Avkodning av minnen (och 1/O)



IE1204 Digital Design

Booles algebra, Grindar

MOS-teknologi, minimering

i 2 P o
F3 3| F4
F5 = re | o2 Aritmetik
O3 > KK1 LABI
F7 |- o4 Multiplexor
s > o P 05 KK2 LAB2
Flo | Fu 3 o6 —>| KK3 LAB3
F12 o7 || F13

F14 3 tentamen

Kombinatoriska kretsar

L askretsar, vippor, FSM
FSM, VHDL introduktion
Asynkron FSM

Minnen

Forelasningar och dévningar bygger pa varandra! Ta alltid igen det Du missat!
Las pa i forvag — delta i undervisningen — arbeta igenom materialet efterat!

William Sandgvist william@kth.se



Minnesteknologier

Teknologi |Accesstid | Kostnad $/GB
SRAM 1ns 1000

DRAM 50 ns 100

HDD 10 ms 1

Snabba minnen ar dyra och billiga minnen ar sléa!

William Sandgvist william@kth.se

Principiella siffror.



Minneshierarki

M1 M2 M3
CPU Cache Primar- Sgkundar-
_ minne minne
Register ﬂ SRAM “ DRAM “ HDD
1 ns 10 ns 100 ns 10 ms
100 Bytes KBytes MBytes GBytes

En tre nivaers minneshierarki. De snabbare minnestyperna
anvands som "buffertar” mot de langsammare.

Principbild
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Minne och minneskapslar

Minne:

.. : 4 Antal ord
N ord med ordlangden M bitar

Minneskapsel:

minneskapslar}
p ord med ordlangden q bitar

P. g

e Antalet kapselrader r = N/p
e Antalet kapselkolumner k = M/q
e Antalet kapslar K=r x k

brdléngd

K=rxk
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SRAM

Varje bit i ett CMOS SRAM bestar _fow
av en laskrets uppbyggd av sex
MQOS-transistorer. g -
L

Minnescellen ar i princip en SR- :I—
latch.

Row| o . - GHMHD JT—

L~ B Col Col
Col Col
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DRAM

Varje bit i ett DRAM bestar av en

transistor och en minneskonden- L L L L
sator s 0
| g T| T| T| T

En laddad kondensator lacker ut i T T T 1
laddningen efter ett tag. Periodiskt 2 2 — 4 V49 Y9 Y
maste alla kondensatorer under- 1> g5 XL L L —

sOkas och de som har laddning 2T T T 1
kvar maste da aterladdas. Detta z J_% J_ﬁI J_riI 4_%
kallas for Refresh. 2 = = = =

Det skots av kretsar inuti minnet. T T T 1
Row =1 = L L] L

MOS-transistor Ay, _
a3 Column Address Selection
Trench !
Data

Data ‘Ll

Col )

Capacitor
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Kondensatorn byggs pa djupet

Trench Capacitor (trench = dike)

_ ZW % N* Polykisel

7
',?/ 'I:' ‘.__’,//A/IQ SiOy -Isolering

.

]
]
]
i
3
1]
}

Kiselsubstrat

1um

—

En bit i ett DRAM tar samma plats - ~N ——
som tva MOS-transistorer. En bit i DRAM
SRAM som sex MQOS-transistorer!
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Infineon HYB25D25640 256 Mbit SDRAM
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32Mb x 8

64MDb x 4

Da1s
'ssa
Da14
Dat3
Voo
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ss5Q
Da10
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ss5Q
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uDM

TK

CK
CKE
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(
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Kapsel 256Mbit (32Mx8)

Synkront, anvander bussklockan.
Dubbel flanktriggat for dubbla
datahastigheten ck+ck (aven lagre
effektforbrukning).

32M 2°5%x220 = 225 25 adressbitar
anvands. Tidsmultiplexad
adressering, 13 bitar RAS (rader),
10 bitar CAS (kolumner), tva
bankbitar BAO och BAL.

Burst kan vara 2, 4, 8 Byte i f6ljd.
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CKE
CK
CK
cs
WE
CAS
RAS

AD-A12,
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H B N
Forutom sjalva
Banka minnesarrayen
Bank2 Q Q
— Bank1 " / sa innehaller k=
=
=2
.|z 5 (. |j/ £ kretsen mycket g
1 ol mL [
¢ % 238 annan
D= ofo
| o =30
<L C\_B . . .
. : T g BankO
i E SBhTH e ) digitalteknik_,,
i ' rray | 0
X 8 | LUa|| (e192x512x 16) B e g
2 - el e |7 8 =
N Sense Amplifiers || ry| @ g |3 » »
T AT Iy = >
£ DQS e
"l 3 ] lEJ,.y 4 Generator DQ0-DQT
ks 2 | \D T om
v e o ating g Register
P 2 " g
! T E 3 DM Mask Logic Write |Mask 1 1 1 <c» DOS
O FIFO ‘_/_Ei
! = — 1 "
- - - - — d 16 & e
% . é hﬁﬂé: > - Drivers 126 g <
L | r B o
Ik | 8 i
Column st 5 'ETm:EQZ @
Decoder
9 T
Column-Address CK, coLo
CounterlLatch | . Jcoig CK £



CKE »or—

= Burst ...

C8 T L
T a9 | &
WE +—£a| 3
CAS +o— gg =
TAS o = Bank3
RAS +o— 5 Bank2
© r'—: Bank CK. TR
5 / n
-2 S -
Mode AR N ——r
Registers - ‘g ool
V| o =30
g so3[ BT Banko
3 g vl Memory Data
, 5 | Ua | (8192x512¢ 18) | H ®| 8 / g
e - - > =
HE S _ TR . 8 a
Vo ense Amplifiers | [~ _5 @ a |3 - » »
| B g LA i >
= ' g 2 iﬁy 2 Geﬁé:rgtor DQ0-DQT
8 ' 8 2 \D > om
] D = ating 1 Register
i 2 = . g
Ao-a12, NN L 15l E DM Mask Logic Write |Mask 1 1 <o» DQS
BAO, BA1 8 LT o __ FIFO | s :1 Tl |
Sl|| 2 co---_| 16 & ¢
2 2 N é ;ﬁﬂ% </ Drivers 126 4 T |
» L B 1}
Ik 1 8 8 o
Column st 5 'ETm:EQZ @
% Decoder T T
g
\ — 4 If\ s
coumn-aadress Y — Kolumnadressraknaren e snabbt rakna
Counter/Latch } »COLO - i 7 .,
1 Upp adressen till "grann-minnescellerna” —

minnet kan darfor snabbare leverera en burst
(skur) med flera Bytes i f6ljd, an en enstaka
random Byte.
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Burst ger snabbare medelaccess

Tﬁpu
TEUS

"1Tord" 3Tg,gford

"2 ord" (3+1)2 = 2 Tgyelord

dord" (3+1+1+1)4 = 1,5 Tgsford

o Att hamta 1 "random” ord i minnet tar tre busscykler 3T /ord
(varav 2 Tg g ar Waitstates)

« Att hamta en "Burst” med 2 ord tar 3+1 busscykler, 4/2 = 2T /ord
« Att hamta en "Burst” med 4 ord tar 3+1+1+1 busscykler, 6/4 = 1,5T; J/ord
o Att hamta en "Burst” med 8 ord tar 3+1+1+1+1+1+1+1 busscykler, 10/8 = 1,25T . /ord

Det galler dock att ha anvandning for alla hamtade ord — annars slésar man
bussklockcykler med Burst-metoden!

Mer om detta | Datorteknikkursen i samband med

cacheminnen.
William Sandgvist william@kth.se



OH 12

i

Dy

namiskt minne ¢l

Kapsel
256Mbit (32Mx8)

a) Hur manga kapslar kravs for 256Mx647?
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kt minne ¢l

e

OH 12.1 Dynamis

i2 . ik ; ;;ig

=

Kapsel
256Mbit (32Mx8)

a) Hur manga kapslar kravs for 256Mx647?

Minne N = 256M M = 64 bitar. Kapsel p = 32M g = 8 bitar.

Antal kolumner k = M/q = 64/8 = 8.
Antalet rader r = N/p = 256M/32M = 8.

Antal kapslar K=r x k = 8x8 = 64

William Sandgvist william@kth.se
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512Mx72 ?

Kapsel
b) Hur manga kapslar kravs for 512Mx72? 256Mbit (32Mx8)
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512Mx72 ?

Kapsel
b) Hur manga kapslar kravs for 512Mx72? 256Mbit (32Mx8)

Minne N = 512M M = 72 bitar. Kapsel p = 32M g = 8 bitar.

Antal kolumner k = M/q=72/8 = 9.
Antalet rader r = N/p = 512M/32M = 16.

Antal kapslar K=rxk=9x16 = 144.

William Sandgvist william@kth.se
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512Mx72 ?

Kapsel
b) Hur manga kapslar kravs for 512Mx72? 256Mbit (32Mx8)

Minne N = 512M M = 72 bitar. Kapsel p = 32M g = 8 bitar.
Antal kolumner k = M/q=72/8 = 9.
Antalet rader r = N/p = 512M/32M = 16.

Antal kapslar K=r x k=9 x1 6 = 144,

Den "ovanliga” bitbredden 72 (= 64 + 8). De 8 extra bitarna anvands
for att korrigera enkelfel, och for att kunna upptacka dubbelfel.

( Pa sa satt kan aven kapslar med nagot litet fel anvandas eftersom
felet kan korrigeras. De kapslarna skulle annars behdva kasseras ).

William Sandgvist william@kth.se
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512Mx72 ?

Kapsel
b) Hur manga kapslar kravs for 512Mx72? 256Mbit (32Mx8)

Minne N = 512M M = 72 bitar. Kapsel p = 32M g = 8 bitar.

Antal kolumner k = M/q=72/8 = 9.
Antalet rader r = N/p = 512M/32M = 16.

Antal kapslar K=r x k=9 x1 6 = 144,
Den "ovanliga” bitbredden 72 (= 64 + 8). De 8 extra bitarna anvands
for att korrigera enkelfel, och for att kunna upptacka dubbelfel.

( Pa sa satt kan aven kapslar med nagot litet fel anvandas eftersom
felet kan korrigeras. De kapslarna skulle annars behdva kasseras ).

Eller sa kommer ett bra minne att "tala” att nagra av minnescellerna
"slits ut” med tiden.

William Sandgvist william@kth.se
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OH 12.2 ROM och SRAM

1
2
4

[ol=>

BIN/OCT

EN

b |

G1
G2A
G2B &

~NoOoObhwWwN=0

TITTT7TY

Las/Skrivminne:

e

SRAM 4M 512k x 8 bit

Lasminne:

ML
L} « = Ff
!1'1"1'1"1‘?'! Pt

ROM 4M 512Kk x 8 bit

Avkodare 3-t0-8

Mikro-

processor

RD
WR
AD

A23

D15

19 19
# a0 ROM 4 a0 SRAM
8 8
) (ols] + DO <> ra
[O— 01 D1 P
L wr_ Control 02 D2 <>
03 D3 <>
Ais g s D>
Add OF 06 9 RD D6 <>
ress —9 o7 —gWR D7 <>
—d CcE —cs
A0-A23

Antag att ROM och SRAM skall anslutas till en

16-bitars mikroprocessor som har 24 bitars

AhN

Yy

DO-D7

adressering.

z

I

[T Y
YYY

Data

D8-D15

AMA

Yyy

i

7
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Mikro-

processor

A0

AZ3

RD
WR

D15

SRAM storlek?

218 SRAM 18| SRAM Hur stort ar flgurens
VDO - VDO .- . .
= = SRAM, och vilket ar
=z == 3
1o} . =2 o =5 adress-omradet
BIN/OCT i '
pia || At A8 uttryckt 1 hexadeci-
AZ0_| 5 ? DD: —a RD RD
A21 —d WR WR 1
P - ‘ mala siffror?
- 3 b— —q C3 ’_C Cs
L23 =1 4 p—
P27 A GoA 5p
2] odocm. & ? E SRAM SRAM
= Vo bz =
% D7 e D7 |
— A8 INE:
— g RD RD
— —d VR WR
=) —J CS ’_g 5
T
= SRAM SRAM
= Y yoo ber v
-— 218 A8
_D[[)j'|5 d RD &L RD
Wk Wi Do
— CS -D15 CS D7
16 ‘ ’_|_C‘:
8
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Mikro-

processor

A0

AZ3

RD
WR

D15

-A18 Ag RAM -A18 SRAM
A0
VB0 e VOO e
9% D7 e D7 e
BIN/OCT
a9 | A18 A3
AZ0_| 5 0p— —dRD RD
1 b—
A21 |y ! —d wWR WR
p— —dcs | cs
EN 3 p—
A23 = 4 pb— I_c
L2522 o Goa, & g g
241 0—dGoB SRAM SRAM
—— P 0 AD
— V00 e V0O o
— D7 == D7 ==
— A18 A18
— d rD RD
— ~—d WR WWR
5] — cs dcs
R0
| WR
- SRAM SRAM
<o 20 A0
-— VPO == VB0 e
= 07 = o7 =
-— A18 A18
DO
D15 d RD &L RD
—d W WWR [B0]
o —d cs D15 | |—c cs o7
g
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SRAM storlek?

Hur stort ar figurens
SRAM, och vilket ar
adress-omradet
uttryckt i hexadeci-
mala siffror?

e Minneskapsel:
p =512k g = 8 bitar

e Minne;:
r=3 k=2 K=2x3=6

M=Kkxqg=2x8=16 bitar
N=pxr=512kx3=1,5M



Mikro-

processor

A0

AZ3

RD
WR

D15

SRAM Contro

-A18 Ag RAM -A18 SRAM
A0
VB0 e VOO e
oL D7 P 07 o=
A19 ?'NIOCT A18 A18
AZ0_| 5 ? p— RD RD
A21 |y : D— WR WR
p— cs cs
EN 3 p—
A23 = 4 p— : I_c
L2272 A cop & g g
241 0—dGoB SRAM SRAM
] 7P a AD
— V00 e V0O o
— D7 == D7 ==
— A18 A18
— RD RD
— WR WR
Nl cs dcs
_WR
- SRAM SRAM
<o 20 A0
-— VPO == VB0 e
= 07 = o7 =
-— A18 A18
DO
D15 RD &L RD
WR D8 WR DO
cs D15 cs o7
1e] |_C
! g
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e

Hur stort ar figurens
SRAM, och vilket ar
adress-omradet
uttryckt i hexadeci-
mala siffror?

e Minneskapsel:
p =512k g = 8 bitar

e Minne;:
r=3 k=2 K=2x3=6

M=Kkxqg=2x8=16 bitar
N=pxr=512k x3=1,5M

~ R
RD =RD
WR =WR

- J




SRAM adressomrade?

Mikro-
processor A0
A0 19| -A18
A19 ?IN/OCT
A20 |, 00—
A21 10—
4
2 b—
EN 3pb—
A23 24,  1A22 4 con &3P
RD 0—q G2B 60
RD o—22 70
WRo—WR_
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SRAM adressomrade?

Mikro-
processor AD
A0 19 -A18
A19 ?IN/OCT
A20 |, 00—
A2 Te—
4
2 o—
EN 3p—
A23 24 1422 5 gong | 5P
=5 0-qG2B 8P
RD o———=- 7P
WRo—R_
Computer:  [23[22][21]20[19 |18 [17 [16[ 15[ 14|13 12| 11109 [& |7 [6 [5 [4 [3 [2 [1 o
Decoder: 1|0 n...7
Memstart: 1 [0 [1 Jo[1 Jo [o [o Jo o o oo |o]ofo]o oo oo o |o]o
® Begin hex A 8 0 0 0 0
Memend: |1 [oJr oo e [t [t oo v oo oot o1t ]1]
® End hex E F E E F F
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SRAM adressomrade?

Mikro-
processor AD
A0 19 -A18
A19 ?IN/OCT
A20 |, 00—
A2 Te—
4
2 o—
EN 3p—
A23 24 1422 5 gong | 5P
=5 0-qG2B 8P
RD o———=- 7P
WRo—R_
Computer:  [23[22][21]20[19 |18 [17 [16[ 15[ 14|13 12| 11109 [& |7 [6 [5 [4 [3 [2 [1 o
Decoder: 1|0 n...7
Memstart: 1 [0 [1 Jo[1 Jo [o [o Jo o o oo |o]ofo]o oo oo o |o]o
® Begin hex A 8 0 0 0 0
Memend: |1 [oJr oo e [t [t oo v oo oot o1t ]1]
® End hex E F E E F F

SRAM adressomrade: A80000 - BFFFFF
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Byt adressomrade! ?

Andra till adressomrade 980000 — AFFFFF ?

980000
1001/1000{0000|0000|0000|0000|

AFFFFF
1010|1111|1111|1111|1111]1111]
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Byt adressomrade! ?

Andra till adressomrade 980000 — AFFFFF ?

980000
10p1/1p00|0000|0000]0000|0000)

AFFFFF

1000[1111(1111]11121112|1111|
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Byt adressomrade! ?

Andra till adressomrade 980000 — AFFFFF ?

980000
10p1/1p00|0000|0000]0000|0000)

AFFFFF

1010]1111/11111111|1111]1121]

”10'01111 % 113”
”10'101” % ”511
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Byt adressomrade! ?

Andra till adressomrade 980000 — AFFFFF ?

980000
10p1/1p00|0000|0000]0000|0000)
AFFFFF
|O|1 111]1111]1111]1212|1211 |
Mikro-
processor A0
A0 19| -A18
”10'011” % 113” i;g ;BINIOC-CI)— L
”10'101” % ”5” A21 4 ; OO:
EN 3Ip————
S T o O ) —
\TVE; \T% 0-qeB | SP—
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000
010/2000|0000]0000|0000]0000|

SFFFFF
0101 |1111]11111111|1111]1121]

William Sandgvist william@kth.se



Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000

010|1p00|0000]0000[0000]0000|

SFFFFF
0101]1}111/11111111|1111]1141]

1101'001” % ”111
1101'011” % 113”
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000
010|1900|0000]0000[0000]0000|

SFFFFF
0101 |1111]11111111|1111]1121]

Mikro-
processor A0
AO 19 -A18
"01]001” —> "1” aro | BINOCT
1 1 7 1 A20 2 0 O_
01j011" —» "3 A2t |4 ] e—
EN 3p——ou-
A23 24, e G2A R[50
) oqGp s —
WRb—WR_
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000
010|1p00|0000]0000[0000]0000|

SFFFFF
0101]1}111/11111111|1111]1141]

Mikro-
processor A0
A0 19 -A18
) 001” % ”1” A19 ?lN/OC;}r O_
A20
”01'011” % ”3” A21 ﬁ ; OC
EN 3p——ou-
( A3 _Paq 4 o—
A23 24 R 2A & S p—
) 0oqep = sP—
WRb—WR_
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ROM 00 00 00...7

Oftast laser en processor sin forsta instruktion fran adress 0. Da maste det
finnas ett lasminne pa den adressen.

Antag ett ROM-minne 2M x 16 bitar adressomrade 000000 ... och framat.
ROM Chip 512kx8.

e Hur manga kapslar behévs?

e Hur skall avkodaren anslutas?

e Hur skall minneskretsarna anslutas?

e Ange adressomradena for avkodarens utgangar med hexadecimala siffror.
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ROM 00 00 00...7

Oftast laser en processor sin forsta instruktion fran adress 0. Da maste det
finnas ett lasminne pa den adressen.

Antag ett ROM-minne 2M x 16 bitar adressomrade 000000 ... och framat.
ROM Chip 512kx8.

e Hur manga kapslar behévs?

e Hur skall avkodaren anslutas?

e Hur skall minneskretsarna anslutas?

e Ange adressomradena for avkodarens utgangar med hexadecimala siffror.

Minne:
N =2 M (4-512Kk) ordlangden M = 16 bitar

Minneskapsel:
p =512 k ordlangden g = 8 bitar

o Antalet kapselrader r < N/p = 4.512k/512k = 4
e Antalet kapselkolumner k > M/q = 16/8 = 2

e Antalet kapslar K=rxk=4x2=8
William Sandgvist william@kth.se



Mikro-
processor
AQ-AZ3

RD
WWR

VDO—D’I5

ROM anslutning?

19 19
1ol i o ROM o 70 ROM
BINJOCT g V a1 V
A9 1 0 b— S 0 g C5 Q0
ik 1b— ’_—cc OE U7 —dqoE 07
-’—1 2 o—
EN 33— '
4 b—
—I 19 19
2 dcng|ip— R0 ROM # 20 ROM
24 " GZB 7 l— -A18 -A18
n | qcs OO0 qcs 00
’ |_-—c oE 97 doe 07
RD .
WR
o 19 1 1.0 ROM 191 .o ROM
'16f 7 v 7 v
7 _A18 A8
qcs 90 dcs V0
|-r-C OFE -0O7 V—doE -07
12 1 |0 ROM 2.1 a0 ROM
a1e V 08 413 V
—qcs Q0 ) dqcs 90
" |_—c o -OF —dqoe 07
DO-D15 - T D0-D7
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ROM Control anslutning?

Mikro-
processor

A19

AZ0

A2

AD-AZ3

RD
WWR

V’DO—D’I5

RD =O0OE

BIN/OCT

ER

Son
GZB&

e ey RS, QTSN W ]

TTITTTTT

Do-01%

40 ROM
a8 V

o 0
OF -7

19

40 ROM

A8
5 o0
OF -07

L

40 ROM
a8 V

o N
OF -07

| 1o ROM

-A18

5 o0
OF -07

Do-o7
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Decoder ROM anslutning?

Mikro-
processor
AD-AZZ

RD
WWR

v'DE]—D15

19 19
191 .l'" Al ROM IJ Al ROM
a1 V AV
BIN/OCT
A9 ’ ob CS 0 dcs o0
A0 D ‘ T 07 07
i P T b—— —d OF —d OF
4 2 p—
EN 3 b— '
AQQ‘_ G1 : 19 ROM 19,1, ROM
2= q 628§ o— A18 a1 V
- D_
24 —qcs OO qcs  ©0
’ r—c o 07 +—doe O
RD .
WE
9_16 Dl { o ROM 2.l ao ROM
LIS a1z V a1V
—qcs 00 qcs OO0
|—,_G OF 07 +—d OF 07
B 1 { s ROM 12 no ROM
_A18 D8 a1 V
—qcs OU i dcg Q0
{—c o -7 o L
D0-D15 - T DO-D7

William Sandqvist

william@Kkth.se




Decoder ROM anslutning?

Mikro-
processor
AD-AZZ

RD
WWR

v'DE]—D15

19 19
l_'_ J" A[:] ROM ; AU ROM
a1 V AV
BIN/O
A9 ’ L CS 0 dcs o0
AZ0D 3 1k —d OF 07 OFE 07
AT, 1B 9
- EN '
e 19 ROM 19,1, ROM
s B/l [ P— A8 BB
24 —qcs OO qcs  ©0
’ r—c o 07 +—doe O
—— '
9_16 Dl { o ROM 2.l ao ROM
LIS a1z V a1V
—qcs 00 qcs OO0
|—,_G OF 07 +—d OF 07
19 19
fetet A0 RO%“ H AD ROVM
418 D8 _A1g
—qcs OO Pl des oo
{—c o -7 o L
D0-D15 - T DO-D7

William Sandqvist

william@Kkth.se




Decoder ROM adresser?

19 L
+ Avkodas inuti minneskapslarna
19]
a1g | BINNOCT
A0 | ] 0 o—— 000000-07FFFF
A21| 2 1 pb—— 080000-0FFFFF  Fyra rader med
2 o—— 100000-17FFFF .
eN 3 18oo00-1FFFFE  MINNEskapsiar
[Syey ap—
A22 5 b—
s G2A &
A23 6 o—
25:—'_—(3 G2B =
24
_—
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Decoder ROM adresser?

f
/
19
ag | BINNOCT
A0 | ] 0 o—— 000000-07FFFF
A |2 1 fo—— 080000-0FFFFF
4 2 [o—— 100000-17FFFF
EN 3 o—— 180000-1FFFFF
[Syey ap—
A22 50—
o G2A &
A23 60—
25:—'_—(3 G2B =
24

*

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0000|0000|0|0]0]0 - 0000|0111|F|F|F|F 000000-07FFFF
0000]|1000|0|0|0]0 - 0000|1111|F|F|F|]F 080000-OFFFFF
0001|0000|0|0|0|0 - 0001|0111|F|F|F|F 100000-17FFFF
0001|1000|0|0|0]0 - O001|1111|F|F|F|F 180000-1FFFFF

William Sandgvist william@kth.se



Decoder ROM adresser?

I
!
19
ae | BINJOCT Adressomrade for ROM
A0 ; 0 o—— 000000-07FFFF
A2 1 Ib——— 080000-0FFFFF
4 2 b——1 100000-17FFFF ROM
EN 30— 180000-1FFFFF
[Syey ap—
A2D 50—
AL A G2A &
A23 6 lo——
25:—'_—(3 G2B =
24

*

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0000|0000|0|0]0]0 - 0000|0111|F|F|F|F 000000-07FFFF
0000]|1000|0|0|0]0 - 0000|1111|F|F|F|]F 080000-OFFFFF
0001|0000|0|0|0|0 - 0001|0111|F|F|F|F 100000-17FFFF
0001|1000|0|0|0]0 - O001|1111|F|F|F|F 180000-1FFFFF

Totalt ROM 000000 — 1FFFFF
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Decoder SRAM+I/O adresser?

/
19|
Ao | BINOCT
A20 | ] 0 o—— 000000-07FFFF
A21 | 2 1 o—— 080000-OFFFFF
4 2 b—— 100000-17FFFF
EN 3 f—— 180000-1FFFFF
1 &7 4 o——— 200000-27FFFF
A22 5 b——— 280000-2FFFFF
A23 ggg& 6 [o—— 300000-37FFFF
244 7 lb——— 380000-3FFFFF
24
—_—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm
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Decoder SRAM+I/O adresser?

!
19|
BIN/OCT
A19 | I/O Input och
A0 0 [b——— 000000-07FFFF
Ao 2 1 lb—— 080000-0FFFFF  Output enheter
4 2 b——— 100000-17FFFF
EN 3 lb—— 180000-1FFFFF /0O
1 &7 4 lb———[200000-27FFEFF |
A22 5 [b——— 280000-2FFFFF
A23 ggg & 6 [b——— 300000-37FFFF
24 ¢ 7 lb——— 380000-3FFFFF
24
—_—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm
0010|0000|0|0|0|0 - 0010|0111|F|F|F|F 200000-27FFFF
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Decoder SRAM+I/O adresser?

/

19|
Ao | BINOCT

A20 | ] 0 o—— 000000-07FFFF

A21 | 2 1 o—— 080000-OFFFFF

4 2 o—— 100000-17FFFF

EN 3 jo—— 180000-1FFFFF

1 &7 4 fb——— 200000-27FFFF

A22 5 {b———| 280000-2FFFFF

2a| 223 ¢ 832& 6 fo——| 300000-37FFFF SRAM
4 7 to——| 380000-3FFFFF som tidigare
24

—_—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0010|1000|0|0|0|0 - 0010|1111|F|F|F|F  280000-2FFFFF
0011|0000|0[0[0|0 - 0011|0111|F|F|F|F  300000-37FFFF
0011|1000|0[0[00 - 0011|1111|F|F|F|JF  380000-3FFFFF
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Decoder SRAM+I/O adresser?

7
19

-]

1
2
4

EN

G1
——— G2A &
24F—( G2B

-1

BIN/OCT

~NoOORRWN—=2O0O

000000-07FFFF
080000-0FFFFF
100000-17FFFF
180000-1FFFFF

/O

200000-27FFFF

280000-2FFFFF
300000-37FFFF
380000-3FFFFF

SRAM

24
——

OOab|cmmm|mmmm|mmmm|mmmm|mmmm
0010|0000|0|0|0|0 - 0010|0111|F|F|F|F 200000-27FFFF
0010|1000|0|0|0]0 - 0010|1111|F|F|F|F 280000-2FFFFF
0011|0000]0|0|0|O - 0011|0111|F|F|F|F 300000-37FFFF
0011]1000|0]0|0]O - 0011|1111|F|F|F|F 380000-3FFFFF

e Mdjliga SRAM+1/O adresser 200000 — 3FFFFF
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Minneskarta (Memory map)

19 Sa har blev exemplets
,J -
19 7 minneskarta.
A9 BIN/OCT / \
A20 | ] 0 fo——| 000000-07FFFF
4 2 fo—1—| 100000-17FFFF
EN 3 b—|—|180000-1FFFFF
1 &7 4 fo—1—| 200000-27FFFF 1/O
A22 5 b 280000-2FFFFF
A23 ggg& 6 [o—I— | 300000-37FFFF RAM
24874 7 lb—1— | 380000-3FFFFF
24 \2 /)
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Periferienheter, 1/0, ansluts ofta till en
CPU som om dom vore minneskretsar
(fast med bara ett fatal "minnesceller”).
Ex. en realtidsklock-krets — haller reda
pa tid och datum. Den styrs/avlases fran
8 inbyggda reqister.

RD
WH

vDEI-D15

FPeripheral
device
200010-200017

ED

i

C3

R0
Rz
Rz

RO
WR

V oo |-

.l

AAAANA

TYYYrY

o7

16,

Do-015

OH 12.3 Input/Output

0o-oF

g, D8-D15

i

Ei

Periferikretsen kopplas in som ett litet RAM-minne. Bara de 8 minst
signifikanta databitarna anvands. CS Chip Select enablar chippet.

Anslut en 8 registers minnesmappad periferienhet (1/O) till en
CPU. CPU:n har 16 bitars databuss (anvand bara 8), och en 24

bitars adressbuss. Anvand en 3:8-avkodare och vid behov

grindar. Periferienheten skall kopplas in sa att den far
0x200017.

registeradresserna  0x200010
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OH 12.3 Input/Output

16,
El
? 200010-200017
| ]
Feripheral
device
?7cs
Mikro- V 00 s
processor RS0 <=
AD-AZ3 Eg; =
D7 ==
RD d RD 0o-o7
WRr q WR 8]
18 DO-D15 g Da-D15
V00015 eyt A

/0O adresser, pa avkodarens utgang "4”, 200000 — 27FFFF
enligt tidigare uppqift.
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Avkodningen

0x200010 = |0010]0.000]0000]0000]0001]0.000
0x200011 = |0010]0.000]0000]0000]0001]0 /001
0x200012 = |0010]0.000]0000]0000]0001]0.010
0x200013 = |0010]0.000]0000]0000]0001]0 /011
0x200014 = |0010]0.000]0000]0000]0001]0.100
0x200015 = |0010]0.000]0000]0000]0001]0 /101
0x200016 = |0010]0.000]0000]0000]0001]0.110
0x200017 = |0010]0.000]0000]0000]0001]0 /111

Avkodarens utgang "4” A RS,RS;RS,

Kvar att avkoda:

William Sandgvist william@kth.se



16

If
19 3l
41a BIN/OCT &
A0 ,1., 0p—
A2T ] . ; Dﬁ:
JLEN 2p— —4
4p—
—1 51 Py
A2 5 b— I_
255-d G2A (cs)
Mikro- 24 == GEEI& ? DD: AV .
processor | o4 Al RS0 <>
AD-A23 o+ A1 RS1 ==
— AZ RS2 5%
RD
RD p—o= d RD D0-07
WR o Wik 8]
DS-01 5
V bo.o1s 15; D0-015 8,

FPeripheral device 200010-200017
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16
7 f?
|
19 3l
' | E&R Lieval ma
o | BINOCT Lite val manga
A20 P— . o
Vil 1p— Ingangar?
2 p— —
; EMN  3p—
4 h—
— &1
A2 5 p— I_
EVED G2M CS
Mikro- 24 == GEEI& o Voo ==
processor 94 A0 RS0 -
AD-A23 s A1 RS1 ==
_ A3 RS2 -~
RD D? il
RD p——= d RD D0-D7
WRp— d wR s ]
16, Do-015 8, 0a-D14
vDCI-D’IE e . _ ot
FPeripheral device 200010-200017
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Ofullstandig avkodning?

o, 5| - Adresseringen blir
Fl .: o .
19 2| s mangtydig!
E -+ -
1o | BINFOCT —
1 0p— —
A0
Vil 1p— — &
4 7 B— —
EN 3p—
1] =1 4 B— L
—cﬁg G2A & g Dn: cs
Mikro- Mp==qeB TS E V 0o e
processor | o4 Al RS0 -
AQAZZ e A RiS1 ==
_ A R=2 =
D DF |
RD b——= d RD D0-07
WR p—ate d wr s |
16 Do-015 a D8-D14
¢ ¥ Fl
V0015 framteet !
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Ofullstandig avkodnlng’>

. Adresseringen blir
19 : '3 ! mangtydig!
= -+ -4
A1G BIN/OCT —3
1 0p— —
A2
A21 |2 1p— — &
2 p— —
EN 3p— —|
m;' : I_
el Gza& - p— cs
: VE! 5
Mikro- 2X] ramnc [EE= gl B Dn: V 00 |ee.
processor | o4 AD RS0 -
AD-AZ3 s A RS1 ==
_ ! a7 RS2 ——
D DF |
RD p—2= d RD DO-D7
WRp—E d W s |
16, oo-D15 8, Da-014
V0015 frammsy ,

For fullstandig avkodning anvande vi en &-grind med 17 ingangar! | bland gér man
en ofullstandig avkodning. Man struntar da i att ta med alla adress-signalerna
och kan darmed anvénda en grind med farre ingangar.

I/O-enhetens adressering blir mangtydig, den kan adresseras med manga olika
adresser, men den som skriver programkoden bestammer ju sjalv vilka
adresser det ar som anvands. Huvudsaken ar att man ser till att I/O-enhetens
adresser inte kolliderar med nagon annan enhets adresser.
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volatile ?
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volatile ?

Eftersom 1/O-enheter inte ar riktiga minnen — det kan verka som om
innehallet kan &ndras "av sig sjalvt” — sa kan man vid programmeringen av
processorn behova "hjalpa” kompilatorn att forsta detta genom att deklarera
dem som volatile (= flyktiga) i sina datorprogram.

Detta kommer Du att mota | Datorteknik-kursen.
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OH 6.10 Kombinatoriskt nat med 5 variabler

- O oD O 0 E——-—-0 Do O

X3 X X X

Xy

1

D E O O O O O O O
S S e o D D e o D e e O O e
LR == e s IS L B = = e B B

L= e e R Y e e e T B e e R B B B

W o=l n = om0 o
e e B B B o T IO o Y ot O ot Tt O | oy

L= Qe e e e (i o i e P B e e B B

>'m(9,11,12,13,14,15,16,18, 24, 25, 26, 27)

Xa

Sy, x,0,x,%) f=7 f=?

L= = R = R B R = = =

2o =D O DO e D D -
L= e e T B i = = = B B B
oo oo Q o Q@ oo e e e e e

coooo o oo oooo oo oo

I S T RN - - R B B s A

f Xy X Yo X0, %)

Lo -
go) o0
e} mp!
m o« O C
o o O
A o5 5 E
< © g &
SEfgE
Yo >5T2
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6.10 Kombinatoriskt nat med 5 variabler
f(Xg0 X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

f (X4 X5, Xy, X, %) T =7

X X
wox 4 X X 4
10 170
;{3\ o0 01 11 10 §3 00 01 11 10
28 Do 10 30 20 2% 1E| 10 1‘—6 1%
2% "0 |0 |° 11°0 1’0 |0 [0
:II ’l% 13I ’1fl ’14' j] 2?6 25(5 ?b ?B
680 31 'HI 16 éZéI Zﬁ ZII ZEi
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6.10 Kombinatoriskt nat med 5 variabler
f(Xg0 X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

X X
*1%0 ) %0 )
X, 00 01 11 10 X, 00, 01 11 10
X200~ [14 [34 |2 2016 |14 T1a [
8% 'o 0 0| _28/1)'0 "0 1.
04~ |5 |74 |6 X&£2X0 020 21 22 [22
1001010 5., /0101010
RN EED) 1’0 0 0 |0
o]  SOArDf
EE/J_/"' | I
XX X
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6.10 Kombinatoriskt nat med 5 variabler
f(Xg0 X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

f (X4 X5, Xy, X, %) T =7

X X
*1%0 ) %0 )
X3\ 00 01 11 10 X3\ 00, 01 11 10
28 % 10 %0 :0 __2/8:%1‘5 16 @_
04~ |5 |74 |6 X&£2X0 020 21 22 [22
{onnnagan
1 T 1 ' '
o @™o aDA
MEHE/J—/—P : I
X3% %0

f=X, X X, + X3 X, Xy + X, Xy X
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6.10 Kombinatoriskt nat med 5 variabler
f(Xg0 X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

F(Xy0 Xgs Xy, X, %) F =72

X,Xq "4 XX “4
}}:3 o0 01 11 10 :3 o0 01 11 10
28 DO 'IO 30 20 23 'Iq '16 16 18|
?%0 °0 0 |° 1170 [0 |0 |0
:II 12| Tel 1ﬁ 1‘% :II 26 26 36 36
880 91 1'1] 16 aQﬁ Qﬁ Za Qq
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6.10 Kombinatoriskt nat med 5 variabler
f(Xg0 X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

f (X, X3, X0, X, %) T =7

X X
X1XO

o1 11 10 _ Xa o0 01 11 10
X

0 "o)fo] =281 61
Po "0)/°0) > 9o to %))
17113 13 |14 Kﬁz\q\%%\g 3 36J
0071 "M (075 o111 [

4

>
—
>
i

()=
o

X
M W

Ot s aDD OO0
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6.10 Kombinatoriskt nat med 5 variabler
f(Xg0 X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

f (X, X3, X0, X, %) T =7

X X
X1XO

01 11 10 _ X,\_00 01 11 10
F—O— X X520 if‘rﬁ 15
o '0)o] 7 ¢ 6 3))
17113 13 |14 Kﬁz\q\%%\g 3 36J
0071 "M (075 o111 [

| . XX %0

4

>
—
>
i

()=
o

X
M W

Ot s aDD OO0

<
G

/

o

.

f=X, X3+ X3 Xy + X, X, + X, X, X
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OH 8.1 Binar kvadrerare

Ta fram de boolska ekvationerna for ett nat pa minimerad SP-form som
omvandlar ett trebitars binarkodat tal X (x,, X;, X,) till ett binarkodat
sexbitstal U (ug, uy, us, U,, U;, Uy) som &r lika med kvadraten pa talet,

dvs. U= X2,

EX . ‘:; i ”:i” {:}

Kodomvandlare 1 " B Ef 1

Typiskt pa A2- 0 v 2 u; 1

delen - ROl X — U; 0
] — U

Sy 0

1
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8.1 Sanningstabell

K

28]

iy

I3

1y

s

=X

16

36

X0

a1

X3

Lo

W
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[
V)

_u” :”0

1 K hdiagram  {: xit

8. arnaugnhdiagra {:; o )

U, 0

1

Av sanningstabellen framgar att u, alltid &r lika med b e B 7 7N S 7 R

0. u, utgangen kan darfor anslutas OV (jord) sa att den [T ToTo i oo oo To [T

far konstanten 0. Man kan vidare se att u, alltid &r s ol b oo Jofo o ol

samma som X,. U, utgangen kan darfér férbindas Proql Lo oL o ol

direkt med x, ingangen. T i T e Jrlijedoefofr

xg 157X e T XXM XK i U™ XX X0 ¥4 %o

X, N 00 01 11 10 x,\ 00 01 11 10  x,\ 00 01 11 10
ol’0|'0 |0 |0 o0 ['0 |00 0’0 ['0 [(D]0
10 "0 [(1["1 @) o] 1|0 |®|0|0
X X, u2 10 u‘1 0 uD XU
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Mekanisk "kvadrerare”

Pa 1800-talet 1
Innan det fanns
digitalteknik ...

Qutput {Y)

30
35
BROCK ENGINEERING
Input (X) Roxbury, CT

www.BrockEng.com




BROCHK ENGINEERING

Roxhury, CT
www.BrockEng.com

Brock institute for advaced studies function generator



http://www.brockeng.com/mechanism/FuncGen.htm

OH 10.9 Stegmotorstyrning}{-} N

I——

. . e \J
En stegmotor ar en digital komponent som =

drivs med pulser. M1 1
_— q %

Stegmotorer brukar anslutas till raknare som my _':' f!
raknar Gray-kod. 1 | X

: . CP_n o0
Figurens raknare har dessutom en mode- b —eat
ingang, m,m,,. ~

00 22, 5y

m,m, = 00 — O-stallning (fix position)

m,my = 01 — upp-rakning (cw) I
m,m,= 10 — ner-rakning (ccw) .

m,m, = 11 — 1-stalining (annan fix position)

Synkrona sekvensnéat — ar den centrala delen av kursen!
A2-delen. Pa B-delen ar tillstandsdiagrammet oftast inte givet.

William Sandgvist william@kth.se



10.9 Tillstandsdiagrammet

m,m, = 00 — O-stallning (fix position)
m,m,= 01 — upp-rakning (cw)

m,m,= 10 — ner-rakning (ccw)

m,m, = 11 — 1-stalining (annan fix position) > —

b 91

T —
CP_n q_EI

Ibland skriver man boolska vilkor
| stallet for siffror vid pilarna. |
figuren anvands bade vilkor och
siffror.

William Sandgvist william@kth.se



10.9 Tillstandstabell och tillstandsavkodare

97ag(d,9gmmg)

MMy

3100 00 01 11 10 CIT qa -
°loo]11]11 ][00 [FLAL OO .
1 offflol  [oli[Allol | a5=a,m,+a;m,
'loolool11 11| |olo[1]1 olof1]1

William Sandgvist william@kth.se
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Hur konstruerar en digitaltekniker
ett storre system?
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BV 10.5

One aproach for implementing integer division is to perform repeated
subtraction as indicated in pseudo-code.

Q=0;

R=A

While (R — B) > 0) do
R=R-B;

Q=Q+1,

End while;

a) Give an ASM chart that represents the pseudo-code.
b) Show the datapath circuit corresponding to part (a).
c) Give the ASM chart for the control circuit corresponding to part (b).

William Sandgvist william@kth.se



Algorithmic State Machine

ASM metoden bestar av féljande steg:

1. Skapa en algoritm, med pseudokod, som beskriver
kretsens onskade funktion.

2. Omvandla pseudokoden till ett ASM diagram.

3. Designa ett Dataflddes-schema (datapath) utifran ASM
diagrammet.

4. Skapa ett detaljerat ASM diagram utifran dataflédes-
schemat.

5. Designa styrlogik utifran det detaljerade ASM-diagrammet.

William Sandgvist william@kth.se



State name j 0 (False) Condition 1 (True)
expression
Output signals
or actions
(Moore type)

(b) Decision box

(a) State box Conditional outputs
or actions (Mealy type)

(c) Conditional output box

Figure 8.86. Elements used in ASM charts.



BV 10.5 ASM chart

e ASM chart for algoritmen

William Sandgvist william@kth.se

End while;



BV 10.5 ASM chart (-2 |

While (R = B) > 0) do

R=R-B;
.i RESET Q=0Q+1:
S1 End while;
Q<0
Load R<A .
[ngg !3<_ } ¢ Vanta pa start (1)!

@

1

William Sandgvist william@kth.se



BV 10.5 ASM chart  =-»

While ((R — B) > 0) do

R=R-B;
.l RESET Q=0Q+1;
S1 End while;
Q<0
Load R«A
Load B ¢
0 i
l 1
s2
Rakna upp Q! Subtrahera B!

Son |

William Sandgvist william@kth.se



BV 10.5 ASM chart

.i RESET

S1

Load R<A
Load B ¢

William Sandgvist william@kth.se

= O’
=A

hile (R —B) >0) do
R=R-B;

Q=Q+1;

End while;

Q
R
W



BV 10.5 ASM chart  =-»

While ((R — B) > 0) do

RESET R=R-B;
»i- Q=Q+1;
S1 End while;
Q<0
Load R<A 0
Load B ¢ 1
0 ~ | Vanta pa att Start
S3 slapps (0), for
1 omstart.
S2 1 Klar
\
1/\0
RERB |~ R B>09

William Sandgvist william@kth.se



Q=0;
R=A
BV 10.5 ASM chart P
RESET RER-B,
+ Q=Q + 1;
31 End while;
Q<0
Load R«A 0
[Load : } ¢ !
: -
S3
1
S0 1 Klar
\
. )\ 0 Testav R-B >0 gors i
g:g—fl <«—<| Rr-B20? samma moment som

sjalva operationen R-B
genom att man
iInspekterar flaggor.

e Hur vet vi nar R-B<0 ?

William Sandgvist william@kth.se

do



Kommer Du ihag?

Y oY oY Y
: L . F. L) ‘ T 1 N v ¥ \_._ | X —Y
Adderare J SRS oy N L ) ERATH B
kopplad som gy el | K V=c,®c; N=s,
komparator @ w 7 —(s.+5,+5.+5)
i . !
X=Y = 7-=1 Sa har kan en dator
- B gora de vanligaste

X<Y = N&V jamforelserna med

X<Y = Z+N®V hjalp av flaggorna ...

X>Y = Z+N@®V=Z-(NaV)

William Sandgvist william@kth.se



BV 10.5 datapath circult

[ e ASM chart ligger till grund for att satta inop hardvaran. ]

e Hardvara

| SUB Divider

R_GE_B

A B
n- n»I' n-4- Q=0;
RBdiff_sel - R=A
- 1 0
—\"mux’/ While ((R — B) > 0) do
LoadR_A 1 LoadB R=R-B;
BN Register R BN Register B SIS
eqister eqister ila
C —pCi1 % c—bC1 % End while;
n-" n-
R IIOII
n- n n‘|,
Negative N A4 LoadQ L 1D
Overflow v ADD C_IN 1 c—pc1  Counter Q
CNT Q
n- n-t
R-B QM
R_GE_B Klar B
=1 1p LoadQ
LoadB
LoadR_A
REdiff_seal
Clock
William Sandgvist william@kth.se \




BV 10.5 ASM controIB

e ASM chart ligger ocksa till grund for /Raawf_sel
tillstandsdiagrammet till styrningen.

LoadR_A D

EN
. Register B

pC1
RESET )
S1 + Negatve S\ P
LoadQ LoadB Overflow Al\\:DD CINA—1  c—>bct  CounterQ
CNT @
RBdiff_sel=0 "t o
LoadR_A 0 \ - s /
Y 1 1P
0
S3 e Styrningen
1
S2 Klar
1 A / Klar sUB Drader \
i Control
RBdiff_sel=1
m_se - Start Load()

LoadB
LoadR_A,
1 0 — RE sel
LoadR_A |<+— R_GE_B Clock

N ,/

William Sandgvist william@kth.se




BV 10.5 ASM control

RESET .
4; e Styrningen
S1
LoadQ LoadB .
R%Ziff_sgli{] ) Klar EUEF Illr-.rldm
LoadR_A 1 o ontro Load®)
- an LoadB
0 LoadR_A
S3 REdiff_sel
sS2 11 Klar Clock -
RBAiff_sel=1
¢ Hela systemet
1
LoadR_A |=— /
A SUB Divider
Wlar|  SUB Divider | B - — Q
Styrningen "SUB Divider Control” I Loada . Y
LoadB _GE B [b———
kan konstrueras som en Moore Coadk A
automat med tre tillstand utifran RBdigTSi
H 2 : Clock ac
tillstandsdiagrammet (ASM). = —

=

William Sandgvist william@kth.se




i;ﬂ'sa Ide.h.r'g’ ]lltnsiun! §

Svddess
13 an WHAT PEOPLE
14 d:c.rg x‘

.

G L WHAT PEOPLE
Fbr_mhnu ﬁ . DONT SEE
Failure w D‘M’hm W ii
Hard work {8
Sacrifice g Good habits ((@)
Disappointment

Lycka till pa tentan!
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