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②
LSB first

→ exercise 2 !

see appendix ! MSB first
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↳ LIFO stack
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↳ fixed priorities



⑤

↳ delay d- Fdd

Breakeven → exam spring 2020.2.2b)
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⑦

G.see appendix



Appendix ACK) : Area of zk.to-1 max IZC Proto"" ⑧
Multiplexers

⇒ AIKI -_ { A- ,
1<=1

Convert n=2ᵗ inputs to 1 output ZACK - 1) + An ,
else

•general :2ᵗ_ to -1 max
needs ☐ L

'

control lines
' (so

,
. . _

, SL- n / Decoders
☐ 2×2

"? to-1 max converts K inputs to 2
"

outputs .
• half -duplex (both directions but not simultaneously)

☐ 1×2
"

- to - 1 mux at all times
, exactly one output is high

• speeds 100kHz
,

400kHz
,
1MHz

,

5MHz
-

• 2 - to - 1 max =2^- to- 1 mux : •general : K - to - 2
"
"
k bit decoder

"

↳ fixed ! standard FaFafaˢᵗ
not always supportedneeds 2x kz bit decoder ,

Keven

☐ { 1<-12

2-
bitdec

. &
1<+1

• 4- to -1 max =L - to- 1 mux : 2-
bit dec

. ,k odd : : : : : :

I} Iz In Io ☐ 2
"
2-input AND gates

4b¥

} So ↑. ↑ ↑ ↑ ^^
↳ in addition to the smaller decoders

Master sets SDA 1-so while SCL is still 1 8 bitsmultiplexer (2)

§
% then, SCL "begins

"

(driven by Master)

0 11
direction 0⇔ write ⇔ master→ slave

direction 1 ⇔ read ⇔ slave→master

3 I• 8 - to - 1 max = 2 - to- 1 mux :
• 1 - to -2 decoder 1ˢᵗ ACK/NACK : set by slave

It Is Is Iq Is Iz In Io 2ⁿᵈACK/NACK : set by master (Read)
or slave (write)

multiplexer (2) multiplexer (2) =

• 2- to -4 decoder
<

Sn •

Sz multiplexerHI
• except for start, stop & restart : transitions

=

of SDA happen while SCL=O

"

• if we want to send/receive >8 bits
I> Io • 3 - to - 8 decoder

we can just send another payload after
" " '

Io decoderlil
• D- Oo

the 2ⁿᵈ ACK -

p
slave] slave

, seta.by master
5, multiplexer (3)

start / actress w ACK data_HACK data_ LACK stop
52 In

decoderH
'

:
= decoder(3)

◦ Iz §?⃝§
°"

start / actress R Ack data.tl/tckdata- LACK stop

↑ ↑ ↑ ↑
slave master master set by slave

07



• if you need
to write & Read to/from • latency =

#bits ( incl. overhead) naive implementation ⑨
the same slave directly after

another
,

fork→ f-cue C- {100kHz,400kHz, . . .}
you can use

Restart instead of stop in the SPI Protocol
middle

÷:£
¥§ ¥

• full duplex
55 • 3 + n wires at Master , n = #slaves

MISO (Master - in
,
slave out ] = SDI (SPI Data in )☒ ¥

MOSI (Master- out
,
slave - in ) = SDO (SPI Data Out )

SCK = SCLK = CLK = SPC = Clock{
CSN = CS = SS = SSN = Chip select (active low)

• CPOL = Clock Polarity C- {0,1}
☒ CPOL = 0 ⇒ Clock idles at O

B C POL = 1 ⇒ Clock idles at 1

É • CPHA = Clock phase C- {0,1}
CPHA determines phase at which

←ÉÉ§ MOSI is switched & MISO gets sampled

-≤

¥ § I

÷÷÷:;;←

¥ S

T { given CCPOL
,
CPHA) we can define modes

Note that a master can for example

§ transmit in mode 0 and receive in mode 1

as long as CPOL is constant



ADC - Analog to Digital Conversion Resolution
, Accuracy & Speed • VDAc=VDAcpldj ¥ ①I $

5VFs 2nd bit was 0
=

g-

• Vi < VDAC ⇒ V×= high
⇒ 3rd bit is 1

• •

• BB

• •

final value is
Ob 100110=38,,

Sampling Theorem/Nyquist - Shannon Theorem SAR -ADC (Successive approximation ) ⇒ ✓
sampled = 38%3=38

""
26

Ts ; sampling Period Convention time → see Exercise ✗
[conversion = [ sample & hold + [encode

" ⇔fsÉ2B -Ts ≤ ÉB sometimes
,, sample time

"

for perfect reconstruction (no aliasing
) where [encode =

#bits (resolution)

FCLK
- ADC

Quantizing & encoding Random Stuff

Dynamic Voltage Scaling without YDS
• beginning :V☐Ac=V ☒ exam autumn 2021.2.2b)

Task
• ↳ = { high ✗ Vi > VDAC Period(ms↳given :T3. and I?=g(f- 3)low

,
Vi < VDAC

Cycles C. 103) En Ez E3
⇒ write 1 or 0 in the shift register + if ✓× was high find a schedule (EDF) that minimises average power↑ T

f
- if V× was lowif Vx = high if ✓

✗ = low 1-= Lcm (Tn
, 1-2,1-3 )

• next step : set VDAC
,
new = VDAC

,
old ±
"⇒

f- = F- (¥-5T¥ . 5 +¥5 )4
◦ calculate new Vx etc.

→ VDAC
,
end =V± ✓ ± V ± . . . ±

✓Fs ⇒ f is just fast enough such that the utilisation is 100%
zn

where n =#bits

ILP- Resource constraints
example

given 2 adders and 3 multipliers
• beginning :V☐Ac=V find all inequalities formulating resource -
• Vi > VDAC =D ✓

✗ = high constraints that contain Xi
,} for some i

+ takes 1 time unit
,

• takes 2 time units
⇒ MSB=①→

nodes that do addition
b b ↓ t

• VDAC = VDAC
,
old 1-✓

adders :
↑ "

all ongoing additions at 1- =3
"

starting at t =3

multipliers:{
"ongoing • at 1- =3

"

=4+V< = 32¥ ±
Ze9- since tarte-datt-3-s.mg

"ongoing • at ᵗ=4
"

• Vi < VDAC ⇒V×=low#•☐ it takes ↳not finishedat t=4
2 time - because malt . takes 2 time units

⇒ set bit to ⑧ units


