer

S0 Ty

GPID | |- 512 KB L2 Cache & Conirolier

UART ]

UaAT e

M0
[
|
|

e

125

12

] Coflra Memory

= Inlerconnec i Inlerianes
e —

= | CoreSight DOAZE.AL
o m"‘"'m"“m!:_ Components LPODAR

\,\ SR Corrollar
e [ e | [

MAND! - Devr| | Programemnsbls Logic o Mesmaony
IFMerCornac

Ed RN F 111

EMID WAL Gangral-Purposa O IRQ '3'3'-19 High-Parfoamands Forts ACF

Foits Syne AESS
12 b ADG : J BHA Programmabie Logic

'y

EpdecliO
Mofes: Aescuroas

1} furoww direction shows confrel (masiar bo sava)
2) Diala Mows o Dodn dinsctons: Al I20iednd, A0 Sdbd, AX] X2, AHB 3220 APS 3200, Cusham

ERTED O

& Xilinx
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Zynq® UltraScale+™ MPSoCs: CG Block Diagram

Processing System
Application Processing Unit

_‘ I
J
Memory
Management
Unit

NEON™
Cortex™-A53

‘ ARM®

Floating Point Unit

KB
D-Cache
WECC

2B |
LGache
wiParity

Embedded
Trace
Macrocell

Real-Time Processing Unit

2

DDRAMMAL,
LPDDR4S3
32/64-Bit wf ECC

256KB OCM
with ECC

High-Speed
Connectivity

I DisplayPort v1.2a 1
I USB 3.0 1
I SATA3A 1

System
Functions

Multichannel DMA

Timers,
WOT, Resets, [_PCW
Clocking & Debug I I—‘PS GTR

General Connectivity

High-Performance HP O

High-Density HD 1O

: GigE
i ] Vector Floating gement Unit [_W
ARM Point Unit System Config AES :
Cortex™_R5 Memory Protection | Management Decryption, CAN
Unit Authentication, UART
l 128K 32KE I-Cache || 32KE D-Cache Power Secure Boot =
TCMw/ECC w/ECC w/ECC Management
1 d Voltage/Temp | Quad sPI NOR
Functional —— WA |
Safs
afety — [spemmc |
Programmable Logic
System Monitor
Storage & Signal Processing |
Block RAM ' General-Purpose 110 | High-Speed Connectivity ‘

FPGAs
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Input / Output
Blocks (IOBs)

Logic Block (CLE)

Configurable
(0 slice)

&

Series-7 CLBs, I0OBs, etc. (as in Artix-7)

programmable
interconnects

Zynq-7000 SoC Logic Fabric
_

Logic
Fabric
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Configuration Interfaces

e Master — FPGA retrieves its own configuration from ROM after power-up

— Serial or Parallel options oL e oL
FPGA in FPGA in FPGA in
Master Slave Slave
Mode Mode Mode
Din Dout »{Din Dout »| Din Dout

» Slave — FPGA configured by external source (i.e., a uP)
— Serial or Parallel options
— Used for dynamic reconfiguration
— Can also read configuration memory contents

e Boundary Scan Interface
— 4-wire [EEE standard serial interface for testing
— Write and read access to configuration memory
* Notavailable in all FPGAs
»  Used for dynamic partial reconfiguration
— Interfaces to FPGA core
* Notavailable in all FPGAs

e Connections between Boundary Scan Interface and internal routing network and PLBs (Xilinx
provides 2-4 of these ports)

e Other configuration interfaces in some FPGAs

FPGAs



Slave configuration modes

(b) JTAG Mode

Serial Byte-Wide
Processor, ) | Processor, )
Microcontroller 7 Series FPGA I Microcontroller 7 Series FPGA
I [7:0]| & 16.32 | [7:0]
SERIAL_DATA = DIN I DATA [15:0] +>~ D [15:0]
| 31:0 31:0
CLOCK =~ CCLK I [ ] [ )
|
I SELECT ~ICSI_B
(a) Slave Serial Mode : READ/WRITE o RDWR_B
|
JTAG Tester, ' CLOCK ~|CCLK
Processor, _ |
Microcontroller 7 Series FPGA :
| (c) Slave SelectMAP Mode
DATA_OUT - TDI I
|
MODE_SELECT I TMS I
|
CLOCK - TCK I
|
DATA_IN|= TDO I
|
|
|
I

FPGAs



Nexys4 DDR configuration options

Artix-7 100T bitstream is typically 30,606,304 bits

USB-JTAG/UART Port

Micro-AB USB USB o Q
Connector (J6) Controller SPl g p SP1CQuad mode

Port Flash
0 > e :
— ; L’ijl’f‘g Mode (JP1)
pin { - I
Header (J10) | Artix-7 N

L
f—
Q NA

Connector (J1) = ¢ User IO é NA  [EEEZ JTAG
Done ——»
2 usB
ekt = ST I
1 : Comm  Mic

‘,’_,—%J::EEJ Programming Mode

edia Select
(JP2)

1. USB-JTAG: PCconnection via USB or JTAG
2. Master SPI: Program from “quad mode” flash memory (x1, x2, x4 width)
3. USB/SD: Program from micro SD card or USB memory stick

FPGAs



FPGA Configuration Memory

e PLB addressable

— Good for partial reconfiguration

— X-Y coordinates of PLB location to be written

e Requires tag to identify which resources will be configured

* Frame addressable v

— Vertical or horizontal frame Y o o o o o s
O OO0 0000 O O
— Access to all PLBs in frame DN ODOfio0oDODEEm
I O Y I R O
e Only portion of logic and routing resources acce DDDOpooooo|pd
_ O OO0 0000 O O
e Many frames to configure PLBs oppEbmmemealhE
— Major address for column, minor address for fra el | il
Hybrid, i.e.:

Virtex-4

Virtex-5

Virtex-6

FPGAs



Daisy

EPROM

XC1700L

DATA

Chain Configuration

CLK

MO M1
M2

DIM DOUT

cs

RESET/OE |——

{Low Resst Option Uszed)

Configuration

CCLK

Spartan-ll
Master
Serial

PROGRAM

DONE INIT

|”—

MO M1

M2

DIN DOUT

CCLK
Spartan-Il,
XC4000X.
Spartan-XL
Serial Slave

PROGRAM

DONE INIT

Optional
Pull-up
on DONE!T

Bits

FROGRAM
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Xilinx Configuration Interface Pins

Name Direction | Driver Type | Description
Dedicated Pins
CCLK Input/Output Active Configuration clock. Output in Master mode.
PROGRAM Input Asynchronous reset to configuration logic.
DONE Input/Output Active/ Configuration status and start-up control.
Open-Drain
M2, M1, MO Input Configuration mode selection.
TMS Input Boundary-scan tap controller.
TCK Input Boundary-scan clock.
TDI Input Boundary-scan data input.
TDO Output Active Boundary-scan data output.
Dual Function Pins
DIN (D0) Input/Output Active Serial configuration data input.
Bidirectional
D[0:7] Input/Output Active Slave Parallel configuration data input,
Bidirectional | readback data output.
cs Input Chip Select (Slave Parallel only).
WRITE Input Active Low write select, read select (Slave
Parallel only).
BUSY/ Output Open-Drain/ | Busy/Ready status for Slave Parallel (open-
DouUT Active drain). Serial configuration data output for serial
daisy-chains (active).
INIT Input/Output| Open-Drain | Delay configuration, indicate configuration

clearing or error.

FPGAs




Configuration Techniques

— Simple configuration interface
* |nternal automatic calculation of frame address
— Long download time for large FPGAs

» Partial reconfiguration & readback
— Only change portions of configuration memory with respect to reference
design

e Reduces download time for reconfiguration

— Requires more complicated interface
e« Command Register (CMR)
* Frame Length Register (FLR)
e Frame Address Register (FAR)
* Frame Data Register

— Input (FDRI) —for download
— Output (FDRO) — for readback

 Full configuration & readback
S

FPGAs



Full Configuration Example

Dummy Word oxFFFFFFFF
Synchronize Word oxAAg995566
CMD Write ox30008001

— Reset CRC 0x00000007
FLR Write ox30016001

— FLR = 0x00000024

— Frame length = 37 words

e 1,184 bits + 32 bits/word

COR Write 0x30012001

— COR Write ox00003FE5
IDCODE Write ox3001Co01

— Device ID = ox0140D093 (3550)
MASK Write ox3000Co001

— MASK = 0x00000000
CMD Write ox30008001

— Switch CCLK ox00000009
FAR Write 0x30002001

— FAR = 0x00000000 (full config)
CMD Write ox30008001

—  Write CFG 0x00000001
FDRIWrite 0x30004000

— # words to write 0Xx50003555

FPGAs

Xilinx ASCII Bitstream
Created by Bitstream 1.32
Design name: s3mod7.ncd

Architecture: spartan3

Part: 3s50tq144

Date: Tue Sep 04 15:50:09 2007
Bits: 439264

1111111112171171111111117112111111111
10101010100110010101010101100110
00110000000000001000000000000001
00000000000000000000000000000111
00110000000000010110000000000001
00000000000000000000000000100100
00110000000000010010000000000001
01000000000000000011111111100101
00110000000000011100000000000001
00000001010000001101000010010011
00110000000000001100000000000001
00000000000000000000000000000000
00110000000000001000000000000001
00000000000000000000000000001001
00110000000000000010000000000001
00000000000000000000000000000000
00110000000000001000000000000001
00000000000000000000000000000001
00110000000000000100000000000000
01010000000000000011010101010101

start of actual configuration data
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