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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.

y vy &
Fr e &

2+ ¥ V+WHT10 1 2 3 456 7

=

AN
%, %, %,
A NN

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

Copyright Dgilent, Inc. All rights reserved. . .
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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.

Copyright Dgilent, Inc. All rights reserved. . .
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: Analog Inputs Osc || Clock generator Analog Outputs
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P sCL ! > 1V > Audie > Right
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W
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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 68MHz
A 5 pF each of CS, CD (ON or OFF)
The Low Gain is: Tooe 1 8 (3)
. 1 4 4
The Low Gain is used for input - .. ) .
voltages: T o= g STt T <48 LT (4)
The High Gain is: oo e 1 1 8 (5)
Teod 1T
The High Gain is used for input T = gl ST T4 6
voltages: T
VIN 5C1 M _
Tg;pF 2;‘3" . . _ AVECSVS SC
..,-'I CE lﬂﬂ 2R4 :Il__ig ’:ll:;ﬁl _FLT?F
[ b ni- LU (1]
I."I 5-20pF -|_5'1F'F LLLS - GND
%m f;gﬁ 2
/ GND 1nF g 2
" ) ® 51
.'III 1 LDI z
/ —f 11—
a"ll 1|
" Ln—py 28
15 2 >
u .
. Ly b3 |12
N = IM3
- 4!
“ ]
GND - s " Li—pg
II'-. J_('lt', %HIS w 8
\ e P I o
\ el [
\ J‘cm <R19 ¥ = ADGE1Z -
|| Tgip,; 9 200K N - M
J_ D .5 W S|
= 520 -I-m"IF 0-1UR 1Ry ecsvs sc
Y ovIN scL p T33PF TEM .
EN_HG SC1_R2G
EN LG SC1 Rz?;“"t 100

100

R33 R34
fiﬂﬂ 10K
GHD

Figure 3. Input divider and gain selection.
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2.2 Scope Buffer

A noninverting OpAmp stage provides very high irdpece as load for the input dividéfigure 4

C4

100pF
R}f}ﬂp IC1A

499K

C47 CA8___C49
IuF 0.luF) 10nF

V4

CIC
OND ADS

11224

Vbuf SC1_N

1 L crs

Vbuf SC1_P

Csp__C51___(C52

o
InF 0 IuF) 10nF
.

AVCC-5VS SC

R0
499K

0 ADS066

100pF
Figure 4 Scope buffer.
The useful features of the AD8066 are:

FET input amplifier
1 pA input bias current
Low cost

Myn +k>&a &428¢ NI GS 6D T
[26 y2A4S 1 y+kKIT 6F I' wmn
Wide supply voltage range: 5V to 24 V

Raitto-rail output

Low offset voltage 1.5 mV maximum

Excellent distortion specifications

{C5w bLyyMHR. O X ™

Low power: 6.4 mA/amplifier typical supplyreent

Small packaging: MSE&®P

DD DD D D D D D D D> D> D>

Copyright Dgilent, Inc. All rights reserved. . .
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Resistors and capacitors in the figure help to maximize the bandwidth and reduce peaking (which might be
significant at unity gain).

The AD8066 is supplied + 5.5V.

The maximum input voltage swing is: 8 T Moo .|+ﬁ|1-.3 o o 8 T (7)

The maximum output voltage swing is: 8 T THo IF*IHH ] 8 T (8)

The Gain is: o N (9)
TooO e

2.3 Scope Reference and Offset

Figure 5shows the scope voltage reference sources and offset control stage. A low noise reference is used to
generate reference voltages for all the scope stages. Buffered and scaled replicas of the reference voltages are
provided for the buffer stages and individually for each scope channel to minimize crosstalk. A dual
channelDACgenerates the offset voltages, to be added over the input signal, for vertical position. Buffers are used
to provide low impedance.

AVCC5VS SC
o wI C407
1k
10
= 4. TuF
N
~—C108 —C110 ICOC IC1IC '—',W—'; - g
0.1uF[ 0.1uF ADA4051-2ARMZ £
o o IC9B
GND A 6 [>
-'l ,l 10K : 7 VOFF_SC1
AVCC3V3 SC = GND —1=
l ADA4051-2ARMZ
€107 C408
0.1uF i |
GD 4 TE
o R70
AVCC3V3 SC o AN
665K
R8I il B 1 1C9A
. 10K ) 1 VREF SC1
SINC SC OFF Bion . S SYNC VREFINVREFOUT |-&—q 3.
SCLK OFF 83, 100 7ol SCIK
SDIN W_E@W“' 00 5 Py a ADA4051-2ARMZ
00 <
G C108 e
= 10 0.1uF { }
] 5643 R <
ADS643RBRMZ-3 1'{‘37&“}-
GND ’«&K
VREFIV2 SC ol
26 IC11A
AVCC3V3 SC 4 R 6 GND 2
VIN VOUT FRC AA- - .
VOUT_sNS (=—] 0K, 1| vomFse
3. ey U — 1=
= f.f. ADA4051-2ARMZ
—-C143 22 2.2 > M o' £ C410
0.1uF GG O.F [ 10uF |}
IC8 4 TuF
“I™  ADR3412aRIZ 1;":/3»'
GND 665K
IC11B
ap RS 6 >
10K 7 VREF SC2
3 -
ADA4051-2ARMZ
Figure 5 Sopereference and offset.
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ADR3412ARJIMicropower, high accuracy voltage reference:

A Initial accuracy: +0.1% (maximum)

A Low temperature coefficient: 8 ppm/°C

A [ 26 1jdASa0OSyd OdzZNNBydGyY wmnn >
A hdzliiLddzi y2AaS on dwmpatli2Viggdamn |

I O0Yl EAYdzYo
ToYy sfmMn >+ LI
AD5643 Dual 14Bit nanoDAC®:

A Low power, smallest dual nanoDAC
A 2.7Vto5.5V power supply
A Serial interface up to 5PIHz

ADA40512 ¢ Micropower, Zeredrift, Raitto-rail input/output Op Amp:

+SNE f2¢ adzZli e OdaNNByidyY mo >! {(G&LAOIT
Low offset voltagemp >+ Y I EA YdzY

Offset voltage drift: 20 nV/°C

High PSRR: 110 dB minimum

Raitto-rail input/output

Unity-gain stable

v > > D> D

The reference voltages generated for the 5 =|_ (10)
scope stages are: Trallr Trallr . m
The offset voltages for the scope stages are: TElr T-o=y 2 ji— 18 T (11)

2.4 Scope Driver
ADA494ADCdriver features:

Small signal bandwidth: 26@Hz

Extremely low harmonic distortion122 dB THD at 50 kH86 dB THD at WHz
[26 AyLdzi @2fd413S y2AaSY odd yxkKII
0.35 mV maximum offset voltage

Settling time to 0.1%: 34 ns

Raitto-rail output

Adjustable output commommode voltage

Flexible power supplies: 3t¥ 7 V(LFCSP)

Ultra-low power: 1.25mA

> > >y > D D> D

IC2 Error! Reference source not foun@l). is used for:

Driving the differential inputs of thADC(with low impedance outputs)

Providing the common mode voltage for tA&C

Adding the offset (for ertical position on the scope). VREF_SC1 is constant at midrange of VOFF_SC1. This
way, the added offset can be either positive or negative.

> >
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A ADQprotection by clamping the output signals. Protection is important since IC2 is supplied £3.3V, while
L/ H!

the ADGnputs only supportn dmXH dmMm+ d® ¢ KS
Schottky diodes D1, D2.

R3
VREF SC1 A

A DIGILENT

O2yail yi

39K
Vbuf SC1_N RS
=" A
2K
VADC $C1 P
) RI2 $ =
VM SC v I
iz VADC $C1 N
Co
«
Vbuf_SC1_P RI6 R17
== AA e il
22K 39K C407,~C404
VI Yl
cis s i
1k GND
" .\1 -
VorE sc1 B2
3K 223 —
AN —
499K
25
Avecivs 0
634K
G\D R32
634K B>
DB3S406F DB3IS0
R37
AN
499K
_AVCCIV3 SC
A1 §
3
€30 -C31 32 - C3I T CMICI5mCI6CIT L2 Hdu
T 0uFT 1oF T o10F] 0 16F] o 1uf o 1uf] 100F] 1006 33 3 g3
GND i3 B
‘L 'Lcwlcnlcvlcul ‘]‘ 'Luo ,',’ 93 =
IOuF 1uF | O.1uF| 0.1uF| 0 luF] 0 1uF lOnF 10aF
4
T AVCC-3V3 SC
Figure 6. Scope driver.
ADA4940s supplied £3.3V. The 8 ®
common mode voltage range is: T m=r= T=r= CeT
The Signal Gain is: m.rl ] 8
Tom #E7 1
et i | I I

The Offset Gain is:

The Common Mode Gain is:

The Clamping Voltages

are: Tho ¢ =T

Copyright Ogilent, Inc. All rights reserved.
Other product and company names mentioned may be trademarks of their respective owners.

00 all A

2 dz{i LIdzi

(12)

(13)

(14)

(15)

Pagel?2of 51

AA3Ty



Analog Discovery2 wSFSNBy OS al ydz f A DIGILENT

= 8 g8 L
Tho < ¢ =T T—FF$ 8 T —158—& 8 T (17)

D1, D2 @mp the VADC signals t
the protected levels of: 8 T T == T =r= por (18)

2.5 Clock Generator
A precision oscillator (IC31) generates a low jitter Bz clock (sed=igure8).

The ADF4360 Clock Generator PLL with Integrated VCO is configured for generating-2fifferential clock
for the ADCand a 100MHzsingleended clock for theDAC.

Analog Devices ADIsimPLL software was used for designing the clock generdtmuiee®. The PLL filter is
optimized for constant frequency (low Loop Bandwidth = 50 kHz and Phase Margin = 60°). Simulation results are
shown below. The Phase jitter using a brick wall filter (10.0 kHz to 100 kHz) is 0.04° rms.

DIVout - Phase Noise at 100NHz

Phase Moise (dBci/Hz)

10M
Frequency (Hz)

Fgure7. Phase noise figure for the clock generator.
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AVCC3V3 CIEKD

'LCES C!S’LCES-LCESJLCJS C25 CESTLC253

A DIGILENT

) T 1OuF T 1uF [ O.1uF] O 1uF] O.1uF] 10aF [ 10aF | 10aF
L13 T 1
ggpH ——case P
GND * R*g’tt 0 10uF ”; Li4 HEUS
aago 68nH |f 68nH
gezs
S Z2% To ADC
§8pH L RFOUTA b3 CLED: SC P27
@p | ®igf | 0150 Lt e CLKIN SC N
13 g% To DAC
. 5] S pvour b2 CLKIN AWG
AVCCIV3 CIKD 4 [ — o1 3 16| e From FPGA
7 1D CLED
; 5 VIUNE | —
s el GND =1 /cs cLKD _ R2 19 e e
€260 _C61 BeErioy SCIK CLKD eéj}' 00 7] LE
TO F[ 10aE 310 CLRD o0y 100 157 CIK 3
2 » DATA I -2
GND >R206
— From FPGA mmmamnd 63K
——C2625R207 ZZ2ZzZ5
[ 100F | 47K R 2 1-15
o C26TC264
“l*=[~|~=/~| ADFas60-9 T”PF 330pF
GND .

Figure8. Clock generator.

2.6 Scope ADC

2.6.1 Analog Section

The Analog Discovery 2 uses a dual channel, high speed, low power, 14 bit, 105M3RBalog part number

AD9648), as shown Figure9.
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Figure9. ADG analog section.
The important features of AD9648:
A SNR = 74.5dBFS @iz
A SFDR =91dBc @NMHz
A Low power: 78mW/channé\DCcore@ 125MSPS
A Differential analog input with 65MHzbandwidth
A IF sampling frequencies to 20dHz
A On<chip voltage reference and sampdad-hold circuit
A 2V pp differential analog input
A DNL=%0.35LSB
A Serial port control options
A Offset binary, gray code, or two's complement data format
A Optional clock duty cycle stabilizer
A Integer %to-8 input clockdivider
A Data output multiplex option
A Built-in selectable digital test pattern generation
A Energysaving powerdown modes
c ht Dilent, Inc. All right d,
O?k?grrlgrodtl?étegnd rt]:gmparr;?/ n2r|;1eezsse Ixgntloned may be trademarks of their respective owners. P39815 of 51
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A Data clock out with programmable clock and data alignment

The differential inputs are driven via a lgwass filter comprised of C141gether with R10 through R13, in the

buffer stage. The differential clock is-&Qupled and the line is impedance matched. The clock is internally divided
by two for operating at a constant 100Hzsampling rate. An external reference voltage is used, bedfédy IC 19.
TheADCgenerates the common mode reference voltage (VCM_SC) to be used in the buffer stage.

The differential input voltage range is: T T=,® BEPT (19)

2.6.2 Digital Section
The digital stage of the ADC and the corresponding FPGA bank are supfligd.at

To minimize the number of used FPGA pins; a multiplexed mode is used, to combine thetmelston a single
data bus. CLKOUT_SC is provided to the FPGA for synchronizing datguse®).
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Figure D. ADG digital section.

2.7 Scope Signhal Scaling

Combining Gain equatior(s3), (5), (9), (13), (14), and(15) from previous chapters, the total scope gains are:

(20)
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Combining theADCinput voltage range shown i619) with Vorscat the midrange of 11) (scope vertical position
at 0), the Vin range is:

TA4eqFd  TTagEc® T
+1. IhHd 8 1 A gpc@®r (21)

Tocover component value tolerances and to allow software calibration, only the ranges below are specified.

+1 lhFd 8 v v a ggcdr (22)

Theeffect of the offset setting (scope vertical position) can be calculated {rd@), (11) and(14):

T QEM MaB S8 T (23)

The vertical position setting moves the signals vertically on the scope screen (relative to vertical screen center) by
W

$4o 9t 8 Gpgae B T

1. Ihka 8 taopggs. v& 7 (24)
The above adds an equivalent offset voltage to @ , translating the ranges ifi21) and( 22) by
@ , up to the limits in( 24).

Equationg 2),(7),(8), (12)and(19) show signal rangedundaries for keeping ICs in the input/output voltage
ranges. Combining these with the gain equations, the overall linear scope operation range isFsgorerland
Figure 1 Each equation is represented by asdd polygon. Each figure is shown at the full range andlatailed
range. Separate figures are shown for Low Gain and for High Gain. The right hand diagreingiféend Vin CM
coordinates while left hand ones ustnPandVinNcoordinates.

To be isible on the scope screen and not distorted, a signal should be included in all the solid line polygons of a
figure (inear range= geometrical intersection of the surfaces).

Only the differential input voltage is shown on the scope screen. The commde wudtage information is

removed by the differential structure of the Analog Discovery 2 scope. A signal overpassing the linear range will be
distorted on the scope screen, i.e. the graphical representation will be clamped. In the diagrams below, a signal
outside the linear range will be clamped to the closest point in the linear range. The clamping point is not
necessarily at the scope screen top or bottom edge, as explained below.
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Figure 1. Scope input signal range.
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Figure 2. Scope input signal rge.

The dashedectanglesepresent the display area on the scope screen. There are three dashed rectangles in each
diagram: the middle one corresponds to the vertical position set tddifSc = D22V in equatian (11). The left

one shows the display area when vertical position is set to maxinMafic = £44V), and the right one

corresponds to the minimum (negative) vertical positidMoffSc = 0)/ Any intermediate vertical position is

possible, moving the displayable areat{vad dashed rectangle) to any intermediate positiorsignal crossing the

long side of the dashed rectangle exceeds the displayable input voltage range causing the ADC to saturate (either
at zero or at Full Scale). This is represented on the scope seittedashed line warning to the user.

A signal keeping within the dashed rectangle but crossing any solid line, overrides electrical limits of intermediate
circuits in the signal path (see the legend of the figures). This results in distorting the Sitpoalt waturating the
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ADC. The software has no information about this situation and cannot warn the user with specific signal
NELINBaSylGlridA2y® LG A& GKS dzaSNRa NBalLRyairoAftAde (2 dzyR!

For LowGain Figure )}, the simplecondition to stay in the linear range is to keep both positive and negative
inputsky o in the +26V range (as shown by equat{d)).

For High GairF{gure ), by combiningquations(7) and(5), both positive and negative inputs in must stay in
the range:

TO.hpos p# (25)
Additionally, the differential input signal (combinedth the equivalent offset voltage vertical position) is visible
only within the range:

8 T @. . ENdT (26)

Note the difference between typical parameter values considered by the figures and the safer minimes< va
used forthe equations.

Figure B shows an example of a signal distorted due to a common mode input voltage that is too large. They grey
line is the reference, not distorted, signal. The differential input voltage is a 4Vpp triangle onaep\oDC

component. The commomode input voltage is 10V. The vertical position of the scope is set to 5V and high gain is
selected. The yellow line shows an identical signal, except the common mode input voltage is 15V.

y 5\
25V

IV ! /\ /\ ’4

/ \ ; / // {

35V | / \ / 1
/

R1 cil -rml [ Stop | 2013/06/27 18:22:12.760 - 8192 SamplAfa Y |
R | by " : : : : ?

Figure B. Common mode input voltage litation.
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2.8 Scope Spectral Characteristics

Figure B shows a typical spectral characteristic of the scope. An Agilent 3328/12G-unction/Arbitrary
Waveform Generator was used to generate the input signal of 1VRMS. The sigpafrswe100 Hz to 30AHz. A
coax cable and a Digilent Discovery BNC adapter were used to connect the input signal to the Discovery inputs.

The Network Analyzer was used, the WaveGen was set to External, the Gain was set at xddir{high the
upper figure, and x0.1 (lovgain) for the lower one. For both scales, the 3dB bandwidth i¥IB@+. The 0.5dB
badwidth is 10MHzand the 0.1dB bandwidth is/&Hz.

The standard3dB bandwidth definition is derived from filter theory. At cutout frequency, the saifeEnuates

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 Analog
Discovery 2 exhibits 1lHz @ Q5dB, meaning that a 18IHz sinusoidal signal is shown with a flatness error of a
max 5.6%. MHz @ 1dB means that aldHzsinusoidal signal is shown with a flatness error of a max 1.5%.

File Control View Window =)
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1 ! [ ! [ ! | ! I WaveGen i
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Figure 14. Scope spectral characteristic diagram
- Low Gain (up)
- High Gain (down)
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