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o Ett inbygagt system ar uppbyggt kring
en eller flera processorer,

med en omgivning av skréddarsydd;;;

analog och digital elektronik.

Digital elektronik och inbyggda system, 2019

Sida 2



Konstruktionsutmaning

o Speclfik tillampning/doman + inbyggnadskrav =
konstruktoren maste optimera systemet
m.a.p. prestanda, tillforlitlighet,
storlek, effekt, kostnad, etc.
— Fran ASICs, for de striktaste kraven,
— via FPGAs,

— till system med COTS-processor (CPU, GPU).
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Varianter av hardvara
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Performance & Power Efficiency Better
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Grunden: Forstarkning
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Den enklaste forstarkaren

resistans :
pa R ohm utsignal

Insignal

—l transistor
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Vi behover icke-linjara
komponenter ...
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K 2
Ip =5 (Vgs=Vp)
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... for da kan vi fa hog
_ forstarkningl

o

utsignal [i Volt]

insignal [I Volt]
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Simulering av FALL 1
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Storre transistor =
storre forstarkning

B

utsignal [i Volt]

insignal [I Volt]
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Simulering av FALL 2
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Vad hande?
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Digitala grindar ar forstarkare

"
ﬁ\ ; Digital teknik ar
L robust mot brus:
AN HGg stormarginal.
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Fig. 13.5 Thevoltage ransfer characterstic (VTC) of the CMOS inverter when Oy-and O are matched.
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NAND-grind

———————— —

|f \]“‘x
' RS
| | >
e S
| - Out S
' ‘ = -
i :
| -
= 1 - -7 A B Qut NMOS PMOS
I | o
.- 00 1 OFF  ON
01 1 OFF  ON
1 0 1 OFF  ON
11 0 ON OFF

Digital elektronik och inbyggda system, 2019 Sida 14



Sida 15

Schema och layout

for heladderare
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Jakt pa densitet = funktionalitet
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Skalning ... Moore’s lag

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)
Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

strongly linked to Moore's law.
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Year of introduction

Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)
The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic. Licensed under CC-BY-5A by the author Max Roser.
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Physical gate length (nanometers)

Slutet pa en era
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o Kiselatomen ~¥% nm

o Hittills har endast tva
chipstillverkare natt 7 nm.
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"Cource: IEEE Spectrum
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Tunna lager, korta kanaler
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2D -> 3D: FinFET

Source: tek.no
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Investera eller avvakta ?

« NVIDIA Volta GPU @ 12 nm
— 815 mm?
— 21 miljarder transistorer

— TDP 300 W ...
vid 1V, vad blir strommen?

Source: NVIDIA
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Adaptiva tekniker allt viktigare

CLOCK il B0MHz 130MHz  195MHz 130MHz
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INTEL" SPEED SHIFT TECHNOLOGY

Speed Shift Frequency transitions
Frequency (GHz) vs Time (ms)
resentative task with and without Speed Shift Technology

[

Task completion ~50% faster with Speed Shift Technology.

1.28V 1.76V 1.28V

Reach maximum frequency in 35ms

o Spara strom genom att anpassa spanningen
till workload: Py, = f aC Vpp?
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Accelerera delar av koden
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Dedicerad accelerator
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Start-stopp av accelerator

Benchmark: EEMBC Autocorrelation

1] 10,000,000,0007% 20,000,000,0007% 30,000,000,000f% 40,000,000,0007 o0,000,000,000f3

Benchmark EEMBC FFT

100,000,000,000%% 200,000,000,000f3 300,000,000,000f% 00,000,000,000f3
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Digital elektronik ...en utmaning

 Mer funktionalitet forvantas.
« HOgre prestanda forvantas.
o Samtidigt, hall ned energiférbrukning.

o Hardvara battre an mjukvara for
prestanda och energi.

» Mjukvara battre an hardvara for funktionalitet,
speciellt vid forandring av funktionalitet.
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Embedded Electronic
System Design (MPEES)
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Komplex teknologi och metodik =
mojligheter & begransningar
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MPEES ak 1
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B Electronic I 19N Syst

System Design B 0ing

Intro IC Desian [ Wethods for  EEReal-Time
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DSP Design
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