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De la porti logice la procesoare
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The Books

John L. Hennessy | David A, Patt

COMPUTER
ARCHITECTURE

A Quantitative Approach

Computer Architecture: A
Quantitative Approach

REVISED PRINTING

COMPUTER
ORGANIZATION
AND DESIGN

THE HARDWARE / SOFTWARE INTERFACE

DAVID A. PATTERSON
JOHN L. HENNESSY

Computer Organization and

Design: The Hardware /
Software Interface
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Computer
Electronics
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https://www.amazon.co.uk/Computer-Architecture-Quantitative-Approach-Kaufmann/dp/0128119055/ref=sr_1_1?ie=UTF8&qid=1551635621&sr=8-1&keywords=computer+architecture+a+quantitative+approach
https://www.amazon.co.uk/Computer-Architecture-Quantitative-Approach-Kaufmann/dp/0128119055/ref=sr_1_1?ie=UTF8&qid=1551635621&sr=8-1&keywords=computer+architecture+a+quantitative+approach
https://www.amazon.co.uk/Computer-Organization-Design-Interface-Architecture/dp/0123747503/ref=sr_1_2?ie=UTF8&qid=1551635798&sr=8-2&keywords=computer++hardware+software+interface
https://www.amazon.co.uk/Computer-Organization-Design-Interface-Architecture/dp/0123747503/ref=sr_1_2?ie=UTF8&qid=1551635798&sr=8-2&keywords=computer++hardware+software+interface
https://www.amazon.co.uk/Computer-Organization-Design-Interface-Architecture/dp/0123747503/ref=sr_1_2?ie=UTF8&qid=1551635798&sr=8-2&keywords=computer++hardware+software+interface
https://www.amazon.co.uk/Computer-Organization-Design-Interface-Architecture/dp/0123747503/ref=sr_1_2?ie=UTF8&qid=1551635798&sr=8-2&keywords=computer++hardware+software+interface
https://www.amazon.co.uk/Digital-Computer-Electronics-Albert-Malvino/dp/0074622358/ref=sr_1_1?ie=UTF8&qid=1551635857&sr=8-1&keywords=computer+malvino

Cum construiesc un calculator?




Building a Computer

o

What regular people think we do What our family thinks we do

What society thinks we do What we think we do What we really do




George Boole, 1815-1864

* Matematician, filozof si logician englez

 “The Laws of Thought”(1854) — algebra
booleana

* Parintele erei informatiei




Manipularea expresiilor logice

Numele legii Forma SAU Forma Sl
|dentitate xv0=x xN1=x
Unu/Zero xv1=1 xAN0=0
ldempotenta XVX= X XN\ x=x
Negare XvX'= XAXx'=
Comutativitate XVy=yvxX xNy=yNx

Asociativitate

(xvy)vz=xv(yv 2z

XAY)YNz=xN(yN\2z2)

Distributivitate

xvyNz)=(xvy N(Xxv 2z

XN(yvz)y=xANy)v(x\2z)

DeMorgan

(xvy)=x"ANy'

(XAy)=x"vy'




Claude Shannon, 1916-2001

 Matematician si inginer american

* “A Symbolic Analysis of Relay and
Switching Circuits” (1938) — teza de
master la MIT, aplica logica booleana
circuitelor de calcul

* "A Mathematical Theory of
Communication” (1948) — pune bazele
teoriei informatiei




Porti logice cu relee (Shannon)

a b
a b | out
010 0
110 0
1 1 1
power supply 4
A
QJJ out
a b Cc
ab c out
000]0
0010
01010 [AND (a,b,c)]
0110
1000
1010
i
Y out

a b out
b 010 0
0|1 1
1 1 1
power supply 4
—U) out
a
AND
b
AND
C

out



JFET MOSFET

BOBA FETT



Tranzistoare

* Toate portile logice moderne sunt construite cu tranzistoare

 Comutator controlat in tensiune cu trei porturi

— 2 sunt conectate impreuna in functie de tensiunea aplicata pe al treilea port
— d si s sunt conectate (ON) daca g este 1 logic

g=0 g=1
d d d
|
g{i  OFF i ON
S S S




Siliciul

* Tranzistoare construite din siliciu, un semiconductor
* Siliciul pur nu este un conductor foarte bun (nu are sarcini libere)
 Siliciul dopat este un bun conductor (sarcini libere)

— Tip-n (sarcini negative libere, electroni)

— Tip-p (sarcini pozitive libere, goluri)

Free electron Free hole
Si Si Si Si Si_/ Si Si Si+>/ Si—
Si Si Si Sj — As— Si Si B Si
Si Si Si Si Si Si Si Si Si

Silicon Lattice n-Type p-Type



Tranzistoare MOS

* Metal oxide silicon (MOS):

— Poarta din polisiliciu (sau Metal)

— lzolator din Oxid (dioxid de siliciu)
— Siliciu dopat
Matrita unui procesor poate contine
miliarde de astfel de tran2|stoare

source gate drain

I

gate
L

source I L drain

nMOS

Polysilicon

Sio,
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Tranzistoare: nMOS

Gate =0 Gate = 1
OFF (nu avem conexiune ON (canal de conductie
intre sursa si drena) intre sursa si drena)
source drain source gate drain
o ¥ 0 O Voo O
Fono |

+++++++

channel
P

substrate




Tranzistoare: pMOS

 pMOS este opusul nMOS

source gate drain
— ON cand Poarta=0 Polysilicon « () O
— OFF cand Poarta =1 Sioz\\ ?
_
gate
e

source /L drain




Robert Noyce, 1927-1990

* Poreclit “Primarul din Silicon Valley”

 Co-fondator Fairchild Semiconductor
in 1957

* Co-fondator Intel in 1968
* Co-inventatorul circuitului integrat




Functionarea tranzistoarelor

g:O g=1
4 d d
nMOS 9 i\OFF i ON
S |s S
S S |S
HMOS g if ON (} OFF
d ! g




Functionarea tranzistoarelor

* nMOS: lasa sa treaca O-uri, deci
conectam sursa la GND

 pMOS: |asa sa treaca 1-uri, deci
conectam sursa la Voo

-

/

intrari

7;

-

pMOS

pull-up
network

~

/

-

NS

nMOS
pull-down
network

~

/

Y%

lesire




Porti logice

* Implementeaza functii logice:
— inversiune (NOT), AND, OR, NAND, NOR, etc.

e Ointrare:
— Poarta NOT, buffer

 Doua intrari:
— AND, OR, XOR, NAND, NOR, XNOR

* Intrari multiple







Porti CMOS: Poarta NOT

NOT
AD&Y
=A

Y
1
0

— ol > <

Voo

CD4049, circuit integrat cu 6 porti logice NOT




Porti CMOS: Poarta NOT

Voo
AD&Y ]
P
Y=A A1 Y
Ay N1
R %

0 ON |OFF |1

Matrita de siliciu a CD4049. Dimensiune 722x552um
1 O F F O N O https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate



https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate
https://zeptobars.com/en/read/CD4049-cmos-inverter-metal-gate

Porti CMOS: Poarta NAND

NAND

A_
B_

R 2 o ol
—~ o~ ol

A Pl P2 NI N2

— Epz

1

ON

ON

P
+

N1
]

N2

v

OFF

Y

OFF

=)

A
o+ n-MOSFETs
GND

I, I,

ON

OFF

OFF

ON

0
0
1
1

B
0
1
0
|

OFF

ON

ON

OFF

OFF

OFF

ON

ON

Y
1
1
1
0




Porti CMOS: Poarta NAND

E
3]
2]
1]
EI Output 3
o |
] Inputs 3
s |

/
g

e

Structura interna a circuitului CD4011

[2]

2]
Output1[ 3 |
Output2[ 4 |

5]

[¢]

[7]enD

Inputs 2 [

CD4011, circuit integrat cu 4 porti logice NAND

sa3q [

e O ST

54)
65

-73
1.651~1.854)
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Structura unei porti CMOS

—
Structura interna a oricarei porti s MOS A
logice, indiferent de pull-up
complexitate, poate fi nouts | network )
simplificata la doua structuri: L output
 Retea pull-up -> trage iesirea la - N

‘1’ logic (Vcc) AMOS
* Retea pull-down -> trage iesirea Pu”t-vig:\{(”

la ‘0’ logic (GND) . nz7 )




Poarta NOR

Cum construim o poarta NOR cu trei intrari?




Poarta NOR3

Q

@)

Q




Alte porti CMOS

Cum construim o poarta AND cu doua intrari?




Poarta AND2

o >




Porti logice cu o intrare

NOT BUF
A%Y AbY
Y=A Y=A
Aly Aly
0 1 0 0
1 0 1 1




trari

\ 4

Port

iIce cu doua In

log

OR

<@

O v

Y=A+8B
B

O 1 O

O O A

o o O

AB
B

Y

O A O

O O




Mai multe porti logice cu doua intrari

XOR NAND XNOR
A A
5 Y B P D 5 1Y
Y=A®B Y=AB Y=A+B Y=A®B
A B|Y A B|Y A BJ|Y A BI|Y
0 01O 0 0 1 0 0 1 0 0 1
0 1| 1 0 1| 1 0 110 0 110
1 0| 1 1 0| 1 1 010 1 010
1 110 1 110 1 110 1 1| 1




ar

Ite Iintr

ICe CU madl mu

logi

O O OO OO OO0 O O o o o o

O~ O~~~ 0O~~~ 0O ~—0O «— O «—O «— O -

OO0 — 0O 0O «— T 0O O v« ~ OO o «~«~ ~

O 0O 00 «™~“ @vv—+— T 0O OO0 O «~“v= v

O O OO0 0000 ™“ v~ v v« v« v«

Port

ANDA4
Y = ABCD

> oo ocococoo

Q[ O~—O~— O ~— O

BOO1/|OO/I/|

AOOOO/|1/|/|




Proiectarea retelelor de porti logice

e AND-OR, NAND-NAND, OR-AND, NOR-NOR
e Optimizare logica: cost, viteza de executie, putere disipata

D D D=
y = - O > v D -
il 7 - 2 -

(@) AND-OR circuit (b) Intermediate circuit (c) NAND-NAND equivalent

Un circuit AND-OR pe 2 niveluri si doua circuite echivalente

C Computer Sci *"“‘CAI e
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Some guy named
William

s

Me, an intellectual who
understands Boolean
algebra

How Inefficient of him



Circuite combinationale utile

e Blocuri de nivel inalt

e Seamana cu blocurile prefabricate folosite in
constructia unei case

e Componente aritmetice (Sumatoare, Multiplicatoare,
Unitati Aritmetice-Logice)

e In continuare vom vorbi despre trei componente utile:
multiplexoare, decodificatoare/demultiplexoare si
codificatoare

WICA By,
CCCCCCCCCC ience 53'\‘ 2 o"‘»ﬁ
& Engineering & mmm—r 2
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Multiplexoare

Permite selectarea uneia
sau mai multor intrari si
rutarea acestora la iesire,
in functie de valoarea
binara a intrarilor de
selectie/adresa furnizate.

y

j_

ﬁ_

(d) Mux array

1o

(@) 2-to-1 mux

W N -~ O

Y1Yo
(e) 4-to-1 mux with enable

X0
X4

0

40\'\0—2

—_—10

1

y

(b) Switch view

e (Enable)

Xo—p
X1—>

X2_>

|
y )

(c) Mux symbol

X3_>

(e) 4-to-1 mux design

WICA By,
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Decodificatoare/demultiplexoare

y. Yy
177 07

(a) 2-to-4 decoder

(b) Decoder symbol

(Enable)

YaYo

1

W N =~ O

_>XO
_>X1
J"XZ
——p X

3

(c) Demultiplexer, or
decoder with “enable’

Un decodificator permite selectia a uneia dintre cele 29 intrari cu ajutorul a unei intrari
de selectie pe a biti. Un demultiplexor (demux) selecteaza o iesire in functie de

semnalele de adresa si o intrare suplimentara de Enable.



Codificatoare

x, &
0
* Xq —R
x, 1 X1 /1
2 X 2
.i/ Z
Xq 0 X3 —3
11(0
vV Vv
y1 yo y1 yO
(a) 4-to-2 encoder (b) Encoder symbol

Un codificator 29-la-a furnizeaza la iesire un numar binar pe a-biti egal cu rangul
valorii unice de 1 de la intrare.



Afisarea cifrelor zecimale pe un display cu 7 segmente

Typical 7 Segments Display

Afisaj seven-segment pentru toate
cifrele zecimale. Fiecare din cele 7
segmente corespunde unui bit care
poate fi activ (=> segment aprins) sau
inactiv (segment stins). Tn acest fel

putem afisa cifre pe un ecran.

The 7 Segment’s Name
and the DOT

CA
Common Anode 7 Segments

PRRREET

G DOT

F G DOT

sy

Common Cathode 7 Segments )
CcC




Decodificator BCD-to-Seven-Segment

®
Q

. e
0 Lo J
4-bit input in [0, 9] Signas 10
X3 X2 X4 Xy turn onthe s
segments
—T— t N
@

D r
\

3
L o___
— )
® 0 —
? e

Circuitul logic care genereaza semnalul de Enable pentru segmentul cel mai de jos
al unui digit 7-segment

c R Sci Q)‘““CABUOO
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Circuite secventiale utile

e Blocuri de nivel inalt

e Folosesc bistabile si componente combinationale
pentru a implementa circuite cu memorie — registre,
registre de deplasare, numaratoare etc.

C Computer Sci *"“‘CAIB"""
omputer Science & %
& Engineering = __-_.?ﬁ'—_\
Department H
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Latch-uri, Flip-Flop-uri si Registre

D~ —9 \ R

(a) SR latch (b) D latch
D b ao—bp ao—"a —b Q[ 7D Q[T
FF “I R | "
C c Qp C Qp—>»Q" —gC Qp— —op>C  Qp—
[>o
(c) Master-slave D flip-flop (d) D flip-flop symbol  (e) k-bit register

Computer Sci G,
omputer Science
& Engineering 5’{;_?_?{&2\_
Department ML .
c \ﬁ_, slide 43
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Automate FSM

e e Dime
Current Inf ut
state é § %
¢ a 3 04
S 00 S 10 S 25 S 00 Dime
Si0 |S20 S35 Spo St Quarter
S 20 S 30 S 35 S 00 Quarter .
S 25 S 35 S 35 S 00 Reset
S 30 S 35 S 35 S 00 Dime
Quarter
S 35 S 35 S 35 S 00
Next state
S00 is the initial state < 830
S.._ is the final state Dime
35 Quarter Quarter

Tabela de stari si diagrama pentru un automat de bauturi
racoritoare.

C

Computer Science
& Engineering
Department
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Implementarea logicii secventiale

Only for Mealy machine
e il »
Inputs/ o—> State register Output 9“tp”t§
n logic m
Next-s_tate > . o
logic Next-state
Present — excitation

Realizarea hardware a automatelor secventiale Moore si Mealy.

slide 45



Proiectarea circuitelor secventiale

Exemplu
Inputs _

Quarterin ¢ ’ ouput  Final
e |_owe P
FF2 is 1xx

Dime in d e ) —eC 4

l [ 4 1

D Q

[ FF1

L 4 D_I—L/—ODC Q

] o a
FFO

—
|/
D— —pC Q

Implementarea hardware a automatului de racoritoare.




Registre deplasare

4-bit Parallel Data Output

. . Qa Qe Qe Qo
Serial-In Serla!-Out (SISO) am T T T J‘
e Parallel-In Serial-Out (PISO) S " cen [ rm | | Feo || FeD
e Serial-In Parallel-Out (SIPO) I D R R
Clear L l l
S}‘I“f[ Clock | [T

. Load
Parallel data in _,_y\g\l
k

. . 7 D Q7
Serial data in -—;;y k cF k
C Qb— | ___) Serial data out

k—1LSBs MSB
/

SIPO shift register

e—» Parallel data out

Registru deplasare mutifunctional. Poate functiona fie parallel-in, fie serial-in si poate furniza datele la
iesire fie paralel, fie serial.

WICA By,
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Registre deplasare - exemple

IO—C1D

O—]1D

410 pP—Jq1D

[ENE }I“ L

o—J1D [pP—4q1D p—A4d1D

i e el

= C1 ‘L}C‘l L}C1 L“:PCH T—'?->(f:‘l L}C‘l 12?01 \—T_‘-’ c1

T
BZD}—(;D

74HC164 — registru deplasare 8 biti Serial-In, Parallel-Out

cLk B
A

Clear

Clear




Registre deplasare - exemple

. 0 O o OUTPUT 49
74HC589- registru deplasare 8 biti Parallel-In, Serial-Out aveie >
SHIFT |
CLOCK—DO—CD
SERIAL SHIFT/ 4
EEEEee SEEE@Ee .- 12 - ————— |
e B | | % | éfgg:_{ >°'4 >‘E| STAGE A |
> J - . 3 | A 15!——————| D | b Py :
| —>C L{pS |
DL e toromsmas | RondeosonTtenTy L SOnoRoSISgRangn, | TS oSSR ,’ - o l ! >C$ Q I
i = | o] e i
i . S A I I— |
- | | |
i | 1 ! }3
‘" B I .—I>JC g :
- ! 1P |
Sy : e
’ b |
. I *|>°:D > ’J I
i : PARALLEL —_ :
: [ ||~?|="AJ1'°-‘S c 2—: STAGE C* I
:l 3 FeTTTT T T T T T T T T T T :
4 D—: STAGE D* ]
' T T T T T T T T T T T e e |
[ e E— STAGE E* I
' e |
: ‘ F5_= STAGE F* I
e s |
5 Gs—: STAGE G* I
i R
. B =
! 7 *
S [
LB | —1D ! 9
| | | —>CR i D‘QH
| hg
T P I =

Computer Science
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Registre si buffere FIFO

Write 2h k-bit registers Muxes
data ;/< ° ;/< D Q ;< Write enable
Write FF —» Write
address h BC Qp— > k|9 Read|
: | Write ~ data 0] x
| addr
i 7D Q7 i Read "
Write k k ! ea Read
enable FF . data O addr 0
bla Ly — e S
- | k Read k
g | P p | addr 1
o 1
o D Q ) Read enable
3 k1P 9 ]‘ | 'Read
1
data 1 .
>C  Qp— " (b) Graphic symbol
) for register file
Pk T vd
FF
\—°> c_Qp— - o A Push Full

h —» Input Output 7>
Read address 00— Read k k
h enable Empty Pop
Read address 1 y
(a) Register file with random access (c) FIFO symbol

Implementarea unui registru si a unui FIFO.

Computer Science
& Engineering
Department
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FIFO Buffer

74HC40105- registru deplasare 16 cuvinte x 4 biti

OUTPUT
BUFFERS

INPUT
BUFFERS
m@_D_
D1 (:)P[::}——————
D2 (:)F————{::>—-
D3 (:)%[:}»—————

4x16
DATA
REGISTER

}

e

DATA-IN READY (DIR)

N

5508

THREE-STATE CONTROL
DATA-OUT READY (DOR)

CONTROL LOGIC

>

!

1

SHIFT OUT (S0O)

SHIFT IN (S1)

A 4

©

MASTER
RESET
(MR)

1

®

Qo

Q1

Q2

[ ! F/F1
R Q

Tt

—

L

4
6 LATCHES
D2 O-Do—Do—Do—

7
D3 W—Do— L1

POSITION 1

1
1 1 -
1 1
1 FiFs L]
1 215 1 FIF16
1 1 —
1 R Q- R Q]
: pf tt
" s Q T s Q
1 1
1 1
1 1
* 14x"!
B mlm- - .- - - a
14 x
13
cL ©L cL ¢ —o Qo
12
THREE- }—o Q1
4x14 4 STATE
LATCHES LATCHES OUTPUT 11
BUFFERS —o Q2
_ 10
14 x L1 L16 E E o Q3
POSITION 2-15 POSITIONS 16

Datasheet: http://www.ti.com/lit/ds/symlink/cd74hc40105.pdf
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http://www.ti.com/lit/ds/symlink/cd74hc40105.pdf
http://www.ti.com/lit/ds/symlink/cd74hc40105.pdf

Static RAM (SRAM)

Write enable
—1| Data in
I Data out
_fl;_’ Address
Chip Output
select enable

(a) SRAM block diagram

bt

Address

/ Row decoder \

Square or
almost square
memory matrix

—
ey vy
Row buffer
|
}f’ Column \\ Column mux /

(b) SRAM read mechanism

l g bits data out

Memoria SRAM nu este altceva decat o matrice foarte mare de registre single-port.

Computer Science
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SRAM - exemplu

SYMBOL DESCRIPTION
Vee — A0 - A12 Address Inputs
Vss —» DQO - DQ7 |Data Inputs/Outputs
) 8Ky CE#, CE2 Chip Enable Inputs
ACAIZ [ JDECODER | ) \iemoORY ARRAY WE# Write Enable Input
9 OE# Output Enable Input
NC ] 1 28 [ Vcc
a2 ] 2 M —r Vce Power Supply
AT [ 3 26 1 CE2 VSS Gr.ound
A6 [ 4 256 1 A8
As ] 5 > 24 [ A9 iE NC No Connection
:: z (: % 2 EOA;; DQO-DQ7 ¢ ) 'é?R[épL‘;? ( ) COLUMN I/0
A2 ] 8 o.’ 21 [ A10
A1 ] 9 N 20 [ CE# T
A0 ] 10 o-h) 19 [ DQ7
DQo —— 11 18— DO6 CE# —
CE2 —— CONTROL
oz ] 1 o |5 oo WE# ——) CIRCU
Ves ] 14 15 = pas OF# 8K X 8 BIT LOW POWER CMOS SRAM
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Numaratorul Binar

1

frequency f 0
TN —beLK f/2

1 —1

o—{ K

ok L L L]
CLK fl4

—k

o |

—bCLK /8

|k

‘:—J KS —e I
LK f/16

K

Divizor de frecventa / numarator binar

Numarator BCD — se reseteaza

automat dupa ce iesirile ajung la cifra

9 (1001)

1 1 1
Input clock
— = == —e —e
3 J J{E J }(1 JJ }{u J pulses
CLK $— CLK 4— CLK cLK $— JUL1N
1 1 1 1
CLR K |[-» CLR K|-» CLR K|-e CLR K}
)] @) @) y/
NAND
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Numaratorul Binar

Input
¢ ¢ Incr’ Init
0 Mux
Load
0 Count register ‘

! L

Cout \/ ¢ i 1
<+- Incrementer -

X+ 1

Numarator binar sincron cu capabilitate de initializare.
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Numaratorul Binar - exemplu

Di D2 D3

v v v Y

ﬁ—' >0

15 1 10 9 —[>°1
DO |D1 |D2 |D3 U’°4>° 1| I % {

e w| 9 9 [/ v
5 UD | PARALLEL LOAD
_ CIRCUIT
CE TC cE 4%4Do_
D o .

19 2 —— D D |
CP
| ) J )
| o | s ry rs
P _J CP K _J TP K _J CP K _J TP K
14 c C%IB'S'I?I\E’R . —|SD FF1 B_D L——oSD FF1 B_D ———SD FF1 RD L oSD FF1 _R_D
Q Q Q Q Q Q Q Q
Q0 |Q1 [Q2 [Q3 T— T— T— T—
R N v N
RC TC Qo Qal Q2 Q3

74HC191 - numarator binar presetabil cu numarare in sus sau jos
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THINKING YOU CAN
COUNT TO 10 ON YOUR
FINGERS

'~ KNOWING YOU CAN
COUNT TO 1,023 ON
YOUR FINGERS




Niveluri Logice

* Valori discrete de tensiune reprezinta 1 si O

* De exemplu:

— 0 = ground (GND) sau 0 volti
— 1 =Vpp sau 5 volti

* Dar 4.99 volti? EsteunOsauun 1?
* Dar 3.2 volti?




Niveluri Logice

* Domeniu de tensiuni pentru 1si0

* Domenii diferite pentru intrari si iesiri, pentru a lua in
calcul si zgomotul




Ce este zgomotul?

Listening to AC/DC




Ce este zgomotul?

* Orice degradeaza semnalul

— E.g., rezistenta, zgomotul sursei de alimentare, cuplajele
parazite de la conductorii invecinati etc.

 Exemplu: o poarta (driver) pune la iesirea sa 5V dar, din
cauza rezistentei liniei lungi, receptorul primeste 4.5V

Zgomot
Driver \ Receptor

‘ SV 4.5V‘




Analiza statica

* Pornind de la niste intrari logice valide, fiecare element
de circuit trebuie sa produca iesiri valide din punct de
vedere logic

* Trebuie sa folosim o gama restransa de tensiuni
pentru a reprezenta valorile discrete




Niveluri logice

Output Characteristics

Driver

Receiver

4|

%

Input Characteristics

VDD
Logic High i L odic Hiah
Output Range Inoglij;% .
Von SNM,, P 9
Forbidden | Viy
Zone v,

. Vo, ¢NML Logic Low
Logic Low i Input Range
Output Range

GND
NMy = Vo —Viy  NMp =V, — Vo



Caracteristici de transfer in c.c.

Buffer ideal: Buffer real:
V(Y) A #> Y V(Y)
VOH VDD | \\;DD — k_
OH
Unity Gain
Points
Vor Slope = 1
Vo, 0 | V(A) 0 | V(A)
VDD / 2 VDD VIL VIH VDD
VIL’ VIH

NMH — NML — VDD/2 NMH, NML < VDD/2




Caracteristici de transfer in c.c.

A—%Y

V(Y)

Output Characteristics Y Input Characteristics
gDD B DD
OH
Vo i NM,,
Forbidden V.,
Zone v,
Unity Gain NML
Points VvV
Voo Slope = 1 oL
0 | V(A)
VIL VIH VDD GND
c Computer Science
& Engineering
Department




Scalarea VDD

* Inanii 1970511980, Vpp =5V
* Vpp a scazut — |
— Tranzistoarele s-au micsorat 0S2y l 'f cey l}
— Consuma mai putina putere - = "
e 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V, 1.0 V, petflideiged &£
* Aveti grija cand conectati

componente ce functioneaza e : . .
la diferite niveluri de tensiune Circuitele functioneza pe baza de

fum magic!

Teorie alternativa:

Dovada:

— Daca iese fumul magic, circuitul
nu mai functioneaza!




Diferite familii de circuite logice

Familie Logica Voo Vii | Vin | Vou | Voo
TTL 5(4.75-5.25)[08 (20 |04 |24
CMOS 5 (4.5 - 6) 1.35 [3.15 |0.33 |3.84
LVTTL 33(3-36) (08 (20 |04 |24
LVCMOS 33(3-36) |09 |18 |036 |27




Consumul de putere

* Putere = Energia consumata pe unitatea de timp
— Consum de putere in regim dinamic
— Consum de putere in regim static




Puterea dinamica

* Puterea necesara pentru a incarca capacitatile
parazite ale portilor
Energia necesara pentru a incarca o capacitate C, la Vpp

este CVpp?

— Circuitul lucreaza la frecventa f: tranzistoarele comuta (din 1 in
O si vice versa) la acea frecventa

— Condensatorul este incarcat de f/2 ori pe secunda (descarcarea
din 1in O este gratis)

Puterea dinamica:  Py,..ic=%fCVZ 5,




Puterea statica

* Puterea consumata cand nici o poarta nu comuta

e Cauzata de curentul de mers in gol, 15y
(numit si curent de leakage)

Puterea statica: P.iatic = IooVop




Exemplu de calcul consum putere

e Estimati consumul de putere pentru
un calculator portabil cu urmatoarele

specificatii:

— VDD = 12 V

—C=20nk P = 5CV, o2 + 15,Vog

—f=1GHz =%(20 nF)(1.2 V)2(1 GHz) + (20 mA)(1.2 V)
_IDD= 20 mA =144 W
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