Programmlerbare

Loglkbaustem :

Ubersicht Uber
verschiedene

PLD - Architekturen,

~ Systematisierung

Es o .
i F N L ] — oo




». Einfuhrung

Spannung 4

VDD i
“high” Pegel

Vimm :

“Z”

Vo max :
“low” Pegel

VSS (Glld) L

Vo max = 40%Vpp Und V, o = 60%Vpp



MOSFET (Metal-Oxide-Semiconductor-Field-Effect-Transistor)

X = “low” Pegel x = “high” Pegel
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w. CMOS Technologie
plementary-Metal-Oxide-Semiconductor)
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NOR (NOT OR)

Schaltung 222
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Minterms and

sum of products
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DIP (Dial-In-line-Package)

74L.S00 - Transistor-Transistor-Logic, TTL;
74HCO0 - CMOS
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s reieck‘beim Entwurf

frierter Digitalschaltunge
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Verlustleistung
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Computing in Space

vs. Computing in Tim

Algorithmus

X=A+B
Y=C-D
Z=X*Y

strukturierbare Hardware

o =

-
[

2 Zyklen

Mikroprozessor

load A
load B
add
store X
load C
load D
sub
store Y
load X
load Y
mul
store Z

12 Zyklen




Computlng in Space

: VS. Computmg in Tlm -

Raumliche
Sequentialisierung

- Datenflussorientierung
- Parallelisierung
(Addition und
Subtraktion)

- Pipelining (Add/Sub
und Mul)

Zeitliche
Sequentialisierung

- Kontrollflussorientierung
- Pipelining bel modernen

Mikroprozessoren (DSP)
auch moglich



Vergelch PLD mit

deren Entwurfsmethode

ASIC — Kundenspecifische Schaltkreise

ASIC

T
Semi-Custom ‘ Custom I

. N

‘ PLD I Gate-Array I Cell-Array I ‘ Full-Custom I




Siel‘ung Semi Custom
som IC_— T

feldprogrammierbare
Bausteine (FPD)

Standard-Zellen
MakroZellen
maskenprogr.

Gate Array (MPGA)

Field
Programmable
Interconnect
Device

Field
Programmable

Analog Device

programmier-
bare Speicher

programmierbare
Logik

PROM
EPROM

EEPROM

Field Programmable
Gate Arrayﬂr

Pro grammable

Logic Device

A

Simple Complex
PLD PLD
PAL, EPLD

GAL, PEEL



Basic ROM
Structure

« Conceptually ROM
consists of a decoder and

I I
| | :
) ' memory array;
: T |
n input . Memory Array
lines | : E e 2N words X m bits : e 2"xmROM — m
Sine . functions of n input
I . | .
| ., variables (can store truth
S J[P__J[__j table with 2" rows and m

. , columns) — implementing
e combinatorial logic




There are 4 different ways of programming:

— Mask programming: done by the semiconductor
company during the last fabrication process.
Economical if large quantity is made;

— PROM (Programmable ROMs): PROM unit
contains all the fuses intact giving all 1’s in the bits
of stored words. The fuses are blown by
application of high-voltage pulse to the device
through a special pin. A blown fuse defines a
binary O state. This is an irreversible process.
PROM programmers are available for this
purpose.



— Erasable PROM — same as PROM but can be
restructured to the initial state even though it has
been programmed previously. When EPROM is
placed under special ultra-violet light for a given
period of time, the short wave radiation discharges
internal floating gates that serve as the programmed
connections (initialization);

— Electrically-erasable PROM (E°PROM): same as
EPROM except that erasing can be done with an
electrical signal instead of ultra-violet light. The
advantage is that the device can be erased without
removing it from its socket.



Programmable Logic

Array Structure

 m functions of n
iInput variables;

 decoder — AND
array;

n input
lines %

* OR array — OR
together product
term needed to form
output function




nMOS NOR Gate

Logical gates are formed in array by connecting nMOS switching
transistors between the column lines and the row lines.

X1 X9
X
+V W cC s o d )z

X, X,|nMOS | Z
0 | 0 |off, off | 1 £=X1 %y = (X1 + X2) =

’ = NOT-OR (NOR) Gate
O 1]|off,on| O
110 |on,off O
111 ]|on,on| 0
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Programmable

Logic Array - PLA

INPUTS $— ¢ ?
R
O—F—O—F—F—+ ) O O
N _
+——O— ) O + X=A&B#C
Y=A&B#I!IC
+—CO ) + O
T HF——F € ) 3 3
@ Programmed connections — OUTPUTS
presence of switching element
X Y

x Unprogrammed connections



Programmable

Array Logic - PAL

A B C
INPUTS * . s
B
Q— @ ——— , R
1 I |/ ! X=A&B#C
Y=A&B#!C
B
O——O———1—+ T
%% . \
@ Programmed connections —
presence of switching element OUTPUTS

x  Unprogrammed connections X Y



Programmable

Array Logic - PAL

|1[ _ Unprogrammed PAL segment

==

Fa Qutput

A5

N— r—
1> i

Programmed PAL segment
>
¥ g ) >|1|2'+|1'|2

QE? —b— )




Sequential

p Program;ﬁable Devices

Digital systems are designed using flip-flops and
gates. Since the combinatorial PLD consists of only
gates, it is necessary to include external flip-flops
when they are used in design;

Sequential programmable devices include both gates
and flip flops;

In this way, the device can be programmed to
perform a variety of sequential circuit functions;

The major types are:

— Sequential programmable logic devices (SPLD)
— Complex Programmable Logic Device (CPLD)
— Field Programmable Gate Array (FPGA)



Sequential

‘ °
- 'Programmable Devices

Sequential PLD is sometimes referred to as a simple
PLD to differentiate it from the complex PLD.

SPLD includes flip-flops within the integrated circuit
chip in addition to the AND-OR array.

A PAL or PLA is modified by including a number of
flip-flops connected to form a register.

The circuit output can be taken from the OR
(combinational output) gates or from the outputs of
flip-flops (registered output).

Additional programmable connections are available
to include the flip-flops (D or JK type) outputs in the
product terms formed with the AND array.



’ Sequential
Programmable Dev1ce

Q Output

& Buffer
Q

Programmable AND Array

* L]
A*Ii‘ Inverting
1 , 3-State

Realization of the next-state equation:

4+ AB'Q‘




* The configuration mostly used for SPLD is the
combinatorial PAL together with D flip-flops;

* A PAL that includes flip-flops is referred to as a
registered PAL,;

« Macrocell - circuit that contains a sum-of-products
combinational logic function and an optional flip-flop;

« Atypical SPLD has from 8 to 10 macrocells within
one ICE package.



plex Programmable

Logic Devices - CPL v

The design of a digital system using PLD often
requires the connection of several devices to produce
the complete specification;

For these type of applications, Complex
Programmable Logic Devices (CPLD) are more
suitable;

A CPLD is a collection of individual PLDs on a single
integrated circuit;

A programmable interconnection structure allows the
PLDs to be connected to each other in the same way
that can be done with the individual PLD'’s.



>C mplex Programmable
Logic Devices - CPL »

PLD PLD PLD FLD
[0 I I i I [0
e Programmable switch matrix W
block I I i I block
PLD PLD PLD FLD

General CPLD configuration

|/O Blocks provide the connection to IC pins.



olex Programmable

Logic Devices - CPI.. v

The switch matrix receives inputs from the 1/O block
and directs it to the individual macrocells;

Similarly, selected outputs from macrocells are sent
to the outputs as needed;

Each PLD typically contains from 8 to 16 macrocells;

The macrocells within each PLD are usually fully
connected. If a macrocell has unused product terms
they can be used by other nearby macrocells;

Different manufacturers use different approaches to
make individual PLDs (sometime called function
blocks - FB), the type of macrocell, /O blocks and the

programmable interconnection structure.
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eld Programmable

Gate}rrays - FP

* The basic component used in VLSI design is the gate array. A
gate array consists of pattern of gates fabricated in an area of
silicon that is repeated thousands of times until the entire chip is
covered with the gates;

* A typical programmable gate array (PGA) is an IC that contains
an array of identical logic cells with programmable
iInterconnections. The user can program the functions realized by
each logic cell and the connections between cells. Such PGAs
are often called FPGAs since they are field-programmable.

* A typical FPGA consists of an array of hundreds or thousands
of logic blocks, surrounded by programmable input and output
blocks and connected together via programmable
Interconnections.



XILINX XC3020

L L L L L The interconnections
I:I C:Hhﬁ;lmi"# IE;IL/L'H = between these blocks
! N | ! can be programmed
3 by storing data in
internal configuration
! ! | ! memory cells.

| | | |
—  Interconnect Area — o
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Configuration
-~

o Q

—=X I »Q
WRITE I
! CONFIGURATION
— CONTROL
DATA st i
| |

The configuration memory cells are programmed after power has
been applied and logic function and interconnections are
retained until the power exists. During configuration, when a
WRITE signal is applied to the pass transistor, DATA is stored in
the cell. Each connection point in the LCA has an associated
memory cell, and the data stored in that cell determines whether
the connection is made or not.




FPGA

Application Trend
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3p-level Architecture of

Clock
management
Multiply clock

Divide clock
De-skew clock

Block Memory

Selectl/O™
Technology




 Configurable logic blocks
(CLBs)

— Implement logic and memory
here!

* /O blocks

— Communicate with other

chips

— Choose from 16 signal
standards

* Block RAM

— On-chip memory for higher
performance

» Clocks and delay locked
loops (DLLS)

— Synchronize to clock on
and off chip

* Rich interconnect
resources

— Three-state internal buses



Configurable

Logi?"Blocks - CLI

Combinational .
Inputs > Logic : Outputs
Function —> E:'p' >
(LUT) opP

« Combinational logic generated in a lookup table (LUT)
— Any function of available inputs

Generates any function of its inputs

— Typically 4 inputs

* Logically equivalent to a 16x1 ROM

Inputs Outpul /" LUTals 4x1 RAM I

0000 0 .

0001 1 %0 1-aus-4 g? 1 E Y= Xg xor X

0010 TR i 1S 1
0

0011 0 \_ S
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RAMB4_S#_S#

WEA
ENA
RSTA

> CLKA
ADD[#:0]
DIA[#:0]

]

WEB
ENB

RSTB

> CLKB
ADDRB[#:0]
DIB[#:0]

DOA#:0]

C

DOB#:0]

Width Depth ADDR Bus Data Bus
1 4096 ADDR<11:0= DATA<O=
2 2048 ADDR<10:0= DATA=1:0=
4 1024 ADDR<9:0= DATA<3:0>
8 512 ADDR<8:0= DATA<T-0=
16 256 ADDR<T-0= DATA<15:0=




T ™\
5 SR . Veooo
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Programmable

Routing Matri

Direct Interconnects

General-purpose Between Adjacent CLBs
Interconnects | | |
| | | —CLB— —CLEB- —CLBI—
— _.,_ _ — — —_ - — L
— CLB — —| CLE (il — CLB I— I—
| | — - —] — — 1 Switch Switch |—
* i 1 Matrix Matrix [
witch i I
Maftrix = Matrix —— : cLBl _I:LE-—
. ] { ‘ T T [ F
—| CLEB i — CLB | &1 CLB [~ —  Iswitch Switch F—
— - — ->-+ — — Matrix Matrix |
I I I — ] —
— I — I
—{cLBl- —{CLB}-




Programmable

Routing Matrix

Vertical and Horizontal Long Lines

| L\

CLB [~

| N/

CLB |~

Matrix

— CLB |~ CLB [~

|
|
Switch |
|
|
|




Actel —
- . SXISK-A-Familie
(incl. Gatefield) MX_Familie
ProASIC-Familie
eX-Familie
- 0
FLEX&000-Familie
FLEX10K-Familie
lI-Familie
K-Familie
Atmel (AT AR || AT40KFamile
ATO94K-Familie
o -
Lattice
(Vantis von
AMD)
Lucent DRCA-Familie
Quicklogic pASIC-Familie
Eclipse-Familie
Xilinx VIRTEX-Famiie
Spartan-Familie
XCED00-Familie
XC3000-Familie
XC5200-Familie




