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Cuprins

« Stabilizatoare de tensiune

* LDO - Low Dropout

« Surse in comutatie

* Alimentare AC

« Consum de energie

» Setari de lucru

Mod idle / power save
Optimizari

Exemple implementari punte H
Discutii despre proiect



Stabilizatoare de
tensiune




Scenariu de utilizare

Sursa

nestabilizat3 Stabilizator Sarcina

* Protejeaza impotriva fluctuatiilor de tensiune

* Sunt folosite oriunde avem circuite digitale

 Centrale termice
* Aer conditionat
e Televizoare
 Calculatoare
 Etc.

* Sau in cadrul proiectelor de la PM (DC-to-DC)
* Previn defectiuni nedorite sau functionari defectoase



Stabilizator de tensiune liniar

Schema interna simplificata
Utilizeaza o dioda (Zener) sau tranzistor ca element activ
Functie de rezistor variabil ce permite reglarea tensiunii de iesire

Excesul de energie e disipat prin caldura




Stabilizatoare de
tensiune - liniare
integrate




Descriere familia 78/79

INPUT QUTPUT
4

78XX

. GND
0.22 jF =—y—

ST C2**

Stabilizator cu tensiune de iesire fixa

Ultimele doua cifre indica tensiunea de iesire
Cel mai comun este 7805 (5V)
Disponibil si pe Arduino Uno

© https://www.ti.com/lit/ds/symlink/Im7800.pdf?ts=1610533958575



Familia 78/79

Tensiuni pozitive:
e LM78xx - http://www.fairchildsemi.com/ds/LM/LM7805.pdf
* UA78xXx — http://www.ti.com/lit/ds/symlink/ua7805.pdf

e UAT8Ixx -
http://www.datasheetcatalog.org/datasheets/208/402911_DS.pdf

Tensiuni negative:
e LM79xx - http://www.fairchildsemi.com/ds/LM/LM7905.pdf



http://www.fairchildsemi.com/ds/LM/LM7805.pdf
http://www.ti.com/lit/ds/symlink/ua7805.pdf
http://www.datasheetcatalog.org/datasheets/208/402911_DS.pdf
http://www.fairchildsemi.com/ds/LM/LM7905.pdf

Parametri relevanti

* Voltage dropout

Quiescent current

Current limit
Vripple(in)

PSSR (Power-supply rejection ratio) = PSRR(dB)=20 log

. ripple(out)
Output noise



Stabilizator reglabil: LM317

o http://www.ti.com/lit/ds/symlink/lm317.pdf (pag7)

A

— Capy (Note D)

D1 (Note E)
1N4002
Input Output
P LM317 s oo o0 Vg (NoteC)
Adjust p ;;0
T 208 A D2(Note E)
Vrer=126V 1N4002
IAdgj
L Cj (Note A) —— Cp (Note B)
0.1 uF ® v v 9 1.0 uF

Vo = Vrer (1 + R2/R1) + (Iapy * R2)

—e


http://www.ti.com/lit/ds/symlink/lm317.pdf

LDO - Low
Dropout




Motivatie

» Poate regla tensiunea de iesire chiar si atunci cand tensiunea de
alimentare e apropiata de cea de iesire

« Zgomotul de comutare lipseste in cazul lor

 De asemenea disipa caldura in procesul de stabilizare a tensiunii de
iesire — este tot un stabilizator liniar

_ R Ry
1 = 1 Vour = |1+ — | VRrEF
C,-,- —— EN "1:) AOJ Clll.' R2

GND

1 T 1




TLVIr

<

INPUT

https://www.ti.com/lit/ds/symlink/tlv1117.pdf

TLV1117-ADJ

ADJ/GND
@

©
OUTPUT

§




Discutie ADJ

Vg —g—{IN LT1083 OUT — Vout
ADJ |
_' VRer < R1
lADJ *
50pA
R2

* IADJ R2 1083/4/5 ADJ FO1

_ R2
Vour = VREF (1 Bl

https://www.analog.com/media/en/technical-documentation/data-sheets/108345fh.pdf



Variante pentru curenti mari

* Tensiuni mici (<3.3V) & curenti mari (5A)
https://www.ti.com/lit/ds/symlink/lms1585a.pdf



https://www.ti.com/lit/ds/symlink/lms1585a.pdf

Variante pentru curenti mari

* Tensiuni mici (<3.3V) & curenti mari (5A)

https://www.ti.com/lit/ds/symlink/lms1585a.pdf

10 uF A

R2

*— Vour

~ 10 uF



https://www.ti.com/lit/ds/symlink/lms1585a.pdf

Variante pentru curenti mici

e http://www.ti.com/lit/ds/symlink/lp3964.pdf
* dropout — 340mV la 800mA



http://www.ti.com/lit/ds/symlink/lp3964.pdf

Surse in
comutatie




Caracteristici

Transfer de putere de la o sursa DC sau AC la una DC

Reglarea tensiunii prin raportul dintre timpul de pornire si oprire (duty
cycle)

Eficienta mai ridicata decat regulatoarele de tensiune liniare

Mai complexe si mai scumpe

: Off On t
", i o Vn
‘: Vl’ VCI
50 L
e | B
| |
P T G T i e o — i b e e — L
T \ /\ -t



LM2679

* http://www.ti.com/product/lm2679

Feedback
0.01 uF
Input VIN |
Voltage O——=@ Boost Output
LM2679 - 5.0

8V to 40V .?: 0.47 uF L Voltage
Cin L& : Switch 22 uH 5V/5A

3x 15 uF/50v T T Softstart Ground Output + + C
Current 6TQO45S ouT

5.6k Limit T T 2x180uF/16v
—F nF Adjust
*—o ®



http://www.ti.com/product/lm2679

Schema bloc LM2679

Block Diagram

L1

i_ ______________________ "
|
Unregulated +,\ﬁn | 3.1 VInternal | ON/OFF
DC Input®© l 7 | Regulator ON/OFF | \g l
Cin - I l I =
Feedback : |
< —— |
| Current +—T— |
R2 | Fixed Gain _ Limit ] |
Cee 4 ! Error Amplifier - comparator _ |
i . Driver :
R1
| Freq Latch I
| Shift > Qutput
| 30 kHz 3.0Amp |
| 1.235V 7 Switch GND
| Band-Gap 150 kHz Reset Thermal | 3
| Reference Oscillator ese Shutdown | 1
I -

Ry —

D1 I Cout

Regulated
Output

Vout

© https://www.onsemi.com/pub/Collateral/LM2596-D.PDF



Variante

* http://www.ti.com/product/lm2679
* http://www.linear.com/product/LT8620

5V 2A Step-Down Converter

Vin

55VT065V 1 1 | W BST

4.7)F

- EN/UV
% «—rG SW
LT8620
—»| SYNC BIAS

10nF

| Iw—Fm/ss 8
b Hme

RT GND

|

fsw = 700kHz



http://www.ti.com/product/lm2679
http://www.linear.com/product/LT8620

Exemple module “ready to buy”

* https://www.optimusdigital.ro/ro/surse-coboratoare-reglabile/12258-modul-dc-dc-step-down-
Im2596-albastru-intrare-3-35-v-smd.html

* https://www.optimusdigital.ro/ro/surse-coboratoare-reglabile/150-modul-dc-dc-step-down-
Im296.html

* https://ro.farnell.com/texas-instruments/pth08t241wad/dc-dc-converter-1-o0-p-0-69-5-
5v/dp/3009735?st=dc-dc

* https://ro.farnell.com/cui/vxo7803-500-m-tr/dc-dc-converter-fixed-3-3v/dp/3595427?st=dc-dc

* https://ro.farnell.com/tracopower/tsr-1-2433/converter-dc-to-dc-3-3v-1a-sip/dp/1696319



https://www.optimusdigital.ro/ro/surse-coboratoare-reglabile/12258-modul-dc-dc-step-down-lm2596-albastru-intrare-3-35-v-smd.html
https://www.optimusdigital.ro/ro/surse-coboratoare-reglabile/12258-modul-dc-dc-step-down-lm2596-albastru-intrare-3-35-v-smd.html
https://www.optimusdigital.ro/ro/surse-coboratoare-reglabile/150-modul-dc-dc-step-down-lm296.html
https://www.optimusdigital.ro/ro/surse-coboratoare-reglabile/150-modul-dc-dc-step-down-lm296.html
https://ro.farnell.com/texas-instruments/pth08t241wad/dc-dc-converter-1-o-p-0-69-5-5v/dp/3009735?st=dc-dc
https://ro.farnell.com/texas-instruments/pth08t241wad/dc-dc-converter-1-o-p-0-69-5-5v/dp/3009735?st=dc-dc
https://ro.farnell.com/cui/vxo7803-500-m-tr/dc-dc-converter-fixed-3-3v/dp/3595427?st=dc-dc
https://ro.farnell.com/tracopower/tsr-1-2433/converter-dc-to-dc-3-3v-1a-sip/dp/1696319

Boost — LT3580

* http://cds.linear.com/docs/en/datasheet/3580fg.pdf

Vour

4.2uH
Vin C
—® L 2 12V
oV | | ») | 550mA
Vin SW 10uF
SHDN GND I
LT3580 130k
RT FB FMV\V-
VC
SYNC SS
| 10k
— 22uF & 75k l 0.1puF
l 1nF
I 3580 TAO1


http://cds.linear.com/docs/en/datasheet/3580fg.pdf

Exemple module “ready to buy”

* https://www.optimusdigital.ro/ro/surse-ridicatoare-reglabile/160-modul-dc-dc-boost-
x16009.html

Buck-boost:
* https://www.optimusdigital.ro/ro/surse-ridicatoare-coboratoare/8275-sursa-
coboratoareridicatoare-de-tensiune-de-24v-cu-regulator-s18v20f24 .html

¢, ovtimus gl ? Optimus Digital
a



https://www.optimusdigital.ro/ro/surse-ridicatoare-reglabile/160-modul-dc-dc-boost-xl6009.html
https://www.optimusdigital.ro/ro/surse-ridicatoare-reglabile/160-modul-dc-dc-boost-xl6009.html
https://www.optimusdigital.ro/ro/surse-ridicatoare-coboratoare/8275-sursa-coboratoareridicatoare-de-tensiune-de-24v-cu-regulator-s18v20f24.html
https://www.optimusdigital.ro/ro/surse-ridicatoare-coboratoare/8275-sursa-coboratoareridicatoare-de-tensiune-de-24v-cu-regulator-s18v20f24.html

Comparatie

Linear Regulators

Low Cost (low power DC applications)
Simple to design

High PSRR (low noise)

Low efficiency if Vy < V;

Bigger heat losses than SMPS

Switch Mode Power Supplies

L1
M2 100 pH

jiapmantil

D1
+ )Vt (pwm) N4 c1
(— 127V %0 560 pF

R1
load Q

VVA

* Higher efficiency
* More W/cm?

* Lower cost than linear supplies when used in
AC-DC conversion (especially for high power)

* Source of EMI and can cause EMC problems
* Complex design (requires skilled engineer)

* Slower transient response



AC mains -> low DC

e




Surse AC — DC liniare

AC Intermediate Output
Line Voltage Voltage Voltage
Vin Vour
Linear Regulator J_
” — — FB

GND —|_

© https://www.analog.com/media/en/technical-documentation/tech-articles/how-the-smart-
hardware-engineer-can-easily-design-power-supp.pdf



Surse AC — DC In comutatie

* http://ro.farnell.com/myrra/47152/power-supply-4-5w-5vdc-

reg/dp/1825779

Filtering Transformer
Y L ., - H "
B._ré_' C
9~ 26V o — Control IC j (,: —
AC or DC ZS :\)) t

Rectifier Switch & Rectifier &
control Filtering


http://ro.farnell.com/myrra/47152/power-supply-4-5w-5vdc-reg/dp/1825779
http://ro.farnell.com/myrra/47152/power-supply-4-5w-5vdc-reg/dp/1825779

Example surse AC-DC

* https://ro.farnell.com/tdk-lambda/cus100mei12-a/power-
supply-medical-ac-dc-12v/dp/2913441

» https://ro.farnell.com/stontronics/pd-100-12/power-supply-

enclosed-12v-100w/dp/3375267

* https://ro.farnell.com/multicomp-pro/mp003282/power-
supply-ac-dc-24v-3a/dp/3408561



https://ro.farnell.com/tdk-lambda/cus100me12-a/power-supply-medical-ac-dc-12v/dp/2913441
https://ro.farnell.com/tdk-lambda/cus100me12-a/power-supply-medical-ac-dc-12v/dp/2913441
https://ro.farnell.com/stontronics/pd-100-12/power-supply-enclosed-12v-100w/dp/3375267
https://ro.farnell.com/stontronics/pd-100-12/power-supply-enclosed-12v-100w/dp/3375267
https://ro.farnell.com/multicomp-pro/mp003282/power-supply-ac-dc-24v-3a/dp/3408561
https://ro.farnell.com/multicomp-pro/mp003282/power-supply-ac-dc-24v-3a/dp/3408561
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Releul

Element electromecanic

Ccand un curent electric
strabate bobina, aceasta
atrage o lamela metalica,
care realizeaza un
contact electic

cand curentul ce
strabate bobina dispare,
lamela metalica este
readusa de catre un arc
In pozitia initiala

Diode

y To Ground
N

To 0-5V
Digital Output

Z
N\

Input

14

Load

Load

Fuse
(Optional)



NPN

=0
NC NO
Flywheel .
Diode Relay
, -
1 — ~
UJ t 1kQ -
B NPN
‘1 VAV BC109
1k == TR =
vin L) % 1
Ov'
O O

|||

© http://www.electronics-

tutorials.ws/blog/relay-switch-circuit.html



Darlington NPN

+Vece

+ O
NC NO
Flywheel d
Diode lay |- _\
NPN C
1 BC109
od L 1k
._JA'\*IA'IV-"II
NPN
T TR: 2N2222
Vin <
l 1000 ::;‘ TR,
D'v’
O 1 O

© http://www.electronics-
tutorials.ws/blog/relay-switch-circuit.html



ULN 2003

U1
COM
cCOoM
*——o L Output C

TV toska ULN2003 l
Input B ’—4
I: 1B K1 -—=
—( 12V
2

72kQ | 3kQ ]E

| +

1C

E
< v1

77 I

ULN2003 RELAY DRIVER

© Texas Instruments ULN2003 DS © https://electronics.stackexchange.com/



https://electronics.stackexchange.com/
https://electronics.stackexchange.com/

ceaveu v- 2 S R I SR

A

“Drivere motoare” B §
DOF  —Mm—

Vin
S2 S4

* Puntea H
« Comuta polaritatea unei tensiuni aplicata sarcinii
* Functionare inainte si Thapoi
« Exemple de implementare

" Lodic [Weg) 5v5A e - A2v

T MOSFET's = Jamp H Bruige 5
< sz [ ?.gx 10k 'i' "b
<:]__4FC:F4&g: ;k. i; §£%{:}__ . 1;<::;2p4z npf;::> "

10k 10k

N sv R .———QEEEB (:;E}_% F___
BCI38 BC338
10k Q

P41 nPat

() oy
R2 U R4

A and [ must NEVER both be HIGH




Brushed Motor Drivers

* https://www.optimusdigital.ro/ro/drivere-de-motoare-cu-

perii/145-driver-de-motoare-dual-
1298n.html?search_query=1298&results=5

S


https://www.optimusdigital.ro/ro/drivere-de-motoare-cu-perii/145-driver-de-motoare-dual-l298n.html?search_query=l298&results=5
https://www.optimusdigital.ro/ro/drivere-de-motoare-cu-perii/145-driver-de-motoare-dual-l298n.html?search_query=l298&results=5
https://www.optimusdigital.ro/ro/drivere-de-motoare-cu-perii/145-driver-de-motoare-dual-l298n.html?search_query=l298&results=5

Stepper Motor Drivers

* https://www.sigmanortec.ro/Driver-motor-pas-cu-pas-

ULN2003-p126284051

38


https://www.sigmanortec.ro/Driver-motor-pas-cu-pas-ULN2003-p126284051
https://www.sigmanortec.ro/Driver-motor-pas-cu-pas-ULN2003-p126284051

Brushless Motor Drivers

* https://cleste.ro/driver-motor-dc-brushless-maxon-
motor.html?utm_medium=GoogleAds&utm_campaignh=&utm

source=

cle)


https://cleste.ro/driver-motor-dc-brushless-maxon-motor.html?utm_medium=GoogleAds&utm_campaign=&utm_source=
https://cleste.ro/driver-motor-dc-brushless-maxon-motor.html?utm_medium=GoogleAds&utm_campaign=&utm_source=
https://cleste.ro/driver-motor-dc-brushless-maxon-motor.html?utm_medium=GoogleAds&utm_campaign=&utm_source=

Consum de
energie




Consumul de energie

* In tehnologia CMOS: P ~ V2, - f
* Tranzitiile costa

* Ce tranzitii avem cand in cod avem while(1); ?
« Incd se executd instructiuni, PC se modifica etc.
« Toate timerele active numara
« ADC-ul poate sa fie activ

» Seriala poate transmite/receptiona
» Circuitele de input GPIO sunt active

* Power management - procedeul prin care restrictionam ce
poate face procesorul



ATMega328P Power Management

 Mai multe stari de power management
* Mai putine periferice
* Mai putine ceasuri active
* Mai putine metode de revenire

e Periferice dezactivabile manual

* PRR - Power Reduction Register

« Un bit pt fiecare periferic: ADC, USARTO, SPI, Timer/Counter1, Timer/CounterO,
Timer/Counter2, TWI(I?C)

* One reserved bit (bit 4)



Stari de lucru

Table 9-1. Active Clock Domains and Wake-up Sources in the Different Sleep Modes.

Active Clock Domains Oscillators Wake-up Sources

B 5
o = © —
2 = 8o 2 o o
ScS G oo 9 12 =
o u * S 35 o o
= o (@) Z © S wl O = =
O30 - - S b4 L = g (@)
£5 @9 - - = o kE 2 &0
S = a 92 £ %0
Sleep Mode =5 F z5| P & < = & an
Idle X X X X X X X X X X X X
ADC noise X X X X®@ X®) X X@ X X X
Reduction
Power-down X©®) X X X
Power-save X X X@®) X X X X
Standby(" X X®) X X X
Extended ) ) 3)
Standby X X X X X X X X

Notes: 1. Only recommended with external crystal or resonator selected as clock source.
2. If Timer/Counter2 is running in asynchronous mode.
3. ForINT1 and INTO, only level interrupt.



Stari de lucru - consum

28 3 DC Characteristics
= —-40°C to +125°C, V¢ = 2.7V to 5.5V (unless otherwise noted)

Active 4MHz, V- = 3V

Active 8MHz, Vg = 5V 5.2 10 mA
Active 16MHz, Ve = 5V 9.2 14 mA
Power supply current(!)
Idle 4MHz, Ve = 3V 0.25 0.6 mA
Idle 8MHz, V¢ = 5V | 1.0 1.6 mA
ldle 16MHz, V¢ = 5V cc 1.9 2.8 mA
WDT enabled, V¢ = 3V 44 MA
WDT enabled, V¢ = 5V 66 MA
Power-down mode® _
WDT disabled, V¢ = 3V 40 MA
WDT disabled, Ve = 5V 60 UA

Notes: 1. Values with Section 9.10 “Minimizing Power Consumption” on page 36 enabled (OxFF).
2. Typical values at 25°C.
3. The current consumption values include input leakage current.



Registre

* SMCR - registru control sleep
* biti SM - modul in care sa intre
 SE - sleep enable (se poate intra in sleep)

* sleep - instructiunea care intra in sleep efectiv
* Cu ajutor / Fara ajutor

void main () void main ()
{
while (1) while (1)
{

do_stuff(); do_stuff ():
set_sleep_mode (SLEEP_.MODE.IDLE ) : SMCR = (1 << SE): // pentru bitii SM2..0 — 0 este IDLE
leep-mode () —-asm__ __volatile__ ( "sleep” "\n\t" :: ):
S1eep- ' SMCR = 0:

}
} } }



Exemplu aplicatii

* Un termometru cu afisaj digital

* O data la 1s masoara si schimba afisajul

» Afisaj conectat prin SPI foarte eficient

* Cum minimizam consumul microcontroller-ului?



Datele problemei

* Presupunem un consum mediu de 100pA pentru senzor si display
* Avem la dispozitie o baterie de ceas CR2032 de 200mAh si 3.3V

* Presupunem ca putem folosi toata capacitatea

« Avem un cristal de cuart, de 8MHz

« ADC configurat initial cu prescaler maxim 128

tconversie = 13 CICLUADC - 128 - teicucpy
tconversie = 208ps = 200ps
« Consumul pe SPI presupune schimbul a 100 bytes la 4MHz.
100 = 8
2000000°
tcomunicare = 200MS
* Neglijam restul operatiilor

tcomunicare



Calcul consum activ

) ICCtotal B ICCACtiV,SMHZ,S.SV(1 + IADC + ISPI + ITIMl)

* Icc,. .y = 3MA - (1+ 0.042 + 0.027 + 0.016)
* Iec,. .y = 3MA - (1+ 0.042 + 0.027 + 0.016) = 3.255mMA
Figure 35-40.ATmega328P: ADC Current vs. V¢c (AREF = AV() PRR bit Additional Curl'e nt consumption
e e compared to Active with external clock
140 — — 25 (See and )
. :: // PRTIM2 3.8%
E // PRTIM1 2.6%
/// PRTIMO 1.6%
0 PRADC 4.8%
1.5 2 2.5 3 VC:ZS(V) 4 4.5 5 5.5 PRSPI 28%

https://ww1l.microchip.com/downloads/en/DeviceDoc/ATmega
48A-PA-88A-PA-168A-PA-328-P-DS-DS40002061B.pdf



Grafic de consum

Capacitate

61.1h

200
3.26 +0.01

consum

° tbaterie

/(

3.255mA .

B T —

o P e e e e e e e e e e e e ey

- B -

- e o e e e e e e e e e o s e

- B -

- e e e e e e - o -

tick
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tick
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Calcul consum activ optimizat

* Daca folosim PRR sainchidem ADC si SPI cand nu avem nevoie?
(1 + IADC + ITIMl) = 3.174mA

CCcomunicatie ICCACtiV,SMHZ,3.3V(1 + Isp; + Itim1) = 3.129mA

° ICCrest = ICCActiV,SMHZ,S.SV(l + Itim1) = 3.048mA

( ] —
ICCadc ICCACtiV,SMHZ,S.SV

16
% PRR bit Additional Current consumption
compared to Active with external clock
” = : See and
2 ol P 5 PRTIM2 3.8%
o B R oo s
2 e e = - PRTIM1 2.6%
I e e B I ..«/_;E’ﬁf'_"’d e
: W R . ——— Al PRTIMO 1.6%
e =i
g =" PRADC 4.8%
0 2 4 6 8 10 12 14 16 18 20 PRSPl 28%

Frequency (MHz)



Curent mediu

* Curentul mediu este media ponderata pe timpi

o ] _ 2lccy* tx
CCmediu Yty

o — Iec pnpersie® Leconversie ¥ 1CC.omunicatie™ tcomunicatie t 1CCyreoge* trest
CCmediu teotal

o] _3.174 x200 +3.129 ¥200+3.048 999600
CCmediu 1000000

° ICCmediu = 3.048 mA



t
65.3h

imiza

200mAh

3.05mAa + 0.01mA

consum

Capacitate

3.255 A7)

3.048mA T

Grafic de consum opt

* tbaterie

52

tick

tick

tick



ldle Mode

* Putem folosi Idle Mode, cu wake-up pe intreruperea de
TimerT

 Putem numara maxim 4s
* Alegem intrerupere de Timer1 la 1s
* Neglijam timpii de intrare/iesire din Idle

¢ ICCIdle — ICCIdle,SMHZ,S.BV(1 + ITIMl,Idle) — 0.8 * 1.06 — 0.848mA



Curent mediu Idle Mode

*lec .. = 2 leey* tx
mediu Y ty
. ICCmediu — Icc onversie® teonversie T ICC.omunicatie* tcomunicatie T ICCig1e* trest
Ltotal
o ICC = 3.174 *x200 +3.129 *x200+0.848 *999600
e 1000000

) ICCmediu = 0.848 mA



Grafic de consum Idle Mode
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Alte stari de power saving

 Power-down - cel mai eficient mod de (ne)lucru
 Poate fi trezit cu: intrerupere externa, I“C, watchdog
« Consum la 25°C de 0.2uA fara watchdog
* Noi am avea nevoie de watchdog sa-| trezim - 4pA

* Power-save - Adauga timer-ul 2 daca functioneaza cu cristal
propriu
« Consum la 25°C, 3.3V de 0.75pA fara watchdog



Curent mediu Power-save Mode

* Curentul mediu este media ponderata pe timpi

. ] _ Zlccg* tx
CCmediu Yty

. _ Icc pnpersie® Leconversie ¥ 1CC.omunicatie™ tcomunicatie T 1CCpower—save * trest
CCmediu trotal

. ] _3.174 %200 +3.129 *200+0.00075 *999600
CCmediu 1000000

¢ ICCmediu — 159 U.A



Grafic de consum Power-save Mode

Capacitate

17256h =~ 719zile

e Consumul MCU-ului este de 2047 ori mai mic
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Optimizari ADC

* Senzorul ofera o scara de 10mV/1°C, cu o precizie de 0.5 °C

* Rezolutia ADC-ului este de 10 biti, la 3.3V = 3.22mV
* Nu putem reduce rezolutia ADC-ului
* Frecventa ADC-ului trebuie sa fie intre 50 si 200kHz
« Cu PS 128 la 8Mhz este la 62.5kHz - putem reduce prescaler-ul de 2
ori
* Pentru rezolutie mai mica, puteam reduce la PS 16 sau 32



Curent mediu cu ADC rapid

* Am redus prescalar — ul de la 128 la 64
teonversie = 13 CICLADC * 64 - teiciucpu
tconversie = 104ps = 100ps

* Curentul mediu este media ponderata pe timpi

*lec. o = 2 ey
mediu Y ty
. _lcconpersie tconversie T ICComunicatie™ tcomunicatie T ICCpower—save * trest
CCmediu ~— trotal
. ICC = 3.174 100 +3.129 *200+0.00075 *x999700
mediu 1000000

¢ ICCmediu = 127|1A



Optimizari frecventa

 Dar daca am face totul mai incet?
* IMHz MCU, SPI 500kHz (minim /2 prescaler)
« ADC prescaler 8 - 125000
teonversie = 13 CICUADC - 8 * teiciucpuy
tconversie = 104ps = 100ps
 SP|I dureaza mai mult

100 % 8
Lcomunicare = 500000

s =1.oms



Calcul consum activ 1IMHzZ

lccactivimuzssy(1 + lapc + Ispr + Itim1)
= 0.55mA - (1 + 0.042 + 0.027 + 0.016) = 0.597mA

o
ICC total

o
ICC total

’ ICCconversie . ICCActiv,lMHz,B.BV(1 & IADC i ITIMl) = 0.588mA
(1 + ISPI + ITIMl) = 0.573mA

) —
CCcomunicare ICCActiv,lMHz,B.BV

16
5 PRR bit Additional Current consumption
el compared to Active with external clock

:; Sl — 55 (See and )
< L~ |~ 5,
E 8 it i ,,.2 PRTIM2 2.5%
9 s /_,- o 36 o

< i BTl P — — PRTIM1 1.6%

« e g1 [

o — =y ' PRTIMO 0.7%
2 i S B —27
L= PRADC 4.2%

0 2 Rkl 6 8 10 12 14 16 18 20

Frequency (MHz) PRSPI 2.7%



Curent mediu cu 1TMHz

* Curentul mediu este media ponderata pe timpi

. ] _ Zlccg* tx
CCmediu Yty

ICCconversie* Lconversie T ICCcomunicatie* tcomunicatie t 1CCrpst* trest

o
CCmediu ttotal
. 0.588 100 +0.573%*1600+0.00075 x998300

o |
CCmediu 1000000
L —
Iec. . =098 uA

e Consumul mediu al MCU-ului este de 3300 ori mai mic

* (): cat consuma celelalte componente?



Alte optimizari

» Estimarea intregului cod (am ignorat mult)
» Scaderea tensiunii de alimentare (alta baterie?)
 Modelarea consumului pentru nivele de baterie diferite

« Schimbarea cerintelor pentru optimizari in plus
 Trebuie neaparat la 1s pentru temperatura?
* Trebuie neaparat facut update la ecran daca nu s-a schimbat nimic?

* Optimizari pe partile ignorate (senzor, LCD)



Concluzii

* Cele mai mari economii - Ildle sau Power-save
* Premisa - avem deja inchise toate perifericele nefolosite
* Premisa2 - Avem un timp de repaus mare intre procesari

 ATMega328P in general e mai eficient per MIPS la frecvente
mai mari pentru aceeasi tensiune

* Depinde si de ce alte operatii mai facem
* Degeaba reducem frecventa daca nu reducem si tensiunea

OBS - limitari practice!



