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e DAC Resolution
* Nucleo-L476RG has two 12Bit DACs
e Referenced to 3.3V

* 4096 steps on 3.3v = 805uV/step
* May be limited by noise
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* DAC Connections

* Nucleo-L476RG has 2 analog (DAC) outputs assigned to the Arduino header

* Nucleo-L476RG has 0 additional analog (DAC) outputs assigned to the
Morpho header (not shown)
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* AnalogOut Class

AnalogOut Class Reference

Public Member Functions

void

void

float

AnalogQut &

AnalogQut &

virtual

AnalogOut (PinName pin)

Create an AnalogOut connected to the specified pin. More...

AnalogOut (const PinMap &&)=delete

Create an AnalogOut connected to the specified pin. Mo
write (float value)

Set the output voltage, specified as a percentage (float) More...
write_u16 (unsigned short value)

Set the output voltage, represented as an unsigned short in the range [0x0, OxFFFF]. More...

read ()

Il

Return the current output voltage setting, measured as a percentage (float) More...

operator= (float percent)

™

An operator shorthand for write()
operator= (AnalogOut &rhs)

An operator shorthand for write() More...
operator float ()

Anoperator shorthand for read() More...

~AnalogOut ()
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* Constructors

AnalogOut (PinName pin)

AnalogOut (const PinMap &&)=delete

Create an AnalogQOut connected to the specified pin. More...

Create an AnalogQOut connected to the specified pin. More...
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 Member Functions (Methods)

void write (float value)
Set the output voltage, specified as oat} More.. 0—1.0
void write_u1é (unsigned short value) 0 - 65535

float read ()

Set the output voltage, represented as an unsigned short in the range [0x0, OxFFFF]. More...

Return the current output voltage setting, measured as a percentage (float) More...
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e Operator Overloads

AnalogOut &

AnalogOut &

operator= (float percent)
An operator shorthand for wri
operator= (AnalogOut &rhs)

An operator shorthand for wr

operator float ()

Il
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* Simple example 1

* Generate a series of analog output voltages

* 5ms for each level

ple for EE2505\n");

EE 2905

write |

wait us(I_WAIT);

efib write ul&(l);
t_us({T_WAIT)

/) use the resd

princf{"Defib i
zse ths over

Defib = 33

printf{"Defib is curr

ib.read(}]);
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e Simple example 1 — output levels

* Generate a series of analog output voltages
5ms for each level

Waveform

EE 2905 9 © tj



e Simple example 1 — output levels
* Generate a series of analog output voltages

5ms for each level
code

tiorh

daq_plass_ﬂx_i — example for EE2985%
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e Simple example 1 — output levels
* Generate a series of analog output voltages

5ms for each level
code

daq_plass_ﬂx_i — example for EE2985%
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Waveform

Too long — Why ?7?7?7?
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e Simple example 1 - timing

* Generate a series of analog output voltages
e 5ms for each level

Waveform

printf is VERY costly

printf statements removed |
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e Simple example 1 - noise

* Generate a series of analog output voltages
e Output noise = +/- 3mv = 0.1% at full scale

N Single D- Run Mode: (1) Repeated

mples at 16

-10.5ms

Waveform

¥ | Source: | Channel 1

-5.5ms

0.5ms

* | Condition: § rising ¥ | Level:

Manual Trigger

LY b l
Time i
Position: -500 us w
Base: 5 ms/div ~

+
‘& Options -
= Add Channel -
Channel 1 (1) &
Offset: -3.2705V w
Range: 5 mvdiv ~
Channel 2 (24) 5
Offset: av \/
Range: 500 mvjdiv v

Discovery2 SM:210321A 1A475 USB

7 Status: CK -




* Simple example 2
e Explore ways to write to the DAC

e Use a for loop

EE 2905

part 1

Bl singe

@ stop

Mode: () Repeated

at40

v | Auto

~  Source:

Channel 1

- | Condition:

1 Faling

Manual Trigger

Base: __zn msfdiv v

4

]

Options

“* Add Channel

l

Channel 1 (1£) o

Range: _500 mV/div v

B[] Channel 2 (2£) &

Discovery2 SN:210321A1A476 USB | || | Status: OK
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e Simple example 2 part 2

* Explore ways to write to the DAC
* Read from an array — specify the frequency

EARTCH WERSION) ;
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e Simple example 2 part 2 — frequency error

* Explore ways to write to the DAC
* Read from an array — specify the frequency

"4 WaveForms (new workspace) - O X

Workspace  Settings  Window  Help

Welcome [4 Help P Scope 116 =]

Fle Control View Window
Export = +XY +XYZ3D +Zoom FFT Spectrogram Spectrogram 3D Histogram Persistence Data Measurements Logging Audio X Cursors Y Cursors MNotes | Digital Mes

B single P> run Mode: | (1) Repeated ~ | Auto - Source: | Channel 1 ~ | Condition: | " Rising v | Level:
>

Time
Pasition: -80 us

Base: 2 ms/div hd

= -
“ < |1

&} Options

4

= Add Channel

Channel 1 (1£)
Offset: -1.5V
M Range: 500 mVfdiv v

Il &

Channel 2 (2£)
Offset: ov
Range: 500 mVfdiv =~

II #

1.92ms 3.92ms 5.92ms 7.92ms

Manual Trigger | | Discovery2 SMN:210321A1A476 USB -4 Status: OK .

Note: The frequency of the sine wave is = 95Hz

Not the programmed 100Hz
EE 2905 16
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e Simple example 2 part 2 —filtered output

* Explore ways to write to the DAC
* Read from an array — specify the frequency

*¥ WaveForms (new workspace) *¥ WaveForms (new workspace)

Data Mea: s Audio

_§ rising

X1 -7.1778 ms

e

+ Ad o
[ Channel 1 (1£)

Channel

3.772ms 3.872ms 3.972ms 4.072ms 4.172ms 4.272ms 4.372ms 4.472ms

Manual Trigger

Note: Simple 1pole RC low pass filter
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e Simple example 2

part 3 — maximum frequency

* Explore ways to write to the DAC

EE 2905

 Read from an array — don’t specify a frequency

“4 WaveForms (new workspace)

- O X
Workspace  Settings  Window  Help

Welcome [#  Help P scope 1 = =Ah
File Control View Window

Export | +XY +XYZ3D +Zoom FFT  Spectogram  Spectrogram 3D Histogram  Persisterce

Data Messurements Loggng Audo X Cursors YCursors Notes | Digital
B single P> run Mode: | (1) Repeated - || aute v | Source:
>

Channel 1 - | Condtion: | _f Rising v Level: ov

Time
Posion:  [886.4us v
Base: 100 us/dv v

; II c
. I

&} options

~ Add Channel

.

[ [ Channel 1 (1) i
j Offset: 15V

II

f Range: 500 my/div  ~

Channel 2 (22) G
Offset:

£ | Range: | SO mvfdiv v

=
Ii
< e

Manual Trigger | | Discovery2 SN:210321A1A476 USB | | 7| | Status: OK .

Note: The frequency of the sine wave is = 2KHz
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* Simple example 3
* Estimate how long it takes to do a write to the DAC
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e Simple example 3

e Estimate how long it takes to do a write to the DAC
output

HSingIE b'F!.un Mode: H, epeated ¥ | Auto + | Source: | Channel 1 + | Condition: { Rising

C1 |C2|B8192 samples at 50 MHz | 2021-05-17 12:26:20.900

A 835.1mV AfhX: 17,807 mVfus
C2:-8.33mV A; 2.81mV AfAX: 60,017 mV/ms

Range:

thlS (333KHZ fu” Scale) P{Z -28.449 us M( 46.9us IMX 21, 3ZZBTkHZ

.......................... OurNucIeo/mbed_
~ implementation has éet '

that lead |to this resu t

m 105 us -85 us 85 us 75us 65us

-55us -45us -35us -25us -15us

-5us




* Limitations summary

e ~10us to write a new value to the DAC

* Fastest 50 point sine wave = 50 x 10us / period =
500us/per = 2KHz

* Error in 100Hz, 50 point sine wave
* Period extension : (10us/10ms)x50 = 5.0%
 100Hz = 95Hz
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