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1 Overview

The NexysdDDRboard is a complete, readp-use digital circuit
development platform based on the latest Aixu CA Sf R
Programmable Gate Array (FPGA) friéitimx® With its large,
high-capacity FPGA (Xilinx part number XC7AI00$G324C),
generous external memories, and collection of USB, Ethernet, an
other ports, the Nexys®DRcan host designs ranging from
introductory combinational circuits to powerfuhebedded
processors. Several buitt peripherals, including an
accelerometer, temperature sensor, MEMs dadjitnicrophone, a
speaker amplifigrand severall/O devices allow the Nexy$2DR

to be used for a wide range of designs without needing any other
components.

The Nexys4 DDR

The Artix7 FPGA is optimized for high performance logic, and offers more capacity, higher perforarahogore
resources than earlier designs. AfiiXLOOT features include:

15,850 logic slices, each with fouirhut LUTs and 8 fliflops
4,860 Kbits of fast block RAM

Six clock management tiles, each with phémeked loop (PLL)
240 DSP slices

Internal clock speeds exceeding 4861z

Onchip analogo-digital converter (XADC)

=A =4 4 -4 -4 A

The NexysdDDRalso offers an improved collection of ports apeéripherals, including:

9 16 user switches 9 16 user LEDs 1 Two 4digit 7-segment displays

f USBUART Bridge 1 Two tricolor LEDs 1 Micro SD card connector

f 12-bit VGA output 1 PWM audio output 1 PDM microphone

9 3-axis accelerometer 1 Temperature sensor 1 10/100 EthernePHY

1 128MiBDDR2 9 Serial Flash 1 Four Pmod ports

f Pmod for XADC signals 9 Digilent USBITAG port for FPGA 9 USB HID Host for mice, keyboards
programming and and memory sticks

communication

The Nexys#DRis compatible with XililE Q & vy $eérforfdnaR/ivadoPesign Suite as well as the @&éolset,
which includes ChipSEdSn | YR 95 Y & WebRAEHK ersiéhd of tBdsditoomeatsBss designs can be
implementedat no additional costThe Nexys4 DDR is not supported by the Digilent Adept Utility.
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Figurel. Nexys4 DDR board features

Callout | Component Description Callout | Component Description
1 13

Power select jumper and battery header FPGA configuration reset button

2 Shared UART/ JTAG USB port 14 CPU reset button (fasoft cores)

3 External configuration jumper (SD / USB) 15 Analog signal Pmod connector (XADC)
4 Pmod connector(s) 16 Programming mode jumper

5 Microphone 17 Audio connector

6 Power supply test point(s) 18 VGA connector

7 LEDs (16) 19 FPGA programmindpne LED

8 Slide switches 20 Ethernet connector

9 Eight digit #seg display 21 USB host connector

10 JTAG port for (optional) external cable 22 P1C24 programming port (factory use)
11 Five pushbuttons 23 Power switch

12 Temperature sensor 24 Powerjack

A growing collection of board support IP, reference designs, anebadibards are available on the Digilent
website. See the Nexy$2DRpage atwww.digilentinc.confor more information.
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1.1 Migrating from Nexys4
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The Nexys4 DDR is an incremental update to the Nexys4 board. The major improvement is the replacement of the
16 MiB CellularRAM with a 128 MiB DIFDRAM memory. Digilent will provide a VHDL reference module that
wraps the complexity of a DDR2 controller and is backseothpatible with the asynchronous SRAM interface of

the CellularRAMwith certain limitations See the Nexys4 DDR pagevatw.digilentinc.confor updates.

Furthermore,to accommodate th new memory, the pirout of the FPGA banks has changed as well. The
constraints file of existing projects will need to be updated.

The audio output (AUD_PWM) nd=to be driven opefilrain as opposed to pusbull on the Nexys4.

2

Power Supplies

The NexysdDDRboard can receive power from the Digilent USBAG port (J6) or from an external power supply.
Jumper JP3 (near the power jack) determines which source ds use

All NexysdDDRpower supplies can be turned on and off by a single Hmyiel power switch (SW16). A powgood
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and operating normally. An ewiew of the Nexys®DRpower circuit is shown ifigure2.
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Figure2. Nexys4 DDR poweir@uit.
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The USB port can deliver enough power for the vast majority of designsoutof-box demo daws ~400mA of
current from the 5V input railA few demanding applications, including any that drive multiple peripheral boards,
might require more power than thelSB port can provide. Alssome applications may need to run without being

AAAAA

a2

t/ Qa

An external power supply can be used by plugging into to the power jaak (J
The supply must use a coax, cenpasitive 2.1mm internatliameter plug, and deliver 4.5VDC to 5.5VDC and at
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least 1A of current (i.e., at least 5W of power). Many suitable supplies can be purdh@asedigilent,through
DigiKey, or other catalog vendors.

'y SEGSNYyLFt oFGGSNE LI Ol OFy 6S dzaSR o6& O2yySOGAy3 GKS
negative terminal to the pin labeled Jldirectly below JP3. Since the main regulator on the NéRpRcannot

accommodate input voltages over 5.5VDC, an external battery pack must be limited to 5.5VDC. The minimum

voltage of the batterypack depends on the applicatioifithe USB Host function (J5) is used, at least 4.6Vsteed

be provided. In othecasesthe minimum voltage is 3.6V.

Voltage regulator circuits from Analog Devices create the required 3.3V, 1.8V, and 1.0V supplies from the main
power input Tablel provides additional information.ypical currents depend strongly on FPGA configuration and
the values provided are typt of medium size/speed designs

FPGA 1/0, USB ports, Clocks

3.3V RAM I/O, Ethernet, SD slot, 1C17: ADP2118 3A/0.1 to 1.5A
Sensors, Flash

1.0V FPGA Core IC22: ADP2118 3A/0.2 to 1.3A

1.8V 2532' FPGA Auxiliary and |~ 3. A\ppo13g 0.8A/ 0.5A

Tablel. NexysdDDRpower sipplies

2.1 Power protection

The Nexys4 DDR features overcurrent and overvoltage protection on the input power rail. A 3.GR2Bigand a
5V Zener diod€D16) provide a nonesettable protection for other ofboard integrated circuitsas displayeth
Figure2. Applying power outsidef the specs outlined in this document is not covered by warranty. If this
happens, either or botimight get permanently damaged@he damaged parts are not useplaceable.

3 FPGA Configuration

After poweron, the Artix7 FPGA must be configured (or programmed) before it can perform any functions. You
can configure the FPGA in one of four ways:

1. APCcause the DigilentUS®¢ ! D OA NDdzA G NE 0L NIWcZ fF06StSR at whDEg
power is on

2. Afile stored in the nonvolatile serial (SPI) flash device can be transferred to the FPGA using the SPI port.

A programming file can be transfedé¢o the FPGA from a micro SD card.

4. A programming file can be transferred from a USB memory stick attached to the USB HID port.

w
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Figure3. Nexys4 DDR configuratioptions

Figure3 shows the different options available for configuring the FPGA. Ad énlf NR a Y2 RS¢ 2dzYLISNI o Wi

media selection jumper (JP2) select between the programming modes.

The FPGA configuratiaiata is stored in files called bitstreams that have the .bit file extension. The ISE or Vivado
software from Xilinx can create bitstreams from VHDL, Veilogschematidased source files (in the ISE toolset,

95Y A& dzASR T2 NJ aAi ONd&baded deSgns).SY6 SRRSR LINR OSa

Bitstreams are stored in SRAMI 8 SR YSY2NE OStfa 6A0GKAY (GKS CtD!d ¢KAA F

and circuit connections, and it remains valid until it is erased by removing board power, by pressing the reset
button attached to the PROG input, or by writing a new configuration file using the JTAG port.

An Artix7 100T bitstream is typically 30,606,304 bits and can take a long time to transfer. The time it takes to
program the Nexys4 can be decreased by compressing theeaits before programming, and then allowing the
FPGA to decompress the hitsam itself during configuration. Depending on design complexity, compression
ratios of 10x can be achieved. Bitstream compression can be enabled within the Xilinx tools (V@Ex)rt®ioccur

during generation. For instructions on how to do this, consult the Xilinx documentation for the toolset being used.

I FTGSNI 0SAy3a &adz00SaatdzZ & LINRPINIYYSRI (G(KS CtD! gAff
button at any timewill reset the configuration memory in the FPGA. After being reset, the FPGA will immediately
attempt to reprogram itself from whatever method has been selected by the programming mode jumpers.

The following sections provide greater detail about programmthe NexysDDRusing the different methods
available.

3.1 JTAG Configuration

The Xilinx tools typically communicate with FPGAs using the Test Access Port and BSuadarghitecture
commonlyreferred to as JTAG. During JTAG programming, a .h# fitensferred from the PC to the FPGA using
the onboard Digilent USBTAG circuitry (port J6) or an external JTAG programmer, such as the DigileRtSILAG
attached to port J10. You can perform JTAG programming any time after the NRRiRAS been poweed on,
regardless of what the mode jumper (JP1) is set to. If the FPGA is already configured, then the existing

configuration is overwritten with the bitstream being transmitted over JTAG. Setting the mode jumper to the JTAG

Copyright Digilent, Inc. All rights reserved. . .
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setting (seen irFigurel) is useful to prevent the FPGA from being configured from any diitgtream source
until a JTAG programming occurs.

Programming the Nexyd4aDRwith an uncompresseditstream using the o#board USBITAG circuitry usually

takes around five second3TAG programming can be done using the hardware server in Vivado or the ikdeACT
included with ISE and thehTools version of Vivado. The demonstration project availablevaiv.digilentinc.com
gives an irdepth tutorial on how to program your board.

3.2 Quad-SPI Configuration

Since the FPGA on the Nexys4 DDR is volatile, it relies on theSRlifldsh memory to store the configuration
between power cycles. This configuration mode is called Master SPI. ThkeHH&A takes the role of master and
reads the configuration file out of the flash device upon powpr To that effecta configuration file needs to be
downloaded first to the flashVhen programming a nonvolatile flash device, a bitstream file is trarezfdo the

flash in a twestep process. First, the FPGA is programmed with a circuit that can program flash devices, and then
data is transferred to the flash device via the FPGA circuit (this complexity is hidden from the user by the Xilinx
tools). Thisis called indirect programming\fter the flash device has been programmed, it can automatically
configure the FPGA at a subsequent powaror reset event as determined by the mode jumper settsgg(

Figure3). Programming files stored in the flash device will remain until they are overwritten, regardless of power
cycle events.

Programming the flash can take as long as four to five minutes, which is mostly dudéadkiey erase process
inherent to the memory technology. Once written however, FPGA configuration can b&asaryess than a
second. Bitstream compression, SPI bus width, and configuration rate are factors controlleddiynttieols that
can affectconfiguration speedThe Nexys4 DDR supports x1,a# x4 bus widths and data rates of up tolgbiz
for QuadSPI programming.

QuadSPI programming can be done using the iMP#®GITincluded with ISE or the Labdls version of Vivado.

3.3 USB Host and Micro SD Programming

You can program the FPGA from a pen drive attacbdlde USB Hogtort (J5) or a microSD card inserted into J1
by doing the following:

Format the storage device (Pen drive or microSD card) with a FAT32 file system.
Place a single iftoconfiguration file in the root directory of the storage device.
Attach the storage device to the NexyBDR

Set the JP1 Programming Mode jumperonthe Ne®BRI 2 G ! { . k { 5¢ @
Select the desired storage device using JP2.

Push the PROG button power-cycle the NexysBDR

S

The FPGA will automatically configure with the .bit file on the selected storage device. Any .bit files that are not
built for the proper Artix7 device will be rejected by the FPGA.

The Auxiliary Function Statis NJ & . | {gives viqud fBedback on the state of the configuration process when
the FPGA is not yet programmed:

1 When steadily litthe auxiliary microcontroller is either booting up or currently reading the configuration
medium (microSD or pen drive) and downloadibitstream to the FPGA.
1 A slow pulse means the microcontroller is waiting for a configuration medium to be plugged in.

Copyright Digilent, Inc. All rights reserved. . .
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1 In case of an error during configuratiaghe LED will blink rapidly.

When the FPGAas been successfully configured, the behaviohefltED is applicatiespecific. For example, if a
USB keyboard is plugged in, a rapid blink will signal the receipt of an HID input report from the keyboard.

4  Memory

The NexysdDDRboard contains two external memories1&ib (28MiB)DDR2 SDRAKNd a 1281ib (16MiB)
non-volatile serial Flash devicEhe DDR2 modules are integratedomard and connect to the FPGA using the
industry standard interface.RE serial Flash is on a dedicated guadde (x4) SPI bus. The connections and pin
assignments between thEPGA and extaal memories are showbelow.

41 DDR2

The Nexys4 DDR includes one Micron MT47H64MIA34R DDR2 memory componegteating a single rank, 16

bit wide interface. lis routedto a 1.8V¥powered HR (High Range) FPGA haittk 50 ohm controllecsingleended

trace impedance50 ohm internal terminations in the FPGA are used to match the trace characteristics. Similarly,
on the memory sideon-die terminations (ODT) are used for impedance matching.

For proper operation of the memoyg memory contoller and physical layer (PHY) interface needsdadncluded
in the FPGA desigmhere are two recommended ways to do thathich areoutlined belowanddiffer in
complexity and design flexibility

The straightforwardvay is to use the Digilesirovided DDRo-SRAM adapter module which instantiates the
memory controller and uses an asynchronous SRAM bus for interfacing with user logic. This module provides
backwardcompatibility with projects written for older Nexyigie boards featuring a CellularRAM instead of DDR2.
It trades memory bandwidth for simplicity.

More advanced users or those who wish to learn more about DDR SDRAM technology may want to use the Xilinx
7-series memory interface solutions core generated by MG (Memory Interface Generator) WizaRkpending

on the tool used (ISE, EDK or Vivate MIG Wizard can generate a native FEfe or an AXI4 interface to

connect to user logicThis workflow allows the customization of several DDR parametersiizgtil for the

particular applicationTable2 belowlists the MIG Wizard settings optimized for the Nexys4 DDR.

Setting

Memory type DDR2 SDRAM

Max. clock period 3000ps (667Mbps data rate
Recommended clock period (for easy clock generat 3077ps 650Mbps data rate)
Memory part MT47H64M16HRSE

Data width 16

Data mask Enabled

Chip Select pin Enabled

Rtt (nominal); On-die termination 500hms

Internal Vref Enabled

Internal termination impedance 500hms

Table2. DDRZettings for the Nexys4 DDR

Although the FPGA, memory, BBid the board itself are capable of the maximum data rate of 667Mbps, the
limitations in the clock generation primitives restrict the clock frequencies that can be generated from the 100
MHz system clock. Thus, for simplicttye next highestlatarate of 650Mbps is recommended.

Copyright Digilent, Inc. All rights reserved. . .
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The MIG Wizard will require thfexed pin-out of the memory signalto be entered and validated before generating
the IP core. For your convenienas importable UCF file is provided on the Digileebsite to speed up the
process.

For more details on the Xilinx memory interface solutigeger to the 7 Series FPGAs Memory Interface Solutions
User Guide (ug588)

4.2 Quad-SPI Flash

FPGA configurationlés can be written to the Qua8PI Flash (Spansipart number S25FL128S), and mode

settings are available to cause the FPGA to automatically read a configuration from this device at power on. An
Artix-7 100T configuration file requires justss tharfour MiB (mebibytef memory, leaving about 77% dfe
flashdevice available for user data. Or, if the FPGA is getting configured from another source, the whole memory
can be used for custom data.

The contents of the memory can be manipulated by issuing certain commands on the SPI bus. The implementation
of this protocol isoutside thescope of this documenill signals in the SPI bus except SCK are gemanabse

user I/O pins after FPGA configuration. SCK is an exception because it remains a dedicated pin even after
configuration. Access to this pin is provided through a special FPGA primitive calledUBEART

bhe¢oY wSTSNI (2 GKS Y bangXitinix usei glibSfotIdre idrniation. 3 K S S G a

L13 —TLb CS#

K17 <+—w— SDI/DQO
K18 +—w—» SDO/DQ1
M14 <+—w—» HLD#/DQ3
. E9 — > SCK spj Flash
Artix-7

Figure4. Nexys4 DDR SRigh pirout.

5 Ethernet PHY

TheNexys4 DDRoard includes an SMSC 10/100 Ethernet PHY (SMSC part number LAN8720A) paired with an RJ
45 Ethernet jack with integrated magnetics. The SMSC PHY uses the RMII interface and supports 10/100 Mb/s.
Figure Sllustrates the pin connections between the Ariixand the Ethernet PHY. At powen reset, the PHY is

set to the following defaults:

T RMII mode interface
1 Auto-negotiation enabled, advertising all 10/100 mode capable
1 PHY address=00001

! http:/Avww.xilinx.com/support/documentation/ip_documentation/mig_7series/v2_1/ug586_7Series MIS.pdf
2 http://www.spansion.com/Support/Datasheets/S25FL128S 256S_00.pdf
® http://www.xilinx.com/support/documentation/user _quides/ug470_7Series_Config.pdf
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Two onboard LEDs (LD23 = LED2, LD24 = LED1) connected to the PitMipkostatus and data activity
feedback. See the PHY datasheet for details.

EDKbased designs can access the PHY using either the axi_ethernetlite (AXI EthernetLite) IP core or the
axi_ethernet (Tri Mode Ethernet MAC) IP core. A mii_to_rmii core (Eth&td¥ MIl to Reduced MIl) needs to be
inserted to convert the MAC interface from MIl to RMII. AlB80 MHz clock needs to be generated for the
mii_to_rmii core and the CLKIN pin of the external PHY. To account for skew introduced by the mii_to_rmii core,
generate each clock individually, with the external PHY clock having a 45 degree phase shift relative to the
mii_to_rmii Ref_CIlk. An EDK demonstration project that properly uses the Ethernet PHY can be found on the
Nexys4 DDRroduct page atvww.digilentinc.com

ISE designs can use the IP Core Generator wizard to create an Ethernet MAC controller IP core.

NOTE: Refer to the LAN8720A data sHdet further information.

A

A9 MDIO RJ-45 with
c9 MDC oWl
magnetics

B3 RESET#

4
D10 «—» RXD1/MODE1
Cl1l1 <4——» RXDO/MODEO

C10 «——» RXERR/PHYADO

A10 — TXDO T

A8 — » TXD1 Link/Status
B9 —» TXEN LEDs (x2)

vyvyy

D9 <«——» CRS_DV/MODE2
B8 <¢——» INT#REFCLKO

D5 ——» CLKIN

Artix-7 SMSC LAN8720A
Figure5. Pin connections between the Arilxand the Ethernet PHY

6 Oscillators/Clocks

TheNexys4 DDRBoard includes a single 100Hz crystal oscillator connected to pin E3 (E3 is a MRCC input on bank

35). The input clock can drive MMCMs or Rblgenerate clocks of various frequencies and with known phase

relationships that may be needed throughout a design. Some rules restrict which MMCMSs and PLLs may be driven

by the 100MHz input clock. For a full description of these rules and of the capedibf the Artix7 clocking
NBaz2dzaNOSas NBFSNI G2 GKS a1t {SNASa ctD!'a /t201Ay3 wSazadz

Xilinx offers the Clocking Wizard IP core to help users generate the different clocks required for a specific design.
This wizard Wi properly instantiate the needed MMCMs and PLLs based on the desired frequencies and phase
relationships specified by the user. Tlwizard will then output an eastp-use wrapper component around these

* http://ww1.microchip.com/downloads/en/DeviceDoc/8720a.pdf
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clocking resources that can be inserted into theNid@d RSaA3dyd ¢KS Of201Ay3a 6A1 1 NR Ol
Project Navigator or Core Generator tools.

7 USB-UART Bridge (Serial Port)

TheNexys4 DDicludes an FTDI FT2232HQ WRERT bridge (attached to connector J6) thdwsyou use PC
applications to communicate with the board using standard Windows COM port commands. FreeQMNsport

drivers, available fromwvww.ftdichip.comunder the "Virtual Com Port" or VCP heading, convert USB packets to
UART/serial port data. Serial port data is exchangigd the FPGA using a twaire serial port (TXD/RXD) and

optional hardware flow control (RTS/CTS). After the drivers are installed, /0 commands can be used from the PC
directed to the COM port to produce serial data traffic on the C4 and D4 FPGA pins.

Twoon-board status LEDs provide visual feedback on traffic flowing through the port: the transmit LED (LD20) and
the receive LED (LD19). Signal names that imply direction are from thegbeiiew of the DTE (Data Terminal
Equipment), in this case the PC.

The FT2232HQ is also used as the controller for the DigiletJUSS circuitry, but the USBART and USBTAG
functions behave entirely independent of one another. Programmers interested in using the UART functionality of
the FT2232 within their design d@nneed to worry about the JTAG circuitry interfering with the UART data
transfers, and viceersa. The combination of these two features into a single device allowsdhkgs4 DDR be
programmed, communicated with via UART, and powered from a comptteeateed with a single Micro USB

cable.

The connections between the FT2232HQ dmel Artix7 are shown irFigure6.

4
2 JTAG
<+—F+—» JTAG
TXD——» C4

Micro-USB RXD «— D4
(J6) CTS<«—— D3
RTS—» E5

FT2232 Artix-7

Figure6. Nexys4 DDR FT2232HQ connections

8 USB HID Host

The Auxiliary Function microcontroller (Microchip PIC24FJ128) providéettys4 DDRith USBEmbeddedHID

host capability. After poweup, the microcontroller is imonfiguration mode, either downloading a bitstream to

the FPGA, or waiting to be programmed from other sources. Once the FPGA is programmed, the microcontroller
switches to application mode, which is USB HID Host in this case. Firmware in the micrarardrotlrive a

mouse or a keyboard attached to the type A USBneator at J5 labeled "USB Hadtlub support is not currently

available, so only a single mouse or a single keyboard can be@skdkeyboards and mice supporting the Boot

HID interface arsupported.The PIC24 drives several signals into the FPt&A are used to implement a

d0FYRFNR t{kH AYGSNFIOS FT2N O02YYdzyAOF A2y gAGK | Y2dza$
two-wire serial programming port, so the FPGA can bgmmmed from a file stored on a USB pen drive or

microSD card.
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HOST (I5) PIC24FJ128 Artix-7

Figure7. Nexys4 DDR PIC2%haections

8.1 HID Controller

The Auxiliary Function microcontroller hides the USB HID protocol from the FPGA and emulatestyde &i8/2

bus. The microcontroller behaves just like a PS/2 keyboard or mouse would. This means new designsecan re
existing PS/2 IP cores. Mice and lkesrds that use the PS/2 protocol use a twore serial bus (clock and data) to
communicate with a host. On thidexys4 DDRhe microcatroller emulates a PS/2 devigeéhile the FPGA plays

the role of the host. Both the mouse and the keyboard usdit ivords that include a start bit, data byte (LSB

first), odd parity, and stop bit, but the data packets are organized differently, and the keyboard interface allows bi
directional data transfers (so the host device can illuminate state LEDs on the keyboartiiniBgs are shown in
Figures.

Edse 0 :Tck=:Tck= — Edge 10
® star t>Pbhidt ¢ ad st
DATA \ 12 / Y Y T
Tsu» «
Symbol Parameter Min | Max
Tck | Clock time 30us [ 50us

Tsu | Data-to-clock setup time | 5us | 25us
Tup | Clock-to-data hold time | 5us | 25us

Figure8. PS/2 devic#o-host timing dagram

The clock and datsignals are only driven when data transfers ocatinerwise they are held in the idle state at
highimpedance (operdrain drivers)This requires that when the PS/2 signals are used in a design, interral pull
ups must be enabled in the FPGA on the datd clock pins. The clock signal is normally driven by the device, but
may be held low by the host in special cases. The timings define signal requirements fortoybose
communications and Hiirectional keyboard communications. A PS/2 interface dicam be implemented in the
FPGA to create a keyboard or mouse interface.

When a keyboard or mouse is connected to Mexys4 DDR | -(icS&8it LI 8aSRéE O2YYIlI yR oO0nE! ! |
host. After this, commands may be issued to the device. Since both tl®&ealand the mouse use the same
PS/2 port, one can tell the type of device connected using the device ID. This ID can be read by issuing a Read ID

O2YYLYR O6nECHO® ! f&2% | Y2dzZaSU88¢REBI AA8RE50D Yidhiasyl B NF B K (
it from a keyboard.
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8.2 Keyboard

PS/2style keyboards use scan codes to communicate key press data. Each key is assigned a code that is sent
whenever the key is pressed. If the key is held down, the scan code will be sent repeatedly about once every

100ms. When a key is released, an FOWeyode is sent, followed by the scan code of the released key. If a key

can be shifted to produce a new character (like a capital letter), then a shift charactet is seldition to the scan

codeand the host mst determine which ASCII character to use. Some keys, called extended keys, send an EO

ahead of the scan code (and they may send more than one scan code). When an extended key is released, an EO FO
key-up code is sent, followed by the scan code. Scan cfmterost keys are shown Figure9.

ESC F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 || F11 || F12
76 05 06 04 oC 03 0B 83 0A 01 09 78 07
T~ 1 ! 2 @ 3 # % BackSpace
OE 4E +— 66

( TAB | 1} YR
24 2D 2C 35 SC 43 44 4D 54 5B 5D
Caps Lock Enter
58 1C 1B 23 ZB 34 33 3B 42 4B 4C 52
Shift G Shrft
12 1Z 22 21 2A 32 31 3A 41 49 4A

Ctrl Alt Space Alt Ctrl
14 11 29 EO 11 EO 14

Figure9. Keyboard scan codes

A host device can also send data to the keybo@ahle3 shows a list of some common commands a host might
send.

The keyboard can send data to the host only when both the data and clock lines are high (or idle). Because the
host is the bus master, theegboard must check to see whether the host is sending data before driving the bus. To
FIOAEAGIGS GKAAY GKS Oft201 tAyS Aa dzaSR Fa | aOf St
must not send any data until the clock is reledis€he keyboard sends data to the host irbitlwords that
O2yGFAyYy | WnQ &hitdoldtan ocotldi(CSB firs)f fdll@védoiR an@dd parityabid terminated with

- WmMQ adG2L) 0AlG® ¢KS 1 S@0 2 N0 ESwhenNbe dafads sentnanddata i Yalidi NI y & A |
on the falling edge of the clock.

Set Num Lock, Caps Lock, and Scroll Lock LEDs. Keyboard returns FA after receiving E

NJ 2

ED host sends a byte to set LED status: bit 0 sets Scroll Locksdig Num Lock, and bit 2 sets
Caps lock. Bits 3 to 7 are ignored.

EE Echo (test). Keyboard returns EE after receiving EE

F3 Set scan code repeat rate. Keyboard returns F3 on receiving FA, then host sends secon
to set the repeat rate.

FE Resend. FHirects keyboard to resend most recent scan code.

FF Reset. Resets the keyboard.

Table3. Keyboard commands

Copyright Digilent, Inc. All rights reserved.
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8.3 Mouse

Once entered in stream mode and data reportisgnabled the mouse outputs a clock and data signal when it is

moved otherwise,these signals remain at logigmQ 91 OK (GAYS (KS YoRweidSarelsant Y2 SR>
from the mouse to the host device, as showrFigurel0.Each ofthe 1D A G 62 NR& O2y il Aya | wnQ
o0& y oAGA 2F RFEGIF o[{. TFANRGOIT F2ft26SR 06& |y 2RR LJ NX.
GNl yavyraarzy O2yilAya oo oAGAYT 6KSNB oAdla nX mMMI YR H
three 8bit data fields contain movement datas shown irFigure10. Data is valid at the falling edge of the clock,

and the clock period is 20 80 KHz

The mouse assumes a relative coordinate system wherein moving the mouse to the right generates a positive

number in the X fieldand moving to the left generates a negative number. Likewise, moving the mouse up

generates a positive number in the Y field, and moving down represents a negative number (the XS and YS bits in

the status byte are the sign bitd WM Q A Yy R ¥e(blinib&)i Thé magri@ié af the X and Y numbers

represent the rate of mouse movemernhe larger the number, the faster the mouse is moving (the XV and YV bits

in the status byte are movement overflow indicagoAWYM Q Y S| ya 2 @SNF{ 2npus&rhodes 2 O O dzZNNB R U
continuously, the 3dit transmissions are repeated every 50ms or so. The L and R fields in the status byte indicate

[ STG YR wA3IKiG odzidz2y LINBaasSa ol WmMQ AYRAOFGS& GKS o dzi

— Mouse status byte—| — X direction byte—| — Y direction byte—|
1‘ 0 ‘ L ‘ R ‘ 0 ‘ 1 ‘XS‘YS‘XY‘YY‘ P‘ 1 ‘ 0 ‘xo‘x1‘x2‘x3‘x4‘x5‘xe‘x7‘ P‘ 1 ‘0 ‘YO‘Yl‘YZ‘YS‘YA‘YS‘YG‘Y7‘ P ‘ 1/

\ X Start bit Stop bit * " Start bit stop bit " " Start bit Stop bit
Idle state Idle state

FigurelO. Mousedata format.

The microcontroller also supports MicrosBfntelliMouse®type extensions for reporting back a third axis
representing the mouse wheel, as showrilable4.

EA Set stream mode. The mouse responds with "acknowledge" (OxFA) then resets its move
counters and enters stream mode.
Enable data reporting. The mouse responds Wattknowledge" (OxFA) then enables data
F4 reporting and resets its movement counters. This command only affects behavior in stre:
mode. Once issued, mouse movement will automatically generate a data packet.
Disable data reporting. The mouse respondswacknowledge" (OxFA) then disables data
reporting and resets its movement counters.
Set mouse sample rate. The mouse responds with "acknowledge" (OxFA) then reads on¢
F3 byte from the host. This byte is then saved as the new sample rate, and @ he® | y 2 &
packet is issued.

F5

FE Resend. FE directs mouse tesend last packet.

FF Reset. The mouse responds with "acknowledge" (OxFA) then enters reset mode.

Table4. Microsoft IntelliMouseaype extensiong;ommandsand actions
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TheNexys4 DDRoard uses 14 FPGA signals to create a VGA port with-gdsitolor and the two standard sync
signals (H& Horizontal Sync, and \{S/ertical Sync). The color signals use residiaider circuits hat work in
conjunction with the 750hm termination resistance of the VGA display to create 16 signal levels each on the red,
green, and blue VGA signals. This ciralibwn inFigurell, produces video color signals that proceed in equal
increments between 0V (fully off) and 0.7V (fully on). Using this circuit, 4096 different colors can be displayed, one
for each unique 1bit pattern. A video controdlr circuit must be created in the FPGA to drive the sync and color
signals with the correct timing in order to produce a working display system.

Pin 1: Red
Pin 2: Grn
Pin 3: Blue
Pin 13: HS
Pin 14: VS

A3 _REDO AKW
B4 -REDL 2KW
c5 -RED2 1KW
Ad RED3 510W
Cce -GRNO AKW
A5

B6

A6

B7

Cc7

D7

Dg -BLU3

11 -HSync 100W
B12 -VYSYNC 1O0W
Artix-7

Pin 5: GND

Pin 6: Red GND
Pin 7: Grn GND
Pin 8: Blu GND
Pin 10: Sync GND

HD-DB15

Figurell Nexys4 DDR VGA interface.

9.1 VGA System Timing

VGA signal timings are specified, published, copyriglgted sold by the VE®&rganization (www.vesa.org). The
following VGA system timing information is provided as an example of how a VGA monitor might be driven in 640

by 480 mode.

NOTE: For morgrecise information, or for information on other VGA frequencies, refer to documentation

available at the VESA website.
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CRTbased VGA displays use amplitudedulated moving electron beams (or cathode rays) to display information

on a phosphorcoated screa. LCD displays use an array of switches that can impose a voltage across a small

amount of liquid crystal, thereby changing light permittivity through the crystal on a-pixpixel basis. Although

the following description is limited to CRT display$) d&plays have evolved to use the same signal timings as

/' we¢ RAALLI&@& 642 (GKS aqaArdylftaéd RAaOdzaaizy o0St26 LISNII A
electron beams (one for red, one for blue, and one for green) to energize the phodptardats the inner side of

the display end of a cathode ray tube (d&igurel2).

Anode(entire screei

Deflection coils

Grig Electron guns
v (Red Blug Greer)

RGB signals

0 ([ (to gung
' aa 2z GW
it T

High voltage supplgieflection  grid gun
(>20kV) control control control

Figurel2. Color CRT display.
9f SOGNRY 06SIYa SYI yéd (i&SKF AR Yoirkss liettddyi BHBdEs pRayia close proximity
G2 | LR2arxdaArogSte OKIFNHSR I yydz | Nindoked by Se gbid dulis B oftr d¢ INRA RDE
energized electrons from the cathodes, and those rays are fed by the current that flows into the cathodes. These
particle rays are initially accelerated towards the grid, but they soon fall under the influence of thelangeh
electrostatic force that results from the entire phosphowated display surface of the CRT being charged to 20kV
(or more). The rays are focused to a fine beam as they pass through the center of the grids, and then they
accelerate to impact on thphosphorcoated display surface. The phosphor surface glows brightly at the impact
point, and it continues to glow for several hundred microseconds after the beam is removed. The larger the
current fed into the cathode, the brighter the phosphor will glow.

Between the grid and the display surface, the beam passes through the neck of the CRT where two coils of wire

produce orthogonal electromagnetic fields. Because cathode rays are composed of charged particles (electrons),

they can be deflected by these maggic fields. Current waveforms are passed through the coils to produce
YE3yS8iGA0 FASERA GKIG AYyGSNIOG sAGK (KS OFGK2RS NI&a Iy
pattern, horizontally from left to right and vertically from top tothom, as shown ifrigurel3. As the cathode ray

moves over the surface of the display, the current sent to the electron guns can be increasedeaisdddo

change the brightness of the display at the cathode ray impact point.

LYF2NXYIFGA2Y Ada 2yfe& RAaLIIE@SR gKSy GKS o0SHY A& Y2QAy3
and not during the time the beam is reset back to the leftayr edge of the display. Much of the potential display

GAYS A& GKSNBF2NB t2aild Ay daoflylAy3adé LISNA2RA 6KSy (G(KS
vertical display pass. The size of the beams, the frequency at which the beam cacdukacaoss the display, and

the frequency at which the electron beam can be modulated determine the display resolution.

Copyright Digilent, Inc. All rights reserved. . .
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[ pixel0,0 pixel0,639 ]
640pixels per row are displayed
during forward beam trace
— »
Retrace no
Display Surface information
displayed
during this
time
(41 pixel4790 pixel 479639 ~—5]J

Stable current rampinformation is -
displayed during this time -

e

Current
waveform :
through
horizontal : . .
defletion - - Total horizontal time : , .
coil Horizontal display time oV "fir:fge
H ; : - time
T . 1
‘L Horizontal sync signal set
"front porch’ retrace frequency "back porch

Figurel3. VGA horizontal synchronization.
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Modern VGA displays can accommodate

different resolutions, ané VGA controller

circuit dictates the resolution by

producing timing signals to control the

raster patterns. The controller must

produce synchronizing pulses at 3.3V (or

5V) to set the frequency at which current

flows through the deflection coils, and it

must ensure that video data is applied to

the electron guns at the correct time.

Raster video displays define a number of
GNRgaé¢ GKIFIG O2NNBaLRyRa
horizontal passes the cathode makes over

the display area, and a number of

G 02t dzY y & éspdnds toan afea dhiNJ
SIFOK NRg GKIFIG A& Faaia3dys
element¢ 2NJ LIAESt & ¢ & LA Ol €
from 240 to 1200 rows and from 320 to

1600 columns. The overall size of a display

and the number of rows and columns

determines the size of each pixel

R
R

Video data typically comes from a video

refreshmemory;with one or more bytes assigned to each pixel location {leys4 DDRses 12 bits per pixel).
The controller must index into video memory as the beams movesadhe display, and retrieve and apply video
data to the display at precisely the time the electron beam is moving across a given pixel.

A VGA controller circuit must generate the HS and VS timings signals and coordinate the delivery of video data
basedon the pixel clock. The pixel clock defines the time available to display one pixel of information. The VS signal

ANBFTNBAKE
Aa |

RSTAySa (KS
The minimum refresh frediy O &

FNBIljdzSy Oe
Fdzy OlGiA2y 27F

2F G(GKS RAaL I & 2N GKS
GKS RAALI I &8Qa LIK2ALK?2

refresh frequencies falling in the 50Hz to 120Hz range. The number of lines to be displayed at a given refresh

FNBIljdzSyOe RSFTAySa

i KS K 2ddpigel/by 48erowdisidyi using@ 88Hz pieRBlhcdzS y Oe &

and 60 +/1Hz refresh, the signal timings showrFigurel4 can be derived. Timings foyrsc pulse width and front
and back porch intervals (porch intervals are the-ned postsync pulse times during which information cannot
be displayed) are based on observations taken from actual VGA displays.
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<& TS -
T - »
.:E, < Tdisp |
- T -
pw pr
Vertical Sync Horiz. Sync

Symbol | Parameter — - -
Time | Clocks|Lines| Time | Clks

Tg | Sync pulse 16.7ms| 416,800| 521 | 32us| 800
Tdisp Display time | 15.36ms| 384,000 480 | 25.6us| 640
pr Pulse width 64 us| 1,600 2 3.84us| 96
Ty |Frontporch | 320us| 8000 | 10 | 640ns| 16
Thp | Back porch 928 us| 23,200| 29 | 1.92us| 48

Figurel4. Signal timings for a 64fixel by 480 row display using a @81z pixel clock and @8z vertical refresh

A VGA controller circuit, sucls ¢he one diagramed iRigurel5, decodes the output of a horizontaync counter

driven by the pixel clock tgenerate HS signal timings. You can use this counter to locate any pixel location on a
given row. Likewise, theutput of a verticalsync counter that increments with each HS pulse can be used to

generate VS signal timings, and you can use this counter to locate any given row. These two continually running
counters can be used to form an address into video RAM.Me télationship between the onset of the HS pulse

and the onset of the VS pulse is specified, so you can arrange the counters to easily form video RAM addresses, or
to minimize decoding logic for sync pulse generation.

O HS
Zero
Zero CE > Set
Detect [ ] & Detect  L—ovs
Horizontal Horizontal Vertical Vertical
Pixel | Counter Synch Counter Synch
CLK 3.84us L, 64us L,
Detect Reset Detect Reset

Figurel5. VGA display controller block diagram

10 Basic l/O

TheNexys4 DDRBoard includes two trcolor LEDs, sixteen slide switches, six push buttons, sixteen individual LEDS,
and an eighdigit seversegmen display, as shown iRigurel6. The pushbuttons and slide switches are

connected to the FPGA via series resistors to prevent damage from inadvertent short circuits @rshibrtould

occur if an FPGA pin assigned to a pushbutton or slide switch was inadvertently defined as an output). The five
pushbuttons arranged in a pksign configuration are "momentary" switches that normally generate a low output
whentheyareatr@a i > ' yR | KAIK 2dzildzi 2yteé 6KSy GKS& | NB LINBaa:
the other hand, generates a high output when at rest and a low output when pressed. The CPU RESET button is
intended to be used in EDK designs to reset the pramessit you can also use it as a general purpose

pushbutton. Slide switches generate constant high or low inputs depending on their position.

Copyright Digilent, Inc. All rights reserved. . .
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3.3V
BTNL K15 -LD1 D;
»—o/qc
Buttons| BTNR M17 Ji3 LM}«WH
L o5 M18 N14 —LD3—— pr
BTNU R18 —LD4 D;
_BOT/’\I%D P18 \/17 —LD5 Dj e
Y N17 s A
BINC [ | [ [ uU16 L{%’—\NVH LEDs
V16 LD{_VW_:@
T15 09—l
3.3v Ul4a Do f
=2 LD11 4
SW0r—o—w— J15 T16 4%%%
o V15 1212w
SW1vr—o—A\\— |_16 Vid LD1 Ed
o LD14 4
—t P
| SW2zo—w— M13 ™ "
o) V1l 7-seg
| SW3r—o—wv— R15 33V Display
[ swaro—w— R17 u13 MAN?
Slide o K2 —wWv— AN6
Switches | SWS7o—w»— T18 T14 HANS
SWB o — P14 ﬁAN‘l
| S u1s J14 :ANB
1.8V SW7 —o—— R13 T9 —w ﬁANz
o J18 —w #ANIJ‘.J
| SW87—o—w— T8 J17 | HANO
O
| SW9m—o—w— U8 I O O |
° |y T N Y [y N Ay
SWi10—o—wW— R16 T10 éA | ‘
[SWilr-o—w— T13 R10 -w—=5
o K16~
ISw127—o—w— H6 K13 _IW\'CD—
o P15 ———y
|SW13mo—vw— 12 CE
T~
O
[swiam—o—w— y11 L18 ca
. H15 =5
|swism—o—w— V10 2.0V
Tri-Color 2w, P17 i‘ . LD16
v LEDs
3.3V N16 —w\— R17
éll . G17
14 {B17
CPU Reset oo C12 N15 [LR16
J7 BTNRES M16 F 16
Artix-7 R12 - w11 B16
s33333 i
<
Figurel6. General Purpose I/O devices on the Nexys4 DDR
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The sixteen individual higkfficiency LEDs are anogennected to the FPGA via 388m resistors, so they will
turn on when a logic high voltage is applied to their respective 1/O pin. Additional LEDs that are rextaessible
indicate poweron, FPGA pgramming status, athUSB and Ethernet port status.

10.1 Seven-Segment Display

TheNexys4 DDRoard contains two foudigit common anode sevesegment LED displays, configured to behave

like a single eighdigit display. Each of the eight digits is compogei a S@Sy &a4S3aYSyida I NN} y3aSR
pattern, with an LED embedded in each segment. Segment LEDs can be individually illuminated, so any one of 128
patterns can be displayed on a digit by illuminating certain LED segments and leavingettsedatrk as shown in

Figurel?. Of these 128 possible patterns, the ten corresponding to the decimal digits are the most useful.

Figurel?7. An unilluminated seversegmentdisplayand nine illumination patterns corresponding to decimal digits

¢tKS FTy2RSa 2F (KS aS@Sy [95a FT2NX¥YAy3 SIFOK RAIAG FNB GA
LEDcathodes remairseparate, as showninFigd» ¢ KS O2YY2y | y2RS airdaylrfta NB | gt
input signals to the @ligit display. The cathodes of similar segments on all four displays are connected into seven

cirauit nodes labeled CAthrgh CG.ENJ SEI YLX S5 GKS SA3IKG a5¢ OFiK2RSa FTNRY
togetherintoad A y 3t S OA NI dzA Tihesg 8eRef cathddeé digBals aré availdbée as inputs to-digits

display. This signal connection scheme creates a multipleispdbgt, where the cathode signals are common to all

digits but they can only illuminate the segments of the digit whose corresponding anode signal is asserted.

To illuminate a segmenthe anode should be driven higbhile the cathode is driven low. Howew since the
Nexys4 DDRses transistors to drive enough currénto the common anode pointhe anode enables are
inverted. Therefore, both the ANO..7 and tl&..G/DP signals are driven lasien active.

Common anode ~ {

All\l7 AII\IG AII\IS All\l4 AII\IS AII\IZ All\ll AII\IO ﬂF - A B
iz iz iz ’
N Ry NN NN N Ry Ny Ny 4

[ R A e P A A e | G
CA CB CCCD CE CF CGDP CA CB CCCDCE CFCGDP E C
Eight-digit Seven | S DP
Segment Display —Ph
[ D/ /N
Individual cathodes
Figurel8 Common anode circuit node
Copyright Digilent, Inc. All rights reserved.
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A scanning display controller circuit can be used to show an-digitthumber on this display. This circuit drives
the anode signals and corresponding cathode patterns of each digiteipeating, continuousuccessiomt an
update rate that is faster than the human eye can detect. Each digit is illuminated justigintt of the time, but
because the eye cannot perceive the darkening of a digit before it is illuminated again, the digit appears
continuously luminated. If the update2 NJ & NJBafeNsSlavied to around 45Ha flicker can be noticed in the
display.

For each of the four digits to appear bright and continuously illuminated, all eight digits should be driven once

every 1 to 16ms, for a refredhequency of aboufi KHzo 60Hz. For example, in a 62.5Hz refresh scheme, the

entire display would be refreshed once every 16ms, and each digit would be illuminated for 1/8 of the refresh

cycle, or 2ms. The controller must drive low the cathodes with the correct pattern whetotihesponding anode

AA3dylrf A& RNAQOSY KAIKDP ¢2 AffdzAGNIGS GKS LINRPOSaax AT ! |
displayed in digit position 1. Then, if AN1 is asserted while CA,ZBR / / | NB | aaSNISRX | aT1é |
digit position 2. If ANO, CB, and CC are driven for 4ms, and then AN1, CA, CB, and CC are driven for 4ms in an

SYyRf Saa adz00Saarzys (GKS RAaLI I @ gAff aK2g awgiEg Ay (GKS
controller is shown ifrigurel9.

Refresh period = 1ms to 16ms

-4
I

‘—K’\ Digit period = Refresh / 4 ;
ANO N/ -
ANL T/
AN2 /7
AN3 N

Cathodes — Y Digit0_¥_ Digitl_X_Digit2_Y__Digit3* X_

N AV

Figurel9. Four digit scanning display controller timing diagram

10.2 Tri-Color LEDs

TheNexys4 DDRoard contains two trcolor LEDs. Each-golor LED has three input signals that drive the

cathodes of three smaller internal LEDs: one red, one blue, and one green. Driving the signal corresponding to one
of these colors high will illuminate the intexhLED. The input signals are driven by the FPGA through a transistor,
which inverts the signals. Therefore, to light up thectmior LED, the corresponding signals need to be driven high.
The tricolor LED will emit a color dependent on the combinatibimternal LEDs that are currently being

illuminated. For example, if the red and blue signals are driven high, and green is driven lowctherttiED will

emit a purple color.

Note: Digilent strongly recommends the usepofsewidth modulation (PWM)when driving the tricolor LEDs (for

information on PWM, see sectidrb.1 Pulse Density Modulation (PDMPriving any of the inputs to a steady

logicWmMQ gAff NBadzZ G Ay GKS [95 o0SAy3a AftdzYAylFrGSR G Fy dz
that none of the tricolor signals are driven with more than a 50% duty cycle. Using PWM also greatly expands the

potential color palette of theri-color led. Individually adjusting the duty cycle of each color between 50% and 0%

causes the different colors to be illuminated at different intensities, allowing virtually any color to be displayed.

Copyright Digilent, Inc. All rights reserved. . .
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11 Pmod Connectors

The Pmod connectors are arrangada 2x6 rightangle, and ard 00-mil female connectors that mate with

standard 2x6 pin headerg&ach 12in Pmod connector provides two 3.3V VCC signals (pins 6 and 12), two Ground
signals (pins 5 and 11), and eight togiignals, as shown Figure20. The VCC and Ground pins can deliver up to 1A
of current. Pmod data signals are not matched pairs, and they are routed using\mktble tracks withatu

impedance control or delay matching. Pin assignments for the Pmod 1/0 connected to the FPGA are Jtadblen in

5.

VCC GND 8 signals

Figure20. PMOD connectorstdnt view, as loaded on PCB

Pmod JB | Pmod Jc| Pmod 30 | Pmod XDAC

JALC17 JB.: D14 JC1: K1 JXADC1: AIAD3P)
JA2:D18 JB2: F16 JC2:F6 JD2:H1 JXADC2: A1IBD10P)
JAS: E18 JB3: G16 JC3:J2 JD3:G1 JXADC3: B{AD2P)
JA4: G17 JB4: H14 JC4:G6 JDA4:G3 JXMC4: B1§AD11P)
JA7: D17 JB7:E16 JC7:E7 JD7:H2 JXADC7: AIAD3N)
JA8: E17 JB8: F13 JC8:J3 JD8: G4 JXADCS: A1@D10N)
JA9: F18 JB9: G13 JC9J4  JD9: G2 JXADC9: BYAD2N)
JA10: G8 JB10: H16 JC10: E6 JD10: F3 JXADC10: AY3D11N)

Tableb. Nexys4 DDR Pmath assignments

Digilent produces a large collection of Pmod accessory boards that can attach to the Pmod expansion connectors
toaddreadyY I RS Fdzy OlAz2ya fA1S ! k5 asivel ather QrictonsYSedi 2 NJ RNA S NA X
www.digilentinc.confor more information.

11.1 Dual Analog/Digital Pmod

Theorno 2 NR t Y2R SELI yaAzy O2yySOG2NI 1 68StSR aW- 15/ & A& ¢
Depending on the configuration, this connector can be used to inputrdifteal analog signals to the analbgr

digital converter insidef the Artix-7 (XADC). Any or all pairs in the connector can be configured either as analog

input or digital inputoutput.

The Dual Analog/Digit Pmod on théNexys4 DDRiffers from the resin the routing of its traces. The eight data
signals are grouped into four pairs, with the pairs routed closely coupled for better analog noise immunity.
Furthermore, each pair has a partially loaded atits filter laid out on the PCB. The filter doesg have

capacitors C663. In designs where such filters are desired, the capacitors can be manually loaded by the user.

NOTE: The coupled routing and the aadtas filters might limit the data speeds when used for digital signals.

The XADC core withthe Artix7 is a dual channel 3t analogto-digital converter capable of operating at 1
MSPS. Either channel can be driven by any of the auxiliary analog input pairs connected to the JXADC header. The
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XADC core is controlled and accessed from a usgdeia the Dynamic Reconfiguration Port (DRP). The DRP also

LINE GARSE | O0Saa (2 @2taGF3S Y2yAG2NR GKIG FNB LINBaSyd 2
that is internal to the FPGA. For more information on using the XADC coreiirgferi KS - Af Ay HE R2 OdzY Sy (
Series FPGAs and Zyr@p0 All Programmable SoC XADC Duitl2 MSPS Analdg-5 A 3A G f / 2y @S NI S NIb¢

12 MicroSD Slot

The NexysdDRprovides a microSD slot for both FPGA configuration and user access.-bhardrAuxiliay

Function microcontroller shares the SD card bus with the FPGA. Before the FPGA is configured the microcontroller
must have acess to the SD card via SPhce a bit file is downloaded to the FPGA (from any source), the
microcontroller power cycles the Sibt and relinquishes control of the bus. This enables any SD card in the slot to
reset its internal state machines and boot up in SD native bus mode. All of the SD pins on the FPGA are wired to
support full SD speeds in nativeerface mode, as shown Figure21. The SHk also available, if needed. Once

control over the SD bus is passed from the microcontroller to the FPGA, the SD_RESET digjtmbeegctively

driven low by the FPGA to power the microSD card slot. For information on implementing an SD card controller,
refer to the SD card specification availablenatw.sdcard.org

3.3V
N 3 LF'_‘SD_RESET % $33s3

VDD — ] I E2
DAT2C — ] « » F1
DATI ] = » E1
CMD——] « » C1
CLK——] = » Bl
DAT3L |« » D2
DATOC — 1 « » C2
CARD_DETECT » Al

SD MICRO (J1) Artix-7

Figure21. Artix-7 microSD card connector interface (PIC24 connections not shown)

13 Temperature Sensor

TheNexys4 DDidcludes an Analog Device ADT7420 temperature sensor. The ggosaes up to 16it
resolution with a tyjcal accuracy better than 0.25 degrees Celsius. The interface between the temperature sensor
and FPGA is shown figure22.

SCL «<— C14 SCL: 12C Serial Clock

SDA «—>» C15 SDA: I2C Serial Data
TMP_INT — D13 TMP_INT: Over-temperature and Under-temperature Indicator
TMP_CT —> B14 TMP_CT: Critical Over-temperature Indicator
ADT7420 Artix 7

Figure22. Temperaturesensor interface

13.1 12C Interface

The ADT7420 chip acts as a slave device using the industry standard I2C communication scheme. To communicate
with ADT7420 chip, the I12C master must specify a slaveeadd0x4B) and a flag indicating whether the
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communication is a read (1) or a write (0). Once specifications are made for communiealiata transfer takes

place. For ADT7420, the data transfer should consist of the address of the desired device fidtyigted by the

data to be written to the specified register. To read from a register, the master must write the desired register
address to the ADT7420, then send an I2C restart condition, and send a new read request to the ADT7420. If the
master does ot generate a restart condition prior to attempting the read, the value written to the address

register will be reset to 0x00.

As some registers store 46t values as dit register pairs, the ADT7420 will automatically increment the address
register of he device when accessing certain registers, such as the temperature registers and the threshold
registers. This allows for the master to use a single read or write request to access both the low and high bytes of
these registers. A complete listing of reigrs and their behavior can be found in the ADT7420 datashedthbiai

on the Analog Devices wesibe.

13.2 Open Drain Outputs

The ADT7420 provides two open drain output signals to indicate wheagiremperature thresholds are

reached. If the temperatte leaves a range defined by registers TLOW (0x06:0x07) and THIGH (0x04:0x05), the INT
pin can be driven low or high based upon the configuration of the device. Similarly, the CT pin can be driven low or
high if the temperature exceeds a critical threshdkfined in TCRIT (0x08:0x09). Both of these pins need internal
FPGA pullips when used.

For details on thelectrical specifications and configuration of the INT and CT pins, refer to the ADT7420
datasheet.

13.3 Quick Start Operation

When the ADT7420 gowered up, it is in a mode that can be used as a simple temperature sensor without any
initial configuration. By default, the device address register points to the temperature MSB register, so a two byte
read without specifying a register will read thdwa of the temperature register from the device. The first byte

read back will be the most significant byte (MSB) of the temperature data, and the second will be the least
AAAYATFAOLIY(H o0@0S o6[{.0 2F GKS R (it srtegerks$ha Bsultigshifted & (1 S a
to the right three bits and multiplied by 0.062be resulting signed floating point value will be a temperature

reading in degrees Celsius.

For information on reading and writing to the other registers of the deviceyelsas notes on the accuracy of the
temperature measurements, refer to the ADT7420 datasheet.

14 Accelerometer

TheNexys4 DDRicludes an Analog Device ADXL362 accelerometer. The ADXL3€&xis 8EMS accelerometer
thatc2 yadzySa f Saa (zfoutpht datarate andi2#0h whemimnhotion triggered wakep mode.

Unlike accelerometers that use power duty cycling to achieve low power consumption, the ADXL362 does not alias
input signals by undesampling; it samples the full bandwidth of the senaball data rates. The ADXL362 always
provides 12bit output resolution; 8bit formatted data is also provided for more efficient singige transfers

when a lower resolution is sufficient. Measurement ranges of #4qy, and +8 g are availabiéh a resolution of

1 mg/LSB on the £2 g range. The FPGA can talk with the ADXL362 via SPI interface. While the ADXL362 is in
Measurement Mode, it continuously measures and stores acceleration data indh&éXYdata, and Zdata

registers. The interface betwaghe FPGA and aglerometer can be seen figure23.
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Figure23. Accelerometer interface

14.1 SPI Interface

The ADXL362 acts as a slave device using an SPI communication scheme. Thenéedr8Rleclock frequency

ranges from IMHz to 5SMHz The SPI operates in SPI mode 0 with CPOL = 0 and CPHA = 0. All communications with
the device must specify a register address and a flag that indicate whether the communication is a read or a write.
Actual data transfer always follows the register address and communication flag. Device configuration can be
performed by writing to the control registers within the accelerometer. Access accelerometer data by reading the
device registers.

For a full list ofegisters, their functionality, and communication specificatiorser tothe ADXL362 datasheet

14.2 Interrupts

Several of the buiin functions of the ADXL362 can trigger interrupts that alert the host processor of certain status
conditions. Interrups can be mapped to either (or both) of two interrupt pins (INT1, INT2). Both of these pins
require internal FPGA pulips when used. For more details about the interrupts, see the ADXL362 datasheet.

15 Microphone

TheNexys4 DDRoard includes an omnidireicnal MEMS microphone. The microphone uses an Analog Device
ADMP421 chip which has a high signal to noise ratio (SNR) of 61dBA and high sensR&itiB&IS. It also has a
flat frequency response ranging from 100HZ&®kHz The digitized audio is outipin the pulse density modulated
(PDM) formatThe component architecture is shownkigure24.

Figure24. Microphoneblockdiagram

® http://www.analog.com/adxI362
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