Polovodicové paméti

RAM random access memory, miiZe se do ni rychle zapisovat a Cist z ni a lze

v libolném ¢ase adresovat jakoukoliv buiiku. Ptistupové Casy pro Cteni a zapis
do jednotlivé bunky jsou obdobné.

SRAM - statickd RAM, pii zapnutém napajeni udrzi zapsanou informaci nepietrzité

DRAM- potiebuje periodickou obnovu zapsané informace

ROM rcad only memory, informaci lze rychle pouze Cist.
PROM nelze data prepisovat
EPROM lze data vymazat a znovu zapsat

EEPROM lze prepisovat elektricky — flash memory



Architektura paméti

-zakladni usporadani paméti (RAM, ROM - nema vstupy a moznost ““ write”)
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Architektura paméti

- schematické usporadani paméti RAM (pamétova matice)

- pro zapis nebo ¢teni do urcité burky (bitu) adresujeme a tim aktivujeme prislusny
radek a pak sloupec = tim je jednoznacéné urcena pamétova burika v matici
-vybrand data jsou pak transportovana bitovou linkou doll do ¢teciho obvodu
-pamétové bloky jsou zapojovany paralelné (chip select signal — pro dodate¢nou
adresaci Cipu)
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Architektura paméti

Dekodér adresy

-ptiklad jednoduchého dvoubitového dekodéru adresy
-na vstupu adresovani je vstupni buffer tvofeny dvéma invertory (niZsi budici vykon)
- dekodér vybira jeden vystup ze ¢tyt podle dvojkové hodnoty dvoubitové adresy
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Architektura paméti
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- bistabilni klopny obvod s invertort
jako pamét'ova buika napctova prenosova charakteristika

panétove bunky (bistabilniho
obvodu)



TRANSMISSION GATES

NMOS Transmission Gate
NMOS obousmérny spinac

- tranzistor MOSFET s indukovanym kandlem N mizZe pracovat jako obousmérny
spinac tj. vede proud obéma sméry
- vstupy a, b pracuji oba bud' jako drain nebo source podle sméru proudu,

vV’

(a) NMOS transmission gate, showing substrate connection, and (b) simplified

diagram



NMOS obousmérny spinac
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NMOS transmission gate with cross section of NMOS transistor



Architektura paméti jl
IprL.
NMOS SRAM buiika . NMOS invertor
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Static NMOS RAM cells with (a) depletion loads and (b) polysilicon resistor loads



Architektura paméti
CMOS SRAM

-vyhoda CMOS — nizka spotieba energie, vysoka odolnost proti Sumu,

Siroky rozsah pouzitelnych teplot, ostré prechodové charakteristiky,

velké tolerance napajeciho napéti

-complementarni tranzistory NMOS a PMOS jsou oba zaroven ve vodivém stavu pouze
v dob¢ spinani — tspora vykonu
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Architektura paméti  SRAM

- asynchronni SRAM - neni fizena hodinovym signalem
- data se zapisuji do paméti ¢asto najednou jako slova tj 8 bitli na jedné adrese
- tato slova jsou pak v paméti uspordddna do matice radk{ a sloupct
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Asynchronous SRAM architecture: an array of
cells with an »-bit parallel address, and simple control by We’,
cs’, and O€’. Word widths of 8 bits and 16 bits are most commoan.



Architektura paméti

CMOS SRAM kompletni zapojeni SRAM
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CMOS RAM cell including PMOS pull-up transistors




Architektura paméti
CMOS SRAM

- cyklus Cteni z paméti, ¢teni nesmi ovlivnit data uloZzena v paméti
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Voltage levels and “on” transistors in CMOS RAM cell at the beginning of the read cycle



Architektura paméti

CMOS SRAM

-rezim zapisu do SRAM
- tvrdd nula na D zplisobi pteklopeni stavu
paméti z log 0 na log 1
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Voltage levels in the CMOS RAM at the beginning of a write cycle



CMOS SRAM
-kompletn1 obvody pro zapis do paméti a Cteni
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(a) Write circuitry associated with CMOS RAM cell; (b) cross-coupled NMOS
sense amplifier; (¢) CMOS differential sense amplifier



Architektura paméti CMOS SRAM

-kompletni obvody pro zapis do paméti a Cteni
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Architektura paméti

Dynamic RAM (DRAM) Cells

Vyuziva vnitrni kapacitu FETu pro uchovani informace
- lze tak dosahnout vysoké hustoty integrace
- musi byt ale periodicky obnovovana informace

Row select = WL
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One-transistor dynamic RAM cell



ptiklad asynchronni DRAM pamét'ové matice
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Asynchronous DRAM architecture, here illustrated with a tiny 4x4 array of 1-bit “words” The address lines are multi-
plexed, with row and column addresses registered internally. The latching sense amplifiers (SA's) read (and refresh) the state of the

row-addressed bit lines during a READ cycle. During a WRITE cycle they are instead overdriven by the input data on the same shared
input/output data line DQO.



Architektura paméti
Dynamic RAM (DRAM) Cells

Cp, Cpr — parazitni kapacity datovych vodicl
Cg pamétovy kondenzator Cy=2Cy
Cg referencni kondenzator
- v klidovém stavu jsou D a Dy
nabity na stejny potencial
-pfi Cteni jsou WL a D-WL na log 1

aCE=0
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1se amplifier configuration for dynamic RAM cell



Dynamic RAM (DRAM) Cells

Basically, each bit line is split into two identical halves. Each half-line is connected to
half the cells in the column and to an additional cell, known as a dummy cell, having a stor-
age capacitor Cp = Cs. When a word line on the left side is selected for reading, the dummy
cell on the right side (controlled by @p) it also selected, and vice versa; that is, when a word
line on the right side is selected, the dummy cell on the left (controlled by ¢;,) is also
selected. In effect, then, the dummy cell serves as the other half of a differential DRAM cell.
When the left-half bit line is in Gperatmn the right-half bit line acts as its complement (or B

line) and vice versa.
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Dynamic RAM (DRAM) Cells
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Operation of the circuit is as follows: The two halves of the line are pre-
charged to V72 and their voltages are equalized. At the same time, the capacitors of the
two dummy cells are precharged to V,,,/2. Then a word line is selected, and the dummy
cell on the other side is enabled (with ¢, or ¢ raised to V). Thus the hali-line connected
to the selected cell will develop a voltage increment (around V,,/2) of AV(1) or AV0)
depending on whether a 1 or a 0 is stored in the cell. Meanwhile, the other half of the line
will have its voltage held equal to that of C,, (i.e., Vp,,/2). The result is a differential signal
of AV(1) or AV(0) that the sense amplifier detects and amplifies when it is enabled. As usual,
by the end of the regenerative process, the amplifier will cause the voltage on one half of the
line to become Vp;, and that on the other half to become 0.



Architektura paméti . ,
gate 1 — floating gate, nema

EPROM and EEPROM Cells elektricky kontakt
EPROM gate 2 — control gate, pouziva
se pro vybér bunky

Gate 2

Thin oxide Gate |
Source Drain EPROM
zapisovani log 1 — na gate 2 a drain se

pfivede V;,=25V a V =+25V, source a
body jsou uzemnéné

— teCe velky proud mezi drain a source a
@) nastane lavinovy pruraz drain-body a skrz
SnO, se na plovoucim gate zachyti
elektrony a zlistanou tam 1zolovany pfi
napéti na gate 2 V;,= +5V se tranzistor

| B neotevie

Gate?  Gate 1 EPROM se maZe najednou UV zafenim,
kdy Si10, trochu vede a naboj odejde z
gate 1

(b)

(a) Cross section of erasable programmable ROM; (b) equivalent circuit



Architektura paméti
EPROM and EEPROM Cells

Control gate
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EEPROM maze se
piivedenim 20V na drain a
V=20V na control gate 0
V, elektrony tuneluji pry¢ z
plovouciho gate a bude

na ném kladny naboj

(log 0), tranzistor vede
(pracuje v ochuzovacim
modu)

EEPROM

zapisovani log 1

Na control gate se privede
+20V, V=0V a elektrony
tuneluji na floating gate,
kde ztistanou, tranzistor se
pak neotevie (log 1)

pro ¢teni dat se pouzivaji
nizka napéti 5V

(a) Cross section of a floating-gate electrically erasable programmable ROM;

(b) charging the floating gate; (c) discharging the floating gate
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