Module: Electronics, 3rd year
Digital Systems Design with
Hardware Description Languages

Hardware platform



» Architecture of FPGAs

= Xilinx Artix-7 family 9 XILINX

» Digilent Nexys A7 platform A DIGILENT
(form. Nexys4 DDR)




Architecture of FPGAs

CPLD vs FPGA
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User resources

JJ Architecture of FPGAs
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Architecture of FPGAs
]JJ User resources and configuration memory
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Architecture of FPGAs
JJ Configuration memory

-®
Configuration

— Control
Read or  a®
Write

Data

= written during configuration and read during verification
= during normal operation transistor switched off
= one data bit controls one configuration point

= non-sensitive to large alfa ray doses




Xilinx Artix-7
JJ Basic features

e 28 nm technology
SelectlO . e coarse-grain structure
S:ECF:'I!? DSP Logc & GMT SenalTiansoewer e 13k - 2?.5k logic cells
I J— « 16k — 270k flip-flops
' e 1412 MHz max toggle frequency
e clocks - CMTs: 3...10
e Select RAM+ user memory
e distributed: up to 2888 Kb
e block: up to 13140 Kb
o external
e 25b x 18b DSP48 MAC: 40...740
e PCIe ..x4 ..Gen2, GTP: 2...16, XADC
e User I/0s
e pins: 150...500
e banks: 3...10
e SRAM configuration memory
e JTAG port (test+configuration)
e power supply :
Vet & 0.9...1.0 V. Vicgram ¢ 0.95...1.0 V

]
PCl Express Vecaux: 1.8 V Veeo & 1.2...3.3V
Vueravee : 1.0V Vecape & 1.8 V

e —
e _-

|
Clock Buffers
and Routing



Xilinx Artix-7
Structure
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Xilinx Artix-7
]JJ Configurable Logic Block
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cout couT CcouT CcOouT CcouT COouT
G - I 4___, N S 4___,
| — ! IcLB | | CLB |
| )| Stee® i , Slicet | 1 slicet | |
Switch ! | | X1Y1 | X3Y1 I
Matrix | I | T | | I |
: . N ]
—T—| Sle=(0 | L | sticeo I I
| | [ | xov1 'yl xavd !
S N | I |
cix oin | fein CIN | I foin CN |
CLB=2xIS=8xLc  __ _|cour __cour_ ____|cour_ __|cour_
Logic Cell: :C"B : :CLB :
. Slicet Slice1
. _ | I !
2 flip-flops / 1 latch | X1Y0 Ll X3Y0 |
= Clock Enable ¢ | 1] |
. | I |
AP/ AC/SS /SR N M .
. . Slice0 Slice0

= one 6-input or 2 5-input LUTs : XOY0 : : X2Y0 :
(Look-Up-Tables) | ] I

= carry logic



Xilinx Artix-7
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Xilinx Artix-7
JJ Logic Cell

AGH
Feature SLICEL SLICEM
6-Input LUTs N \
8 Flip-flops \ 3
Wide Multiplexers \ \
Carry Logic | \
Distributed RAM N
Shift Registers N
DI
QD or Q6
As | LUT6 | i—
I |
i LUT5 : 06 06
LUTG: A1) | |
e 6-input function generator ! ! J]ﬂ
e SinglePort / DualPort RAM i LUTS | i 05
o 32-stage shift register I |




Xilinx Artix-7
Configurable Logic Block: LUTs & multiplexers

| Lut ; RS - SN ——— .
: 06 [A]: = 4:1 MUX Output : LT :
. | . | 08 |
SEL A [1:0], DATA A [30] ', e A L 5ol 29l , Registered | [
input ' | Oupdt SEL D [1:0], DATAD 0] | (PE1D g I
| :0], mp.m—l—\-ﬂ AB:1] FTBMUX I
| | |
I (cK) (Optional) | l '
CLK —1 I : LT J__ :
- | |
Mux 2:1 / Fun 6-in | o8 |
- " C[6:1
SEL C [1:0], DATAle_Eﬂ I,[ [E:1]) g AEA) :
o FBMUX |
| :| ) I
. (CX) (BMUX) 16:1 MUX
| | |
CLK— (CLK) I SELF7 I J |  Output
I I N e (B) | _ Registered
I 08 : I 08— : Output
| | |
I . ) (BI&:1])
. SELB[1:0], DATAB[30] | I
SEL B [1:0], DHTAB[S:D]_lM\E. A1) | ol |me]|—*6~ Alg:] FTAMUX (Optional) |
ot | : FTAMUX : I :
| L
I . (AMUX) : * 8:1 MUX ! LUT :
: LUT | Oubput(2) : I
I 08 oA | Registered : 08— I
- Output SEL A [1:0], DATA A [3:0] (ABAD g
SELA[1:0, DATAA 3] | 81D ¢ AE] : input — =~ A&} :
Input(2) | (Optional) I : I
. | seir7—— |
SELF7(2 I | I
% — SELF8——or |
CLK—T I

Mux 4:1 / Fun 7-in (up to 13-in) bommmmmmmmmsmmmmmmoomo e 4t so
Mux 8:1 / Fun 8-in (up to 27-in)



Xilinx Spartan-3
JJ Configurable Logic Block: Carry & Arithmetic

MUXCY
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Xilinx Artix-7
JJ LUT: SRL Shift Register

AGH
SRLC32ZE - -
e Applications:
SHIFTIN (MC31 of Previous LUT) I
| I -
:(I(_}h —— i e long delay lines
SHIFTIN (D) } D1 | ° r I LF R
i | 031 |1 serour o long counter (also LFSR)
(A[6:2]) l
Afa:0] ——8 ~| Al6:2] | e synchronous FIFO
LK : (CLK) | o1 06 : . = QOutput (Q)
oE 4 [(WE/CE) | = , LD 5149 regsieres @ PSeUdo-random generators
I | Output
: : (Optional)
Configurations:
32-bit Shift Register . .
SHIFTIN (D) ° smgle 32-bit
WE = SHIFTOUT(Q31) -
. e double 16-bit
e cascaded: 64, 96, 128-bit
Address (A[4:0) 5\ MUX e longer — with general

interconnect resources

Q ug3s4_17_042309




Xilinx Artix-7
LUT: Distributed RAM

RAM64X1S
T T T T T T T T T T T T T
l |
I (DX) o SPRAMB4 1o
l -
ROM Number of LUTs b giall %1 Output
m— | DI&:1 N |, Registered
64 x 1 1 A[5:0] s (bt ])6— A[6:1] : Q™ output
WA[6:1 .
128x 1 2 WOLK 1 (CLK) cu& ] ! (Optional)
256 x 1 4 We —] WECE) T we I
|
l |
:. _______________ _! ug384_09_042309
________ RAMG6AX1D _ _ _ __
RAM Description Primitive Number of LUTs : |
: - I o DPRAM64 I
32x1S Single port RAM32X1S 1 D : (DX) DI o6 : SPO .
32 x1D Dual port RAM32X1D 2 . | L i
F A[5:0] | (D[6:1]) . Al6:1] I ie] giiglzttered
32x2Q Quad port RAM32M 4 : WAB:1] | P
- WCLK 1 (CLK) CLK ' | (Optional)
32 x 65DP Simple dual port RAM32M 4 wE (WECE) | oe :
64 x 15 Single port RAM64X1S 1 : 1
1
64 x 1D Dual port RAM64X1D 2 I |
: 0 DPRAM64 I
64 x1Q Quad port RAM64M 4 I -{or7 06 : DPO
64 x 3SDFP Simple dual port RAM64M 4 I . | L_ Registered
P E DPRA5:0] —) (CI6:1D 6, f pfe.11 I D Q Ou?put
128 x 15 Single port RAMI128X1S 2 I WA[5:1] [
| oLk ) 1 (Optional)
128 x 1D Dual port RAM128X1D 4 : WE I
|
256 x1S Single port RAM256X1S 4 I |
. _ o _____ a ug384_10_042309
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Xilinx Artix-7
m JJ Block RAM
AGH
CASCADEOUTA  CASCADEOUTB
TSB-KbiT Block RAM Y Wri‘te —- HEad@
%;-— DIA (4)Read g Write
18 L EI[EHA Port A g Spartan-3 %
4, | WEA S Dual Port S
— +|ENA Block RAM
— »| RSTREGA : .
A TRAMA Son 342 Write —----_.._,__> <_,_,__..---— Write
—->HCELGK£EA 36 Kb porA Read —r—" 1= Recad
Memory
Array
22 doe . 64K x 1 (cascaded)
—7—=| DIPB pore -4« o single 36Kb block or 32K x 1
| APPRB double 18Kb blocks 16K x 2
—< | WEB
— E:‘?HEGB Port B e Single-Port, Dual-Port 2& X ‘9‘ (parity)
. - x 9 (parity
AT RANE (Simple/True Mode) 2K x 18 (parity)
— > CLKB e cascadable -
— - REGCEB 1K x 36 (parity)
e ECC 512 x 72 (parity,
CASCADEINA CASCADEINB simple)



Xilinx Artix-7
m JJ Block RAM
AGH

WE
EN
CLK >

Address —T-| BAM Location

WRITE_MODE = WRITE_FIRST

Data_in -=— = [ata_out
WE ——
EN ——
CLK ——=[»

Address BAM Location

Data_in == e [ata_out

WRITE_MODE = READ_FIRST

Data_in  e=—j| Q Data_out

WE —
EN —
CLK —]

Address —T BAM Location

WRITE_MODE = NO_CHANGE

Applications:

e large memories (combined)

e Read Only Memories

e FIFO registers

e uP code memory

e circular buffers

o delay lines

e complex FSMs

o complex combinational functions
o fast, long counters

e Context Addressable Memories

e 4-port memories

e tabelarized math functions (DDS)




Xilinx Artix-7
Block RAM FIFO

AGH
T T T T T T T T
|
WRCOUNT = waddr Jaddr |~ RDCOUNT
l Write Block Read | |
N N |
: Pointer _ RAM Pointer | e Dual-Clock FIFO
|
| | e Synchronous FIFO
| 1 ) b5+ 3 )
| S |3 |5 |
DIN/DINP —| o - DO/DOP
: |8 '
|
| I
WRCLK - - RDCLK
WREN I Status Flag | RDEN
| - Logic - |
RST — | .
Data Width
- J£ _l_l_ t J{J’[ _______ | Block RAM
FIFO18 Mode|FIFO36 Mode
E m § g e % x4 8192
~3503 T x < %
=< E 3 D 3 x0 x18 2048
M m
cC = x18 X36 1024
r o
r >, x36 X72 512




Xilinx Artix-7

Memory Interface Solution

& XILINX.

DDR3 i DDR2

QDDRII+ SRAM

RLDRAM 11 / III

internal interface up to 72-bit
1...4Gb

8/16-bit external ports

clock up to >1 GHz

7 Series FPGAs

7 Series FPGAs Memory Interface Solution =
User Int“;ff;e Memory | Physical : DDR3
Design Controller I Layer SDRAM
Block I I

I | IOB

e E— e I i

| | :
User Native Interface PHY Interface I Physical
Interface I | Interface

SEEEEEEEE—— B - I -

1 | Sg——




DSP48E1 block

JJ Xilinx Artix-7

48-Bit Accumulator/Logic Unit

3@;54

25x 18
Multiplier

S Pre-adder

-H

Pattern Detector

>

Zastosowania:

e 25b x 18b factors

e 48b accumulator

e preadder

e logic function generator
e 2's complement

e optional regisetrs

e combining into larger

e splitting onto smaller

o pattern detector

e multiplication

e shifting

e logic functions

e module calculation

e 2's complement
generation

e complex numbers
multiplication

e matrix multiplication
(with time sharing)

e floating numbers
multiplication




Xilinx Artix-7
DSP48E1 block

BCOUT MFOUT CCOUT ~ CFOUT  pcout
i t '
) D:A:B Concatenated | Carry
D REG / // , 48 Cascade
18
LN
Dy —— .
Pre-Adder 48
B1 REG CYO E
BO REG ¥
B W 36
15 o M REG
) J L Post-Adder/
18 X Subtracter
AD REG A1 REG
_ N P REG
A :1:3/ 18 +-
> <= P
j L 48
. Z ‘_./ //
C REG Dedicated | cYl J 48
N C-Port 0—L.
C D+ r )
48 > | J ] 48
//
48 Carry
— Cascade C
opmode[6] opmode[4] opmaode[5] opmode[1:0] opmode[7]
BCIN PCIM CIM opmode[3:2]




Xilinx Artix-7
JJ PCle Integrated Endpoint Block

LogiCORE IP 7 Series FPGAs
Integrated Block for PCI Express

TX RX
Block RAM Block RaM

User / 2 -sream
7 Series FPGAs :E: Transceivers

L{)gic Interface
Integrated Block for

ot

o

= = - Physical Layer Physica
o Control and Status

= PCI
c exp /) Express
Fabric
PCI Express
(PCIE_2_1)
Host / Corfiguration Optional Debug ) User Logic
Interface (CFG)

‘\H
RO
~i-~S> = 5 =3

= US{?I’ Optional Debug System Clock
Logic (DRP) (SYS) End
eset

— e 1 controller

| | e 64/128-bit data bus

e x1...x4 lanes

e Genl/Gen2 (2.5/5.0 Gbps)




Xilinx Artix-7
GTP Transceivers

AGH

X =
PCI
7 | oo | o e up to 16 transceivers
Driver | and | Post Patt TX PIPE ]
attern
P | Emp Jatern || [xpeEl | e lane rate range:

=TT | 0.5...6.6 Gbps
8b/10b, gearbox

suport:
- PCle

TX Clock ;
Dividers PISO Polarity

T

8B/10B
Encoder

!

TX Phase
TX Phase S
Interpolator — Ir(\ztzmzj\ﬁ;(:r — ATA
e Xeres 10GbE XAUI
Clock From PLLO or PLL1 To B Parallel
Doata (Neaarxf-Eend From RX Parallel Data From RX Parallel Data _ S D I
Far-End PMA Loopback 5
Clock From PLLO or PLL1 PCS Loopback) (Far-En oopback) (Far-End PCS Loopback)
- aEn
1
e PRBS, h&v eye-scan
Dividers Detect
And RX PIPE Gontrol
Align
RX EQ | | FPGA
RX 2
RX O0OB Interface
PRBS
Checker Gelziox
RX e
Elastic
e i i
10

™ 8B/10B
Polarity " Decoder

L =

SIPO




Xilinx Artix-7
GTP Transceivers

AGH

Artix-7 FPGA (XC7A100T) [~ === ——————————————— :
| GTP Quad |
|
| =
: GTPE2_CHANNEL_X0Y7 | | /
[
[
|
: GTPEZ. GTPE2_CHANNEL_X0Y6 | | -
Integrated || COMMON_ : ’
Block for PCI [ X0Y1 GTPE2_CHANNEL_X0YS | |
Express : | - =l
Operation I GTPE2_CHANNEL_X0Y4 } ‘
.\ _ _ _ 1
110 CMT || conficura CMT o) -
Column Column onfiguration Column | | Column ’

r
| GTP Quad :
|

I
: GTPE2_CHANNEL_X0Y3 | |
| |

|
I GTPE2 GTPE2_CHANNEL_X0Y2 | |
|| common_ : -
I X0Y0 GTPE2_CHANNEL_X0Y1 | |
: |
I GTPE2_CHANNEL_X0Y0 :
|




Xilinx Artix-7
JJ Input / Output Tiles: HR/HP

PAD I0B Dlagram IDELAYE? ILOGICE2/
ISERDESE?
D . PAD IoB
D OLOGICE2/
PL PADOUT ODELAYE2 OSERDESE2
O + -~ \ | . .
L LI/ />—|:> 7 Series FPGA HP Bank I/0 Tile
pciTERMDISABLE [ High Performance - fast signals
DIFFILIN[___ > ILOGICES/
IDELAYE2 ISERDESE?
S DIFFO_OUT
PAD 0B
IBUFDISABLE[ > OLOGICES/
OSERDESE2

B o_our

HP option Single-Ended only option Regular option 7 Series FPGA HR Bank 1/0 Tile

High Range - wide voltage range

Programmable: Single-ended:

e pull-up / pull-down LVCMOS, LVTTL, HSTL, PCI, SSTL
e weak-keeper ¢ Balanced:

e DCI (Digital Controlled Impedance) LVDS, MiniLVDS, RSDS, PPDS,

e Qutput Drive Strength (2...24mA) BLVDS, diff HSTL & SSTL



SelectIO: XC7A100T-CSG324

JJ Xilinx Artix-7

AGH
CSG324 Package .
Left /O e HR I/O bank 13 is not bonded out. nght /O
Column . 4R 1/0 bank 16 is partially bonded out. Column
Banks ¢ The GTP Quads 213 and 216 are not bonded out. Banks
PLLO3 ] Ouad
Bank 16 | | cmT GTP Quad 216 ua
HR MMCMO3 GTP
PLL11
Bank 15 | | oyt omt || Bank 35
HR MMCMO2 16 BUFGs MMOMA 1 HR
™ Horizontal Center
PLLOA PLL10
Bank 14 | | oMT E2rss omT | Bank34 || Bank
HR MMCMO1 MMCM10 HR 501/0s
PLLOO
HROW
Bank 13 | WS GTP Quad 213
HR MMCMO0 ||
CMT Clocking CMT
Backbone Backbone Backbone
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Xilinx Artix-7
XC7A100T-CSG324 Package Pins

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

< C 4D UV zZz=EZrr XA« I OGO Mmoo m >

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

User I/0 Pins Dedicated Pins Other Pins

O 10_LXXY_# CCLK_0 VPO - GND

() ek E. CFGBVS 0 VN_O l:l VCCAUX_I0_G#
[0] poneo VREFP_0 [ veoaux

Multi-Function Pins DXP_O VREFN_O @8 vcomt

[] oxuo N vecos

ADV_B & van [l chosoco ] vecorau

FCS B S vap INIT_B_D [n] we

FOE_B & vmer [o] moo

MOSI @) Doo-pat 1] mio

FWE_B [ R ] Mz_0

pout cso 8 () bas \E‘ PROGRAM_B 0

csi e @ MrRco [K] Texo

PUDC_B @ sreo [ Toio

RDWR_B [2] mooo

RS0-RS1 [M] Tmso

@ ~DOP/ADON-AD1SP/ADISN [ veeaoc_o

@ emcoLk HH veesatto

< C 4 DT VT Z=Zr" X« I ® T MmMmOO @ >

A
B
c
D
E
F
G
H
J
K
L
M
N
P
R
-
u
v

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

1

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

Power Pins

WCCO_#
WCCINT
WCCALX

. GMND

VCCAUX_IO_G#
VCCERAM
VCCEBATT_O
VCCADC_0
GNDADC_D

= Cc 4 I vz Er- AR« I QT Mmoo @OF



Xilinx Artix-7
SelectIO: HR/HP features, DCI option

AGH

Feature HP /O Banks | HR l/O Banks = =
3.3V 1/0 standards'! N/A Supported Voot veow? Voo
2.5V 1/0 standards'? N/A Supported Conwntone | ﬁ' Iz }h > 7 e }F >
1.8V 1/0 standards'! Supported Supported - ] -
1.5V 1/0 standards'! Supported Supported S - ﬁ} ooor - 7\:;0;: vorg?
1.35V /0 standards'" Supported Supported ggg;%,a"f‘z"m;‘ lR ‘L
1.2V 1/0 standards" Supported Supported Eriey o ___J o
LVDS signaling Supported? Supported o T
24 mA drive option for LVCMOSL18 and LVTTL outputs N/A Supported E%%\;:ﬁ::j S g : 2
Veeaux o supply rail Supported N/A ! }@ Siz;k%"éf“ - }@ Se;;kpnpga
Digitally-controlled impedance (DCI) and DCI cascading Supported N/A :::7 - :_:i
Internal Vrer Supported Supported — * N T } VCC :Cm — : VCC
Internal differential termination (DIFF_TERM) Supported Supported potfesse | 2 i - 2& i%
IDELAY Supported Supported il D S
ODELAY Supported N/A VCCZ’R %
IDELAYCTRL Supported Supported Bidirectional NiA < 2“} }29
ISERDES Supported Supported T
OSERDES Supported Supported Resistor VRN =VRP =2R =279 VRN =VRP = 2R = 2Z¢
ZHOLD_DELAY N/A Supported Recommended 500 500

0




Xilinx Spartan-6
OLOGIC / OSERDES

AGH

A B
° / T Parallel Cascada In
SDR / DDR N J—f :
. —cE
e OFF3 - data alignment S 7
. . . D -
e 2..8:1 serialization e | 2P JH
3-state
inputs < T |
(5..8:1 - cascaded) .
logic T2 D
. = — CE
e independent Tri-State path -
I T
e training pattern S putt .
T Pin Cascade Cut
ToE | T Parallel Cascade Out
D Parallel Cascade In
(D4
D J .
——————— 1% Train(4) | —
F'ginmoanmt | T L
| O SYNC/ASYNG | L
| OFFLaTcH | D3 D o L
I | Parallel +CE | Trin) /H ||
Do > l : D Ql—s i Q ;%Ets < T —
ce[> I CE | FPGA o ‘H
co[> I~ OFF1 I OMUX logic D D H
: SR | p— CE Train(2) | ,H e Output
| : T [ 5 Data [\ll/ o Pin
| I D1 o 0 L P
|—‘ I I h +—CE | Tain(1) —
D1 [>—+—+D Q : D Q | OFFODR Global Clock T = a 1O Clock
I CE : OCE - -
L |NOFF3 | OFF2 | Train M
[ | [ Pin Cascade Out
R | SR | 16 Clock Enabie D Parallel Cascade Out
c1 D !_ —_——————— 1 (ISerDes Strobe) L
B T




Xilinx Spartan-6
ILOGIC / ISERDES

AGH

— o D |~ VO Clock Enable (IOGE)
® S D R D D R (SerDes Strobe)
CLEDIV RST
] ] ] et > CE Bitslip enable
b from FPGA logic
e 2..8:1 serialization —— 09
Bitslip Logic
. ntarnal Bitslip
(5..8:1 - cascaded) ok crale c D
Cascade In M, A B J | | @4 -
® blt-s“p Input data D D D D ]
Trom pin via +— CE t— CE +— CE
° 3 h H t' t input delay . = mem
synchronization stages
l a3
L .
D D ] D —
p— CE +— CE +— CE Parallel
> = data inputs
to FPGA
logic
J L a2
D D ] D -
p— CE L CE 1 CE
P>
D D—:D .
ODLY2 — — FABRICOU
— DFE ™~
— CFBO l L o
T CFB1 -
S — > [ : o D o |-
D Q0 —-— ao —|CE —CE t— CE
=
CE —= CE AN fP——— m Clock enable
CEQ | from FPGA logic
co D—T_—GD co IOCLK CLKD
CLEDIV Global clock
c1 D—T—_GD C1
SH
— ] - Cascade Out | Outputs to FPGA logic from B are used in NETWORKING mode

Outputs to FPGA logic from C are used in NETWORKING + PIPELINED moda
Outputs to FPGA logic from D are used in RETIMED moda



Xilinx Artix-7
JJ Clock resources

AGH
Clocking
Center
. ClockRegion T ClockRegion .
) I———————————————l,-———————————————————————————I e 1...24 Clock Regions
I ' [
| - -

& | | ¢« CR is 50 CLBs high
Clock | | : Horizontal Clock |
Region : : | Row (HROW) I

[ EELZH’) I Clock
Horizontal | | | Region
Center U L | | - I Detailed

lklr j/,\fiew

a 16 /, e HROW in center of CR
Clock | | Horizontal Clock '
Region | | Row (HROW) ) i e SRCC / MRCC pins

i

| |

vl I e Clock Management

b [ l Tiles

I ' [

I ' I

|

Clock I : T : Herizontal Clock \ ? : L4 BUffeI‘S: BUFIO, BUFR,
redon | 1| |11 | pReetmon ., | BUFMR, BUFH, BUFG,

a il i | ' | BUFGCE, BUFGMUX

L N S [ 11 8 ST Yy A L !

|| omT cotumn | | vocolumn |
| CMT Backbone | | GMT Backbone |
I/0 Column Clock Backbone 'CMT Column GT Column



Xilinx Artix-7
Clock resources

‘ 'i Eackcbfr?:
CMT = T T e |
Backbone | PLL Bank |
| |
e —— T pr—— T T T p— 1 I ) ) I
From  To other| ¥ [} NS I ! Fabric oo Fadric |
other BUFGs | | } oM |
BUFGs A I CMT I}"O I ; =l BUFIO ;
| Column Bank | ] ___Bgm |
| HROW - I
a2ph : : | >+ ol
Interconnect I Fabric Fabric | ars | | [> |
| | } BUFH HH }
\ |
e | PLL | 1 = 1
| |
Interconnect | scc | i i
P— | | \ |
Left L I <0-3> [-1-¢ : CC I } MMCM }
Region I I
' 7y ] L o
I I Backbone
BUFG | | 7 a1 | -
! - LEENIE Y o ® Quad |l
1
v ' ]
—1 B * 4 : e N .
' 10 { 1! i i b |
1 @ \ : : Fabric ap| Bank ¥ T Favrio | :
! BUFH =1 HROW | ! cudioee coum| || [=m=] Loz W e |
I N 12 14 . I : PLL Ee]lns 2 par :
1 - 1
Fegi . » sco . : B e oo ||
egion 3 . ! I
] - MMCM o CC I | == i
Interconnect 1 I [>—1 4 BUPMA aT |
I CE BUER I BUFG : D HROW BTL Ouad :
Interconnect <0-3> 114 s i ESa — 1 H
- | | 1 <t (— 4 ® .| mRcc |
Clock 32 | | ! = 1 s Par I
o | | = TS oot e |
Backbone Y i i
I 7y \ vyl I i =y e 1
1T T T L r T e T T T T/ | : :
1 1
S R bl e
Backbone
LB
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Clock Management Tile
Phase Locked Loop + Mixed-Mode Clock Manager

To Bank Abowve
Global Clocking | CMT Clocking |
Backbone - 32 Backbone N2
CMT 10 Bank
PLL X0¥n in ]
Same Region s
G ——1*51 SRCC Pin Pair
. —127L MRCC Pin Pair
i CE
CLR
NE - %}*E Clock
e 1ol :
r \ Region
4 (L HRCW " 50 CLBs
e B .
Interconnect 12 il \ High
cg | 2
. . /
Interconnect BUFHs T I ||I ,._*{.'%}_ MRCC Pin Pair
4 I s : ;
. - = — SRCC Pin Pair
_ﬁE MMGCM XoYn | B <
in Same Region || N
BUFGs |
4 \ \ =
I \ \Two BUFMRs (MBCC pins only)
b || Four BUFRs
1 1
Four BUFIOs

To Bank Below




Xilinx Artix-7

Clock Management Tile
Mixed-Mode Clock Manager

AGH
Clock —
%Eﬂ?l’ﬂ_ﬁ Switch Lock Detect Lock FOUT — FCLKIN X M / (D X 0)
outing Circuit = Lock Monitor
g-phase faps + 1 variable phase fap
CLKINT —= s
CLEKIN2 —= D - PFD | CP [=| LF =|VCO r‘g' H_ . Qo ... [ CLKCUTO
_ P Fractional Divide b— CLKOUTOB
-
— | —= CLKOUTI
CLKFB ]7 01 b—= CLKOUT1B
- L=~
Counter Clock Input ™ —= CLKOUTZ
veo [ LTI L LT LT L L L ] Oz b—= CLKOUT2E
L=
DIVIDE = 2
oo L L L L L ) o —= CLKOUT3
e 3 b—= CLKOUT3B
DUTY_GYGLE = 0.5 L
"PHASE = 180 | | | | | | | | | |_ ™ — CLKOUT4
DIVIDE = 2 | 04
buveyag-ore | L L L L | <
DIVIDE = 1 —= CLKOUTS
DUTY_CYCLE = 0.5 | | | | | | | | | | 05
PHASE = 0 -
DIVIDE = 1 [,
DUTY_CYGLE = 0.5 | | | | | | | | | — CLKOUTE
PHASE = 360 | 06
DIVIDE =3 L=
DUTv_cvghigEo;ag | | | | o, M - CLKFBOUT
DIVIDE =3 | (Fractional Divide) —= CLKFEQUTE
S = Y I I B O - |




GTP Transceivers

Integrated Block
for PCI Express
I0B Bank

I0B Cells
101 Cells

Memory Controller

Block
Block RAM
Column
DSP Column
03
c Clock Management
._M c Tile Column
5 .0
o2
X
£8
% L
———— =
o O

TN WNT I T




Interconnect resources

JJ Xilinx Spartan-6

Switch Switch | 4| Switch
= 1 : :
] Matrix <:> cLe | Matrix \J—> CLB (| Matrix <:> cL8
S ~
< K{}X b 5"?
Switch Switch | M Switch
RN LA
NV Matrix ¢> cLB A matrix [\ B ] Matrix ¢> cLB
< 3¢ g3 3¢
Switch Switch | M| Switch
Y AL L
| Matrix <‘F> cLs N Matrix [N/ cLB (| Matrix <‘F> cLs
AN 7 7
¢ h




Interconnect resources

JJ Xilinx Spartan-6

AGH
r.........ﬂﬁt ..... _E 5iﬂg|E= DGLIb|E Guad
- |
CLB ] CLB CLB CLB CLB
.................. L = -]
e e e ——— e e e e —— e e e e — —— _h.
| .
| : Double
! i
| I -
: CLB CLB CLB CLB CLB
|
I
|
| Quad
S I ]
CLB CLB CLB CLB CLB




Interconnect resources

JJ Xilinx Spartan-3

AGH
: Switch 7
Switch :
Matrix CLBE Matrix |
e Interconnect Tile:
witch [~ - -
| Matrix Switch Matrix connected
Switch | | op 18Kb MULT i )
Matrix Block 18 x 18 with functional block
Switch [
v || M (CLB, I0B, DCM, BRAM, MULT)
Switch
Matrix |~ DCM Switch
Matrix [ -
Switch | _ Switch | . _ Switch | .
Matrix 108 Matrix | 0B Matrix | 108 Connections:
; < < e long lines
witch witch | witch | -
Matrix | | 108 Matrix | CLe Matrix CL8 e hex lines
e double lines
Switch Switch | Switch | . H H
proich test 108 || | Prieh iemt LB || | S0P e CLB e direct lines




Xilinx Spartan-3
JJ Interconnect resources

2 e 24 vertical & horizonatal long
lines per each column/row,

e running through whole device

e tapped every 6 Switch Matrices

= e 8 hex lines in 4 directions
J L L e driver on one end, receiver
= o - - o o - in the middle & on the other end

e tapped every 3 Switch Matrices

i e 8 double lines in 4 directions
CL8 === cB cLB e driver on one end, receiver

in the middle & on the other end

CLB CLB
) f ] e direct lines in 8 directions
e nearest neighbours connections

A

Y
]
o
m

CLE |-+— CLB —=| CLBE

CLB |- CLE = CLB




Configuration

JJ Xilinx Spartan-6

Confiquration modes:

e Slave Serial

e Master Serial

e Slave Parallel
(SelectMAP)

e Boundary Scan
(JTAG)

ReadBack:

verification of
configuration memory,
flip-flops states and
memories contents
(debug)

I0B.T

r- OB | IOB | IOB | IOB | 10B ‘l
[H IoB 108 H
[ IoB 0B H1
[H IoB 108 H1
I0B.I
[H IoB 108 H1
[H 108 108 (1
[H IoB 0B H
[H loB Bypass 0B H1 10B.Q
Register 0BT
T I o Roat I‘t’l TDO
. nstruction Register I] x|

ICB.I

C

DATAQUT

SHIFT/ CLOCK DATA
APTURE REGISTER

UPDATE

EXTEST

DS001_08_032300




Xilinx Artix-7
m ]JJ GSR i GTS global signals

AGH
e GSR - Global Set/Reset
e GTS - Global Tri-State
1/10s Used for
Initialization User
Programmable
Latch/Register
Global Tri-State | —1p abl—
(GTS) [ | ]
itializati = CE
g se; ITl'i-StatE [ "Eﬂ?,'{?&‘.ﬁ“ — j >
nable | ra —C
] GSR 1] CLR
3 L ‘ i
— | GTS
[ User _]
o [— Progln:am_mabla ]
ogic u
Pad User Output [_ Rasogrces ] User
g— Output Buffer ¢ ARy
i I Reset  gjgpal
—D— User Input T T T T T T T T T r | St;glg\;s)et
N I S IS ) B

Input Buffer General Purpose

X8352




“]JJ Digilent Nexys™4 DDR (Nexys A7) FPGA Board

FPGA Resources ADlGlLENT®

XC7A100T-1CSG324C device:

e 15,850 Logic Slices:
- 64,400 LUTs
- 101,440 Logic Cells
- 128,800 Flip-Flops

e 1,188Kb distributed memory
¢ 4,860Kb block memory
in 135 blocks
e 240 DSP48E1 blocks
e 6 CMT blocks
e 210 user I/0s in 6 banks




Digilent Nexys™4 DDR (Nexys A7) FPGA Board

PCB Resources ADlGlLENT®

Power jack

Power switch

USB host connector

PIC24 programming port (factory use)
Ethernet connector

FPGA programming done LED

VGA connector

Audio connector

Programming mode jumper

10 Analog signal Pmod port (XADC)

11 FPGA configuration reset button

12 CPU reset button (for soft cores)

13 Five pushbuttons

14 Pmod port(s)

15 Temperature sensor

16 JTAG port for (optional) external cable
: 17 Tri-color (RGB) LEDs

“f, . : v 18 Slide switches (16)

TG v.-,: ot BN =01, ii‘ ' . 19 LEDs (16)

mﬁi’ i e A  wiiin @ F 20 Power supply test point(s)

N - 9 S ' : | 21 Eight digit 7-seg display

22 Microphone

23 External configuration jumper (SD/USB)
24 MicroSD card slot

25 Shared UART/ JTAG USB port

26 Power select jumper and battery header
27 Power-good LED

28 Xilinx Artix-7 FPGA

29 DDR2 memory

OCoONOOTUPRWNRE




Digilent Nexys™4 DDR (Nexys A7) FPGA Board
PCB resources

AGH

USB-JTAG/UART Fort

Micro-AB USB : usB _
Connector (J6) Lo | Controller F"SPIt > SP‘OFLIJadhmOd?
orl &S
JTAG
Port
1%6 JTAG
i .1 At G@;Mode (JP1)
Header (J10)
w—: | |
M2
MiciaSD M — NA SPI Flash
Connector (J1) @' I User /O b2 NA  OEED JTAG
Done
ey 5 usB
Type.AUSE Host - PIC24 ——» Serial ) ﬁ
Connector (J5) p Prog —o ¢ :
S Prog. Port é E [CImE MicrosSD

¥ Media Select

Programming Mode

(JP2)
E Power VUSvOo
Switch .
i Audio
(SW16) VIN 150mA 33y
EN
VIN 3A 3.3V
R287
JP3
EN PGOOD
J12 OO Power On
Micro-USB D16 IC17: ADP2118 LED (LD22)
Port (J6)
VIN
Power Source Select Ei S0l Ty
IC23: ADP2138
JP3
R T PO :
USB WALL  BATTERY VIN PGOOD
EN 3A 1.0V

IC22: ADP2118

A DIGILENT

3av F
L o f D0 el
S el E:é T TR
Buttons| BTNR M1z g3 L2
b M18 Ni4 —LD3
BTNU R LD B
5 P18 V17 _LD5
BTND
- uiy B8 -
N17 f
BTNG % | Ule —OZ LEDs
vig —LD8
& T15 _LD9
3.3V U4 _LD10
SWor-o—w— J15 T1g —LRu
r > 15 _LD12
| SWir—o—w— L16 V14 —LD13
4o 1D14
SW2r—o—ww— M13 V12 e
V11 T-seg
| SW3r—o—w— R15 39y Display
SWa r—o—wwi— R17 u13 w»“m
o K2 —w——1* ANg
Switches | SWHr—o—w T18 T14 EAN5
o P14 € A
[ SWeg-o—w— U18 ol s
1.8V SW7 —o—vv— R13 T8 1 ang|
J18 —ww HAM
SWE—o—wi— T8 J17T | gANu
o
| SWoro—w— L8 i O s A Y o [ o [ |
o 0 4 A ) NS S A
SW10s~o—w— R16 T10 —w—t ! |
CA
SW1T—o—w— T13 R10 CBl
i K16 —woz—t
[sWizz-o—w— He K13 —w—op—1
1P S |
|swisso—w— U12 ?1? CE i
" CF
SWidr—o—w— U11 tI__Ilg Mt
SWi5-o—w— V10 =3 e
Tri-Color Lb17 LD16
v LEDs =
3.3V N16 —w—r+———R17
R11 ‘ Ta G17)
G14 L B17
CPU Reset
’ WRES e I\N/I'?g h H‘misme
AT R I




Digilent Nexys™4 DDR (Nexys A7) FPGA Board

PCB resources ADlGlLEN'l“

AGH

setting _____________________________Jvale |
Memaory type DDR2 SDRAM REDO AKOQ
Max. clock period 3000ps (667Mbps data rate) A9 -« » MDD y A3 7%—
Recommended clock period (for easy clock generation) 3077ps (650Mbps data rate) Ca » MDC RJ-45 ""fllth B4 &W_—
Memory part MT47H64M16HR-25E B3 » RESET# magnetics cg RED2 1K1 |
Data width 16 =] 4 - A4 RED3 5100
Data mask Enabled , «gfm—pp. KO
Chip Select pin Enabled D10 —* RXD1/MODE1 | I CB GRNO -
Rtt (nominal) — On-die termination S0ohms Ci11 4——» RXDO/MODED - = A5
Internal Vref Enabled C10 4————» RXERR/PHYADD
Internal termination impedance 500hms B6 - 5100
5 AB GRN3
A10 ——— TXDO — T
L13 J—. CS# A —» TXD1 Link/Status B7 BLUO wa |
K17 *+—w—u SDI/DCO B9 —— » TXEN LEDs (x2) o7 BlUl 20 |
K18 *+—w— SDODOQT KO
SRR +«—w—» WPEDQ2 PR p7 B2 AR
L14 D9 CRS_DVIMODE2 BLU3 5100
. E9 —* SCK spiFilash
Artix-7 B11
D5 — CLKIN
= 4 B12
- E]l 2,: , JTAG 4——» JTAG Artix-7 SMSC LANS720A Artix-7
T TXD ——» C4
. INT1T —» B13 INT1: Interrupt One
Micro-USB RXD 4————ou D4 INT2 16 INT2: Interrupt Two CLK «—— J5 CLK: Clock Input to Microphone
(J6) CTS +— 03 i P = MOSI- Master Out Slave In DATA — H5 DATA: Data Output Signal
RTS ——» E5 MISO > E15 MISO: Master In Slave Out Miropbane | /R, SEL +—— F5 L/R SEL: Left/Right Channel Select
FT2232 Artix-T ~CS «—— D16 ~CS:Slave Select (Active Low) ADMP421 Artix 7
SCLK <— F15 SCLK: Serial Clock

|]4 ADXL362 Artix 7 VCC GMD & signals

SDMICROM)  microSD «——» User IO
FP‘GAI 7 FFGA Pin 12 E H ﬂ E E ﬂ

SDHISB WPZ) ﬂﬂl’lﬂﬂ > cunﬂg SCL —— C14 SCL: 12C Serial Clock % o n ﬂ ﬂ ﬂ H

[ SDA €—» C15 SDA:|12C Serial Data

= ! 2 PEZ_‘ELK +—» F4 TMP_INT — D13 TMP_INT: Over-temperature and Under-temperature Indicator

_ P52 DAT «—p» B2 TMP_CT — B14 TMP_CT: Critical Ove r-temperature Indicator

i " ADT7420 Artix7

HOST (J5) PIC24FJ128 Artix-7
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