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[eplexoupeva
* Ewoaywyn otnv texvoloyia 7-Series FPGA tnc Xilinx



Etocaywyn ota FPGAs tnc Xilinx

OAa ta FPGASs mtepLexouv touc dlouc Baotkol ¢ TOPoUC

Logic Resources

— Slices (opadomoinpéva oe Configurable Logic Blocks -CLBs)
* Mepléxouv ouVOUOOTLKN AOYLKA KOl KOTAXWPNTEC

— Mvnun

— [MOANATTAQLCLOLOTEC

Interconnect Resources

— Mpoypoppatlopevn dtacvvdeon (Programmable interconnect)

— 10Bs ywa dtacuvdeon petaéy tou FPGA kal tou meptBAaAAovtog tou
AN\ resources

— Global clock buffers

— Boundary scan logic
ATIO yevia o€ yevia, n Xilinx mpooBeoe vEouc apXLTEKTOVLKOUC
TOPOUC oToXEVOVTOC SLODOPETIKEC ALYOPEC KAl EPAPUOVEC



Owoyevelec 7-Series FPGA + SoC tnc Xilinx

Maximum Capability

Logic Cells in K

Block RAM in Mb

DSP Slices

Peak DSP Perf. (GMACs)

Transceivers

Transceiver Perf. (Gbps)

Memory Perf. (Mbps)

User I/O Pins

I/0 Voltages

ARTIX”

Lowest Power
and Cost

33-215
2-12
90 - 740
929

Up to 16
6.6

1066
106 - 500
3.3V and below

-

KINTEX
Industry’s Best
Price/Performance
66 — 478
4-34
240 - 1,920
2,845
Up to 32

12.5
1866
285 - 500

3.3V and below
1.8V and below

\/
\/

Industry’s Highest
Performance

583 - 1,139
28 — 68
1,260 — 3,360
5,335
Up to 88

12.5, 13.1 and 28
1866
350 - 1,100

3.3V and below
1.8V and below

TEX"

ZYNQ”

All Programmable
SoC

28 — 444
2-27
802,020
2,622
Up to 16

6.6, 12.5
1333
54 - 400

3.3V and below
1.8V and below
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Apxttektovikn 7-Series tnc Xilinx

* H xprion KOWwWV OTOLXELWV ETITPETEL TNV EMAvVaxpnoLponoinon IP
YLOL OAEC TLC OLKOYEVELEC TNC 7-Series tn¢ Xilinx
— KAlpakwon tng oxediaong amo xapnAou Kk0otoug ews uPnAng amodoonc

— EkTeTOMEVN UTTOOTHPLEN OLKOCUCTHUOTOC

— Tayxutato time-to-market

[}HFOLo@c

> BUFG
(:)II DSP
<

BUFIO & BUFR
B>

B>
B>
B>
1 wer

] FEEHHERH |
EEHEHEH T
=t
] EpctipeH |
(%)
(%)
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Configurable Logic Block (CLB) in 7-Series FPGAs

Fabric

Routing COouT COouT

e Baowkocg mopoc yia tn oxedlaon pe
Xilinx FPGAs
— JuvOuaoTLKN AoYLKN
— Flip-flops
* To CLB nepLexet duo slices

e Juvdeovtal pe eva switch matrix
yla To routing oe dAAAOUC TTOPOUC
tou FPGA wid

— H aAvoida kpatoupgvou (carry chain)
Slatpexel kaBeta to CLB o€ pia othAn
aro to £va slice oto amnod mavw tTou

CIN CIN

4-6



AUo turtoL CLB Slices

* AUo tunot CLB Slices | s
— SLICEM: NAnpec slice r
* To LUT pmopet va xpnotuormnolnBel ya
Aoyikn kat pvun / SRL ‘

* AL0OETEL TOAUTIAEKTEC LEYAAOU EVPOUC
Kol aAuoido KpATOUUEVOU

* To 1/3 tou ouvoAou Twv slices
— SLICEL: Aoykn Kot aplOunTLkn Lovo
* To LUT pmopet va xpnotponolnBei povo

yia Aoyikn (OxL pvAun)
* AL0OETEL TOAUTIAEKTEC LEYAAOU EVPOUC
Kol aAuoida KPATOUEVOU

* Ta 2/3 tou cuvolou twv slices
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Awataén CLB Slices

COuT COuUT
A

FiE_ _____ 4___1
| Slice1 :
| X1Y1 i
: ; |
: Slice0 I
|| Xovi :
|

! 1CIN CIN |
____|CGouT__ _|COouT_
| CLB |
| Slice1 :
. X1Y0 |
| |
| |
' Slice0 :
: X0YO :
| |

CcouT CouT
A

cB | 4___7
Slice1 :
X3Y1 :
' I
|
Slice0 |
X2Y1 :
CIN CIN |
____|CGOouT__ _|COuUT_
CLB |
Slice1 :
X3Y0 |
|
|
Slice0 :
X2Y0 |
|

— — ——— —— — — — — — — — e —— — ——— — — — — — — — —

UG474_c2_01_082210

To oxAua deiyvel 4 CLBs mou Bpilokovtal otnv KATW — apLlotepn ywvia tou die
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[Mopot evoc Slice

 Teooepa 6-input LUTs ava slice

— JUMPOTO PE TPONYOUEVEC
OPXLTEKTOVLKEC

e Avo flip-flops ava LUT %

— E€alpetiko ya oxedLa
ue Babu pipeline

=
= =
=i
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[Mopot evoc Slice

- | e B =
, 1=_ss AT
Teooepa Look-Up Tables (LUT),, 7 [ — | o
TwV 6 €EL6OOWV I & = _|‘7‘i" T NI = =%
o i i o= | Vs —
S‘m M:;:—- . -_—I:d ) E%"}F‘? /1
AANUGLOEC KPATOUUEVOU Bt | L~
. oX > ZL I —3 L t cMuxX
(carry chains) =g f::fLr‘D“ s =%
Kotaxwpntég OAioBnong (SRL) | E“ﬁ — | N
Téooepa flip-flops/latches  °% il |

—

— Téooepa eruAéov flip-flops e ;: o Ly r
To epyaleio vlomoinong Ba
otolBdcel TOANTAG slices 0TtoOw—=t—— |
(6o CLB eav mAnpouvtal - e '

il
NG

L LIS T

ALIX
v 1 ARt T AB A o —
KATIOLOL KAVOVEC = il B S
1
o8 P | —
o s LI == |
WEN MC3Y $ P s L~
AT >y —D—J "
L0 R Un
CE > b
T i L = ;
e —>- _U_"“ 0
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Laypappo evoc SLICEM

iD— D 332['(', Reset Type
oINIT1 Qf—
couT —CE gINITO O Sync/Async
[] I SP O FF/LAT
\ —™
DX = T |
1l [ DMuX
DIz -
D&:1 [—+-| ABAT i > >
- we:wi ; =0
D
gg I N OFF/LAT
BX OINIT1
5 i o[-0
CK Dn — pe O SRHI
I OSRLO
WEN MC31 [—— iD, p OSRHL |~ e g
o oINITT Q R
b= —CE aiNTo
—cK gy
=
X [ 1 J N > CMUX
DI2 L] ]
c6:1 [ A6:AT i ) ]
| we:w1 E Oc
gg l ™ O FF/LAT
CX aNm ol
oIt p ainmo @ ca
cK L | |cg OSRHI
WEN MC31 |—— A s | | ok OSRLO
Cl = il
) ™
BX [ 1 > BMUX
DIz
B&:1 [ AB:A1 ] i ) L
| we:w1 E =]
B
gg l ™ O FF/LAT
BX oINIT1T Q > BaQ
DIt D oinmo
CK +—— CE O SRHI
WEN MC31 P | , | ok oSRLO
BI > D osRLO SR
OINITT
L[ —|CE oinimo @
—{cK  gg
.—l T N
AX > AMUX
DIz —
AB:1 [ AB:AT — r
L{we:w1 Ir - oA
A
i ™ O FF/LAT
AX QINTT q | aq
D OINITO
ck DIt | T ce osmHi
WEN MC31 DSRLO
= P ek
Al D—l S8
on :‘ ]
SR I5S !
CE > U
CLK = § | T
CK ﬂ
! |— WEN
WE = GIN

UGA4T4_c2_02_110510
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Laypappo evoc SLICEL

—_D7 o DSRHI
couT O SRLO
oINITT QF— Reset Type
—CE aInITo " bl
—ICK O Sync/Async
SR
™~
T 0 FF/LAT
DX > DMUX
D6:1 Co——{ A6:AT ) > -
o6 . ID\ —D
05 l OFF/LAT
DX olNITt g [—>Dba
D RINITO
SRHI
0 SRHI € Ysnio
D oSRLO L~ — CK
oINIT1 QfF— SR
—{CE oINITo
—{CK  gg ~
1 T {
X J ‘ > CcMUX
C6:1 [O—— A6:A1 1 , ) |-
c —c
06 " ™ o FF/LAT
05 cX oINT1 o> ca
D OINITO
O SRHI L | [cg osAHI
iD— o DSRH | P oSRLO
QINT SR
—CE oinimo
—ck og
I NS
1
BX D—‘ > BMUX
B6:1 [>——| A6:A1 I ) |
o8 ! ! 1B ~ B
o FF/LAT
o8 BX oiNT1 QT2 BQ
D olINITO
L | |cE OSRHI
OSRLO
OSRHI L~ t— CK
iD— D oSALO SR
OINITA
—CE qinimo @
—ck  on
A J ‘ [ AMUX
AB:1 [O—] A6:A1 — D . |~
NG oA
06 O FF/LAT
05 oINT1 QL2 AQ
D oINITO
| |op OSRHI
P 1 asALo
— SR
oM
SR> D N
CE[> 1

CLK = { ;

CIN

UG4T74_c2_03_101210
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>tolxelo Aoyknc evocg SLICEL

[~
HD FF,
A6:1 > . AMUX
05 | A
6-LUT AWF4—
06 | > AQ
6:1
AX FF,
|




LUT 6-el1c006wv pe AutAn E€odo

* To LUTs pmopouv va givat SUo LUTs 5-el006wv e kown elcodo
— EAdywotn emifdapuvon otnv taxvutnTa
— Mia n; 600 £€o0b0L
* Ornoladnmote AoyLKr) cuvaptnon Twv 6 petafAntwv
N Vo cuvaptnoelg Twv 5 petafAntwv

05
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LUT 6-el006wv pe AutAn E€odo

The function generators in 7 series FPGAs are implemented as six-input look-up tables
(LUTs). There are six independent inputs (A inputs - Al to A6) and two independent
outputs (05 and O6) for each of the four function generators in a slice (A, B, C, and D). The
function generators can implement:

® Any arbitrarily defined six-input Boolean function

* Two arbitrarily defined five-input Boolean functions, as long as these two functions
share common inputs

e Two arbitrarily defined Boolean functions of 3 and 2 inputs or less
A six-input function uses:

e Al-A6inputs

¢ 06 output

Two five-input or less functions use:

e Al-AS5inputs

e A6 driven High

* 05 and O6 outputs

The propagation delay through a LUT is independent of the function implemented.
Signals from the function generators can:

e Exit the slice (through A, B, C, D output for O6 or AMUX, BMUX, CMUX, DMUX
output for O5)

* Enter the XOR dedicated gate from an O6 output

* Enter the carry-logic chain from an O5 output

e Enter the select line of the carry-logic multiplexer from O6 output

e Feed the D input of the storage element

*  Go to F7AMUX/F7BMUX wide multiplexers from O6 output

In addition to the basic LUTs, slices contain three multiplexers (F7ZAMUX, F7BMUX, and

F8MUX). These multiplexers are used to combine up to four function generators to provide

any function of seven or eight inputs in a slice.

e F7AMUX: Used to generate seven input functions from LUTs A and B

e F7BMUX: Used to generate seven input functions from LUTs C and D

¢ F8MUX: Used to combine all LUTs to generate eight input functions.

Functions with more than eight inputs can be implemented using multiple slices. There are 4-15

no direct connections between slices to form function generators greater than eight inputs
within a CLB.



[MTOAUTTAEKTEC LEYAAOU EUPOUC

KaBe F7MUX ouvbualel Tic e€odouc
aro dvo LUTs

— YMAorolel pla tuxaia cuvaptnon
7-€1000wVv

— YAomolel évav moAumAéktn 8-1
O F8MUX ouvbualel Tic e€0douc Twv

dvo F7MUXes

— YMAorolel pla tuxaia cuvaptnon
8-eLl006wv

— YMAorolei €vav moAumAéktn 16-1
O MUX gA€yxetal amo TLC eLo0doug
BX/CX/DX tou slice
H €€obo¢ tou MUX umopei va g
08nyfRoeL TNV cuvduaoTIKA £€080 i TO |-
flip-flop/latch

4-16



[MoAumAgkTnC 4-0¢e-1

LUTE
|
113 I
13 [5— N |
| — |
P l
12 [ >+ |
I I
» = 0
11> - |
I I
0[S 110 |
s1 > 5 I
la ) I
S0 |
L e o e e e e e e e e e = = = — A
64'FFOOFOFOCCCCAAAA
XAPP522_D2_101414
S1 S0 13 12 } 10 0
0 0 X X X 0 0
0 1 X X 0 X 0
1 0 X 0 X X 0
1 1 0 X X X 0
0 0 X X X 1 1
0 1 X X 1 X 1
1 0 X 1 X X 1
1 1 1 X X X 1
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[MoAuTtAektnc 8-oe-1

10

H

12

13

14

15

16

17

6]

MUX4_CELL

64’hFFOOFOFOCCCCAAAA

S0
S1

10

I

6]

MUX4_CELL

12
13

S0

S1

o=——— o
HEo——1
2o—— 2

BCO—— 3

64’'hFFOOFOFOCCCCAAAA

14 >
15 >
6 [
7[>

s1[Oo—

s2 [

so [O——
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[MoAuTtAektnc 8-oe-1

cout
D
=06 D3_1BUF . D —
> Db 2R Has 06 [ J
2 DO_IBUF, =
R = os co3 L\ L {o omnmoa
D2 S0_IBUF = e D5Q ——| ceOmimo
=502 iBur = 53 CARRY4 (Y —pCK CISRHIGH
= 2 XOR OsRLOW
05 ] 05 =R
e iR e o
DQ
DX % D OFF Qo —p=
- voR H—— CE OLATCH
- ox t—PCK CIAND2L
X o5 CIOR2L
— o8 OINITY
MUXF7 L OINITO
OSRHIGH
C6_D6_IBUF P SROSRLOW
[=>-C5. D4 IBUF ae o6 —t=D— T C
> o e Haa 05 [
Ca D7 IB o L}*
=-C2.D5 IBUE = coz C5
C1 S1_IBUF A2 | s2 - F7 D ONT1 Q
[ E——— L 1 H—{ce omimo
o5 H[CY
\ xOR CK CSRHIGH
| —
DIz .—JDﬁ 35 OsRLow
cx SR
< T Y_OBUF CMUX
Lo |F7 =
Loy DoOFF ca
L»|xom H—— CE OLATCH e
>CXSZIBUF X t—bCK CIAND2L
CLK O os DOOR2L
= 08 OINITH
CLK_B |~ QINITo
CISRHIGH
cE SR OSRLOW
= o T
CEUSEDMUX RESET TYPE
SR
= ™
SRUSEDMUX B
<E1 —D =
1
o — e I 2
D Has 06 [
e [ 05 cot [ OINT1
[ E— I H——{CE DINITO
I = - oy K CISRHIGH
= Has —-D XOR CISRLOW
05 o5 SR
=B ol i ' &
or {
BX Le|FS D OFF Q
Loy H——{ ce OLATCH
L —=|x0R +—PCK CIAND2L
B OOR2L
BX 5 OINITY
= % OINITO
CISRHIGH
— SR OSRLOW
[ A S D T A
A Has o8 I —
S m 05 [ D OINTI Q -1
=2 00 Mfm Asd tH—— CE QINITO
= Ha2 i 4 t—CK OISRHIGH
— Ha1 OR OSRLOW
05 SR
il T AMUX
*§5< —
e (4 D OFF Q}— |=AQ
Loy L+ ceoLatcH
H—w|x0R LpCK AND2L
—|ax OOR2L
05 OINITY
U —=los OINITo
|~ OSRHIGH 4 19
SR OSRLOW. -




[ToAumAgktnC 16-0¢-1

o[>——w
HE>——n
2[>——2 Lo
MUX4_CELL o]
B[o———3
S0
— s1
64’hFFOOFOFOCCCCAAAA
14 = 10
15— 11
s[> 12 L1
MUX4_CELL o]
7[> 13 B
S0
| ST MUXFS8
10
64’'hFFOOFOFOCCCCAAAA fo)
0 o)
Mg
18 > 10
19 > I
no = 12 L2
MUX4_CELL (o]
M1 13 B
S0
S1
MUXF7
64'hFFOOFOFOCCCCAAAA 10 M
0
g
ne [ 10
13— 11
H4 [ 12 L3
MUX4_CELL o]
s > 13 B
S0
— 1
64’hFFOOFOFOCCCCAAAA
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[MoAuTtAéktnc 16-o0e-1

cout
D
| ot
[—>-D6 D3_IBUF " v} —
5 S1_IBUF e
=i o ibur = 08 ‘ J
g IBUF r= P o5 co3 L\ L— 1o omnm a
=02 S0_IBUE = v DsQ —| e Oinmo
=D D2 BUE a 53 CARRY4 t—[cY —PCK OSRHIGH
XOR CSRLOW
05 ] . 05 R
| — 03 08, ; DMUX
413_ DI3 ._JD_ e
DX
o7~ D OfFF Q
> OR +—— ce OLATCH
o +—PCK CIAND2L
o5 OOR2L
= OINIT1
% OINITO
OSRHIGH
C6_D6_IBUF " SROSRLOW c
C5 D4 |BUF = e o6 — -0 T
=i soBur = ¥ o ) —
C3 D7_IBUF = L}
C2 Dt E ™ coz Csi
>-C1 S11BUF = o = [ e |F7 D ONT Q
o5 H el +H—1—{CE N0
\ XOR +—HCK OSRHIGH
| —
| DIz ._JDE 05 OSRLOW
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T Y_OBUF
Le|F7 = —
L w|cy DOOFF G |— cQ
L_w|xor H—t— CE OLATCH
yCK 52 BUR X +—bCK CIAND2L
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06 OINITt
CLK_B e OINITO
OSRHIGH
CcE SR OSRLOW
= : | -
6 CEUSEDMUX RESET TYPE
SR OSYNC
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MUXFE SRUSEDMUX B
—D =
B6 DI_IBUF a6 1]
=B85 _S0_IBUF Has o8 ‘
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B3_D11_IBUF = cot -lasa
5 e fEoe A3 o |Fe H—{ce omimo
=510 180F = 51 oy +—{CK CISRHIGH
= - Hat "D e CISRLOW
& \ o1 05 —l SA BMUX
| T Y_OBUF
| O >_}D_ '2 —
Lo [FE D OFF Q
Loy H——{ CE OLATCH
L—»[x0OR +—HCK O AND2L
BX OOR2L
BX_S3_IBUF os OINIT
[
MUXF7 06 OINITO
v OSRHIGH
= A6 S1_IBUF e —-D—‘ SR I?SRLOW A
o — — e
-, = FV
S = Rl i
S — | TS B
o] A1 XOR OSRLOW
00
D=t ||| Ls
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—|F7 D OFF Q AQ
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[MoAuTtAEKTNC 64-0¢-
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AAvoida Kpatouvpevou (Carry Chain)

* H aAvoida Kpatoupevou UAOTIOLEL
ypnyopn aplOuntikn npoobeon
Kol adaipeon

— To kpatoupevo e€6dou dadidetal
KaOeta pEow twv 4 LUTs oto slice

— H aAvoida kpatoupgvou Stadidetat
amo 1o €va slice, oto slice tng idlag
oTtANG oto enavw CLB

* MpoPAePn kpatoupEVOU
(Carry look-ahead)

— Juvduaotiki Aoykn poPAedng
Kpatoupevou ota 4 LUTs oto slice

— YMAormolet tayvutepn dtadoon tou
KpaToupEvou aro slice oe slice
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AAvoida Kpatoupevou (Carry Chain)

e Inputs
e Sinputs- S0 to S3
- The “propagate” signals of the carry lookahead logic
- Sourced from the O6 output of a function generator
e Dlinputs - DI1 to DI4
- The “generate” signals of the carry lookahead logic
- Sourced from either the O5 output of a function generator
- To create a multiplier
- Or the BYPASS input (AX, BX, CX, or DX) of a slice
- To create an adder/accumulator
e CYINIT
- CIN of the first bit in a carry chain
-0 for add
- 1 for subtract
- AX input for the dynamic first carry bit
e CIN
- Cascade slices to form a longer carry chain
¢ Outputs
e O outputs - O0 to O3
- Contain the sum of the addition/subtraction
¢ CO outputs - CO0 to CO3
- Compute the carry out for each bit

- CO8is connected to COUT output of a slice to form a longer carry chain by
cascading multiple slices

= o1 >—

cout

of

cin 1

COUT (To Next Slice)

[] Carry Chain Block

05 From LUTD I D13
DX ;D

06 From LUTA =

Q05 From LUTA
AX

CIN (From Previous

Slice)

(CARRY4)
I | cos!
! [— DMUX/DQ*
S +MUXCY \ :
y o3l
! e [— DMUX
o
| Q—T=DQ
I
: (Optional)
co2 : [ CMUX/CQ*
2 +/MUXCY '\ 1
\ 02 1
] = [— CMUX
— >
I olF—LC—ca
I
: (Optional)
co1 : [ BMUX/BQ*
St 7/ MUXCY\ |
I
z 01,
] b [ BMUX
) >
| Q—{=BQ
I
: (Optional)
Ccoo : [ AMUX/AQ*
SO 7 MUXCY \ |
I
I [ AMUX
I
: Q= AaQ
_! (Optional)

* Can be used if
unregistered/registered
outputs are free.

u G4?4ﬁ2:?ﬁ? 1813



Flip-flops ko Flip-flop/Latches

FF FF/L —

e Kabe slice dLabeteL tecoepa
flip-flop/latches (FF/L)
— Xpnon eite wc flip-flop A wg latch
— H eloodoc D odnyeital amnod tnv €€odo
tou 06 LUT, to carry chain, tov

TLOAUTTAEKTN LEYAAOU €UPOUC 1) TLG
gl006ouc AX/BX/CX/DX tou slice

e Kabe slice dtabgteL emiong t€ooepa
flip-flops (FF)
— H eloodoc D odnyeital amnod tnv €€odo
05 1} amno Tic etoodouc AX/BX/CX/DX

* Xwpli¢ mpocPaon oto carry chain, Tov
TIOAUTTAEKTN 1 TOUG EL0OSOUG TWV slice

e Eav omnolodnmote amno ta FF/L sival
Slapopdwpeva wc latches, ta
t€ooepa FFs dev eival StaBeoua
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Flip- flops KoL Flip-flop/Latches

LUT D O5 Output
oINIT1 —
\l D © ISNITOG Q Pa
0 SRHIGH
DX CO—— J CE osrLow
CK SR
|
CFF
LUT C O5 Output
_] oINIT1 T
\I p DINITO Q ca
0 SRHIGH
oxX [ J CE oSRLOW
CK SR
. [ Reset Type
O Sync
LUT B O5 Output BFF 0 Async
OINIT1
oy niNTo Q[ —LT=2BaQ
= D oSRHIGH
CED CE D SRLOW
CK
CLK[D>—+ ;| I SR
|
LUT A O5 Output AFF
INITA
\| oiNTo Q[ T2AQ
D  oSRHIGH
ax J CE 0 SRLOW
CK
SR

LUT D Output

)

DFF/LATCH

DXD—_)

LUT C Output

-

OFF .
OLATCH
oinT1 Q—T[—=>Da
D oiNnTo
CE OSRHIGH
ck OSRLOW
SR

|

CFF/LATCH

M=—u—

SR [

oFF

OLATCH
oinT1 Qp—L=>cCa

D oiNnTo

CE ©SRHIGH

ck TSRLOW
SR

|

LUT B Output

BX [O—

Reset Type

O Sync

O Async

BFF/LATCH

CED

oLk >4 )

LUT A Output

-

OFF
O LATCH
OINIT1

D oiNmo

CE DgHH(I_JGH
o SRLOW

cK 7 an

Q—I=8BQ

AFF/LATCH

no>—J

OFF .
o LATCH
aoinm1 Q@ T—=>AQ

D oiNTo

CE OSRHIGH

ck OSRLOW

SR

]

UGAT4_c2_04_101210
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Avvatotntec twv Slice Flip-flops

OAa ta flip-flops iva tumou D
— Me €€obo Q
OAa ta flip-flops €xouv pia kowvn elcodo poAoylov (CK)

— To poAoL pmopel va avtiotpadel ota opLa tou slice
OAa ta flip-flops €xouv active-high clock enable (CE)

OAa ta flip-flops €xouv active-high eloodo set/reset (SR)

— H eloobog pmopet va eival cuyxpovn ) acvyxpovn mou
kaBopiletal ano 1o avtiotolxo configuration bit

— O¢teLtnv TN tou flip-flop og pa mpokaB®oplopevn kataotaon
nou kaBopiletal ano 1o avtiotolxo configuration bit
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Control Sets

OAa ta flip-flops kat ta flip-flop/latches poipalovtoar ~ AFF
ta idta onpata CK, SR ko CE

— Auto kaAeital “control set” twv flip-flops

AFF/LATCH

— Ta CE kat SR eivat active high

— To CK pmopel va avtiotpadel ota opLa tou slice

Eav ortotodnnote flip-flop xpnowomnolet eva CE,
OoAa Tat AAAQ TIPETEL VaL XpnoLlpormotlioouv to iblo CE . .

4 o V23 14 14 .
— To CE kavel “gate” oto polotL ota opLa tou slice DFF

— Melwwvel tnv katavalwon oxvog DFF/LATCH

Eav ortotodnnote flip-flop xpnowpomnolei to SR,
OAa Tt AAAQL TIPETTEL VL XpnolpomoLliocouv to idLo SR

— H twun tou reset mou Ba xpnotpomnownBet amnod kabe flip-flop
TiOetal Eexwplota armo to attribute SRVAL




Xpnon tou SLICEM wc¢
Distributed SelectRAM Memory

To SLICEM pmopei va xpnotpomotnBel wg pvAun

Juyxpovn gyypadrn, aclyxpovn avayvwon
— Mmnopei va petatparneil oe ocuyxpovn
aVAYVWOon XPNOLUOTIOLWVTAC T
flip-flops mou eival dtaBeopa oto slice

Awadopa configurations
— Single port
* ‘Eva LUT6 = 64x1 1} 32x2 RAM
* Cascadable w¢ 256x1 RAM

— Dual port (D)

* 1read/ write port + 1 read-only port
— Simple dual port (SDP)

e 1 write-only port + 1 read-only port
— Quad-port (Q)

* 1read/ write port + 3 read-only ports

32x2
32x4
32x6
32x8
64x1
64x2
64x3
64x4
128x1
128x2
256x1

32x2D
32x4D
64x1D
64x2D
128x1D

32x6SDP
64x3SDP

32x2Q
64x1Q

Each PortHas Independent Address Inputs




Xpnon tou SLICEM wc¢

Distributed SelectRAM Memory
* NMapadewypa: 64x1 Single Port Distributed RAM (RAM63X15S)

— Common address port for synchronous writes and asynchronous reads

— Read and write addresses share the same address bus

A[5:0]

WCLK
WE

= Qutput

Registered

Y

D Q Qutput

WE

1

RAMB4X1S
R i L AL
|
: N 0 SPRAMG4
: CUN DI 06
D[6:1
: s (Ol fﬁ, Al6:1]
! (CLK) ‘E;TE:”
| | (WE/CE)
|
|
|

(Optional)

UG4T4_c2_07_101210
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Xpnon tou SLICEM wc¢

Distributed SelectRAM Memory
* Napadewypa: 64 x 1 Dual Port Distributed RAM (RAM64X1D)

— One port for synchronous writes and asynchronous reads
* One LUT is connected with the shared read and write-port address

RAM64X1D

(D1)

o DPRAMG64

A50] (D6:1)) 6

WCLK (CLK)

WE (WE/CE)

DI 06

A[6:1]
WA[6:1]
CLK
WE

LDQ

o0 DPRAM64

DPRA[5:0]

DI 06

Al6:1]
WA[B:1]
CLK
WE

Registered
=
Qutput

(Optional)

5

— One port for asynchronous reads

* Second LUT has the A inputs connected to a second read-only port address and the WA
inputs are shared with the first read/write port address

Registered
QOutput

(Optional)

UG474_c2_08_101210
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Xpnion tou SLICEM wc¢
Katoaxwpntec OAloBnonc twv 32bit

SRL = Shift Register Lut
EugAktol shift registers tumou SRL D o
. . . CLK |
— Shift registers petafAntou pnkoug
— ZUyxpoveg FIFOs
— Content-Addressable Memory (CAM) A
— Tevvntpla npotunwy (Pattern generator)
— Avtiotabuion petav delay / latency
To pAkoc tou Shift register kaBopiletal
arno tnv dtevBuvon (Address A)

SRL Configurations
in One Slice (4 LUTs)

— 2taBepn tun mou Sivel fixed delay line {6x. 1612, 16x6, 16x6, 16x
— Avvapikn dtevBuvolodotnon yia elastic buffer 321, 322, 3203, 3204
Ye cascade €wc 128x1 shift register oe €va slice Bixt. 64x2
96x1
128x1
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MNapadeypa SRL

* H Aewtoupyia D-NOP mpemnel va tpooBeoel 17 otadla
pipeline Twv 64-bit to kaBeva
— 1088 flip-flops (6bnAadn 136 slices) n
— 64 SRLs (dnAadn 16 slices)

20 Cycles

e
~ ™

Operation A Operation B

=~ 8 Cycles =~ 12Cycles - o4
Operation C (peration [ KNOP

= 3Cycles 17 Cycles

20 Cycles

Paths are Statically
Balanced

17-stage delay from SRL
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[MpokAnoelc tnc Atocuvdeonc I/O

Aettoupyia uPnNANC TaxvuTNTOC LE SlatAPNOoN TNC AKEPALOTNTAC ONLLOTOC
(signal integrity)

— Source-synchronous operation (clock forwarding)

— System-synchronous operation (koo poAOL CUOTHATOC)

— TePUATIONOC YPAUUWY pETASOoNC yLa TNV anmoduyn avakAoong orjpHotog
0énynon kat AnPn dedopevwy o mapaAAnAouc StaUAoOUC HeyAAoOU EUPOUC

— AvtiotaBuion yia bus skew kot opaApota xpoviopou Tou poAoyLlou

— Metatporr) peTtall oelplokwy Ko TtapdAANAwy dedopevwy

— Emiteuén moAU vPnAou bit rate (> 1 Gbps)
Awacuvdeoelg Single Data Rate (SDR) ) Double Data Rate (DDR)

Ataocuvdeon os MOANA SladopeTIKA TipOTUTIAL

— AladopeTikEG TAOELS, SladopeTiky 0dnyNTKACS tkavotnta (drive strength)
Kol SLOPOPETIKA TIPWTOKOAA



7-Series FPGA I/O

MeyaAo eUpo¢ TAoEWV

— 1.2V éwcg 3.3V Logical Resources Electrical Resources
Eupeia urtootripén npotumnwy 1/0 |

— Single-ended kat differential

— Referenced voltage inputs

— Auvatotnta 4-state
MoAU vPnAn amodoon
— 'Ewg 1600 Mbps LVDS
— 'Ewg 1866 Mbps single-ended yia DDR3

Slave
ILOGIC/

IDELAY pum

EUkoAn dtacuvdeon pe pvApn
— Ynootip€n oto UAwo yia QDRI+ kat DDR3

ISERDES

Interconnectto FPGA Fabric

OLOGIC/

OSERDES ODELAY

Wndlakd eAeyxopevn epnednon

(Digitally controlled impedance - DCI)
XapaKTNPLOTIKA HELWONC KATOVAAWGCNC LOXVOC
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Turou /0

* Ta 7-series FPGAs £xouv duo Stadopetikouc tumouc I/0
— High Range (HR)
* Ynootnpilel mpotuna I/O pe tdoelg Veco voltages €éwg 3.3V
— High Performance (HP)
* JTOXeVEL o€ Kopudaia anodoon

* Ynootnpilel mpotuna |/O pe taoelg Veco voltages €wg 1.8V
* MNapéxel Suvatotnta yla Output logic delay (ODELAY) kat DCI

Virtex-7
XT/HT Family

Artix-T Family | Kintex-7 Family | Virtex-7 Family

High Range

High Performance
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1/O Electrical Resources

Ol akpodekteg P kot N prmopouv

va dtapopdwbouv w:
— Zexwplota onpata single-ended
— Differential pair
(6ladopikn onuatodoaoia)
Agktng: standard CMOS i
OUYKPLTAC TAOoNG
— [ standard CMOS

* Aoywo 0 yia "near" ground

* Aoyko 1 ywa "near" VCCO
— Me taon avadopag Vi,

* Noywo 0 yla KATw oo Viee

* Noywo 1 yla emavw amno Vi,
— Differential

* Noywo 0 yia V, <V

* Aoywko 1 when VP > VN




/O Logical Resources

* Avo block Aoywn g og kaBe (guyog I/0 Logical Resources
— Master kau slave |

¥

— Aveéaptntn Asttoupyia i concatenated

* KabBe block mepleyet

— ILOGIC/ISERDES

* SDR, DDR, 1] high-speed serial input logic
— OLOGIC/OSERDES

» SDR, DDR, 1j high-speed serial output logic

!
|
1

!
r
|

— |DELAY Slave
* Emloyn kaBuotEpnong eLlcodou
ILOGIC/ IDELAY
— ODELAY ISERDES

Interconnectto FPGA Fabric

* Emloyn kaBuotEpnong e€6dou

OLOGIC/
* AwaBéoipo povo oe I/0 uPnAnc anmodoong OSERDES

ODELAY




7-Series Block RAM and FIFO

OAa tat LEAN TNG OKOYEVELAC 7-series Stabgtouv tnv OLa Block RAM/FIFO
MARpw¢ cuyxpovn Aettoupyia

— OAeg oL Asttoupyieg eivat olyxpoveg, OAeg oL €€odol eival latched
MpoalpeTlkocg pipeline register yia uPnAoTEPN CLYVOTNTA AELTOLPYLOC
Ao Eexwplota ports tpoomeAalvouv kowva dedopéva

— Zexwplota address, clock, write enable, clock enable yia kaBe port 36K

®
3
(o)
<

— Zexwplota data widths yia kdBe port

L
=
(@]

AAAANN

MoAAamAécg Suvatotnteg configuration

— True dual-port, simple dual-port, single-port
OAokAnpwuevVn Aoykn cascade
Byte-write enable yla peyaAUtepo eVpog
EVowpaTwHEVOCS EAEYXOC VLA YPAYOPEC
Kall aroTeAeoHOTIKEG FIFOS \ |
64 / 7bit Hamming error correction oY
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7-Series Block RAM and FIFO

(1) 36 Kb BRAM (2) independent 18 Kb block RAMs
OR OR
(1) 36 Kb or FIFO (1) 18 Kb FIFO + (1) 18 Kb block RAM
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Single-Port Block RAM

Single read/write port
— Clock: CLKA, Address: ADDRA, Write enable: WEA
— Write data: DIA, Read data: DOA
36-kbit configurations
— 32k x1,16kx2,8kx4,4k x9, 2k x 18, 1k x 36
18-kbit configurations
— 16kx1,8kx2,4kx4, 2k x9, 1k x 18, 512 x 36
Configurable write mode

— WRITE_FIRST: Ta 6edopéva mtou ypadtnkav otnv
eloodo DIA sival StaBeoipa otnv €€060 DOA

— READ_FIRST: Ta maAatd nteplexopeva tng RAM otnv
StevBuvon ADDRA mapouotalovtal otnv €060 DOA

— NO_CHANGE: H £¢060¢ DOA kpatd TNV mponyouEVN
TN (HELWVEL TNV KaTavAAwaon Loxvog)
[MPOALPETIKOC KATAXWPNTAC €060V yLaL LEYLOTN
arnodoon (DOA_REG=1)
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Dual-Port Block RAM

* AUo &exwplota read/write ports
— KaBe port dtabetel Eexwploto clock, address,
data in, data out, write enable ...
* Clocks: pmopet va eivat acuyxpova LETAEY TOUG
— Ta 6Vo ports pmopei va €xouv SLapopETLKO EVPOC
* '|6la configurations pe single port
— Ta 6U0 ports pumopouv va £xouv SLadpopETIKA

write modes
e Aev amodevyetal n cupdopnon (contention)
otav Kat ta Vo ports pPooTeEAAUVOUV TNV
(6ta HLevBuvon
— EKtOC €dv xpovidovtal e To i6lo poAOdL Kal TO
write port eivat READ_FIRST, to read port maipvel
Ta tadad dedopéva
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Simple Dual-Port Block RAM

* Eva read port kot eva write port
— KaBe port StaBetel Eexwploto clock kat address

* e 36-kbit configuration, eva amo ta dvo
ports MpEMeL vaL EXEL eVPOC 72 bits
— To &AAo port pmnopei va gival:
x1, x2, x4, x9, x18, x36 | x72
e e 18-kbit configuration, éva armo ta dvo
ports MpEMeL vaL €XeL eVPOC 36 bits

— To &AAo port pmnopel va gival:
x1, x2, x4, x9, x18 1 x36

— W\ Port A

Memo
Arrayry

—~ HUADDR

—~ HUCLYK

Port
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>uvoyn twv Block RAM Configurations

32k x 1, 16Kx2,

8Kx4, 4Kx9, .
2Kx18, 1Kx36 = Read OR write in 1 cycle

16Kx1, 8Kx2, 4Kx4,
2Kx9, 1Kx18

. = 1 read/write port
Single Port P

32Kx1, 16Kx2, = Two fully independent
8Kx4, 4Kx9, read/write ports

2Kx18, 1Kx36 = Any two operations in 1 cycle

16Kx1, 8Kx2, 4Kx4,

True Dual Port 2Kx9. 1Kx18

32K x 1, 16Kx2,
8Kx4, 4Kx9, = 1 read port and 1 write port

2Kx18, 1Kx36, | = Read AND write in 1 cycle
912x72

16Kx1, 8Kx2, 4Kx4,
Simple Dual Port 2Kx9, 1Kx18,
512x36
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Block RAM Cascading

Evowpatwpevn Aoylkn cascade logic
yla 64Kx1
— Cascade 600 kaBeta yettovikwyv 32Kx1

block RAMSs ywplc xpnon AOYLKNC EKTOC
Tou CLB ) emtBapuvon tng anodoong

— Meiwon mopwv Kat BeAtiwon tng
TOXUTNTOC OE PEYAAEC IVAUEG

DI 4

Al14:0]

Dl Do

UPPER(0)

|
|
|
|
ISER=
| RAM_EXTENSION =
|
|
|
|

WE[3:0] 1 >

Al14:0]

CASCADEOUT
(Mo Connect)

<.

CASCADEIN of Top

DI o q}
[
| b

Al14:0] 4 DQ

CASCADEOUT of Bottom

520

WE[2:0]

Interconnect <} = Block RAM

Erttloyec cascade yLo LEYAAEC MVAEC
— 128Kb, 256Kb, 512Kb, 1 Mb, ...
— Xpnrion Aoylkng ektog tou CLB yla
ETIEKTOLON TOU EVPOUC
* OyxLto00 ypryyopn 6co ot cascaded block RAMs

— H emnéktaon eVpPoUC XpPNOLUOTIOLEL
napaAAnAec block RAMs

|
AlS T . DQ
| AAM_EXTENSION =
| LOWER(1)
|
|

N
DO
Not Used

CASCADEIN

Connect to logic High or Low



Evowpoatwpevo Error Correction

EVOWUOTWUEVO TIPOALPETLKO

error correction/detection P
— 64-bit ECC (kwbikac Hamming , xprion 0Awv r r -
Twv 72 bits) Q |Rekbi
— AwopBwvel OAa ta opaipata povou bit % »
« Jtc €£680U¢ aAAG OXL OTO memory array g, FLEY syl
— AviyveUel, al\a dev SlopBwvel, OAa Ta § %kbit
odpaAporta Suthou-bit § ‘
— MMpoodlopitel tn dtevBuvon tov 6HAAUATOC ""—\l

— Elocaywyn ocdaApatoc yia Aoyouc SOKLUAC
Mrmopel va xpnotpornotnBet pe dtaocuvdeon
LE EEWTEPLKEC VNLEC



FIFO (First-In, First-Out)

MANpPNG umootnpLén

— ZUyxpova r acuyxpova poAoyLa ovayvwaong

, DI
Kol eyypa
L EVYP $ng DIP .
— Téooepa flags " Block RAM "
g I ra
* Full, empty, programmable WRCOUNT Write R?ad
almost-full/empty Pointer Pointer
— Mpoatpetika First-Word-Fall-Through (FWFT)
FIFO configurations
, , WRCLK Status Flag
— Omnowadnnote ano 36-Kb block RAM: WREN .
RST Logic

8Kx4, 4Kx9, 2Kx18, 1Kx36, 512x72
— Omnotadnmote anod 18-Kb block RAM:

4Kx4, 2Kx9, 1Kx18, 512x36 TMErro=
, , , , c=TM5%
— To eUpog eyypadng KaL avayvwong PETEL — 330 0
1 ’ -‘:i_EI:rD I
va glvat to dlo =<

— Write and read width must be equal
Mrmnopel va xpnotpomnolnBei to
EVOWUATWHEVO error correction otav
Xpnolpomnoleital To eUpog x72

DO
DOP

RDCOUNT

RDCLK
RDEN
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7-Series DSP48E1 Slice

Basic DSP48E1 slice functionality g

25 x 18 two’s-complement multiplier

-

48-bit accumulator: —\@4

25x18

— Can be used as a synchronous 5
up/down counter

Pre-adder

Multiplier

Power saving pre-adder:

-

48-Bit Accumulator/Logic Unit

Pattern Detector

— Optimizes symmetrical filter
applications and reduces DSP slice requirements
Single-instruction-multiple-data (SIMD) arithmetic unit:
— Dual 24-bit or quad 12-bit add/subtract/accumulate

Optional logic unit:

— Can generate any one of ten different logic functions of the two operands

Pattern detector:
— Convergent or symmetric rounding

— 96-bit-wide logic functions when used in conjunction with the logic unit

Advanced features:
— Optional pipelining and dedicated buses for cascading




T

coyr

7-Series DSP48E1 Slice

CARRY
MULT
PCOUT

SIGNOUT

| Cacos

|

1. cascouyt

18 ., 48 A:B

=]

CARRY

ouTt

e

J s
e

¥

=]
N~ < A x /

BCIN
ACIN

48 »
5 IEI P
OF - EarTe
PATTERN_
— DETECT
= 25x18 signed multiplier
[ = 48-bit add/subtract/accumulate 7 3. 4. Bl =
.| =48-bitlogic operations 3 3 &
g = Pipeline registers for high speed E % f % &
= =Pattem detector ° © & < ©
= SIMD operations (12/24 bit) = é\ =
= - l_ =
= Cascade paths for wide functions =235 S
OO =W (-1

» Pre-adder N



Simplified DSP48E1 Slice Operation

/— OPMODE Controls Behavior

P
. /
A:B X
D
A
-
B O ™
All Y
1s
P
T [ >
|/ —
I~
All Os
PCIN
VAN \ ZI~"| OPMODE, CARRYINSEL,
\ and ALUMQODE Control
‘i 31 3! \ Behavior
Shifters

4-50



Xpnion tou DSP48 yia aAAec Asttoupyieg

START: This is the typical Remove all pipelining Rearrange the tree_Notice
addertree found in many @ fromthe tree. This makes it @ that functionally has not
signal processing designs easler to understand and changed. The diagram has
visualize the changes just been redrawn
in —I-l-l l-l-l-l n —i (] (]
S L
w —+ | -+ L —+ — out

®

Pipelining is required for

et B e T et B el

| 1 1 1
| | 1 |

performance. Adding one in : . ! :H ! :H | !
the chain requires one in the I L L ; !

| 1 1
data pa_th_ delay as_well. L g x i out
Determining mapping to L _ — _ _ _ L o oL N .
DSPA8E is easy now DSPAZE Sice DSP4ZE Sice

opmode = 000010 opmode = 0010101
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XADC kat AMS

To Xilinx Analog-to-Digital Converter
(XADC) eival €va VEO, EVEALKTO,
vPNANG oLoTNTAC avaloyLko interface

— Authol 1bit 1MSps ADCs, Alif,ﬁfn"ﬁi'tf, Digital — I
on-chip sensors, 17 eUENKTEG : Py
avaAOYLKEC eloobol Registers |

— 1Vinput range Control [ Operation

— 16-bit resolution conversion S Rogteters |l iniatise with

SENSOIS Attributes

— Evowpatwpévo digital gain ko offset
calibration

\'\ / : Arb! ator
Analog Mixed Signal (AMS) g 25 o
- Xpl'I]GI’] g Ttpovpauua'tl(é MEVNG U tiia A Interconnect

)] ’ DynamciReconfiguration
Aoy tou FPGA yla tnv geldikeuon Portinterface |
Tou XADC kal avtikatdotaocn dAAwvV
EWTEPLKWV AVAAOYLKWV AELTOUPYLWV
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7-Series FPGAs Clock Management

Global clock buffers
— Clock distribution buffer upnAov fanout
Low-skew clock distribution
— Regional clock routing
Clock regions
— Kabe clock region €xeL Uoc 50 CLBs kot
SlatpéxeL To pLoo device
Clock management tile (CMT)
— 'Eva Mixed-Mode Clock Managers (MMCMs)
kal eva Phase Locked Loop (PLL) yia kaBe clk
— YMAormolet frequency synthesis, clock de-skew,
Kat jitter-filtering
— Meyalo gUpo¢ cuyvotntag EL0odou
AmtAn oxeblaon peéow Clocking Wizard
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7-Series FPGA Clock Regions

 MeyalUtepa clock region o ox€eon e TPONYOU LLEVEC
OLKOYEVELEC
— 50 CLBs high, 50 1/0s high
— 1610 péyeBoc pe tnv 1/0 bank
— To uLoo evpocg tou device
— 2-24 regions ava device

* [lopolyla kaBe clock region

— 12 global clock networks
* Driven by BUFH

— 4 regional clock networks
* Driven by BUFR

— 41/0 clock networks
* Driven by BUFIO
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Zyng-7000 Family Highlights

(NewSpace + Cubesats)

MAnpec ARM®-based processing system
— Application Processor Unit (APU)

!

* Ene€epyaotég Dual ARM Cortex™-A9 ProcessingSystem —_______ M — rogrammabie
o tatic Memo: ontroller namic Memory Controller U
* Caches kal povadeg unootnpLeEng ) i mﬂd-sp's;%'l NOR 4 DDRA, m;? L"';m , Logic:
ystem Gates,
— EAeykteg pviung b S e AMEATSuiches i 1 aMEAS Swiches sjji:::‘ :
—_ nepld)spelaKd I/O ARM® CoreSight™ Multi-core & Trace Debug “— 5 AXI_HP1 5;
pi———g [ 2xCAN ] NEON™] FPUEngine | NEON™! FPU Engine | = & AX| HP2 g
Mpoypappotiiopevn hoyiky s T | eommaesee | omigtir|| | s |2
— Emektelvel To processing system > o [ — SAASE H
Timer Counters 256 KB ON-Chip Memory - -E
—  KAtpakoUpevn mukvotnto/anodoon > s [ "’“”;'““"“"“’““t'““” °';" °°"';”""°" 5
7 7 2x GigE
EvéAwto array amo I/0 i w;n‘h i 1 A--rwr | :
—  Meydlo eUpoC EEWTEPLKWV emo | xac | S_AXLGPON  M_AXLGPOA
mU|ti_Standard I/ O | Multi-Standards I/0s (3.3V & High Speed 1.8V) | | Multi Gigabit Transceivers |_
t $

YynAnc anodoong serial transceivers ¢
ElocoboL ADC




To PS kot to PL evoc Zyng-7000 AP SoC

H apyttektovikn Zyng-7000 AP SoC
amoteAeital amno SVo PacIKA TUAMAT

— PS: Processing system Drivor Assistance

* Dual ARM Cortex-A9 processor based
I I

Military Radios
—-—

* Multiple peripherals

* Hard silicon core ,
Medical Imagin_g and Networking

— PL: Programmable logic ‘ B | ( Wired Communications
CWireIoss Communications

CAVB Routers, Switches, Encoders

* [Mapopola pe Ta 7-series

A4

* Artix™-based devices:

ARM* Dual Core Cortex®- A9 MPCore with Peripherals
Z-7010, Z-7015 kau Z-7020 - : &
Upto866MHz | Upto 1GHz 7
7 1
° KinteXTM_ba Sed devices: ARTIX 1066Mbvs DDR3 | 1333Mb/s DDR3 KlNTEx
Z-7030, Z-7035, Z-7045 kat Z-7100
28k - 85k LC FPGA Fabric | 125k - 444k LC FPGA Fabric
80 - 220 DSP Slices - 400 - 2,020 DSP Slices
High Reliability /0s |  High Reliability and High Performance 1/Os
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Zyng-7000 SoC Family

Cost-Optimized Devices

Mid-Range Devices

Device Name| Z-7007S Z-7012S Z-7014S | Z-7010 Z-7015 Z-7020 Z-7030 Z-7035 Z-7045 Z-7100
Part Number | XC7Z007S XC7Z012S XC7Z014S| XC7Z010 XC7Z015 XC7Z020 [ XC7Z030 XC7Z035 XC7Z045 XC7Z100
Single-Core Dual-Core ARM Dual-Core ARM
Processor Core| ARM® Cortex™-A9 MPCore™ Cortex-A9 MPCore Cortex-A9 MPCore
Up to 766MHz Up to 866MHz Up to 1GHz"
Processor Extensions NEON™ SIMD Engine and Single/Double Precision Floating Point Unit per processor
L1 Cache 32KB Instruction, 32KB Data per processor
L2 Cache 512KB
On-Chip Memory 256KB
External Memory Support'? DDR3, DDR3L, DDR2, LPDDR2
External Static Memory Support'? 2x Quad-SPI, NAND, NOR
DMA Channels 8 (4 dedicated to PL)
Peripherals 2x UART, 2x CAN 2.0B, 2x 12C, 2x SPI, 4x 32b GPIO
Peripherals w/ built-in DMA® 2x USB 2.0 (OTG), 2x Tri-mode Gigabit Ethernet, 2x SD/SDIO
Security™® RSA Authentication of First Stage Boot Loader,
AES and SHA 256b Decryption and Authentication for Secure Boot
TG 2x AXI 32b Master, 2x AXI 32b Slave
. 4x AX| 64b/32b Memory
Programmable Logic Interface Ports
(Primary Interfaces & Interrupts Only) Lkl
16 Interrupts
7 Series PL Equivalent| Artix®-7  Artix-7 Artix-7 Artix-7 Artix-7 Artix-7 Kintex®-7 Kintex-7 Kintex-7 Kintex-7
Logic Cells 23K 55K 65K 28K 74K 85K 125K 275K 350K 444K
Look-Up Tables (LUTs)| 14,400 34,400 40,600 17,600 46,200 53,200 78,600 171,900 218,600 277,400
Flip-Flops| 28,800 68,800 81,200 35,200 92,400 106,400 157,200 343,800 437,200 554,800
Total Block RAM| 1.8Mb 2.5Mb 3.8Mb 2.1Mb 3.3Mb 4.9Mb 9.3Mb 17.6Mb 19.2Mb 26.5Mb
(# 36Kb Blocks)| (50) (72) (107) (60) (95) (140) (265) (500) (545) (755)
DSP Slices 66 120 170 80 160 220 400 900 900 2,020
PCl Express® — Gen2 x4 — — Gen2 x4 — Gen2 x4 Gen2 x8 Gen2 x8 Gen2 x8
Analog Mixed Signal (AMS) / XADC? 2x 12 bit, MSPS ADCs with up to 17 Differential Inputs
Security!® AES & SHA 256b Decryption & Authentication for Secure Programmable Logic Config
Commercial -1 -1 -1 -1
Speed Grades Extended -2 -2,-3 -2,-3 -2
Industrial -1,-2 -1,-2,-1L -1,-2,-2L -1,-2,-2L
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Kintex Ultrascale Family

Space-Grade (Rad Tolerant)

Space-grade

Artix Kintex Kintex Virtex Virtex Zynq Zynq
UltraScale+ UltraScale UltraScale+ UltraScale UltraScale+ UltraScale+ UltraScale+

FPGA FPGA FPGA FPGA FPGA MPSoC RFSoC
MPSoC Processing System v v
RF-ADC/DAC v
SD-FEC v
System Logic Cells (K) 96-308 318-1,451 356-1,843 783-5,541 862-8,938 81-1,143 489-930
Block Memory (Mb) 3.5-10.5 12.7-75.9 12.7-60.8 44.3-132.9 23.6-94.5 3.8-34.6 22.8-38.0
UltraRAM (Mb) 0-81 90-360 0-36 13.5-45.0
HBM DRAM (GB) 0-16
DSP (Slices) 400-1,200 768-5,520 1,368-3,528 600-2,880 1,320-12,288 216-3,528 1,872-4,272
DSP Performance (GMAC/s) 1,860 8,180 6,287 4,268 21,897 6,287 7,613
Transceivers 8-12 12-64 16-76 36-120 32-128 0-72 8-16
Max. Transceiver Speed (Gb/s) 16.3 16.3 32.75 30.5 58.0 32.75 32.75
Max. Serial BW (bidir) (Gb/s) 393 2,086 3,268 5,616 8,384 3,268 1,048
Memory Interface Perf (Mb/s) 2,400 2,400 2,666 2,400 2,666 2,666 2,666
I/0 Pins 128-304 312-832 280-668 338-1,456 208-2,072 82-668 152-408

LN,

A7 //\( 7‘E 3

ety Doherant &
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Kintex Ultrascale Family

Space-Grade (Rad Tolerant)

Lab  Space-grade
~ " ~

KUu025(1) KUO035 KU040 KU060 KUO085 KU095 KU115
System Logic Cells 318,150 444,343 530,250 725,550 1,088,325 | 1,176,000 | 1,451,100
CLB Flip-Flops 290,880 406,256 484,800 663,360 995,040 1,075,200 1,326,720
CLB LUTs 145,440 203,128 242,400 331,680 497,520 537,600 663,360
Maximum Distributed RAM (Mb) 4.1 5.9 7.0 9.1 13.4 4.7 18.3
Block RAM Blocks 360 540 600 1,080 1,620 1,680 2,160
Block RAM (Mb) 12.7 19.0 21.1 38.0 56.9 59.1 75.9
CMTs (1 MMCM, 2 PLLs) 6 10 10 12 22 16 24
I/O DLLs 24 40 40 48 56 64 64
Maximum HP I/0s(2) 208 416 416 520 572 650 676
Maximum HR I/0s(3) 104 104 104 104 104 52 156
DSP Slices 1,152 1,700 1,920 2,760 4,100 768 5,520
System Monitor 1 1 1 1 2 1 2
PCle Gen3 x8 1 2 3 3 4 4 6
150G Interlaken 0 0 0 0 0 2 0
100G Ethernet 0 0 0 0 0 2 0
GTH 16.3Gb/s Transceivers(4) 12 16 20 32 56 32 64
GTY 16.3Gb/s Transceivers(5) 0 32
Transceiver Fractional PLLs 0 0 0 0 0 16 0
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Radiation Tolerant Kintex Ultrascale XQRKUO60 FPGA

& XILINX. " XaRkUos0 FPGA Data sheet

DS882 (v1.2) December 17, 2020 Product Specification

VVADO* & ViTis.

General Description

The radiation tolerant (RT) XQR UltraScale™ architecture-based devices extend the benefit of commercial
silicon with unique ceramic column grid array package, tested to stringent qualification flows like Xilinx®
class B, class Y test flows (QML compliant), full M-grade operating temperature range support, and
radiation tested for single-event effects.

TMR XQR Kintex® UltraScale FPGAs are high-performance monolithic FPGAs with a focus on performance.
MicroBlaze High DSP and block RAM-to-logic ratios and next-generation transceivers combined with space-grade
packaging to handle vibration and handling requirements during launch and operation enable a new
generation of high-density FPGAs for on-orbit reconfiguration, targeted for applications like on-board
processing, digital payloads, remote sensing, and many more. The Xilinx Space Secure Site provides access
to design guidelines and resources specific to space applications.

20nm
Programmable

. This data sheet is part of an overall set of documentation on the UltraScale architecture-based devices
LOgIC available on the Xilinx website at www.xilinx.com/documentation.

System Block RAM
Monitor

Summary of Radiation Characteristics for Kintex UltraScale
XQRKUO060 Devices

This product is intended for use in space environments and offered in Xilinx class Y, class B manufacturing
High-Speed High Range and process flows. Xilinx 20 nm UltraScale device technology is developed with innovative configuration

Serial High Performance memory and block RAM design for single-event upset (SEU) mitigation, with optimized SEU design rules
Transceivers 10s and strategic implementation of SEU enhanced cells. The Kintex UltraScale XQRKUO60 device uses more
than 40 proprietary, patented circuit design and layout techniques to reduce the SEU cross-section.
Block RAM includes embedded error detection and correction (EDAC) for high-performance SEU
mitigation.

Table 1: Radiation Characteristics \
Symbol Description Min Typ Max Units
TID Total Ionizing Dose (GEO) - 100 120 Krad (Si)
SEL Single-Event Latch-Up Immunity(1) = 80 = MeV-cm2/mg

Single-Event Upset in Configuration RAM

SEUcpaAM (GEO)2)(3) - 9.5e-9 - Upset/bit/day
SEUgram | Single-Event Upset in Block RAM (GEO)(2)(3) - 2.3e-8 - Upset/bit/day
Singie-Event Functional INterrupt Orbital
‘ SEFIcpamM Upsets/device/day

Upset Frequency - Configuration RAM - 4.5e-4 -
(GEO)(2)(3)
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Xilinx Space-Grade FPGAs

Virtex-4QV Virtex-5QV RT Kintex UltraScale
XQRV4QV XQRV5QV XQRKUO060
Radiation Hardness Tolerant Hard Tolerant
Process (nm) 90 65 20
Memory (Mb) 4.1t09.9 12.3 38
System Logic Cells (K) 55 to 200 131 726
CLB Flip-Flops (K) 49.1to 178.1 81.9 663
CLB LUTs (K) 49.1to 178.1 81.9 331
Transceivers None 18 at 3.125Gb/s 32 at 12.5Gb/s
User I/O 640 to 960 836 620
DSP Slices 32 to 192 320 2,760

In comparison with previous generation 65nm FPGAs, the XQRKUO060 has a reduced power budget
of 70%, while delivering a 12X increase in transceiver capability and 5X increase in logic cells. This
decrease in dynamic and static power dissipation is achieved by applying power reduction

strategies at every level.
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7 Series FPGAs Product Brief

—  http://www.xilinx.com/publications/prod mktg/7-Series-Product-Brief.pdf

7 Series FPGAs Overview (DS180)

— http://www.xilinx.com/support/documentation/data sheets/ds180 7Series Overview.pdf

7 Series FPGAs Configurable Logic Block (UG474)

— http://www.xilinx.com/support/documentation/user guides/ug474 7Series CLB.pdf

7 Series FPGAs Memory Resources User Guide (UG473)

— http://www.xilinx.com/support/documentation/user guides/ug473 7Series Memory Resources.pdf

Zyng-7000 AP SoC Product Brief

—  http://www.xilinx.com/support/documentation/product-briefs/zyng-7000-product-brief.pdf

Zyng-7000 All Programmable SoC Overview (DS190)

—  http://www.xilinx.com/support/documentation/data sheets/ds190-Zyng-7000-Overview.pdf

Radiation Tolerant Kintex UltraScale XQRKUO60 FPGA Data Sheet (DS882)
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	Slide 1
	Slide 2: Περιεχόμενα 
	Slide 3: Εισαγωγή στα FPGAs της Xilinx
	Slide 4: Οικογένειες 7-Series FPGA + SoC της Xilinx
	Slide 5: Αρχιτεκτονική 7-Series της Xilinx
	Slide 6: Configurable Logic Block (CLB) in 7-Series FPGAs
	Slide 7: Δύο τύποι CLB Slices
	Slide 8: Διάταξη CLB Slices
	Slide 9: Πόροι ενός Slice
	Slide 10: Πόροι ενός Slice
	Slide 11: Διάγραμμα ενός SLICEM
	Slide 12: Διάγραμμα ενός SLICEL
	Slide 13: Στοιχείο λογικής ενός SLICEL
	Slide 14: LUT 6-εισόδων με Διπλή Έξοδο
	Slide 15: LUT 6-εισόδων με Διπλή Έξοδο
	Slide 16: Πολυπλέκτες μεγάλου εύρους
	Slide 17:  Πολυπλέκτης 4-σε-1
	Slide 18:  Πολυπλέκτης 8-σε-1
	Slide 19:  Πολυπλέκτης 8-σε-1
	Slide 20:  Πολυπλέκτης 16-σε-1
	Slide 21:  Πολυπλέκτης 16-σε-1
	Slide 22:  Πολυπλέκτης 64-σε-1
	Slide 23: Αλυσίδα Κρατουμένου (Carry Chain)
	Slide 24: Αλυσίδα Κρατουμένου (Carry Chain)
	Slide 25: Flip-flops και Flip-flop/Latches
	Slide 26: Flip-flops και Flip-flop/Latches
	Slide 27: Δυνατότητες των Slice Flip-flops
	Slide 28: Control Sets
	Slide 29: Χρήση του SLICEM ως  Distributed SelectRAM Memory 
	Slide 30: Χρήση του SLICEM ως  Distributed SelectRAM Memory 
	Slide 31: Χρήση του SLICEM ως  Distributed SelectRAM Memory 
	Slide 32: Χρήση του SLICEM ως  Καταχωρητές Ολίσθησης των 32bit 
	Slide 33: Παράδειγμα SRL
	Slide 34: Προκλήσεις της Διασύνδεσης I/O
	Slide 35: 7-Series FPGA I/O
	Slide 36: Τύποι I/O
	Slide 37: I/O Electrical Resources
	Slide 38: I/O Logical Resources
	Slide 39: 7-Series Block RAM and FIFO
	Slide 40: 7-Series Block RAM and FIFO
	Slide 41: Single-Port Block RAM
	Slide 42: Dual-Port Block RAM
	Slide 43: Simple Dual-Port Block RAM
	Slide 44: Σύνοψη των Block RAM Configurations
	Slide 45: Block RAM Cascading
	Slide 46: Ενσωματωμένο Error Correction
	Slide 47: FIFO (First-In, First-Out) 
	Slide 48: 7-Series DSP48E1 Slice
	Slide 49: 7-Series DSP48E1 Slice
	Slide 50: Simplified DSP48E1 Slice Operation
	Slide 51: Χρήση του DSP48 για άλλες λειτουργίες
	Slide 52: XADC και AMS
	Slide 53: 7-Series FPGAs Clock Management
	Slide 54: 7-Series FPGA Clock Regions
	Slide 55: Zynq-7000 Family Highlights  (NewSpace + Cubesats)
	Slide 56: Το PS και το PL ενός Zynq-7000 AP SoC
	Slide 57: Zynq-7000 SoC Family
	Slide 58: Kintex Ultrascale Family Space-Grade (Rad Tolerant)
	Slide 59: Kintex Ultrascale Family Space-Grade (Rad Tolerant)
	Slide 60: Radiation Tolerant Kintex Ultrascale XQRKU060 FPGA
	Slide 61: Xilinx Space-Grade FPGAs
	Slide 62: Βιβλιογραφία από την Xilinx

