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Overview

¢CKS S5AIAESYyld !'yrt23 5Aa020SNE uuX RS QSfiretiolSitrught O2 vy 2 dzy O
that allows users to measure, visualize, generate, record, and control mixed signal circuits of all kinds-Cis¢ low

Analog Discovery 2 ssnall enough to fit in your pocket, but powerful enough to replace a stack of lab equipment,

providing engineering students, hobbyists, and electronics enthusiasts the freedom to work with analog and digital

circuits in virtually any environment, in or oof the lab. The analog and digital inputs and outputs can be

connected to a circuit using simple wire probes; alternatively, the Analog Discovery BNC Adapter and BNC probes

can be used to connect and utilize the inputs and outputs. Driven by the freeRyawe software, the Analog

Discovery 2 can be configured to work as any one of several traditional instruments, which include:

f TwoOKIyySt 2a0Aft2a802L35- 6
bit, 100Msample/sec, 30MHz+ bandwidtivith the
Analog Discovery BNC Adapter Board)

i Two-channel arbitrary function generator (£5V,-bit,
100Msample/sec, 20MHz+ bandwidthvith the Analog
Discovery BNC Adapter Board)

9 Stereo audio amplifier to drive external headphones ¢
speakers with replicated AWG signals

1 16-channel pattern generator (3.3V CMOS,
100Msample/sec)

1 16-channel virtual digital I/O including buttons,
switches, and LER@erfect for logic training
applicationd

1 16-channel digital logic analyzer (3.3V CMOS,
100Msample/sec)”

1 Two input/output digital trigger signals for linking
multiple instruments (3.3V CMO5)

T ¢¢2 LINPINIYYIOfS L2 ggHDMNI a
The maximwm available output current and power
depend on the Analog Discovery 2 powering choice:

1 250mW max for each supply or 500mW total when
powered through USB

The Amlog Discovery 2. 1 700mA max or 2.1W max for each supply when using

external wall power supply

Single channel voltmetdAC, DC, £+25V)

Network analyzer, Bode, Nyquist, Nichols transfer

diagrams of a circuit. Range: 1Hz to 10MHz

1 Spectrum Analyzer power spectrum and spectral
measurements (noise floor, SFDR, SNR, THD, etc.)

91 Digital Bus Analyzers (SPI, 12C, UART, Parallel)

The Analog Discovery 2 was designed for students in typical univieesigd circuits an@lectronics classes. Its

features and pecifications, as well as the additional requirements of operating from USB or external power,

maintaining the small and portable form factor, the robustness to withstand student use in a variety of

environments, and lovcost are based directly on feedbaitiat was obtained from numerous professors from

several universities. Meeting all of these requirements proved challenging; however, the task ultimately generated

some new and innovative circuits. This document describes the Analog Discovery 2's wiittuttse intent of

providing a better understanding of its electrical functions, operations, and a more detailed description of the

KFNRgl NBSQa FSIFGidaNBa yR fAYAlGUlIGAZ2yad LG A& y2id AYyGSyRS)
duplication of theAnalog Discovery 2, or to allow users to design custom configurations for programmable parts in

the design.
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Analog Discovery 2 is the next generation of the very popular Analog Discovery. The main improvements are:

1 Ability to use an external power supmnd consequently deliver more power to the user supplies. When
USBpowered, the Analog Discovery 2 delivers to the user same power as the Analog Discovery.

1 New enclosure with enhanced design and improved connector reliability.

Improved signal/noise and csetalk performances for both the scope and waveforms generator.

1 Better defined bandwidth for both the scope and waveforms generator.
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Figure 1. Analog Discovery 2 pinout diagram.

1 Architectural Overview and Block Diagram

Analog Discovery 2's hidgavel Hock diagram is presented in Fig. 2 below. The core of the Analog Discovery 2 is the
Xilinx® Spartan®FPGA (specifically, the XC6SEM18evice). The WaveForms application automatically

LINE AN Y& (KS 54 aQ@witiSaebnfigiratior fiRlesighed to ianplémidi a mulfunction test

and measurement instrument. Once programmed, the FPGA inside the Discovery communicates withdased®C
WaveForms application via a USB 2.0 connection. The WaveForms software works with the FPGA to tioatrol all
functional blocks of the Analog Discovery 2, including setting parameters, acquiring data, and transferring and
storing data.

Signals in thé\nalog Inputblock, also called th&cop& dza § & {/ ¢ AYRSESa (2 AyRAOFGS
block. ®ynals in theAnalog Outputblock, also calledW&E dz& S a! 2 D¢ Ay RS Difitalblock YR aA 3y | |
use aD indexc all of the instruments offered by the Discovery 2 and WaveForms use the circuits in these three
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blocks. Signal and equations also usil&el Ay y I YAy 3 02y @Sy GArzyaod !yrt23 @2t al
voltage), and suffixes and indexes are used in various ways: to specify the location in the signal path (IN, MUX,
BUF,ADC, etc.); to indicate the related instrument (SC, AWG, etdndicate the channel (1 or 2); and to indicate

the type of signal (P, N, or diff). Referring to the block diagrafRiguare Zbelow:

A TheAnalog Inputs/Scopénstrument block includes:

A Input Divider and Gain Controhigh bandwidth inpt adapter/divider. High or lovgain can be
selected by the FPGA
A Buffer: high impedance buffer

A Driver. provides appropriate signal levels and protection to &i2C. Offset voltage is added for
vertical position setting

A Scope Reference and Offsejeneratesand buffers reference and offset voltages for the scope
stages

A ADC the analogto-digital converter for both scope channels.

A TheArbitrary Outputs/AWGinstrument block includes:

A DAC the digitatto-analog converter for both AWG channels
A I/V: current to bpolar voltage converters

A Out: output stages

A Audio: audio amplifiers for headphone

A A precisiorOscillatorand aClock Generatoprovide a high quality clock signal for the AD and DA
converters.

A TheDigital I/Oblock exposes protected access to the FPGAgssigned for the Digital Pattern Generator
and Logic Analyzer.

A ThePower Supplies and Contrblock generates all internal supply voltages as well as user supply
programmable voltages. The control block also monitors the device power consumption for USB
compliance when power is supplied via the USB connection. When external power supply is used, the
control block allows more power for the user supplies. Under the FPGA control, power for unused
functional blocks can be turned off.

A TheUSB Controlleinterfaces with the PC for programming the volatile FPGA memory after power on or
when a new configuration is requested. After that, it performs the data transfer between the PC and
FPGA.

A TheCalibraton Memorya G 2 NS a £t OF f A0 NI A 2NR oLE NI | Y SAG6S\NEGdR 29yEEO SiLBI
the scope Input divider, the Analog Discovery 2 includes no analog calibration circuitry. Instead, a
calibration operation is performed at manufacturing (or by the user), and parameters are stored in
memory. The WaveForms sefare uses these parameters to correct the acquired data and the generated
signals

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 fanredlal since the schematic for channel 2 is identical.
Indexes are omitted where not relevant. As examples, in equd#dbelow, V_(in diff) does not contain the

instrument index (which by context is understood to be the Scope), nor the channel ind=uflgethe equation

applies to both channels 1 and 2). In equati8i the type index is also missing becauseuxand \Min refer to any

of P(positive),N (negative) odiff (differential) values.
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Figure 2. Analog Discovery 2 block diagram.
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2 Scope

Important Note: Unlike traditionalinexpensive scopes, the Analog Discovery 2 inputs are fully differential.

However, a GND connection to the circuit under test is needed to provide a stable common mode voltage. The

Analog Discovery 2 GND reference is comtktti the USB GND. Depending on the PC powering scheme, and other

PC conections (Ethernet, audio, etgcwhich might also be grounded) the Analog Discovery 2 GND reference might

be connected to the whole GND system and ultimately to the power networctitt (earth ground). The circuit

dzy RSNJ Sad YAIKEG faz2 0SS O02yySOGSR G2 SIFENIK 2N) LI2aaArocft
understand the powering and grounding scheme and make sure that there is a common GND refereeee betw

the Analog Discovery 2 and the circuit under test, and that the common mode and differential voltages do not

exceed the limits shown in equati6fh ). Furthermore, for distortiofree measurements, the common nednd

differential voltages need to fit into the linear range shown in Figs. 12 and 13. For those applications which scope

Db5 OFlyy2&G 6S G4KS !'{. 3INRdzyRZ | ! {. A &20060dakBeyised 2 f dzii A 2 y .
however, this will fnit things to USB full speed (12 Mbps), and will impact the update rate (screen refresh rates, not

sample rates) of the Analog Discovery 2.

2.1 Scope Input Divider and Gain Selection
Error! Reference source not founghows the scope put divider and gain selection stage.
Two symmetrical B dividers provide:

Scope input impedance = 1IMOhm || 24pF

Two different attenuations for higigain/low-gain (10:1)

Controlled capacitance, much higher than the parasitical capacitance of subseqages st
Constant attenuation and high CMMR over a large frequency range (trimmer adjusted)
Protection for overvoltage (with the ESD diodes of the ADG612 inputs)

v v > D> D

The maximum voltage rating for scope inputs is limited by C1 thru C24 to:

T . a T (1)
The maximum swing of the input signal to avoid signal distortion by opening the ADG612 ESD diodes is (for both
low-gain and higkgain):

T T (2)

An analog switch (ADG612) allows selectingg@ih versus lovgain (EN_HG_SC1, EN_LG_SC1) signals from the
FPGA. The P and N branches of the differential path are switched together.

The ADG612 quad switch was used because it providedentdehpedance and bandwidth parameters:

A 1 pC charge injection
A £2.7 Vto 5.5 V duslupply operation
A 100 pA maximum at 25°C leakage currents
A yp m 2y NBairadalyoS
A Railto-rail switching operation
A ¢3LIAOIE LR2oSNI O2yadzYLIiA2yY fnodm >2
A TTL/CMOScompatible inputs
8???eyrrigrhotd|:§g|te§r§’dlgghﬁl‘aﬂghﬁgrﬁgg I’n\"/lee?ftioned may be trademarks of their respective owners. Pager of 51
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A -3 dB Bandwidth 6881Hz
A 5 pF each of CS, CD (ON or OFF)
The Low Gain is: o ] 8 (3)
T 1 1 T
The Low Gain is used for input 3 » 4
voltages: T e gE ST M 4S VT (4)
The High Gain is: o s 11 8 (5)
s A
The High Gain is used for input T o= gl ST TR (6)
voltages: T

Figure 3. Input divider and gain selection.
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