0/

eSume e

’

> Asic

Apptostan

@ \:FKQA Ae(ay

7

l ec’lrvn .‘902 - JS: L‘

spec,é.‘c .‘w‘csrq“eol c:rco:"'

+» biles o& b ramsishors
- |

Aes-‘svx

- ::Ei a o} @ 100k..SM

= \,\3\1 vohwme  wat l(t.‘S
= \r.r'\\\ °3 eloaﬂ\w\ha"ll |03-'c (a‘b o As:c\

> PAL (?ro&cmmauz "'“7 '05.’&)

Buse& o COMOV\-'CQ‘ &0"“\

¢ ; Sum 0&
ABC - Apc + ABC & orodud?

Q-

AND array Final OR QW“D g

, |ow power ;N0 vola‘.'\e

@ Owe '\‘.‘mc fmgrwmmuﬁ (L‘M-&osd

Inputs —> O O m >

T

Programmable antifuses

/ AND-Array  OR-Array 1
vee \)J‘-o; resss fors
ViV,
Y
Hmyiil

AV

2z

O\ J

e T

AV

99555500

95555555
-

i

> GAL ( geﬂ\erm. Qrf«y logrc)

pep\ﬁcz X-Use. \M‘H\ E2 (E‘cc‘ﬁ‘u q-qsu\)e) Sw:"t\ws

Floating \_/
T > S
Transistor

Programming: N ( Normal Operation:

s N

. The charged floating gate creates a
Electrons are tunneled from floating gate n—channel between Source and Drain

hence a "short-circuit”
. | Wi
ot +h *
C) 12 In+ n+| SET In+ n+I
p-bulk p-bulk

] L

There is no charge on any of the
gates; therefore, there is an isolation
| between Source and Drain

Wi

C)m’ [ === e 1I—F7 |
+ o/ p-bulk \/ oo \/ p-buk -/
]

=

Electrons are tunneled toward floating gate

N J N J
A
B ] In 1
c> - >~ System
D] >—| Programming
T ‘7 27 7 Logic
%) T “l
3 =
= e

4
|
q

L.

!

bbby b
R KRR
] P Py
g—é
Output — x<

L.

4
|
d

4
I
d

4y
|
4

4
|
d

4y
I
4

4
|
d

Yy
|
4

@ P‘°&""’" ‘GS‘\ 20 \/ec«s
Q(?roswé IIOk ¥"‘"¢S

@ No Sgtiooa“.‘m\ lo&-’C AC‘A
f) roamw m\\,\e
?.77 | ¥ m migifmg &\:?-&\up

LT === 1]

Inputs —— @ >

o odd

Setiu\?:{x rm\

ERHH
ﬁw (111

od

1

g Su]w\\:a‘ saﬁ-\nj

J
Output —> X<



> CPLD ( (om?(‘l& fmsrawma e |03.‘c, Aw.'ce
Gom og ?10&01‘ oﬁ)roi \

T"\Q mu‘ MS om-kY E "";::'w"'“"w = oo q
ts e whex [ =[]
cmnse N“S &"h Maci = Macr
macro-ce\lS l.o cat |oL. i e q
MK(‘I’U“CQ“Q od e g e q
OU“S:&Q . Ee.c\a Cell § L ol
o, (’:":Y \:\:s e
Mac Macr
' Cell = Cell q
\ /0 Blode (7e0)

N Comed b e outsida

rrrrrrr

Enal

A
D a Extern: nnect
r—> —
External direct t

i -
External synchronous t QD D/
iy
Tristate buff

ooooooooooooooo

Qﬂ&r

B FPGA [t pegunle g oy

D-H:Pé\o? 5\,\:’\ rg&:Jes y g < WT
@ <y SCG\&\)\E / J‘ex"l;‘i arrl\."ec‘me
Vu\I ,Ee.s‘\' PR pare \e‘.'gm

@ VJ«\:\Q (

'o oW 2 Team\rcese
EP) L):\»g"\g * ? N &?\

moom>»

L11]

> VHDL Prorcss

X:=A-(80)+D-C £ 669
b A 0 — FD‘
c :-)D Bec - DZ
LUT LUT LUT LUT
K K K K
O P e o B Fr ot o B Faacats o R Rt
1 [} 0/1)1 1
1 1 1 s 1
5t o @Y i g leen B 1
Y Y Y Y
M M M L
l 1
1
[ﬁ (ﬁ ['N 0 rN
=
= ] L],

Routing Arrays

Avec (as de \/&r"“\)k on Pe-A' uH-’S?(

b"\L COM 2 hU\L‘?((KQ(.

(vw:—\l slh«u‘e\‘:‘m s se)

5‘\"\“&‘07 1S vsed l‘o ri"er'«xe- an;r

a stdle srjua.\ % :‘—o.m& by E
rfv.' 7"

=) Q,vg,.\-éq.‘wey\ s:vnulaL‘oA —;SQP\S:
= "o re.&acL cc.‘cu\c.\‘.‘o—\ we Uk Qx?l-c;"

concCe

‘)(O(CSSQ S

VHDL
|

Synthet izec

|
S«a\e \ev(\

Exq\:c:\ Vrocess \X/i“ w\r *rr&zr
o ‘ivv\s o& \’\"Q ngw(s =
Vs Semerhivrhy Lt
Te N 57 evw{' <~

Lo y-7s
® IN- lN%evo-'\
@ \‘\'tm\t \m‘.'\ SLQ\D‘Q

‘&&ud

- -

R __K

LARIEIEI |

108 | | 108 | h
[ 1 [T [ 1 [T
i Routing Array % ) Routing Array E
E.H [HaoH
LuT . LuT
—p e
_ Routing Array g § Routing Array E
| |
1_)‘% Lut Lut Processor (ARM)
—b — —b
i Routing Array % ) Routing Array E
Kot EHw«H]
LuUT LuT
b b —b — —b
| Routing Array E‘ Routing Array Routing Array Routing Array Routing Array Routing Array 'E
Huw ] Hwl - ] ] ]
LuT LuT LuT LuT LuUT LUT
—b — — — — —t 0 4




EJRMUZMR& élccfkolu[que, NUMm e'!Ziquc

Logique combinatoine
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Let’s look at one positive edge.

There are two time regions, the setup time tseyyp, and the hold time tseyyp; D must kept stable in this

period, otherwise:
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Simulation: §-iterator Simulation: &-iterator

ovont

Tr=Triggered by an event, Fi=Fire

an event, St=Stable

o -
- ¥ — I A— s_Q; 5 Q <=s Q; s_Q <=resetNORs_Y; [[ s_ Y <=setNORs_Q;
Q’ N == [ T[Q, [Fi|St|Tr[sQ [Fi] St | Tr[sY, Fi| St
Process 2 N
T owsy o ———— 379 0 u X[[X[ u u X
O—i | —— |
5ps 10ps 15ps 1 X 0 X X
2| X 0 X X
At the event process 2 is triggered as it is sensitive to reset. 3 0 X X 1 X
At this moment two things happen, namely: 4 0 X || X 1 X
= A sequential é-iterator is initialized for all signals in the process left of the <= operator. 5 X 0 X X
The initial value is the one seen before the event.
= Then the process is evaluated for the values seen at the event (new value).
So, one &-step is taken, determining the resulting value of the event. The initial situation at the event for the whole system.
As's_Qs-1 * s_Qs-0 a resulting event is “fired” triggering process 1 and 3. Process 2 fires a resulting event.
Another &-step is taken. As now s_Qs=2 = s_Qs=1 a new stable situation is found, and s_Q is Process 1and 3 get triggered by the resulting event.

assigned the value of s_Qs-2

Process 2 gets triggered by the resulting event of process 3.

A new stable situation is found, hence the last values assigned are the resulting values.

Explicite Process Body Explicit Processes

Implicit form:

To understand the behavior of an explicit process we have to remember the é-iterator.

What happened in simulation: M

= An event triggers the simulator. Z <= A NAND B;

= All output signals are replaced by their -representatives (e.g. Ys).

= All input signals are replaced by their See-representatives (e.g. Ag,).

w The simulator takes é-iteration steps determining eventual new values for the
é-signal-representatives (e.g. Ys).

w This é-iteration continues until a new stable situation is found.

w All signals are assigned the value of their latest §-representative (e.g. Y = Ys).

The sequential nature of this §-evaluation is used in the body of an explicit process.

VHDL snippet:
example :PROCESS (A,B) IS
BEGIN y l, ' l {-
(1) 2, <= NOT (A,); vs&/\,: YV 7 .S

(2) Z5<="'0";

(3) Zs; <= NOT (A;.) AND B;_;
(4) Z5 <= RA;, NOR B, ;

END PROCESS example;

To understand the behavior of the process we have to put it in the é-iterator form.

The moment we have an event on either A or B all input signals are transformed into their
Saen-representatives (e.g. A, Bs,).

On each é-iteration the simulator will determine eventual new values of the 6-
representatives (in this case Zs).

Within an explicit process this calculation is done by execution one line after the other
(hence line (1), then (2), etc.).

Only at the very end of the process the final value of the &-representatives (in this case Zs)
is known for the current iteration.

VHDL snippet:

exercise : PROCESS (A,B,C) IS
BEGIN

(1) IF (A;, = "1") THEN

(2) X5 <= Bgs.;

(3) Y5 <= Cse/

(4) ELSE

(5) X5 <= Cso;

(6) END IF;

END PROCESS exercise;

Let us review this exercise.
We put it in the -iterator representation.

We see that X; is always assigned a value. Either in line (2) when A;_="1", or in line (5) when
As,='0". X represents, therefore, combinational logic.

We see also that Y is only assigned a value in line (3) when A;="1". If A;,='0", Y is not
assigned a new value meaning that Y <= Y, ; the signal retains its “old” value, we have
memory. In this case we have the behavior of a D-latch.

Explicit form:

VHDL snippet:

test : PROCESS ( B ) IS
BEGIN

Z <= A NAND B;
END PROCESS test;
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