Obvody zdroju

Richard RUzicka



lded

ni a skutecny zdroj

o C

P

Uz

-

C

I

Uo

Uz

[2

[k



Jak udrzet napéti na spotrebici konstantni?

1
TR y{ 10 A
’ 1 Y Zdroj s linearni requlaci
. + 50V - §
Vi (+) P, =500W R 5 y V sérii se spotrebicem
100V N § i 5Q9 50V jeregulacni prvek,
funguje Il. Kirchhofflv z.
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mezi regulacni prvek a
I spotrebid.
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Jednoduchy stabilizator vystupniho napéti

V tomto misté se \
udrzuje Uy, + U
tranzistoru Q1.
To je dle délice R1/R2
praveé polovina
vystupniho napéti. J

Protoze Up, je stabilni, zvySeni Ug, zpUsobi zvySeni Uge a tim otevieni Q1.
Otevieny Q1 snizi napéti v bazi Q2 a tim snizi napéti na vystupu (a na R2).



Obecny linearni stabilizovany zdroj
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Integrovany linearni stab

lizator

S pevné nastavenym vystupnim napétim - priklad

-
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8-15 W J_ LW
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2 3
Pin No Name Function
Input Input Voltage (5 to 18 V) . vr ’ ’
! P Vstupni napéeti musi byt
2 Grognd Ground vzdy o tzv. ,dropout*
3 Output Output Regulated Voltage (4.8 to 5.2 V) Vétéll nei pozadova né
vystupni napéti.
7805 Pinout U 7805 je to min. 2V.

www.TheEngi neeringProjects,conJ

Vyrabi se od roku 1972, nejCastéji vyuzivany pro 5V, ale existuje pro celou fadu napéti, i zapornych.



Integrovany linearni stabilizator

s nastavitelnym vystupnim napétim - priklad

LM317

3 5 Pin Arrangement
i [y 2
LM317
RZ2
1 240 ohm
Vin (28V Max) s -
- — v out
0.1uF 10uF

21 1. Adjust
5K 2. Vout

" " 3. Vin

Typical adjustable requlator using LM317

Vout = 1.25V (14 (R2/R1)) + (1 adjx R2)

www_circuitstoday com

Heatsink is connected to pin 2



Jednoducha nabojova pumpa

... jako zdroj zaporného napéti:

3-15U + C2
cca 588 Hz

Pfi log. 0 na vstupu je otevien T1, kondenzator C1 se nabiji pfes D2.

Pfilog. 1 na vstupu je otevien T2, ktery pfipojuje + od C1 na zem,
D1 je oteviena a tak se C2 nabije na zaporné napéti (vaci zemi).



Kondenzator, ktery se nabiji ,obracene”
C1 D2
+
| K]
D1

- il

Jsou tfeba dva kroky — nejdfive nabit C1 a pak pfelit naboj do C2.
Pokud se naboj z C2 odCerpava, je tfeba periodicky ,pumpovat”.

C2




Nabojova pumpa jako hotovy obvod

Typical Application

LM2776
27Vt 55V VIN @ up to 200mA
* VIN VOouT r -
il A N
I 22 L:I EN C1+ E.Z uF
= e GND - TuF = Obvod obsahuje kromé

nabojové pumpy i linearni
reguldtor zaporného
napéti.

Typical Application

LM27761
VIN VOUT
c2 |
47 uF
H EN
VFB
Ci+ CPOUT
c
1pF




Priklad vyuziti
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Prevodnik signalu Cislicového rozhrani z béznych urovni obvodt TTL/CMOS
na urovné pouzivané na komunikacni lince standardu RS-232 (napf. porty COM).
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Spinany zdroj (switching power supply)

.................................................................................... ]
1 i 10A
0 ——
S +
v 12 ’
g 0 R § w(t)
100 V 50V
Vs(t) A v o , o . ] . - ‘v
g PrepinacC ,davkuje” energii do spotrebicCe.
v.=Dv, Vysledkem je stfidave napéti, jeho
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H H H — T
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... jenze nas signal obsahuje jesté spousty dalSich harmonickych slozek.
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Spinany zdroj — ,,Buck Converter’

oo
( +)
-/
[
=
0
| 1
]
=
M
=

Protoze potfebujeme pouze
stejnosmérnou slozku,

Oudput Ripple
Volage
20m¥ i

pridame LC filtr (dolni propust),
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Spinany zdroj —,,Buck Converter”

(1)
Ve
V=DV, 1 (s
---------- Vsz‘T—SJ;) vb(l‘)dt:DVg
0
: : : S
—or, DT,
switch i
position. ] 2 1

Stejnosmérna slozka napéti na vystupu zdroje (na zatézi) zavisi na pomeru mezi
dobou, kdy je spinac v poloze 1 a v poloze 2 — hodnota D.

V ramci periody muze D nabyvat hodnot z intervalu <0,1> (&i v % 0-100).
Hodnoté D fikame STRIDA (angl. Duty Cycle).

Rizeni stejnosmérné slozky pulsniho signalu se fika Pulsné-$ifkova modulace
(angl. Pulse-Width Modulation, PWM).




Realizace
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Moderni , Buck Converter” - priklad

-

I3 TExAS
INSTRUMENTS TPS560430
SLVSEZ22B —-SEPTEMBER 2017 -REVISED JUNE 2018

TPS660430 SIMPLE SWITCHER® 4-V to 36-V, 600-mA Synchronous Step-Down Converter

Simplified Schematic Efficiency vs Output Current

Vour = 5 V, 1100 kHz, PFM
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I3 TEXAS

INSTRUMENTS TPS560430

SLVSE22B —SEPTEMBER 2017 -REVISED JUNE 2013
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Eﬂmmnmn—-\m-p(—mw-nnm-—nn‘
| | | &

' Vourag [10mVidiv] g ' “ g .

| iL[500mA/div]
N NN SNAAANNANN NS
; ; Time [2us/div] |

loyt =0 mA FPWM Version

Figure 19. Ripple at No Load
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Figure 23. Load Transient

TPS660430 SIMPLE SWITCHER® 4-V to 36-V, 600-mA Synchronous Step-Down Converter
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Jina varianta — , Boost Converter”
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Realizace

_Boost converteru”
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Porovnani
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Buck-Boost — invertujici menic
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Efektivita ménice napeéeti

Zadny méni¢ neni idedlni, vidy na ném &ast pfenasené energie ztratime.

Nejkriti¢téjsi byvaji ztraty na redlném odporu civky (tzv. copper loss) a pak také na spinaci
(tranzistoru), pripadné rychlost prepnuti (dioda).

Very Light
Load

4

II]: I : I
—. 951 | |LightLoad High Load
£ | :
3 851 | I ——
ks ! !
A ” IfCurrent V-l | Load
m Ripple Overlap: Current

5 L] L L] ! T L r_#
0 200 400 600 800 1000
Gate Load Current [mA]



Priklad step-up ménice

ktery umozni systemu bezet z jednoho clanku

10pH
MAX1724. "
°bé2|' Od O 8 V 0.8V TO 5.5V BATT LX
’
(i s dost vybitym ¢lankem) ; MAX1724
’ v out
[ J
vystup 3,3V, az 150 mA o, - Gl
(existuje i verze s nastavitelnym T T
GND —

vystupnim napétim 2 -5,5V)

*vl. spotreba 1,5 YA, ucinnost az 90% =
(U€innost je horsi pro maly odbér nebo pfi slabé baterii)

*malé rozmeéry: 2 x2 x 0,75 mm



K cemu nam to je?

Invoviosowr ) B TP o s
inveriei LLSpLay
hackliohtino
VW‘J'VE&é'L"’.é
— - ¥
ta\) | Charger
P S PWM e 5 4 Buck Microprocessor
v (1) {(~ 5 e
acl?) U Rectifier == converier Power |
iE ; management
N
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85_265 ‘£~~ B Lithium Boost Disk
it 21 i battery converter drive
l
i

. hapfiklad zdrojova soustava notebooku.



K cemu nam to je?

aTa

aTe

control bus

Y

converter

DC-DC

ac machine ac machine
} | [ ]
Inverter Inverter
battery L [
+ 1 (
Jeac line Battery
charger ==
S0/60 Hz Ve
T ) 15
Inverter Inverter
Variable-frequency ) T 11
Variable-voltage ac
ac machine ac machine

=5

=L

... pohon elektrickych vozidel.

Low-voltage
dc bus

uP
system
controller

Vehicle
electronics




K cemu nam to je?

+ Thermal Energy Harvesting Assisted
Power Management System
s Moyt Tracks the Primary Battery

"é‘o PN < Voltage
T RS - QNG « 22V LDO Output
» Reserve Energy Output, Clamped to
4.3V

s Operates from Inputs as Low as 20mV
+ Battery In-Use Indicator (BAT _OFF)
+ |z from Battery:
o 80nA When Energy Harvesting
o BpA with No Energy
Harvesting
s+ Standard Compact Step-Up
Transformer
s 5Small, Thermally Enhanced 10-Lead
Imm x 3mm DFN Package

,Energy harvesting“ aplikace — napfiklad zde: obvod s méniCem, ktery dokaze
vyuzivat malé napéti z termoelektrického generatoru, kdyz je k dispozici a
Seftrit tak baterii.



Kmitajici obvody

Oscilatory, multivibratory, zdroje hodinového signalu a jeho uprava



Kmitajici obvod
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Figure3 Typical Oscillator
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Zesilova€ by mél dodavat
prave tolik energie, kolik se
ztrati ve zpétné vazbé.

Pak jsou kmity ustalené (c).

ATARA
TAVTAY
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Oscilatory a multivibratory

R




Fazorovy diagram ridiciho obvodu pro RC oscilator

UC3
01 | Cz | ] Cs Obr. 8.6.1
o ;
I L
R, R; Ra|Ugr; = U,
O -0
.J‘l \‘1‘-
Uca ': I 60°
\.,60°  60°



Kruhovy oscilator
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Oscilatory s krystalem

Pro vétsi stabilitu kmitocCtu, v informatice velmi pouzivané.
Krystal je pasivni soucastka, oscilator je obvod, v némz se periodicky méni napéti. Vynalezen 1929.
Krystal se do obvodu oscilatoru vklada typicky do zpétné vazby.

Krystal se chova jako RLC rezonancni obvod. V sériové rezonanci ma nejnizsi impedanci, proto obvod
se zpétnou vazbou kmita na jeho sériovém rezonancnim kmitoctu.




Krystal — obvodova soucastka

== Co ated
ShdItE Electrode

Ceramic
Base

(Fig7)  (a) Metal can type resonator : Ill CHH

{b) Ceramic SMD type resonator ) CL
(c) Symbol of crystal unit (c]




Priklady krystalovych oscilatora
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Zapouzdreneé krystalové oscilatory

= kmitajici obvody s krystalem. Cormrie__
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Hodinky

Quartz = kfemenny krystal

Typicky rezonancni kmitoCet je 32 768 Hz.
Dobre se déli binarni délickou (21%) na

sekundové impulsy.

Pro stabilizaci chodu hodinek se krystal pouziva od roku 1967.
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: Si1570/Si1571
SILICON LABS

10 MHz To 1.4 GHz I°C PROGRAMMABLE XO/VCXO

Features

®  Any programmable output m Internal fixed crystal frequency
frequencies from 10 to 345 MHz and ensures high reliability and low
select frequencies to 1.4 GHz aging

m 12C serial interface m Available LVPECL, CMOS,

; : : VDS, and CML outputs
= 3rd generation DSPLL® with supernor :
it perkormisice m Industry-standard 5x7 mm

o kage
m 3x better frequency stability than e :
S5AW-based oscillators .} Btee/Ro s Conpliat

m 18 25 or33Vsupply

Applications

W CLKE- CLE+
m SONET/SDH m High performance -~ r
m xD5L instrumentation ri
= 10 GbE LANWAN m Low.jitter clock generation % ’—{D}—‘
m ATE m  Optical modules oE—
m Clock and data recovery Fixed 10-140C MHz
Frequancy |— DEPLL Clock
15 = L SDA L X0 Synthesis
o P i —— }
gl

GND




Schmittav klopny obvod

I/md
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2. Conventional CMOS S/T implementation (from [4])

?
T R 2
i € Va
Fig. 1. S/T hysteresis



Single Threshold
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Fazovy zaves

angl. Phase-Locked Loop, PLL

JUULN

Phase | __

Vep

b

Filter T Ve

High
frequency
Fout=N Fyet

High frequency
Voltage controlled
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Low
frequency clkIn
Frer —
detector
faze vstupniho Yow
signalu se frequency

signal

porovhava

Counter
divide by N

[t
j

s faz NAVAVAVA

vystupniho

... protoze faze je derivaci frekvence, bude presnost frekvence vystupu
zavisla na presnosti frekvence vstupu.



Regulacni smycka fazoveho zavesu

Phase detector
changes

JUWUA

Ve is increased

"

if clkIn[— Veo
in is increased = — ase |5 : ]
r detector ENter Ve high
frequency
clkDiv High frequency
Voltage controlled

Clock i oscillator
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K cemu se to da pouzit?

Loy

frequency fi, ———m{ Phase Lock

loop

High
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faut = 16fip

Uy
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(21 PLL used to accelerate clock signals

Clock
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Phaze Lock
loop
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-

AN

o~

(] PLL u=sad for freguency demodulation
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