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Hodinovy signa

 Elektricky signal, ktery stfidaveé nabyva hodnot log. 0 a log. 1.
* Potrebuje jej kazdy sekvencni cislicovy obvod (také MCU), jeho zmény ,,zpUsobuji”

Zmenu stavu.
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Na co vsechno je v MCU hodinovy signal?

 Urcité jej potrebuje jadro MCU (procesor),
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Je vidét, Ze v MICU je vice rlznych hodinovych signal(, nékteré rizné upravené z jednoho zdroje kmitd,
dalsi z jinych (alternativnich) zdroju.



Zdroj kmitu - oscilator

* Mit jeden zdroj kmitu pro celé MCU muze byt neprakticke:

e Kdyz se hlavni zdroj ,,poroucha” (ulomeny krystal, prepsani konfigurace), MCU
by to ani nepoznal (zamrzne),

* kdyz hlavni zdroj hodin je ,,prilis Zravy” (cena za kvalitu) tfeba pro pouhé
cekani,

m) Proto je vstupem generatoru hodin
v MCU ¢asto vice zdroju nez jeden.



Zdroj kmitu

e Oscilator
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Oscilatory s krystalem
Pro vétsi stabilitu kmitoctu, v IT 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
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Oscilator bez krystalu?

e Bud RC (LC) oscilator

]
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* nebo (typicky pravé v Cislicovych obvodech) tzv. ,ring oscillator”
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Hodiny pro ruzné moduly MCU

* Mit jeden hodinovy signal pro vsechny moduly je neprakticke:
* Nekteré musi bézet pomaleji, nékteré rychleji,
* nekteré moduly musi bézet stalou rychlosti, u jinych se méni podle okolnosti.

=) Proto je vystupem generatoru hodin
v MCU d¢asto vice signdlu nez jeden.

... madme tedy vice zdroju kmitQ, z nichZ se generuji rizné
hodinové signaly. To ma v MCU Kinetis na starosti modul MCG.
Z jednoho zdroje je generovano vice hodinovych signald.



/meéena frekvence hodin

* Déleni kmitocCtu
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Fazovy zaves

angl. Phase-Locked Loop, PLL
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... protoze faze je derivaci frekvence, bude presnost frekvence vystupu
zavisla na presnosti frekvence vstupu.



Generator hodin v MCU Kinetis KLO5

Clock options for
some peripherals
(see note)

Core clock,
platform clock,
and system clock

Bus clock/
Flash clock

N

EXTALO[A]

Clock options for some
peripherals (see note)
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RTC CLKIN[X]

/

= HTC_CLKOUT
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Kde se bere signal?

e Zdroje kmitl hodinového signalu u MCU Kinetis KLO5:

" Internal Reference Clock (IRC) — vnitini zdroj 4MHz a 32kHz.

~J « System Oscillator — ,,vnéjsi” zdroj (kvalitu Ize ovlivnit vnéjSimi
soucastkami) — bud' krystal + oscilator v MCU nebo cely
—_ vneéjsi oscilator.

Tyto Ize pouzit jako hlavni
(pro jadro, sbérnici,...)

* Low-Power Oscillator (LPO) — 1kHz nezavisly oscilator v
modulu PMC (Power Management Controller)
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Low Power Oscillator (LPO)

e 1kHz nezavisly zdroj hodin,

* bézi ve vSech rezimech vCetné rezimu nizké spotreby a
spanku (s vyjimkou VLLSO0),

* Pouziva se:

e pro watchdog (aby se MCU mohl ,vzpamatovat® i kdyz
dojde k zastaveni hodin MCU),

* pro RTC, ktery bdi i v rezimech spanku,
* stejne tak i pro LPTMR.
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Internal Reference Oscillator

e Dva zdroje: 32 kHz a 4 MHz.

* Frekvence neni presna, ale lze vyladit.

Symbol | Description Min. Typ. Max. Unit Notes

fints_tt Internal reference frequency (slow clock) — — 32.768 — kHz
factory trimmed at nominal Vpp and 25 °C

fints_t Internal reference frequency (slow clock) — 31.25 — 39.0625 kHz
user trimmed

finti_t Internal reference frequency (fast clock) — user 3 — 5 MHz
trimmed at nominal Vpp and 25 °C

* 4 MHz zdroj lze jednoduse délit na
2 MHz, 1 MHz, 500 kHz, 250 kHz, (délitel je FCRDIV
125 kHz, 62,5 kHz a 31,25 kHz. v registru MCG_SC)

frekvenci z 32 kHz zdroje Ize zvysit pomoci FLL (nebo PLL).



System Oscillator

* Predpoklada vne MCU alespon krystal nebo rezonator, ktery udava
frekvenci:
e 32 -40 kHz
* 3—-32 MHz

* nebo vnejsi zdroj pravouhlého signalu (sttida 40-60%):
* 0—48 MHz.

Frekvenci Ize dale ménit naprogramovanim FLL nebo PLL, je-li treba.
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Zapojeni s krystalem
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Components Q
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Ground under
MCU package

VDD
Ground pour
(not ground
ring)

Vss/ .

GND

No signals or
components

under crystal
components!
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ProcC tolik moznosti?

* Vnitrni oscilator je Usporné reseni (netreba dalSich soucastek), ale
presnost (a stabilita) nemusi vyhovovat v nékterych aplikacich.

e Externi oscilator lze vyrobit daleko presnéjsi a stabilné&jsi.

* Oscilator kmitajici na desitkach kHz ma radové nizsi spotrebu nez
megahertzovy, ale je pro nékteré aplikace pomaly.

» Typicka frekvence 32,768 kHz, tzv. ,hodinkovy“ krystal — délenim 2% |ze
snadno ziskat presné 1s pulsy.
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Co vSechno umi MCG?

e Krmit“ MCU hodinovym signalem z interniho zdroje,
e krmit“ MCU hodinovym signalem z externiho zdroje,

* zmenit frekvenci hodinového signalu z interniho nebo externiho zdroje s pomoci FLL
(nebo PLL na nékterych typech).

To vSechno lze softwarove nastavovat

a plynou z toho (kombinovanim uvedenych moznosti) riizné rezimy cinnosti MCG.
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Rezimy MCG ...

IREFS=1 IREFS=0

CLKS=00 FLL Engaged FLL Engaged CLKS=00

PLLS=0 Internal (FEI) External (FEE) J PLLS=0

IREFS=1 IREFS=0

CLKS=01 CLKS=10

e B
BDM Enabled” g | Bypassed FLL Bypassed BDM Enabled =
ke Internal (FBI) External (FBE) A°" LP=0 ety P

IREFS=1
CLKS=01
BDM Disabled 3
and LP=1 y N
,* {(PLL Bypassed | IREFS=0",
¢~ \ External (PBE) } CLKS=10
! PLLS=1

Pozor, mezi rezimy nelze libovolné 1 or LP=0
preplnvat- DOVOlene preChOdy Jsou “\ PLL Engaged \ IREFS=0 ,/' vestavén PLL
vyznaceny v grafu: \, \Extemal (PEE) ) CLKS-0,
Entered from any state B b%tum;tgjtat(: ma; w;as ac1ltve
. efore entered stop, uniess
when MCU enters stop RESET occurs while In sgop.

BOM Enablec\l Pouze, pokud ma
' MCG modul MCU
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Rezimy MCG

IREFS=1 IREFS=0
CLKS=00 FLL Engaged FLL Engaged CLKS=00
PLLS=0 Internal (FEI) External (FEE) J PLLS=0

e IREFS=0
CLKS=01 CLKS=10
PLLS0 BRGS0 o
et (I BDM Enabled -
FLL Bypassed FIL Byposead ) o LR BDM Disabled
Internal (FBI) External (FBE) and LP=1

PLL Bypassed \ IREFS=0
External (PBE) J CLKS=10
PLLS=1
BDM Enabled
v Vv7s Y24 - V4 . or LP=0
MCU bezi primo z interniho zdroje
PLL Engaged IREFS=0
External (PEE) / CLKS=00
PLLS=1

— - Returns to state that was active
?1 er Mcrl(jm atny Si ? e before MCU entered stop, unless
when enters stop RESET occurs while in stop.
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Rezimy MCG

IREFS=1
CLKS=01
BDM Disabled
and LP=1

Internal (BLPI)

IREFS=0

IREFS=1

CLKS=00 FLL Engaged FLL Engaged CLKS=00

PLLS=0 Internal (FEI) External (FEE) J PLLS=0

IREFS=1 )

CLKS=01 CLKS=10

PLLS=0 PLLS=0 L FS=0
BDM Enableg BDM Enabled

or LP=0 FLL Bypassed FLL Bypassed of LP=0 D abled

Internal (FBI) External (FBE)

MCU bézi
primo z
externiho
zdroje

IREFS=0
CLKS=10

PLL Bypassed
External (PBE)

PLL Engaged
External (PEE)

Returns to state that was active
before MCU entered stop, unless
RESET occurs while in stop.

Entered from any state
when MCU enters stop
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Rezimy MCG

MCU bézi na hodinovy st

signal tvoreny FLL
z interniho zdroje.

IREFS=1
CLKS=01
BDM Disabled
and LP=1

Internal (BLPI)

IREFS=0
CLKS=00
PLLS=0

IREF
7, CLK{

FLL Engaged
External (FEE)

FLL Engaged
Internal (FEI)

IREFS- IREFS=0
CLKS=01 CLKS=10

s,
BDM Enabled BDM Enabled =

or LP=0 FLL Bypetan b el P BDM Disabled

Internal (FBI) External (FBE) and LP=1

PLL Bypassed \ IREFS=0
External (PBE) J CLKS=10
PLLS=1
BDM Enabled
or LP=0
PLL Engaged IREFS=0
External (PEE) / CLKS=00
PLLS=1

Returns to state that was active
before MCU entered stop, unless
RESET occurs while in stop.

Entered from any state
when MCU enters stop
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Rezimy MCG

IREFS=1
CLKS=01
BDM Disabled
and LP=1

Internal (BLPI)

MCU bézi na hodinovy
signal tvoreny FLL
z externiho zdroje.

IREFS=1

CLKS=00 FLL Engaged FLL Engaged

PLLS=0 Internal (FEI) External (FEE)

IREFS=1

CLKS=01 CLKS=10

b PLS0 oa CLKSAD
BDM Enabled” g | Bypassed FLL Bypassed BDM Enabled =
ke Internal (FBI) External (FBE) A°" LP=0 gr?dMLgffb'ed

PLL Bypassed \ IREFS=0
External (PBE) J CLKS=10
PLLS=1
BDM Enabled
or LP=0
PLL Engaged '\ IREFS=0
External (PEE) / CLKS=00
PLLS=1

Returns to state that was active
before MCU entered stop, unless
RESET occurs while in stop.

Entered from any state
when MCU enters stop
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Rezimy MCG

IREFS=1

CLKS=01
BDM Disabled
and LP=1

IREFS=0

IREFS=1

CLKS=00 FLL Engaged FLL Engaged CLKS=00

PLLS=0 Internal (FEI) External (FEE) J PLLS=0

IREFS=1 IREFS=0

CLKS=01 CLKS=10

BUSD e
BDM Enabled” g | Bypassed FLL Bypassed BDM Enabled =
ke Internal (FBI) External (FBE) A" -P=0 i

Internal (BLPI)

IREFS=0
CLKS=10
PLLS=1

BDM Enabled
or LP=0

PLL Bypassed
External (PBE)

MCU bézi na hodinovy
signal tvoreny PLL
z externiho zdroje.

PLL Engaged
External (PEE)

Returns to state that was active
before MCU entered stop, unless
RESET occurs while in stop.

Entered from any state
when MCU enters stop

25



Ja k fu nnge P I_I_ (Phase-Locked Loop)?

6l ——»
VP Phase Detector > Filter

82

VCO = O/P

Y

Y

A
]
A

* VCO = Voltage Controlled Oscillator
e generuje hodinovy signal, ale:

» faze tohoto signalu se porovnava s fazi vstupniho signalu
(ktery muze byt zlomkem signalu vystupniho).

* Protoze faze je derivaci frekvence, bude presnost vystupniho
signalu odpovidat presnosti vstupniho.



PovSimneéte si, ze

kombinace PLL a vnitFni
zdroj hodin neexistuje!

ProcC?

Protoze PLL je

presny zpusob

generovani hodin

(daleko presnéjsi nez FLL),
zato energeticky narocnéjsi.

Interni zdroj je ale
nepresny.

Nema to tedy smysl.
Utrati se energie navic,
ale nic lepsiho (oproti FLL)
bychom za ni nedostali.

IREFS=1 IREFS=0

CLKS=00 FLL Engaged FLL Engaged CLKS=00

PLLS=0 Internal (FEI) External (FEE) J PLLS=0

IREFS=1 IREFS=0

CLKS=01 CLKS=10

s LD s

BDM Enableq o BDM Enabled =

or LP=0 ;';:r':;f(a:;n FiL Bypeoead Y 1P-0 BDM Disabled
/ and LP=1

Bypassed

IREFS=1
CLKS=01
BDM Disabled
and LP=1

External (FBE) |

PLL Bypassed \ IREFS=0
External (PBE) J CLKS=10
PLLS=1
BDM Enabled
or LP=0
PLL Engaged
External (PEE)
Entered from any stslo Returns to state that was active
— before MCU entered stop, unless
when MCU enters stop RESET occurs while in stop.

IREFS=0
CLKS=00
PLLS=1
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Jak funguje PLL?

61 —»
VP Phase Detector| > Filter
82

Y

A
]

A

Y

VCO

» O/P

* Zpéetnovazebni regulacni smycka, délicka ve zpétné vazbé urcuje

pomeér mezi vstupni a vystupni frekvenci.

* Fazovy detektor porovna faze vstupniho a vystupniho signalu, rozdil
fazi vyjadri napéetim (kladnym nebo zapornym).

* Timto napétim se dolad'uje frekvence oscilatoru.

* Dolnopropustny filtr stabilizuje chod zpétné vazby (odstranuje Sum a

oscilace vystupu detektoru).
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PLL v MCG

A

XOSC

Funguje pouze
s externim oscilatorem

FRDIV

Y

Phase Detector

Y

VCO » O/P

Y

Filter

A

VDIVO

Kombinaci déliciho poméru preddélicky RDIV
a délicky ve zpétné vazbé VDIV lze dosahnout
Fady rlznych frekvenci vystupniho signalu.

Bit 7 4 | 3 2 1 0
MCG_C1 e CLKS FRDIV \ IREFS | IRCLKEN | IREFSTEN
Reset 0 0 0 o | o 1 0 0
Bit 7 6 5 4 | 3 2 1 0
MCG C6 feadl oo PLLS CMEOQ \ VDIVO
_ Write
Reset 0 0 0 o | o 0 0 0
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/droj

oro FLL

i — I
SCTRIM - IRCS |
Re(_t_:tla;gace Slow Clock - |
Generator FastClock | /2" IRCSCLK
| FCTRIM | > |
[FCTRIM | s
interni zdroj |
. bpro FLL
| CMEO|[LOCREO] _pouzeslow! |
| DRS |
External |} | M
p—>| Clock | _ | [ OMX32 PEjter | oeo [T '
Monitor |™ |
| [FLTPRSRV} I
LOCS0 . 'DCOOUT | | |
vyber =t |
zdreje—|— — — —, — ] |
FRDIV v

\j // \\ P Clock I
| HE - ; ~\ \ [ LP] N Valid |

- " , >

n=0-7]" |2 ); > ‘.
' 'vstup v rozsahu
1

CGFLLCLK

N

\

~
~

-

31 - 39 kHz

Sync

Je-li vstupem signal z externiho zdroje, je tfeba pomoci FRDIV dostat
frekvenci vstupniho signalu pro FLL do rozsahu 31,25 - 39,065 kHz!

-
-

MCGFFCLK



Vystup FLL

Frekvence generovana FLL se nastavuje v MCG_C4:

Bit

=

5

0

fead [ puxaz DRST_DRS FCTRIM SCFTRIM
Reset 0 0 0 X" | X X" X
DRST_DRS DMX32 Heference Range FLL Factor DCO Range
0o 0 31.25-39.0625 kHz 640 20-25 MHz
1 32.768 kHz 732 24 MHz
01 0 31.25-39.0625 kHz 1280 40-50 MHz
1 32.768 kHz 1464 48 MHz
10 0 31.25-39.0625 kHz 1920 60—75 MHz
1 32.768 kHz 2197 72 MHz
11 0 31.25-39.0625 kHz 2560 80—100 MHz
1 32.768 kHz 2929 96 MHz
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Jaké hodiny muze mit KLO57?

Table 24-12. MCGOUTCLK Frequency Calculation Options

Clock Mode

fmccouTtcLk’

Note

FEI (FLL engaged internal)

(fint ™ F)

Typical TMCGOUTCLK =21 MHz
immediately after reset.

FEE (FLL engaged external)

(fewt / FLL_R) "F

feyt / FLL_R must be in the range of
31.25 kHz to 39.0625 kHz

FBE (FLL bypassed external) OSCCLK OSCCLK / FLL_R must be in the
range of 31.25 kHz to 39.0625 kHz

FBI (FLL bypassed internal) MCGIRCLK Selectable between slow and fast
IRC

BLPI (Bypassed low power internal) MCGIRCLK Selectable between slow and fast
IRC

BLPE (Bypassed low power external) OSCCLK

1. FLL_R is the reference divider selected by the C1[FRDIV] bits, F is the FLL factor selected by C4[DRST_DRS] and

C4[DMX32] bits.

MCGOUTCLK se dale déli délitelem 1-16, Ize nastavit v registru SIM_CLKDIV1.
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K cemu jsou dobré vsechny ty rezimy MCG?

Presnost

drazsi varianta
(externi
komponenty)

I levnéjsi varianta
(nejsou externi
komponenty)

A

-

Spotieba

>
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Sledovani pritomnosti hodinového signalu

MCG_C6:
Bit 7 6 5 4 | 3 2
Read
Write LOLIEQO PLLS CMEQ VDIVO
0 0

Reset 0 / 0 0 | 0

Clock Monitor Enable:
je-li zapnut a ztrati-li

se hodinovy signal,
indikuje to bit v MCG_SC,
pripadné se generuje reset.

Funguje jen pro externi \

zdroj hodin!

Bit 7 [

Read 0
MCG_SC2 . Whis LOCREQ RANGEQ
Reset 1 0 0
MCG_SC . Bit 7 & 5 4 3 2 0

Read ATMF
ATME ATMS FLTPRSRV
Write

Reset 0 0 Q0 0

0
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Proc sledovat, zda hodiny jdou?

e Pokud zmizi externi hodinovy signal, MCU se zastavi. Toto neni mozné detekovat
softwarove, musi to udélat HW (proto je na to obvod v MCG).

* Je-li pfitom zapnuto néco ,nebezpecného”, neni, kdo by to vypnul, mize nastat
skoda.
* Re$eni — RESET:
e po RESETu zacina MCU vidy s vnitfnim zdrojem hodin,

* po resetu se zpravidla cely systém inicializuje do néjakého bezpecného stavu,
* |ze detekovat, Ze dlivodem k RESETu byl vypadek externich hodin a podle toho se zafidit.

Proc se detekuji jen externi hodiny? Co fesi Watchdog?
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Sledovani kvality hodinového signalu
v pripade vyuziti PLL (je-li v MCG)

Bit 7 6 5 4 | 3 P 1 0
Read
MCG C6 Write LOLIEQ PLLS CMEO VDIVO
- Reset 0 0 0 o | o 0 0 0

LOLIE: Loss of Lock Interrupt Enable

Loss of Lock:

pokud PLL ztrati

vazbu, generuje se preruseni.
Pferu$ovaci rutina mdze vyckat
na obnoveni nebo zménit

rezim MCG a pod.
LOLS: Loss of Lock Status — 1 = doslo ke ztraté
LOCK: Lock Status - 1 = PLL zpétna vazba bézi

Bit 7 6 5 4 | 3 2 1 0
MCG_S Read| LOLSO LOCKO PLLST IREFST CLKST OSCINITO | IRCST
Write
Reset 0 0 0 1 0 0 0 0
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Proc sledovat, zda PLL ,je zaveseno®?

* Vyuziti PLL predpoklada, ze zalezi na presnosti hodinového signalu.

* Pokud se z néjakého duvodu nedari udrzet ,,zavés” na vstupnim signalu, zrejmé
hodiny nejsou takové, jak se predpoklada.

» Softwarové to je velmi obtizné detekovat.
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Power consumption
HW (not to scale)

4

A

ACTIVE

150 uW Divided by 1000
compared to clock
gating solution

IDLE
15 uW l I

Stop Standard

eten Advanced
0.1uw R tion Retention
0.002 uW
- 0.0001uw Extinction T 0 retume
A b > execution

Typical representation of loT application - RISC-351 55 uLP eF uHD BTF HVT @ 10 MHz - Dhrystone Benchmark

Spotreba mikrokontroleru

a jak ji ovlivnit pfi ndvrhu, jak ji ridit a také jak dliraz na spotrfebu ovlivni
navrh vestavéného systému.



Spotreba mikrokontroléeru

* VétsSina vyrobena CMOS technologii, proto spotreba silné zavisi na
rychlosti prepinani urovni, tj. frekvenci hodin a pouzitém napajecim
napeti.

* Napajeci napéti mikrokontrolérl se pohybuje od 1,8V pres typicky 3V
az do 5V. Pri bateriovém provozu to predpoklada zpravidla vice nez
jeden clanek (nebo pouziti ménice napéti).

 Urcité ale plati, ze nizSi napéti = nizsi spotreba.



Spotreba CMOS obvodu

I:)total = denamic +P
* Dynamlc power. denamic = I:)switching + I:)shortcircuit
— SWItChlng load Capacitances (sestava hradlo — izolace — substrat je kondenzator!)

— Short-circuit current (co projde shora dold, kdyZ se méni stav)

=aCV,,’f

static

... asi nejpodstatnéjsi slozka: })switching

- Static power. I:)static = (Isub + Igate + Ijunct + Icontention)VDD
— Subthreshold Ieakage (co propousti tranzistory zavienym kanalem - kdyZ je Vg < Vy,)
— Gate leakage (co protete izolaci mezi hradlem a kanalem)

— Junction leakage (co projde zavéma polarizovanymi prechody)

— Contention current (statické otevieni horni i doIni poloviny)

GND



Spotreba mikrokontroléeru

Nejvice zmén udrovni se jisté odehrava v jadru pri vykonavani programu.

Je plytvanim energii nechat jadro MCU bézet zbytecné rychle.

U modernich MCU lze frekvenci hodin nastavit v Sirokém rozsahu a to softwarove.

Dale lze konfigurovat Ci vypinat periferie na Cipu tak, aby se vzhledem ke
konkrétni aplikaci neplytvalo.



Spotreba Kinetis KLOS

Run Mode Current VS Core Frequency

Temperature = 25, Vop = 3, CACHE = Enable, Code Residence = Flash, Clocking Mode = FBE
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Prik

ad z dokumentace KLO5

Symbol

Description

Min.

Typ.

Max.!

Unit

Ippa

Analog supply current

See note

mA

lbb_RUNCO

Run mode current in compute operation - 48
MHz core / 24 MHz flash / bus clock disabled,
code of while(1) loop executing from flash

e at3.0V

4.0

4.3

mA

lpp_RUN

Run mode current - 48 MHz core / 24 MHz bus
and flash, all peripheral clocks disabled, code
executing from flash

e at30V

4.9

5.3

mA

lpp_RUN

Run mode current - 48 MHz core / 24 MHz bus
and flash, all peripheral clocks enabled, code
executing from flash

e at3.0V
e at25°C
» at 125 °C

2
6.0

5.8
6.2

mA

lop_wait

Walit mode current - core disabled / 48 MHz

system / 24 MHz bus / flash disabled (flash

doze enabled), all peripheral clocks disabled
» at3.0V

2.7

2.9

mA
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Priklad z dokumentace KLO5

Symbol

Description

Min.

Typ.

Max.1

Unit

lbb_warr

Wait mode current - core disabled / 24 MHz

system / 24 MHz bus / flash disabled (flash

doze enabled), all peripheral clocks disabled
» at3.0V

2.2

2.3

mA

lpp_psTop2

Stop mode current with partial stop 2 clocking
option - core and system disabled / 10.5 MHz
bus / flash disabled (flash doze enabled)

e at3.0V

1.5

1.7

mA

lpp_viPRCO

Very-low-power run mode current in compute
operation - 4 MHz core / 0.8 MHz flash / bus
clock disabled, code executing from flash

» at3.0V

182

253

MA

lpp_vieR

Very low power run mode current - 4 MHz

core / 0.8 MHz bus and flash, all peripheral

clocks disabled, code executing from flash
» at3.0V

213

284

lbp_viLPR

Very low power run mode current - 4 MHz

core / 0.8 MHz bus and flash, all peripheral

clocks enabled, code executing from flash
« at3.0V

243

313

MA

Rezimy

béhu s nizkou spotrebou
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Priklad z dokumentace KLO5S

Rezimy WAIT a STOP

Very low power wait mode current - core

lbp_vipw
disabled / 4 MHz system / 0.8 MHz bus / flash 111 170 A
disabled (flash doze enabled), all peripheral H
clocks disabled
» at3.0V
lpp_sTop |Stop mode current
e at3.0V uA
. 4125 °C 257 277
. at50°C 265 285
. 270 °C 278 303
. at85°C 295 326
* at105°C 353 412
Ipp_vips | Very-low-power stop mode current
e at3.0V
. at 25 °C 2.25 5.76 KA
. at50°C 4.08 8.27
.« 4170 °C 8.10 14.52
. at 85 °C 14.18 23.78
. at 105 °C 37.07 58.58
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Priklad z dokumentace KLO5S

Rezimy STOP s velmi nizkou spotrebou

Very-low-leakage stop mode 0 current

Ipp viiso
(SMC_STOPCTRL[PORPO] = 0)
* at3.0V 0.38 0.54 uA
*at25°C 0.88 1.23
* at50°C 2.10 2.95
¢ at70°C 414 5.59
* at85°C 12.00 15.73
+ at105°C
Ipp viLso |Very-low-leakage stop mode O current
(SMC_STOPCTRL[PORPO] = 1)
s at3.0V
S Rl 0.30 0.45 uA
i 0.79 112
s G 201 2.82
i 4.05 5.45
. 105 C 11.06 15.63
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Jak dlouho vydrzi KLO5 na baterii CR20327

CR 2032: 3V, 210 mAh

Vse bézi, jadro 48 MHz (max. 5,8 mA) = minimalné 36 hodin

Vse bézZi ve VLPR reZzimu, jddro 4 MHz (max. 313 pA)=
minimalné 28 dni

ale: ve VLLSO rezimu max. 0,45 pA = 53 let!

nechame-li bézet RTC (vezme si navic 0,357 pA) to bude ,jen” 30 let.

Pozor, probuzeni z VLLSO rezimu do béhu (RUN) trva az 115 ps!

Predpoklada se teplota Cipu 25°C, napajeni primo 3V z baterie.



Rizeni spotfeby jadra MCU

Realizuje se vhodnym nastavenim hodin, aby se stihlo, co je potfeba, ale hodiny
nebézely zbytecné rychle.

V pripadée, ze neni treba néco délat, jadro se uspi.

Nejcastéjsi situace — ¢eka se, aZ nastane néjaka udalost, at uz asynchronni (jadro se
budi prerusenim/resetem) nebo synchronni (uplyne uréeny ¢as odpocitavany napf.
casovacem nebo RTC).



Priklad

e Panel s displejem, kazdou sekundu se snimaji hodnoty, ty je treba
prepocitat a zobrazit na displeji.

e Snimani, vypocet a zobrazeni trva 16000 taktU.

e Co je vyhodnéjsi z hlediska spotreby:
* nechat bézet MCU na 16KHz (spotfeba 22uA) nebo
e provést ,akci“ na 25MHz (spotfeba 11mA) a pak usnout (spotfeba 370nA)?



Priklad

Jadro na 16 kHz Jadro na 25 MHz
16000 taktl na 16kHz zabere celou 16000 takt( se provede za 0,64ms
sekundu
11mAx3Vx0,64ms=21,12uWs
Spotreba:

22uA X 3V x 1s = 66UWs zbytek sekundy (0,99936s) se spi

370nA x 3V x0,99936 = 1,11pWs

Spotreba celkem 22,23uWs

Pov&imnéte si, Ze jsou situace, kdy paradoxné rychlejsi bé&h jadra muize vést k Uspordm!



Typicka low-power aplikace

. Ultra-Low
/ Acti
Current

Power

-
(Deep) Sleep Mode =~ (Deep) Sleep Mode 2

Energie = spotreba x ¢as = vSe je treba udélat Usporné a rychle,

pak co nejvice uspat a spat co nejdéle to jde. >



Spotreba pristupu do pameti

* ROzné druhy paméti maji rliznou spotrebu, je-li do nich pfistupovano.

e Za normalnich okolnosti jsou rozdily zanedbatelné, ale pri velmi malém pfikonu jadra zacina i
spotreba pameéti hrat roli:

Operating Mode MCF51QE128 MC9508QE128
Bun Mode @ 2 MHz CPU/A MHz bus 2 mA 1 mA
Bun Mode @ 50 MHz CPU/25 MHz bus 27 mA 11 ma

. ' . . 50 pA (Flash) 22 pA (Flash)
Lower Power Run Mode @ 32 kHz CPU/16 kHz bus < 19 LA (RAM) 9 pA (RAM) >

Stop 2 —
Lowest power mode; partial power down of circuits 370 nA 370 nA

Stop 3 —
Internal circuits loosely regulated; external oscillator active L ittt

Stop 3 —

Wake up time 6 ps 6 us




Rezimy spanku

Byva jich typicky vice.
Cim ,hlub&i“ spanek,
tim mensi spotreba,
ale také delsi a
slozitejsi probuzeni!

Napf. pokud se vypne i generator
hodin, trva pak chvili, nez opét
zaCne produkovat stabilni
hodinovy signal

(regulaéni smycka PLL).

Mohou to byt treba jednotky ps.

Active
mode

Low energy
modes

pin reset,
power-on reset,
EM4 wakeup,

Interrupt triggered wakaup

BURTC interrupt

Software triggered sleep

Reduced energy consumption



Rezimy spanku

Z nejhlubsiho spanku se MCU probouzi velmi dlouho (treba i stovky us) a zpravidla
je jedinou moznosti probuzeni RESET (vypina se tfeba i RAM a tak je treba vse
stejné znovu nastavit/obnovit).

Nekteré MCU nabizi tzv. ,Backup Mode“ jako kompromis mezi nizkou spotrebou
hlubokého spanku a moznosti rychlejSiho probuzeni — mala ¢ast RAM a dulezité
registry jsou drzeny pod napeétim.



Rezimy Cinnosti KLOS

* RUN —vse plné bézi

* VLPR (Very Low Power Run) — sniZzena frekvence hodin

* Wait —jadro ve Sleep rezimu, reaguje na preruseni, periferie bézi,

» Stop —jadro v DeepSleep rezimu, periferie zastaveny,

* VLPW (Very Low Power Wait) — jako Wait, ale s nizsi frekvenci hodin,

* WLPS (Very Low Power Stop) — jako Stop, ale sniZzena frekvence hodin, RAM drZi,
* LLS (Low Leakage Stop) — jako WLPS, vétsina periferii v ,,retention” rezimu,

* VLLS3 (Very Low Leakage Stop) — fada moduld vypnuta, RAM ,,drzi“ GPIO
zachovavaji hodnoty.

e VLLS1 - RAM vypnuta, GPIO ,drzi“ hodnoty,
* VLLSO — nejhlubsi rezim spanku, pouze GPIO ,,drzi“.
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Kinetis L Series MCUs: 10 Flexible Power Modes

Kinetis Power Modes Recovery Time KLO2 Measured Idd @ 3 Vand 25 C
RUN - 75 UA/MHz*
VLPR - 36 uA/MHz**
WAIT - 3.2 mA @ 48 MHz
VLPW - 93.4 UA @ 4 MHz
STOP 4 us 255 UA
VLPS 4 us 1.9 uA
LLS® N/A N/A
VLLS3 42 us 1.2 UA
VLLSH 93 us 600 nA
VLLSO 95 us 161 nA/346 nA

* Compute Operation enabled: 3.6 mA @ 48 MHz core/24 MHz bus
** Compute Operation enabled: 144 uA @ 4 MHz core/1 MHz bus

3 Available on salect Kinetis L series devices
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Podpora v IDE - priklad
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Energy Efficiency Demo: Results

16

14

12

x1.8 MCU

CoreMark® mA
10

Freescale Kinetis KL02 ST Micro STM32L Microchip P1C24 TI MSP430

CoreMark je synteticky benchmark pro méreni vykonosti CPU pro vestavné systémy.
Graf ukazuje, kolik iteraci benchmarku zvladne MCU vztazeno na spotfebu 1maA.

Za 1s zvladne KLO2 106 iteraci, STM32L 93 iteraci, PIC 29 iteraci a MSP430 16 iteraci. 58



Periferie na Cipu

Lze-li néjakou (zpravidla jednoduchou a rutinni) ¢innost svérit
nékteré periferii na Cipu, byva to zpravidla energeticky
uspornéjsi reseni nezli to nechat délat software (jadro).

Zvlaste, lze-li pritom jadro uspat — nechat spat a nebudit.

Napriklad:

* DMA pro prenos (odvysilani/pfijeti) souboru dat,

* modul pro zachyt asynchronni udalosti (,,preruseni”, ¢ita¢ v rezimu
»input capture®),

* generovani periodickych vystupu ¢itaéem, RTC modulem,

Idealni je propojit periferie pomoci hw ,triggerti” a nechat je
udélat co nejvice prace samotné.



Energy Harvesting

* Moznost prodlouzeni zivotnosti baterie az k idealu energetické
sobéstacnosti systémul.

 Dalsi duvod, proc¢ hledat uspory ve spotrebé MCU.
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Energy Harvesting

= ziskavani energie z okoli (ze zdroju, které energii v
néjaké forme vyzaruji):

* svétlo,

* teplo,

* vibrace,

» elektromagnetické viny z vysilacq, ...

Ambient energy: light, heat, motion, RF, etc

Typickd architektura

vestavéného systému, Energy Storage [t 4
> aiict B Priar Powered
vyuzivajiciho Nigmt At

Energy Harvesting:

Ulitra Low Power Low Power
Wicrocontroller Transceiver

Environment: temperature, status, position, etc




Jakou energii |ze ziskat?

Hustota energie v nasem okoli nebyva velka. Zpravidla se tedy sbira a
akumuluje, aby se jednou za cas spustil vypocet/odeslani dat.

i

Vibration/Motion
Human
Industry

Harvested Power

4 yW/cm?
100 pW/em?

Temperature Difference
Human
Industry

25 pW/em?
1-10 mW/em?

Indoor
Outdoor

10 pW/iem?
10 mW/em?

GSM
WiFi

0.1 pW/em?
0.001 pW/cm?



Kolik energie je treba?

pP desktop

HP laptop
Bicyclelighting
GSM

PALM,MP3

Transceiver Bluetooth

Hearing aid
RFID Tag
Electronic watch
or calculator

32 KHz quartz oscillator

Standby

Source IDTechEx report “Energy Harvesting and Storage for Electronic Devices 2009-2019",



