Wspotpraca procesora pamiecia



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)
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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
-a——| tCE(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 =V
OE to Output Delay |toE — | 40 —_ 45 | — | 55 — | 65 | — | 75 ns |CE=ViL
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),
» Krotki 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
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Pamie¢ FLASH NAND vs NOR

Bit Line
Ground Bit Line
Select Word Word Word Word Word Word Word Word Select
Transistor Line 0 Line 1 Line 2 Line 3 Line 4 Line 5 Line & Line ¥  Transisto

s B

L

NOR
FLASH

NAND
FLASH

Bit Line

Word
Line 0

Word
Line 1

Waord
Line 2

Word
Line 3

Word
Line 4

Word
Line 5

1

1
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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

26



Connecting a 27256 EPROM to a 68000 CPU

+5V oV +5V oV
L
28 i 14 28 1 14
Vee Ve ond Vee Vo gnd
DyolS- Doa 11 Dy A 10 . Agy | Dog 1 Dy Ao 10 Agy
D|114 l.DI:H 12 D, By 9 AO_Z;.._DD@ 12 D, A 9 2
Dma—aa%%_la D, A,l8 A Agaf Do 13 D, A, 8 Agz
») 2 o2 16 A i L AgghDyy 15 7 Aog
nzT “—-—--HD 1 D3 3 A Dy Ay H—a
Dm LUn4g E D A4E 22 05 ) Diz .lﬁD Ad- i] 4 AQEJ
64 Dos 17" 5 Aos| D 17| ° 5 Age
D‘oﬁ--—-—--‘ DE A5 - 4 =13 DE A L R .
D 63 ADos 18 4 . Ag @14 18 5 la Mgz
06 [5) Ds -Aﬁ - D DE- A5 e
Dy7 62 AU 19 D, A; 3 v Agal Dis 19 D, 2 3 Ags
DoofBL 25, Ao 2 125y )
A
Dm%g—" 27256  Ag i‘: 2 27256 A, (24 ‘:‘0
Dmgg—w EPROM Aw?-—h‘! EPROM Amﬁ—i—ﬂ—‘—‘"
L (32K % B) Ayt (32K % B) A, =213
Diaf32 Lower byte Ajp2— 213 Upper 12, A
D28 Aaf26 , A1 byte Agq (20 - o Sha Avg
g“ ;}i Aqal2? Ais Asg 27 Asg
15
A,
Aoz 30 = OE* cs* OE* Ccs*
A.;g-a?i%w._—e 22f 20 22 20
A F 3
Al33, ] =
P ECN AW
Ayl . CS_upper_byte*
Aggf38 o F——CS_lower_byte*
37
Apal=f » A
A]ﬂii—"
A,
Gty
Am&l—b—--ﬂ—" .
A2, :
A'IS":'%"I"——"’ Dé*
Avgle ™" “——CS_EPROM*
A17-—l-—“
NI
A'IE' a7 > A A]E
ﬁznip_.-'-«-._'.p“?—.__.
A4l 50 A
A 51 A A19
22 52 A?O Address
Ai’g S decoder
RWE——f— 2
LDS"‘_"‘_-Jl‘_""-L—'_'
U] LA WP, - B
AS‘G_'__.;.AS—____.
DTACK*

+10

S —
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Pamieci o dostepie
swobodnym

(Random Access Memory)

28



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
1 . | |
Ao | '
A1 i
Az i
A3 I E
Aa | o Memory Array
As | 2 1024 Rows
! 2 1024 x 4 Columns
As | ¥
A7 i
As i
Ao I
[ [
—{ .+ Data |— /0 Circuit
1Oo-110«_ i1 Cont. Column Select
CLK _
Gen. [« T
A | A1z 1Aa [Ats L\‘la

A1

A1z As A1 At

WE—1

OE
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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 ¢ ,

30



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.
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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

Wejscia

W

[o—

(WE

T

st

CAS
A19-A10

Generator
zegarowy 2

!

AD
B
AZ2———=
A3—»

Bufory
adresu
kolumn {10)

Bufor danych
wejsciowych

DQ0—-DQ3 E
e L # - |

Bufor danych
wyjsciowych

G

————

+——— | |{(OE]

kolumn

N

Uktad sterujg-
cy odswieza -

Al ———= BN Al it
adresowelag — niemilicznik

AG——v Y

A7 —= Y| Bufory

AR ——— adresu

g —‘j wiersza (10)

SAC Generator

RAS - e

A9-A0

Dekoder
wierszy

2,

Dekoder

f 1024xdy
¥

odczytu

Wzmacniacze

uktady I/0

I?r.TzIZZ

L

Matryca

pamieciowa
W24x1024 <4

Generator
napigcia
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
AN g DQ3-0
s =S RAS" W AO1 G P D30
.
[ 1]
MC516400
cAS*
RAS" W' Ap-11 GPDM e D47
4Mx32

ICE8360 DRAM sy |cns MOSTON0
8x RAST W pgar or o [t DB

D(E1:0) DATA(31:0) MC516400 .

A(23:22)/A(112) ADDR(11:0) [ [ Lo MCS16400

DQa3-0

CAS(20) CAS(3:0) 1 — R w oA e P D12-15

1 [ [ [ 1

C31
TS s L Mcsiea0
* ———

RW W 1 rs W ponr PO [ i61g

MC516400

CAS*

RAS® W' AD-1 G*DDB-EI = )70.23

MC516400

caso_| o] cas:
DQ3-0
¢ RAS* W' A1 G ™ )47

MC516400

o DQ3-0
0 | p—
RAS* W' A0l G D28-31

R!W*I A22|-23: Ij- 37
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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
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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 pamieci dynamicznej

{ tW\éykl odczytu h Vi

RAS :::__ K
- trcD
CASD :::: / | **\ \ tcas ?/ /
v aovarss I X s K X
— ViH :
Wil / |
— VIH-
OF ViL - \ /
L;_tCAC —> |<—> torFF
DQO ~ DQ3 ey . N
::: : 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.
tors Output buffer tum off time 0-20
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Cykl zapisu do pamieci dynamicznej

trc

N tras - trp——
RS WVIH - —‘-\ Y
7 \_

VL - a
tcsH
—tRCD—
WIH - . P PR £ .
CASO ,, / \"1 cas }/ /
tasr tasc |
VIH -
W0 TN e \
WIH - - tweH—
w VIL - \; twe ;/
— VIH-
OF -
DQO ~ DQ3 08 ool W ton
V= }{ DATA-IN }(
WViL -
MNEMONIC NAME VALUE (ns)
twes Write command setup time 0 min.
[— Write command hold time 20 min.
twe Write command pulse width 20 min.
tos Data setup time 0 min. 41

tou 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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Wspotpraca pocesora rodziny 68k
Z pamiecia

44



Motorola MC 68000

PROCESSOR |
STATUS

MC6800
PERIPHERAL —
CONTROL

SYSTEM |
CONTROL

UCC(Z}

GND(2)

CLK

YVYY

FCO

ADDRESS

BUS

<_ DATABUS >

N

FC1

AAA

FC2

VMA

VPA

BERR

RESET

HALT

YYY VY

A
|

AAA A

A23-A1

D15-D0

ASYNCHRONOUS
— BUS
CONTROL

BUS
— ARBITRATION
CONTROL

| INTERRUPT
CONTROL
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Przestrzenie adresowe procesora
Motorola z rodziny 68k

Function Code Qutput

FC2 FCA1 FCO Address Space Type
Low Low Low (Undefined, Reserved)
Low Low High User Data

Low High Low lUser Program
Low High High (Undefined, Reserved)
High Low Low (Undefined, Reserved)
High Low High Supervisor Data
High High Low Supervisor Program
High High High CPU Space

CPU space — przestrzen adresowa procesora (obstuga rejestrow
specjalnych RAMBAR, FLASHBAR, konfiguracja pamieci cache,
kooprocesor, itp...), instrukcja MOVES



Dekoder adresowy procesora MC68020 -
CPU space

MCAB020FECO20 PALT6LE
120 ULUDA > [JUDA
Y21 UMDA - UNMAPPED BYTE
a0 DA s [ SELECTS FOR OTHER
MDA LMDA 1 32 gIT PORTS
Al LLDA > |LDA
o cRl
LLDB
MC74F00 LMDB D
AZ1-AT8 uMpbB
ptalil e D MCT4F32
MCT4F32
MCT4F32
S
RIW ® I L I.
D31-D0 ) Q 0 ;J) O
32-BIT PORT W E W E W E W E
*A31-A2
. MCME0256A MCMB0256A MCME0256A MCMB0256A
D7-00 D15-D8 D23-D16 D31-024
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Sygnaty procesora Motorola (2)

Hi-Z
Signal Name Mnemonic | Input/Output | Active State On HALT On Bus
Relinquish
Address Bus Al-AZ23 Output High Yes Yes
Data Bus D0-D15 Input/Output High Yes Yes
Address Strobe AS Qutput Low No Yes
Read/\\rite RW Output Read-High Mo Yes
Write-Low
Data Strobe s Output Low No Yes
Upper and Lower Data Strobes | UDS, LDS Qutput Low No Yes
Data Transfer Acknowledge DTACK Input Low Mo No
Bus Request BA Input Low No Mo
Bus Grant BG Output Low No Mo
Bus Grant Acknowledge BGACK Input Low Mo Mo
Interrupt Priority Level IPLO, IPL1, Input Low No No
IPL2
Bus Error BERR Input Low Mo Mo
Mode MODE Input High — —
Reset RESET Input/Outp ut Low MNo* MNo*
Halt HALT Input/Output Low MNo* MNo*
Enable E Output High Mo Mo
Valid Memory Address VMA Output Low Mo Yes
Valid Peripheral Address VPA Input Low Mo No
Function Code QOutput FCO, FCA1, Output High Mo Yes
FC2
Clock CLK Input High Mo Mo
Power Input Ve Input —_ —_ —_
Ground GND Input — — —
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Motorola MC 68020

Function codes

Address bus

Data bus

Transfer size\f

Asynchronous
bus control

S

Cache control

DSACKO*

DSACK1 "

CDIS

MC68020

* Y
P IPLO
IPL1*

+
IPL2*

*
IPEND

AVEC*

BR* .
— Bus arbitration

BG* ” control

Interrupt
control

>
BGACK*
4

RESET

HALT*
—>

BERR*
.*_.._

Bus exception
control

49



Obudowa procesora MC 68020

N/OOOOOOOOOOOO

o

D31 D38 D25 D22 D20 D17 GND Veec D14 D12 D9 D8 Vec

M O 0O 06 0 0 O O O 0O 0O O 0 ©
DS* D29 D26 D24 D21 D18 D16 Vec D13 D10 D6 D5 D4

L O 0O 0O 0O O O O 0O 0O O 0 O o
AS*R/W*D30 D27 D23 Di9 GND D15 D11 D7 GND D3 D2

K o O O O O
GND HALT* GND 51 DO

J O O O - O O
DSACK1*BERR* GND IPLO* IPL1

H O O O o O
CDIS* AVEC* DSACKO* MC68020 IPL2* GND

G ®) O '®) Bottom O O O
ECS*SIZ1* DBEN* view Ve GND Vee

F O O O O O

SIZ0 FC2 FC1 GND IPEND*

E O O O o O
FCO RMC* Vec A2 OCS*

D O O O O O
Vee Vee Vec A4 A3

C O O 0O O O O O O O O O O O
RESET* CLK GND A0 A29 A25 A21 D17 A16 A12 A9 A7 A5

B O O 0O O 0O O O O O O O 0 O
GND BG* BR* A30 A27 A24 A20 Ai8 GND A15 A13 A10 A6

A O 0O O 0O 0O 0O O O O O O O O
BGACK* A1 A31 A28 AJ6 A23 A22 A19 Vec GNDA14 A1 A8

1 2 3 4 5 6 7 8 9 10 11 12 13
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Wspoétpraca procesora 68020

68020

8-bit
memaory memory

ség r__;_ Byte enable
y logic
L DS* DSACK1*

SIZ1 SiZo Size

Negated Asserted Byte

Asserted Negated Word

Asserted Asserted 3 Bytes

Negated Negated Long Word

2 pamiecia z magistralga 16 bitowa

A31 - A1




Wspétpraca procesora z urzadzeniami o
roznych maglstralach danych

68020

H
o
{
3

T

32-bit 8-bit
port port
DSACKO* DSACK1*
Vee
b
DSACK1* j f i ) T ;
DSACKO* l
DSACK1* DSACKO=

INTERPRETATION

QO M
Q= 0™

No data acknowledge—insert wait states.

Data acknowledge——-data bus port size is 8 bits.
Data dcknowledge——data bus port size is 16 bits.
Data acknowledge—data bus port size is 32 bits.

52



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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Dynamic Bus Sizing

A1 A0 Offset SIZ1 SIZ0 Size
Negated Negated +0 Bytes Negated Asserted Byte
Negated Asserted +1 Byte Asserted Negated Word
Asserted Negated +2 Bytes Asserted Asserted 3 Bytes
Asserted Asserted +3 Bytes Negated Negated Long Word

DSACK1x* DSACKO~* INTERPRETATION

——

Q O =

O = QO =

No data acknowledge—insert wait states.

Data acknowledge—data bus port size is 8 bits.
Data acknowledge—data bus port size is 16 bits.
Data acknowledge—data bus port size is 32 bits.

o4




Zaleznosci pomiedzy iloscia

przesytanych bajtéw, a magistrala

Trgliizs.fer Size Address EJlt-tgl:r? e;m;g FI’Eic;rrttes Extel?:: IrdDel:,tgr:Elytas D?&ELE‘%T
Required Required Re quin?a?ls
Siz1 | slzo | A1 AOD D31-D24 D23-D16 D15-D8 D7-D0 D31-D24 D23-D16 D31-D24
Byte 0 1 0 0 OP3 OP3 OP3
0 1 0 1 OP3 OP3 OP3
0 1 1 0 OP3 OP3 OP3
0 1 1 1 OP3 OP3 OP3
Word 1 0 0 0 oP2 OP3 oP2 OP3 oP2
1 0 0 1 oP2 oP3 oP2 oP2
1 0 1 0 oP2 OP3 oP2 OP3 oP2
1 0 1 1 oP2 oP2 oP2
3 Bytes 1 1 0 0 oP1 oP2 OP3 OP1 oP2 OP1
1 1 0 1 oP1 oP2 oP3 oP1 OP1
1 1 1 0 oP1 oP2 OP1 oP2 OP1
1 1 1 1 oP1 oP1 OP1
Long Word 0 0 0 0 OPO OP1 oP2 OP3 OP0 OP1 OP0
0 0 0 1 OPO oP1 oP2 OPO OP0
0 0 1 0 OPO oP1 OP0 oP1 OP0
0 0 1 1 OPO OPO OP0




Dynamic Bus Sizing

REGISTER
MULTIPLEXER
EXTERMAL DATA BUS

ADDRESS

woooood
INCREASING

MEMORY

ADDRESSES

oo

2

woooom0

1

2

OP1

oP2

OP3

OPO
0

1

2

3

N

/

ROUTING AND DUPLICATION

AN
/

/

N

/
N

D31- D24 D23-D16 D15-D8 D7-D0
BYTE 0 BYTE 1 BYTE 2 BYTE 3
BYTE O BYTE 1

16-BIT PORT
BYTE 2 BYTE 3
BYTE 0O
BYTE 1
8-BIT PORT
BYTE 2

RVTF 1

T

INTERNAL TO
THE MC68020/EC020

EXTERNAL BUS

32-BIT PORT l’



Transfer danej spod nieparzystego
adresu przez 16-bitowa magistrale

3 LONG-WORD OPERAND 0 SIZ1 SIZ0 Size
Negated Asserted Byte
OP0 OP1 Op2 OP3 Asserted Negated Word
V Asserted Asserted 3 Bytes
Negated Negated Long Word
D31 DATA BUS D16
J{ 16 bit
WORD MEMORY MC68020/EC020 MEMORY CONTROL
MSB LSB SIZ1 SIZ0 a2 A1 AD DSACK1 DSACKD
XXX OP0 0 0 0 0 1 L H
OP1 opP2 1 1 1 0 L H
oP3 XXX 0 1 1 0 0 L H

Proba odczytu 4 bajtow

Proba odczytu rozkazu umieszczonego pod nieparzystym adresem w
pamieci programu powoduje wystgpienie wyjatku (Address Error
Exception).

Rozwigzanie problemu:
Rozkazy powinny by¢ wyréwnane do granicy 2 bajtow lub 4 bajtow
(dyrektywa asemblera ALIGN).



Przebiegi obrazujace zapis danych pod

nieparzysty adres

U I S D S I S S A S S R A e

a2 X X A

NN / N\

Au_/ AN

C2-FCO X X X

o T\ / \

o\ /

iy \ \

s N/ N/ AN

os N/

s N /N SN
. N 2 /"
- N N N
***** VAR /N / \

o T o ™\N—C(F
08
0o 0P (o ) 0F3




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




Wspolpraca pocesora rodziny
ColdFire z pamiecia
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Przestrzen adresowa procesora ColdFire

0x0000.0000

\J

OXFFFF.FFFF
4294967296 B

BS3=0 BS2=0 BS1=0 BSO0 =0
D31..D24 D23..D16 D15..D8 D7..D0
Byte O Byte 1 Byte 2 Byte 3
Byte 4 Byte 5 Byte 6 Byte 7

Byte FFFFFFF8 | Byte FFFFFFF9| Byte FFFFFFFA| Byte FFFFFFFB

Byte FFFFFFFQ Byte FFFFFFFD| Byte FFFFFFFE | Byte FFFFFFFF

32 bit

27232 =2 G words =4 G bytes

61



Wspotpraca urzadzen peryferyjnych z
pamiecia i procesorem

CD drive Modem
| |
Controller Controller
l I |
————— .
| ]
Controller Controller

Monitor Disk drive
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Urzadzenia peryferyjne mapowane na
przestrzen pamieci

Bus Main
CPU memory

.

N — Controller — Peripheral device

Fd

Port/

Magistrala tgczgca procesor z pamiecig moze sie okazaC wagskim gardtem
systemu. Ograniczona szybkosSc¢ transmisji pomiedzy procesorem, a pamiecig w
porownaniu z iloscig dostepnej pamieci nazywana jest waskim gardtem von
Neumanna (ang. von Neumann bottleneck).

Jak mozna przeciwdziata¢ ?

1. Pamiec cache,
2. Uktad DMA.
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Zastosowanie uktadéw programowalnych
do budowy dekoderéw adresowych

Uktad programowalny

Procesor CPLD/FPGA

sterownik
DRAM

sterownik
magistrali
zewnetrznej

magistrala
wewnetrzna Rejestry

konfiguracyjne

modut
chip select




Dekoder adresowy w jezyku VHDL

Entity AddressDecoder is
port
(
Address : in std_logic_vector(19 downto 0);
CS_RAM1, CS_RAM2,
CS_ROM1, CS_ROM2
CS_PER1, CS_PER2 . out std_logic
);

end AddressDecoder;
Architecture behavior of AddressDecoder is

begin
CS_RAM1 <="0"' when address<0x1000 else '1';
CS_RAM1 <="0"' when (address>=0x1000 and address<0x2000) else '1";
CS_ROM1 <="0"when (address>=0x2000 and address<0x3000) else '1";
CS_ROM1 <="0"when (address>=0x3000 and address<0x4000) else '1";
CS_PER1 <='"0"when (address>=0x4000 and address<0x4100) else '1";

CS_PER2 <='0"when (address>=0x4100 and address<0x6102) else '1";
End behavior;
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Wspoétpraca procesora z pamiecia

zewnetrzna (1)

Magistrala adresowa

Magistrala danych
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Wspoétpraca procesora z pamiecia

zewnetrzna (2)

ColdFire

magistrala
wewnetrzna




Wewnetrzna pamie¢ statyczna

Procesory z rodziny ColdFire posiadajg do 128 kB wewnetrznej pamieci statycznej
obstugiwanej w ciggu jednego cyklu zegarowego dotgczonej do szybkiej magistrali
wewnetrznej (pamie¢ dwuportowa).

Bits Name Description

3116 BA Base address. Defines the 0-modulo-64K base address of the SRAM module. By
programming this field, the SRAM may be located on any 64-Kbyte boundary within the
processor's 4-Gbyte address space.

15-12 — Reserved, should be cleared.

11-10 PRI1, PRIZ |Priority bit. PRI1 determines if DMA or CPU has priority in upper 32k bank of memory. PRI2
determines if DMA or CPU has priority in lower 32k bank of memory. If bit is set, DMA has
prionty. If bit is reset, CPU has prionty. Priority 1s determined according to the following

table.
Upper Bank Lower Bank
PRI[1:2] pI!']riority Priority
00 DMA Accesses DMA Accesses
01 DMA Accesses CPU Accesses
10 CPU Accesses DMA Accesses
1 CPU Accesses CPU Accesses

NOTE: The Motorola-recommended setting for the priority bits is 00

9 SPV Secondary port valid. Allows access by DMA

0 DMA access to memory is disabled.

1 DMA access to memory is enabled.

NOTE: The BDE bit in the second RAMBAR register must also be set to allow dual port
access to the SRAM. For more information, see Section 8.4 .2, "Memory Base Address
Register (RAMBAR)."




Rejestr konfigurujacy RAMBAR

Bits

Name

Description

WP

Write protect. Allows only read accesses to the SERAM. When this bit is set, any attempted
write access will generate an access emor exception to the ColdFire processor core.

0 Allows read and write accesses to the SRAM module

1 Allows only read accesses to the SRAM module

-6

Reserved, should be cleared.

o1

C/l. SC, SD,
UC, UD

Address space masks (ASn)

These five bit fields allow certain types of accesses to be “masked,” or inhibited from
accessing the SRAM module. The address space mask bits are:

C/l = CPU space/interrupt acknowledge cycle mask

SC = Supervisor code address space mask

SD = Supervisor data address space mask

UC = User code address space mask

UD = User data address space mask

For each address space bit:

0 An access to the SRAM maodule can occur for this address space

1 Disable this address space from the SRAM module. If a reference using this address
space is made, it is inhibited from accessing the SEAM module, and is processed like
any other non-SRAM reference.

These bits are useful for power management as detailed in Section 5.3 4, "Power

Management.”

Valid. A hardware reset clears this bit. When set, this bit enables the SRAM module;
otherwise, the module is disabled.

0 Contents of RAMBAR are not valid

1 Contents of RAMBAR are valid

Przyktad:

RAMBAR = 0xF000.0121

Adres bazowy = F000.0000,
rozmiar = 64 kB (2*16)
wytaczone DMA, R/W
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Modut obstugujacy urzadzenia dotaczone
do zewnetrznej magistrali (1)

\CS
ﬁ
\BS
\TS >
D
ane Dane > -
Pamiec
Adres A0-A2 Adres -
\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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Modut obstugujacy urzadzenia dotaczone

do zewnetrznej magistrali (1)

Signal Description
Chip Selects | Each CSn can be independently programmed for an address location as well as for masking, port
(CS[6:0]) size, read/write burst capability, wait-state generation, and internal/external termination. Only CSO is

initialized at reset and may act as an external boot chip select to allow boot ROM to be at an external
address space. Port size for CS0 is configured by the logic levels of D[19:18] when RSTO negates
and RCON is asserted.

(Eput Enable
(OE)

Interfaces to memory or to peripheral devices and enables a read transfer. It is asserted and negated
on the falling edge of the clock. OE is asserted only when one of the chip selects matches for the
current address decode.

Eﬂe Strobes
BS[3:0]

These signals are individually programmed through the byte-enable mode bit, CSCRn[BEM],
described in Section 12.4.1.3.

These generated signals provide byte data select signals, which are decoded from the transfer size,
A1, and AOQ signals in addition to the programmed port size and burstability of the memory accessed,
as Table 12-2 shows.

D[19:18] Boot Device/Data Port Size
00 Internal (32-bit)
01 External (16-bit)
10 External (8-bit)
11 External (32-bit)
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Rejestry konfiguracyjne

Chip Select Address Registers
(CSARO-CSARS®S)

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 (CSMRO-

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-CSCRS6)

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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Modut obstugujacy urzadzenia dotaczone
do zewnetrznej magistrali (2)

BS3 BS2 BS1 BSO
External
data bus D[Slz24] D[2j:1 6] D[1f:8] D[i;o]
32-bit port
meé%w Bffo Bﬁf1 Byte2 | Byte3
16-bit port
Byte O Byte 1
memory y y Driven, undefined
Byte 2 Byte 3

'

8-bit port
memory Byte 0
Byte 1 _ _
Driven, undefined
Byte 2
Byte 3




Cykl odczytu

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
o<

TS

CSn, BSn, OE \\

D[31:0] ( Read

0 \



Podstawowy cykl zapisu

SO St S2p, S3 sS4 S5
CLKOUT | < ’ ]

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

R/W

TIP

7 L7 XK

TS

o, 550 \ Y /

D[31:0] Write

/N

TN

— \ ,



Cykl odczytu z szybka zakonczeniem

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)

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

A[31:0] X x ) A
RW,TF |\
SIZ[1:0] X
s Y
CSn, OE, BSn \ /7
>7

D[31:0] (Write Ywrite Ywrite Ywrite

}{ﬁ}{
i

TA

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



Sterownik pamieci dynamicznej

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

* Programowalne linie SRAS, SCAS oraz czas odswiezania

* Obstuaa namieci 8. 16. 32 bitowvch

r-—— - - - - " - - -/ —/ —/ 7
| DRAM Controller Module |
D[31:0] | internal

> - D[31:0]

Q[31:0] finternal _ Data |
" Generation l D[31:0]

| |

| ‘ |
A[31:0] | - Address AT31:0
' 71 Multiplexing A[31:0]

Internal | = |

Bus A

Control Logic |

and e TS

State Machine

Y

|
|
| | SRAS
| Memory Block 0 Hit Logic | SCKE _
| _ |DRAM Address/Control Register 0 | SDRAM_CS[1:0]
| - (DACRO) 3 | DRAMW
] DRAM Control BS[3:0]
| Register (DCR) |
| — [ 1] |
| Memory Block 1 Hit Logic el |
DRAM Address/Control Register 1 Refresh Counter
| (DACRI1) —= [ |
| [ ] |




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 < .

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

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

0%044 —

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 peed s (-6) 166 MHz
Configuration|4 Meg x4 x4 |2 Megx 8 x 4f|1Megx 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 (tgcp) 18 ns (min.)
addressing ’
Bank 4 (BAO, BA1) | 4 (BAO, BAT)Jl 4 (BAQ, 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 (i 5g) 42 ns (min.)
addressing

Precharge command to ACTV command (tgp)

18 ns (min.)

Last data mput to PALL command (tgyy)

| bus clock

Auto-refresh period for 4096 rows (tggr)

64 ms




64 Mbit pamie¢ firmy Micron

CKE —(———
CLK —ad—
1
1
Cse —-q::— o CONTROL
W LOGIC
WES —B0—— E =
case —»i— = E BANKZ
RASE __ph 8 B‘A“KI/ /
1
1
: ;, 7 /
' [ E
' ': [ ¥
1
! H REFRESH 35
1| COUNTER |=
i MODE REGISTER : = — 12 BANKO
i ! ADDRESS ROW- BANKD
; 12% | MUK ADDRESS MEMORY
: = LATCH ARRAY
! & (4,096 x 256 % 16)
: ! DECODER ||
: l B
. ||
i ! SENSE AMPLIFIERS [
1 1
1
! : 4096
: 1
1 1
1 1
1 1
: i 2 I/O GATING
! [ > DOM MASK LOGIC
H | BANK READ DATA LATCH
B?l.%_ﬁé:i R 73 | ADDRESS [— ] CONTROL WRITE DRIVERS
, — A REGISTER [— 5 LOGIC
2 256 |
.
> lpae)
= 1
COLUMN
% DECODER
COLLMN-
M ADDRESS 8
8 COUNTER/
LATCH

I DATA
16 QUTPUT
— /| REGISTER

DATA

16 INPUT
REGISTER

16
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Dotaczenie pamieci SDRAM
Micron 64 MB

MCF5282

AIS|AI4|A13|A1Z|A11 |A10| A9 [A1T|AI8|A19|A20|A21 |A22|A23
Pins
Row Is| 14|13 (12|11 |10} 9 [ 17 |18 | 19| 20 | 21 | 22 | 23
Column 2 3 4 5 6 7 &8 | 16
SDRAM | A0 | Al | A2 | A3 | A4 | A5 | A6 | A7 | AB | A9 [A10|All  BAD|BA1
Pins
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Konfiguracja pamieci SDRAM

MCFS5282 |AlIS|Al4|A13|AL2Z [ALL|AIO| A9 |A1T|AIB|AI9|AZ0|A2] |A22|A23
Pins
Row 1514 ] 13 | 12 10| © 17 (18 | 19| 20 | 21 | 22 | 23
Column 2 3 4 5 7 8 | 16
SDRAM | A0 | Al | A2 |A3 |A4 | A5 | A6 | AT | AB | A9 |Al10|All  BAOBA1
Pins
Bits Name Setting Description
31-18 BA 1111 1111 |Base address. So DACRO[31-16] = OxFF88. placing the starting
1000 10 address of the SDRAM accessible memory at OxXFF88 0000.
17-16 — Reserved. Don’t care.
15 RE 0 Keeps auto-refresh disabled because registers are being set up at this
time.
14 — Reserved. Don’t care.
13—12 CASL 00 Indicates a delay of data 1 cycle after SCAS is asserted
11 — Reserved. Don’t care.
10-8 CBM 011 Command bit is pin 20 and bank selects are 21 and up.
7 — Reserved. Don’t care.
6 IMRS 0 Indicates MRS command has not been initiated.
5—4 PS 00 32-bit port.
3 1P 0 Indicates precharge has not been initiated.
20 — Reserved. Don’t care.

84



Bezposredni dostep do pamieci
DMA
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Bezposredni dostep do pamieci (1)

Control and Data

DMA

Control and Data

Memory/
Peripheral

Memory/
Peripheral

Zadanie

NapisaC program w jezyku
asembler kopiujgcy blok danych o
wielkosci 512 B z bufora interfejsu
sieciowego (eth0) do pamieci
danych (pod adres 0x1000).
Urzadzenie eth0 mapowane jest
pod adresem OxFFCO0.0100.
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Bezposredni dostep do pamieci (2)

Bus grant
=
Bus request
CPU DMA
MA request4 v DMA ack
e |
Control bus |
|
|
Memory Data bus Interface : F'eripfheral
 device
Address bus |
|
|
|
|
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Uktad DMA procesora ColdFire

Channel 0 | Channel 1 | Channel 2 | Channel 3
Illt§1‘11511 SARO SARI1 SAR2 SAR3
us
=< - > | DARO DARI DAR2 DAR3 Interrupts
External BCRO BCR1 BCR2 BCR3 >
Requests

> | DCRO DCR1 DCR2 DCR3

DSRO DSR1 DSR2 DSR3

] A
Channel Channel
Requests Attributes
Channel Y
Enables System Bus Address
MUX System Bus Size
MUX Current Master Attributes
Control
\
Arbitration/ Y ¥
5 Control
Data Path -« Bus Interface
Data Path

Control
Read Data Bus Write Data Bus Registered
Bus Signals



Uktad DMA procesora ColdFire

Cechy modutu DMA:

* Cztery niezalezne programowalne kanaty DMA

* Automatyczne wyrownywanie podczas dostepu do
przestrzeni adresowej obu urzadzen,

*

*

*

‘ransfer danych 8-, 16-, 32-, or 128-bitowych,

Transfer jednokrotny lub ciggty,

Transfer z urzgdzen o réznych szerokosciach magistral,

* Niezalezne rejestry adresowe dla obu urzgdzen miedzy,
ktorymi wykonywany jest transfer

* /Zgtaszanie przerwan w przypadku nieprawidtowego odczytu
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Sterowniki DMA

Number Maximum DMA Transfer Rates
Platform of D MA Data Buffer DMA Bus (Mbytes/sec)
Channels Size Size Operation % bit 1 6-bit 32-bit
PC/XT four S-bit 64 kilobvtes | flvby 0.9 - -
PC AT (ISA) seven (four 8-bit, | 64 kilobytes or | flvby 0.8 1.6 -
8-bit, three 16-bit words
16-bit)
EISA seven 8-bit, 16 megabytes | flvby 1-2 2-4 5-8
16-bit,
32-hit non-burst
EISA seven 8-bit, 16 megabytes | flyby burst 8.2 16.5 33.0
1 6-bit,
32-bit
Micro Channel eilght 8-bit, 16 megabytes | fetch-and- 25 5.0 -
16-bit deposit
Macintosh Il NB- eight 8-bit, 16 megabytes | fetch-and- 1.4 2.0 2.5
DMA-8-G 1 6-bit, deposit to
32-bit Macintosh 11
memory
Macintosh Il NB- eight 8-bit, 16 megabytes | fetch-and- 1.2 1.7 22
DMA2S300 1 6-bit, deposit to
32-bit Macintosh 11
memory
Macintosh Il NB- eight 32-bit 16 megabytes | flvbvy to - - 3.1
DMA2800 Macintosh 11
memory
Macintosh 11 NB- eight 32-bit 16 megabytes | flvby to fast - - 8.0
DMA2800 NuBus memory
Macintosh 11 NB- eight 32-bit 16 megabytes | flvby to NuBus - - 29.1
DMA2ZS block-mode
memory
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Pamieé¢ podreczna (Cache) (1)

« PamieC podreczna procesorow ColdFire jest przeznaczona do
przechowywania kopii niewielkiego obszaru pamieci programu i /lub
danych (16 kB rozmiar linii danych),

 Pamiec dotgczona do szybkiej magistrali wewnetrznej procesora,

« Odczyt/zapis w ciggu jednego cyklu zegarowego,

* Procesor MCF5282 wyposazony jest w 2 kB pamieci (512 x 32),
MCF547x/8x z rodziny V4e = 32 kB (Pentium Ill cache L1 = 32 kB).

Dane Dane

>

Adres » Pamiec
zewnetrzna

Adres

Syg. sterujace Syg. sterujace .
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Pamie¢ podreczna (Cache) (2)

7 bit =277 =128

- |
|
! 1 [
Local Address Bus : [ | |
31 : 10 4'3210 31 4 | | | |
I or D Line Buffer Storage
| | I IorD Line | Buffer | | | |
| —— , Address | | | |
| . | | | | | |
| —t | | ! | !
| || | | | | | |
' e ' o
: | : [ | : 1 1 1 1
| : | — | »\ MUX /
| | |
| N | |
|
| B Fill Hit |
(. |
| ! 31 1 m
| I
! 1 2
I " —
I =<
I
I
I
I
I
I
I

External Data[31:0]

Linijka pamieci podrecznej

Tag Hit

|
Local Data Bus

)2



Rejestry konfiguracyjne

Address Name | Width Description Reset Value | Access
MOVEC with 0x002 CACR 32 |Cache Control Register 0x0000_0000 W
MOVEC with 0x004 ACRO 32 |Access Control Register 0 0x0000_0000 W
MOVEC with 0x005 ACR1 32 |Access Control Register 1 020000 0000 W
Adres bazowy Maska adresu
31 \ 24 23 / 16
Field AB AM
Reset 0000_0000_0000_0000
R'W W
15 14 13 12 7 6 5 4 3 2 1 0
Field| EN SM — CM |BUFW| — |WP —
Reset 0000_0000_0000_0000 4 »
R'W ? w

Figure 4-3. Access Control Registers (ACR0, ACR1)

Write protect

Tryb pracy S/U Pamiec aktywna



Rejestr konfiguracyjny CACR

Bits Name Description

31 CENB |Cache enable. The memory array of the cache 1s enabled only if CENB is asserted. This bit, along with
the DISI (disable mstruction caching) and DISD (disable data caching) bits, control the cache
configuration.

0 Cache disabled

1 Cache enabled

Table 4-5 describes cache configuration.
30-29 — Reserved, should be cleared.

28 CPDI Disable CPUSHL invalidation. When the privileged CPUSHL instruction 1s executed, the cache entry
defined by bits [10:4] of the address 1s mmvalidated 1f CPDI= 0. If CPDI = 1, no operation 1s performed.
0 Enable mvalidation
1 Disable invalidation

27 CFRZ |Cache freeze This field allows the user to freeze the contents of the cache. When CFRZ 1s asserted line
fetches can be initiated and loaded into the line-fill buffer, but a valid cache entry can not be overwritten.
If a given cache location 1s invalid, the contents of the line-fill buffer can be written into the memory
array while CFRZ is assertad.

0 Normal Operation
1 Freeze valid cache lines
26-25 — Reserved, should be cleared.

24 CINWV Cache invalidate. The cache invalidate operation is not a function of the CENB state (that 15, this
operation 15 independent of the cache being enabled or disabled). Setting this bit forces the cache to
invalidate all, half, or none of the tag array entries depending on the state of the DISI, DISD, INVI, and
INVD bits. The invalidation process requires several cycles of overhead plus 128 machine cycles to
clear all tag array entries and 64 cycles to clear half of the tag arrav entries, with a smgle cache entry
cleared per machine cycle. The state of this bit is always read as a zero. After a hardware reset, the cache
must be invalidated before it is enabled.

0 No operation
1 Invalidate all cache locations
Table 4-6 describes how to set the cache invalidate all bat.
23 DISI Disable mstruction caching. When set, this bit disables mnstruction caching. This bit, along with the

CENB (cache enable) and DISD (disable data caching) bits, control the cache configuration. See the
CENB definition for a detailed description.

0 Do not disable instruction caching

1 Disable instruction caching

Table 4-5 describes cache configuration and Table 4-6 describes how fo set the cache invalidate all bit.
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