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Eclypse Z7 Hardware Reference Manual

The Eclypse Z7 is a powerful prototyping platform, featuring Xilinx's Zyng-7000 APSoC. Two SYZYGY interface connectors are featured,
enabling high speed modular systems.

Eclypse is designed to enable high speed analog data capture and analysis right out of the box. It is a platform for research and rapid
prototyping of test and measurement applications, potentially including software defined radio, ultrasound, other medical devices, and much
more. As a host board for Zmods (https:/ /reference.digilentinc.com/reference/zmod/start), applications for the Eclypse can vary significantly

between system configurations.

Petalinux is supported out of the box. Pre-built Linux images are accompanied by a software API for bulk data transfer. This system allows
new users to get started without touching hardware until desired. The software supports a variety of common programming languages,
including Python, C/C++, and more. Digilent offers fully open and customizable hardware designs, Linux images, and Linux software
applications.
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Features

e Zynq-7000 APSoC (XC7Z020-1CLG484C)
© 667 MHz dual-core Cortex-A9 processor
DDR3L memory controller with 8 DMA channels and 4 High Performance AXI3 Slave ports
High-bandwidth peripheral controllers: 1G Ethernet, USB 2.0, SDIO
Low-bandwidth peripheral controllers: SPI, UART, CAN, 12C
Programmable from JTAG, Quad-SPI flash, and microSD card
o Programmable logic equivalent to Artix-7 FPGA
¢ Memory

o O o o
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o 1 GiB DDR3L with 32-bit bus @ 1066 MT/s
o 16 MB.() Quad-SPI Flash with factory programmed 128-bit random number and 48-bit globally unique EUI-48/64™
compatible identifier
o microSD card slot
e Power
o Powered from external 12V 5A supply
o Platform MCU for configuration of adjustable power supplies and temperature management
» USB and Ethernet
o Gigabit Ethernet PHY
o USB-JTAG programming circuitry
o USB-UART bridge
o USB micro AB port with USB 2.0 PHY with Host/Device/OTG capabilities
e Zmod Ports
o 2 ports following the SYZYGY Standard interface specification
Compatible with a variety of SYZYGY pods, allowing for a wide variety of applications
Dedicated differential clocks for input and output
8 differential I/Os per port
16 single-ended 1/Os per port
o DNA interfaces connected to Platform MCU allowing for various auto-negotiated power supply configurations
e Pmod Ports

o 0 o o

o 2 twelve-pin ports for a total of 16 FPGA-connected I/Os
o High speed voltage translation and protection circuitry

e User GPIO (O

o 2 push-buttons
o 2RGB LEDs
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Callout Callout Callout

# Description # Description # Description

1 Board Indicator LEDs 7 SYZYGY Ports 13 Reset Buttons (underside of
(LD4) board)

2 Header for Case Power 8 Pmod Ports 14 microSD Card Slot
Switch

3 Power Switch 9 User Buttons and LEDs 15 USB JTAG/UART Port

4 FPGA Fan Header 10 DDR3L Memory 16 Ethernet Port

5 Zyng-7000 SoC and FPGA 11 Case Fan Header 17 USB AB Host/Device/OTG
Fan Port

6 External JTAG Port 12 Programming Mode Select 18 Power Supply Connector

Jumper

Purchasing Options

The Eclypse Z7 includes an FPGA fan to dissipate extra heat generated from running complex fast-switching designs. A USB A to Micro B
programming cable, a USB A to Micro A cable, and a 12V 5A power supply, are included with the Eclypse 27.

An Eclypse Z7 Enclosure Kit may optionally be added on, which provides a sturdy case for the Eclypse platform. The Enclosure Kit
includes a case fan for additional cooling, and exposes the connectors of loaded Zmod ADCs and DACs, as well as the Eclypse Z7's Pmod
expansion connectors, power switch, status LEDs, and more.

For more information on purchasing an Eclypse 27, see the @ Eclypse Z7 Product Page (https:/ /store.digilentinc.com/eclypse-z7-zyng-7000-

soc-development-boatd-with-syzygy-compatible-expansion/).

Digilent Zmods (https:/ /reference.digilentinc.com/reference/zmod/start) may also be purchased individually or bundled with the Eclypse Z7.

Expansion connectors such as these, or other SYZYGY modules, are required to fully leverage the high-speed 1/O capabilities of the
Eclypse platform.

Software Support

Zynq platforms are well-suited to be embedded Linux targets, and the Eclypse Z7 is no exception. Digilent provides software examples
targeting custom Petalinux projects, including support for each Digilent Zmod for high-speed 1/O capabilities.

The Eclypse Z7 is fully compatible with Xilinx’s high-performance Vivado ® Design Suite. This tool set melds FPGA logic design and
embedded ARM software development into an easy to use, intuitive design flow. It can be used for designing systems of any complexity,
from a complete operating system running multiple server applications, down to a simple bare-metal program that controls some LEDs. It is
also possible to treat the Zynq AP SoC as a standalone FPGA for those not interested in using the processor in their design. The Eclypse
777 is supported under Vivado's free WebPACK™ license, which means the software is completely free to use, including the Logic Analyzer
and High-level Synthesis (HLS) features. The Logic Analyzer assists with debugging logic that is running in hardware, and the HLS tool
allows C code to be directly compiled into HDL.

Digilent currently does not provide hardware platforms or examples for Xilinx's Vitis Unified Software Platform, however Vitis support is
planned for the near future.

Design resources, example projects, and tutorials are available for download at the Eclypse Z7 Resource Center
(https:/ /reference.digilentinc.com/reference/programmable-logic/ eclypse-z7 / start).

Zynq APSoC Architecture
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The Zynq APSoC is divided into two distinct subsystems: The Processing System (PS) and the Programmable Logic (PL). The figure below
shows an overview of the Zynq APSoC architecture, with the PS colored light green and the PL in yellow. Note that the PCle Gen2
controller and Multi-gigabit transceivers are not available on the Zynq-7020 device.
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The PL is nearly identical to a Xilinx 7-series Artix FPGA, except that it contains several dedicated ports and buses that tightly couple it to
the PS. The PL also does not contain the same configuration hardware as a typical 7-series FPGA, and it must be configured either directly
by the processor or via the JTAG port.

The PS consists of many components, including the Application Processing Unit (APU, which includes 2 Cortex-A9 processors), Advanced
Microcontroller Bus Architecture (AMBA) Interconnect, DDR3 Memory controller, and various peripheral controllers with their inputs and
outputs multiplexed to 54 dedicated pins (called Multiplexed I/O, ot MIO pins). Petipheral controllets that do not have theit inputs and
outputs connected to MIO pins can instead route their I/O through the PL, via the Extended-MIO (EMIO) intetface. The petipheral
controllers are connected to the processots as slaves via the AMBA interconnect, and contain readable/writable control registers that are
addressable in the processors” memory space. The programmable logic is also connected to the interconnect as a slave, and designs can
implement multiple cores in the FPGA fabric that each also contain addressable control registers. Furthermore, cores implemented in the
PL can trigger interrupts to the processors and perform DMA accesses to DDR3 memory.

There are many aspects of the Zynq APSoC architecture that are beyond the scope of this document. For a complete and thorough
description, refer to the @ Zynq Technical Reference manual (http:/ /wwwxilinx.com/support/documentation/user_guides /ug585-Zyng-7000-
TRM.pdf).

The tables in the dropdowns below depict the external components connected to the MIO pins of the Eclypse Z7. The Vivado board files
found on the Eclypse Z7 Resource Center (https://reference.digilentinc.com/reference/programmable-logic/eclypse-z7/start) can be used to
propetly configure the PS to work with these peripherals. It is also possible to use the example projects found on the resource center as a
starting point for custom designs.

MIO 0-15 : Bank 500

MIO 5003.3V Peripherals

Pin SPI Flash ENET 0 SYZYGY UART 0
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0 (N/C)

1

10 (N/A)
11 (N/A)
12
13
14

15

MIO 16-53 : Bank 501

MIO 501 1.8V
Pin
16
17
18
19
20
21
22
23

24

Peripherals
ENET 0
TXCK
TXDO0
TXD1
TXD2
TXD3
TXCTL
RXCK
RXDO0

RXD1

Eclypse Z7 Hardware Reference Manual [Digilent Documentation]

Ethernet Reset

DNA SCL (12C 0)
DNA SDA (12C 0)
UART Input

UART Output

USB 0 SD 0

https://reference.digilentinc.com/reference/programmable-logic/eclypse-z7/reference-manual
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25 RXD2

26 RXD3

27 RXCTL

28 DATA4

29 DIR

30 STP

31 NXT

32 DATAO

33 DATA1

34 DATA2

35 DATA3

36 CLK

37 DATAS5

38 DATAG

39 DATA7

40 CCLK
41 CMD
42 DO
43 D1
44 D2
45 D3
46 USB Reset

47 CD
48 Ethernet Interrupt (GRIO.()

49 USB Overcurrent (GPIOQ.0)

50 (N/C)

51 N/C)

52 MDC

53 MDIO
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Functional Description

1. Power Supplies

The Eclypse Z7 power circuitry was carefully designed to meet the requirements of the Zynq-7000 and all peripherals while providing the
flexibility needed to power a vatiety of different configurations of Zmod/SYZYGY modules.

An overview of the power circuit is shown in Figure 1.1.
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Figure 1.1: Power circuit overview

All on-board power supplies are enabled or disabled by the power switch (SW1) or by an external SPST switch connected to the SWT
header (J13).

Note: If an external switch is used, SW1 should be placed in the “OFT” position, as the two will be placed in parallel.

The power indicator LED, the topmost LED of the circuit board indicator (LD4), is illuminated red when all supply rails reach their
nominal voltage.

Two additional indicator LEDs are illuminated when the VIO supplies associated with the two Zmod Ports are powered. LD2 is associated
with Zmod Port A and the VADJA rail. LD3 is associated with Zmod Port B and the VAD]B rail.

1.1. Power Input Source

The Eclypse Z7 should be powered via a wall wart supply with barrel jack, via the barrel connector (J11). The supply must use a center-
positive 2.1 mm internal-diameter plug and deliver between 11.5V and 12.5V DC. It should also be able to provide at least 5 A (60 Watts) in
order to support power hungry Zynq projects and external peripherals. A compatible power supply ships with the Eclypse Z7.

Table 1.1.1: Eclypse Z7 Power Input Specifications

Connector Type  Connector Label  Schematic Net Name  Min/Rec/Max Voltage (V) Max Current Consumption

Barrel jack J11 VIN12V0 11.5/12/12.5 5A/60W

https://reference.digilentinc.com/reference/programmable-logic/eclypse-z7/reference-manual 9/23
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1.2. Power Specifications
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Table 1.2.1 describes the characteristics of the Eclypse Z7's on-board power rails. It can be used to estimate power consumption for a

project, or determine how much current attached peripherals can draw before being limited.

Table 1.2.1: Eclypse 27 Power Rail Specifications

Net
Name
VCC5V0

VCC1VO0

DDR1V35
DDRVTT

VCC3V3

VCC4V3

VADJA

VADJB

VADJC

Upstream
Net Name
VIN12V0

VIN12V0

VIN12V0
VIN12V0

VIN12V0

VCC5V0

VIN12V0

VIN12V0

VIN12V0

Power IC
Type
Buck

Buck

Buck
LDO

Buck

LDO

Buck

Buck

Buck

Power IC

Label

1C27

1C27

1C25

1C21

1C25

1C26

1C27

1C27

1C25

Min/Typ/Max

Voltage

5.0V +-5%

1.0V +-5%

1.35V +-5%

0.675V +-5%

3.3V +-5%

4.3V +-5%

1.2V to 3.3V,

+-5%

1.2V to 3.3V;

+-5%

2.5to 5.5V, +-

5%

Max.

Current

3A

1A

2A

0.45A

3.3A

0.3A

1.8A

1.8A

0.3A

Major Devices and Connectors

Zmods, USB OTG VBUS, RGB LEDs,

Case Fan

Zyngq, Ethernet, USB OTG, USB
JTAG/UART, mictoSD

Zyng, DDR3L
DDR3L

Zyng, Zmods, Pmods, USB OTG, USB
JTAG/UART, mictoSD

Pmods

FPGA, Zmod Port A

FPGA, Zmod Port B

FPGA Fan

The power budget of VCC5VO is shared by the SYZYGY ports, USB OTG VBUS, RGB LEDs, and Case Fan. As such, the actual
maximum current achievable by each petipheral varies with the Eclypse Z7's system configuration. Under worst-case conditions, VCC5VO is
capable of outputting a minimum of 3A of continuous current. In this scenario, 1A is budgeted for each Zmod

The Platform MCU (PMCU) enumerates the SYZYGY ports and determines the power needs of each Zmod installed in the system. The
5V power budget of the Eclypse is then determined based on the needs of each Zmod, as well as the USB OTG VBUS, RGB LEDs, and
Fan. Table 1.2.2 describes the 5V power budget of the Eclypse Z7 in more detail.

Table 1.2.2: Eclypse 51" Power Budget

Device or Connectotr

RGB LEDs

USB OTG VBUS

Zmod Port A

Zmod Port B

Case Fan

Max Current (mA)

124.8

500

1000

1000

250

The two SYZYGY ports share a budget of 2A from the 3.3V supply. The two Pmod ports share a budget of 0.5A, which is allocated to the
SYZYGY ports if no Pmods are installed.

https://reference.digilentinc.com/reference/programmable-logic/eclypse-z7/reference-manual
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Due to the requirements of the custom power sequencer (IC29), Digilent recommends that peripheral modules (Pmods and Zmods)
attached to and powered by the Eclypse meet the specifications described in Table 1.2.3.

Table 1.2.3: Recommended Maxcimum Additional Capacitance for Add-on Modules

Port Rail Max Capacitance (uF)
Zmod Port A VCC5V0 500

Zmod Port A VCC3V3 500

Zmod Port A VIO 1000

Zmod Port B VCC5V0 500

Zmod Port B VCC3V3 500

Zmod Port B VIO 1000

Pmod Port A VCC3V3 500

Pmod Port B VCC3V3 500

1.3. Power Sequencing

A custom power sequencer (IC29) is used to sequence the power supplies on in the correct order when the power switch is placed in the
“ON” position. The power supplies shut down in the opposite order when the power switch is moved to the “OFF” position. The startup
sequence is as follows:

1. VCC5V0, FAN5V0
2. VCC1V0

3. VCC1V8

4. DDR1V35, DDRVTT

5. VCC3V3

6. VCC4V3

7. VADJA, VADJB, VAD]C

The sequencer is provided 3.3V power by a dedicated regulator, a Texas Instruments LP2985 (IC28).
The sequencer ensures that the supply rails follow the Xilinx-recommended start-up and shut-down sequences.

Note: ZAD]A, VADIB, and VADJC are controlled by the Platform MCU (PMCU) and may or may not be enabled, depending on the PMCU configuration
and presence (or lack thereof) of any pods connected to Zmod A or Zmod B. If the sum of the currents required by each Zmod is in excess of the 3.4 budget for
VCC510, VADIA and VADIB are not turned on.

1.4. FPGA Fan

The FPGA fan is to be connected to the Eclypse Z7 via fan header J8 (labeled “FPGA”) and is powered by VAD]C, an adjustable rail
controlled by the Platform MCU. The FPGA fan's speed can be configured to Automatic (the default factory setting), High, Medium, Low,
or Off, by communicating with the PMCU through its 12C interface. This configuration is preserved by the PMCU in an EEPROM () when
the Eclypse's power is cycled. Additional information and configuration settings, including RPM and speed controls, can be accessed
through the PMCU's 12C interface.

1.5. Case Fan

In addition to the FPGA fan, the Eclypse Z7 can power a Case Fan, connected to the board via fan header J14 (labeled “CASE”). This fan
is powered by the 5V rail, and is limited to 250 mA. A compatible fan is included in the @ Eclypse Z7 Enclosure Kit
(https:/ /store.digilentinc.com/eclypse-z7-enclosure-kit/).

1.6. Platform MCU

As noted in previous sections, the Eclypse Z7 uses an Atmega328PB microcontroller (IC10), referred to as the Platform MCU (PMCU), to
implement the SmartVIO requirements of the SYZYGY standard, as well as to monitor the Zynq die temperature, and to control the
Eclypse's fan.

https://reference.digilentinc.com/reference/programmable-logic/eclypse-z7/reference-manual 11/23
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When the Eclypse is turned on, the PMCU enumerates the pods attached to the Eclypse's SYZYGY ports and retrieves their DNA, in order
to correctly configure the variable supplies.

After SYZYGY enumeration is complete, the PMCU configures itself as an I2C slave device with a chip address of 0x60. Control of the 12C
bus is then handed over to the Zynq's I2C 1 peripheral (MIO[12:13]). The Digilent Eclypse Utility (decutil) is included in Petalinux images
for the Eclypse Z7 and can be used to get status information from and change some settings of the PMCU. For more information on the
PMCU's register space and communication protocol, see the PMCU specification (@ PDF Download (https://digilent.s3-us-west-

2.amazonaws.com/resources/programmable-logic/ eclypse /Eclypse-PMCU-Specification-Public.pdf)). For more information on decutil, see the @

Digilent Eclypse Utility Documentation (https://reference.digilentinc.com/_media/reference/programmable-logic/eclypse-27/decutil.1.pdf).

The following tables describe the features of the Platform MCU supported by the Eclypse Z7:
Table 1.6.1: Platform MCU Connectivity Map

PMCU Interface Connection
TEMPERATURE A Zynq Die Temperature
PORT_A, VADJ_A Zmod A

PORT_B, VAD]_B Zmod B

FAN_1 FPGA Fan

FAN_2 Case Fan

Table 1.6.2: Supported Platform MCU Optional Features

Optional Features Supported
DDRVCCSEL Control No
INIT_B Control No
USB Hub Support No

Table 1.6.3: Supported Platform MCU Fan COntrol Features

Feature FAN_1 (FPGA Fan) FAN_2 (Case Fan)

Enable / Disable Yes No

Fixed Speed Control Yes No

Automatic Speed Control Yes No

RPM Measurement Yes (if supported by installed fan)!) Yes (if supported by installed fan)?

) The optional FPGA fan included with the Eclypse Z7 supports RPM measurement
2) The case fan included in the Eclypse Z7 Enclosure Kit does not support RPM measurement

2. Zynq Configuration

Unlike Xilinx FPGA devices, AP SoC devices such as the Zynq-7020 are designed around the processor, which acts as a master to the
programmable logic fabric and all other on-chip peripherals in the processing system. This causes the Zynq boot process to be more similar
to that of a microcontroller than an FPGA. This process involves the processor loading and executing a Zynq Boot Image, which includes a
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First Stage Bootloader (FSBL), a bitstream for configuring the programmable logic (optional), and a user application.
The boot process is broken into three stages:

Stage 0

After the Eclypse Z7 is powered on or the Zynq is reset (in software or by pressing the PS-SRST button, BTNR), one of the processors
(CPUO) begins executing an internal piece of read-only code called the BootROM. If and only if the Zynq was just powered on, the
BootROM will first latch the state of the mode pins into the mode register (the mode pins are attached to JP5 on the Eclypse 27). If the
BootROM is being executed due to a reset event, then the mode pins are not latched, and the previous state of the mode register is used.
This means that the Eclypse Z7 needs a power cycle to register any change in the programming mode jumper (JP5). Next, the BootROM
copies an FSBL from the form of non-volatile memory specified by the mode register to the 256 KB of internal RAM. () within the APU
(called On-Chip Memory, or OCM). The FSBL must be wrapped up in a Zynq Boot Image in order for the BootRt
The last thing the BootROM does is hand off execution to the FSBL in OCM.

M to propetly copy it.

Stage 1

During this stage, the FSBL first finishes configuring the PS components, such as the DDR memory controller. Then, if a bitstream is
present in the Zynq Boot Image, it is read and used to configure the PL. Finally, the user application is loaded into memory from the Zynq
Boot Image, and execution is handed off to it.

Stage 2

The last stage is the execution of the user application that was loaded by the FSBL. This can be any sort of program, from a simple bare-
metal “Hello World” application, to a Second Stage Boot loader used to boot an operating system like Linux. For a more thorough
explanation of the boot process, refer to Chapter 6 of the @ Zynq Technical Reference Manual

(http:/ /www.xilinx.com/support/documentation/user_guides/ug585-Zyng-7000-TRM.pdf).

The Zynq Boot Image is created using Vivado and Xilinx Software Development Kit (Xilinx SDK). For information on creating this image
please refer to the available Xilinx documentation for these tools.

The Eclypse Z7 supports three different boot modes: microSD, Quad SPI Flash, and JTAG. The boot mode is selected using the Mode
jumper (JP5), which affects the state of the Zynq configuration pins after power-on. Figure 2.1 depicts how the Zynq configuration pins are

connected on the Eclypse Z7.
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Figure 2.1: Echjpse Z7 configuration pins.

The three boot modes are described in the following sections.

2.1. microSD Boot Mode

The Eclypse Z7 supports booting from a microSD card inserted into connector J4 (labeled “SD CARD”). The following procedure will
allow you to boot the Zynq from microSD with a standard Zynq Boot Image created with the Xilinx tools:
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1. Format the microSD card with a FAT32 file system.

2. Copy the Zynq Boot Image created with Xilinx SDK to the microSD card.

3. Rename the Zynq Boot Image on the microSD card to BOOT.bin.

4. Eject the microSD card from your computer and insert it into J4 on the Eclypse Z7.

5. Attach a power supply to the Eclypse 27 via the barrel jack (J11).

6. Place a single jumper on JP5, shorting the two rightmost pins (labeled “SD”).

7. Turn the board on by flipping the power switch to the ON position. The board will now boot the image on the microSD card.

2.2. Quad SPI Boot Mode
The Eclypse Z7 has an onboard 16 MB, () Quad-SPI Flash that the Zynq can boot from. Documentation available from Xilinx describes

how to use Xilinx SDK to program a Zynq Boot Image into a Flash device attached to the Zynq. Once the Quad SPI Flash has been loaded
with a Zynq Boot Image, the following steps can be followed to boot from it:

1. Attach a power supply to the Eclypse Z7 via the barrel jack (J11).

2. Place a single jumper on JP5, shorting the two center pins (labeled “QSPI”).

3. Turn the board on by flipping the power switch to the ON position. The board will now boot the image stored in the Quad SPI
flash.

2.3. JTAG Boot Mode

When placed in JTAG boot mode, with the two leftmost pins of JP5 shorted (labeled “JTAG”), the processor will wait until software is
loaded by a host computer using the Xilinx tools. After software has been loaded, it is possible to either let the software begin executing, or
step through it line by line using Xilinx SDK.

It is also possible to directly configure the PL over JTAG, independent of the processor. This can be done using the Vivado Hardware
Server.

The Eclypse Z7 is configured to boot in Cascaded JTAG mode, which allows the PS to be accessed via the same JTAG port as the PL. It is
also possible to boot the Eclypse Z7 in Independent JTAG mode by shorting unloaded jumper JP3. This will cause the PS to not be
accessible from the onboard JTAG circuitry, and only the PL will be visible in the scan chain. To access the PS over JTAG while in
independent JTAG mode, users will have to route the signals for the PJTAG peripheral over EMIO, and use an external device to
communicate with it.

3. DDR3L Memory

The Eclypse Z7 includes two Micron MT41K256M16TW-107 DDR3L memory components creating a single rank, 32-bit wide interface
and a total of 1 GiB (Gibi-byte, or 1,073,741,824 bytes) of capacity. The DDR3L is connected to the hard memory controller in the
Processor Subsystem (PS), as outlined in the Zynq documentation.

Note: The Eclypse Z7 may alternatively use an ISST IS43TR16256.A(L)-125KBL. DDR3L memory. This part is compatible with the same timings as the
Micron part.

The PS incotporates an AXI memory pott intetface, a DDR controllet, the associated PHY, and a dedicated I/O bank. DDR3L memory
interface speeds up to 533 MHz/1066 MT/s are supported.

The Eclypse Z7 was routed with 40 ohm (+/-10%) trace impedance for single-ended signals, and differential clock and strobes set to 80
ohms (+/-10%). A feature called DCI (Digitally Controlled Impedance) is used to match the drive strength and termination impedance of
the PS pins to the trace impedance. On the memory side, each chip calibrates its on-die termination and drive strength using a 240 ohm
resistor on the ZQ pin.

Both the memory chips and the PS DDR bank are powered from the 1.35V supply. The mid-point reference of 0.675V is created with a
simple resistor divider and is available to the Zynq as external reference.

For proper operation it is essential that the PS memory controller is configured propetly. Settings range from the actual memory flavor to
the board trace delays. For your convenience, the Eclypse Z7 Vivado board files are available on the Eclypse Z7 Resource Center

(https:/ /teference.digilentinc.com/ reference/ programmable-logic/ eclypse-27/start) and automatically configure the Zynq Processing System IP
core with the correct parameters.

For best DDR3L performance, DRAM training is enabled for write leveling, read gate, and read data eye options in the PS Configuration
Tool in Xilinx tools. Training is done dynamically by the controller to account for board delays, process variations and thermal drift.
Optimum starting values for the training process are the board delays (propagation delays) for certain memory signals.

Board delays are specified for each of the byte groups. These parameters are board-specific and were calculated from the PCB trace length
reports. The DQS to CLK Delay and Board Delay values are calculated specific to the Eclypse Z7 memory interface PCB design.

For more details on memory controller operation, refer to the Xilinx @ Zynq Technical Reference manual
(http:/ /www.xilinx.com/support/documentation/uset_guides/ug585-Zyng-7000-TRM.pdf).
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4. Quad-SPI Flash

The Eclypse Z7 features a Spansion S25FL128S 4-bit Quad-SPI serial NOR flash. The key device attributes are:
 Part number S25FL1.128S

e 1-bit, 2-bit, and 4-bit bus widths supported

* General use clock speeds up to 100 MHz, translating to 400 Mbps in Quad-SPI mode
» Zynq configuration clock speeds up to 94 MHz

* Powered from 3.3V

The Flash memory is used to provide non-volatile code and data storage. It can be used to initialize the PS and PL of the Zynq device with a
Zynq Boot Image (also known as BOOT.BIN) generated using Xilinx tools such as Petalinux or Xilinx SDK. For information on booting
the Eclypse Z7 with a Zynq Boot image, see section “2.2 Quad SPI Boot Mode”.

The Flash is also commonly used to store non-configuration data needed by the application. If doing this from a bare-metal application, The
flash memory can be freely accessed using standalone libraries included with a Xilinx SDK BSP project. If doing this from a Petalinux
generated embedded Linux system, the Flash can be partitioned as desired and mounted/accessed like a standard MTD block device. See
the Petalinux and Xilinx SDK documentation for more information.

The Flash connects to the Quad-SPI Flash controller of the Zyng-7000 PS via pins in MIO Bank 0/500 (specifically MIO[1:6,8]), as
outlined in the Zynq Technical Reference Manual. Quad-SPI feedback mode is used, thus qspi_sclk_fb_out/MIO[8] is left to freely toggle
and is connected only to a 20K pull-up resistor to 3.3V. This allows a Quad-SPI clock frequency greater than FQSPICLK2. The details of
these connections do not need to be known when using the Eclypse Z7 Vivado Board files, as they will automatically configure your project
to work cortectly with the on-board Flash.

A globally unique MAC address is programmed into the One-Time-Programmable (OTP) region of the Flash on each Eclypse Z7 at the
factory. For more information on this, see section 11. Ethernet. The MAC address can also be found on a sticker attached to the board.

The OTP region also includes a factory-programmed read-only 128-bit random number. The very lowest address range [0x00;0x0F] can be
read to access the random number. See the Spansion S25F1.128S datasheet for information on this random number and accessing the OTP
region.

5. Oscillators/Clocks

The Eclypse Z7 provides a 33.3333 MHz clock to the Zynq PS_CLK input, which is used to generate the clocks for each of the PS
subsystems. The 33.3333 MHz () input allows the processor to operate at a maximum frequency of 667 MHz and the DDR3 memory
controller to operate at a m ximum clock rate of 533 MHz.0 (1066 MT/s). The Eclypse Z7 board files, available on the Eclypse Z7
Resource Center (https:// reference digilentinc. com/ reference/ programmable loglc/ eclypse -7 /start), will automatically configure the Zynq

z.() input oscillator.

The PS has a dedicated PLL capable of generating up to four reference clocks, each with settable frequencies, that can be used to clock
custom logic implemented in the PL. Additionally, The Eclypse Z7 provides an external 125 MHz () reference clock directly to pin D18 of
the PL. The external reference clock allows the PL to be used completely independently of the PS, which can be useful for simple
applications that do not require the processor.

The PL of the Zy nq-27020 also includes four MMCM’s and four PLL’ that can be used to generate clocks with precise frequencies and

() external reference clock can be used as an input to the MMCMs
and PLLs. For a full description of the capabilities of the Zynq PL clocklrlg resources, tefer to the @ 7 Series FPGAs Clocking Resoutces
User Guide (https:/ /www.xilinx.com/support/documentation/user_guides/ug472_7Series_Clocking.pdf) available from Xilinx.

Xilinx offers the Clocking Wizard IP core to assist in integrating the MMCM's and PLL's into a design. This wizard will propetly instantiate
the needed MMCMs and PLLs based on the desired frequencies and phase relationships specified by the user. The wizard will then output
an easy-to-use wrapper component around these clocking resources that can be inserted into the user’s design. The clocking wizard can be
accessed from within the Vivado and IP Integrator tools.

Figure 5.1 outlines the clocking scheme used on the Eclypse Z7. Note that the reference clock output from the Ethernet PHY is used as the
125 MHz.() reference clock to the PL, in order to cut the cost of including a dedicated oscillator for this purpose. Keep in mind that
CLK125 will be disabled when the Ethernet PHY is held in hardware reset by driving the PHYRSTB signal low.
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Figure 5.1: Eclypse 2.7 clocking.

6. Reset Sources

The Eclypse Z7 provides several different methods of resetting the Zynqg-7000 device, as described in the following sections:
6.1. Power-on Reset

The Zynq PS supports external power-on reset signals. The power-on reset is the master reset of the entire chip. This signal resets every
register in the device capable of being reset. The Eclypse Z7 drives this signal from the VCC4V3 supply, the final non-adjustable supply to
be brought up in the power-on sequence, in order to hold the system in reset until all power supplies are valid. A push-button, labeled
BTNP, can be used to toggle the power-on reset signal. BTNP is located on the underside of the Eclypse Z7, below the SD card slot.

0.2. Processor Subsystem Reset

The external system reset button, labeled BTNR, resets the Zynq device without disturbing the debug environment. For example, the
previous break points set by the user remain valid after system reset. Due to security concerns, system reset erases all memory content
within the PS, including the On-Chip-Memory (OCM). The PL is also cleared during a system reset. System reset does not cause the boot
mode strapping pins to be re-sampled. After changing the boot mode jumper a power cycle is needed to act on the new setting. BTNR is
located on the underside of the Eclypse Z7, below the SD card slot.

7. USB-UART Bridge (Serial Port)

The Eclypse Z7 includes an FTDI FT2232HQ USB-UART bridge (attached to connector J6) that lets PC applications communicate with
the board using standard COM port commands (or the tty interface in Linux). Drivers are automatically installed in Windows and newer
versions of Linux when the Eclypse Z7 is attached. Serial port data is exchanged with the Zynq using a two-wire serial port (TXD/RXD).
After the drivers are installed, I/O commands can be used from the PC directed to the COM portt to produce setial data traffic on the Zynq
pins. The port is tied to PS (MIO) pins and can be used in combination with the UART 0 controller.

The Zynq presets file (available in the Eclypse Z7 Resource Center (https://reference.digilentinc.com/reference/programmable-logic/eclypse-
z7/start)) takes care of mapping the correct MIO pins to the UART 0 controller and uses the following default protocol parameters: 115200
baud rate, 1 stop bit, no parity, 8-bit character length.

Two status LEDs provide visual feedback on traffic flowing through the port: the transmit LLED () (the lower of the two yellow LEDs in the
circuit board indicator, .LD4) and the receive ILED. () (the upper of the two yellow LEDs in the circuit board indicator, L.D4). Signal names
that imply direction are from the point-of-view of the DTE (Data Terminal Equipment), in this case the PC.

The FT2232HQ) is also used as the controller for the Digilent USB-JTAG circuitry, but the USB-UART and USB-JTAG functions behave
entirely independent of one another. Programmers interested in using the UART functionality of the FT2232 within their design do not
need to worry about the JTAG circuitry interfering with the UART data transfers, and vice-versa. The combination of these two features

into a single device allows the Zybo Z7 to be programmed and communicated with via UART from a computer attached with a single Micro
USB cable.

The connections between the FT2232HQ and the Zynqg-7000 are shown in Figure 7.1.
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Figure 7.1: UART Connections

8. Zmod Ports

The Eclypse Z7 features two Zmod ports, which use SYZYGY Standard interfaces to communicate with installed SYZYGY pods. Both
ports are compatible with version 1.1 of the SYZYGY specification from Opal Kelly.

SYZYGY SmartVIO functionality is implemented by the Eclypse's Platform MCU, as discussed in the 1 Power Supplies section of this
document. Each port's SYZYGY DNA is connected to both the Platform MCU and the Zynq's 12C 0 peripheral (MIO12:13) through a
single I2C bus. Once the board is fully powered on, and the PMCU has configured itself in 12C slave mode, SYZYGY DNA data can be
read directly from the pods, and the negotiated voltages and currents can be read from the PMCU over this bus.

Warning: SYZYGY pods are NOT hot-swappable. Connecting or disconnecting a pod from the Echpse while the board is powered on may cause damage fo the
pod and) or the board, and is to be avoided.

Each SYZYGY Standard interface contains 16 single-ended 1/O pins, 8 differential 1/O pairs (which can alternatively be used as 16
additional single-ended I/O pins), and two dedicated differential clocks - one for input and one for output. Each Zmod port has a I/O bank
of the Zynq dedicated to it, which is powered by a dedicated adjustable rail, configured by the Platform MCU as the Eclypse is powered on.
Template constraints for each Zmod port can be found in the Eclypse Z7's Master XDC file, available through Digilent's @ digilent-xdc
(https:/ /github.com/Digilent /digilent-xdc) repository on Github.

Digilent provides Eclypse-compatible low-level IPs, scripted Vivado flows, and software libraries to support each Digilent Zmod
(https:/ /reference.digilentinc.com/reference/zmod/start).

For mote information on the SYZYGY standard, see @ syzyeyfpga.io (https://syzyeyfpga.io/).
8.1. SYZYGY Pod Compatibility

The Eclypse's Zmod ports are compatible with a variety of different SYZYGY pods. Information required to determine if the Eclypse is
compatible with a certain pod is summarized in Table 8.1.1.

Table 8.1.1: SYZYGY Compatibility Table
Parameter Port A (STD) Port B (STD)
Port Type Standard Standard

Double-Width Capable

Total 5V Supply Current 3.0 A (shared with USB VBUS output, Case Fan, and RGB LEDs)
Total 3.3V Supply Current 2.0 A Shared
VIO Supply Voltage Range 1.2V to 3.3V 1.2V to 3.3V
Total VIO Supply Current 1.8A (VIO Group 1) 1.8A (VIO Group 2)
Port Groups Group 1: A Group 2: B
I/0 Count 28 total (8 DP) 28 total (8 DP)
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Parameter Port A (STD) Port B (STD)

Length Matching 73.7 mm +- 0.2 mm (including Zynq package delay)

9. microSD Slot

The Eclypse Z7 provides a microSD slot (J4) for non-volatile external memory storage as well as booting the Zyngq. The slot is wired to
Bank 1/501 MIO[40-45], and also includes a card detect signal attached to MIO 47. On the PS side, petipheral SDIO 0 is mapped out to
these pins and controls communication with the SD card. The pinout can be seen in Table 9.1. The peripheral controller supports 1-bit and
4-bit SD transfer modes, but does not support SPI mode. Based on the @ Zynq Technical Reference Manual
(http://www.xilinx.com/support/documentation/user_guides/ug585-Zynqg-7000-TRM.pdf), SDIO host mode is the only mode supported.

Table 9.1: microSD pinont

Signal Name Description Zynq Pin SD Slot Pin
SD_D0 Data[0] MIO42 7
SD_D1 Data[1] MIOA43 8
SD_D2 Datal[2] MIO44 1
SD_D3 Data[3] MIO45 2
SD_CCLK Clock MIO40 5
SD_CMD Command MIOA41 3
SD_CD Card Detect MIO47 9

The SD slot is powered from 3.3V, but is connected through MIO Bank 1/501 (1.8V). Therefore, a TI TXS02612 level shifter performs this
translation. The TXS02612 is actually a 2-port SDIO port expander, but only its level shifter function is used. The connection diagram can
be seen on Figure 9.1. Mapping out the correct pins and configuring the interface is handled by the Eclypse Z7 board files, available on the
Eclypse Z7 Resource Center (https://reference.digilentinc.com/reference/programmable-logic/ eclypse-27/ start).
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Fignre 9.1: microSD slot signals

Both low speed and high speed cards are supported, the maximum clock frequency being 50 MH
recommended.

7.0. A Class 4 card or better is

Refer to section 2.1 microSD Boot Mode for information on how to boot from a microSD card that contains a Zynq Boot Image.

The microSD is also commonly used to store non-configuration data needed by the application. If doing this from a bare-metal application,
the microSD card can be freely accessed using standalone libraries included with a Xilinx SDK BSP project. If doing this from a Petalinux
generated embedded Linux system, the microSD can be mounted/accessed like a standard block device, typically with a device node named
/dev/mmcblk0. See the Petalinux and Xilinx SDK documentation for more information.

10. USB Micro-AB Device/Host/OTG Port

The Eclypse Z7 implements one of the two available PS USB OTG interfaces on the Zynq device. A Microchip USB3320 USB 2.0
Transceiver Chip with an 8-bit ULPI interface is used as the PHY. The PHY features a complete HS-USB Physical Front-End supporting
speeds of up to 480Mbs. The PHY is connected to MIO Bank 1/501, which is poweted at 1.8V. The usb0 peripheral is used on the PS,
connected through MIO[28-39]. The USB OTG interface can act as an host, embedded host, or a peripheral device, through the USB Micro
AB connector(J5). The USB mode is controlled from software by manipulating the USBO peripheral controller in the Zynq PS.

By default, VBUS capacitance is 4.7 uF. Jumper JP1 may be shorted while in host mode in order to increase VBUS capacitance by 150 uF
Jumper JP2 must be installed for the Eclypse to power VBUS for host or embedded host applications. These requirements give three
possible configurations for the two jumpers, as presented in Table 10.1.

Whether the Eclypse Z7 is configured as an embedded host or a general purpose host, it can provide at least 500 mA on the 5V VBUS line.
More than 500 mA of current can potentially be provided depending on the system configuration and how much power is drawn by
installed Zmods. See the 1 Power Supplies section for more information.

Table 10.1: USB Mode Jumper Positions

Mode JP1 Shorted JP2 Shorted
Embedded Host No Yes
General Purpose Host Yes Yes
Peripheral Device No No

11. Ethernet

The Eclypse Z7 uses a Realtek RTL8211E-VL PHY to implement a 10/100/1000 Ethernet port for netwotk connection. The PHY
connects to MIO Bank 501 (1.8V) and interfaces to the Zyng-7000 AP SoC via RGMII for data and MDIO for management. The auxiliary
interrupt (INTB) and reset (PHYRSTB) signals connect to PS pins to be accessed through the MIO GPIO) () peripheral via MIO48 and
MIO9 respectively. The connection diagram can be seen on Figure 11.1.

After powet-up the PHY statts with Auto Negotiation enabled, advertising 10/100/1000 link speeds and full duplex. If there is an Ethernet-
capable partner connected, the PHY automatically establishes a link with it, even with the Zynq not configured.
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Fignre 11.1: Ethernet PHY signals

Two status indicator LEDs ate located on the RJ-45 connector (J3) that indicate traffic (J3/LD2, right side of connector) and valid link state
(J3/LD1, left side of connector). Table 11.1 shows the default behavior.

Table 11.1: Ethernet status 1. EDs

Function Designator State Description
LINK J3/1LD1 Steady on Link 10/100/1000

Blinking 0.4s ON, 2s OFF Link, Energy Efficient Ethernet (EEE) mode
ACT J3/1L.D2 Blinking Transmitting or Receiving

The Zynq incorporates two independent Gigabit Ethernet Controllers. They implement a 10/100/1000 half/full duplex Ethernet MAC. Of
these two, GEM 0 can be mapped to the MIO pins where the PHY interfaces. Since the MIO bank is powered from 1.8V, the RGMII
interface uses 1.8V HSTL Class 1 drivers. For this I/O standard an external reference of 0.9V is provided in bank 501 (PS_MIO_VREF).
Mapping out the correct pins and configuring the interface is handled by the Eclypse Z7 Vivado board files.

Although the default power-up configuration of the PHY might be enough in most applications, the MDIO bus is available for
management. The RTL8211E-VL is assigned the 5-bit address 00001 on the MDIO bus. With simple register read and write commands,
status information can be read out or configuration changed. The Realtek PHY follows industry-standard register map for basic
configuration.

The RGMII specification calls for the receive (RXC) and transmit clock (TXC) to be delayed relative to the data signals (RXD][0:3], RXCTL
and TXD][0:3], TXCTL). Xilinx PCB guidelines also require this delay to be added. The RTL8211E-VL is capable of inserting a 2ns delay on
both the TXC and RXC so that board traces do not need to be made longer.

On an Ethernet network each node needs a unique MAC address. To this end, the one-time-programmable (OTP) region of the Quad-SPI
flash has been programmed at the factory with a 48-bit globally unique EUI-48/64™ compatible identifier. The OTP address range
[0x20;0x25] contains the identifier with the first byte in transmission byte order being at the lowest address. Refer to the @ Flash memory
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datasheet (https://www.cypress.com/file/448601/download) for information on how to access the OTP regions. When using Petalinux, this is
automatically handled in the U-boot boot-loader, and the Linux system is automatically configured to use this unique MAC address. The
identifier is also printed on a sticker found on the top-side of the Eclypse Z7 right next to the mode jumper (JP5) and above the headphone
output jack.

For getting started using the ethetnet port in a bare-metal application, Xilinx provides a Iwip TCP/IP stack that can be automatically
generated in Xilinx SDK along with an echo server example. When using the Eclypse Z7 with a Petalinux generated embedded Linux
system, the ethernet port will automatically appear as a network device typically named eth0. See the Petalinux and Xilinx SDK
documentation for more information.

For more low-level information on using the Zyng-7000 Gigabit Ethernet MAC, refer to the Xilinx Zynq Technical Reference Manual.

12. Basic I/O

The Eclypse Z7 includes two push-buttons and two tri-color LEDs connected to the Zynq PL, as shown in Figure 12.1. These I/Os are
connected to the Zynq via series resistors to prevent damage from inadvertent short circuits (a short circuit could occur if a pin assigned to a
push-button was inadvertently defined as an output).

v
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’ LD1 A 4 LDD Vs

A

AT

il LEDO R ] | J
8 e D20 B17 " 7 ik
D19 B16 [0 It
BTN LEDO_B B
|
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Al8 =

| :

T J

wres T }

Zynq PL %%%%# | | | .

v

Figure 12.1: Echypse Z7 Basic 1/ O
12.1. Push-Buttons

The push-buttons are “momentary” switches that normally generate a low output when they are at rest, and a high output only when they
are pressed.

12.2. Tri-Color LEDs

Each tri-color LED. () has three input signals that drive the cathodes of three smaller internal LEDs: one red, one blue, and one green.
Driving the input signal corresponding to one of these colors low will illuminate the internal LED. (). The input signals are driven by the
Zynq PL through a transistor, which inverts the signals. Therefore, to light up the tri-color LED) ()

LED.O, the corresponding PL pins need to be
driven high. The tri-color LED). (), will emit a color dependent on the combination of internal LEDs that are currently being illuminated. For
() will emit a purple color.

Note: Digilent strongly recommends the use of pulse-width modulation (PWM) when driving the tri-colo LEDs. Driving any of the signals to a steady logic '1" will
result in the I LI () being illuminated at an uncomfortably bright level. This can be avoided by ensuring that none of the tri-color signals are driven with more than

a 50% duty cycle. Using PWM also greatly expands the potential color palette of the tri-color LED.(.
0% and 50% causes the different colors to be illuminated at different intensities, allowing virtually any color to be displayed.

13. Pmod Ports

Pmod ports are 2X06, right-angle, 100-mil spaced female connectors that mate with standard 2X6 pin headers. Each 12-pin Pmod port

YCG.0 and Grouna“pins can deliver up to 1A of current, but care must be taken not to exceed any of the power budgets of the on-board
regulators or the external power supply (as described in the Power supplies section).
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Figure 13.1: Pmod port

Digilent produces a large collection of Pmod accessory boatds that can attach to the Pmod ports to add ready-made functions like A/D’,
D/ A’s, motor drivers, sensors, and other functions. See @ www.digilentinc.com (http://www.digilentinc.com) for more information. The

vivado-library repository on the @ Digilent Github (https://github.com/Digilent/) contains pre-made IP cores for many of these Pmods that

greatly reduces the work of integrating them into your project. This repository's hierarchies branch contains additional sctipts and
sources that can be used to speed up the process of integrating these cores. See the Pmod-related tutorials on the Eclypse Z7 Resource
Center for help using them.

The Eclypse Z7's two Pmod ports are connected to the Zynq PL via high-speed down translation and protection circuitry. When used as
outputs, the Pmod pins are driven at 3.3V. When used as inputs, the Pmod pins are 5V tolerant. The maximum recommended voltage
applied to these pins is 5.5V, though the inline resettable fuses will protect the FPGA pins from damage.
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() and the associated front end. The
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Figure 1. Zmod ADC top and bottom views. []

Features

¢ Channels: 2
¢ Channel type: single ended

¢ Resolution: 14-bit

¢ Input range: £1V (Low Range) or 225V (High Range)

¢ Absolute Resolution: 0.13mV (Low Range) or 3.21mV (High Range)

e Accuracy: £0.2% of Range

e Sample rate (real time): 100MS/s

¢ Input impedance: IMQ | | 18pF

* Analog bandwidth: 70 MHz 0+ @ 3dB, 30 MHz.0 @ 0.5dB, 20 MHz (. @ 0.1dB
« Input protected to: =50

1. Architectural Overview and Block Diagram

This document describes the Zmod ADC ()'s circuits, with the intent of providing a better understanding of its electrical functions, operations, and a more

detailed description of the hardware’s features and limitations. It is not intended to provide enough information to enable complete duplication of the Zmod

ADRC.0

, but can help users to design custom configurations for programmable parts in the design.

105MS, / s ADC .0, @ AD9648 (https:/ /wwwanalog com/ en/ products/ad9648.html). The carrlef board is responsible to conﬁgure the mternal reglsters of the
() circuit, provide the acquisition clock and receive the data.

The Analog Input block is also called the Scope, because of similar structure and behavior to such a front end. The signals in this circuitry use a “SC”

indexes to indicate they are related to the scope block. Signals and equations also use certain naming conventions. Analog voltages are prefixed with a “V”’

(for voltage), and suffixes and indexes are used in various ways: to specify the location in the signal path (IN, MUX, BUE,
related instrument (SC, etc.); to indicate the channel (1 or 2); and to indicate the type of signal (P, N, or diff). Referring to

etc.); to indicate the

¢ The Analog Inputs/Scope instrument block includes:
Input Divider and Gain Selection: high bandwidth input adapter/divider. High or low-gain can be selected by the FPGA
Buffer: high impedance buffer
Driver: provides appropriate signal levels and protection to the
Scope Reference: generates and buffers reference voltages for
: the analog-to-digital converter for both scope channels.
¢ The Power Supplies and Control block generates all internal supply voltages.
¢ The MCU works as a I2C memory for two different purposes:

o The DNA includes the standard @ SYZYGY™ (https://syzygyfpga.io) pod identification information.

o The Calibration Memory stores all calibration parameters. Except for the “Probe Calibration” trimmers in the scope Input divider, the
(). includes no analog calibration circuitry. Instead, a calibration operation is performed at manufacturing (or by the user), and

o Oo o o o

In the sections that follow, schematics are not shown separately for identical blocks. For example, the Scope Input Divider and Gain Selection schematic is

only shown for channel 1 since the schematic for channel 2 is identical. Indexes are omitted where not relevant. As examples, in equation 1 below,
VscopEe—_sna does not contain the channel index (because the equation applies to both channels 1 and 2).

| Analog Inputs

| (Scope)
58C1—?’ Input divider [~ Buffer }9| Driver Ii
i and gain i
===t i Internal
i power
PN
Scope reference ADC |: MCU U
| (DNA and
! Input divider | Calibration | | power Supplies
and gain i Memory) and Control
{ selection E = H
5C2—> > Buffer [>| Driver |5 ﬁ @
SYZYGY standard connector

(https:/ /reference.digilentinc.com/_detail / reference/instrumentation/zmodadc/zmodadcblockdiagram.png?id=reference%3Azmod %3 Azmodadc%3Areference-manual)
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Figure 2. Zmod ADC Block diagram. []

2. Scope

2.1. Scope Input Divider and Gain Selection
Fig. 3 shows the scope input divider and gain selection stage.

Cs and Cg are capacitive trimmers, 3...10pF, -0/+50% tolerance. The worse case range is 4.5...10pE. All other capacitors are 1% tolerance, all the tesistors
are 0.1%.

The IC1 relay switches between two symmetrical R-C dividers. Each of them provide:

¢ Scope input impedance = 1IMOhm | | 18pF

e Two different attenuations for high-gain/low-gain (25:1)

¢ Controlled capacitance, much higher than the parasitical capacitance of subsequent stages
¢ Constant attenuation over a large frequency range (trimmer adjusted)

The maximum voltage rating for scope inputs is limited to:
=50V < Vscope_sma < 5OV (1)
The DC low gain is:

Vsc-ra R;

= = 0.04 9
Vscore-sma  Ri1+ R3+ Rs (2)

The High Range (at low gain):
=25V < Vscope-sma < 25V (3)
The high gain is:

Vsc_ne Ry + Rg
% = s R = 0.9 (4)
SCOPE—SMA o+ Ry + R

The Low Range (at high gain):
=1V < Vscope-sma < 1V (5)
The two dividers are designed to have the same equivalent impedance (both active and reactive):
Rech = R1+ R3 + Rs = Rz + R4 + Re = 1Mohm (6)

Experiments shown that there are significant parasitic capacities of the layout and buffer input stage: Cpy (high gain divider), parallel to Cg, and Cp, (low
gain divider), parallel to C;. The trimmers should compensate for these parasitic capacities and adjust for perfect matching:

Cs x Ry = (Cpg + Cs) * (R4 + Ry) (7)
03 * R2
C Cs) = 55— = 18F 8
(Cpa + Cs) Rut Ry /4 (8)
(Cs+C5) * (R1+ R3) = (Cpp + Cr) * Rs 9)
(R1 + R3)
(Cpp +C7) = (Cy+ C5) * TR’ (10)
With the chosen values, the correct adjustment results in about mid-position of trimmers Cs and Cg:
Cs = Cg = TpF (11)
which solves the parasitic capacities as:
CPH = 11pF (12)
Cpr = 8.8pF (13)
The Low Gain and High Gain dividers have very close equivalent capacitance, within the tolerances and model approximations:
Cricen = —22 B2 0 1708, 14
HGech*R2+R4+R6 = Lech = 40P, ( )
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(C7+Cpr) * Rs
ech — ————— — 16. 1
Crgech Rt R, 1 I 6.03p (15)

Experiments show that the equivalent capacitances are even closer than the values above, about 18pF. The computing error mainly derives from trimmer
position approximation.

Coen, = 18p (16)

The IC2 relay shorts the C1 capacitor when DC coupling is desired. Otherwise, C1 forms a High Pass filter with the selected divider, for AC coupling, with
the corner frequency:

1 1
fo= ~ — 10.6Hz (17)
2"‘71'*-Rech*(Cfech‘i‘cvl) 2*7T*Rech*cl
Ic1
Tl . e 5 SC1_HG
L 5 c1
SCOPEL_SMA 1 |7 SC116
& 11 A
2 @ 15nF 4
[ema-0401 gy ica 3
e T T
—e\b_& gl _+|1 RLSC1 GAIN o R1 “c3 <<R2
. T o L, 953K 430pF | 40.2€
s s _— a3 5CL_HG
RL_SC_COM 3-100F 9.1pF
iy WL P 598K sc1 16 Ra
RLSC COM 8| _ +|[1 6.98K
HFDA4/4.5L o " o T .
. SC1_HLG 390pF | 40.2K 3-10pF | wL RG
RL_SC1_AC/DC GND 953K GND
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Figure 3. Input divider and gain selection. []

IM42GR (https:/ /www.te.com/commerce/DocumentDelivery/ DDEController? Action=stchrtrv&DocNm=108-98001&Doc Type=SS&DocLang=EN)). The schematic
shows the “reset” position. A relay is “set” when a positive voltage is applied at the coil terminals and it is “reset” when a negative voltage is applied (see the
polarity on the schematic symbol). The relay keeps state when no current flows trough the coil (the terminals are driven at the same voltage or at least one
of the terminals is “open”). The nominal coil voltage is 4.5V.

The IC16, IC17 and IC18 in Fig, 4 are @ A3910EEETR-T (https:/ /www.digikey.com/en/datasheets/allegromicrosystemsllc/allegro-microsystems-
llca3910datasheetashx) drivers for the relays. They feature:

¢ Low RDS(on) outputs

¢ Standby mode with zero current drain
e Small 2 X 2 DFN package

¢ Crossover Current protection

¢ Thermal Shutdown protection

Normally, all of them have both HIN and LIN inputs “low” or both “High” driving the “OUT” pins “High Z”. To “set” a relay, OUT2 of IC16 is set
“Low” (HIN=“Low”, LIN=“High”) and the corresponding OUT pin of IC17 or IC18 is set “High” (HIN="High”, LIN=“Low”). All other OUT pins are
set “High Z”. To “reset” a relay, OUT2 of IC16 is set “High” (HIN=“High”, LIN=“Low”) and the corresponding OUT pin of IC17 or IC18 is set “Low”
(HIN=“Low”, LIN=“High”). All other OUT pins are set “High Z”.

veesvo veesvo veesvo
127 ci28 c12s  “—cuze
GND 1 . GND 1uF N GND | 100 1uF -
Ic17 ic18 Ic16
= A3910EEETR-T = a
el L £ . RL SC2 AC/DC AT w1 £ 8 RL_SCL_GAIN 77| e 3 8
SEEACLT 3w oum 2 BAR L uni  oury | B RLOSCLOAN Ty un T ooum B
sciACHT 4|, SO GANHT a4 coMscHT |,
SCIACLT 5] i oy LS RL SCL AC/DC SITGANLT 3 2 i LS RL SC2_GAIN oMscIT e s RL SC_COM
o o [=] o [=]
4 4 z =
) a [C) o

o
-
5 5
A3910EEETR-T A3910EEETR-T
e a wl o e o
GND GND GND
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Figure 4. Relay Drivers. []

IC14 and IC15 in Fig. 5 are @ 74LVCO7ABQ (https:/ /www.nexperia.com/products/analog-logic-ics /asynchronous-interface-logic/buffers-inverters-
drivers/74LVC07ABQ.html) open-drain gates used as level translators from VAD] = 1.8V to VCC5V0 = 5V.

e 5V tolerant inputs and outputs (open-drain) for interfacing with 5 V logic
¢ Wide supply voltage range from 1.2 V to 5.5 V

e CMOS low power consumption

¢ Ditect interface with TTL levels

¢ Inputs accept voltages up to 5V

¢ Complies with JEDEC standard:
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JESD8-7A (1.65 V to 1.95 V)

JESD8-5A (2.3 V t0 2.7 V)

JESDS8-C/JESD36 (2.7 V to 3.6 V)

ESD protection:

HBM JESD22-A114F exceeds 2000 V

MM JESD22-A115-B exceeds 200 V

CDM JESD22-C101E exceeds 1000 V

Specified from -40 °C to +85 °C and -40 °C to +125 °C
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2.2. Scope Buffer

A non-inverting @ ADA4817 (https://wwwanalog.com/en/products/ada4817-1.html) stage provides very high impedance as load for the input divider.

e High speed

o —3dB bandwidth (G = 1, RL = 100 Q): 1050 MHz.0
o Slew rate: 870 V/us
o 0.1% settling time: 9 ns
Input bias current: 2 pAtypical
Input capacitance
o Common-mode capacitance: 1.3 pF typical
o Differential mode capacitance: 0.1 pF typical
Low input noise
o Voltage noise: 4 nV/\/Hz at 100 k.
o Current noise: 2.5 fA/\/Hz at 100
Low distortion: =90 dBc at 10 MHz.0
Linear output current: 40 mA
Supply quiescent current per amplifier: 19 mAtypical

Powered down supply quiescent current per amplifier: 1.5 mAtypical

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual
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Figure 6. Buffer. []
The @ ADA4817 (https:/ /www.analog.com/en/products/ada4817-1.html) is supplied +4.5V/-2.5V.

The maximum input voltage swing is:

—2.5V < Vso_pgrg < 1.7V (18)
The maximum output voltage swing is:
—1.3V < Vpyrr < 3.1V (19)
The gain is:
Vi
BUFF -1 (20)
Vsc-nre
The actual input and output range (for nominal usage) is:
—1V < Vso_pre = Veurr < 1V (21)

The @ ADA4817 (https://wwwanalog.com/en/products/ada4817-1.html) data sheet does not include any explicit or implicit mention of input protection
diodes, not about the maximum current supported by such diodes, so external D1 was added in the schematic for safety. However, the leakage current of D1

(https:/ /www.analog.com/en/products/ada4817-1.html), so D1 is a “No Load”.

The Zmod ARG, () is specified to resist to accidental input voltages up to +/-50V. In these cases, the buffer input voltage is limited by the protection diodes
at 0.6V above the AVCC4V5 or below AVCC-2V5. The protection current is limited by R2 (at High Gain) or R1+R3 (at Low Gain) (see the input divider
schematic). The worse case is Vscopp,_sma=-50V on High Gain scale:

Vscope—sma — Vavec—avs ~ —50V + 2.5V
I = R, = “D0okohm 18mA (22)

2.3. Scope Reference

In Fig. 7, a low noise reference, @ ADR3412AR]Z (http:/ /www.analog.com/en/special-linear-functions /voltage-references/adr3412/products/product.html), and an
@ ADA4841-2 (https:/ /www.analog.com/en/products/ada4841-2.html) OpAmp are used to generate 1V reference voltage for the .

@ ADR341 2ARJZ (http:/ /www.analog.com/en/special-lineat-functions/ voltage-references/adr3412/products/product.html) features:

e Initial accuracy: £0.1% (maximum)

e Maximum temperature coefficient: 8 ppm/°C

¢ Operating temperature range: —40°C to +125°C
e Output current: +10 mA source/—3 mA sink

¢ Low quiescent current: 100 pA (maximum)

¢ Low dropout voltage: 250 mV at 2 mA

¢ Output noise (0.1
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IC12B
6
gnn = R72
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2K i —A\A
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c118
122 R73 ADA4841-2YRMZ NL
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Figure 7. ADC Reference. []
The

reference voltage is:

R
Vererapc = VrREF1V2SC * ﬁ =1V (23)

buffer, in Fig. 8.

@ ADA4841-2 (https:/ /wwwanalog.com/en/products/ada4841-2.html):

e Low power: 1.1 mA/amp
¢ Low wideband noise
o 2.1nV/VHz
o 1.4 pA/VHz
e Low 1/f noise
o 7nV/VHz @ 10 Hz.0
o 13 pA/NHz @ 10 Hz.0
« Low distortion: =105 dBc @ 100 ]
¢ High speed '
o 80 MHz.(), —3 dB bandwidth (G = +1)
o 12V us slew rate
o 175 ns settling time to 0.1%
¢ Low offset voltage: 0.3 mV maximum
¢ Rail-to-rail output
¢ Power down
e Wide supply range: 2.7 V to 12V

0, VO=2Vpp

3.32K R65
A

IC12A
GND AA R70 2 \ (https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/vem.png?
10K 1

VCM_ADC
VCM_ADC 0V9 3 /

ADA4841-2YRMZ

R22
VCM_ADC Y _ VCM_5C1

id=reference%3Azmod%3Azmodadc?%03 Areference-manual) C18

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/vemfilter.pngPid=reference%3Azmod%3 Azmodadc%3 Areference-manual)

Figure 8. 1VCM buffer. []

The ADC. () VCM voltage is:

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual 8/22
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1+ ﬁ) =12V (24)

Ry

An @ LT1461-2.5 (https:/ /www.analog.com/en/products/1t1461.html) reference generates a voltage used for rising the input common mode voltage of the

ARG buffer, in Fig, 10.

@ L.T1461-2.5 (https:/ /www.analog.com/en/products/1t1461.html):

AVCCAVS

FB3
| MPZ20125601A J_

GND

Trimmed to High Accuracy: 0.04% Max
Low Drift: 3ppm/°C Max

Low Supply Current: 50uA Max

High Output Current: 50mA Min

Low Dropout Voltage: 300mV Max
Excellent Thermal Regulation

Power Shutdown

Thermal Limiting

All Parts Guaranteed Functional from —40°C to 125°C

Voltage Options: 2.5V, 3V, 3.3V, 4.096V and 5V

. AVCCAV5_OFF

13

1@

Tow Tiow

2 3

112-|
_LCSD |
TluF

IC10
VIN VouT
NC
NC
NC
NC
SHDN GND

= VREF2V5_SC

i

C81
4.7uF
GND

Lk

g

LT1461AI158-2.5

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/ vref2v5.png?id=reference%3 Azmod%3Azmodadc%3 Areference-manual)

Figure 9. 251 reference. []

2.4. Scope Driver

Low Noise: 1.6nV/VHz RTI
Low Power: 18mA at 3V
Low Distortion (HD2/HD?3):
o —80dBc/—69dBc at 50MHz, 2VP-P
o —104dBc/-90dBc at 20MHz, 2VP-P
Rail-to-Rail Differential Input
2.7V to 3.5V Supply Voltage Range
Fully Differential Input and Output
Adjustable Output Common Mode Voltage
800MHz —3dB Bandwidth with AV =1
Gain-Bandwidth Product: 3GHz
Low Power Shutdown
Available in 8-Lead MSOP and Tiny 16-Lead
3mm X 3mm X 0.75mm QFN Packages

It is used for:

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual
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GND

Figure 10. ADC Driver. []

The input common mode voltage range is rail-to-rail:

0V < Virrcesws = V-rroeas < 3V (25)
The actual input common mode voltage is:
The driver gain is:
Ga = 00Taits _ Bn R oy (26)
VBurr Ry, Ry
The output divider gain:
Gy — JADCHIT R B (27)
Vourairf ~ Rizs+ R Ris+ Ry
The nominal Driver input voltage range is:
—1V < Veyrr < 1V (28)
The nominal Driver output voltage range is:
—1.27V < Vour aigy < 1.27V (29)
With a unity common mode gain, the driver output common mode voltage is:
Vemovr = (Vour+ + Vour-)/2 = Vomse = 1.2V (30)

The nominal Buffer output single ended voltage range is:
Vemouvr — Vour diff/2 =1.2V - 1.27/2 = 0.565V < Vours, Vour- < Vemouvr + Vour diff/z =1.2V +1.27/2 =1.835V (31)
The maximum nominal driver single ended current is:

_ Vour maz _ 1.835V

TouT mas = = = 4.65mA
our R13 + Rlﬁ 3940hm mn

(32)
which is below the data sheet limit of 5mA, for covering the driver single ended voltage range above.

10/22


https://reference.digilentinc.com/_detail/reference/instrumentation/zmodadc/driver.png?id=reference%3Azmod%3Azmodadc%3Areference-manual
https://reference.digilentinc.com/_detail/reference/instrumentation/zmodadc/driversup.png?id=reference%3Azmod%3Azmodadc%3Areference-manual

10/19/2020 Zmod ADC Reference Manual [Digilent Documentation]

For passing at the () input, the voltages above are multiplied by the resistive divider gain of G .

The nominal differential () input voltage range is:

=1V < Vupc aiff <1V

The output divider common mode voltage is close to the recommended 0.9V:
Vomapc = (Vapcp + Vapen)/2 = 0.895V

() input single ended voltage range is:

0.395V < Vupep, Vapen < 1.395V

output voltage range. There is no information about the worst case saturated output voltages. Based on the data sheet and measurements, the driver

maximum saturated single ended voltage was estimated to:
VOUT maz sat < 2.5V

Resulting a stress value at the

VADC mazx sat — VOUT mazx sat ¥ Gdiv = 1.865V

which is less than the allowed voltage at the, .() input = 2.1V.

2.5. Scope ADC

The Zmod ADC.() uses a dual channel, high speed, low power, 14-bit, 105MS/s ADC |

(36)

(37)

(0 (Analog part number @ AD9648 (http://wwwanalog.com/en/analog-

to—djgiml—corﬁrerters/ad»converters/ ad9648/products/producthtml)), as shown in Fi
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A I T 1 T 1 1 1 11
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1 1T I 1
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GND 1uF 100nF DUB 17 IR RS0 DOUT_ADC_10
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Figure 11. ADC. []
The important features of AD9648:
e SNR = 74.5dBFS @70 ]
e SFDR =91dBc @70 M.
¢ Low power: 78mW/channel ADC () core@ 125MS/s
¢ Differential analog input with 650 MHz () bandwidth
e IF sampling frequencies to 200 ] 0
https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual 11/22
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e 2V p-p differential analog input

e DNL = +0.35LSB

e Serial port control options

¢ Offset binary, gray code, or two's complement data format

¢ Optional clock duty cycle stabilizer

¢ Integer 1-to-8 input clock divider

¢ Data output multiplex option

¢ Built-in selectable digital test pattern generation

¢ Energy-saving power-down modes

¢ Data clock out with programmable clock and data alignment

The differential inputs are driven via a low-pass filter comprised of C114 together with R13, R15, R16, R17 in the buffer stage. The differential clock is AC-
. sampling rate. The ADC ()

generates the common mode reference voltage (VCM_SC) to be used in the buffer stage.

The digital stage of the ADC () and the corresponding FPGA bank are supplied at 1.8V by the SYZYGY™ voltage V,q

i

The multiplexed mode is used, to combine the two channels on a single data bus and minimize the number of used FPGA pins. CLKOUT_SC is provided
to the FPGA for synchronizing data.

2.6. Scope Signal Scaling

V. i
Low gain = —2C %7 _ 0.038 (38)
Vscope-sma
Vapc ai
High gain = ——=%17_ _ .01 (39)

Vscope—sma

at low gain : —26.3V < Vscopp_sma < 26.3V
at high gain : —1.1V < Vscopr_sma < 1.1V (40)

To cover component value tolerances and to allow software calibration, only the ranges below are specified.
at low gain : —25V < Vscopr_sma < 25V (41)
at high gain : —1V < Vscopr—_sma < 1V (42)

With the 14-bit ADC

52.6V
914

at low gain : =3.21mV (43)

Vv
at high gain : = 0.13mV (44)

For Vi, voltage value at the input of the Scope channel, the ZmodADC sends a signed 14 bit integer, N. This value is used to compute Vig:

N - Range - (14 CG)
- 913

+CA (45)

in

were:

o 1.086 (for low range: £1V) or
o 206.25 (for high range: £25V)

2.7 Scope Spectral Characteristics
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For both scales, the 3dB bandwidth is 70MHz+. The 0.5dB bandwidth is 30MHz and the 0.1dB bandwidth is 20MHz.

The standard -3dB bandwidth definition is derived from filter theory. At cutout frequency, the scope attenuates the spectral components by 0.707, assuming
an error of ~30%, way too high for a measuring instrument. The bandwidth with a specified flatness is useful to better define the scope spectral
performances. The Zmod Al () sinusoidal signal is shown with a flatness error of a max 5.6%.

() sinusoidal signal is shown with a flatness error of a max 1.1%.

20MHz @ 0.1dB means thata 5]

RMS dB [relative to 800kHz]

[=1
o

—a— DUT MHz

ttps:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/bwdc .pngrid=reference%3Azmod%3Azmodadc%3Areference-manua
tps:/ /ref digilenti /_detail /refc /i ion/zmodadc/bwdclg3db.pngrid=refc %3 Azmod%3Azmodadc%3 Arefe |

RMS dB [relative to 800kHz]
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Figure 12. Scope input stage Bandwidth - Low Gain scale (up) and High Gain scale (down). 0.5dB detail (right) []

3. MCU

The @ ATtinny44 (https:/ /www.microchip.com/wwwproducts/en/ATTINY44A) MCU in Fig, 13 works as a I2C memoty, storing the SYZYGY™ DNA
information and the Calibration Coefficients. The J5 connector is used for programming the MCU and the SYZYGY™ DNA at manufacturing,

The DNA and the Factory Calibration Coefficients are stored in the Flash memory of the MCU, which appears to the 12C interface as “read-only”. The
User Calibration Coefficients are stored in the F} () memory of the MCU, which is write-protected via a magic number at a magic address. The
memory structure can be consulted below.

VCC3v3

Ci24
GND 100nF Internal Oscillator?

o

o Ic13

g IATti ny44A-MU

2r={ PAQ/ADCO/AREF/PCINTO
>3 PA1/ADC1/AINO/PCINT1
>3r{ PA2/ADC2/AIN1/PCINT2

MCU SCL USCK >€§ PA3/ADC3/TO/PCINT3
MCU_MIS0 2

e

= PA4/ADCAfUSCK/SCL/T1/PCINTA
12| PAS/ADC5/OC1B/MISO/DO/PCINTS

ol

=

MCU_SDA_MOS g PAG/ADCE/OC1A/SDA/MOSI/DI/PCINTE
VCC3V3 b

PAT/ADCT/ICP/OCOB/PCINTT

== PBO/PCINTS/XTALL/CLKI
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10K > PB2/PCINT10/INTO/OCOA/CKOUT
MCU_RESET_B * =¥ PB3/PCINT11/RESET/dW

GND

RB7
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100R L 243 J

o1 2 e RRO

Ay

MCU_MISOD VCC3V3

RB&
MCU_SCL_USCK AA -

100R 5 6 e 100R
RS0 rJS _I
MCU_RESET B AA GND

100R

MCU_SDA_MOSI

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/mcu.pngid=reference%3Azmod%3Azmodadc%3 Areference-manual)

Figure 13. The MCU []
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¢ Program Memory Type: Flash

¢ Program Memory Size (KB): 4
¢ CPU Speed (MIPS/DMIPS): 20
¢ SRAM Bytes: 256

)/HEF (bytes): 256
ommunication Peripherals: 1-SPI, 1-12C

e Capture/Compare/PWM Peripherals: 1 Input Capture, 1 CCP, 4PWM

e Timers: 1 x 8-bit, 1 x 16-bit

¢ Number of Comparators: 1

¢ Temperature Range (C): -40 to 85

¢ Operating Voltage Range (V): 1.8 to 5.5
¢ Pin Count: 14

¢ Low Power: Yes

Table 1. The Flash memory structure []
Address
0x8000 - 0x80FF
0x8100 - 0x817F

0x8180 - 0x83FF

3.1.SYZYGY™ DNA
The Zmod

Zmod ADC Reference Manual [Digilent Documentation]

Function

DNA

Factory Calibration

Future use

Geographica
following structure:

Table 2. The Zmod ADC DNA structure []

Contents Type
DNA full data length uint16
DNA header length uint16
SYZYGY DNA major version uint8
SYZYGY DNA minor version uint8
Required SYZYGY DNA major version uint8
Required SYZYGY DNA minor version uint8
Maximum operating 5V load (mA) uint16
Maximum operating 3.3V load (mA) uint16
Maximum VIO load (mA) uint16
Attribute flags uint16
Minimum operating VIO (10 mV steps) uint16
Maximum operating VIO (10 mV steps) uint16
Minimum operating VIO (10 mV steps) uint16
Maximum operating VIO (10 mV steps) uint16
Minimum operating VIO (10 mV steps) uint16
Maximum operating VIO (10 mV steps) uint16

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual

Size(Bytes) Value
2 91
2 40
1 1

1 0

1 1

1 0

2 400
2 100
2 270
2 0

2 180
2 180
2 170
2 190
2 0

2 0

Size (Bytes)

256

128

896

~.() is compliant with @ SYZYGY™ Specification (https://syzygyfpga.io/specification/). It contains an MCU able to calculate the
ddress and provide the DNA information via I2C. The DNA is stored in the MCU FLASH at the address range: 0x8000 - 0x80FF with the

Address

0x8000

0x8002

0x8004

0x8005

0x8006

0x8007

0x8008

0x800A

0x800C

0x800E

0x8010

0x8012

0x8014

0x8016

0x8018

0x801A
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Contents
Minimum operating VIO (10 mV steps)
Maximum operating VIO (10 mV steps)
Manufacturer name length
Product name length
Product model / Part number length
Product version / revision length
Serial number length
RESERVED
CRC-16 (most significant byte)

CRC-16 (least significant byte)

Manufacturer name

Product name

Product model / Part number
Product version / revision

Serial number

3.2. Calibration Memory

The analog circuitry described in previous chapters includes passive and active electronic components. The datasheet specs show parameters (resistance,
capacitance, offsets, bias currents, etc.) as typical values and tolerances. The equations in previous chapters consider typical values. Component tolerances
affect DC and AC performances of the Zmod AD

Zmod ADC Reference Manual [D

Type Size(Bytes)
uint16 2

uint16 2

uint8 1

uint8 1

uint8 1

uint8 1

uint8 1

uint8 1

uint8 1

uint8 1

END DATA HEADER

string 12

string 13

string 13

string 1

string 12

¢ 0.1% resistors and 1% capacitors in all the critical analog signal paths
¢ Capacitive trimmers for balancing the Scope Input Divider and Gain Selection
¢ No other mechanical trimmers (as these are big, expensive, unreliable and affected by vibrations, aging, and temperature drifts)

¢ Software calibration, at manufacturing
¢ User software calibration, as an option

igilent Documentation]

Value

12
13

13

12

0x40

0xFO

Digilent Inc

210396000000

C.0. To minimize these effects, the design uses:

Address

0x801C

0x801E

0x8020

0x8021

0x8022

0x8023

0x8024

0x8025

0x8026

0x8027

0x8028

0x8034

0x8041

0x804E

0x804F

A software calibration is performed on each device as a part of the manufacturing test. Reference signals are connected to the Scope inputs. A set of
measurements is used to identify all the DC errors (Gain, Offset) of each analog stage. Correction (Calibration) parameters are computed and stored in the

Calibration Memory, on the Zmod ADC () device, both as Factory Calibration Data and User Calibration Data. The WaveForms software allows the user

performing an in-house calibration and overwrite the User Calibration Data. Returning to Factory Calibration is always possible.

the calibration data is shown below:

Table 3. The Calibration Data Structure []

Name
Heading 1
Magic 1D
Calibration Time
Channel 1 LG Gain CG
Channel 1 LG Offset CA

Size (Bytes) Type

uchar OxAD
unix timestamp
float32

float32

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual

Flash Address
(Factory Calibration)

0x8100
0x8104
0x8108

0x810C

(User Calibration)

0x7000

0x7004

0x7008

0x700C
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Name Flash Address

Heading 1 Size (Bytes) Type (Factory Calibration) (User Calibration)
Channel 1 HG Gain CG 4 float32 0x8110 0x7010
Channel 1 HG Offset CA 4 float32 0x8114 0x7014
Channel 2 LG Gain CG 4 float32 0x8118 0x7018
Channel 2 LG Offset CA 4 float32 0x811C 0x701C
Channel 2 HG Gain CG 4 float32 0x8120 0x7020
Channel 2 HG Offset CA 4 float32 0x8124 0x7024
Reserved Area 68 - 0x8168 0x7068
Log 22 string 0x817E 0x707E
CRC 1 uchar 0x817F 0x707F

Table 4. The EEPROM Memory Map []

Address Function Size (Bytes)
0x7000 - 0x707F User Calibration 128
0x7080 - 0x70FF Future Use 128

At the power up the EEPROM. () memory is protected against write operations. To disable the write protection one has to write a magic number to a magic
address over 12C. To re-enable the write protection one has to write a any other number to the magic address.

Table 5. The Write Protection Disable magic nuniber and address []
Magic Number Magic Adress

0xD2 0x6FFF

4. Power Supplies and Control
This block includes the internal power supplies.

The Zmod () gets the digital rails from the carrier board, via the SYZYGY connector:

¢ VCC5VO - used for relays and analog supplies
e VCC3V3 - used for the MCU and analog supplies
e Vadj = 1.8V - used for the  digital rail

The internal analog rails sequence is:

« AVCCIVS- A
« AVCC3VO -
« AVCC-2V5, A

4.1. AVCC1V8

The analog supply AVCC1V8 is built from VCC5VO using 1C21, an @ ADP2138 (http:/ /www.analog.com/en/power-management/switching-regulators-integrated-
fet-switches/adp2138/products/product.html) Fixed Output Voltage, 800mA, 3MHz, Step-Down DC-to-DC converter. To insure low output voltage ripple a

() analog rail
driver

4V5 - Scope buffer, reference voltage

¢ Input voltage: 2.3 Vto 55V
¢ Peak efficiency: 95%
* 3 MHz.() fixed frequency operation

o Typical quiescent current: 24 pA
e Very small solution size

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual 17/22
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e G-lead, 1 mm X 1.5 mm WLCSP package

¢ Fastload and line transient response
e 100% duty cycle low dropout mode

¢ Internal synchronous rectifier, compensation, and soft start
¢ Current overload and thermal shutdown protections

¢ Ultra-low shutdown current: 0.2 pA (typical)
o Forced PWM and automatic PWM/PSM modes

Zmod ADC Reference Manual [Digilent Documentation]

L2
IC21 3IMHz 4, 7uF
VCC5V0 Al Bl === AVCCIVE
i . NRS4018T4R7MDG)
i;-, MODE
= L
£ 4 —— A2 = A -4 .
—-C139 __Cl40 __C141 = EN o —Cl42 __C143 __Cl44
22uF 22uF 100nF ADP2Z138ACBZ-1.8 22uF 22uF 1uF
keep 0603 8]
GND

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/avec1v8.pngrid=reference%3Azmod %3 Azmodadc%3 Areference-manual)

Figure 14. AVCCIV8 []
4.2. AVCC3VO0

The analog supply AVCC3V0 is built from VCC3V3 using 1C22, an @ ADP122 (https:/ /wwwanalog.com/en/products/adp122.html) 5.5 V Input, 300 mA, Low

Quiescent Current, CMOS Linear Regulator, Fixed Output Voltage. To reduce noise and reduce the crosstalk between supplied circuits, the rail uses
individual LC filters: FB3 in Fig. 10, FB6 (Channel 2 /\

¢ Input voltage supply range: 2.3 V to 5.5V
¢ 300 mA maximum output current
¢ Fixed and adjustable output voltage versions

¢ Very low dropout voltage: 85 mV at 300 mA load

¢ Low quiescent current: 45 uA at no load

¢ Low shutdown current: <1 pA

e Initial accuracy: 1% accuracy
¢ Up to 31 fixed-output voltage options available from
e 1.75Vt0 33V
¢ Adjustable-output voltage range
¢ 0.8V to50V (ADP123)

 Excellent PSRR performance: 60 dB at 100

e Excellent load/line transient response
¢ Optimized for small 1.0 pF ceramic capacitors
¢ Current limit and thermal overload protection
¢ Logic controlled enable
¢ Compact packages: 5-lead TSOT and 6-lead 2 mm X 2 mm LFCSP

AVCC1vE

R102

SR104_—c146
10K | 10nF
GND

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/avec3v0.pngrid=reference%3Azmod%3 Azmodadc%3 Areference-manual)

| 7-68K en_vecavo

VCC3V3

1C22
ADP122AUJZ-3.0

1 r

147 _I. EN VCC3VD 3

4.7uF

GND I

VIN

EN

GND

vouT

( Driver - not shown), FB7 in Fig. 7.

5 AVCC3VO0

GND

R105 _"c148

22K | 4.7uF

Figure 15. AV/CC3170 []
4.3. AVCC4V5

The analog supply AVCC4V5 is built from VCC5VO using 1C19, an @ ADP123 (https:/ /wwwanalog.com/en/products/adp123.html) 5.5 V Input, 300 mA, Low

Quiescent Current, CMOS Linear Regulator, Adjustable Output Voltage. To reduce noise and reduce the crosstalk between supplied circuits, the rail uses

¢ Input voltage supply range: 2.3 V to 5.5V
¢ 300 mA maximum output current
¢ Fixed and adjustable output voltage versions

¢ Very low dropout voltage: 85 mV at 300 mA load

¢ Low quiescent current: 45 uA at no load

¢ Low shutdown current: <1 pA
e Initial accuracy: £1% accuracy
¢ Up to 31 fixed-output voltage options available from
e 1.75Vt033V

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual
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¢ Adjustable-output voltage range

¢ 0.8V to50V (ADP123)

¢ Excellent PSRR performance: 60 dB at 100 kHz ()

e Excellent load/line transient response

¢ Optimized for small 1.0 pF ceramic capacitors

¢ Current limit and thermal overload protection

¢ Logic controlled enable

¢ Compact packages: 5-lead TSOT and 6-lead 2 mm X 2 mm LFCSP

IC19
AVCC3VO0 ADP123AUIZ
s VCC5VO, 1 4 vin  vour 5 AVCCAVS
-51291 EN_VCCAV5 3 4 Sequence:

15K gN vecavs  auFo — ] EN 2 ADI o= SR91
i 7 GND_] 5 80.6K g b 1. AVCC1VS (ADC)

= $R92 —C130 2. AVCC3V0 (diff amplifier)
pS c145 ~ 22k Ta7uF 3. AVCC-2V5, AVCC4VS

10K | 10nF R93 (input buffer, reference voltage)

GND GND 10K

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/avec4v5.pngrid=reference%3Azmod%3 Azmodadc%3 Areference-manual)

Figure 16. AVCCAV5 []
4.4. AVCC-2V5

The AVCC-2V5 analog power supply is implemented with the @ ADP2301 (http://wwwanalog.com/en/power-management/switching-regulators-integrated-fet-
switches/adp2301/products/product.html) Step-Down regulator in an inverting Buck-Boost configuration. See application Note @ AN-1083: Designing an
Inverting Buck Boost Using the ADP2300 and ADP2301 (http://www.analog.com/static/imported-files/application_notes/AN-1083.pdf). To reduce noise and
reduce the crosstalk between supplied circuits, the rail uses individual LC filters: FB1 in Fig. 6, FB4 (Channel 2 ADC () Buffer - not shown). The ADP2301

features:

¢ 1.2 A maximum load current

e £2% output accuracy over temperature range

e 1.4 switching frequency

* Higl ency up to 91%

¢ Current-mode control architecture

¢ Output voltage from 0.8 V to 0.85 X VIN

¢ Automatic PEM/PWM mode switching

¢ Integrated high-side MOSFET and bootstrap diode,
¢ Internal compensation and soft start

¢ Undervoltage lockout (UVLO), Overcurrent protection (OCP) and thermal shutdown (TSD)
¢ Available in ultrasmall, 6-lead TSOT package

L1
3.3uH
IC20  1.4MHz C131  SRP4020TA-3R3M
LSS A Sy uin st ] | e GND
al = d:_ EN sw 6 100nF %Rga
€132 —_C133 __C134 : ) 25K e | il ¢ 1
10uF | 100nF | 10uF GND  FB = SRI06 ~“r135 Z-C136 —-C137 ——C138
ono ADP2301AUIZ 03 o e L R T R BT
PMEG2015E] .
Sen AVCC-2VS
VCC5VO0
‘Lnga
51K R97

Qi
MBT3946DW1T1

AVCC3VO

(https://reference.digilentinc.com/_detail /reference/instrumentation/zmodadc/aveeneg2v5.png?id=reference%3Azmod%3Azmodadc%3 Areference-manual)

Figure 17. AVCC-2175 []

5. The SYZYGY™ (Connector

The SYZYGY™ connector in provides the interface with the carrier board. The used signals are:

* Power rails
o VCC5V0
o VCC3V3
o VAD]J - needs to be set by the carier board to 1.8V

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual 19/22
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o GND.O
o Shield

o SYZYGY™ I2C bus:

o MCU_SCLUSCK

o MCU_SDA_M

¢ relay control
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Figure 18. SYZYGY™ connector []

6. The SYZYGY™ compeatibility table

Table 6. The SYZYGY™ compatibility table ]

Parameter

Maximum 5V supply current
Maximum 3.3V supply current
VIO supply voltage

Maximum VIO supply current

https://reference.digilentinc.com/reference/zmod/zmodadc/reference-manual

Value

400mA

100mA

1.8V

270mA
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Parameter Value
Total number of I/O 28
Number of differential I/O paits 0
Width Single

Written by Mircea Dabacan, PhD, Technical University of Cluj-Napoca Romania
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/Zmod DAC Reference Manual

The Digilent Zmod DAC. (), is an open-soutrce hardware SYZYGY™ b compatible pod containing a dual-channel DAC () and the

capabilities.
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Figure 1. Zmod DAC top and bottom views. |[]

The analog outputs can be connected to a circuit using SMA cables. Driven by the SYZYGY™ carrier, the Zmod D/
simultaneous signals (50Q, +5V, single-ended, 14-bit, 100MS/s, 40MHz+ bandwidth).

..() can generate two

The Zmod DAC.() was designed to be a piece in a modular, HW and SW open-source ecosystem. Combined with a SYZYGY™ carrier,
other SYZYGY™ compatible pods, Zmod | () can be used for a vatiety of applications: data acquisition systems, closed loop
controllers, etc.

This document describes the Zmod ) 's circuits, with the intent of providing a better understanding of its electrical functions,
operations, and a more detailed descri of the hardware’s features and limitations. It is not intended to provide enough information to
enable complete duplication of the Zmod DAC (), but can help users to design custom configurations for programmable parts in the design.

Features

e Channels: 2

» Channel type: single ended

e Resolution: 14-bit

e Output Range: £1.25V (Low Range); £5V (High Range)

* Absolute Resolution: 167V (Low Range); 6654V (High Range)
» Accuracy - typical = 0.2% of Range

e Output impedance: 50Q2

o Sample rate (real time): 100MS/s.

e AC amplitude (max): £5 V.

o Slew rate (2V step): 180V/ ps

1. Architectural Overview and Block Diagram

Zmod ADC ()'s high-level block diagram is presented in Fig. 2 below. The core of the Zmod ADRC () is the dual channel, high speed, low
power, 14- bit, 125MS/s DAC.(, @ AD9717 (https:/ /www.analog.com/en/products/ad9717.html). The catrier board is responsible to configure
the internal registers of the

() circuit, provide the acquisition clock and generate the data.

The Analog Output block is also called the AWG (Arbitrary Waveform Generator), because of similar structure and behavior to such a
front end. The signals in this circuitry use “AWG” indexes, to indicate they are related to the AWG block. Signal and equations also use
certain naming conventions. Analog voltages are prefixed with a “V” (for voltage), and suffixes and indexes are used in various ways: to
specify the location in the signal path (OUT, DAC (), etc.); to indicate the related instrument (AWG, etc.); and to indicate the channel (1 or
2). Referring to the block diagram in Fig. 2 below:

¢ The Arbitrary Outputs/AWG instrument block includes:
o DAC (): the digital-to-analog converter for both AWG channels
AWG ref: refernce voltage for the DAC.0
I/V: current to bipolar voltage converters
Out: output stages
Protection: output stages protection circuitry
e The Power Supplies and Control block generates all internal supply voltages.
e The MCU works as a I2C memory for two different purposes:
o The DNA includes the standard @ SYZYGYTM (https:/ /syzygyfpga.io) pod identification information.
() includes no analog calibration circuitry.
Instead, a calibration operation is performed at manufacturmg (ot by the user), and parameters are stored in memory. The
application software uses these parameters to correct the generated signals

o O O o

In the sections that follow, schematics are not shown separately for identical blocks. For example, the AWG I/V schematic is only shown for
channel 1 since the schematic for channel 2 is identical. Indexes are omitted where not relevant. As examples, in equation 2 below,
VoutAwaFs does not contain the channel index (because the equation applies to both channels 1 and 2).

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 3/25
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Figure 2. Zmod DAC Block diagram. |[]

2. Arbitrary Waveform Generator
2.1. AWG Reference

As shown in Fig. 3, the reference voltage for the AWG is generated by 1C42 (@ ADR3412AR]Z (http:/ /www.analog.com/en/special-linear-
functions/voltage-references/adr3412/products/product.html)).

e Initial accuracy: £0.1% (maximum)

*  Maximum temperature coefficient: 8 ppm/°C

¢ Operating temperature range: —40°C to +125°C

* Output current: +10 mA source/—3 mA sink

¢ Low quiescent current: 100 pA (maximum)

¢ Low dropout voltage: 250 mV at 2 mA

¢ Output noise (0.1 ( to 10 Hz.0): <10 pV p-p at 1.2V (typical)

A divided version is provided to the D

Ror
Veerro_awae = VrReF1V2_AWG - Bt R 1V
26 1 Lfig7
Ic4
AVCC3V3 s [EE VOUT_FAC g VREFIV2 AWG
VOUT S5 —=—d
- 0w R26
= A 4 200R REFIO_AWG
i oo — 2 23
100nF e 100nF | 10uF R27
ADR3A12ARIZ
- 1K
GND

ttps:/ /reference.digilentinc.com/_detail/reference/instrumentation/zmoddac/zmoddacref.pngrid=reference%3Azmod%3Azmoddac%3Areference-
P g pog:

Figure 3. Reference voltage. []
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2.2. AWG DAC

The Analog Devices @ AD9717 (http://www.analog.com/en/digital-to-analog-converters /high-speed-da-converters /ad9717 /products/ product.html)
dual, low-power 14-bit TxDAC digital-to-analog converter is used to generate the wave. The main features are:

¢ Power dissipation @ 3.3V, 2 mA output: 86 mW @ 125MS/s, sleep mode: <3 mW @ 3.3V
 Supply voltage: 1.8V to 3.3V

e SFDR to Nyquist: 84 dBc @ 1 MHz.() output, 75 dBc @ 10 MHz.() output
« AD9717 NSD @ 1 MHz.() output, 125MS/s, 2 mA: —151 dB, )
« Differential current outputs: 1 mA to 4 mA

e CMOS inputs with single-port operation

e Output common mode: 0 to 1.2V

 Small footprint, 40-lead LFCSP RoHS-compliant package
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Fignre 4. DAC. )

The parallel Data Bus, the single ended 100 ] ) clock and the SPI configuration bus are driven by the SYZYGY™ carrier board FPGA.
External Vygrio awe reference voltage is used. The Full Scale is set via the FSAD]Jx pins. The @ ADG787

(http:/ /www.analog.com/en/switchesmultiplexers/analog-switches/adg787 /products/product.html) 2.5Q CMOS Tow Power Dual 2:1
MUX/DEMUX is used to connect Rset of cither 8kQ (for high gain) or 32kQ (for low gain) from FSAD]x pin to (; 0-

The Full Scale DAC. () output current is:
VrEFIO_AWG
Loutawers = 32 —————— (2)
Rset
For high-gain (High Range):
1V
I =32 ——— =3.9"mA 3

outAWGFS_HG .06k ( )

For low-gain (Low Range):
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1V

—— =1mA
32k

Lyytawers vg = 32 -

The @ ADG787 (http:/ /wwwanalog.com/en/switchesmultiplexers/analog-switches /adg787 /products/product.html) features:

* —3 dB bandwidth, 150 MHz.0
* Single-supply 1.8V to 5.5V operation
* Low on resistance: 2.5 € typical

23. AWG I/V
IC5B in Fig, 5 converts the DAC () output currents to a bipolar voltage.

Important @ AD8058 (http://www.analog.com/en/all-operational-amplifiers-op-amps/ operational-amplifiers-op-

amps/ad8058 /products/product.html) features:

¢ Low cost

MHz.0, =3 dB bandwidth (G = +1)

e 1000 V/ps slew rate

e Gain flatness: 0.1 dB to 28 MHz.0

.+ Low noise: 7 nV/vHz

e Low power: 5.4 mA/amplifier typical @ 5V
e Low distortion: —85 dBc@5MHz, RL=1kQ
» Wide supply range from 3 Vto 12V

* Small packaging

Vour 1c5B = Towtawap - Ras — Ioutawan - Ras =
=(1-2-{Av}) - Lutawcrs - Rua = {AB} - Ioutawcrs - Rua
Where:

n = 14; — DAC number of bits

De[0...2") =]0...2" — 1]; — integer unipolar DAC input number

{Ay} = — €[0...1) ; — normalized unipolar DAC input number

{Ap} = (1—-2-{Ap}) € [-1...1); — normalized bipolar DAC input number (binary of fset)
The IC5B output voltage range extends between:
—Vour 1csB rs < Vour 1csB < —Vour 1¢5B Fs
Where (for high gain, respectively, low gain):
Vour 1058 Fs HG = Lotawe Fs mG - Raa = 989mV

Vour 1c5B Fs 16 = loutawa Fs LG - Raa = 249mV

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual
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Figure 5. AWG 1/ V" and Out. []

2.4. AWG Out

IC8 in Fig. 5 is the output stage of the AWG. @ AD8021 (https://wwwanalog.com/en/products/ad8021.html) features:

« Low noise: 2.1 nV/VHz input voltage noise; 2.1 pA/VHz input current noise

¢ Custom compensation

¢ Constant bandwidth from G = -1 to G = —10

« Low power: 3 m\V or 6.7 mA typical for 5 V' supply

¢ Output disable feature, 1.3 mA

e Low distortion: =93 dBc second harmonic, fC = 1 MHz.(); —108 dBc third harmonic, fC = 1 MHz.0
¢ DC precision: 1 mV maximum input offset voltage; 0.5 uV/°C input offset voltage drift

e Wide supply range, 5V to 24 V

¢ Low price

¢ Small packaging: Available in SOIC-8 and MSOP-8

Ry

Vawe rer = Vour 1058 - (1 + R—) = 5.51- Vour 1058 (9)
42

The output voltage range depends on High-gain versus Low-gain selection:

—5.49V < =5V < Vuwa rEL HG < BV < 5.45V
—1.37V < 1.25V < VAWG REL LG < 1.25V < 1.37V (10)

Low-gain is used to generate low amplitude signals with improved accuracy. Any amplitude of the output signal can be generated by
combining LowGain/HighGain setting (rough) with the digital signal amplitude (fine).
With the 14-bit DAC (), the absolute resolution of the AWG AC component is:

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 8/25
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2.74V
at Low Gain: ——— =167uV
214
. . 109V
at High Gain : T 665uV (11)

AD8021 is supplied with +8.5V/-8V (the VCC8VO voltage is in fact 8.5V). Conform to the data sheet, the worst case output voltage swing
is V.+1.8V to V,-2.2V.

The nominal resistance of the PTC in the feedback loop is 33 ohm. The maximum current delivered by te AWG is 30mA.

To avoid saturation, the voltage in 9 should stay in:
—8V + 1.8V + 330 % 30mA = —5.21V < -5V < Vuwa rer, < BV < 8.5 — 2.2V — 33Q * 30mA = 5.31V (12)

Only inner (tighter) ranges are used in equations 1() and 12, for providing tolerance margins.

To generate a particular voltage value at the output of the AWG channel, the user application sends a signed 14 bit integer to the ]
This value is computed as:

(Vou — CA) 13 13 13
N = 218 ¢ (28 +2 13
(14 CG) - (Range) * ( 27 (13)

were:

* Vout = the desired output voltage. Could be separated in:
o Voffset= the DC component voltage
o Vamplitude= the AC instantaneous voltage
* CA = calibration additive constant (for the appropriate channel and gain; see Table 3)

o 1%1.33 =133 (for LG: +/-1.25V) or
o 4%133 =532 (for HG: +/-5V)

The R146 PTC thermistor provides thermal protection in case of an output short-circuit.

The IC7 relay (non-latching) is OPEN at the power-on, decoupling the power-on glitch of the OpAmp from the load. It is CLOSED by the
FPGA, via Q1. R37 is a pull down when IC7 is OPEN and a dummy load when IC7 is CLOSED. D2 is an ESD suppressor.

R306 is the 50€2 AWG output impedance.

2.3. AWG output stage protection

Important @ ADB8565 (https:/ /www.analog.com/en/products/ad8565.html) features:

 Single-supply operation: 4.5V to 16 V

* Input capability beyond the rails

* Rail-to-rail output swing

» Continuous output current: 35 mA

* Peak output current: 250 mA

o Offset voltage: 10 mV

o Slew rate: 6 V/us

¢ Unity gain stable with large capacitive loads
 Supply current: 700 pA per amplifier

* Qualified for automotive applications Low cost

The protection circuit in Fig. 6 limit the Output stage supply currents, with fold-back:

AVCC8VO0 - Ryy B (AVCCBVO — Ry - Iout) -Ryy + AVCC8VOAWGL - Ry

Rz + Ryy Rr3 + Ry

AVCC8V0 AVCC8V0AWGI
L = 0.0411 - =0 +0.012 00 (14)

The corner current (when Vcg = 0.4V) is:

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 9/25
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Towtic = 42mA

The short-to-GND () current (when AVCC8VOAWGT is forced to 0V) is:

Isenp = 33mA

The current (when AVCC8VOAWGT is forced to -15V) is:

IoutSfIS =14mA

a4
530 SBCP53-16T1G
AVCCEVD i [ AVOCAVO AWGL AVCCEYOD
A -+ )
10R
R72 R73 R74 ~
1K 1K 82.5K
.
=
L]
——co IC158
IC154 RT6 100nF
R77 ADBSBSAKST 10K 4
GND 18K
i
GND
ADBSESAKSZ

(https:/ /reference.digilentinc.com/_detail / reference/instrumentation/zmoddac/zmoddacprot8v0.png?

id=reference%3Azmod%3Azmoddac%3Areference-manual)
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Fignre 6. AWG Output stage protection []

2.5. AWG Spectral Characteristics

For low frequency range, the spectral characteristic was traced by a network analyzer function, with the ZmodDAC connected to a
ZmodADC, as shown in Fig. 7. Since the ZmodADC BW is much wider, the overall system frequency characteristic represents the
e BW is flat within 0.1dB up tp 1T0MHz+.

ZmodDAC characteristic.

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual
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ZMOD-DAC analog frequency response
(low frequency)
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Figure 7. Low frequency AWG spectral characteristics []

Howevet, the figure Fig. 7 cannot show the high frequency range of the Zmod DA

_ DAC.() BW: the Zmod DAC. () samples at 100MSPS, which
removes the 50MHz spectral component and attenuates the nearby frequencies.

experiment was performed:

¢ The AWG was set to generate a 2MHz rectangular signal, 100mV amplitude;

e the theoretical amplitudes of the fundamental and first 69 harmonics was computed,;

e the actual amplitudes of the fundamental and first 69 harmonics were measured with a high sampling rate scope (10GSPS, 2GHz
BW);

the dB difference between the theoretical and measured amplitudes was plotted. This represents an approximation of the frequency

The charactetristic is shown in Fi

8.

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 11/25
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ZMOD-DAC analog frequency response
(high frequency)
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Figure 8. High Frequency AWG spectral characteristics (left), 1dB detail (right) []
The 3dB bandwidth is 40MHz+, the 0.5dB bandwidth is 20MHz+, the £0.1dB flatness band is 14MHz+.

The 3dB bandwidth is close to the theoretical Nyquist limit for a 100MHz sampling system. This has the advantage of very sharp edges (see
the rectangular signal in Fig. 9), but also generates alias effects. The ZmodADC generated signals were recorded with a high BW scope in
Fig. 9, and the right side of Fig. 10 and Fig, 11. In Fig. 11, the sinus frequency is 10MHz, and the 100MHz samples are clearly visible. In the
left side of Fig. 10 and Fig. 11, the same scope was used, but with 20MHz BW limitation. The rectangular signal edges are slower and the

sine wave samples are not visible.

The typical Slew Rate of the AWG can be read in Fig, 9:

2.05V
_ 1 1
SR = ——— =183V /uS (18)

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 12/25
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Figure 9. AWG rectangular signal (large signal) []
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Figure 10. AWG rectangular signal (small signal); scope set at 20MHz BW limit (left), full BW (right) /]

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual
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Figure 11. AWG sinusoidal signal (smallsignal); scope set at 20MHz BW limit (lef?), full BW (right) ]

3. MCU

The @ ATtinny44 (https:/ /www.microchip.com /wwwproducts/en/ATTINY44A) MCU works as a I2C memory, storing the SYZYGY™ DNA
information and the Calibration Coefficients. The J5 connector is used for programming the MCU and the SYZYGY™ DNA at
manufacturing,

The DNA and the Factory Calibration Coefficients are stored in the Flash memory of the MCU, which appears to the 12C interface as
“read-only”. The User Calibration Coefficients are stored in the () memory of the MCU, which is write-protected via a magic
number at a magic address. The memory structure can be consul

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 14/25
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Figure 12. The MCU [)

¢ Program Memory Type: Flash

¢ Program Memory Size (KB): 4

¢ CPU Speed (MIPS/DMIPS): 20

¢ SRAM Bytes: 256

.O/HEEF (bytes): 256

¢ Digital Communication Peripherals: 1-SPI, 1-12C
¢ Capture/Compare/PWM Petipherals: 1 Input Capture, 1 CCP, 4PWM
e Timers: 1 x 8-bit, 1 x 16-bit

¢ Number of Comparators: 1

e Temperature Range (C): -40 to 85

¢ Operating Voltage Range (V): 1.8 to 5.5

¢ Pin Count: 14

¢ Low Power: Yes

Table 1. The Flash memory structure []

Address Function
0x8000 - 0x80FF DNA
0x8100 - 0x817F Factory Calibration

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual
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Address Function Size (Bytes)

0x8180 - 0x83FF Future use 896

3.1. SYZYGY™ DNA

() is compliant with @ SYZYGY™ Specification (https://syzygyfpga.io/specification/). It contains an MCU able to calculate
1 Address and provide the DNA information via I2C. The DNA is stored in the MCU FLLASH at the address range: 0x8000
- 0x80FF with the following structure:

Table 2. The Zmod ADC DNA structure []

Contents Type Size(Bytes) Value Address
DNA full data length uintl16 2 91 0x8000
DNA header length uintl16 2 40 0x8002
SYZYGY DNA major version uint8 1 1 0x8004
SYZYGY DNA minor version uint8 1 0 0x8005
Required SYZYGY DNA major version uint8 1 1 0x8006
Required SYZYGY DNA minor version uint8 1 0 0x8007
Maximum operating 5V load (mA) uint16 2 600 0x8008
Maximum operating 3.3V load (mA) uint16 2 1 0x800A
Maximum VIO load (mA) uint16 2 10 0x800C
Attribute flags uint16 2 0 0x800E
Minimum operating VIO1 (10 mV steps) uint16 2 180 0x8010
Maximum operating VIO1 (10 mV steps) uint16 2 180 0x8012
Minimum operating VIOZ2 (10 mV steps) uint16 2 170 0x8014
Maximum operating VIO2 (10 mV steps) uint16 2 190 0x8016
Minimum operating VIO3 (10 mV steps) uint16 2 0 0x8018
Maximum operating VIO3 (10 mV steps) uintl16 2 0 0x801A
Minimum operating VIO4 (10 mV steps) uint16 2 0 0x801C
Maximum operating VIO4 (10 mV steps) uint16 2 0 0x801E
Manufacturer name length uint8 1 12 0x8020
Product name length uint8 1 13 0x8021
Product model / Part number length uint8 1 13 0x8022
Product version / revision length uint8 1 1 0x8023

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual 16/25
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Contents Type Size(Bytes) Value Address
Serial number length uint8 1 12 0x8024
RESERVED uint8 1 0 0x8025
CRC-16 (most significant byte) uint8 1 0xA5 0x8026
CRC-16 (least significant byte) uint8 1 0x1E 0x8027
END DATA HEADER
Manufacturer name string 12 Digilent Inc 0x8028
Product name string 13 0x8034
Product model / Part number string 13 0x8041
Product version / revision string 1 C 0x804E
Serial number string 12 210397000000 0x804F

3.2. Calibration Memory

The analog circuitry described in previous chapters includes passive and active electronic components. The datasheet specs show parameters
(resistance, capacitance, offsets, bias currents, etc.) as typical values and tolerances. The equations in previous chapters consider typical
values. Component tolerances affect DC and AC performances of the Zmod DAC. (). To minimize these effects, the design uses:

* 0.1% resistors and 1% capacitors in all the critical analog signal paths

* Capacitive trimmers for balancing the Scope Input Divider and Gain Selection

» No other mechanical trimmers (as these are big, expensive, unreliable and affected by vibrations, aging, and temperature drifts)
 Software calibration, at manufacturing

» User software calibration, as an option

A software calibration is performed on each device as a part of the manufacturing test. The AWG outputs are connected to calibrated
voltmeters. A set of measurements is used to identify all the DC errors (Gain, Offset) of each analog stage. Correction (Calibration)
parameters are computed and stored in the Calibration Memory, on the Zmod ] () device, both as Factory Calibration Data and User
Calibration Data. The WaveForms software allows the user performing an in-house calibration and overwrite the User Calibration Data.
Returning to Factory Calibration is always possible.

The Software reads the calibration parameters from the Zmod DAC () MCU via the I2C bus and uses them to correct the generated signals.
The structure of the data is shown below:

Table 3. The Calibration Data Structure []

Name Size Flash Address (Factory EEPROM () Address (User
Heading 1 (Bytes) Type Calibration) Calibration)
Magic ID 1 uchar OxAD 0x8100 0x7000
Calibration Time 4 unix 0x8104 0x7004
timestamp
Channel 1 LG CG 4 float32 0x8108 0x7008
Gain

Channel 1 LG CA 4 float32 0x810C 0x700C

Offset
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Name Size Flash Address (Factory E (), Address (User
Heading 1 (Bytes) Type Calibration) alibration)
Channel 1 HG CG 4 float32 0x8110 0x7010
Gain
Channel 1 HG CA 4 float32 0x8114 0x7014
Offset
Channel 2 LG CG 4 float32 0x8118 0x7018
Gain
Channel 2 LG CA 4 float32 0x811C 0x701C
Offset
Channel 2 HG CG 4 float32 0x8120 0x7020
Gain
Channel 2 HG CA 4 float32 0x8124 0x7024
Offset
Channel 1 34 uchar 0x8146 0x7046
Linearity
Channel 2 34 uchar 0x8168 0x7068
Linearity
Log 22 string 0x817E 0x707E
CRC 1 uchar 0x817F 0x707F

Table 4. The EEPROM Menory Map []

Address Function Size (Bytes)
0x7000 - 0x707F User Calibration 128
0x7080 - 0x70FF Future Use 128

At the power up the ]
number to a magic address over I2C. To re-enable the write protection one has to write a any other number to the magic address.

() memory is protected against write operations. To disable the write protection one has to write a magic

Table 5. The Write Protection Disable magic number and address []
Magic Number Magic Adress

0xD2 0x6FFF

4. Power Supplies
This block includes the internal power supplies.

The Zmod D,

gets the digital rails from the carrier board, via the SYZYGY™ connector:

e VCC5VO - used for relays and analog supplies
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e VCC3V3 - used for the MCU and analog supplies
* Vadj = 1.8V - used for the DAC, () digital rail

The internal analog rails sequence is:

¢ AVCC-2V5 - 1/V converter (after VCC5V0)
» AVCC-8V0, AVCC8VO0 - AWG output stage (after VCC3V3)

4.1. AVCC3V3

The analog supply AVCC3V3 is built from VCC5VO0 using IC10, an @ ADP122 (https:/ /www.analog.com/en/products/adp122.html) 5.5 V
Input, 300 mA, Low Quiescent Current, CMOS Linear Regulator, Fixed Output Voltage. To reduce noise in the I/V stage, the rail uses the
LC filter: FB5 in Fig,. 5.

* Input voltage supply range: 2.3 Vto 5.5V

e 300 mA maximum output current

¢ Tixed and adjustable output voltage versions

* Very low dropout voltage: 85 mV at 300 mA load

¢ Low quiescent current: 45 pA at no load

e Low shutdown current: <1 pA

e Initial accuracy: 1% accuracy

» Up to 31 fixed-output voltage options available from 1.75 V to 3.3 V
¢ Adjustable-output voltage range 0.8 V to 5.0 V (ADP123)

» Excellent PSRR performance: 60 dB at 100 kHz.(
» Excellent load/line transient response

» Optimized for small 1.0 pF ceramic capacitors

¢ Current limit and thermal overload protection

 Logic controlled enable

¢ Compact packages: 5-lead TSOT and 6-lead 2 mm X 2 mm LFCSP

IC10
ADP122AUJZ-3.3

VCCSVD 1.:_ VIN VOUT 5 AVCC3IV3

C20 —d EN
GND |4.?uF 5’“51 =—cs1

o 2.2K 4.7uF

GND

GND

(https:/ /reference.digilentinc.com/_detail /reference/instrumentation/zmoddac/zmoddacavee3v3.png?

id=reference%3Azmod%3Azmoddac%3Areference-manual)

Fignre 13. AV'CC3173 []
4.2. AVCC-2V5

The AVCC-2V5 analog power supply is implemented with the @ ADP2301 (http://www.analog.com/en/power-management/switching-
regulators-integrated-fet-switches/adp2301 /products/product.html) Step-Down regulator in an inverting Buck-Boost configuration. See
application Note @ AN-1083: Designing an Inverting Buck Boost Using the ADP2300 and ADP2301

(http:/ /www.analog.com/static/imported-files /application_notes/ AN-1083.pdf). To reduce noise and reduce the crosstalk between supplied
circuits, the rail uses the LC filter: FB3 in Fig. 5.. The ADP2301 features:

¢ 1.2 A maximum load current

» £2% output accuracy over temperature range

e 1.4 MHz.() switching frequency

« High efficiency up to 91%

 Current-mode control architecture

¢ Output voltage from 0.8 V to 0.85 X VIN

e Automatic PFM/PWM mode switching

¢ Integrated high-side MOSFET and bootstrap diode,
* Internal compensation and soft start

¢ Undervoltage lockout (UVLO), Overcurrent protection (OCP) and thermal shutdown (TSD)
e Available in ultrasmall, 6-lead TSOT package
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Fignre 14. AVCC-2V75 []
The output voltage is:
Ry + R
Vour = —Vpp - —2 =50 — 95V (19)
R50
Where:
Ve = 0.8V typical (20)
4.3. AVCC8V0

The user power supplies Fig, 15 use @ ADP1612 (https://www.analog.com/en/products/adp1612.html) Switching Converter in SEPIC DC-to-

DC topology. Main features:

e 1.4A current limit
e Minimum input voltage 1.8V

e Pin-selectable 650 kHz () or 1.3 MHz.) PWM frequency

 Adjustable output voltage up to 20 V
¢ Adjustable soft start
¢ Undervoltage lockout

VCCSVD

L3

D8

_LCI(B
GND | 10uF

%R?E

1R

i
C104 C105

D

GN I 1uF | 100nF
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—_— 3 =) e B A
) —_ 99 C100 clo1 Cc102
SRFO703-150M 2.2uF T'[DUF T4.?uF Ta.?up —_—
IC16
61 vin sw = R8O
88.7K
w, EN B 2
E——
8 1 R84
3 o comp 15K
- R87 GND
= =107 ADPI612ARMZ §723.2K
15nF ::CIDE
10pF
109
GND TS.EnF
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Figure 15. AVCC810 []

The output voltage is:

Where:

Vour = VrB -

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual
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Vrp = 1.235V typical

The supply is enabled after VCC5V0 and AVCC3V3 (see EN_AVCC in Fig. 16)

4.4. AVCC-8V0

(22)

The user power supplies Fig. 16 use @ ADP1612 (https://wwwanalog.com/en/products/adp1612.html) Switching Converter in CUK DC-to-

DC topology.

IC13 introduces the required inversion for the negative supply. @ ADA4841 (https://www.analog.com/en/products/ada4841-1.heml) features:

e Low power: 1.1 mA/amp

e Low wideband noise: 2.1 nV/\/Hz, 1.4 pA/\/Hz

e Low 1/f noise:7 nV/NHz @ 10 Hz.0, 13 pA/NHz @ 10 Hz.()

+ Low distortion: =105 dBc @ 100 kHz.0, VO=2Vpp

¢ High speed: 80 0, —3 dB bandwidth (G = +1), 12 V/us slew rate, 175 ns settling time to 0.1%
¢ Low offset voltage: 0.3 mV maximum

¢ Rail-to-rail output

¢ Power down

e Wide supply range: 2.7 V to 12 V

AVCC-8V0
IEEE e
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2 o7 Tmup T4.?uF T4.?uF END
_]_ PD35140-7
YEEMVO o —=cs5 R56
SRFO703-150M 2.2uF 97.6K
88 R59 2pF | Fe1
10uF 1R R&0
N
Ll A%
IC12 15K AVCC3V3
+- b VIN sSw 4
~ cas 90 ﬂ-’w—gu EN FB 3 GND
GND 1uF 100nf ‘i FREQ |2 nNL
8 IC13A
55 % L ADA4841-1YRIZ
RE5
- 3
— ADPIGIZARMZ § .5, T
15nF —c92
10pF
C94
GND TS.EnF
VCC5V0 AVCC3V3
o
RES R69 c5
10K 10K gy Avee 100nF %
GND
R71 IC138
—w—f ADA4841-1YRIZ
R75 10K asA s
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Fignre 16. AVCC-8170 []

The output voltage is:

Rse
Vaveesvo = —Vrp - — =
R

—8.035V
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Where:
Vg = 1.235V typical

The supply is enabled after VCC5V0 and AVCC3V3.

5. The SYZYGY™ (Connector

The SYZYGY™ connector in provides the interface with the carrier board. The used signals are:

e Power rails
o VCC5V0
VCC3V3
VAD]J - needs to be set by the carier board to 1.8V

o O o o

e SYZYGY™ 12C bus:
o MCU_SCLUSCK
o MCU_SDA_MQSL()
* DAC.( single ended input clock

o CLKIN_AWG (coupled with GN
* DAC () single ended output clock:

o CLKIO_AWG (coupled with GND.
* R_GA for geographical address identification
¢ Gain selector signals:

o SET_FS_AWGI

o SET_FS_AWG?2
0 data bus: DIN_AWG_0...13

.() in the differential C2P pair)

e relay control
o RL_EN_AWG - enables the AWG outputs
e RESET_AWG

https://reference.digilentinc.com/reference/zmod/zmoddac/reference-manual
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Figure 17. SYZYGY™ connector |]

6. The SYZYGY™ compatibility table

Table 6. The SYZYGY™ compatibility table []

Parameter Value
Maximum 5V supply current 600mA
Maximum 3.3V supply current 1mA
VIO supply voltage 1.8V
Maximum VIO supply current 10mA
Total number of I/O 21
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Parameter Value
Number of differential I/O pairs 0
Width Single
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