Zakres przedmiotu

1.

2. Wspolpraca procesora z pamig¢cia. Pamieci
polprzewodnikowe.
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Architektura systemu komputerowego

Architektura polega na scistym podziale komputera na trzy podstawowe czesci:
- procesor,
-~ pamiec¢ (zawierajgca dane oraz program),
- urzgdzenia wejscia/wyjscia (I/O).

PAMIEC PODSTAWOWA URZADZENIA ZEWNETRZ.
RAM , ROM Uwej,Uwyj,PM
Interfejs Interfe)s
I Magistrala systemowa (MS) I
| i

PROCESOR y

Interfejs RA
— — RD ______________
ALU
US BS
ALB
RR|LR|RS| WS BR




Wspoétpraca procesora z pamiecia

zewnetrzna (1)

ROM

Magistrala adresowa

Magistrala danych




Wspoétpraca procesora z pamiecia

zewnetrzna (2)

ColdFire

magistrala
wewnetrzna




Podziat pamieci

Pamigci ulotne

Pamigci niculotne

Pamigci o dostepie
swobodnym
RAM

Pamigci
bez swobodnego
dostepu

m statyczne S-RAM
m dynamiczne D-RAM

m stosowe - LIFO

m kolejkowe -
FIFO

m skojarzeniowe
CAM

m rejestry
przesuwajgce

programowane maskg - ROM
programowane jednorazowo - PROM
kasowalne i programowalne wielokrotnie
- EPROM

elektrycznie kasowalne i programowalne
wielokrotnie - EEPROM

elektrycznic kasowalne w caloéci 1 progra-
mowalne wielokrotnic - FLASH

pamigci S-RAM z podtrzymujaca bateria
litowa




Hierarchia pamieci (1)

Memory
) Access
latency
< 1KB Registers
1MB Cache
256MB Main memory 50 ns

Magnetic disk > ms
Magnetic tape >0 sec




Hierarchia pamieci (2)

Processor

Control

Datapath

Speed: ~1 ns ~10 ns-100 ns  ~100 ns ~10 ms ~10 sec

Size: ~100 B ~kB-MB ~MB ~GB ~TB

Tera 10M2 =>TB
Peta 10M5 => PB
Exa 108 => EB



Pamieci tylko do odczytu
(Read Only Memory)



Pamieci state ROM w systemach
mikroprocesorowych

Pamieci ROM wykorzystuje sie do:

* Przechowywania programu,

[ 7]

Budowy dekoderow adresowych

[ 7]

Przechowywania statych (parametrow)

[ 7]

Przechowywania ustawien systemowych

[ 7]

Realizacji funkcji nieliniowych, trygonometrycznych,
itp., (np. tablicowanie)



Pamie¢ stata (1)

PROM 8x1 bit

mux

wyjscie

adres
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Pamie¢ stata (2)

AO0-A19 - 1MB
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Pamie¢ EPROM

Structure of an EPROM memory cell

P-type implant

y /////////////////%
Silicon select gate 7

A=
| |con oa mg ga e '

Silicon dioxide
insulator

\. J

P-type silicon substrate

o
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Pamieci

EPROM
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Pamieci EPROM / SRAM

2764 6264
#12V Ve 11 081 Vec +5V Ne [ ~ v
A12 1 PGM Az 2 27| WE*
A7 "o~ " NC A, |3 26| CS2
A6 ] N A8 A2 25| Ag
AS [] 0 A9 As[5 24] As
Ad i :I ‘51.1 Ayl 6 23| A1,
A3 [] ] OE As[7 22| OE*
A2 ] EPROM  A10 NI 21 Ao
Al [ ] CE A [9 20|CS1*
A0 | ] D7 As[10 19] /05
DO L | D6 110, [11 18]1/0,
o1 = ] DS 10, [12 17] /06
D2 [ ] D4 /0513 16]1/0s
GND — 14 15 D3 gnd |14 15} 1/04
(Top view)

EPROM SRAM



Odczyt danej z pamieci EPROM

Address

Outputs
00 - O7

VIH L — —.
< Address Valid >
ViL
VIH -
L
ViL
-—| tCcE(2) |—
VIH L~
AYJ 7_—F t e
IL toE®) OFF(1,3)
VoH . .
High Z /// . \\\ HighZ
Valid Output
VoL \\\ /
~-——— tACC
27C256-90* | 27C256-10* | 27C256-12 | 27C256-15| 27C256-20
Parameter Sym Units | Conditions
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Address to Output tacc | — 90 — 100 | — | 120 | — | 150 | — | 200 ns |CE=0E =VIL
Delay
CE to Output Delay |tce — 90 — 100 | — | 120 | — | 150 | — | 200 ns |OE =ViL
OE to Output Delay |toE — | 40 — 45 | — | 55 — | 65 | — | 75 ns |CE=ViwL
CE or OE to O/P toFF 0 30 0 30 0 35 0 50 0 55 ns
High Impedance
Output Hold from toH 0 — 0 — 0 — 0 — 0 — ns
Address CE or OE,
whichever goes first
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Pamieci EPROM <=> EEPROM

Structure of EPROM and flash EEPROM memory cells

CG — control gate
FG — floating gate

S — source
D — drain
Bramka swobodna Bramka sieruqucﬂ
25 \/ (polikrzem pierwsze- [polikrzem drugiego
* o poziomu ] . +U poziomu |
~100 nm ‘ gi o ¢ *Uo
L] Tlenek
Tlenek Y =07 e, tunelu-

polowy jacy

Podtoze p

Payhie¢ EEPROM
/ EPROM cell \ . /é \
GND Elektrony gorace: 1075 V/cm

, o ] o Kasowanie Programowanie
Programowanie = wpisanie zer do komdrek pamieci

16



Pamie¢ EEPROM

DQ{;'DQ:;
:::cc —
Voo I o—» | ERASE VOLTAGE INPUT/QUTPUT
SWITCH »|  surrirs
TO ARRAY Qr
SOURCE
STATE
CONTROL
WE# = 1/
commann - K
REGISTER
IMTEGRATED »l pow VOLTAGE
STOP TIMER SWITCH CHIP ENABLE
’ OUTPUT ENABLE|  sTB -
CE# LOGIC
> LATCH
OE# >
L

Y v LL Matryca

> Y-DECODER ||  Y-GATING pamieci
ste | _
L]
Ag=Hg = —
o ~ ® 1,048,576 BIT
% A~ DECODER ® cELL MATRIX €
L ]
—
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EEPROM 28C64A

ROY/BSY
Al

AT

Ag

A5

Ad
A3
A2
Al

AD

OE
A
i%e]
AR
NC
WE
Vo

RDY/BSY
A2

AT

A6

A5

Ad

A3

|:—
[ Vec %

— e o=
%ﬂ? 2828

B [ ""'.N::F:-ﬁ o
(148 as 0 2]
[Jag  ass =2
A1 agl7 2
Jato AZls i
NcE A8 &
Mio7 A0 -
o Noliz &
%II'DE REENEEE

104 Ngom

— 4 3 -

1103 6842888

e Pin 1 indicator on PLCC on top of package

. 28

S 27

TSOP

e = 28
2 27
3 28
4 25
L3 24
© DIP/
s SOIC -
4 20
10 14
ik 18
12 17
13 18
14 15
1'..

2

3

4

5

8

7 ol

-

9

10

11

12

13

14

S5

26
25
24
23
22

S

20
189
18
17
16

A8
A1
MC

A10
CE
o7

2
=

L

103

12
iy
[AORL
Al
A1
A
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Odczyt pamieci EEPROM

VH | —
Address >< Address Valid }<
ViL
VH L
CE INE L
Vi
- tCE(2) -
VH L
OE 7x_‘"
WiL -==| {OFF(1,3) I=—0
toE@ —» — = tOH o
\oH i .
Dat High Z yqi - \\\ HighZ
a Valid Output
VoL \\\\\ /
- {ACC ———————
_WVH
WE
ViL
28C64A-15 28C64A-20 28C64A-25
Parameter Symbol Units Conditions
Min Max Min Max Min Max
Address to Output Delay tacc — 150 — 200 — 250 ns |OE=CE=WVL
CE to Output Delay tcE — 150 — 200 — 250 ns |OE=VL
OE to Output Delay toE — 70 — 80 — 100 ns |CE=VIL
CE or OE High to Output Float tOFF 0 50 0 55 0 70 ns | Note 1
Output Hold from Address, CE toH 0 — 0 — 0 — ns |Note 1
or OE, whichever occurs first.
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Zapis pamieci EEPROM

VIH |~ =
Address X §<
VIL = —

- {ASE| [@4— tAH——
__VH \ %
CE, WE rl-l twPL —————
ViL - tDH
-+ {DV->a— tpDS—— | |-
VIH L ~
Data In A BN
VIL \ST 74/
—»| [OES |=—
___VH a
OE /]
VIL #
- {OEH
\OH
Rdy/Busy Bus Ready
VoL -— {DB—» i F
i twc
Parameter Symbol Min Max Units Remarks
Time to Device Busy toB 2 50 ns
Write Cycle Time (28C64A) twic — 1 ms | | 0.5 ms typical
Write Cycle Time (28C64AF) twe — 200 s 100 ps typical 20




Pamieé EEPROM z interfejsem I°C

AD A1 A2

[ | |

SCL —==—

SO A

Uktad
sterujgcy

i

Dekoder
X

U

..:‘"}

Dekoder
Y

Matryca
pamieciowa
Ghkb

Zatrzaski
stronic

Pamiec
kieszeniowa

Ly

Sterowanie
kolumn

1T

SEN [

Al ]2 TLNC
24FCB5

a3 [ ]sCL

Ugs [t [ 1sDA

Niewielka pamiec z interfejsem szeregowym 8k x 8 = 64 kb
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Pamieci EPROM <=> FLASH

CG — control gate

FG — floating gate

S — source

D —drain '/, thickness
Fowler—Nordheim of EPROM

+25\/ technique

~100 nm

~10 nm

Miller
overlap

j [ ( \
/ EPROM cell \ o /ETOX Il flash cen\

GND Elektrony gorace: 1075 V/cm

, o ] o Kasowanie Programowanie
Programowanie = wpisanie zer do komdrek pamieci

22



Pamieci FLASH (1)

Zalety:

» Mozliwosc szybkiego kasowania sektorow
(blokow) pamieci,

» Duza pojemnosc pamieci (jednotranzystorowe
komorki),

» Niskie napiecie zasilania (3,3 V, 5 V),

» Niewielki czas odczytu danych (~10 ns).
> Niewielkie rozmiary,

» Duza odpornosc na wstrzasy,

» Maty pobor energii.

Wady:

» Brak mozliwosci kasowania pojedynczych bajtow. 23



Pamieci FLASH (2)

HT4TE$1$?T
90T y - g :
068" % ¥ FUJIFILM
Qso8s Cp :

E]m A i

A’"EQFHE 26 i e

.J'l'.l'n"q"ul'u'.l'i'n'.l'.'fn".l'a'e'




Kasowanie zawartosci pamieci

PROM - niemozliwe

EPROM - ultrafiolet (cala pamig¢c¢, ok. 20
min)

EEPROM - elektrycznie (cata pamigc lub

pojedyncze bloki, kasowane poprzez
specyficzng sekwencj¢)

Flash EEPROM - podobne jak EEPROM

25



Connecting a 27256 EPROM to a 68000 CPU

+5V oV +5V oV
L L
28 i 14 28 1 14
Vee Vop ond Vee Vpp  and
Dol - Doo_111p, A 110 Ao1fDeg 15, A 1O Aoy
D.. |4 A0 12 ] Agz 4 Dog 12 g 2
01 ) Dy Ay 4 D Dy Ay P—a—
Do |2 ...Dy 13 D, A8 5 Aﬂa,.nm 13 D, As 8 Aga
Doa[2—— 402 15 Ds A Aaap Dis 15 D By Byt a
Do ! Dos 16/ A8 PosDyy 16, A, [6 Aos
D.. 64 Dgs 17 5 Aosf D13 Fli 5 Aos
05 D5 A5 D5 Ag F————]
DI)E 63 .:J_:'Dﬁ 13 Dﬁ Aﬁ 4 - AU" @14 18 DE A& 4 AEITI‘
Do 512 | Doy 19 D, A3 Agal Dag 19 . A 3 Ags |
Doolco Aals2 A Ao [
Dos 20— 27286 AqfZt—e 310 27256 Ag g‘: o
Dio22 EPROM A, ofor—e—200 EPROM  Aqg (21— 14
o — (32K x 8)  ApyfZ3—e—p2 (B2K x8) A, |23 o 1
Dyof®? Lower byte Aqsl2 413 Upper 5 12, #ag,
D,4/26 Aq3|26 Aqy byte F ¥ 26 : Aaa
D14 Zi Aql 27 Aqg A 27 Ass
D‘|5——-——
A2,
B0 OE* cs* OE* cs*
PP 22f 20 22 20
Aﬂﬁiﬁ—"’ 0
P < < I =
A 35 CS_upper_byte*
Agef38 5 JA ¥ CS_lower_byte*
%37 )
A10&_.-‘ HPJTF
A3, | B
Aggldl,
A4, | LDS*
Ault2 . -
A'IS":'%-'I"——" UDé*
Al TR “——CS_EPROM*
A17-—I-—"
Am\ﬁﬁ-—-ﬁ-—d
A]gEZ.—p—--‘\_..-iLL__.—-.
ﬁzuib_.-'k._..pq?—.__.
A B0, L . A .
A?z%ﬁ—“‘k:q‘—ﬁzb:—i Addrﬂss
Az = "= decoder
RAN 9. A :
L G S S
UDSHL > A B2
AS*E s =AS*
DTACK*

$10

S

26



Pamieci o dostepie
swobodnym

(Random Access Memory)

27



Schemat blokowy pamieci SRAM

Pin Name Pin Function
Ao - A19 Address Inputs
WE Write Enable
Ccs Chip Select
OE Output Enable
1/O1 ~ 1/04 Data Inputs/Qutputs
Vcc Power(+5.0V)
Vss Ground
N.C No Connection

Clk Gen. Pre-Charge Circuit
t - | |
Ao i '
A1 I
A2 i
A 3
Ad | = Memory Array
Ac | 2 1024 Rows
! 2 1024 x 4 Columns
As i T
A7 |
As i
Ao I
I I
—{. 1 Data |— /0 Circuit
010« _ 11 3 Cont. Column Select
CLK _
Gen. [ i
A0 A1z [ Aa  [A1s L‘IE

CS—1t—

A1

A1z Ais A1 A1

WE—1

OE

28




Komadrka pamieci statycznej

States

Bt lin mplimens bt line}
WL d linc) uou 6/2 “1 L
I_ VDD _I ADR -
i M
2| o | _ 812 an
B 321, r—- — =
Mg ® 6 6f
cc 0” | | “1 L}
V|| || Ms 413
. word line
BL BL
—l— hit hit
0 1
‘
Data ~Data
oe ¢ ,

29



Matryca pamieci statycznej

4x4 Matrix of BT memory cells

ey
oy

1;T

l

A

~J

l

L~
e
N

s

73,

1 T%E
|~

L T%rl; I
b

iy

AN

AN
AN
hy

WL[]

2
i
&
i

WL
WL[2]
WL



Pamieci SRAM

Zalety:

» Szybki czas zapisu oraz odczytu (~10 ns),
» Niskie napiecie zasilania (~1.2V - 53 V),

» Niewielkie rozmiary,

» Maty pobor energii.

Wady:
» Stosunkowo niewielkie pojemnosci pamieci

(<4 MB),
» \Wysoka cena pamieci.

31



Pamieci statyczne

1111!1“”!13!3!’.I!H!_!EE!EEIEE.’

I-.-.-‘\ o~
STATSChipPAC
- >
TSS0P 48LD
6.1MM X 12.5MM
ETH-TEFHF-:E:'E
MSOP

Mold Compound

DALLAS —
4 N%ﬁsgtmn_e SRAM

go21H 108792

\
Die Attach Die Attach Pad
Adhesive



Pamieci dynamiczne DRAM

W

-]

(WE

T

st

CAS

A19-A10

(AD

Generator
zegarowy 2

!

o B s o
AZ2——
AZ———»

Bufory
adresu
kolumn (10)

Bufor danych
wejsciowych

DQO0—DQ3 !
ot 1 & - |

Bufor danych
wyjsciowych

o,

kolumn

~

Uktad sterujo-
cy odswieza -

Wejscia |AL—= EI0TE 560 ey
adresowe) a5 — niemilicznik
Ap— )
o ' —¥] Bufory
AR ——— adresu
A e —j wiersza (10)
SAC Generator
RAS - il
A9-A0

Dekoder
wierszy

Bl

Dekoder

tﬁﬁﬁi?‘
¥

odczytu

Wzmacniacze

uk-h‘]dy I/0

Iﬁﬁili

'

Matryca

024x1024 =

pamieciowa

4

Generator
napiecia

polaryzujgcego

Dane



Komadrka pamieci dynamicznej

- One Dynamic RAM Bit (DRAM bit)
Kontakty aluminiowe .
Row Select
f——
Tranzystor | i
, MOS NMOS
Vi Column —_—
Select el T~
Capacitor
Zewnetrzna gjs
' okladka kondensatora 3
Ground
/, |zolator
| Wewnetrzna
! I OKI’adka 0 d l written refresh
| Kondensator kondensatora store
Ve \ /
high
low .
Czas od$wiezania: 4 — 16 ms oV l—— me




Pamie¢ DRAM 1 Mx4

- “ Pin Name Parameter
Vee [ 1@ 26 [J Vss
IRAS Row Address Strobe
Dao O 2 25 1 DQ3
Da1 O 3 24 [0 DQ2 [CAS Column Address Strobe
WE [ 4 23 |J CAS WE Write Enable
RAS O 5 22 I OE {0E Qutput Enabl
“N.C) A11 O & 21 0 A9 WUt Enabe
AD~-AT1 Address Input (4K Refresh Product)
A0 L] 8 19 [ A8 AD~A10 Address Input (2K Refresh Product)
AD O 9 18 HJ A7
A1 O 10 17 D as DQo~-DQ3 Data In/Out
A2 [ 11 16 0 A5 Vec Power (3.3V)
A3 [ 12 15 1 A4 Vss Ground
Vee [ 13 14 [ Vss
9 y NC Mo Connection
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Pamieci 32-bitowe

MC516400

D30 -
RAS* W A011 G* D30

MC516400

CAS*
RleEii Y I ——— ) T &y
RAS" W' ap1 G

4Mx32
MC68360 DRAM sz | o | cas MCS16400
8x RAS* W' AD-11 G*Dm'EI l - D&M
D(31-0) DATA(31:0) MC516400 [T 1
A(23:22)/A(112) ADDR(11:0) 1 [ e MCS16400
DA |og >
CAS(S'O) CAS(SO) E E —] R W a1 G D12-15
[ [ |
CS1
s O | e
* —t——
R/W wW 11 RAS W poa1 o [ D119
MC516400
CAS"
T

MC516400

CASD_)_ g CAS*
¢ RAS W A01 G D24-27

MC516400

CAS*
[RIREEIR B —.
RAS* W Ap1 G D25:31

RI"."M"‘I A22|'23.f Ij— 36

Az =




VAX 8600 memory hoard

e i L - J— |
|  amae) = .“ I v s e " | |I Ilmll | .11 aF | o)
| I . | i s |_ J—'I— T
| "t 1 s il | T o || .: r 5

] = 1 g o & i Il & ||.I 1
i (e T "-'-u-.‘.‘v-'r"." L | = | [ o (I ,".- Ty —7- T 2R AR | !

| 1 ila | | [ i o . I.-_ : T

ﬂﬂmﬁﬂrrrrﬂummﬂmmnnummu mnlHllllllllllﬂmmm|mnmmm....,. " "_;_';;.'__.'_;_;,,__.'_,_;_._;;;;;_.'_;;.Ig;;;!g;@_,!;g_,;_;;,_H;;rm._




Pamieci dynamiczne

TRITON-X/400

CO-00-8-T 10000

dddAdANEAdGadaad
o el opdmilel i i1
L EE LRI LER R L]



Cykl odczytu z pamie

L

ci dynamicznej

WViH -

RAS
WViL -

{ tW\éykl odczytu

|%

cAso / | N
ViL - Ok

N

tcas /
A

/

A ViH -
VIL - >q

X

— VIH - :
W ViL - / N,
— VIH-
OE ViL - \k /
L——tc,ﬂ\c—* toFF
DQO ~ DQ3 Py . "
::: : OPEN .(i DATA-OUT }_}—
Czas dostepu t_, .
MNEMONIC SIGNAL NAME VALUE (ne)
tacp Row-to-column strobe lead time 25-75
teac Access time from column address strobe 25 max.
faac Access time from row address strobe 100 max. 39



Cykl zapisu do pamieci dynamicznej

trc

N tras - trp——
RS WVIH - —‘-\ Y
7 \_

WVIL - h,

tcsH

« trRCcD—

WIH - . P PR £ .
CASO ,, _ / \1 CAS }/ /
tasr tasc |
VIH -
W0 TN e \
Y g tweH—
IH -
w VIL - \; twe ;/
— VIH-
CE WVIL -
DQO ~ DQ3 08 ool W ton
Vin- 1 DATA-IN
VIL - :: { }i
MNEMONIC NAME VALUE (ns)
twes Write command setup time 0 min.
bwen Write command hold time 20 min.
bwe Write command pulse width 20 min.
tne Data setup time 0 min. 10

bou Deta hold time 20 min.



Cykl szybkiego stronicowania (odczyt)

m WIH -
VL -

VIH -
CASO
VIL -

VIH -
VIL -

— VIH -
VIL -

BE VIH -
VL -

VIH -
VIL -

trASP o |trP
_"\\ e————trRHCP ———— /4\_
T nﬂ 7
«—trC e trc »
tcre
s l+—tRCD - fcp— «fcp—» —tRsH —*
h tcas 3
7 J\*tms \-j/ \= tcas
i oy T
tasr fcaH tasc| |tcad tasc| |tcad
e tRAH — N
ROW 1 COLUMN A COLUMN A COLUMN
ADDRE RHDDHES RHDDEES . EHDDHES
1
| «—»|tRRH
trcs trCH
I* > tFacHH1 *—{RCS ll"'1 s—{rCS tRCH—+
/ Vi L\
—t p 0 ——» Mtp,g > —fon—
tORA sl —tCPa > tcpa—
/g—\ /7.1—‘“6\ /.:
E \L /] - y
tocac fe >
¥ -
(RAC toez,  |toLz toez toEz
tcLz -
VALID IR 1T WALID VALID
DA TA-OUT | {DATAOU DATA-OUT




Cykl odswiezania

WVIH -
ViIL -

RAS

VIH -
VIL -

CASX

& WIH -
VIL -

DQ0 ~DQ3

WIH -
VIL -

Pamie¢ MCM54400A-60 (1 Mx4):

Odswiezanie typu CAS przed RAS

+—ARp—* ¢
4

trC

/1

!

RFC \

traz

]

tep.

_/

'y _'-

B
L ':

~ fcsr )

tcHR

*—tﬁm—k

twre.

twRH

-

/

~;£DFF

OPEN

Cykl odswiezania: T_=16 ms, czas dostepu: t ,_=60 ns, cykl odczytu: t, =110 ns,

Czas potrzebny na odswiezenie 1024 wierszy: 1024 * 110 ns = 113 us (0,7 % cyklu T )
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Wspétpraca pamieci DRAM z
procesorem 68k

Arrangement of a IM-word by 16-bit dynamic RAM module

AO‘ ﬁﬂ'l
’ R:
Ra
R‘ ——————————it— ]
E; o X T
t : H'r 2 z CAS. N
- 10 :. A ™~ :: RASTI
e AP THHEIS o
b Aya Cr A Ay D
e | Aqg *1Ca Ae (P I Dm
|24 ' Asg e b Ao Ae
=4 Address A »Cs
I | bus Fra— b Ao w
o buffer —» > *
I R 22— now Jar  case
=== e g 1 thet = re——_
multiplexer As
‘ 4 A Mx1 D,
|8 qa MM o :1
] ase MPLX i o >
Address strobe |[pa8t —
2 DS* Memory
Data strobe | aw Jgrray |, RASe
. ming CAS*
Read/Write control [ L wr
Il1{ Zewnetrgny sterownik A cas E
o . . 2 "
A pamigci DRAM A Rase
A4 As
s A, Mx1 p, :
A RAM
F{? L 4 A: Dy -}"‘
- -
g
F;":
DO-D1 5 ié et i = e o R A e




Transfery danych procesora motorola

External
data bus

32-bit port
memory

16-bit port
memory

8-bit port
memory

BS3 BS2 BS1 BSO

D[31:24] | D[23:16] | DJ[15:8] D[7:0]

Byte O Byte 1 Byte 2 Byte 3

Byte O Byte 1 _ _

Driven, undefined

Byte 2 Byte 3

Byte O

Byte 1 _ .

Driven, undefined
Byte 2
Byte 3
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Modut sterujacy pamiecia procesora
Motorola ColdFire

\CS
ﬁ
\BS
\TS > w
Pamiec:
Dane Dane > SRAM,
FLASH,
Adres A0-A2 Adres o urzadzenia
zewnetrzne
\W/R \WR .
\TA \OE
>

\TA — Transfer Acknowledge, potwierdzenie transmisji

\TS — Transfer Strobe, wazne dane oraz adresy na magistralach

\TIP — Transfer In Progres, utrzymywany w stanie niskim do zakonczenia transmisji
\TEA — Transfer Error, wejscie sygnalizacji btedu zewnetrznego
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Rejestry konfiguracyjne

Chip Select Address Registers
(CSARO0-CSARG)

Bits | Name Description
15-0 BA |Base address. Defines the base address for memory dedicated to chip select &[6:0]. BA is compared
to bits 31-16 on the internal address bus to determine if chip select memory is being accessed.
Chip Select Mask Registers
31 16 15 9 8 7 6 5 4 3 2 1 0

Field BAM — WP | —|AM|C/I|SC|SD|UC|UD| V
Reset Unitialized

R/W R/W

Addr 0x084 (CSMRO); 0x090 (CSMR1); 0x09C (CSMR2); 0x0A8 (CSMR3);

0x0B4 (CSMR4); 0x0C0 (CSMR5); Ox0CC (CSMR8)
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Chip Select Control Registers

(CSCRO-CSCRS)

Bits | Name Description

15-14 — Reserved, should be cleared.

13-10 WS |Wait states. The number of wait states inserted before an internal transfer acknowledge is generated
(WS = 0 inserts zero wait states, WS = OxF inserts 15 wait states). If AA = 0, TA must be asserted by
the external system regardless of the number of wait states generated. In that case, the external
transfer acknowledge ends the cycle. An external TA supercedes the generation of an internal TA.

9 — Reserved, should be cleared.

8 AA  |Auto-acknowledge enable. Determines the assertion of the internal transfer acknowledge for accesses
specified by the chip select address.

0 No internal TA is asserted. Cycle is terminated externally. _

1 Internal TA is asserted as specified by WS. Note that if AA = 1 for a corresponding CSn and the
external system asserts an external TA before the wait-state countdown asserts the internal TA, the
cycle is terminated. Burst cycles increment the address bus between each internal termination.

7—6 PS Port size. Specifies the width of the data associated with each chip select. It determines where data is
driven during write cycles and where data is sampled during read cycles. See Section 12.3.1.1.

00 32-bit port size. Valid data sampled and driven on D[31.0]

01 8-bit port size. Valid data sampled and driven on D[31:24]

1x 16-bit port size. Valid data sampled and driven on D[31:16]

5 BEM |Byte enable mode. Specifies the byte enable operation. Certain SRAMs have byte enables that must
be asserted during reads as well as writes. BEM can be set in the relevant CSCR to provide the
appropriate mode of byte enable in support of these SRAMs.

0 BSis not asserted for read. BS is asserted for data write only.

1 BS is asserted for read and write accesses.

4 BSTR |Burst read enable. Specifies whether burst reads are used for memory associated with each CSn.

0 Data exceeding the specified port size is broken into individual, port-sized non-burst reads. For
example, a longword read from an 8-bit port is broken into four 8-bit reads.

1 Enables data burst reads larger than the specified port size, including longword reads from 8- and
16-bit ports, word reads from 8-bit ports, and line reads from 8-, 16-, and 32-bit ports.

3 BSTW |Burst write enable. Specifies whether burst writes are used for memory associated with each csn.

0 Break data larger than the specified port size into individual port-sized, non-burst writes. For
example, a longword write to an 8-bit port takes four byte writes.

1 Enables burst write of data larger than the specified port size, including longword writes to 8 and
16-bit ports, word writes to 8-bit ports and line writes to 8-, 16-, and 32-bit ports.

2-0 — Reserved, should be cleared.
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Cykl odczytu (ColdFire)

Next Cycle

S1Z[1:0] Transfer Size
00 Longwaord
01 Byte
10 Word
Termination 1 16-byte line

Narastajgce zbocze zegara

S2 S3 S4 S5

CLKOUT

R/W

A[31:0], SIZ[1:0]

TIP

PPN
P

TS

CSn, BSn, OE \\

D[31:0] ( Read

0 \
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Podstawowy cykl zapisu (ColdFire)

TN

S0 S1 S2 S3 sS4 S5
CLKOUT | < ’ ]
A[31:0], SIZ[1:0] X
RW \
TIP \
TS \ /
CSn, BSn \ w
D[31:0] < Write
TA N/
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Cykl odczytu z szybkim zakonczeniem
(ColdFire)

SO S1 /NS4 S5
CLKOUT | O N
A[31:0], SIZ[1:0] X X
R 7 \
i \ /
TS \ /
CSn, BSn, OF \ *
D[31:0) (Read >335 33>>>
A \ /

Tryb z szybkim zakonczeniem nie moze zostac uzyty podczas wewnetrznej terminaciji.
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Cykl zapisu burst (3-2-2-2) (ColdFire)

S0 S1S2S3, WS (S4S5 WS ,S6S7, WS S8S9, WS S10S11
CLKOUT i\) ‘ ' ‘ ’ ‘\)

A[31:0] X ) A A

RIW, TIP

S —

SIZ[1:0] X
ST LY
CSn, OE, BSn \ /7
>7

D[31:0] (Write Ywrite Ywrite Ywrite

=

TA

Cykle zapisu i odczytu wykorzystywane podczas transmisji DMA oraz operacji na
pamieci podreczne,.
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Sterownik pamieci dynamicznej

* Obstuga dwdéch pamieci dynamicznych SDRAM MCF528x
(MCF520x/MCF527x pamieci DDR)

* Programowalne linie SRAS, SCAS oraz czas odswiezania

» Obstuga pamieci 8, 16, 32 bitowych

r— - - - - - - - - - - - - - — - - — — — — 1
| DRAM Controller Module |
D[31:0] |I1nte1‘nal > o _ D[31:0]
Q[31:0] finternal G a?
< | eneration ..(|7 D[31:0]
A
| |
A[31:0] Address
Internal : > l-'Illltiple:illg | A[31:0]
Bus A
| | |
| Control Logic |
and -+
| State Machine SCAS
| > | SRAS
| Memory Block 0 Hit Logic | SCKE _
| _ |DRAM Address/Control Register 0 | SDRAM_CS[1:0]
| > (DACRO) > | DRAMW
] DRAM Control BS[3:0]
| Register (DCR) |
| —— [ 1 |
| Memory Block 1 Hit Logic fred] |
DRAM Address/Control Register 1 Retresh Counter
| —> (DACRI) — [ ] |
| ] |
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i SDRAM

iec

iIsu do pam

iSja zapisu

Transm

Transfer typu burst

CLEOUT

SDEAM_C5s

[0]

]
NOP WEITE WRITE WRITE WERITE NOP PATL

ACTV
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Rejestry konfiguracyjne

IPSBAR o . .

Offsct [31:24] [23:16] [15:8] [7:0]

0x040 DRAM control register (DCR) [p. 15-5] —

0x044 —

0x048 DRAM address and control register 0 (DACRO) [p. 15-6]

0x04C DRAM mask register block 0 (DMRO) [p. 15-8]

0x050 DRAM address and control register 1 (DACRI1) [p. 15-6]

0x054 DRAM mask register block 1 (DMRL1) [p. 15-8]

Parameter Specification
Speed grade (-
16 Megx4| 8Megx8 | 4 Megx16 peec e (-6) 166 MHz
Configuration|4 Megx 4 x 4 |2 Meg x 8 x 4}|1 Meg x 16 x 4 12 rows, 8 columns
banks banks banks : —

Refresh count 1K 1K aK Two bank-select lines to access four internal banks
Row 4K (AD-AT1) | 4K (AD-AT)p 4K (AD-AT1) ACTV-to-read/write delay (tgep) 18 ns (mun.)
addressing ’
Bank 4 (BAO, BA1) | 4 (BAD, BAT)}| 4 (BAO, BAT) Period between auto-refresh and ACTV command (tgc) 60 ns
addressing
Column 1K (AD-A9) | 512 (A0-A8)l| 256 (A0-A7) ACTV command to precharge command (t 45) 42 ns (min.)
addressing

Precharge command to ACTV command (tgp)

18 ns (min.)

Last data input to PALL command (tgyy )

1 bus clock

Auto-refresh period for 4096 rows (trgp)

64 ms




Pamieé¢ SDRAM firmy Micron

CKE —(——|
CLK ———
1
1
Cs# —-<.' a CONTROL
w LOGIC
WEs —50 e
cass —»>—— S5 BANKZ
! oo BANK1
RAS: _ % | O /
1
1 / /
1
: 7 /?
! K
! ': [ ¥
1
' i | REFRESH [
I | COUNTER |-
E MODE REGISTER : = — 1 BANKO
H ! ADDRESS ROW- BANKD
i 12} ! ML ADDRESS MEMORY
1 12 LATCH ARRAY
! & {4,096 x 256 % 16)
; ! DECODER ||
1 4
: ! ||
E : SENSE AMPLIFIERS [
1 1
1
! : 4096
1
1 1
1 1
1 1
1 1
: ' 2 /0 GATING
; : > DOM MASK LOGIC
H i BANK READ DATA LATCH
a0-a11, —AeeN appress [— ] CONTROL WRITE DRIVERS
BAO, BA1 ) |15 | REGISTER [— 5 LOGIC
= 256 [ |
> lixie)
= 1
COLUMN
% DECODER
COLUMN-
ADDRESS 8
8 COUNTER/

LATCH

[—

I DATA
16 OUTPUT
— | REGISTER

DATA

18 INPUT
REGISTER
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Dotaczenie pamieci SDRAM

Micron 64 Mbit do procesora MCF5282

MCFS282 |A15|Al4|AL3|ALZ|ALL|AIO| A9 |A17|Al18|A19|A20[A21|A22|A23
Pins

Row 1514131211109 | 17|18 | 19| 20|21 |22 23
Column 2 3 41 5 6 7 8 | 16

SDRAM | A0 | Al | A2 |A3 | A4 | A5 | A6 | A7 | A8 | A9 |AIO[All (BA0O|BA1
Pins

56



