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1. Early works

2. Programmable devices (PLD)
0 PAL /PLAS
o CPLDs
o0 FPGAs
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Early Work
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1. Gerald Estrin Fix-Plus Machine

Vision of a restructurable computer system

Pragmatic problem studies predicts gains in computation
speeds in a variety of computational tasks when executed
on appropriate problem-oriented configurations of the

. The economic feasibility of the
system is based on utilization of essentially the same
hardware in a variety of special purpose structures. This
capability is achieved by programmed or physical
restructuring of a part of the hardware.

G. Estrin, B. Bussel, R. Turn, J Bibb (UCLA 1963)
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1. Gerald Estrin Fix-Plus Machine

%m
Fixed plus Variable structure
ComDUter High-Speed E |
) o cewal e "UCNYT M Memories
o Proposed by G. Estrin in 1959 o [ conar | oo |
o  Consist of three parts —H ]
1. A high speed general purpose computer l. P T
(the fix part F). coid t
SC
2. Avariable part (V) consisting of various  [F=z=====——F=—=——~— =
size high speed digital substructures which| | e 77 | emo | | e
can be reorganized in a problem oriented || = erones errores
special purpose configurations. | J
3. The supervisory control (SC) coordinates = m'
operations between the fix module and the

variable module.

Speed gain over IBM7090 (2.5 to 1000)
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1. Gerald Estrin Fix-Plus Machine

The Fixed Part (F)

Was initially an IBM 7090, but could be any general purpose computer

The Variable Part (V)

Made upon a set of problem specific optimized functional units in the
basic configuration( trigonometric functions, logarithm, exponentials,
n-th power, roots, complex arithmetic, hyperbolic, matrix operation)

The basic blocks

» Two types of basic building block
» The first basic element contains four amplifiers
and associated input logic for signal inversion,
amplification, or high-speed storage
» The second basic block consists of ten diodes
and four output drivers and is for combinatoric
application
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1. Gerald Estrin Fix-Plus Machine ol

The basic modules can be inserted into any of 36
positions on a mother board.

The connection between the modules is done by
wiring harness

Function Reconfiguration means changing some
modules

Routing Reconfiguration means changing some
wiring harness

The mother board

===
—_— Ao 5
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[T e

The wiring harnes
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1. Gerald Estrin Fix-Plus Machine

o 1 TR 5

Estrin at wor.

Substantial efforts
on Reconfiguration
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1. The Rammig Machine

Goal

Investigation of a system, which, with no manual or
mechanical interference, permits the building, changing,

and destruction of real (not simulated) digital
hardware

Franz J. Rammig (University of Dortmund 1977)

The concept resulted in the construction of a
hardware editor. Useful to observe a circuit under
test (Hardware Emulation)
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1. The Rammig Machine 3l

Selectable library board

Implementation :

o Outputs of modules connected to ISP B BECECEU N
Selectors and selectors output " rregramane Host
. 5 ot <+ Computer
connected to module inputs. . Ay (PDP11)
o Software controlled modules *?
interconnection

Adaptor legic

o Two main problems to solve

 Because the circuit is not hard-wired, a
distortion of the time behaviour is possible

 The timing is controlled by the circuit
instead of being dictated by an observation
mechanism.

* A time-controlling must therefore be
provided
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2. Programmable Logic
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2.1 PALs and PLAs 5

[1 Pre-fabricated building block of many AND/OR gates (or NOR,
NAND)

[1 "Personalized" by making or breaking connections among the
gates

v v Inputs ¢
Dense array of ] Dense array of
AND gates OR gates

Outputs

V} v v

Programmable Array Block Diagram for Sum of Products Form
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2.1 PALs and PLASs

Example: Equations
FO=A +BC
F1I=AC + AB
F2=BC + AB
F3=BC + A
Personality Matrix
Product | Inputs Outputs
term ABC| R Fi Fr Fq
AB [11-]0 O @ o
BC |-01]0 0 0 1
AC |1 -0]/0 1 0 O
BC |-00/l® o0 © o0
A l1--1@®©o o0 @

Reuse

erms

Input Side:

1 = asserted in term
0 = negated in term
- = does not participate

Output Side:

1 = term connected to output
0 = no connection to output

© Christophe Bobda
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2.1 PALs and PLASs

“a0d

Example Continued - Unprogrammed device

A B
—t All possible connections are available

C
—
VIVIY before programming

o o

URURURURY

=

) U U

FO F1 F2 F3
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2.1 PALs and PLAs

Example Continued - A B C
Programmed part 1 1| Unwanted connections are "blown"
YIYIY
— AB
|/
— BC
|
— AC
|/
— BC
|/
A
|/ |
Note: some array structures Ej
work by making connections

rather than breaking them
FO F1 F2 F3
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2.1 PALs and PLASs

Alternative representation for
high fan-in structures

Short-hand notation
so we don't have to
draw all the wires!

X at junction indicates
a connection

Notation for implementing
FO=AB + AB
FI=CD + CD

)
ek i Jf
_/‘ X XX —
—x¢ X 3
—x——¥ 3 3
A BCD UU
L L b
b
__
& Lk sk AEj
Ll CD
R
|
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2.1 PALs and PLASs

Design Example

Multiple functions of A, B, C

F1=ABC
F2=A+B+C
F3=ABC
FA=A+B+C
FS=A®B&®C
F6=A®B&®C

O © >

JUUUUUUUUUUUUU

JUUUY

F1 F2 F3 F4 F5 F6

O @' >

ABC
ABC
ABC
ABC
ABC
ABC
ABC

© Christophe Bobda
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2.1 PALs and PLASs

What is difference between Programmable Array Logic (PAL) and
Programmable Logic Array (PLA)?

PAL : AND array is programmable, OR array is fixed at fabrication

aéebebﬁ \ |
A
/¢ A given column of the OR array
— has access to only a subset of
g ) J 7 the possible product terms
) L 4
T***iss** N
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2.1 PALs and PLASs
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Design Example: BCD to Gray Code Converter K-maps
Truth Table AB A AB A
cp\ 00 01 11 10 cp\. 00 01 11 10
/(A)\ g (C:) [8 V(;/ i)( E % 00 0 0 X 1 00 0 1 X 0
0 0 0 1/]0 0 0 1
0o 0 1 olo o 1 1 o1l o |1 |[x]| 1 o1 o |1 | X|| o
O 0 1 1/0 O 1 O D
0O 1 0 o|lo 1 1 o 1] 0 1 X X 11| 0 0 X X
01 0 1|1 1 1 o0 c c
0o 1 1 0o|l1 0 1 o0 100 o || | [X][ X 100 o| o x| X
0 1 1 1|1 0 1 1 | . | |
1 0 0 0|1 0O O 1 B B
1 0 0 11 O 0 o K-map for W K-map forX
1 0 1 0lX X X X
1 0 1 1|X X X X B A A A
i i 8 2 § ;<( § § D\ 00 01 11 10 cD\L 00 01 11 10
1 1 1 0lX X X X oo o0 [[|1 X|| o ool o] o X 1
1 1 1 1|X X X X
.. . . 01 0 1 X 0 01 1 0 X 0
Minimized Functions: D
11 1 1 X X 11 0 1 X X
— C C
;/(V—_éA\éBD-l_BC 01 [[1 | x|| x 0] 1]f o |[x []x
B | I— I R
Y=B+C B B
Z=ABCD+BCD+AD+BCD K-map for Y K-map for Z
© Christophe Bobda 20




2.1 PALs and PLASs

Programmed PAL.: v@v\?v\l'yc\-\l'yD
L+ A
8D

Minimized Functions: [ t8cC

Setptd] ) o
W=A+BD+BC D)
X=BC !
Y=B+C L St dde T
Z=ABCD+BCD+AD+BCD 4=<
=
- B
I_/ C
A D 0
ettt | ) 0
L )
L/
)
i L/
)
)
> <€ )
[/
4 product terms per each OR gate Q
w X
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2.2 Complex Programmable Logic Devices

[1 Complex PLDs (CPLD) typically combine PAL
combinational logic with Flip Flops

0 Organized into logic blocks connected in an interconnect matrix
o Combinational or registered output

[1 Usually enough logic for simple counters, state machines,

decoders, etc.

[1 CPLDs logic is not enough for complex operation

{
uch more

I Ne
| B P )

—+

han D
1Al oI

o

ogl

(@ ~ n
rrnr I"\o 1iavco |

E

[1 e.g. Xilinx Coolrunner Il, etc.
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2.2 Complex Programmable Logic Devices
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iam

L P P L P P ]
[ Programable 10 [ |
L] IO | PLA Block | 10O IO | PLA Block |10 g
E 1O | PLA Block | 1O IO | PLA Block | IO ]

IO | PLA Block | 1O IO | PLA Block | IO

] L]
] IO | PLA Block | 10O IO | PLA Block |10 [ ]

o]

[ ] o ([EEEEEAEES ek fiC IO | PLA Block | IO % N
] & a []
£ Programable Interconnections E
[] S c ]
[ 18 |1o|PLABIock |10 IO | PLA Block |10 3 ]
n- |-

a
L} |i10|PLABlock | 10 10 |PLABlock (10| |
E IO | PLA Block | 10O IO | PLA Block |10 S
= IO | PLA Block | 1O IO | PLA Block | 1O —
IO | PLA Block | 10O IO | PLA Block | 1O
] L]
[ ] Programable 10 [ ]
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2.3 Field Programmable Gate Arrays (FPGAS) -

[] Introduced in 1985 by Xilinx
[1 Roughly seen, an FPGA consist of:

A set of programmable macro cells
A programmable interconnection network
Programmable input/outputs

0 Subparts of a (complex) function are implemented
in macro cells which are then connected to build
the complete function

0 The IO can be programmed to drive the macro
cell's inputs or to be driven by the macro cell's
outputs

0 Unlike traditional application-specific integrated
circuit (ASIC), function is specified by the user
after the device is manufactured

0 Physical structure and programming method is
vendor dependant

MVeIgs,
S 2,

P
%G

m
]

-
<. iqw-ﬁ

OO O A A A A e

OO OO A

Programable 1O

Logic Logic Logic Logic
block block block block
Logic Logic Logic Logic
o block block block block
P
o
g Logic Logic Logic Logic
& | block block block block
g
o
Logic Logic Logic Logic
block block block block
Logic Logic Logic Logic
block block block block

Programable 10

Programable 10
OO OO0 OOOOOHH

UMUMUHUUMUUUWUUUMU

Interconnect

Switch matrix

© Christophe Bobda
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2.3 FPGA Structure

%

.E

OO A A a0 aaneen

[1 Typical organization

1. Symmetrical Array

o 2 D array of processing elements
(PE) embedded in an interconnection
network

* Interconnection points at the
. . . . gooouooooovooorououn
horizontal-vertical intersection Symetrical array

2. Row based

Juunorrooouoooounuog

QO000000000000000000

Ionoanoanoononoonnmnm

« Rows of Processing elements % B 1 B [ %
« Horizontal routing via horizontal % 7 B [ [ [ %
channels (|
« Channels divided in segments el %
« Vertical connections via dedicated % lallale %
vertical tracks (not on the graphic) i

Row-based

© Christophe Bobda 25




2.3 FPGA Structure

[1 Typical organization (cont)
3. Sea of gates
o 2 D array of processing elements

* No space left aside the PEs for
routing

 Connection is done on a separate

layer on top of the cells
4. Hierarchical
» Hierarchically placed Macro cell

 Low-level macro cells are grouped
to build the higher-level's PEs

Aonnaonaaonoononononnnn

|
|

NARNRN

(ARRRRARARRRRARRRRRRRRAR

o

FHEFH4

FEEEEE

AN NN Il I NI NE N

TL
+
TL
TL
.

| |

Joonnoooonouionnoorro

gouuuuouououuouuoonn
Sea of gates

§

HERRNRE ANENNN

NERNNRE g NRNNEER

§
:

NERENRE g NRNNRER

Hierarchical

© Christophe Bobda

26




2.3 FPGA Programming Technologies 5

SRAM (LUT-based)

0 An SRAM is used to store all possible
values of a function

Y

0 Value of a function for a given input is caiat
retrieved using the inputs as SRAM- | '%'—*Q,
Address Read / Write

o SRAM implementing a function is 1
called a look-up table (LUT) el |

0 A new function is implemented by
writing new values into the LUT

- SRAM-based FPGA can therefore be
reprogrammed (configured) on the fly

=> Since a LUT is volatile, a LUT
configuration is lost when switching
off the system

© Christophe Bobda 27




2.3 FPGA Programming Technologies

a0d

Anti-fuse

0 An anti-fused normally presents a high-
Impedance state

0 can be “fused” into a low-impedance state

when programmed by a high voltage.

0 The anti-fuse used in each of FPGAs from
different company differs in construction

Advantages:
=> small area,

=> low resistance and parasitic capacitance
than transistors

=> reduce delays in the routing.

Drawback: No reprogrammation possible

Wergy,
,\bﬁ jﬁw"}

L]
12

m
]

© Christophe Bobda
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2.3 FPGA Programming Technologies

[1 Poly-diffusion Anti-fuse: ACTEL
PLICE

0 programmable low-impedance circuit element
o Poly-silicon terminal

0 Oxide-Nitride-Oxide dielectric

0 Melting the dielectric establish connection

[1 Metal Anti-fuse: Q-Logic Vialink
0 2 Metal terminal layers (Titanium-Tungsten)
0 Programming points isolated by amorphous
Silicon film

Metal 1

Metal 2

Ox1de Polysilicon

Dielectric

n+ diffusion

/‘:i]icou substrate

Dielectric

Polysilicon

L

Field oxide

Diffusion

Amorphous S

© Christophe Bobda
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2.3 FPGA Programming Technologies 3l

EEPROM (Flash)
Bit line
0 The same technology as that used in
_ control gate Q
o EPROM and EEPROM memories. T
L
|
o Advantages:
« EPROMSs require re-programmable Wordline Floating gate
but do not require external storage.
« EEPROM can be re-programmed in-
circuit.
V% _ Switch In
0O DraWbaCkS: Floating Gate 4
« EPROM's resistors consume static '/
power. Sensing “ ” |:Switching
« EEPROM requires more chip area
and multiple voltage sources
Word Lo
+ v ® Switch Out

© Christophe Bobda 30




2.3 FPGA Function generators

o)

LUT

LUT are used as function generators in
SRAM-based FPGA

A k-inputs LUT can implement up to 2K
different functions

A k-input LUT has 2XSRAM locations

A function is implemented by writing all
possible values that the function can take
in the LUT

The inputs values are used to address
the LUT and retrieve the value of the
function corresponding the the input
values

LUT

a DblaxorDb
O O 0]
0O 1 1
1 O 1
1 1 0

a Xorb

© Christophe Bobda
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2.3 FPGA Function generators

N

d
o
i )
I= A
v o

a blaxorb SRAM
O O 0 T
0 1| 1 °
1 O 1 “—_\ A Xor b
1 1] 0 - b
R
|
~o
a xXorb ]
~o
b
LUT Decoder
32
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2.3 FPGA Function generators

o LUT Example: Implement the

function

o using:
2-input LUTs
3-input LUTs
4-input LUTSs

OW>»U0O WU ™>

g

Ow>» gOHW Tw>

Hiﬁ“

O 0Ow>

F=ABD +BCD+ABC

© Christophe Bobda
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2.3 FPGA Function generators

Multiplexers (MUX)

0 A 2kx1 MUX can implement up to 2X
different functions

0 A function is implemented by writing all
possible values that the function can take
as constant at the MUX-Inputs

0 The selector-values are used to pass the
corresponding input to the MUX output

o Complex function can be decomposed and
implement using many MUXes using the
Shannon expansion theorem

O—-dc14x1
O—CZMUX —Y
1 —C3
I
sl sO
s1sO| Y=AND
O O CO O
0O 1 ClL 0O
1 O C2 0
1 1 C3 1

© Christophe Bobda




2.3 The Actel ACT3 Family (row-based)

[ 1 Row-based FPGA

0 Modules rows separated by
routing channels

[ 1 MUX-based macro-cells
o C-Module
e 4:1 MUX+1OR+1AND

0 S-Module
e 41 MUX +1 OR + 1 AND

T T e I VINVZ/Z N\

* 1 Flip Flop
[1 10 placed aside the device

I

i

‘IO IOlIO IDlIO |0||

I §|5|]c|cC

I

wiBN| s [ s | C | C | S

3 S| s C C 5

fa}

o|BIN} S (S | C | C | S

8| 3 C C b1

o

|D||D

|0||o Ic:-llo

IOIDODI'DIO

. E
TTUTTUUDTDOUTU DT O0TT

UL

UL

LIUIJLIULILILIULIL

© Christophe Bobda

35




2.3 The Actel ACT3 Family (row-based)

] Actel Modules

/

out

out D11 Y
B17

)

S-Module (Act 2)

D07
DOo0 Y D10
o5 o
o D11
SA - | F
B1 F2 B1
SB— 0
CLR
S0 52 gg 50 |
S1— ) —
CLK
Logic Module C-Module
D01
D10 D* Q

out

[5
D11 Y
GLR a
Al i
B17
) S0

S-Module (Act 3)

© Christophe Bobda
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2.3 The Actel ACT3 Family (row-based)

[1 Channels are composed of several
segmented routing tracks

0 Minimum length = module pair width
0 Maximum length = row width
0 Long segment if segment width > 3
o Connections are anti-fuse based
* Horizontal-to-vertical (XF)
« Horizontal-to-horizontal (HF)
» Vetical-to-vertical (VF)
» Fast vertical connection (FF)
[1 Tracks for module inputs are segmented by

pass transistor (inactive during normal
operation)

[1 Vertical inputs span the channels above and
below

Madule Row

HCLK

CLKD

NWVCC

Signal

o

O———~—0——"\

Track
\\A?agmam

L ]
GL') @]
(

L
i}
Yot

i
T

CLEA

Maodule Row

Horizontal routing channel

Module

row S-Module C-Module

WH

Channel

XF

Module S-Module

C-Module
row F

Vertical routing tracks

© Christophe Bobda
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2.3 The Actel ACT3 Family (row-based)

1. Module outputs have dedicated
channels which extend vertically two
channels above and two channels
below, except at the bottom and the
top

© Christophe Bobda
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2.3 The Xilinx Virtex Family (symmetrical array) @ﬁ@

[ Symmetrical-array Based FPGA

0 Macro cells are configurable
logic block (CLBs), placed on
line column intersection.

o Additional modules exist:;

Block RAM for internal use

Digital clock manager (DCM) for
user specific clock frequency
generation)

Embedded multiplier (Virtex Il or
newer Virtex series)

Global clock Multiplexers

Input output block (10B) for off-chip
communication

0000000 00000000000

10 Block

]

Block RAM

N

o

\

D_Dﬂﬂ_ﬂ_ﬂ_glﬂﬂ_ﬂ_ﬂ_ﬂ_ﬂ_[}\ﬂﬂ&lﬂﬂﬂ
i, I
| L0

gooutiuuouuirouuuuuu

ot Utbobbuubbuiutd

Digital Clock manager

Multipliers

© Christophe Bobda
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2.3 The Xilinx Virtex Family (symmetrical array)-»

Y
<m
‘e

SLICEM SLICEL

[1 Macro cells are CLBs. A CLB contains
4 1dentical slices on virtexll and newer
and 2 slices on Virtex and Virtex E

Basic block

Basic block

Slice 1

Basic block

Basic block

[1 4 slices splitin two columns of 2 slices —
e aC h Basic block

Basic block

Slice 0

Basic block

|
I
I
|
|
I
I
I
|
|
I
I
|
|
ic
|
|
I
I

[] 1 slice contains:
0 2 4-inputs LUT
- 0 2 FF for storing LUT results

o MUX to feed LUT either to a FF or the
the output

o Carry in and carry out help to construct
fast adder circuits using neighbour
CLBs

CLB in the Virtex 5

LUT

© Christophe Bobda 40
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2.3 The Xilinx Virtex Family (symmetrical array)-; s

[0 A CLBs access the general routing matrix e anors

via a switch matrix TR reur T

@TBUF S""Jl " || Basic block
' Fi
" Basic block N "

Basic block

[] Fast connection lines are used for local
connections Switch

Matrix

Basic block

] A switch matrix connects CLB terminal on -
the routing reource using multiplexers

Basic block

[]1 4 horizontal resource per CLB for on-chip
tri-state busses

[1 Each CLB have two tri-state driver (TBUF)
that can drive on chip busses I —

[J Each TBUF has its own control pin and its
own input pin
Switch Switch

[1 TBUF are AND-OR based, i.e timing is Matrix Matrix
more predictable

P
P

© Christophe Bobda 41
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2.3 The Xilinx Virtex Family (symmetrical array)-»

L,
<m
‘e

[1 10B for off-chip communication
o Programmability allows the use of an IOB

QOutput enable Input

by any CLB = N
o Connection can be input, output or = =T
bidirectional —

Outp

0 6 10B latched for double data rate (DDR) e
transmission
o One of the DDR register can be used on G2
Input, output or tri-state
0o DDR accompiished by the two register on
each path clocked by rising or falling edge
from different clock nets

o The two Clock signals are generated by
the DCM

|
K7
4
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2.3 The Atmel Family (symmetrical array)

ﬁ
I

== . wwoar
mmmmm
= . EEceEc

mmmmm

= by o

OOOOE O fafoa
sgeos Piane
S % Pare
OO0 O OFE= =
- - HiEs

E E E E~E=

O

EHE@HEH

—Fo000H000 OEE" D)
% m 'w E E\ E\ E‘ E‘E Vertical busing plane

— S —
LILIULILILILILILIUUUULIULIULILI

RAM

Horizontal busing plane

© Christophe Bobda

43




2.3 The Actel ProAsic Family (sea-of-gates)

[0 Sea-of-gates style (sea-of-tiles)
o Macro cells are EEPROM based
tiles
o Four level of hierarchy routing
resource.

« Local resource connects a tile to
one of its 8 neighbours

- Long-lines resource provides
routing for long distance and high
fan-out (spanns 1, 2 or 4 tiles).
Runs both horizontal and vertical

- Very long-line resource spans the
entire device

+ Global network (clocks, reset)
o Connection via anti-fused

m
L ]
Spans 4 Tiles Spans 2 Tiles Spans 1 Tile
\ N
Logic Tile
I\ L7 p pL—
= : =: =
) Il g ol ol /o
:ﬂ‘ﬂl B T spans 1 Tile
T o g H Spans ? Tiles
s B 1 E:—'l 3 _gl ‘g SE:;: 4 Tilies
| [ F [z p
g 4 | Logic Cell
// b=
ol o o]l o]l | o4
HHO || [
1 Ultra fast line

© Christophe Bobda
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2.3 The Altera Flex family (hierarchical) 3

[ ] Hierarchical-based FPGA

[] Logic elements (LE) are grouped in
Logic array block (LAB), on the highe

level
o 8 LE/ LAB for the FLEX8000
o 10 LE / LAB for the FLEX8000

[1 LAB arranged as array on the device

An LE contains:
1 4-input LUT

1 FF
Carry-in, carry-out ]
MUX

LUT

Additional logic

RAM Block

iy

DSP Blocks

LAB

LAB
[111
LAB

LAB
[
LAB

[ Dedicated IOE support for DOR, PCI, LVIDS, &ic ]
[1] [1] [111 [[1]
‘ | H:HU\BIEHLAB LAB|-E|-|LAB|-..
|

|
1111 [11
LAB

[l [[1]
e HH ve HoH we ]e..

[T
[ o

L
LAB

r-—| e [ we |

M-RAM Block

L1
(o8 48 HH

[111
LAB

J=H=E

Arithmetic/
register
logic

ol
AN

© Christophe Bobda
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2.3 The Altera Flex family (hierarchical) 5

0 FastTrack interconnect provides on-chip
routing resource

0 Connections among LEs and adjacent - o
LABs via local interconnect signals O h | ——
O | § |
o Connection inside each row of LAB is l I I l
done by a dedicated row interconnect i I~ Direct ik

interconnect from
adjacent block

ALM
ALM —

o Each column of LAB is served by a
dedicated column interconnect.

ALM

ALM

ALk

A A I
L J

Direct link
interconnect to

EIE|E|E|E|E|E|E|E|E|E

LEs can drive the row or column channels B |t
Column interconnect can drive row A
interconnect. S o

Column interconnects

o A signal from the column interconnect
must be routed to the row interconnect
before entering an LAB

o LEs can drive global signals (Clocks,
reset, asynchronous clear, high fanout,
etc...)

© Christophe Bobda 46




2.3 The Altera Flex family (hierarchical)

[1 Programmable 10 Element (IOE) allows on-
chip and off-chip programmable
communication

[1 An IOE can be programmed as input,
T . o Row or Column Interconnec Dela
output or bidirectional. e ‘ :

Chip-Wide Output Enable

[1 IOE receives data from adjacent N _t L
interconnect (can be driven by row or

column interconnect)

From LAB Local Interconnect

[1 IOE receives its chip enable (ce) from an L
adjacent LE.

[1 One pin per output element (OE) ->
possible open drain emulation

Slew-Rate

Cantraol

© Christophe Bobda
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2.3 Hybrid FPGAS
[1 The Xilinx VirtexlI-Pro OBlock  Block RAM

[1 Basic structure: Virtexll 'ETnmnmmw%ﬂllﬁq||uq||m||uq||HMHMHHﬁﬂ&qﬁm@r@ =

1 Additional features %HH T:H %E%D e

0 Up to 4 hard-core embedded IBM == | OOOOC0 | C0E-

=00 | E0O00000 | EEE=

power pc 405 RISC processors =D =

with 300+ Mhz =00 BRES

i =% =

o Advanced 18bit x 18bit embedded =ELI] LILES

multipliers = s LE=

P = Db OEE=

g_II‘IIIIIII‘I|IIIIIIII|-I‘IIIIIIII|IIIIIIII|IIII L EEEEET ALY %II%!HE:

0 Dual-ported RAM o000 0LUnUUORI00

Digital Clock manager Processor Block  wyitipliers

(PowerPC 405)

0 Embedded high speed serial
RocketlO multi-gigabit transceivers
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2.3 Hybrid FPGAs 3
[0 The Altera Excalibur T
[0 Specific features: = B - &
0 One ARM922T 32-bits RISC | Hﬁ
processor with 200 Mhz
o Embedded multipliers i
o Internal single and dual-ported RAM —
and SDRAM controller |
o Expansion bus interface for flash- Hi"& i B*EQH
RAM connection e m B
0 Embedded SignalTap logic analyzer H .- i i i
B PLD Ciock Domainis) ] AHB2 Clock Domain [ ] Processor Clock Domain (aHB1) [Jllj SORAM Clock Domain - Bus Control
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