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Overview

The Nexys4 board is a complete, reddyuse digital
circuit development platform based on the latest Artixu
Field Programmable Gate Array (FPGA) from Xilinx. With
its large, higkcapacity FPGA (Xilinx part number '
XC7A100LCSG324C), generoagternal memories, and

can host designs ranging from introductory combinationa
circuits to powerful embedded processors. Several Huilt
peripherals, including an accelerometer, temperature

sensor MEMs digital microphone, speaker amplifier and
lots of I/O devices allow the Nexys4 to be used for a wide
range of designs without needing any other components.

The Artix7 FPGA is optimized for high performance logic, and offers more capacity, pegfamance
and more resources than earlier designs. ArtiX00T features include:

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

Six clock management tiles, each with phéseked loop (PLL)
240 DSP gles

Internal clock speeds exceeding 450MHz

On-chip analogto-digital converter (XADC)

= =4 =4 4 -4 -4

The Nexys4 also offers an improved collection of ports and peripherals, including:

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

f USBUART Bridge 9 Two tricolor LEDs 1 Micro SD card connector

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

{1 3-axis accelerometer 9 Temperature sensor 9 10/100 Ethernet PHY

f 16Mbyte CellularRAM 9 Serial Flash 1 Four Pmod ports

' Pmod for XADC signals 9 Digilent Adept USB port for 9 USB HID Host for mice,
progranmming and data keyboards and memory sticks

¢tKS bSEéan A& 02 YL} GperfofmancesdvivddBDesigh Bulte/ak Well asyh8I8E K A 3 K
G22taSGx 6KAOK AyOfdzRS& / KALY O2LJS | yRoobdsysd - Af AYyE
designs can be implemented for no additional cost.
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Callout| Component Description Callout|] Component Description

Power select jumper and battery header 13 FPGA configuration reset button
Adept USB (JTAG andRIB 14 CPU reset button (for soft cores)
3 External configuration jumper (SD/USE 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 programming done 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 Power jack

1. Nexys4 board features

A growing collection of board support IP, reference designs, anebadibards are available on the
Digilent website. See the Nexys4 pagevatw.digilentinccomfor more information.
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1 Power Supplies

TheNexys4boardcan receive power from the Digilent USBAG port (J6) or from an external power supply.
Jumper JP3 (near the power jack) determines which source is used.

All Nexys4 power supplies can be turregdand off by a single loglevel power switch (SW16). A powgood LED
O[ 5HHUE RNAGSY o0& (KS aLI26SN) I322Ré 2dzildzi 2F GKS ! 5tHuwm
operating normally. An overview of the Nexys4 power circuit is showigiure 2

Power Power
Jack Switch
(J13) (SW16) VU5V0
VIN 3A 3.3V
i !
EN PGOOD
= n P3 Power On
o 3312 IC17: ADP2118 Y LED (LD22)
Micro-USB
Port (J6) il VIN
EN 800 mA 1.8V
Power Source Select IC23: ADP2138
JP3 cem C&d 9
Ji2 o » J
USB WALL  BATTERY VIN  PGOOD
EN 3A 1.0v

IC22: ADP2118

Figure 2. Nexys4 Power Circui

The USB port can deliver enough power for the vast majority of designs. A few demanding applications, including
any that drive multiple peripheral boards, might require more power ttt@USB port can provide. Also some

FLILJX AOFGA2ya YI@& ySSR (2 NMHMzy 6AGK2dzi 60SAy3a O02yySOGSR i
supply or battery pack can be used.

An external power supply can be used by plugging into to the power\dtkd 0 | YR aSddAy 3 2dzYLISNJI
The supply must use a coax, cerpasitive 2.1mm internatliameter plug, and deliver 4.5VDC to 5.5VDC and at

least 1A of current (i.e., at least 5W of power). Many suitable supplies can be purchased throughddigikey

catalog vendors.

'y SEGSNyLt oFGiSNE LI O1 OFy 68 dzaSR o6& O2yySOiGAy3a GKS
negative terminal to the pin labeled J12 directly below JP3. Since the main regulator on the Nexys4 cannot

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

voltage of the battery pack depends on the applicatidithe USB Host function (J5) is used, at least 4.6V need to

be provided. In other cases the minimumltage is 3.6V.

Voltage regulator circuits from Analog Devices create the required 3.3V, 1.8V, and 1.0V supplies from the main
power inputTable Zprovides additional information (typical currents depend strongly on FPGA configuration and
the values providd are typical of medium size/speed designs).
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FPGA 1/0, USB ports, Clocks

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

1.0V FPGA Core IC22: ADP2118 3A/0.2t0 1.3A

1.8V FPGAAuxiliary and Ram IC23: ADP2138 800mA/ 0.05 to 0.15A

Table 2. Nexys4 Power Supplie

2 FPGA Configuration

After poweron, the Artix-7 FPGAnust be configured (or programmed) before it can perform any functigos.
can configure th&=PGA in one of fowrays:

1. APCcanuse the Digilent U88 ! D OANDdzZA G NE O6LIBR2NIWcz fF06SftSR at whD¢
power is on

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

3. A programming file canébtransferred to 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.

Figure 3Shows the different options available for configuring the FPGA. Afn&i- NR a Y2 RS¢é¢ 2dzYLISNJ o W
mediaselection jumper (JP2) select between the programming modes.

USB-JTAG/UART Port

Micro-AB USB ' UsB
Connector (J6) L Controller F?Plt — P! QFL:adhmode
or as
JTAG
Port
. E poaThe [&] Mode (3P1)
6-pin JTAG < Artix-7 T
Header (J10) é
MO
M2 i e
Micro SD A . ML ———— NA SPI Flash
Connector (J1) L&~ " User IO 3 NA JTAG
oo Done
Type A USB Host ) 2 N ﬁ usB
Connector (J5) ' ez 7 Serial p o
SR Prog. Port rog 03 E (D@ MicroSD

Media Select
JP2)

Programming Mode

Figure 3. Nexys4 Configuration Option:

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

95Y A& dzaSR T2NJ ai ONRbaseddesyms). SYO SRRSR LINRP OSaaz2N

Bitstreams are stored iSRAMbased memory cellwithin the FPGA. This datiefinesi KS Ct D! Q& f 23A 0 ¥ d:
and circuit connectionsand it remains valid untit is erased by removingoardpower, by pressing the reset
button attached to the PROG input, or by writing a new configuration file using the JTAG port.
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An Artix7 100T bitgream is typically80,606,304its and can take a long time to transfer. The time it takes to
program the Nexys4 can be decreased by compressing the bitstream before programming, and then allowing the
FPGA to decompress the bitsream itself during configumaDepending on design complexity, compression ratios

of 10x can be achieved. Bitstream compression can be enabled within the Xilinx tools (ISE or Vivado) to occur
during generation. For instructions on how to do this, consult the Xilinx documentatidhd toolset being used.

I TGSNI 0SAy3 adz00SaafdA e LINRPINYYYSR:I GKS ctD! gatt OFd
button at any time will 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 programming the Nexys4 using the different methods
available.

2.1 JTAG Programming

The Xilinx tools typically oumunicate with FPGAs using tiest Access Port and Bound&gan Architecture

commonly referred to as JTAG. During JTAG programming, a .bit file is transferred from the PC to the FPGA using
the onboard Digilent USBTAG circuitry (port J6) or an exterd@AG programmer, such as the Digilent JH&G,
attached to port J10. You can perform JTAG programming any time after the Nexys4 has been powered 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
setting (seen irrigure Error! Reference source not foungis useful to prevent the FPGA from being configured

from any other bitstream source unél JTAG programming occurs.

Programming the Nexys4 with an uncompressed bitstream using tHmard USB_JTAG circuitry usually takes
around five seconds.

JTAG programming can be done using the hardware server in Vivado or the iIMPACT tool includecinithh&E
labtools version of Vivado.

The demonstration project available at digilentinc.com gives an in depth tutorials on how to program your board.

2.2 Quad-SPI Programming

When programming a nonvolatile flash device, a bitstream file is transferrdbtfiash 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). Afteshtideiae

has been programmed, it can automatically configure the FPGA at a subsequent@owaereset event as
determined by the mode jumper settingde Figure 8 Programming files stored in the flash device will remain
until they are overwritten, regrdless of powecycle events.

Programming the flash can take as long as four to five minutes, which is mostly due to the lengthy erase process
inherent to the memory technology. Once written however, FPGA configuration can be very fast, less than a
second Bitstream compression, SPI bus width, and configuration rate are factors controlled by the Xilnx tools that
can affect configuration speed.

QuadSPI programming can be done using the iIMPACT tool included with ISE or the labtools version of Vivado.
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2.3 USB Host and Micro SD Programming

You can program the FPGA from a pen drive attached to theHUSPort (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.

Placea single .hit configuration file in the root directory of the storage device.

Attach the storage device to the Nexys4.

{SiG GKS Wtwm tNBANIYYAYd az2RS 2dzYLISNJ 2y G(GKS bSEeé&an
Select the desired storage device using JP2.

Push the PROG button or pomeycle the Nexys4.

I e

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.

[
>
ax

¢KS ! dzEAf AL NBE Cdzy Ol A 2 yial feedbackdmithethitk af the configuratipropBoceSs WS &
the FPGA is not yet programmed:

1 When steadily lit the auxiliary microcontroller is either booting up or currently reading the configuration
medium (microSD or pen drive) and downloading a bitstreéa the FPGA.

1 A slow pulse means the microcontroller is waiting for a configuration medium to be plugged in.

1 In case of an error during configuration the LED will blink rapidly.

When the FPGA is has been successfully configured, the behavior of theappliz&ionspecific. For example, if
a USB keyboard is plugged in, a rapid blink will signal the receipt of an HID input report from the keyboard.

3 Memory

The Nexys4 board contains two external memories: a 128Mbit Cellular RAM (psatiddRAM) and A28Mbit
non-volatile serial Flash device. The Cellular RAM has an SRAM interface, and the serial Flash is on a dedicated
guad-mode (x4) SPI bus. The connections and pin assignments between the FPGA and external memories are
shown in Figure 4 and Table 3.

Thel6Mbyte Cellular RAM (Micron part number M45W8MW16) has-hitlbus that supports 8 or 16 bit data

access. It can operate as a typical asynchronous SRAM with read and write cycle times of 70ns, or as a synchronous
memory with a 104MHz bus. When opegdtas an asynchronous SRAM, the Cellular RAM automatically refreshes

its internal DRAM arrays, allowing for a simplified memory controller (similar to any SRAM controller). When
operated in synchronous mode, continuous transfers of up to 104MHz are possibl

FPGA configuration files can be written to the Quad SPI Flash (Spansion part 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 regres just under four Mbytes of memory, leaving about 77% of the flash device
available for user data.

bh¢9yY wSFSNI G2 GKS YIydzZFlF Oldz2NENRA RIFGl aKSSda FyR (GKS
information about the memory devices.
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( ADDR(22:0) —b}
See Table
DATA(15:0) €—p

H14 ———» OE#
R11 ——» WE#
Tl5 —— CLK
CellRAM T13 ———» ADV#
T14 «— WAIT

L18 —» CE#
J13 ——» UB#
J15 —» LB#
\ J14 —» CRE

r L13 —-Lb CS#

K17 <—w—» SDI/DQO
K18 <«—w—» SDO/DQ1

Cellular RAM

SPI Flash { L 14 4w WPH#DQ2
M14 <—w—» HLD#/DQ3
: ; E9 — > SCK gp| Flash
Artix-7

Figure4. Nexys4 External Memories

ADDR22: U13 ADDRS3: U16 ADDR4: H16 DATA15: P17 DATA: T
ADDR2: M16 ADDR2: P14 ADDR: J17 DATAZ: N17 DATA: R17
ADDRR: T10 ADDR1: V12 ADDR: H15 DATASB: P18 DATAL: U18
ADDRS9: U17 ADDRO: V14 ADDR: H17 DATAZ2: M17 DATA: R13
ADDRS: V17 ADDR: U14 ADDR: J18 DATA1: M18 DATR: U12
ADDR7: M13 ADDR: V16 DATAD: G17 DATA: T11
ADDRG6: N16 ADDR: N15 DATA9: G18 DATA: R12
ADDRS5: N14 ADDFP: K13 DATAS: F18

ADDR4: R15 ADDR: K15 DATA7: R18

Table 3. CellRAM Address and Data Bus Pin Assignme

Copyright Digilent, Inc. All rights reserved.
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4 Ethernet PHY

The Nexyséoard ircludes an SMSC 10/100 EtheriélY $MSC part number LAN8720A) paired witfRda5
Ethernet jack with integrated magnetickie SMSC PHY uses tRdll interfaceand supportsl0/100 Mb/s.Figure
5illustrates the pin connections between the Ariixand the Ethernet PHY. power-onreset, the PHY is set to
the following defaults:

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

Two onboard LEDs (LD23 = LED2, LD24 = LED1) connected to the PHY provide link status and data activity
feedback. See the PHY datasheet for details.

EDKbased designs can access the PHY using eithexxthethernetlite (AXI EthernetLitdP coreor the

axi_ethernet (Tri Mode Ethernet MA@ core A mii_to_rmii core (Ethernet PHY MIl to Reduced MIl) needs to be
inserted to convert the MAC interface from Mil to RMII. Also a 50 MHz clock needs to be genersbed fo
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_Clk. An EDKrdonstration project that properly uses the Ethernet PHY can be found on the
Nexys4 product page atww.digilentinc.com

ISE designs can use the IPeGBenerator wizard to create dfthernet MAC controller IP car

NOTE: Refer to the LAN8720A data sheet on the www.smsc.com website for further information.

A

A9 MDIO RJ-45 with
c9 MDC “o Wi
magnetlcs

B3 RESET# ,
Cll «—| » RXD1/MODE1 HE
D10 <«——» RXDO/MODEO

C10 «——» RXERR/PHYADO

A10 ——» TXDO S T—

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

YyvyYyvy

D9 <4—» CRS_DV/MODE2
B8 <+—» INT#REFCLKO

D5 ——» CLKIN

Artix-7 SMSC LAN8720A

Figure 5. Pin connections between the Aftiand the Ethernet PHY
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5 Oscillators/Clocks

TheNexys4boardincludes a single 100Mttrystal oscillator connected to pin E3 (E3 is a MRCC input on bank 35).

The input clock can drive MMCMs or PLLs to generate clocks of various frequencies and with known phase

relationships that may be needed throughout a design. Some rules restrict WiNt®Ms and PLLs may be driven

by the 100MHz input clock. For a full description of these rules and of the capabilities of th& éldoking
NBaz2dNOSa>s NBFSNI G2 GKS atv {SNASa ctDl!a /ft201Ay3 wSazd

Xilinx offers the [©cking Wizard IP core to help users generate the different clocks required for a specific design.

This wizard will properly instantiate the needed MMCMs and PLLs based on the desired frequencies and phase
relationships specified by the user. The wizarlll then output an easy to use wrapper component around these

Of 201 Ay 3 NBaz2dzZNOSa GKIFIG OFy 0S AYaSNISR Ayd2 GKS dza SNR
Project Navigator or Core Generator tools.

6 USB-UART Bridge (Serial Port)

TheNexysdncludes an FTDI FT2232HQ WRERT bridge (attached to connectB) that lets you use PC
applications to communicate with the board using standard Windows COM port commands. FrE&®ON5Rort
drivers, available from www.ftdichip.com under the "\iat Com Port" or VCP heading, convert USB packets to
UART/serial port data. Serial port data is exchanged with the FPGA usingnvarénserial port (TXD/RXD) and
optional hardware flow control (RTS/CTS). After the drivers are installed, I/O commands useddfrom the PC
directed to the COM port to produce serial data traffic on the C4 and D4 FPGA pins.

Two onboard status LEDs provide visual feedback on traffic flowing through the port: the transmit LED (LD20) and
the receive LED (LD19). Signal namasithply direction are from the poirdf-view of the DTE (Data Terminal
Equipment), in this case the PC.

The FT2232H@ also used as the controller for the Digilent LISB&ircuitry, butthe USBUART and USBTAG
functions behave entirely independent ofe another. Programmers interestéa using the UART functionality of
the FT2232 within their design do not need to worry about the JdiAitry interfering withthe UARTdata
transfers and viceversa.The combination of these two features into a dandevice allows the Nexys4 to be
programmed, communicated with via UART, and powered from a computer attached with a single Micro USB
cable.

The connections between the FT2232HQ dmalArtix7 are shown in Figure 6

- 4
h 2 JTAG

L <+—F—» JTAG
—— TXD——» C4
Micro-USB RXD «— D4
(J6) CTS «—— D3
RTS—— E5

FT2232 Artix-7
Figure 6 Nexys4 FT2232HQ connection
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7 USB HID Host

The Auxiliary Functiomicrocontroller (MicrochipPIC24FJ128yovides theNexysdwith USBHIDhost capability.

After powerup, the microcontroller is in configuration mode, either downloading a bitstreanmécRPGA, 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 microcontroller can drive a mouse or a

keyboard attached tothetype ! { . O2yySOiG2NI 4 WwWp tFr06StSR b!{. 1 2ai0e¢
only a single mouse or a single keyboard can be used. The PIC24 drives several signals into¢ghed-®6A

used to implement a standard PS/2 interface for communicativith a mouse or keyboard, and the others are

connected toll K S Ct Bwlirdsrial (prdgtamming parso the FPGA can be programnfeaim a file stored on

a USBpen drive or microSD card.

He
=l

SDMICRO@Q1) ~ microSD «—— User I/O

FPGA 7 FPGA
SD/USB (JP2) Config Config
[
_r 2 PS2 CLK «—» F4
_J PS2_DAT «——» B2
HOST (J5) PIC24FJ128 Artix-7

Figure7. Nexys4 P1C24 Connection:

7.1 HID Controller

The Auxiliary Function microcontroller hides the USB HID protocol from the FPGA and emulatestye BI8/2

bus. The microcontroller behaves just like a PS/2 keyboard or mouse would. This means new desigasecan re
existing PS/2A coresMice and keyboards that use the PS/2 protocol use awire serial bus (clock and data) to
communicate with a hostOn the Nexys4, the microcontroller emulates a PS/2 device, while the FPGA plays the
role of the hostBoththe mouse and the keylawd use 1bit words that include a stattit, data byte (LSB first),

odd parity, and stopbit, but the data packets are organized differently, and the keyboard interface allews bi
directional data transfers (so the host device can illuminate state LED®dweyboard). Bus timings are shown in
Figure 8

Edge 0 : Tck:Tck : Edge 10
CLOCK ™ /A 7 A"
® star *Bhidt g ad st
DATA T\ ¥ [ { Y 7
Tsu» i«
Symbol Parameter Min | Max
Tck | Clock time 30us | 50us

Tsy | Data-to-clock setup time | 5us | 25us
Thio | Clock-to-data hold time | 5us | 25us

Figure 8. PS/2 Devite-Host Timing Diagram

The clock and data signals are only driven when data transfers;atherwise they are held in the idle state at
f 2 3 Dnbisrégwires that when the PS/2 signals are used in a design, internalgsithust be enabled in the
FPGA on the data and clock pins. The clock signal is normally driven by the device, but may be held low by the host

Copyright Digilent, Inc. All rights reserved. . .
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in special caseJhe timings define sigl requirements for mousén-host communications and {girectional
keyboard communications. A PS/2 interface circuit can be implemented in the FPGA to create a keyboard or
mouse interface

2KSy | 1S802FNR 2N Y2dzA S iéstLd 28ySREG R Yiva yiRK $ nbES B &0a M3 |
After this, commands may be issued to the device. Since both the keyboard and 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 issuihiipa Rea

O2YYl YR OnECHO® ! fa23x | Y2dzaSi3BYRE ZF4ZRAL SODVENART NA EK
it from a keyboard.

7.2 Keyboard

The keyboard uses opeaollector drivers so the keyboardr an attached host devigean drive the twewire bus
(if the host device will not send data to the keyboard, then the host can use-orpytports).

P32-style keyboards use scan codes to communicate key press data. Each key is assigned a code that is sent
whenever the key is presseld the key isheld down, the scan code will be sent repeatedly about once every
100ms. When a key is released,0 keyup code 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), thdrifecharacter is sent in addition to the scan
code, and the host must 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 ael&d:€0),
key-up code is sent, followed by the scan code. Scan codes for most keys are sHogureénd

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
~ 1 [2@|[3#)|[4s)[5%]|[6~)[7&])[ 8* [ o] 0) ][ -_ ][ =+ |[BackSpace
OE 16 1E 26 25 2E 36 3D 3E 46 45 4E 55 ||+ 66

TAB Q W E R T Y U [ o) P [{ 1} \|
0D 15 1D 24 2D 2C 35 3C 43 44 4D 54 5B 5D

Caps Lock A S D F G ( H ( J ( K ( L ( T [ Enter

58 1C 1B 23 2B 34 33 3B 42 4B 4C 52 5A
Shift z X C \Y B N M , < >, /? G Shift
12 17 22 21 2A 32 31 3A 41 49 4A 59
Ctrl Alt Space Alt Ctrl
14 11 29 EO 11 EO 14

Figure 9 Keyboard scan codes

A host device can alsesd data to the keyboard. Table 4 shoavBst of some common comamds a host might
send.

The keyboard can send data to the host only when both the data and clock lines are high (Becte)sehe

host is the bus master, the keyboard must check to see whether the host is sending data before driving the bus. To

faclh G S GKAAZ GKS Of 201 f AyS A divestie Slétk linglow| thekedtio8d NJ G2 &S
must not send any data until the clock is released. The keyboard sends data to the hobitiwadds that

O2yidl Ay I WredbyshidofNshan colle((LSB fid) ffdla@ved by an odd parity bit and terminated with

- WwmMQ ad2L) 6AG® ¢KS { Seéo2l MROKBESwhSmitte dafads sentanddata i© Yalid(i NI y a A
on the falling edge of the clock
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Set Num Lock, Caps Lock, and Scroll Lock LEDs. Keyboard returns FA after receiving E

ED host sends a byte to set LED status: bit O sets Scroll Lock, bit 1 sets Num Lock, and bit -
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. FE directs keyboard tesend most recent scan code.

FF Reset. Reets the keyboard.

Table 4. Keybad commands

7.3 Mouse

Once entered in stream mode and data reporting enableirmouse outputs a clock and data signal when it is

moved2 6 KSNBA&ASET (KSaS 2AIyIOKa GNB Sl ARSI ¥didsBra® deity 2 JSRE (¢
from the mouse to the host devi¢as shown iffigure 10Each ofthe 1D A G @2 NRa O2ydltAya | wnQ
o y oAda 2F RFEGF 6[{. FANRGLTZ F2t{t26SR 6& Iy 2RR LJ NAR
transmission contains 33 bitg, KSNBE o0AG&A nX MMZ YR HH NB wnQ adl NI oAd
three 8bit data fields contain movement data as shown in the figure above. Data is valid at the falling edge of the

clock, and the clock period is 20 to 30KHz.

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

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

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

the status byte are the signbitt WM Q AYRAOIGSa + yS3IIGADBS ydzYoSNL® ¢KS
represent the rate of mouse movemeqthe larger the number, the faster the mousemoving (the XV and YV

bits in the status byte are movement overflow indicatgls WYmMQ YSIya 2@3SNFf 26 KI & 200dzN
continuously, the 33it transmissions are repeated every 50ms or so. The L and R fields in the status byte indicate

[ STFG FYR wAIKEG odzidz2y LINBaasSa o6F wmMQ AYyRAOIFNGSa G(KS 0 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‘xs‘x7‘ P‘ 1 ‘0 ‘YO‘Yl‘YZ‘YB‘Y4‘Y5‘Y6‘Y7‘ P ‘ 1/

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

Figure 10. Mouse Data Format

The microcontroller also supports Microsoft Intellimottgpe extensions for reporting back a third axis
representingthe mouse wheel, as shown in Table 5.
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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 with "acknowledge" (OxFA) hiades 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 responds with "acknowledge" (OxFAYlisedries data

F5 . ;
reporting and resets its movement counters.
Set mouse sample rate. The mouse responds with "acknowledge" (OxFA) then reads oni
F3 08dS FTNRY (KS K2alo ¢KAa o0&GS Aa GKSy a
packet is issed.
FE Resend. FE directs mouse tesend last packet.
FF Reset. The mouse responds with "acknowledge" (OxFA) then enters reset mode.

Table 5. Microsoft Intellimousgpe extensions, commands and action:

8 VGA Port

TheNexys4 board uses 14 FPGA sigitakreate a VGA port with 4 biter-color and the two standard sync

signals (H§ Horizontal SyncandVSc Vertical Sync)The color signals use resisttivider circuits that work in
conjunction with the 75hm termination resistance of the VGA digpta create 16 signal levels each on the red,
green, and blue VGA signalis circuitshown in Figure 1Jroducesvideocolorsignalghat proceed in equal
increments between OV (fully off) and 0.7V (fully on). Using this circuit, 4096 different cafotse displayed, one
for each unique 1dit pattern. A video controller 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.
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Pin 1:Red Pin 5: GND

Pin 2: Grn Pin &: Red GND
Pin 3:Blue Pin 7: Grn GND
Pin 13 HS Pin &: Blu GND
Pin 14:%S  Pin 10: Sync GND

A3 REDO 4K

B4 RED1 2K0D
KO

c5 REDZ A

6
A5
BB
AB

B7 BLUO .
2K

C7 BLU1 i
TR

D7 BLUZ AN

3100}
D8 BLUZ A

HD-DB15

Hay 1000
W 1000

Artix-7

Figure 11 Nexys4 VGA Interface

8.1 VGA System Timing

VGA signal timings are specified, published, copyrighted and sold by the VESA organization (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.

NO'E: For more precise information, or for information on other VGA frequencies, refer to documentation
available at the VESA website.

CRbased VGA displays use amplitrdedulated moving electron beams (or cathode rays) to display information

on a phosphorcoated screen. 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 CRiBplays, LCD displays have evolved to use the same signal timings as

/we¢ RAALI @& o0a2 GKS aaraadylfaéd RAaAOdzaaA2y o0St2¢g LISNILFA
electron beams (one for red, one for blue, and one for green) to energeptibsphor that coats the inner side of

the display end of a cathode ray tube (degurel?).
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Anode (entire screen)

Cathode ray tube

Deflection coils

Grig Electron guns
+ (Red, Blue, Green)

R,G,B signals
(to guns)

s‘“ﬂ% \” \\" -~

High voltage deflection  grid gun
supply (>20kV) control control control

Figure 12 Color CRT display

Electronbexa SYI yI S F NE Which &d fiseQpoiNt®dyheadizgtiiodles placed in clgz®ximity

G2 | LRAAGAGSE & OKI NI elecyogtatt forédiniphsédbystheQridpullsSdys df & I NRA R
energized electrons from the cathodes, and those rays are fed by the current that flows into the cathodes. These
particle rays are iitially accelerated towards the grid, but they soon fall under the influence of the much larger
electrostatic force that results from the entire phosphmrated display surface of the CRT being charged to 20kV

(or more). The rays are focused to a fine bemsrthey pass through the center of the grids, and then they

accelerate to impact on the phosphobated display surface. The phosphor surface glows brightly at the impact

point, and it continues to glow for several hundred microseconds after the beaamisved. 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 cdthiays are composed of charged particles (electrons),

they can be deflected by these magnetic fields. Current waveforms are passed through the coils to produce

magnetic fields that interact with the cathode rays and cause them to transverse the displdysuOS Ay | & NI a i
pattern, horizontally from left to right and vertically from top to bottom@s shown in Figure 1As the cathode ray

moves over the surface of the display, the current sent to the electron guns can be increased or decreased to

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

LYF2NXIGA2Y A& 2yté& RAaALIX I @SR 6KSy (GKS o6SHY Aa Y2@Ay3
and not during the time the beam is reset back to the left or top edge oflitglay. Much of the potential display

GAYS A& GKSNBTF2NBE f2al Ay aoflylAy3dé LISNA2Ra ¢KSy GKS
vertical display pass. The size of the beams, the frequency at which the beam can be traced acrsptatheadd

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

Modern VGA displays can accommodate different resolutions, and a VGA controller circuit dictates the resolution

by producing timing signals to contrdle 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. Ras®rS&/2 RA & LJX @a RSTFAYS | ydzyo SN
corresponds to the number of horizontal passes the cathode makes over the display area, and a number of
GO02fdzvyyaée (KIG O2NNBaLRyRa G2 Iy FINBIF 2y SIFOK NBg GKI G
displays use 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
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(3 ixel 0,0 pixel 0,630
640 pixels per row are displayed
during forward beam trace
Retrace - no
Display Surface information
displayed
during this
time
(41 pixel 479,0 pixel 479,639 —F]

Stable current ramp - information
is displayed during this time -

/>

Current :
waveform :
through

horizontal * . .
defletion L Total horizontal time g

-_retrace
E' » time

coil : Horizontal display time

P —
|—| [

t k Horizontal sync signal t
"front porch"” sets retrace frequency "back porch”

Figure 13. VGA Horizontal Synchronizatio

Video data typially comes from a video refresh memory, with one or more bytes assigned to each pixel location
(the Nexysduses12 bits per pixel). The controller must index into video memory as the beams move across the
display, and retrieve and apply video data to tlisplay 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

based on the pixel clock. The pixel clock defines the time &l@aita display one pixel of information. The VS signal
RSTAYSa GKS GNBFNBakKé¢ FTNBIdSyoOe 2F (KS RAaLX &z 2NJ 0KS
¢KS YAYAYdzY NBFNBEAK FNBIdzSyOe Aa | danzyiéndity, vigh prachicali KS RA &
refresh frequencies falling in the 50Hz to 120Hz range. The number of lines to be displayed at a given refresh
FNBljdzSyOe RSTAyYySa (KS K2 NA-pixehbyidsdow didnByiusidg @ SH&HzpiNdbdjocdkS y O & ©
and 60 +/1Hz refresh, the signal timings showrFigure 14an be derived. Timings for sync pulse width and front

and back porch intervals (porch intervals are the-pred postsync pulse times during which information cannot

be displayed) are based abservations taken from actual VGA displays.
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. T .
T >
S Tasp y i

- —
I A—pr e

bp

Vertical Sync Horiz. Sync
Time | Clocks |Lines| Time | Clks

Symbol | Parameter

TS Sync pulse 16.7ms| 416,800| 521 32us| 800
T disp |Display time | 15.36ms| 384,000\ 480 | 25.6us| 640
Tpow | Pulse width 64 us| 1,600 2 |[3.84us| 96
Tfp Front porch 320 us| 8,000 10 | 640ns| 16
T bp Back porch 928 us| 23,200 | 29 ([1.92us| 48

Figure 14 Signal timings for a 64pixel by 480 row display using a 25MHz pixel clock and 60Hz vertical ref

A VGA controller circyisuch a the one diagramed in Figure,fecodes the output of a horizontalync counter

driven by the pixel clock tgenerate HS signal timingéou can use thisounter to locate any pixel location on a

given row.Likewise, the output of a verticalync counter that increments with each HS puaa be used to

generate VS signal timings, aymu can usehis counter to locate any given row. These two continually running
counters can be used to form an address into video RAM. No time relationship between the onset of the HS pulse
and the onset oftte VS pulse is specified,ygmucan 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 [ ]S Detect  Lovs
Horizontal Horizontal Vertical Vertical
Pixel | Counter Synch Counter Synch
CLK 3.84us 64us
T Detect | | Reset Detect | | Reset

Figure 15. VGA display controller block diagrar

9 Basic I/O

The Nexys4 tard includes two trcolor LEDs, sixteen slide switches, six push buttons, sixteen individual LEDs, and

an eightdigit sevensegmen display, as shown in Figure.The pushbuttons and slide switches are connected to

the FPGA via series resistors to prevd@mage from inadvertent short circuits (a short circuit could occur if an

FPGA pin assigned to a pushbutton or slide switch was inadvertently defined as an output). The five pushbuttons
arranged in a plusign configuration are "momentary" switches thairmally generate a low output when they

FNB G4 NBadz yR F KAIK 2dzildzi 2yte ¢gKSy (GKS& | NB LINBa
hand, generates a high output when at rest and a low output when pressed. The CPU RESET buttdedstaten
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be used in EDK designs to reset the processor, but you can also use it as a general purpose pushbutton. Slide
switches generate constant high or low inputs depending on their position.

3.3V
o1 W— T16 T8 2
BTNL vo Lo B
_— - -
Buttons| BTNR R1D RS o
Lo MW— F15 T6 LD3 M
BTNU T5 LD4 3 "
o w— V10 T4 LD5 g
BTND e
o wh— E16 U7 ;ﬁ.'.v
BTNC LiLl Ly U6 LD7 M LEDs
233332 v4 -LD8 - _‘L
v u3 L2
3 vi LR
[ SWor—o—w— U9 Ry D11
p5 _LD12
O VW
| SW1go—w— U8 Uq -LD13
7
SW2r—o—w— R7 R2 -LD14
O P 2 W 7-seg
il R6 3.3V Display
O
| SW4ro—w— R5 M1 —wA—*ANT
o L1 —w— ANG
[SWo5-o—w— V7 o I Pans
oA N2 —w [ ANg
| SWo N6 N5 —w : AN3
Slide SW7 r—o—wa— V5 M3 —w Fan2
Switches & MBE —w kl AN
SWB5-o—w— U4 N6 —w o
O
SWIgo—w—V2 i o G = v e )
° () v R O e O
[SW10r—o0—w— U2 . clA | |
2 AAA
[SW11—o—w— T3 T; W B
[sW1Z5-o—w— T1 L4 —wos
i K3 —wv
SW 137 CE
s M2 W
[SWidr—o—w— P3 L6 -wog
M4 —ww
o DF
[SW15—o—w— P4 50V
Tri-Color LD17 LD16
¥ LEDs
=i K6 —w R17
HE —w L G17
L16 —w {817
CPU Reset C12 K5 —ww KR16
BTNRES L ) ia
Artix-7 F6 W1 T é ,7816

Figure 16. General Purpose I/O devices on the Nex'

The skteen individual higkefficiency LEDs are anodennected to the FPGA via 388m resistors, so they will
turn on when a logic high voltage is applied to their respective I/O pin. Additional LEDs that are rextaessible
indicate poweron, FPGA programing status, ad USB and Ethernet port status.
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9.1 Seven-Segment Display

The Nexys4 board contains two fedigit common anode sevesegment LED displays, configured to behave like a

single eightdigit display. Each of the eight digits is composed ofgevét SIY Sy ia I NNJ yaSR Ay | «a
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 leavingéhe deark, as stven in Figure 17

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

Figure 17. An uilluminated seversegment display, and nine illumination patterns corresponding to decimas dic

¢tKS FTy2RSa 2F (GKS aS@Sy [95a& F2NXAyYy3 SIFOK RAIAG FNB (A
LED cathodes remageparate, as shown in Figuret8 ¢ KS 02 YY2y | y2RS aA3dylfa | NB ¢
Syl of Sé Ay LidzdigitalispBy The éathaes ofisimifr sggments on all four displays are connected

Ayit2 aS@Sy OANDdAG y2RSa tFr0StSR /! GKNRJIdAK /D o0az2sx ¥F2
INRdzLISR (23SGKSNJ AyG2 | &skyedeh Sathada dighatizarg available 8s inputsftaft®R &/ 5
8-digit display. This signal connection scheme creates a multiplexed display, where the cathode signals are

common to all digits but they can only illuminate the segments of the digit whose corrdsgpanode signal is

asserted.

To illuminate a segment, the anode should be driven high, while the cathode is driven low. However, since the
Nexys4 uses transistors to drive enough current into the common anode point, so the anode enables are inverted.
Therefore, both the ANO..7 and the CA..G/DP signals are driven low, when active.

Common anode ~ {

AN7 AII\IG AII\IS All\l4 AII\I3 AII\IZ All\ll AII\IO ﬂ': ‘ A B
l_l I I o | ’
Y Gy A Y o 4

R R I I A R R G
CA CB CCCD CE CF CG DP CA CB CCCD CE CF CG DP E C
Eight-digit Seven ) DP
Segment Display _Ph ﬂ
[l o/l N

Individual cathodes

Figure 18. Common anode circuit node
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A scanning display controller circuit can be used to shoeightdigit number on this display. This circdiives

the anode signals and corresponding cathode patterns of each digit in a repeating, continuous succession, at an

update rate that is faster than the human eye can detect. Each digit is illuminated jusigiré of the time, but

because the eye caot perceive the darkening of a digit before it is illuminated again, the digit appears
O2ylAydz2zdzat e AffdzYAylFr(iSR® LF GKS dzL)R flidked cag béIndiidedSidF NS a K¢ N
the display.

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

every 1 to 16ms, for a refresh frequency of about 1KHz to 60Hz. For example, in a 62.5Hz refresh scheme, the

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

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

signal is driven high. To illustrate the process, if ANO is asserted while CB and CC are assertédyten @ A f £ 0 S
RAALI F @SR Ay RAIAG LRaAAGAZY Md ¢KSYysS AF !bm A& aAaSNLS
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
endlesssucceds2 Y>3 (KS RAALI & gAff aK2g aT1mMé Ay UOKdgitFANRG G642
controller is shown in Figurel9

Refresh period = 1ms to 16ms

<
<

‘—K’\ Digit period = Refresh / 4 :
ANO N/ \_
R
AN2 \_/—
AN3 \ S

Cathodes Y Digit0_¥_ Digit_X_ Digitz_¥__Digit3 }_

Figure19. Four digit scanning display controller timing diagra

9.2 Tri-Color LEDs

The Nexg4 board contains two titolor LEDs. Each-tolor 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 inteal LED. The input signals are driven by the FPGA through a transistor, which
inverts the signals. Therefore, to light up theddlor LED, the corresponding signals need to be driven high. The
tri-color LED will emit a color dependent on the combinatibinternal LEDs that are currently being illuminated.
For example, if the red and blue signals are driven high, and green is driven low;dbleiti. ED will emit a purple
color.

Note: Digilent strongly recommends thidite use ofPulseWidth Modulation(PWM) when driving the ttolor

LEDs (for information on PWM, see sectiénl) ® 5 NA GAy 3 Fye 2F GKS Aylddzia d2 |
being illuminated at an uncomfortably briglgvel. You can avoid this by ensuring that none of thedtor signals

are driven with more than a 50% duty cycle. Using PWM also greatly expands the potential color palette ©of the tri
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.

O\
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10 Pmod Connectors

ThePmodconnectors are arranged in2x6 rightangle, and arel00-mil femaleconnectos that mate with

standard 2x6 pin headsr Each 12pin Pmod connector progles two 3.3V VCC signals (pins 6 and 12), two Ground
signals (pins 5 and 11), and eight togignals, as shown in Figure Z8e VCC and Ground pins can deliver up to 1A
of current. Pmod data signals are not matched pairs, and they are routed usinguadstble tracks without
impedance control or delay matching. Pin assignments for the Pmod 1/O connected to the FPGA are Sladoen in
6.

VCC GND 8 signals

Figure 20. PMOD ConnectoFsont view as loaded on PCE
Table 6. Nexys4 Pmod Pin Assignts
JA1B13 JP1: G14 JC1: K2 JXADC1: A13
JA2F14 JB2: P15 JC2:E7 JD2:H1 IJXADC2: A15
JA3: D17 JB3: V11l JC3:J3 JD3:G1 JXADC3: B16
JA4: E17 JB4: V15 JC4:J4 JD4: G3 IXMACA4: B18
JAT7: G13 JB7: K16 JC7:K1 JD7:H2 IJXADC7: AL
JA8: C17 JB8: R16 JC8:E6 JD8: G4 IXADCS: A16
JA9: D18 JB9: T9 JC9:J2 JD9: G2 JXADC9: B17
JA10: E18 JB10: U1l JC10: G6 JD10: F3 JXADC10: A18

Digilent produces a large collection®Piodaccessory boards that can attach to the Pmod expansian&ctors
toaddreadyY RS Fdzy OlGAzya fA1S ! kb5, ondathebfunctiond. SeeY 2 1 2 NJ RNA S NA =
www.digilentinc.confor more information.

10.1 Dual Analog/ Digital Pmod

The onboard Pmod expansionconrie@ NJ f 6 St SR aW- ! 5/ ¢ A& 6ANBR (2 G(KS | dz
Depending on the configuration, this connector can be used to input differential analog signals to thetanalog

digital converter inside the ArtiX (XADC). Any or all pairs lretconnector can be configured either as analog

input or digital inputoutput.

The Dual Analog/Digigal Pmod on the Nexys4differs from the rest in the routing of its traces. The eight data signals
are grouped into four pairs, with the pairs routed clossbypled for better analog noise immunity. Furthermore,

each pair has a partially loaded aatias filter laid out on the PCB. The filter does not have capacitor€680In

designs where such filters are desired, the capacitors can be manually loatiel iser.
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NOTE: The coupled routing and the aalias filters might limit the data speeds when used for digital signals.

The XADC core within the AHixis a dual channel 2t analogto-digital converter capable of operating at 1

MSPS. Either channelrt be driven by any of the auxiliary analog input pairs connected to the JXADC header. The

XADC core is controlled and accessed from a user design \iyianic Reconfiguration PQDRP). The DRP also

provides access to voltage monitors thatare preenf S OK 2F GKS Ct D! Qa L3266 SNI NI Af :
GKFG Aa AYOQaSNYylLt (2 (GKS CtD!® C2NJ Y2NB AYyF2NNT A2y 2V
Series FPGAs and Zyr@p0 All Programmable SoC XADC Du#itl2 MSPS Analeg-Digital Converteb €

11 MicroSD Slot

The Nexys4 provides a microSD slot for both FPGA configuration and user accessh@dre dwxiliary Function
microcontroller shares the SD card bus with the FPGA. Before the FPGA is configured the microconstoller mu
have access to the SD card via a SPI interface. Once a bit file is downloaded to the FPGA (from any source), the

microcontroller power cycles the SD slot and relinquishes control of the bus. This enables any SD card in the slot to
reset its internal stee 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 native interface mode, as shown inedF&juirhe SPI interface is also available, if

needed. Once control over the SD bus is passed flammicrocontroller to the FPGA, the SD_RESET signal needs

to be actively 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 availableatv.sdcard.org

3.3V
é LFI SD_RESET % % é é éé
VDD ] I E2
DAT2C 1 1« » F1
DAT1IC ] « » E1
CMDC_— = » C1
CLKC— |« » Bl
DAT3_1 | » D2
DATOC 1 |« » C2
CARD_DETECT » Al
SD MICRO (J1) Artix-7

Figure 21. Artix¥ microSD card connector interface (PIC24 connections not sho

12 Temperature Sensor

The Nexys4 includes an Analog Device ADT7420 temperature senssensbgrovides up tal6 bit resolution
with a typical accuracy better than 0.25 degsézelsius. The interface between the temperature sensor and FPGA
is shown irFigure 22
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SCL <— F16 SCL: 12C Serial Clock

SDA «<—>» G116 SDA: 12C Serial Data
TMP_INT — D14 TMP_INT: Over-temperature and Under-temperature Indicator
TMP_CT —» C14 TMP_CT: Critical Over-temperature Indicator
ADT7420 Artix 7

Figure 22. Temperature Sensor interfac

12.1 12C Interface

TheADT742C&hip acts as a slave device udingindustry standard 12C communication scheme. To communicate
with ADT7420 chip, the 12C master must specify a slave addrei® é0hd a flag indicating whether the
communication is a read (1) or a write (Qnce speci€ations are made for communication a data transfer takes
place.For ADT7420, the data transfer should consist of the address of the desired device register followed by the
data to be written to the specified register. To read from a register, thster must writethe desired register

address tahe ADT7420, then send an 12C restart conditiand send a new read request to the ADT7420. If the
master does not generate a restart condition prior to attempting the read, the value written to the address
regiser will be reset to 0x00.

As some registers store 46t values as dit register pairs, the ADT7420 will automatically increment the address
register of the device when accessing certain registrsh as the temperature registers and the threshold

regigers. 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 registers and their behavior can be found in the ADT7420 datasheet available
on the Analog Devices weliesi

12.2 Open Drain Outputs

The ADT7420 provides two open drain outpiginalso indicate when presettemperature thresholdsre

reached If the temperature leaves a range defined by registers TLOW (0x06:0x07) and THIGH (Ox@#e0*0b)

pin can be dwen 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 threshold defined in TCRIT (0x08:0x09). Both of thesegimgernal

FPGA pulups when used

For detai$ on their electrical specifications and configuration of the INT and C/Tr¢fieisto the ADT7420
datasheet.

12.3 Quick Start Operation

When the ADT7420 is powered ufis in a mode that can be used as a simple temperature sensor without any

initial canfiguration. By default, the device address register points to the temperature MSB register, so a two byte
read without specifying a register will read the value of the temperature register from the device. The first byte

read back will be the most sigméint byte (MSB) of the temperature data, and the second will be the least
AAIYATFAOLYG oGS o[{.0 2F (GKS RI ibitidleger A SharSsuliisshifted & 0 S a

Copyright Digilent, Inc. All rights reserved. . .
Other product and company hames ni@med may be trademarks of their respective owners. P39923 of 29

T2



bSEaanu CtD! .2FNR wSTFSNByYOS al ydz f m

to the right three bits and multiplied by 0.0625 the resultingngid floating point value will be a temperature
reading in degrees Celsius.

For information on reading and writing to the other registers of the device, as well as notes on the accuracy of the
temperature measurementsefer to the ADT7420 datasheet.

13 Accelerometer

The Nexys4 includes an Analog De¥iEeXL362 accelerometer. The ADXL362 is3saxis MEMS accelerometer

GKIFIG O2yadzySa tSaa GKFy w >! G | wmnann |1 2ugainddelzi RIFGF N
Unlike accelerometers that use power duty cycling to achieve low power consumption, the ADXL362 does not alias

input signds by undersampling; it samples the full bandwidth of the sensor at all data rates. The ADXL362 always

provides 12bit output resolution; 8bit formatted data is also provided for more efficient singhge transfers

when a lower resolution is sufficieritleasurement ranges of +2 g, +4 g, and +8 g are available, with a resolution of

1 mg/LSB on the +2 g rangéhe FPGA can talk with the ADXL362 via SPI intevigke the ADXL362 is in

Measurement Modeit continuously measures and storasceleration dat in the Xdata, ¥data, and Zata

registers.The interface between the FPGA and accelerometer can be seen in R3gure 2

INTL —> C16 INT1: Interrupt One
INT2 —» E15 INT2: Interrupt Two
MOS| <—— B14 MOSI: Master Out Slave In
MISO —» D13 MISO: Master In Slave Out
~CS «— C15 ~CS: Slave Select (Active Low)
SCLK «<—— D15 SCLK: Serial Clock
ADXL362 Artix 7

Figure 23. Accelerometer interface

13.1 SPI Interface

The ADXL362 acts as a slave device using anrBfLaoication scheme. The recommended SPI clock frequency
ranges from 1MHz to 5MHz. The SPI interface operates in SPI mode 0 with CPOL = 0 and 8IPHA = 0.
communications with the device muspecify a register address and a flag timalicate whether the
communication is a readr a write. Actual data transfer always follothe register address and communication
flag. Device configuratiortan be performedby writing to thecontrol registers within the accelerometekccess
accelerometer data by readingéfdevice registers.

Fora full list of registers, thefiunctionality, and communication specificatigreeethe ADXL362 datasheet
available atwww.analog.com

13.2 Interrupts

Several of the builin functions of theADXL362 can trigger interruptsat alert the hostprocessor of certain status
conditions.Interrupts can be mapped to either (or both) of two interrupt pins (INT1, INT2). Both of these pins
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require internal FPGA pulips when used. For more details abadlé interrupts, seehe ADXL362 datasheet
available atwww.analog.com

14 Microphone

The Nexys4 board includes an omnidirectional MEMS microphone. The microphorenégesog Device
ADMP421 chip which has a higbrsal to noise ratio (SNR) of 61dBA and high sensitivil#6oiBFS. It also has a
flat frequency response ranging from 100Hz to 15KHe digitized audio is output in the pulse density modulated

(PDM) format.

The component architecture is shownkigure24.

CLK «— J5 CLK: Clock Input to Microphone
DATA —» H5 DATA: Data Output Signal
Microphone | /R SEL. 4—— F5 L/R SEL: Left/Right Channel Select
ADMP421 Artix 7

Figure 24. Microphone Block Diagarar

14.1 Pulse Density Modulation (PDM)

PDM data connections are becoming more and more popular in portable audio applications such as cellphones and
tablets. With PDM, two channels car transmitted with only two wires. The frequency of a PDM signal usually

falls in the range of 1MHz to 3MHz.d®DM bit stream, a 1 corresponds a positive pulse and a 0 corresponds a
yS3ILGABS Lz aSd | Nizy O2yaradkERYdT LR (wWwWSa 0F 3 dASR | §RN
would corresponds to the minimum amplitude vallégure 3 shows how a sine wave is represented in PDM

signal.
Sine Wave /\/
PDM Signal J |_| |_| \—I |_| L

0101101111111111111101101010010000000000000100010

Figure25. PDM representation of a sine wav

APDM signal is generated froan analog signal through a process called D8ligma Modulation. A simple
idealized circuit of Delt&igma Modulator is shown &fgure 26

Integral  Flip-Flop

Analog PDM
-% E cIk,>

Figure 26. Simple Delgigma Modulator Circuit
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To keep things simple here, assume that the analog iapdtdigital output hae the same voltage range 0~Vdd.
TheinputofthefligF € 2 L) | OGa fA1S F O2YLINFG2NJ 6Fye arxaylrft 62@S
+RRkH Aa O2yaARSNBR WnQoU o diffekeBee of thdidgni andlo§ sighdl SithelPPM SIANIF £ OA
signal ofthe previous clock cycle. Théine integral circuit integrate®oth these inputsandthe output of the

integral circuit is sampled by aBipflop. Table 7 showthe function of the deltasigma modulator with amput

of 0.4vdd.

Note that the average of the fliflop outputequalsthe value ofthe input analog signal. So, in order to get the

value of analog input, allthisy SSRSR A& | O2dzy 0 SNJ (i Kperiodof@idedzy 1 & (G KS WmQa

Sum Integrator Out Flip-flop Output

0.4-0=0.4 0+0.4=0.4
0.4-0=0.4 0.4+0.4=0.8
0.4-1=0.6 0.8-0.6=0.2
0.4-0=0.4 0.2+0.4=0.6
0.4-1=0.6 0.6-0.6=0
0.4-0=0.4 0+0.4=0.4
0.4-0=0.4 0.4+0.4=0.8
0.4-1=0.6 0.8-0.6=0.2

SO b O O B O B+ O

Table 7. Sigma Dral Modulator with a 0.4Vdd input

14.2 Microphone Digital Interface Timing

The clock input of the microphone can range from 1MHz to 3.3MHz based on the sampling rate and data precision
requirement ofthe applicationsThe L/R Select signal must be seatealid level, depending on which edge of the
clock the data bit will be read. A low level on L/IRSEL makes data available on the rising edge of the clock, while a
high level corresponds to the falling edge of the cJadshown in Figure 27

Figure Z. PDM Timing Diagram

The typical value dhe clock frequency is 2.4MHz. Assuming that the application requi@sptecision and
24KHzthere can bewo countersthat count 128 samples at 12KHes shown ifFigure 3.
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