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Analog Discovery 2

Primary HW resources:
 Two-channel scope (1MQ, +25V, differential, 14-bit, 100MS/s, 30MHz+ with the
BNC Adapter)
 Two-channel AWG (15V, 14-bit, 100MS/s, 12MHz+ with the BNC Adapter)
e Stereo audio amplifier to drive external headphones with AWG signals
* 16-ch digital logic analyzer/pattern generator/static 10 (3.3V CMOS, 100MS/s)
* Two input/output digital triggers for linking multiple instruments (3.3V CMOS)
 Two programmable power supplies (0...+5V, 0...-5V):
— 250mW max for each supply or 500mW total when powered through USB
— 2.1W max for each supply when powered by an auxiliary supply
— 700mA maximum current for each supply
HW resources re-usage (by WaveForms):
e Single channel voltmeter (AC, DC, £25V)
 Network analyzer — Bode, Nyquist, Nichols diagrams of a circuit; 1Hz to 10MHz
e Spectrum Analyzer —spectrum and measurements (noise, SFDR, SNR, THD, etc.)
 Digital Bus Analyzers (SPI, I>’C, UART, Parallel)
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Waveforms 2015

r B
E WaveForms (audic) E‘E‘g

Workspace Settings Window Help

Cross platform

Welcome | Help | E] Wavegen 1 [ ® Wi n d OWS
- To create custom application see the SDK. .
Open Workspace For more information visit digilentine, comfwaveforms,
@ S # Ope pac Observations are welcome on this forum page or via email, ® LI n ux
Recent:
Wavegen [ J
audio C: MWiork/audio. dwf3work = OS
Supplies PdmPwmShit2M200k  Cx/Work/PdmPwmShit2M200k.dwf3work S p p D H g' I
PdmPwm Sbit 100k 20k C: MiorkPdmPwm Sbit 100k 20k. dwf3work u o rt s I I e nt
Voltmeter CntCe8bit C:/Work/CntCe8bit, dwf3work H m H H W
CntCe8bit C: Miork/Projects fInstrumentation/DigilentAppMotes RomLogic/CntCesbit. dwf3Iwark I n St r u e nta t I o n
Logger . o H
@ TranzCharlc C:/Work/TranzCharlc,dwf3work ® E I ect ro n I cs Exp I o re r
. TranzCharlb C:Miork(TranzCharlb. dwf3work = .
B Logic RC C: Work/RC. dwf3work ® Analog DISCOVE ry
RomlLogicAndGate C: Work/RomLogicAndGate, dwf3wark °
| Patterns )
E PdmPwm 5bit 1M200k C:/Work/Projects Instrumentation /DigilentAppMotes RomLogic/PdmPywmShit 1M200k, An a Iog D I Scove ry 2
Staticlo 2N3904 C: Mork/Projects Instrumentation/WaveFormsProjects/Discovery /2N 3904, dwf3wark ) D Iglta I D I Scove ry
GamePmodvga3 : i i i idacti i dwf:
Network GamePmodyga2 C:/Work/ProjectsMircea Projects/Didactic/PDANivadoBasys3/GamePmodvga2. dwf: P rog ra m m e r s u p po rt
GamePmodvgal C:Miork/Projects Mircea Projects/Didactic/PDA VivadoBasys3GamePmodvaa 1.dwf:
""L*‘ Spectrum GamePmodvga C:/Work/Projects/Mircea Projects/Didactic/PDA VivadoBasys3/GamePmodyaa.dwf3 ° SD K

DigCtriFilter C:Miork/Catedra /Catedra/BSAD L ab DASF with Analog Discovery/DocumentsL05 C
* LabVIEW support

Anolg ICs previded by

[ © New ] ’ I save ] [HSEVEAS ] DIGILENTJ ANALOG .
(5} | St [7] open last workspace on start é A atiamal Insénments Eompary DEVICES 0 pt I m a I u Se Of H W
[Discovery2 SM:210321753526 | [ Status:Lv | resources
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Waveforms 2015

Network

Pattern

Logic

Spectrum .
AWG Scope Analyzer | Analyzer | Generator | Analyzer Static /0
simple Time
LED I/V Math
characteristics XY
Trigger
Transistor custom Units
characteristics sync offset =div
RC Low P Measure Bode
OW Fass Export Nyquist
Filter .
Nichols
Modulation
Audio Sweep
Play
ROM |O§IC - Bus SW
3-bit And Gate com
Counter Signal LED
Clock
8-bit counter ROM logic -
with CE FSM
PDM/PWM Spectrum| Custom
modulator
Measure
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LED I/V characteristics

Scope, Channel 2 Scope, Math 1 Scope, Trigger
e Offset: OV e Mode: Custom * Mode: Auto
e Range: 1V/div e C2/100 e Source: Channel 1
* Invisible * Units: A  Cond: Rising

e Offset: OA e Level: OV
AWG, channel 1 -+ Range: 5mA/div Scope, Time Base
* Mode: Simple + N * Position: Os
* Shape: Triangle o lool * Base: 0.5ms/div
* Frequency: 1kHz Wi —~VWv *1* Scope, Channel 1
 Amplitude: 5V ‘,! é e Offset: OV
. : - e R : 1V/di

Offset: OV GND ) I (. ange: 1V/div

* Symmetry 50% L
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LED I/V characteristics

Workspace Settings Window Help

Welcome Help [i] Wavegen 1 |:| @ Seope 1 [E3
File Control View Window

[“ Single ”. Stop ]MﬂdE= [Autﬂ ~ ]Suur::e: [Channel i hd ]Cundiﬁun: [sting - ]Le-uel: o - [I]

mA Trig'd | c1|c2 M1 8000 samples at 1,587 MHz | 20 [ )[&s ][ v | xv1 CR

= b I I I I T I I I I I I 3 mé X |C1 "]‘f: |I'-'|1 v| 'I'|me
5 5 5 5 5 : 5 5 STty

- 25 . Pasition: 0s

ARG
13

20 ....... .- ....... ..... -] Baze: D.Ems,.’di'u'

15
15

....... ....... ..... _ [ Add Channel V]

A 1|:| s . ......... .. . ........... Channel 1

Offset:

- N S

10 -_ ....... ....... ...... ....... oy

_— 1V/div
0 b—— ] || Channel 2

___________ WEERL V,ew,Add Al

Offset: OA -

........... _ . X Channei--l------- [Range: i T]
----------- A g |ls _'Y: athl_ C2/100 i

........... _ -20 : - ! P Lo 1

Range:

g _ ....... ....... ...... .......

e —

A e g

25 SUOUOPINR O SUNOUOPONR IS SO0 ONTIOON 1S SO0 NTIOON IO OO0 P E TN SR S SO SR A -
@—E.Ems -1.5ms -0.5ms 0.5 ms 1.5ms 2.5ms -5 o aw -

Trigger PC [ Discovery2 SN:210321753525 | | Status: OK |
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LED I/V characteristics

More easy experiments...
* Change stimulus shape to sinus
— Does the X/Y view change? Why?
* Change stimulus shape to rectangle

* Play with frequency
— you might first want to set the Min/Max limits for Frequency to
100mHz/1kHz.
— Understand the human eye limitation in stimulus pulse frequency
— Understand the basics of multiplexed LEDs display

* Play with symmetry (0 to 100%).

— Understand PWM modulation of LEDs equivalent luminous intensity.
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Transistor characteristics
y 4

FAIRCHILD.

' November 2014

BC546 / BC547 | BC548 /| BC549 / BC550
NPN Epitaxial Silicon Transistor

|, = 400pA
_'___,..--""" B
& F.,..-"'"" -l .I“I‘P" e %
o | L I, = 300uA . . -
- ] '
z s e ' = 25004
o
O L — | I, = 200pA
4 pal ) T0-92
E’J 40 — mks 15DrJA_ 1. Collector 2. Base 3. Emitter
b h . .
T |, = 100pA
% 20 /..-—-— r
I; = S0uA
. |

a 2 4 [ 8 10 12 14 16 18 0

V. [V], COLLECTOR-EMITTER VOLTAGE
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Transistor characteristics
AWG, channel 2

e Mode: Custom

* Edit/Values:0,1,2,...9
e Normalize

;
B Wavegen - Custon

=T B = Y R L I

(V]

10
11
12
13
14
15
16

I T R

-

Mame: Customl # Normalize Undo »
- ] T oo
rdebedibedid ) a0
Value Sl E 1
. 150
3 1 ....... —ag
] b E
3 2 :
0 a0
4 3 3
5 4 E g =0
6 |5 ....... 20
7 6 ]
b dden b b g —-40
8 7 ;
3 8 S roee SO N WO IO _|-60
Bl | |10 9 F P
..4-80
11 i b O
. H . . . -100
Mormalize Generate 0 % 50 % 100 %

Save J [ Cancel ] [Saue as New]

AWG, channel 1
Mode: Simple
Shape: Triangle
Frequency: 50Hz
Amplitude: 2.5V

Offset: 2.5V
Phase: 270°

W1 >— e—( 1+

R1 1k

W2 )—

o
o
—i
Q]

x
S
2+

Tl
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Transistor characteristics

AWG, channel 1 Scope, Channel 1
Mode: Simple e Offset: -2.5V
Shape: Triangle e Range: 500mV/div
Frequency: 50Hz Scope, Channel 2
Amplitude: 2.5V e Offset: -2.5V
I(D);:fset: 5750\5 e Range: 500mV/div
ase: , (
AWG, channel 2 " o o
Mode: Custom é i
Frequency: 10Hz y .
Amplitude: 1V Ij 24
Offset: 1.6V R1 10k
Phase: 0° W2 )- Tl
GND 2.

AWG, Synchronized —

Scope, Trigger
Mode: Auto
Source: Channel 2
Cond: Falling
Level: 4.9V

Scope, Time Base

Position: 40ms
Base: 10ms/div

Scope, Math 1
Add Ch/Simple
C1/100

Settings: Offset as
divisions

Settings: Units = A
Offset: -5div
Range: 3mA/div
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Transistor characteristics 1-(Vcg);

-
& WaveForms (TranzCharlc)

Workspace Settings  Window Help
| Welcome | Help | [i] Wavegen 1 |:I ‘ @ Scope 1 m |
File Control  View Window
’H Single ”. Stop lMode: [R,epeated "][Autc v]S-::uur::e: Condiﬁcn: 1Falling ¥ (Level: 4.9y
mA cfca|mis ® = & E @)l B X =
I I I I I T =
5 ! : : "‘ mA X [cz - |1 [Ml v] Time
200 0 T T O T O nd s T "] Jroston: qoms
N 1
3.5 § i i Base: 10 ms/div
N 1
: | L5 ! [ u
- O S R S o S B - i
28 | [ - Add Channel
SUOVPUDNURPPUOE W OO IUOPO OPLIOPH DUORSOP0D IORSP0S. - i
245 i i Channel 1
: ! 4.5 :
N 1
1 e i ........ 1: ....................................... ] E E Channel 2 I
II : : 2 R R 4 Offest: 25y -
N 1
17.5 S [ O 0 U S i 3 Range: 500 myfdiv = -
; 17.5 I St Rk SEE S -
i ; | e WX
14 Blodcdeden b i e LR e
': 14 i - Offset: -5 div -
1 1
| g Range: 3.5 mA/di
05 i L oo | — i - mAfv
! ]
7 Heciadaled i L= WOOUN £ FOUOEIOPPOO | SOVOOR SO I R g
1 1
| : ]
! T
350 b Ml E R F0 T OO SO OO 4 SO S 35 Wi FUUUS SO SO SO S ]
i :
| i : : ]
0 i | |- 0 1
(x[+]-10ms 40 ms 30 ms oV 2.5V 5 -
Manual Trigger [ Discovery2 SN: 210321753526 | | Status: LV |
- 3

|z parameter

Scope
View
Add X/Y
X: C2
Y:M1
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Transistor characteristics; Iz values
Scope, Channell
e Offset: -5div
e Range: 200mV/div

Scope, Math 1
e Add Ch/Custom

C1/10000
* Range: 20uA

/div

-
& WaveForms (TranzCharlb)

(= © )

Workspace

Settings  Window Help

| Welcome | Help | @ Scope 1 £ | [§] Wavegen 1 |
File Control View Window
[N Single ][i Stop ] Mode: [Repeabed ~ ][Aubo hd ]Source: Condition: Level: 49v - [I]
uA lc2|mifs B 5 2 E @(wlxra B x -
200 I I I I I I < A X2 T |Yr ML v Timi
: : : : : ; 200 I A Position: 40 ms -
- _k S S O T : Base: 0msfdv -
]
- [ I )
B0 [ E ’ - Add Channel - ]
50 A [”] Channel 1
i
120 Offset: -2.5V hd
Range: 500 mvfdiv  +
100
Math 1 [YEY
30 Offset: -5 div A
Range: 20 uAfdiv -
B0 hodededen b
C1/10000
40 i il
20 JRUE ORN FU-
0 N N N T S N
S0 m: av 2.3V 5V
[Discover y2 SN:210321753526 | [ Status: LV |

Scope
* View
e Add X/Y
e X:C2
¢ Y:M1 W)

o
@)
—
N
o

—( 2+

1+ 1-
R1 10k

w2 24

Tl

GND )— 2.
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RC Low Pass Filter
Time domain - step response

AWG, channel 1

Mode: Simple

Shape: Square r Scope, Trigger

Frequency: 50Hz )_I R1 10K * Mode: Auto
 Amplitude:2.5v W1 —“N—e— 2+ * Source: Channel 1
* Offset: 2.5V 1 s  Cond: Falling

Scope, Channel 1 O * Level: 2V

Scope, Time Base
* Position: 2ms
e Base: 500us/div

e Offset: -2V oD

e Range: 1V/div
Scope, Channel 2

e Offset: -2V

e Range: 1V/div

,|_r
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RC Low Pass Filter
Time domain - step response

r B
B WaveForms (RC) EEER
Workspace Settings  Window Help
‘ Welcome [ | Help | @ Wavegen 1/ | [E] Scope 1 (£ ‘ E Wavegen 2 || | E] Scope 2 [ | E] Metwork 1 [ |
File Control View Window
lm Single ”. Stop ]Mode: ’R_epeated - ]’Auto - ]Source: Channel 1 * | Condition: _‘LFaIIing ¥ (Level: 2V - @
. Trigid | C1 [C2|8192 samples at 14.28 MHz | 2017-03-09 11:46:53.609 9 5 2 E@k=-
- _ T | T Y | | T | T | | | | | T _ — "
Position: 150 us
" S - R T S S S S — - g
5 : ; : Base: 50 us/div
[ ~* Add Channel
Nl Channel 1
Offset: 2y
| 3 Range: 1 V/div
2 Channel 2 ! I
Offset: 2y
I Range: 1 V/fdiv
I T SO SO SO OE SOOI O ROP PO SRRSO
l . N . .
= L P PP I T T P R O R
(x|v]-wous  -s0us Ous 50 us 100 us 150 us 200 us 250 us 300 us 350 us 400 us -
{[Manual Trigger [ Discovery2 5N:210321753526 | [ Status:Lv |
N
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RC Low Pass Filter

Time domain - sinus response
rg WaveForms (RC) = E 3 |

Workspace Settings  Window Help

‘ Welcome [ | Help | EWauegen 18 | E]Smpel[l | @Wavegenzlj | E]SEDDEZE | E]Netwnrkl[l |

File Control View Window
’H Single ”h Run ]Mode: [Repeated - ][nuto - ]Snur::e: andiﬁon: _‘LFaIIing - |Level: ov
! Stop |1 |-::1 8192 samples 3t 7.692 Mz |zn1?-n3-0911 @ n L E .E Measurements g X =
5 B LA AR, T [ [ N R
F é : ‘ : i : : : : E P Add, ==_ | Edit : Show, /] Time
H H H H 1 H H H H 2o
: : H : Position: 200
. 2 e T L L L L L T T T T - A J: ............... .............. .............. . ............... . ............ — Name value s us
i ! : : : : ] Base: 100 US;rdiV
! C1  Frequency 1420074649 kHz I[ T
1
3 H C1  Amplitude 3.987306936 V
1 !
YL NN j €2 Amplitude 3.004325925V * Add Channel
. 1
| i (1 Period 704188333333 us Channel 1
! - | | Offset: ov
1 T h H
- ] H H . "
i | C2:-14.15my 1 w1 Range: 1 W/div
I I i e -E - i Channel 2 I
i 5 Offset: ov
. i 4
1 b b Range: 1Lvid
|| | 3 : fiv
- i 2
~L N ITTTEEY SIII Ty R Er T T NI T T T T I T n
i 1
- Y D
a e i R S AR St —] 1
3 i ] 2
4 L e g E-SSVROPUPRUYE SUDVIN ORI IUUUUUON: SOOTSUUROON SO 4 -3
i :
Ll 3 : : : | B b 5t 347.06 us E
.'5 ....|....|....|....|....|....|....|....|....|....|....|....|....'.,:"‘:‘-‘n':l':".:"I'-"ll‘3:l'“S -5
(x|+]-300us -100 us 100 us 300( 1 |=[aazl=zkoo us 700 us 5 5 -

 Discovery2 5N:210321753526 | [ Status:Lv_|
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RC Low Pass Filter
Time domain - sinus response

Export — Data — Scope

% Oscilloscope - Export

Source:

Export — Image — XY1

Data | Image |
|Scope ™
#Digilent WaveForms Osdlloscope Acguisition -
Options #Device MName: Discovery2
#5erial Mumber: SM:210321753526
Comments £Date Time: 2017-03-09 11:49::22.793
Headers il
Labels
Time (s) Channel 1(V) Channel2(v) =
1 -0.000332475 0895449 -1.3917 L4
2 -0.000332345 0895449 -1.38434
N 3 -0.000332215  0.895449 -1.38802
4 -0.000332085 090278 -1.38068
I 5 -0.000331955 091011 -1.37698
& -0.000321825 091744 -1.38066
7 -0.000331695 0921106 -1.37329
a8 -0.000331565 0924771 -1.37329
Copy to Clipboard o AAAATII1ATC 0 A4 0 1 ECAT e
Save ] [ Cancel

)

X(t) =V, (t) = A, sin(2ft)
y(t) =V (t) = A sin(2zft + )
y(0) =V, (0) = A.sin(p)

ﬂ = arcsin
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RC Low Pass Filter
Frequency domain — Bode, Nyquist, Nichols diagrams

-
g WaveForms (RC)

= | B [ |

Workspace

Settings

Window Help

‘ Welcome | Help

start

/100 WaveGen: 162.9Hz Scope: 69%

100 Hz

~ Stop:

L ‘&3 Myquist

Eile Contrel  View Window
’H Single “. Stop ]Smle:
Running |C1 C2 |Step: B
10 T
e S
fa

! C1: 0.026453587d8 |
----- C2: -3.001005212 dB-

gp apnube;)

o BSEL

100 kHz

[

Gain:

| E Wavegen 1 | [E] Scope 1 | E Wavegen 2 [ | E] Scope 2 [ | @ Metwork 1 £ |

w Samples: 100 -
X -
WaveGen

Auto -

Offset: ov
Amplitude: 1V

Magnitude
Units:

10de -
50 dB A

Top:

Range:

Phase

m

Offset: -45 =

Range: 90 =

|:| Custom One

|:| Custom Two

[ ~p* Add Channel

Channel 1
Use as Reference
Offset: Auto

Auto

Gain:

[E] -

| Channel 2

Manual Trigger

Discovery2 SN:210321753525 | [ Status:LV |
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Audio - Wavegen -

modulation, sweep

-
E WaveForms (new workspace)

B )

Workspace Settings Window Help
| Welcome | Help ‘ @ Wavegen 1 £ |
File Control Edit Window
[. Stop All ] [Channels '] [Independent ']
Channel 1 g X
[¥] Enable [Modulation - l . lNone - lWait: 7one * continuous  w |infinite Repeat Trigger
i Carrier [¥] Fm % Tnpl W
Type : [’-\;SII’IE "l.[‘ﬁ\;Sme "’]."‘\;Sme "'l. 10':' '
|| Freguency : 1kHz 2Hz 200 mHz 5[]
Amplitude Index : 1V > 50% > 100 % > 40
Offset : av * 0,002 % * 0% - DZU
Symmetry : 50 % * 50% v 50% - -20
Phase : o= * 0° - QF - ﬁ
-30
-100
Channel 2
Enable [Sweep A l lNone ¥ |Wait:  wone w  continuous  + |infinite Repeat Trigger

__Running_|

e

Freguency : 1kHz - Sweepto 10kHz = in 23 -

Amplitude : 1V -~ [/ Dampto 2V *in 1ms -

Offset: ay -

Symmetry @ 50 % hd

Phase : o= -

[ Discovery2 SN:210321753525 | | Status: LV |

- Attach an audio
headset to the
Analog Discovery 2.
- AWG channel 1 in
the right speaker,
channel 2 in the
left speaker.

- Control the
amplitude for
convenient audio
volume.
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Audio - Wavegen - play

,1, Import o=

Gladiator - Elysium.wav

=

Gladiater - Elysium.wav

Running |F‘Ia\,r: 2.64% of 7121268 samples | buffer: 98 %% v
e g i T b I i 1t s L n e D

rm WaveForms (new workspace) =[S - . .
Workspace Settings  Window Help Wh e n I m po r.FI ng a
veane @ [ e | @ wareon 1D | _ | stereo .wav file, select
[6 5t::|:_|Al| ] [C_hannels_ 'l [Syn::hmnize '] [None * | none * continuous = |infinite Repeat Trigger a d iffe re nt fi I e C h a n n e |
S for each AWG channel.

Keep the file sampling
rate for correct
audition, or change it

Frequency: 44.099999937kHz v B e B e e e 0.2 fo r effe Ct S .
Amplitude: iy 1 | I . . 1 IR | I S T (PR (N R T 0.4
.
Offset ov - b 1| 2 pray - 1mport S
Samples: oo < P | .........
Span: 161.48000001 s 0 min Browse Mame: Gladiator - Elysium.wav
I Format Channel 1 Channel2 Yo
) 2l & L 1 ' T 100
O-" P ¥ IITIDCIFt 1 E E 0.8 IR PSSO S RO SRR SV RO TOROR I a0
2 Lo i
& Import == Colurnn: Channel 1 - 0. 60
- - g 0 0 0.4 40
Gladiater - Elysium.wav - First: 0 2 '
Gladiator - Elysium.wav 4 0 0 0.2 20
Count: 7121288 = 5 0 0 o - 0 |
b Offset: ov * |6 0 0 0.2 -20
Frequency: 44,099999997 kHz - Amgiilude: 1V - 7 0 0 0.4 =0
Amplitude: 1y - g 0 0 0.6 -60
Offset: oy - Sample rate;  44.099999997kHz - g 0 o 08 [l i i -80
; -1 L -100
Samples: 7121268 f Time span: 161.48000001 s hd e s
i — ! F il 0 0 - 0 3560634 7121268
Span: 161,43000001 s 0 min
[ oK l [ Cancel ]
Manual Trigger
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Audio - Wavegen - Custom

F hd hl
& Wavegen - Custom M g Wavegen - Custom ﬂ
Name: Custom2 F Normalize Undo » " Name: Custom1 F Normalize Undo » "
| Func | Math | Values | File I Alter | Sample Func | Math I Values I File I Alter | Sample B
1 00384711 1 0
samples: 4096 {5 device: 4095 3 00170583 Start: 0% - 2 0
Xfrom: 000 5t 100 5 3 -0.013%004 Length: 100 % - ER
Script &% Options 4 -0.0414627 I Type: ! 0
sin(2*PI*X) + @.1*random() - 3 -0.00368721 e 5 0
6  -0.0211587 Cydes: |1 v 6 0
7 0.0466554 Amplitude: 100 % - 7 0
8  -0.0178903 offcet (0% - 8 0
- 9 -0.0233753 Symmetry: 50 2% 9 0
. [ ] b
[l tnsert 10 -0.00331133 10 0
11 000530308 Phase:  0° v 1m0
R -100
Mormalize Generate 0o 50 % 100 %% 32 00229463 MNormalize Generate 0 % 50 %% 100 %% 12 0 -
Bl
&WaveForms {audio) @M [ Save ] [ Cancel ] [Save as Mew
Workspace  Settings  Window  Help
| welcome (& | Help | [B] wavegen 1 B3 ‘
File Control Edit Window /Generate AWG \
” Run Al ] [Channels '] [Synchmnize '] [None > | none ¥ continuous * | infinite Repeat Trigger
— 5 x buffer data:
Brn | 7 Enabe ® :
- Equations
9 New Impart Edit == .
,.I\I Customl . |Frequency: - Functlons
ustom ik -
sempe Rate: - Sample values
4,096 MHz -
Amplitude: _ Fll es
1v -
Offset: o fro
o . - Madifiers
Phase: bbb i b i i -1
-|o® v Oms 0.2ms 0.4ms 0.6ms 0.8 ms 1ms - Mouse draw

Manual Trigger

[Discovery2 5N:210321753526 | [ Status:Lv |
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ROM Logic
DIO pin block diagram

Prescaler

n-bit Counter

n-bit input bus

Algorithmic
generator

Pattern
Memory
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ROM Logic

Synchronized combinatorial circuit

Pattern Memory

Output

Register

(synchro
nous)

\ 4

system clock Prescaler
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ROM Logic
Mealy State Machine

Pattern Memory

Output

Register

(synchro
nous)

Output
Logic
(comb)

system clock

Prescaler

Next State

. State Register
Logic (synchro
(comb) nous)

IB

A DIGILENT

A Mational Instrumants Company




ROM LOglC [ % Edit ROM Logic S |
Example — 3bit AND gate (Sync) || reme: wes
EWauchrms (new workspace) -~w’ Truth teble
Workspace Settings Window Help Frequency: | 5MHz v
Welcome Help E] Patterns 1@ fnputs: Outputs
= |Mame DIO *| == |[MName DIO *
Eile Control Window : ooy
o (- DIo 2 = (p3 DIc 3
Trigger: Wait: none * Run: continuous - F'.epea' I 1 DIO 1 T [T
'HI" s — - & Show, Shuw: 10 ns/fdiv 'Fr. ‘U' i DIO0O - ‘U' 48
Mame Pin Output T}rpel Ready | i _
QK
- Click to Add channels |
Signal [ #% Edit ROM Logic S |
Bus
ROM Logic Mame: AMD3
0ns 20 ns 40 ns =y Truth table !
[Discoveryashiayf | | 4 = 1§ Default line, |
. . . . i2 il i o3 <
a. Rename signals |n’the Pro.pertle.s tab, (optional). — . . |U
b. Use0, 1 or X (don’t care) in the input pane. L A § § T
c. An n-bit expanded Truth Table has 2" lines. 3
with k X values is the collapsed versioh of 2% ||/ -
expanded lines.
d. All possible input cases-re€d to be covered. X
e. The table line e “sequential”, i.e. a line can

override linés above it in the table.
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ROM Logic

Example — 3bit AND gate (sync); static verification

-
E WaveForms (new workspace)

Workspace Settings Window Help
Welcome [+] | Help (@) Patterns 1 [ | (@) static 10 £
File Control View Window
14, 13, 12 11 10, 9 8
e £ /’ £
| W <’ |
6 5. o. ®
DIO — -1 ||}
7-0 . ’/ <
\ o
1\
[ Tiger J

Discovery2 SN:210321753526 | [ Status: oK | (&)
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ROM Logic

Example — 3bit AND gate (sync); dynamic verification
Adding stimuli and clock reference in the Pattern Generator

FE WaveForms (new workspace) EM
Workspace Settings Window Help
Welcome Help [E] Static 1jo || @ Patterns 1 £ [E] Logic 1|
File Control Window
Trigger: Wait: none + Run: continuous  Repeat: |infinite Repeat Trigger
' o, == 2 Show, Auto * (Show: 15 /div from: 0s
i Mame Pin Output Type Parameterl Running it
- ROM Slep = |rom - | 5MHz + No ;:irev.riei.-'l.r av.ra_lilabln:a
i o3 Mo F:i-reviei.-u ava:lilabln:a i
- Bus : [F‘F‘ hd ][Elir'lan,,-I Counter ~ ] 2941 MHz | E
L Stimulus for the AND gate |
0 [LsE] DIO 0
ROM Logic dk DIO 4P[F‘F‘ - | Clock v | 5MHz v mnwmmm N
| ROM Logic reference Clock olus 2.5 s - s
| Manual Trigger | | Discovery2 5N:210321753526 | | Status: OK |

A DIGILENT

A Mational Instrumants Company




ROM Logic
Example — 3bit AND gate (sync); dynamic verification
Observing output (DIO3) on the Logic Analyzer

( ESREERX

E WaveForms (new workspace)

Workspace Settings Window Help
Welcome Help [E] Static Ijo [ @ Patterns 1| | E] Logic 1 [£)

File Control View Window

Dl [P [ oo (o ) ) :
=
i k

Buffer: 100 5] < Source: Digital ~ [Inputs: | 100MHzDIOC ~ | 500 ns/div -

] |

.= BT, |
Mame Pin T Done 4096 samples at 100 MHz | 2017-03-0& 21:05:45.053 == S
Ul - Bus - b110 bll:il. bOoo é:ﬂﬂl bﬂli:l bo11 i::llDCI I::llCil b1i0 |b111 bﬂlélﬂ bDUllbﬂlﬂ bﬂéll b100
— . . . . . : || : 5

| 1

0 [LSE]
DIO 3
ROMlogicdk |/ DIO 4 X 5 5
; : : : : : : 5 : N
E:] -0.5us 1 0.5us 1.5us 2.5u5/ 3.5us 4.5us
£
[ Manual Trigger | /  Discovery/sN:210321753526 | | Status: OK |

y.4 y.4
£

|

DIO3 output synchroni;ed on the 5MHz ROM logic clk } A DIGILENT@

(falllng edge) A Mational Instrumeants Company




ROM Logic

Example - 8bit binary counter with CE

[ i Edit ROM Logic ==
MName: ROM|
Freguency: 100 kHz -
Inputs: Outputs:
4* |Mame DIO *| <# |MName DIO *
= |CE DIOB - |7 DIO7
I | D07 I |6 DIOB
4 |6 Dios 4 |5 pios
5  DIDS |E cd DI04
cd DI04 3 DIO3
3 DIO3 2 DIO2
2 DIO2 d Dol
d DOl @  DIOO
0 DIDOD ~ -

If a signal is used in both input and output
panes, it is a State Variable; the input pane
shows its value in the Current State and the
output pane indicates its value in the Next
State.

The same functional block might be split in
multiple ROM logic objects, to optimize the
Truth Table(s).
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ROM Logic
Example — 8bit binary counter with CE

¥ Edit ROM Logic

28]

Mame: ROM

Truth bl

+ =11

OE | &F | &6 | €5 [ eF | 3 | 22 | el | | T |5 | 5| et | 23 | 22 | el | a0 (B
1 X X X X X * * * 0 o @ & o & 2 d CE
2 X X X X X * * 0 1 o b & o & 2 CE O JCE
3 X X X X X * 0 1 1 o o & o4 & CE O SCE JCE
4 X X X X X 0 1 1 1 o &b S o CE JCE JCE JCE |_
5 * X X X 0 1 1 1 1 o & & CE JCE JCE JCE /CE )
6 * X X 0 1 1 1 1 1 o & CE JCE JCE JCE JCE /CE
7 * X 0 1 1 1 1 1 1 o CE JCE JCE JCE JCE JCE /CE
8 * 0 1 1 1 1 1 1 1 Ce /CE JCE JCE /CE /CE JCE JCE |
9 * 1 1 1 1 1 1 1 1 /CE /CE fCE /fCE /fCE /JCE /CE /CE

1, 0, “SignalName” or
“/SignalName” in the
output pane (“/” for
logical NOT).

A vyellow background
of a cell indicates a
syntax error.

Remember:

C.

An n-bit expanded
Truth Table has 2"
lines. A line with k X
values is the collapsed
version of 2k
expanded lines.
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ROM Logic

Example — 8bit binary counter with CE; verification

= D e |

Pin T| Busy |2E|E|D samples at 400 kHz | 2016-08-22 18:06:08.125 LB

Mame
- Bus 22+ I = || | | 208 | |
7 [M5E] X

rg WaveForms (CntCe8bit)
Workspace Settings  Window Help
| Welcome | Help | E] Patterns 1 @ | E] Logic 1 |
File  Control Window
mmgger _Wa|t none = Run: continuous ~ + Repeat: | infinite Repeat Trigger
= . - - i Show, Show: 00 us/div_~ |from: 0s
&WaveForms e dame Pin Output Type Parameterl Parameter2| Ready | it
Workspace 5ettings  Window Help |_|+ROM / 100kHz - Mo preview available
‘ Welcome | Help | E] Patterns 1 | E] Logic 1 @ pIos [ DID 8 / 1kHz w 80 % - |
File Control Miew Window
‘ H Single ‘ b Run Mode: Mﬁlgger [ Oms 0.2ms 0.4 ms 0.6 ms 0.8 ms 1ms
Buffer ¢ o sowce:  [pigl 7] [Discovery2 5N:210321753526 | [ Status:Lv |
1‘ . - . - T - 4 A

0 [LSE]

DIO8

x[+)

0.5 ms 1.5ms 2.5ms

A

Manual Trigger

[ Discovery2 SN:210321753526 | [ Status:Lv |

A DIGILENT
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ROM Logic

Example - PWM modulator — constant sample

Workspace/Open/(No)/PdmPwm5bit2M200k.dwf3work

n-bit
counter

-
E WaveForms (PdmPwm3bit2M200k)

zﬁlg

Workspace Settings  Window Help

| Welmme | Help

| (] Patterns 1 £ | (B] Patterns 2 [ | [ scope 1 [ | (] spectrum 1 [}

Eile Control Window

F.-D-d[PP v][l?!ir'ﬁ‘:ryI Counter ™ | 2MHz - _

f
o
Trigger: Wait: nong « Run: continuous + Repeat: |infinite Repeat Trigger f O —_ ———
carrier Zn
. = _ [ _ : show, Show: 1 usjdiv  from: Os -
Name Pin Output Type Parameterll Ready | ||

sample
=

1—— =
3 DIO 8 | |
||
1
- PWM Comparato /[PP hd ][RDM '] 2MHz ¥ |Mo preview available
CY Mo preview available
+ Sample : |ee Mumber |7 - |7 |V b ]
o el 1 umber
Ous 2us 4us Gus 8us 10us
[Discovery2 5h:210321753526 | [ Status:Lv_ |
Il - - _— — — il -_ =

A DIGILENT
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ROM Logic

Example - PWM modulator

i bl N
1 Edit ROM Logic e |y it ROM Logic et |
Mame: PWM Comparator| Mame: PWM Cnmparator|
Properties Truth table Properties Truth table
Frequency: 2 MHz - e == T ﬂ
Inputs: Outputs R @ s4 s3 s2 st os0 |cy *
| - MName DIO - MName DIO 1 [x by X X X X ¥ X X X i} ! m;éfa ult Iine ]
I |3 Dlos ] : x ox o x x 1 x x x x 0ol LS compare ]
|| V]2 oo ! a X X X 0 X X x x 1 x |
I cd__ |pios 5 X X X 1 X X x x 0o x o
0 |p0s § X X 0 X x x x 1 x x |
= |piod 7 X X 1 x x x x 0o x x o
= |pio3 s X 0 X X X Xx 1 X x x |
=2 |pio? s X 1 X X X X 0 X x x [o
1 |pio1 w (0 X X X X 1 X x X x [i MS
| H |Diod i oL X X X X 0 X X X X o ,$ Cpmpare
| |
e

A DIGILENT
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RC Low Pass Filter
With the PWM/PDM Modulator

—

rm WaveForms  ([PdmPwmSbit2M200k) =E—)
Workspace Settings  Window Help
Rl 1Ok | Welcome [+ | Help | E] Patterns 1 | E] Patterns 2 | E] Scope 1 £ | E] Spectrum 1 | E] Logic 1 |
DIO10 “\\\/ ® ( D4 || Hle Control View Window =)
c ’N Single ”b Run ]Mode: ’Repeatet '][Auto v]St:urce: [Channel. '][_ersing v]Level: 1.7V - [_,JT,_]
o Ready | 8192sample @, 5 T E E Measurements g x =
- : Yy 4 add, =_ [ Edt » [ Time [
U Name Value Position: Os -
................. Base: 20 us/div -
C2  Frequency 62.494985... I[ T ]
G N D ) ( 1_ ERN C2  PosDuty | 47.333456...
-------------------------- €1 Frequency 62.498799... ’ + Add Chamnel__~ |
2-0. . Lo A L - €1 PosDuty 21.870391.. Channel 1
ffeet: - -
I C2 Average  715.68702... Offset Loy
JEI I o Range: 500 mvfdiv. -
I | LSS Il § SR X S B SR § UL SRS SR St O S € S & R B ERRE £ & Channel 2
.............................................................. DFFSEt: _1.5 1". i
: Range: 500 myfdiv = -
VOO SO SO N OO FOPPUUUNOR SOPPPOOOOE RO I e
: PR TS TP R A P S
Sco pe’ Trlgger E]—lﬂtlus 60 us -20 us 20us 60us 100 us - -
M 0 d e: A u '['_0 [Discovery2 5N:210321753525 | | Status:Lv |
. L

Source: Channel 2 Scope, Time Base
Cond: Rising * Position: 0
Level: 1.7V Base: 100us/div

Scope, Ch1and Ch 2
Offset: -1.5V
Range: 500mV/div

A DIGILENT
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ROM Logic

Example - PWM modulator — variable sample

Workspace/Open/(No)/PdmPwmb5bit2M200k.dwf3work

n-bit
counter

-
g WaveFarms (PdmPwmSbit2M200k)

= | E ) |

Workspace  Settings  Window  Help
| Welcome [ | Help | E] Patterns 1 [£J | E] Patterns 2 [ | E] Scope 1/ | E] spectrum 1 [ | E] Logic 1 =] |
File Control Window
[. Run ]Trigger: [None - ]Wait: none ~ Run: continuous ~ Repeat: |infinite Repeat Trigger
o =, == N Shaw, Show: 1 usfdiv - from: 0s - _ fcnt
i MName Pin Output Type Parameterl | Ele | . . . . . . : fCClTTieT - z_n
- Bus ! /|p__ ~|ginary counter > | 2m4z  + hoojhozozhoghos]roshos)hozhos]hoshoahosjedhonioe orh 011z
4 [M58] DIO 9 : : : : :
) — IR - 1 _ sample
2 : : I = — 2 n
1 I0 B
0 Ls5] L0 5 ENEREREREREEEREEEREN
- PWM Comparato Zlee ~|rom v|2mMHz  ~ |No preview available
— : /[pp_ ¥ ][custom v ] w0k v 1 Custom ]
4 [M5B] DIO 4 .
I =2
Qus 2us 4us Gus 8us 1W0us
Discovery2 5N;210321753526 | | Status: OC_|
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ROM Logic

Example - PWM modulator — variable sample (sinus)
Building a sinus sample string

2.1 1
100
. fsample _ 200KHz

fmodulator - 100 100 = ZkHZ

sample; = 16 + int | 15 * SiTl( ) € [1..31]

[y edit sample )
MiE= B 3 2 1 L
Output: 1] 16 | 1 o o0 0 0 |
Idle: 2| 16 1 0 0 0 0 ]

Minimum Maximum 3 17 1 0 0 0 1 b
Frequency: 200 kHz * 100 mHz - D 100 MHz - - 18 1 0 0 1 0
5| 19 1 0 0 1 1
Impart 100 - Show: 100 2| from: sl 20 1 0 1 o 0
1 e
Ul I dI IR —Tl 8| 22 1 0 1 1 0
4 [MSB] AN R T N O O O O ol 22 | 1 0 1 1 1
; 1 @ 0 24 | 1 1 0 0 0
11 24 1 1 0 0 0
2 11 25 1 1 0 0 1
) 13 1 1 0 1 0
14 2% 1 1 0 1 0
0 [LSB] 5 19 27 1 1 0 1 1
: 1 28 1 1 1 0 0

17 28 1 1 1 0 0 il

— E —— =

[ Copy 100 cells of ”sarﬁplés" into Sample column ] A DIG“—ENT@

A Mational Instrumants Company




ROM Logic

Example - PWM modulator — variable sample (sinus)

Workspace Settings Window Help

| Welcome [+ | Help | @Patternsl[l | EPatherns.'El:l ‘ E]SEDDEIH | E]Spectrum 15 |

File Control View Window

’“ Single ”b Run lMode: [Repeated h ][a!\uto - ]50ur::e: Condih‘on: Level:
Done |1 c2|81925amples at7.692MHz [200 O, B B B [E Measurements § x| =
! T I T T Y T | T I T I T I T

T I
: ] 4 add, == [Edt : Show, [¥ITime
Position: 0s

Mame Value
C2  Frequency 2006470869 kHz
C2  PosDuty 49577434396 %

Base: 100 us/div

| {

€l Frequency 62531323102 kHz [ addChamel -]
€1 PosDuty 48119927095 % SEEL &)

Offset: -1.5Y
C2  Awverage 1583405024 V

Range: 500 my/div -

Channel 2 I

Offset: -1.5V -

Range: 500 my/div -

-

Manual Trigger

[ Discovery2 SN:210321753526 | [ Status:Lv |

A DIGILENT
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ROM Logic
PDM modulator — constant sample

sample € [0...2" — 1)

int (M . sample)

. 21’1
n+1 bit Carry Out DF... =
accumulator ave M
f . E O fcnt fcnt
carrier ) Zn - 2
n
- (sample = 2™-1
sample = 0 1 12 on _ 1
DF 3y =0 3 DFavg = on { DFayg = > X DFavg = mn
fearrier =0 _ fent . fene
fearrier = Z_n _ @ fearrier = 2_n
Kfcarrier ~— \

A DIGILENT
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ROM Logic - PDM modulator

Workspace/Open/(No)/PdmPwm5bit2M200k.dwf3work

'g WaveForms  (PdmPwmSbit2M200k) [E=EER
Workspace Settings  Window Help
| Welcome [+ | Help | E] Patterns 1 £ | E] Patterns 2 [ | E] Scope 1] | E] spectrum 1 [ |
File  Control Window
Trigger: Wait:  none - Run: continuous + Repeat: |infinite Repeat Trigger
o, == [\ : chow, Show: 1 us/div ~ from: Os A
MName Pin Output Type Parameterl Ready it
B R —
s I R N S I N N
3 DIO 8 i
:
1
- PWM Comparato | /[PP ~ ][R.OM '] 2MHz  ~ |Mo preview available ! : :
CY Mo pret..riew ava.ilable I
+ Sample B /[PP {][Number '] 7 Y
1

-
¥ Edit ROM Logic

W Edit ROM Logic

- e = :
e e Addition-truth-table: 5bit+5bit=Carry&5bit
Truth thble | 1024 lines copied from xcel file
+=11 EL (RomLogicTruthTables — PDM)
a4 a3 a2z a1l a0 s4 =83 82 81 30 |ecy a4 a3 a2 al a0 =

i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 lJ

2 ] ] ] ] ] ] ] a ] 1 ] ] ] ] ] 1

3 0 0 0 0 0 0 0 a 1 ] 0 0 0 0 1 0

4 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

5 ] ] ] ] ] ] ] 1 ] ] ] ] ] 1 ] ]

& 0 0 0 0 0 0 0 1 ] 1 0 0 0 1 0 1

i i i i i i i i 1 1 il i i i 1 1 i i

Mame: PDM Accumulator
Freguency: 2 MHz
Inputs:

%* |MName DIO *
- ad DIo9
I |a3 Dios
Ul ooz

al DIOG

al DIO5

=4 DI04

53 D103

s2 Do 2

sl D101

=] oo

Outputs:
% | Name DIO *
== |cy DIO10
I|ae DIo 9
I |22 Dpos
a2  DIO7
al DIO 6
al DIO 5

A DIGILENT
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ROM Logic

Example - PDM modulator — variable sample (sinus)

-
E WaveForms (PdmPwm3Sbit2h200k)

Workspace Settings  Window  Help

Welcome Help E] Patterns 1 [ @ Patterns 2 [ E] Scope 1 [E3 E] Spectrum 1 [

File Control View Window

l“ Single ][b Run ]Mnde- [F‘.epeated - ][Auto hd ]Suur::e: [Channel 2 - ]Cundiﬁun: Le‘uel: 1.7V

W Done I C1 | c2 |8192 samples at 7.692 MHz | 20: oL L .E Measurements g X
4 AR AR [T [
; : g g g ! oo Add, == _ ] Edit Show., Time
I T T : ................................................................... -— F‘ﬂmhun: |:|
33 i Mame Value i :
RULLLLLH | .L. ;1)) | RIHLLLY {1 (.1 ;). ||| 3 Base: 100 us/div

3 / C2  Frequency 2000011155 kHz [ T

2.5 i C2  PosDuty 49949040781 %

5 i C1  Frequency 410.648766036 . | o Add Channel

s €1 PosDuty 50.629904539 % LEiE L

. Offset: -1.5V

C2 Average 158795623V

i Range: 500 mv/div

0.5 Channel 2
I| a Offset: -1.5Y -
Range: 500 mv/div -
0.5
-1
 Discovery2 SN:210321753526 | [ Status: LV |
e
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ROM Logic

Example - PDM modulator — variable sample (sinus)

-
g WaveForms (PdmPwm3 bi(t.? M200k)

=) B e |

[ )
Workspace Settings  Win dowPWM PDM
| Welcome | Help | @ Patterns 1 [ | E] Patterns 2 [ | E] Scope 1 @ spectrum 1 [E)
File Control View Window
H — . - Freq. Range: 513rt: 0 Hz - Stop: 100 kHz » BINs; 4097 -+ Resolution: 24.4141Hz = ||
ingle p -
Scale: Center: 50 kHz » Span: 100 kHz = Samples: F192
dBY Runnmg | T1 T2 - . Measurements g X
brs I S [ [T . ) -
- § § : - Add == Remove Options Magnitude
. ST O SO T :Compare spectrum and o Uik == -
ﬂcHz modulator : Mame Value Frequency =
Top: 20 dBvY -
& ppEERsempepenes) 4 Y T2 FF 3301 dBY 1.999 kHz
=|| Range: 120 dBv -
o T2 SFDR 3441 dBc Reference: [1v
T2 SMR 2363 dBc B
28 [ Channel options w7 ]
T2 EMNOB 3621 -
w0 M (o | pAddTrace v
Components 5 X =
= Ti 1 ]
52 H i T2 ot s =
|—64 Frequency Magnitude o Trace 2 z]
: 1 OHz 6.988 dBV o |Cramel: - |c2 _
76 : Type:
""" X: 98.10 kHz 2 2001 kHz -3.303 dBY b [SampIE v]
Y1 -67.94 dB'l.l'
-38 J l ‘ 3 62.5kHz -37.75 dBV Count: 100
BN L A nlulml il Nhli MﬂJlu IYPIME |« sowe s
(X [=Jokiz 20 kHz 40 kHz 60 kHz 80 kHz 100kHz | 5 66.50 kHz -42.49 dBV - -
[ Discovery2 5N: 210321753526 | [ Status: LV |
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