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 > e P 05 KK2 LAB2
Flo | Fu 3 o6 —>| KK3 LAB3
F12 o7 || F13

F14 3 tentamen

Kombinatoriska kretsar

Laskretsar, vippor, FSM
FSM, VHDL introduktion
Asynkron FSM

Minnen

Forelasningar och évningar bygger pa varandra! Ta alltid igen det Du missat!
Las pa i forvag — delta i undervisningen — arbeta igenom materialet efterat!
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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- Sekundar-
_ minne minne
Register ﬁ SRAM “ DRAM ﬁ 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:
N ord med ordlangden M bitar

Minneskapsel:
p ord med ordlangden q bitar

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

K=rxKk

4 Antal ord
minneskapslar

P. g

p

k brdléngd

N, M

William Sandgvist william@kth.se




SRAM

Varje bit i ett CMOS SRAM bestar _fow .
av en laskrets uppbyggd av sex
MOS-transistorer. j*‘ _4[
L T L
Minnescellen ar i princip en SR- jl— —|[
latch.
Row _ GHD J:-
Col Col

Col Col
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DRAM

Varje bit i ett DRAM bestar av en
transistor och en minneskonden-
sator.

En laddad kondensator lacker ut
laddningen efter ett tag. Periodiskt
maste alla kondensatorer under-
sOkas och de som har laddning
kvar maste da aterladdas. Detta
kallas for Refresh.

Det sko6ts av kretsar inuti minnet.

Row

—T— MO S-transistor

Trench
Capacitor
Data

Col )

a9

=
R
Row Address Selection

32_.,,
33_.,

Column Address Selection

Data
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L 1 1 1
| T| T| T
1 1 1 1
I| T| T| T
T T T 1
I| T| T| T
1L 1 1 1
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Kondensatorn byggs pa djupet

Trench Capacitor (trench = dike)

///////////f% N* Polykisel

G
N~

7
/ ; ,//r,_-af//l//e SiO, -Isolering

Kiselsubstrat

1um

—

En bit 1 ett DRAM tar samma plats

som tva MQOS-transistorer. En bit i SRAM DRAM

SRAM som sex MQOS-transistorer!
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Infineon HYB25D25640 256 Mbit SDRAM

minininininisisisinininininininininininininSninininininini i ni )

[ B e R Y

[T S s I S I, R N N e e e =)
[ACR Ny R TSI R L T O N N - T B = T L R U N Ry )

| ss
65 [ Da1s
64 ] Vasa
63 [J Dai4
62 [ Da13
61 [ Vopa
60 O Da12
59 0 Da11
58 0 Vssa
57 0 Da10
56 1 Dag
55 N Vopa
54 O Das
53 [0 NC
52 0 Vssa
51 0O uDas
50 O NC
49 1 Va
48 [0 Vss
47 O uom
46 [ CK
45 7 CK
44 CKE
43 1 NC
42 7 A12
410 AN
40 O AQ
|0 A
B0 AT
[ AB
L AS
35[0 Ad
340 Vs

16Mb x 16
3I2Mb x 8

64Mb x 4

MNC
NC
DQ3
Vooa
NC

MNC

NC
DQ2

Voza
NC

Das
NG

oM
CK

CKE
NC
A12
AN
AQ
AB
A7
AB
A5
Ad

Kapsel 256Mbit (32Mx8)

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

32M 2°5x220 = 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 +o—
x o urst
CK *— E RN
C5 oo L
e 54| @
WE +»—ego | O
CAS (58|
TAS o € Bank3
RAS »o—
S Banki Dank2 .
< CK, CK
x / ¥
.| = S A2 DLL
Mode |8 13 W —
Registers | £ ﬁ o923
| o =z0o
|3 558[EE)  Banko
Z oz Memory Data
IETND L% J Array i £ ©
| E | [a | (B192 x 512x16) | T a8 g
s 3 TR e 8 5
. r'y Sense Amplifiers | I~ < § 5 > >
| @ T o ._E:’_’. g 1—/-) '}
I -g 0 iﬁ’ty GEEé]TE?tDT !
5 "8 S % 4 \D 4oy DQ0-DOT,
B - =D 10 Cati “rr COLD  ynput Qs DM
o R o /O Gating hE Register
21 2 : g !
AD-A12, =\ G D | & || § [«——| DM Mask Logic write | Mask 1 ' t<c» DQS
BAO, BA1 . O FIFO 1
5 0 . £ = 16 | & 5] ! 2
R 512 , G
|| i ¥ .}q%e; « /| Drivers y 5 % <
—
clk clk 1 8 8 i
Satms, it :
9 a 0 T
_TET> Column-Address CK, coLo
: Counter/Latch CK

+—=—»COL0 ’1'
1
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CKE +»o—
o urst
CK ¥ LI
C5 oo 2
WE w28 | 8
=0 1
CAS +o—|ED | B
== 39| Bank3
RAS +o— g Bank2
O E Bank / CK TR
= +
- / / }
|2 S v
Mode |8 T _ —
Registers | E ﬁ o923
| = =00
|3 558[EE)  Banko
= m 20 JV' Mfrrpaory - Data |
m 4 | e
o § & | (8192 x512x 16) | H 5| s o
Bt 1 gl 2| 7 8 5
| Sense Amplifiers || 3 0 8 2 > »
N > >
g 8 E=; & s | \3 4—o» DOODOT.
B = - 10 Gat “r COLO  input as '
= | 5 ating 1 Register
. 2 = H g .
AD-A12, NS L 'S Ly E e DM Mask Logic write | Mask 1 1 t<c>» DQS
BAD, BA1— AL 8 [ SN FIFG 1
: £ ! = > 16 | & 51 : 5
-2 N N | & ;IELE%; «—+—| Drivers N 8 2 ¢
7 L b B aQ
Ik 1 8 8 i
Column &% 5 ‘[Ea—i r
Decoder T T
9
Column- Address Kolumnadressraknaren & snabbt rakna
Counter/Latch COLO . '[,:, . "
! pp adressen till "grann-minnescéllerna” —

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

" ord" 3Tg,gf0rd

"3 ord" (3+1)/2 = 2 Tgyeford

“ord" (3+1+1+1)4 = 1,5 Tg 4 ford

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

o 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 12.1 Dynamiskt minne ¢l

Kapsel
256Mbit (32Mx8)

a) Hur manga kapslar kravs for 256Mx647?
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kt minne ' |

o

OH 12.1 Dynamis

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.
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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=r x k=9 x1 6 = 144,
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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 behtva kasseras ).
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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 behtva kasseras ).

Eller sa kommer ett bra minne att "tala” att nagra av minnescellerna
"slits ut” med tiden.
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OH 12.2 ROM och SRAM

o]}

1
2
4

BIN/OCT

EN

L

G1
G2A
G2B &

TITTTTTY

Avkodare 3-t0-8

Mikro-

processor

RD
WR
A0

A23

D15

e
28

A0-A23

DO-D7

D8-D15

7
!

Las/Skrivminne:

e

SRAM 4M 512k x 8 bit

Lasminne:

gt
=TI i

e

ROM 4M 512Kk x 8 bit

19 19
+ Ao ROM ’ a0 SRAM
8 \% 8
oo I! DO -~ ;’
03 D3 <>
04 i
A18 o8 A8 b2
—q oE o8 R D6 <>
o7 WR D7 e
— CE —dcs

Antag att ROM och SRAM skall anslutas till en
16-bitars mikroprocessor som har 24 bitars
adressering.
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Mikro-

processor

20

AZ3

RD
WR

VDO

D15

-A13 Ag RAM -A18 SRAM
A0
VPO e VOO e
9% D7 e D7 >
BIN/OCT
A9 | A8 18
A0, 0p— —dRrD RD
1 p—
AT |, : —dwr WR
E— 4 Cs | CS
EN 3 p—
AZ3 = 4 p— I_C
222 0 Goa, & g g
241 04 G2B SRAM SRAM
—— P AD AD
— VD0 e V00 e
— D7 == D7 ==
— A18 A18
— d RD RD
— ~—d WR WR
=) —qcs dcs
0
| WR
- SRAM SRAM
== AD A
- VDO == AV
= D7 o= o7 =
-— A18 A18
DO
== 15 d RD L RD
~—d VR D& WWR Do
o —q CS -D15 | |—c CS o7
8

William Sandgvist william@kth.se

SRAM storlek?

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



Mikro-

processor

20

AZ3

RD
WR

VDO

D15

-A13 Ag RAM -A18 SRAM
A0
VPO e VOO e
9% D7 e D7 >
BIN/OCT
A9 | A8 18
A0, 0p— —dRrD RD
1 p—
AT |, : —dwr WR
E— 4 Cs | CS
EN 3 p—
AZ3 = 4 p— I_C
222 0 Goa, & g g
241 04 G2B SRAM SRAM
—— P AD AD
— VD0 e V00 e
— D7 == D7 ==
— A18 A18
— d RD RD
— ~—d WR WR
=) —qcs dcs
0
| WR
- SRAM SRAM
== AD A
- VDO == AV
= D7 o= o7 =
-— A18 A18
DO
== 15 d RD L RD
~—d VR D& WWR Do
o —q CS -D15 | |—c CS o7
8
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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 q = 8 bitar

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

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



Mikro-

processor

20

AZ3

RD
WR

VDO

D15

-A13 Ag RAM -A18 SRAM
A0
VPO e VOO e
9% D7 e D7 >
BIN/OCT
A9 | A8 18
A0, 0p— —dRrD RD
1 p—
AT |, : —dwr WR
E— 4 Cs | CS
EN 3 p—
AZ3 = 4 p— I_C
222 0 Goa, & g g
241 04 G2B SRAM SRAM
—— P AD AD
— VD0 e V00 e
— D7 == D7 ==
— A18 A18
— d RD RD
— ~—d WR WR
=) —qcs dcs
0
| WR
- SRAM SRAM
== AD A
- VDO == AV
= D7 o= o7 =
-— A18 A18
DO
== 15 d RD L RD
~—d VR D& WWR Do
o —q CS -D15 | |—c CS o7
8
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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 q = 8 bitar

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

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

RD =RD
WR =WR




SRAM adressomrade?

Mikro-
processor AQ
A0 19| “A18
A19 ?IN/OCT
A20 |, 0o—
A21 10—
4
20—
EN 3Po—
A23 24, A22 4 o & 50O
RD 0—q G2B 60
RD b—2= 70
WRo—WR_
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SRAM adressomrade?

Mikro-
processor AO
AO 19 -A18
A9 FBIN/OCT
A20 |, 0o—
A21 10—
4 20_
EN 30—
A23 28122 6 gon g |5
=) 0— G2B °
RD o——=- 7P
WRo—WR_
Computer: |23 2221201918 [17 [16] 15[ 14|13 12| 11102 [8 [7 |6 [5 [4 [3 [2 [1 [0
Decoder: 1 (0 a7
Memstart: |1 |0 [T Jo [t Jo Jo Jo o {o oo oo ofo]o oo oo o oo
® Begin hex A 8 0 0 0 0
Memend: U JoJu oo o [o [ Qoo oo oo oa o] ]1]s
® End hex B F F F F F
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SRAM adressomrade?

Mikro-
processor AO
AO 19 -A18
A9 FBIN/OCT
A20 |, 0o—
A21 10—
4 20_
EN 30—
A23 24, 1A22 G2AQ | o[
=) 0— G2B °
RD o——=- 7P
WRo—WR_
Computer: |23 2221201918 [17 [16] 15[ 14|13 12| 11102 [8 [7 |6 [5 [4 [3 [2 [1 [0
Decoder: 1 (0 a7
Memstart: |1 |0 [T Jo [t Jo Jo Jo o {o oo oo ofo]o oo oo o oo
® Begin hex A 8 0 0 0 0
Memend: U JoJu oo o [o [ Qoo oo oo oa o] ]1]s
® End hex B F F F 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
1d01]1000]0000]0000|0000|0000

AFFFFF

1(10]1111/11111111|1111|1141]
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Byt adressomrade! ?

Andra till adressomrade 980000 — AFFFFF ?

980000
1d01]1000]0000]0000|0000|0000

AFFFFF

1(10]1111/11111111|1111|1141]

”10'01111 % 113”
”10'101” % ”5"
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Byt adressomrade! ?

Andra till adressomrade 980000 — AFFFFF ?

980000
1d01]1000]0000]0000|0000|0000
AFFFFF
1(10]1111/11111111|1111|1141]
Mikro-
processor AQ
AQD 19| -A18
1110'01111 % 113” Q;g ;BlN/OC-g O_
1110'101” % ”5" A21 4 ; OO:
EN 3 p—m78
Y v [V - S—
Tl oqem|ep
WRC:r—VW
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Byt adressomrade! ?

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

Andra till adressomrade 480000 — 5FFFFF ?

480000
0100]1000|0000|0000|0000|0000)

SFFFFF

04011411|1111]1111]1112 1111
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000
0100]1000|0000|0000|0000|0000)

SFFFFF

04011411|1111]1111]1112 1111

1101'001” % ”1"
1101'01111 % 113”
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000
0100]1000|0000|0000|0000|0000)
SFFFFF
04011411|1111]1111]1112 1111
Mikro-
processor A0
AD 1%’ -A18
1101'001” % ”1" A19 ?lN/OCE O_
"01|011" — *3” pi]?  1p———
EN Ipb——m7M8M
2, [mea]Cl o |sh
T oqemS s
WRp—R_
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Byt adressomrade! ?

Andra till adressomrade 480000 — 5FFFFF ?

480000
0100]1000|0000|0000|0000|0000)

SFFFFF

04011411|1111]1111]1112 1111

Mikro-
processor A0
A0 19 -A18
’ 001" » "1” A19 ?'N’OCE .
A20
"01/011" — "3” I
EN 3p—-
0 ( A23 s 4 b—
A23 L MR (2P
=5 0— st& 6 o—
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 adessomradena 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 adessomradena for avkodarens utgangar med hexadecimala siffror.

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

Minneskapsel:
p =512 k ordlangden g = 8 bitar

e 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
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Mikro-
processor
AQ-AZ3

RD
WR

VDO-D'IS

ROM anslutning?

19 19
1l | a0 ROM | a0 ROM
a1q | BINFOCT A A
A20 ] | 0p— B -07 92 o
AL ﬁ = < CE - —dO0E -
2b— !
EN 33— '
4 p—
— 19 19
?-qcng|oe— F=t— 0 ROM g 10 ROM
2 49 GZ2EB - -A18 -A1E
- o_
4 +qcs 0 dcs 0
’ " +d cE -O7 VdoE  O7
RD '
WE
p——— 19 19
o L | 4o ROM | a0 ROM
'
7 A1 A8
—qcs 0 dqcs OO0
o I_-c oE -0 —qoE O
D1 | aoROM .1 a0 ROM
418 D8 A8
—qcs W D1 des o0
" |-—c oE U7 —dqoeE U7
DO-D15 — + D0-D7
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ROM anslutning?

10| K | ROM 15, | a0 ROM
a1a | BINJOCT -A18 - -A18 -
1 0 b— cs dcs
= E: = < cE 07 —qoE 07
4 2o— !
EN 3 o— '
4 b—
. ey 19 19
2 qcmg|S = et 1,0 ROM - 40 ROM
: sl © demeF| P A18 A3
Mikro- a1 7 b—
processor 24 ~+dCS _%U? qcs _%U?
AO-A23 + " d OF VdoF
RD ;
RD p—2
wRp— 19 ROM 19|, ROM
16 it £ i A0
Vooois ra A18 _A18
qcs o0 dcs  ©0
" I_-c oE -9 —dqoe  -OF
19 19
RD =0E it—t 1,0 ROM 4 10 ROM
_A18 DS A8
—qcs W D1 des o0
" |-—c oE U7 —dqoeE U7
DO-D15 ' - T DO-D7
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Mikro-
processor
AQ-A23

RD
WR

vDO-D’IS

Decoder anslutning?

19 19
ol 1 a0 ROM | 10 ROM
BIN/OCT -A13 a8V
A19 1 ] CS o0 O cs o0
Al 2 1B doE 07 —qoE 07
4 2 b—
. Len 3 b—o '
4 b—
L oy 19 19
afA=d 6B |5 o— _A18 g V
oy | L dcs 00 dcs 00
4 |__c o -O7 +—d o -O7
RD :
WE
P 9.1 1,5 ROM 1°1,,ROM
16 7 4
———— _A18 a1s V
qcs  ©0 qcs OO
[.-c o -O7 t—q or 07
B 1. ROM 12 4o ROM
a1 V D8 a8 V
qcs OO Dl des 00
[-c o 97 y—q o 07
DO-D15 ‘ . DO-DT
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Mikro-
processor
AQ-A23

RD
WR

vDO-D’IS

Decoder anslutning?

19 19
1o, | a0 ROM | a0 ROM
BIN/O _A18 a8 V
A19 1 ob CS o0 aCcs o0
A20 3 - o OF 07 OF 07
AT D 9
b
| EN '
A221‘_ ( 19, ROM 19,1, ROM
afm=d ghe ™| o— _A18 g V
D—
4 qcs  ©0 qcs W
’ |__c o -O7 —d o -O7
RD :
WE
e Y11, ROM 1., ROM
16 7 4
———— _A18 a1s V
qcs  ©0 qcs OO
[.-c o -O7 +—d o -O7
B 1. ROM 12 4o ROM
a1 V D8 a8 V
qcs OO ) dcs 00
[-c o 97 y—q o 07
DO-D15 ‘ . DO-DT

William Sandqvist

william@Kkth.se




Decoder ROM adresser?

f
7
19|
ag | BINNOCT
A0 | ] 0 o—— 000000-07FFFF
A |2 1 fo—— 080000-0FFFFF
4 2 b—— 100000-17FFFF
EN 3 p—— 180000-1FFFFF
[Syey ap—
A22 50—
s G2A &
A23 6 p——
2{1"_—{3 G2B =
24
—_—
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Decoder ROM adresser?

;
7

19

-]

BIN/OCT
1
2
4

EN

(>——— 000000-07FFFF
O——— 080000-0FFFFF
o——— 100000-17FFFF
O>——— 180000-1FFFFF
O—
o—
O—
O—

G1
—== G2A &
24— G2B

-

~NOoO U BBWN-—-20

24
—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0000|0000|0|0|0]0 - 0000|0111|F|F|F|JF 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
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Decoder ROM adresser?

;
7

19

-]

BIN/OCT
1
2
4

EN

O—— 000000-07FFFF

> 080000-OFFFFF

o o007 ROM
O—— 180000-1FFFFF

O—

o—

O—
O—

G1
—== G2A &
24— G2B

-

~NOoO U BBWN-—-20

24
—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0000|0000|0|0|0]0 - 0000|0111|F|F|F|JF 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|
ag | BINOCT
A20 | . 0 o—— 000000-07FFFF
A21 | 2 1 fo—— 080000-OFFFFF
4 2 b—— 100000-17FFFF
EN 30— 180000-1FFFFF
1 &7 4 o—— 200000-27FFFF
A22 5 b—— 280000-2FFFFF
A23 ggg& 6 [b——— 300000-37FFFF
24P ¢ 7 lb——— 380000-3FFFFF
24
—_—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0010|0000|0|0|0|0 - 0010|0111|F|F|F|JF 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|0 - 0011|1111|F|F|F|F 380000-3FFFFF
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Decoder SRAM+I/O adresser?

b 000000-07FFFF
b 080000-OFFFFF
b——— 100000-17FFFF
b 180000-1FFFFF /0O

b——— [ 200000-27FFFF

!
19]

A19 PIN/OCT
A20 |, ?
A21 | % .
1 EN 3
4

— T G1
s qGA & |
24— G G2B 2

24

+

O——— 280000-2FFFFF
>——— 300000-37FFFF
>——— 380000-3FFFFF

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0010|0000|0|0|0|0 - 0010|0111 |F|F|F|F
0010]|1000|0|0|0|0 - 0010|1111 |F|F|F|F
0011|0000]0|0|0|O - O011|0111|F|F|F|F
0011|1000]0|0|0|O - O011|1111|F|F|F|F

200000-27FFFF
280000-2FFFFF
300000-37FFFF
380000-3FFFFF
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Decoder SRAM+I/O adresser?

7
19

-]

BIN/OCT
1
2
4

EN

b 000000-07FFFF
b 080000-OFFFFF
b——— 100000-17FFFF
b 180000-1FFFFF /0O

200000-27FFFFE

G1
—==C G2A &
24— G2B

-1

~NoOOkRRWN=2O0O

O——— | 280000-2FFFFF
>—— | 300000-37FFFF SRAM
>——— | 380000-3FFFFF

24
—_—

OOab|cmmm|mmmm|mmmm|mmmm|mmmm

0010|0000|0|0|0|0 - 0010|0111 |F|F|F|F
0010]|1000|0|0|0|0 - 0010|1111 |F|F|F|F
0011|0000]0|0|0|O - O011|0111|F|F|F|F
0011|1000]0|0|0|O - O011|1111|F|F|F|F

200000-27FFFF
280000-2FFFFF
300000-37FFFF
380000-3FFFFF
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Decoder SRAM+I/O adresser?

7
19

-]

1
2
4

EN

G1
—==C G2A &
22— G2B

-1

BIN/OCT

~NoOOkRRWN=2O0O

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

/O

200000-27FFFFE

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|JF 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|0 - 0011|1111|F|F|F|F 380000-3FFFFF

Mojliga SRAM+I/O adresser 200000 — 3FFFFF
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OH 12.3 Input/Output

Feripheral
device

Periferienheter, 1/0O, ansluts ofta till en 200010-200017

CPU som om dom vore minneskretsar 1% Vool

(fast med bara ett fatal "minnesceller”). RS =

Ex. en realtidsklock-krets — haller reda ropB NS .

pa tid och datum. Den styrs/avlases fran WR—""—q "R 51

8 inbyggda register. V50015 fasmp S

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 (1/0) 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
registeradresserna  0x200010 .. 0x200017.
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OH 12.3 Input/Output

16
Fi
’? 20001 0-200017
| |
Feripheral
device
s
Mikro- V oo s
processor RS0 -
ALLAZA Eg; ==
o7 [—==
RD a RD oo-O7
ViR a Wi g
16 DO-D15 g D8-D15
vDCLDﬁ ' i

/O 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
Ox200013 = 0010]0.000]0000]J0000|0001]0.011
0x200014 = |0010]0..000]0000]0000]0001|0.100
0x200015 = |0010]0.000]0000]0000]0001]0./101
0x200016 = 0010]J0.000]0000J0000}J0001)0.110
0x200017 = |0010]0.000]0000]0000]|0001]0/111
Avkodarens utgang "4” RS,RS,;RS,

Kvar att avkoda:

William Sandgvist william@kth.se



16

If
191 3l
a1a | BINJOCT &
vio 0p—
1p—
A1 4 S b—
EN  3p— —4
1 L g —
— G1
-%c G2A & g o L Cs
Mikro- Up==qemsT S W oo [<==
processor 24 AD RS0 -
A0.A23 #-— Al F=1 =
__ A2 RS2 o [ZF
RD p—EeL dqrD D0-D7
WRp—L q wR s |
De-014
V50015 _-_'1 E; . F:IU-D*IE B,*
Feripheral device 200010-200017
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16
+ f?
|
19 3L
‘ [ E&RH Lievam
AlS EIN!DCS Lite val manga
A0 e— . o
AZT] 2 1p— Ingangar?
2 p— —
EN 32—
1 L g —
— 1
27 sb— | |
753 G2A & CE
Mikro- upm=dcna | SET Vo0 [
processor | o4 A0 RSO -
A0.A23 #-— Al F=1 =
— A RS2 o7 -—
RD p—2L A RD D0-D7
WRp—L q wR s |
16 o015 g D8-D15
V0015 |yt _ _ -
Feripheral device 200010-200017
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Ofullstandig avkodning?

o, o] - Adresseringen blir
: : o .
19 1 & mangtydig!
= -|"' -t
a1a | BINIOCT —
1 0p— —
A0
vam PR ol I = RS
EM  3p— — —|
1] =1 4 Bb— L
—cigz G2A & g E‘D: s
Mikro- 2] rmmns G2B - V 00 | s
processar 74 Al R0 -_—
AD-A23 o+ Al RS1 =
- iy R .
R0 D7 [—==
RDp—= d RD D0-D7
WREr q WE 8]
7 16, DO-D15 g, 08-D13
TDD-DH syl o
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Ofullstandig avkodnlng’P

- Adresseringen blir
19 3]l 8 £ mangtydig!
= -<1 -
A1G BINMOCT 4
1 0p— —-—
20
Vi 1p— — &
4 2 h— —
EMN 3 p— —|
n:};' : I_
RoEr, GEA& - p— s
- VK
Mikro- Ap=q GBS D;-.: v
processor | o4 Al RS0 -
AD-A23 s Al RS1 ==
_ ! AT RS2 -—
RD D? il
RD p—o= q RD D0-D7
WR q WE 8]
16, Do-D15 8, 0a-D14
V00015 ftmtns ;

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 anvanda 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 I/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

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

f (Xy0 X X X0, %)

e

=

L5

=3

]

L

o

.T.A

=t

“
[
I
IS5~

e e,
1l

(=]

ﬁ..rJ L

o ey

LD .f_lw
-~

...l,. (o |

T— .TI.I-

- o

- ¥
"

. =T

=
=
w,
<

10
11

13

14

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

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

X X
X Xq 4 %0 4
iax o0 01 11 10 i?’ 00 01 11 10
28 Do 10 30 20 28 16I 1 1% 1%
2% "0 |0 |0 11°0 0 |0 [0
:II 12[ 1.?I ”lfl ”léi 1 2 2% qb q%
E‘J 80 J1 ”l]l ’1% EJ 24| Zﬁ 2?1 26'
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6.10 Kombinatoriskt nat med 5 variabler
f(Xgr X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

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

X X
*1%0 ‘ **0 )
X, 00 01 11 10 X, 00, 01 11 ,10
X20[0~ [14 [3~ |2 2016 [[1a [1a [
8% o0 '0| 28’1’0 "o (1
04~ |5~ |7~ |6 X&X2X0 020 21 23 |22
1 - |0 P 0 BRYSS 10 S) 36 3P
IEREEED) 1170 00 [0
o@D A
"“—-a.___ﬁ_ha'f/" | I
XXX
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6.10 Kombinatoriskt nat med 5 variabler
f(Xgr X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

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

X X

*1%0 ‘ %0 )

X3\ 0001 11 10 X3\ 00, 01 11 10
28 %0 10 “0 ;0 __2/3:% 1b 1% @_
04~ |5~ |7~ |6 X&X2X0 020 21 23 |22
1 0 lU l.q 0 XXXy 1 20 2? j) arO
1AM 110 010
o @me  Samf
‘HERE,—F"/#/—P ! I

X3%*o

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

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

X1%o A X1%o A
::3 o0 01 11 10 :3 o0 01 11 10
20105 19 [0 %0 20014 19 |19 '3
?1°0]% "0 ° 110 |0 0 [0
:II 12| TSI 15‘ 1‘* :: 26 26 Bb 36
(']] 80 91 1'1] 16 a Qﬂ 2% Zﬁ Qq
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6.10 Kombinatoriskt nat med 5 variabler
f(Xgr X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

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

X X

X0 * *1%0 *
X\ 00,01 11 10 _ X~ 00 01 11 10
28 folfo Foyfo) " "23."1 |6 5)|'
2o fo [0l'o] = ¢f6 (o0 D)
RN "4"2\\}\%&2 3 3&J
SO) [ (B sy 8011
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6.10 Kombinatoriskt nat med 5 variabler
f(Xgr X, %50 %, %) = . M(9,11,12,13,14,15, 16,18, 24, 25, 26, 27)

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

X X

X0 * *1%0 *
X\ 00,01 11 10 _ X~ 00 01 11 10
28 folfo Foyfo) " "23."1 |6 5)|'
2o fo [0l'o] = ¢f6 (o0 D)
RN "4"2\\}\%&2 3 3&J
SO) [ (B sy 8011

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;, U,) som &r lika med kvadraten pa talet,

dvs. U= X2,

rrﬁqrr
rrqrr it
5 L0
N R ¥
0 X — X Y
Xp— — 0
1 U, 0
I HD
1
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8.1 Sanningstabell

ey

iy

17

13

iy

s

=Xz

16

36
49

xn

X

x32

Lo}

LU
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_ur -.” 0
Y7 ‘?:ﬂf !
8.1 Karnaughdiagram :{: x i}
u1D 0
1
Av sanningstabellen framgar att u, alltid &r lika med 40 0 N T i 8 PP PR 8 R T
0. u, utgangen kan darfor anslutas OV (jord) sa att den Llofolt 1 Joto oo [0l
far konstanten 0. Man kan vidare se att u, alltid &r 3oL | o lofoji]o o]l
samma som X,. U, utgangen kan darfér férbindas SpLopL poas fofL Lo o gl
direkt med x, ingangen. 7l o Jrlidefofofr
exg LU= X% ] kUaT XXt XX i U™ XX X0 %4 %0
X 00 01 11 10 X5 00 01 11 10 X5 00 01 11 10
ol’0|'0 |0 |0 ol’0|'0 [0 |0 o"0 ['0 [(D]0
folo G M) @) | [0 |@]0]%
XX, U2: X1XU U1 =0 uU:XU
X, 00 01 11 10
o|% |'0 |0 |f1]
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Mekanisk "kvadrerare”

Output ()

BROCK EMGINEERING
Input (X) Roxbury, CT
www.BrockEng.com




Ourp ()

BROCK ENGINEERING
Roxbury, CT

www.BrockEnd.com

Brock institute for advaced studies function generator



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

y ar ¥
|

OH 10.9 Stegmotorstyrning :__:;6

En stegmotor ar en digital komponent som

drivs med pulser. iy i1
_— q §
Stegmotorer brukar anslutas till raknare som J f!

raknar Gray-kod.

Figurens raknare har dessutom en mode-

ingang, m,m,,.

m,m, = 00 — O-stallning (fix position)
m,m,= 01 — upp-rakning (cw) 00 E%{
m,m, = 10 — ner-rakning (ccw)

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

m,m, = 00 — O-stallning (fix position) M 44

m,m,= 01 — upp-rakning (cw)

mD p—
m,m,= 10 — ner-rakning (ccw) Qﬂ

CPnn . D

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

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

qiag(a,apgm, mg)

MMy

géo 00 01 11 10 CIT qa -
°loo[11|11|oo| (YL 1OHTO -
1 oftfflol  [ofn[4llol | ag=a4m,+a;m,
looloo|11 11| [olo[1]1 o/o[1][1
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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).
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Algorithmic State Machine

ASM metoden bestar av féljande steg:

1. Skapa en algoritm, med pseudokod, som beskriver
kretsens dnskade 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.
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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.
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BV 10.5 ASM chart
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hile (R —B) >0) do
R=R-B;

Q=Q+1;

End while;

Q
R
W



BV 10.5 ASM chart s

R=R-B;

.l RESET Q=Q+1;

S1 End while;
Q<0

Load R<A
Load B

-

1
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Q=0;
BV 10.5 ASM chart  &-»
Wr_ule (R - B) > 0) do
-| RESET 0=0+1
S1 End while;
Q<0
[tggﬂ ;eA} | Vénta pa start!

@

1
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BV 10.5 ASM chart

.iRESET

S1

Load R<A ) .
[LSZd B(_ } i Vanta pa start!
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0;
A
ile (R-B)>0)do
R - B;
Q=Q+1;
End while;



BV 10.5 ASM chart

.iRESET

S1

Q<0
Load R«A ) .
[LSZd B(_ } i Vanta pa start!

S2

Divideral

0
558
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0;
A
ile (R-B)>0)do
R - B;
Q=Q+1;
End while;



BV 10.5 ASM chart

.l RESET

S1

Q<0
Load R«A ) .
[LSZd B(_ } i Vanta pa start!

S2

Divideral

R«R-B 1 0 .
Q:Q+1 ‘_—’ Fardigt?
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End while;



BV 10.5 ASM chart

RESET
S

Q<0

Load R<A
Load B
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= O’
=A

hile (R —B) >0) do
R=R-B;

Q=Q+1;

End while;

Q
R
W



Q=0;
BV 10.5 ASM chart  &-a
While (R -B) >0) do
RESET g - g: >
S1 + End While;’
Q<0
Load R«A 0
[Load B } L 1
0 =
e
S92 1 1 Klar
\
R<R-B 4_1/Rf$ 0
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BV 10.5 ASM chart  =-»

While ((R — B) > 0) do
RESET R=R-B;

Q=Q+1;
S1 + End while;

Q<0

Load R«A 0
Load B L 1
0 ~ | Vanta pa att Start
S3 slapps, for omstart.
1

S2 1 Klar
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Kommer Du ihag?

Y 1Y iY Y
VAR
X=Y => Z=1
X<Y == NV
XY = Z+N&V
X>Y =
—

X =Y
V=c,®&c; N=s,

Z=(S;+S,+S,+5S,)

Sa har kan en dator
goOra de vanligaste
jamforelserna ...

Z+N®V =Z-(N®V)
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BV 10.5 datapath circuit

Q=0;

R=A

While ((R - B) > 0) do
R=R - B:

Q=Q+1,

End while;
IIOII
f

L 1D

>C1  Counter Q

CNT Q

A B
n4+ n 1' n-
RBdiff_sel .
N\ mux®/
n-,f
LoadRi 1D LoadB_ 1D
Register R Register B
C—pC1 Q C—pC1 Q
n-4" n-4-
R
n - n
Negative N NS LoadQ_
Overflow v ADD C_IN 1 C—
n _‘,-’
R-B
R_GE_B
:‘I a
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BV 10.5 ASM coAntroIB

RESET

ST

LoadQ LoadB
RBdiff _sel=0
LoadR_A

Y

Start?

1
LoadR_A |<+—

S2 y

RBdiff_sel=1

S3

REdiff_sel

LoadR_A

R_GE_B
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