Programmerbar logikk

En enkel innfgring
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Agenda

« Etablere en sammenheng for a leere VHDL
» Kort omkonstruksjon med 74-serien

* Vise hensikten konstruksjoner i
programmerbar logikk

« Gaigjennomenkle PLD arkitekturer
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Litt om konstruksjon med 74-serien
(TTL-logikk)

* Texas Instrument
— Tidligst ute med logikkseriene 54/74

« Hvordan konstruere med TTL

— Sannhetstabeller
» Gir sum av produkter/produkt av summer

— Boolske ligninger optimaliseres ved
Karnaughdiagram

— Vil gjerne ha designet implementert med bare
NOR eller NAND

« Benytter DeMorgan teoremer:

X=AB+CD+BD+BC+AD+AC
U

X=ABeCDeBDeBCeADeAC
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Logiske porter (Gates)
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54/74-serien

i 54/74 Series Description
i__7400 Quadruple 2-input positive-NAND gates: L'i AB j
| 7402 Quadruple 2-input positive-NOR gates; Y = A+ B
T Hex inverters: Y = A
7408 Quadruple 2-input positive-AND gates: Y = AB
7430 8-input positive-NAND gates: Y = ABCDEFGH
7432 Quadruple 2-input positive-OR gates: Y = A+B
7451 Dual AND-OR-INVERT gates: Y = AB+CD
i 7474 Dual D-type positive-edge-triggered flip-flops with preset and clear
7483 4-bit binary full adder with fast carry
7486 Quadruple 2-input exclusive-OR gates: Y = A@ B
74109 Dual J-K positive-adge-triggered flip-flops with preset and clear
741 57 Quadruple 2-to-1 multiplexers
74163 Synchronous 4-bit counter with synchronous clear
74180 9-bit odd/even parity generator/checker =
74374 Octal D-type flip-flops
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TTL-logikken er ikke dad

« Kommer stadig nye serier

Welcome to the World of Tl Logic

From Harris
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TTL-logikken er ikke dad

« TTL familien finner stadig nye anvendelser
og det kommer stadig nye serier

Selecting a Logic Family...

Designer Careabouts... Tl Offers...

* Best fit first
High Speed :Z}- CBT, CBTLV, AVC, ALB, ALVT, ALVC, ABT, LVT, AHC

- Critical Requirements: Slew Rate and Fropagation Delay

<l

High Drive ALVT, LVT, ABT, ALB, ALVC, LVC, AVC 1 ...
- Incident Wave Switching
Low Power |::jb— CBT, CBTLY, LVC, AHC, ALVC, LV, AVC, ALVT, LVT...

- Migrate fo Lower-Voltage Families

351y jsesaun jsaybiy

Fase of Use LVC, ALVT, LVT, AHC, AVC, LV, ABT, CBT, CBTLV...
- Bus Hold, 5-V Tolerancs, 1., Hot Insertion

TAVC products with DOC™ increase dynamic drive
during switching

DOG iz a trademark of Texes [nskuments.

T0H E N omtiLo LEARDER 1 N LesEi1c FRODDUCECT S
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TTL-logikken er ikke dad

* De opprinnelige seriene er pa vei til a
fases ut, mens nye kommer til.

Product Life Cycle

E ] HC  aLs ; i
i i i
; i i A Bipolar
i ACL - i CMOS
: @ BiCMOS

I
- Little Logid
GTLP - .

Intreduction Growth Maturity Obsolescence

Investment levels for new products are at an all-time high.
End-equipment requirements are accelerating new product introduction.

Tl remains committed to be the last supplier in the older families. Tilbake

LeeEilc PRODDUTCTS
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Karnaughdiagram
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Karnaughdiagram forts.

CD

A B C D| X
AB 000 01 11 10
0 0 0 0 .
0 0 0 1 0 00 1 1 0 1
—l
o0 1 040 otfl1 o0l o] o
0 0 1 1| 1
0 1 0 0] o0 1] 0 0 0 0
0 1 0 1| 1
10 1 0 0 0
0o 1 1 0| 1
0o 1 1 1| 1
1 0 0 0] O _
0 0 1 1 X =ABC+ ABD+ ACD+ BCD
1 0 1 0| 1
1 0 1 1|1
1 1 0 0| 1
1 1 0 1|1
1 1 1 0| 1
1 1 1 1|1
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Implementasjon med TTL (nand)

7400

X=AB+CD+BD+BC+ AD+ AC

X=AB-CD-BD-BC-AD- AC
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Hazards
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Enkel krets med Hazard

O D)

[nput X5

Output gate 4

Cutput gate 1

QOutput gate 2

Output gate 3

[=x0x + x5

o

/

\/
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Eliminasjon av Hazard

« Setter inn ekstra gate

- 0—~1
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Hva er programmerbare kretser

 PAL (Programable Array Logikk)

logic diagram (positive logic)
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PAL basis elementer
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PAL programmering

(a) (b)

SN R .

F F

permanent no fusible
connection connection connection

links in programmable arrays.

XX=0 E]jx

inactive true

A>—u ¥ o

o | —
7

complement don't care

Fig. 4.2 The four possible situations after programming a single node.
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PAL

« Bruk av overskudd porter til a gjore ekstra
modifikasjoner

B
L 7
}\ﬂnlm
fuses
>_LD: T v blown

PRV,

as |
Fo = ABC + ABC+ ABC Fo=ABC + ABC+ ABC
F,=AB + ABC F\*= AB + ABC
f t

(a) (b)
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PAL 16L38

logic diagram {positive logic)
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PAL 16

R8

logic diagram (positive logic)
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PAL design prosess

Design specifications

i

Design description

l

Design software F.eks CUPL

h J

Fuse map Jedec fil
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CUPL - lavniva PLD sprak

Name 4BIT COUNTER;

Device V2500B;

/* inputs */
pin 1 = CLK;
pin 3 = LD ;

pin 17 = RST ;
pin [18,19,20,21] = [I0,1I1,1I2,1I3];

/* outputs */
pin [4151617] = [QO/Q11Q2/Q3J;

/* equations */

03.T = (!Q02 & !'Q1l & !Q0) & LD & RST # Q3 & !RST_ # (Q3 $ I3) & !LD ;
Q2.T = (!Q1 & !'00) & LD & RST_# Q2 & !'RST # (Q2 $ I2) & !LD ;

Q1.T = !00 & LD_ & RST # Q1 & !RST # (Q1 $ I1) & !LD ;

Q0.T = LD & RST_# Q0 & !RST # (Q0 $ I0) & !LD ;

CNT.CK = CLK;
CNT.OE = 'h'F;
CNT.AR = 'h'O;

CNT.SP = 'h'O;
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Lattice

Lattice: A History of Innovation
and Performance.

Somiconductor
Gorporation
MMI introduces
MM introduces the Lattice the 22V10
MMI founded. PAL device. founded. architecture,

1969 1978 1983 ) 1984

MACH devices
Lattice invents introduced
GAL architecture. with patented
Cyrus Tsui leaves switch matrix
Lattice introduces MMI acquired AMD to become architecture used
E’CMOS PLDs. by AMD. CEO of Lattice. today in all CPLDs.

1985 1987 1988 1990
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Lattice forts.

First ISP CPLDs.

First ispSTARTER
Kit tools.

3.5 ns CMOS
GAL speed beals
bipolar PAL.

W2 vaNTIs

AMD spins off
PLD division.

19092

Lattice introduces

1994 )

1995 |

Industry-leading
SuperBIG,
SuperFAST,
SuperWIDE

ispCPLDs introduced

1956 |

Lattice and Vantis
merge.

Lattice introduces

iIspGDX family by Lattice. ispPAC.
'
1997 | 1998 | [ 1999
Fys3270(4270) 24



Programmeringsteknlogier

- EPROM
— Electric Programable ROM

« EEPROM
— Electric Erasable Programable ROM

 FLASH
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"Wired” AND med EPROM celler

e

] ORI o
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Figure 2-8 Creating a wired-AND with EPROM cells

A+B=A-C
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EPROM celle

 Eprom er basert pa FAMOS transistorer
(Floating gate Avalanche MOS)

First-level WV Second-level
polysilicon polysilicon

(floating)
Gate oxide
Field oxide
) i +VD

s T TRy
)ff'l* ‘)@—l@j @}n‘ 48

2 p Substrate

Figure 2-9 Structure of a FAMOS transistor [Reprinted by permission of
Intel Corporation. © 1981 Intel Corporation.]
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EEPROM celle

 "Wired” AND med EEPROM celler

¢

_i
T_H' -|-_| !' selem ranSisto

jK storangs transistor
salect gate

floating gate

U

input 1erm
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EEPROM celle

« Basert pa FLOTOX transistorer
— FLOating gate Tunnel OXide transistors

First-level +V Second-level
polysilicon polysilicon
(floating)
Tunnel oxide
Field oxide

Gate oxide
p Substrate

Figure 2-11 Structure of a FLOTOX transistor [Reprinted by permission of Intel
Corporation. © 1981 Intel Corporation.]
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FLASH

* Flytende gate delt med en “erase”
transistor som tar ladninger bort ved
"tunneling”

L

:_~|[ s [ ;ﬂﬂ --E-_I[
T—% "—4%_ b I |

ARk

Charged Uncharged
{no conduction) {conduction)
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Basert pa FAMOS transistor som EPROM

C+D=C 0
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PLD-Programable Logic Device

 PLD er mer komplekse enn PAL’er
« 22V10 var den fgrste PLD og er mye brukt
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LOGIC DIAGRAM
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Makrocelle

—D
AR ho
. 1 1 1
= DaQ 00 —E“On
- 01
CLK I L 5 Sg Output Configuration
SP Sq + 0 0 Registered/Active Low
Sp 0 1 Registered/Active High
0 1 0 Combinatorial Active Low
_'b: > 1 1 Combinatorial/Active High
0 = Programmed EE hit
I— 1 = Erased (charged) EE bit
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Timing modell

Signals
= Combinatorial a
Input O ) Signals logic H
Clock h
S
d L ol Ll
Clock |_
(at pin) /l \ y Combinatorial
Signals logic 4‘2
teo
>
Registared tooe
outputs
s Signals Al i
Combinatorial Gk b
outputs
Register signals
Parameter & Description Min 1 Max. |_ Combinatorial
" D Q |
tp Propagation delay 4 ns e
—_— 1
ts Setup time [ 2.5 ns s
—_ ——t
0 | Hold time ) i focs
IS ok | L
tco Clock-to-output defay 3.5ns
tcoz Clock-to-output delay (through logic 7ns
array) i
tses System clock to system clock delay { [ 5.5 ns
!
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3-bits teller implemenert | 22V10

PS In NS Out
abec | e | ABC Xy
000 0 ooo 00
000 1 o001 00
001 0 001 00
001 1 010 00
010 0 10 00
010 1 011 00
011 0 o111 00
011 1 100 00
100 0 100 10
100 1 101 10
101 0 101 10
101 | 1 110 10
110 0 110 11
110 1 111 11
111 0 111 10
111 1 000 10

X=8
y =abc

A
ce
ab 0o 01 11 10
00 0 0 0 0
f'l N
o 0 o LA )] o
i
e e
1 ;1 1| 0 1
A I
o |G T T
"\‘\.. F i) Dot L

A=ab+ac+as+abce

£ 8
ab 00 LR Ul
=
00 | o 0 %’} .
L
- T — N, rl b
o1 ﬁé 1"l i r
{ ! ¢
11 | I |
b 8 I Y :
SR B
N
10 0 0 “‘ :
i

B =bc + ba + boa
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C=ce +ce
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3-bits teller implemenert | 22V10

I Y
L —
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