Low power design

Hardware — kde se energie ztraci?
Parazitni kapacity (interni (hradla,spoje) i externi (vodice))

Ecap =1 C*UA2 (nabijeni par.kapacit)

uvniti IC par.kapacity navic mirné rostou s napétim (rtst velikosti hradel)
Short circuit current

Spinani komplementarnich tranzistort V.

Leakage (static) \‘

zavérny proud diodami — vyrazné se také meéni se s teplotou
(vyssi teplota, vySsi svod)

tranzistor subtrehold leakage - zvysuje se se sniZujicim napajenim
nanostructure leakage
Makrostruktury (>=IC):
W/MHz
Pull-up/down
neoSetfenené vstupy

LDO, spinané zdroje
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Power 1.71mW
Delay 0.09ns

X4

IC structure - low power design o
Gate size

Riizne moznosti velikost gate uvnitr hradla ovliviiuje kapacity/spotiebu

Power 0.76mW

Pin swapping Delay 0.11ns

U multivstupych hradel se do vstupu s nejnizsi kapacitou privede signal s
nejcastejsimi zmenami

Low-power vs Hi speed
NiZsi rychlost obvodu — moZnost sniZit napajeni (neb ztraty jsou umérné UA2)

Multi-Vdd design —’_)r.l-._

Dve cesty, do stejného bodu - modra kratSi (a tedy zbytec¢né rychlejsi) a

tedy adept na sniZeni rychlosti (sniZeni Vdd) - realn€ samorejmé 5>LDDL.DDD5}

problematictejsi (routovani riznych Vdd, Level-shiftery).

Obvykle voli navrhér na trovni log.fukn¢nich bloki (napf. Cache 1.2V, CPU 1V, Periférie 0.9V).

Power-Gating sleep _Ci sleep -45

Odepinani napéjeni funk¢énim bloktim které jsou aktualné Low Vi, Low Vi, Low Vi,

nepotrebné. T e
Jep —I sleep —|

Je nutno zvazit Ze obvykle je béhem sleepu nutno uchovat

« Yz . ;. s PR footer + header footer onl header onl
nejaké informace + uchovani a obnoveni informaci néjakou . .
dobu trva. \ \ w

% %, YA %
, Restore State 200 ‘% ?}: “*} Q ‘%
- . Y o
Activity 1 ; Activity 2 A“;""'
20mwW ;
10mw | Leakage Power H Leakage Powev‘
rma Activity 1 Leakage (Power Gated) Activity 2
H Time
Output
Isolation
Dynamicka zména napajeni a frekvence
Zatéz nemusi byt v case konstantni (napf. typicky Compute ASAP .
U | - = ;
graf.karty — rozptyl aZ nékolika radi) 5 i | ;_,_,4;'—’(7 throughput
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sniZeni frekvence — redukce okamZité spotreby ale g’ ] i H P _
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celkova energie se neméni (jen redukce peak power) = Always high throughput time
8 Clock Frequency Reduction
sniZeni frekvence a napdjeni — redukce celkové energie g e
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Energy per operation remains unchanged " time
whereas throughput scales down with £,



Architektura, Algoritmy - low power design

Optimalizace na spotifebu

- uZiti jiného algoritmu(!) - napf. sériova scitacka vs RCA

- strukturalni zmény, zmény v kédovani, oddéleni jednotlivych casti

- vychazime ze statistické analyzy obvododu (statickd, dynamicka), simulace

Strukturalni zmény - pomalé (méné, pomalu se preklapéjici) prvni, rychlé (¢i vice ¢i rychleji
preklapéjici) nakonec.

Glitchy
logic
Stable
g __/

Priklad: ((A&B)&C) vs (B&C)&A - pokud bude napf. Casto preklapéjici se A zména se Siti 2
urovnémi, je lépe signal A dat aZ do druhé urovné.

Pro P(A=1)=0.5, P(B=1)=0.2, P(C=1)=0.1 pak

(aktivita pinu za 1.hradlem): :D—L :D—L
8 c

P1 =(1-0.5*0.2) (0.5*%0.2) = 0.09 il -z |l -z
c A

P2 = (1-0.2*0.1) (0.2*0.1) = 0.0196

{a)

Oddéleni ,,kapacitnich* spoju D
Hazardy v logice typicky zptisobi vice nez jednu zménu nez se A )I%D D \
vystup ustali — oddélelni vystupu komb.logiky do ustaleni /

High toggle rate logic High capacitive net

Y i

Y !
\ (b ,.
L b /

)
Pipeline — oddélelni ¢isti, vypocet zmény provada jen cast, )D DD 1_/ 4

zbytek Setfl energii )D
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Clock gating o
data_in D
odepinani hodin z nepotiebnych klopnych obvodu. enable
- [° a) conventional
datajin _ | D data_out

enable
clock }* b) gated clock

Stavové automaty - kodovani stava

Cervené je ptvodni (nahodné zvolené) kddovani, zelené pak
optimalni — jen zména jednoho bitu (jednak se méné preklapi KO
ale hlavné komb.logika pred).

Do tvah je také vhodné zahrnout p-podobnosti prechodii.

Stavové automaty - oddéleni
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Software/Hardware (mikrokontrolery, procesory)
Sleep rezimy (terminlogie je rtizna)

— HALT - odpojeni hodin

— SNOOZE - odpojeni hodin a napajeni funkcnich blokti, pamétové ¢leny zapnuty
— SHUTDOWN - odpojeni hodin, napajeni funk¢nim i pamétovym cleniim, cache napajeny
- HIBERNATE - odpojeni hodin i napajeni.

Zdroje hodin (procesoru, mikrokontroleru)

- krystal/interni osc., HS/LS/PLL, spotfeba, nabéh

Low power SW

- interrupt driven, DMA

- rychle a s velkym odbérem vs pomalu s malym odbérem

Operating systems

- Power managment

- Energy shedulling
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Zdroje energie

Statické parametry — Kapacita, Napéti, proud, kapacita/kg

- Primarni ¢lanky, akumulatory, kondenzatory

Dynamické parametry — pocet cyKkli, rteplota, spicky ve spotiebé

Napéti Nabijeni Vybijeni Zivotnost Hustota | Op. Pozn.
energie |parametry
[Whikg]
Kondezator |[V]-[100V] |[ps]-[ms] [ps]-[ms] >100k cykld |<0.05 -20-100°C
lin./exp. vybijeni
SuperCap |[V] [ms]-[s] [ms]-[s] >100k cykld |<5 -40-80°C
Lead-Acid |2V 2.4 1225V 1.75V ~250 cykId 50 -20-50°C
(olovéné) pomalé [hr] 5C/0.2C
NiCd 1.2 <0°C velmi 1C/20C ~1000 cykld |80 -20-65°C
opatrné plocha krivka
NiMh 1.2 < 0°C velmi 0.5C/10C ~500 cykId 120 -20-65°C
opatrné
Li-ion 3.6,3.7 4.2V 10C/30C ~1000 cykld |200 -20-60°C
< 0°C nelze
Lithiové 3V typ. - - - 300 -30-60°C | CR2032
(primarni) |(aleil.5V)
Alkaline 1.5V - - - 100 -20-55°C
(primarni)
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Table 1: Characteristics of commonly used rechargeable batteries. The figures are based on average ratings of commercial batteries at time of

Specifications | Lead Acid | NiCd NiMH LHon?
Cobalt Manganese  Phosphate
Specific energy 30-50 45-80 60-120 | 150-250 | 100-150 90-120
(Whikg)
Internal resistance Very Low | Very low Low Moderate Low Very low
Cycle life? (80% DoD)| 200-300 1000° | 300-500% | 500-1,000 | 500-1.000 | 1,000-2,000
Charge time* 8-16h 1-2h 2—4h 2—4h 1-2h 1-2h
Overcharge High Moderate Low Low. No trickle charge
tolerance
Self-discharge/ 5% 20%5 30%5 <5%
month (room temp) Protection circuit consumes 3%/maonth
Cell voltage (nominal) 2V 1.2V8 1.2ve 3.6vT v 3.2-33V
Charge cutoff 240 Full charge detection 4.20 typical 3.60
voltage (Vicell) Float 2.25 by voltage signature Some go to higher V
Discharge cutoff 1.75V 1.00v 2.50-3.00v 2.50v
voltage (V/cell, 1C)
Peak load current 5Ce 20C 5C 2C =30C =30C
Best result 0.2C 1C 0.5C <1C =10C =10C
Charge temperature | —20 to 50°C 0to 45°C 0 to 45°C®
(-4 to 122°F) (32 to 113°F) (32to 113°F)
Discharge -20 to 50°C =20 to 65°C -20 to 60°C
temperature (-4 to °F) (~4 to 49°F) (-4 to 140°F)
Maintenance 3-6 months'®| Full discharge every 90 Maintenance-free
requirement {toping chg.) | days when in full use
Safety requirements| Thermally | Thermally stable, fuse Protection circuit mandatory™
stable protection

In use since Late 1800s 1950 1990 1991 1996 1999
Toxicity Very high | Very high Low Low
Coulombic ~90% ~70% slow charge 99%
efficiency’? ~90% fast charge
Cost Low Moderate High?3

publication. Specialty batteries with above-average ratings are excluded.

os wer

Combining cobalt, nickel, manganese and aluminum raises energy density up to 250Wh/kg.
Cycle life is based on the depth of discharge (DoD). Shallow DoD prolongs cycle life.

Cycle life is based on battery receiving regular maintenance to prevent memory.

Ultra-fast charge batteries are made for a special pupose. (See BU-401a: Fast and Ultra-fast Chargers)

and age increase self-discharge.

1.25V is traditional; 1.20V is more common. (See BU-303: Confusion with Voltages).

Self-discharge is highest immediately after charge. NiCd loses 10% in the first 24 hours, then declines to 10% every 30 days. High temperature

Manufacturers may rate voltage higher because of low internal resistance (marketing).
Capable of high current pulses; needs time to recuperate.

Do not charge Li-ion below freezing. (See BU-410: Charging at High and L.ow Temperatures.)
. Maintenance may be in the form of equalizing or topping charge* to prevent sulfation.
. Protection circuit cuts off below about 2.20V and above 4.30V on most Li-ion; different voltage settings apply for lithium-iron-phosphate.
. Coulombic efficiently is higher with quicker charge (in part due to self-discharge error).
. Li-ion may have lower cost-per-cycle than lead acid.
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http://batteryuniversity.com/learn/article/how_to_restore_nickel_based_batteries
http://batteryuniversity.com/learn/article/charging_at_high_and_low_temperatures
http://batteryuniversity.com/learn/article/confusion_with_voltages
http://batteryuniversity.com/learn/article/elevating_self_discharge
http://batteryuniversity.com/learn/article/how_to_restore_nickel_based_batteries

Ultra low power design with microcontroler

- MiiZe sytém béZet desetileti s knoflikové (CR2032) baterie. Vyrobci procesort uvadéji ze ano. Ale ...
je tu par hacka

Chemie Baterie
Vyrobci baterii negarantuji Zivotnost >10let (!)
Typicka CR2032 ma cca >200mAh. Ale
- vybijeci proud — neni prili§ velky (20mA). S vétsim proudem klesa dosaZzitelna kapacita
- Odpor zdroje — se sniZujici kapacitou se svySuje, tj. SniZuje se max.proud
Sleep Current procesoru ma omezeny vliv

spotfeba za 1 rok (béh 20mA):

Sleep ratio \ sleep current 10uA 1uA 0.1uA 0.01uA

99% (600ms/min béh) 1752+86.7 |1752+8.67 1752+0.867 1752+0.0867
99.9% (60ms/min run) 175.2+87.5 |175.2+8.75 175.2+0.875 175.2+0.0875
99.99% (6ms/min run) 17.52+87.6 |17.52+8.76 17.52+0.876 17.52+0.0876
99.999% (0.6ms/min run) |1.752+87.6 |1.752+8.76 1.752+0.876 1.752+0.0876

v tab. Je spotifeba béhu+sleepu v mAh za rok.
Zelené jsou pripady kdy zvladne béZet cca 10let
— do cca 2.5uA sleep current nelze dosahnout desetiletou Zivotnost

— pod 99.99% spanku nelze dosdhnout desetiletou Zivotnost - dtiraz na kratky béh

Sleep current procesoru se méni s teplotou

Teplota 20 60 80 125
Sleep Current |0.01 0.05 1 10
Leaks (ztraty)

Blokovaci kondenzatory — tantal napr. 20UF — 20uA
proc je davat — predepisuje vyrobce procesoru — tedy je nutnyZ peclivy vybér.
Také pozor Ze leak kondenzdaoru je fci teploty

Potreba vétsiho proudu
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CR2032 da desitky mA — ale casto je Spickové tfeba vice (RF obvody (bluetooth), béh procesoru) —
Pridat kapacitor pro preklenuti.

Pokud uvazujeme Casy 1ms-10ms, proudy 10-30mA potiebujeme kondenzator stovky a tisice [uF]
-> mame Problém ze ztratami a nebo (pouZijeme li extra kvalitni komponanty) s cenou a velikosti.
Rychly béh

Spotieba procesort je typicky I=10+dI*f (zaklad + lineatni fce s frekvenci)

Tedy je vhodné€jsi je pustit co nejrychleji a pak zase rychle uspat — energeticky je to vyhodnéjsi. Ale:
- je li omezen proud zdroje (CR2032) je lepsi béZet pomaleji

- je li algoritmus dan napt. dobou reakce ¢idla pak je tfeba se prizplisobit — béh/sunuti/béh/ vs pomaly
beh miize byt nevyhodné (start oscilatoru)

Watchdog and Brown-out periférie
Brown-out obvod hlida podpéti procesoru. Ale:

- obyvykla specifikace je “Siroka“ (napr. 2.05-2.35V) v pripadé Ze chceme jit na limit moZnostia
procesoru (2V)

- spotfeba brown-out periférie nebyva zanedbatelna (tfeba 1uA)

Watch-dog hlida béh programu jestli se ,,nezacyklil“ nebo ,,neztratil“. Ale

- spotfeba watchdog periférie nebyva zanedbatelna (tfeba 1uA, Casto uvadéna jen jako typicka)
— Casto je vhodnéjsi pouZit externi specializované obvody

Ochrana proti prepélovani napajeni

- Dioda neni vhodna ;-) - dbytek na diodé a ten je jeSte fci teploty a proudu

— mechanicka ohrana (uZivatel nemiZe vloZit opacné) nebo FET-diodou
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