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é cnes Forecast :

» Background : final year internship « Comparative Evaluation of SEE Immune and
reconfigurable FPGAs

» Part of the roadmap “ reconfigurable payload " (MTRV)

» Comparaison of two SEE Immune and reconfigurable FPGAs :

AMEL - &7 XILINX

- The tools and the FPGAs
- From a " user point of view "

CNES feedback on the ATF280E



Ccnes The two FPGAs -

Single Event Effects Imnmune Reconfigurable FPGAs

La
o
¥

» The “ SIRF ” from Xilinx
(SEU Immune Reconfigurable FPGA)

» The ATF280E from Atmel Corp. \

-Not ITAR and European -ITAR and American
- Available (Engineering samples) -In development (avail : dec 2010)
- Same as AT40KELO040 (capacity x 7) - " Hardened by design Virtex-5 VX130T "

— SEU hardened memory points. : = No XTRM, no scrubbing.
Available in QML-V :

-TOOLS : :  .TOOLS:

Synthesis : Mentor Precision :  Synthesis (XST), place and route are
Place & Route : IDS Figaro :  integrated into one tool : Xilinx ISE

CNES feedback on the ATF280E



é cNnes General features :

ATF280E SIRF
« ASIC Gates » 288K gates “1,3 Million gates ”
Number of .
Core Cells / Slices 14 400 Core-Cells 20 480 Slices
User Ram 115,2 Kbit 10 728 Kbit
Clocks 8 Global and 4 Fast 32 Global networks
Maximum frequency 100 MHz internal, 50 MHz system 550 MHz internal, 250 MHz system
Cores voltages 1,8V 1,0V
Packages MCGA 472 CF1144
User I/O 308 max + LVDS 1/Os com version. : 840 Single Ended Pins
Standards I/O CMOS, TTL 1,8/3,3V,No 5V =~ 25 standards (1,2V/1,5V/ 1,8V / 3,3V)
andaras Tolerance 8 LVDS Receiver/Tranceiver
Die size 225 mm? 146 mm?
+
RocketlO GTX Transceiver, MAC Ethernet, PCI Express,

MAC DSP, 2 PPC440 (not hardened)
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Ccnes
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Virtex-5
ATF280E 1 5
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Logic capacity of the two FPGASs :

B SIRF

OATF280E

LUT inputs

LUT memory

Flip -flop
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é cnes Process comparison

ATF280E : 0.18um CMOS technology | Virtex-5 : 65-nm (triple oxide process)
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AFUFXX - VV34 - Lot AD492BA #13

AT58KRHA (180 nm - 6 metal layers) Virtex-5 (65 nm -12 metal layers)
same as ATC18RHA ASIC
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é cnes ATMEL ‘s development tools

— Many difficulties encountered with the Atmel’s tools

— The comparative evaluation of the two FPGAs has turned into an
evaluation of the Atmel’s tools

CNES feedback on the ATF280E



é cnNnes ATMEL ‘s development tools

| 5-Stage Debug Debug |
| Integer unit [ Support Unit| | Serial Link :_b
\
| { D-Cache ‘ I-Cache ‘ ‘ s
‘ MMU \
: I AMBA AHB :
‘ I | ] ‘
‘ Go?t:?ﬂer G%i?:c?lgr ALBAAPR AEE&ZEB ‘
\ UARTS || Timers || IqCtrl | | 110 port \
— Leon2 = less than 40 K gates in an Asic
Synthesis :
Comb cells - 110% .. .
— The same design in the SIRF (commercial
Seq Cell 15 % version Virtex-5 FX130T) consumes 6 % LUT
and 3 % Flip-Flop

Why does Leon not fit into the ATF280E ?

CNES feedback on the ATF280E



é cnNnes ATMEL ‘s development tools

And what about “Leon with no DSU” ?

r— - - - - - - - — - "/ — -/ —/ T_ - - 1
| ) 5-Stage |
: _ Integer unit ™ : |
| = D-Cache ‘ |-Cache ) >
| MMU | 7
: I AMBA AHI : T
S m—— | | il
AHB Memory AMBA APB AHE/APB -
| Controller Controller Bridge | : o 0 |E
| UARTS || Timers || IgCtrl | | /O port | gﬁ j !
- - - . . oo o0 O 1 H| i im H !
8/16/32-bits memaory bus gut i
K
‘ PROM ‘ ‘ 7o) ‘SDHAM‘ ‘ SRAM ‘ : H;}-_ i
Hi %n
HEH
Synthesis :
. (o)
Comb cells : 82 %
. (o)
Seq Cell 12 %

Place & Route : failed
Number of Cell Contentions : 588
Number of Net Contentions : 3675 It does not fit ...

CNES feedback on the ATF280E 10



Ccnes

VHDL or
Verilog

|

HDL parsing
(syntax errors)

v

Generic Synthesis
« generic gates »

v

Optimization

v

« Mapping »
technology cells

v

Netlist
| .edf

ATMEL ‘s development flow

CNES feedback on the ATF280E

MENTOR Precision Synthesis

Mapping

v

Place

Route

v

Bitstream
generation

v

bitstream I

ATMEL Figaro IDS
AIMEL
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é cCNes The Macro detection problem : example

A
For example, B & \\ ) ¢

from this simple function s

cw—l ) P

... the tool should e
- : S,D .

recognize ‘ -
H|5

Macro « FGEN2R »

one Core Cell



é cCNes The Macro detection problem : example

A% P
For example, B G

from this simple function _ [

el ) >

AL o

... the tool should E T A

— Kl

recognize ‘ 1
H|5

Macro « FGEN2R »

... butinstead, —

=]

=z o
[LuT ]
LUT

recognizes

—fLK g

Macro « FGEN1 » Macro « FGEN1R »

two Core Cells
+ routing resources



é cnes Atmel development flow : main issue

VHDL or !
Verilog
l . ] Mapping
HDL parsing "Automatic IDS Macro detection
(syntax errors) and mapping" v
Generic Synthesis This macro detection is Place
« generic gates » partial and wastes
v combinational logic of the FPGA !
Optimization Route
|
« Mapping » ¢
technology cells Bitstream
generation
= '
Netlist I bitstream I
| .edf ]

MENTOR Precision Synthesis

CNES feedback on the ATF280E

ATMEL Figaro IDS
AIMEL
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é cnes Atmel development flow : other issues

VHDL or
Verilog l
<«— No Post - Mapping simulation
i No timing optimization Mapping
HDL parsing
(syntax errors) Lots of " routing Core cell " |
| implemented by the tool [
(instead of routing resources) Place

Generic Synthesis

« generic gates » . .
l No die area allocation i

for specific functions
Optimization

Route
i Incomplete Area report |—
« Mapping » . v
technology cells The to?l is buggyand | Bitstream
not user friendly (docs ...) generation
v '
Netlist I « Double parenthesis bug » — Sitatroar I
| .edf ]
I I
| I ; I
S MENTOR Precision Synthesis ATMEL Figaro IDS
sis AIMEL
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é cNnes Core Cell Waste : example

A lot of Core Cells
used as “routing
Cell ©

- S

Core Cell
used for
feedback

B | . 2 e e

CNES feedback on the ATF280E
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écnes Part B : designs implemented

» Space Wire UK VHDL IP (with the LVDS drivers)

-
n h I . rx_l vl tim_dout o Lim_clout
= s s tim_firead tim_nres
g m my

Combinational Cells : 4.3% SR B e
Sequential Cells 1% E — :

err
erv_par sate
P R . gotClime
u got_nchar
activ

| fot_ful Tx FIFO
it

Logic Core Cells (512) e T
+ 1 ( ) : 0 dat_nvrite [ dat_empty det_rnite [-— det_nmrite
Routing Cells (138) : 4,5 % » >

* A recursive filter + 2 serial/parallel converters

Svynthesis :

i - S .
Combinational Cells : 1,76% t* w e
Sequential Cells : 0.86% Iﬁ

P&R : [’_4@ >

Logic Core Cells (377) E
1 . 1) £
+ Routing Cells (92) :3,3 % _]@ T‘ ]

Max freq : Up to 50 MHz

CNES feedback on the ATF280E

dat_din dat_cout [l dat_dout
dat _full clat_nread 4—— dsi_nread
dat_nwerite dt _empty — e dat_empty



écnes Part B : designs implemented

* Leon_mcore ( No DSU / code in bprom.vhd / IO access only)

T Synthesis :
SRR HE i : HEHE Combinational Cells 56.3%
T L Sequential Cells 8 %
' i P&R :
L Logic Core Cells + routing cells 73,7 %
k
i i
.
HER — 3 hours of Place and Route

CNES feedback on the ATF280E
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é cnes lllustration of the routing cell issue

S ——

|||||
RSN RS NEpEN | SN —— N P— . L1
||||||

“Leon_mcore”

(Place & route OK,
the design works)

Green spots = Core Cells used as “routing cells”

CNES feedback on the ATF280E 19



é cnes lllustration of the routing cell issue

.....................
—_— . ' @ @ @0 11 N1
H LT TR N P

S ——

|||||
—_— v ] (1
||||||||

= 27,5 %

L il L ’:::.' 3955 routing Core cells

. ” 14400 Core cells
Leon_mcore

(Place & route OK,
the design works)

—_—- PR I EEEE— T ) L] LI B N A ]

Green spots = Core Cells used as “routing cells”

CNES feedback on the ATF280E
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é cnNnes Anillustration of the issue reported by KDA :
(Clk & Clkn of the mcore design)

— Large clocks skew in the clock trees in the case of a design containing
derived clocks

— Figaro does not report correctly the timing problems

CNES feedback on the ATF280E
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é cnNnes Anillustration of the issue reported by KDA :
(Clk & Clkn of the mcore design)

_____________________________________________________________________________________________________________________________________________________________

---------------

.....

The net “clk” (the main external clock)

The net “clkn” (the derived clock)

FPGA
GCK1
pad clk
l clkn

CNES feedback on the ATF280E 22



illustration of the workaround found by KDA :

...........................................................................................................

he t “clk” (the main external clock)

GCK1
pad

GCK2
pad —
CNES feedback on the ATF280E

FPGA

v

clk

clkn

v

The net “clkn” (

external now

)
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é cnes Conclusion :

— Technology gap between Atmel and Xilinx (eg : routing resources)

— Nevertheless, Atmel FPGAs have a real potential (not ITAR, availability)

- Poor documentation and immaturity of the tool

— Space FPGA Designer appears to be the root cause of limitation
and waste!




é cnes Conclusion :

Will the tool support up the next Atmel ‘s FPGAs ?

Kilo gates
600 —"j
-
500

300

200 "o o)
<

100

0 T |

AT40KELO40 ATF280E ATF450



Ccnes

CNES feedback on the ATF280E

Thanks very much,

Do you have any questions ?

26



é cnes

CNES feedback on the ATF280E

Add-On Slides
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é cnes Anillustration of the issue reported by KDA :
(Clk & Clkn of the mcore design)

The net “clk” (the main external clock) The net “clkn” (the derived clock)

CNES feedback on the ATF280E



Primitives inferred for

*cNnes

Add-on
Slides

Table 6 describes the dynamic macros available in the PSLI library.

Table 6. Logical Function

Logical
Function Description
f th . FGEN1 n input function generator (1 £n < 4)
or ? m?ln x FGEN1F n input function generator with combinatorial feedback (1 = n < 3)
com bl natlonal FGEN1FT n input function generator with combinatorial feedback
glue of a deS|gn . followed by tri-state buffer (1 < n < 3)
FGEN1R n input function generator followed by a register (1 =n < 4)
x—) no recognition x FGEMN1RF n input function generator with registered feedback (1 <n < 3)

FGEN1RFT n input function generator with registered feedback followed by
Of those macros tri-state buffer(1 = n< 3)

FGEN1RT n input function generator followed by a register and
tri-state buffer (1= n<4)
FGEN1T n input function generator followed by a tri-state buffer (1 =n < 4)
FGEN2 Two n input function generators (1 <n < 3)
FGENZ2F Two n input function generators with combinatorial feedback on

1-output(1 <n < 2)

FGENZ2FT Two n input function generators with combinatorial feedback followed by
tri-state buffer on 1-output (1 £n<2)

FGENZ2R Two n input function generators with 1-output registered
and the other combinatorial (1= n=<3)

(See slide 12 )

XX XX

FGEMN2RF Two n input function generators with 1-output registered
and feedback (1<n<2)
FGEMNZ2RFT Two ninput function generators with 1-output registered,
tri-stated and feedback (1 = n< 2)
FGENZRT Two n input function generators with 1-output registered
and tri-stated (1 £ n < 3)
FGENZ2T Two n input function generator with 1-output tri-stated
(1=n=<3)
x MGEN™ Two 3-input function generators
x MGENR Two 3-input function generators with 1-output registered
MGENRT Two 3-input function generators with 1-output registered

and tri-stated

MGENT Two 3-input function generator with 1-output tri-stated

Note: 1. The MGEN macros are special case macros (typically used in multipliers) with an
upstream AND gate feeding the Look-Up Tables.

CNES feedback on the ATF280E

combinational Logic : the "second mapping” step

for the main
combinational
glue of a design :

|:|—> Mapping of
those macros
only.

29



é cnNnes Cause of the partial macro detection : which mapping ?

Potential recognition of a FGEN2 Potential recognition of a FGEN2R

at the “synthesis mapping step” : at the “Place and Route mapping step” :

FGEN2

CNES feedback on the ATF280E



Primitives inferred for St

Ccnes

combinational Logic : synthesis step

The Leon2 design :

700 -
600+
500_/ +Atme| E FGENI1
4001 black boxes
AIIII L 300 1]
’ 200+
100+
0 .-
FGEN1 (Only)
3500 - : = LUTT
2000 | mLUT2
OLUT3
2500 - O LUT4
2000 - mLUTS
®
2 XILINX™ 1500- aLute
[}
1000 0O MUXF7
500 - B XORCY
0 A

Slice LUTs

CNES feedback on the ATF280E 31



Add-on
é cnes Mappings : between Mentor and Atmel Slides
VHDL or
Verilog
+
Mapping
Verified Examples : AImEl
Y )
Example 1 : —» FGEN1 — FD FGEN1R
Example 2 : —» FGEN1| | FGEN1
", | FGEN1
Example 3 : —>» FGEN1 T95Y]
- o “"FGEN1|
xample 4 : FGEN1| | - Tep FGEN1— FGEN1R
’ "_,|FGEN1
Netlist
.edf
CNES feedback on the ATF280E 32



é cnes

-
S
-

File  Edit “iew Library  Timing

<

Core Cell
Mame: (58,61

Status: Fouting

Contertion: [
Grid: (58,61

Toolz

h SO E E bopen Map Bras bcompile

Cox

Input Mets: [-0-

Output Mets:  [-0-

Instances: |-D-
Clocked:

QOFE: BS09 MO

o

o
o
o

DooDoDoDOoD
DooDoDoDoD

oo
oo
oo

ot

oooOD ODODD
ocoobooDOD ODOODD

O OB D
L oooe o

Options

incomplete Area report

=y Figaro Design Stats. Viewer: top_iir_para.sts

Fil=  Edit Help

y‘ EI|§H éf:| || M| ?| !|j‘|§efaun(ﬁxed)
FIGARD STATISTICS FILE

Date And Time : lundi 7 septembre 2009 at 2:
Device Type : ATFZ80E-MCGAR4T2
Figaro Version : Atmel ids9.0.1lc

Design Statistics for
Design Step : Bitstream

top_ilr_para

Mumber of Macros :
Mumber of Nets :
bumber of Fins :
Average Pins per Net
Mazimum Pins per Net :

bumber of HNets :

Number of Logic only Macros

Number of Logic Cells :

Bumber of macros with EAM

Bumber of RAM Cells :

HMumber of I0 Macros :

Humber of IO Cells

Number of Flip-Flops :
HNumber of Gates :
Humber of Macro Wires :
Humber of Route Wires :
Mumher of Buses :
Local Buses @
Express Buses :

13:28

177
3bS
1445
3.96
102

0 unrouted
365 routed

0 unplaced
167 placed
386 used
0 needed
14014 frees

0 unplaced
0 placed

0 used

0 needed
900 free

0 unplaced
10 placed
10 used
0 needed
948 free

134
243
0

9
1619
92B
693

Add-on
Slides

AEE
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Ccnes

700 -
600 -

500
400 -
300 -
200 {
100

Sequential logic = 15% of the
FPGA

ATMEL

Y ®

(There is no Clock Enable

on the Atmel ‘s flip-flops)

CNES feedback on the ATF280E

Add-on
Slides

1400 B ED
1200 - B FDC
1000 - O FDE
800 -
600

400
200
0

Slice FF/latches used = 3% of the
FPGA

2 XILINX'

34




é cnes

Essais LEON2 : implantation d’1 I’'lU

Add-on
Slides

Synthesis :

Combinational Cells : 30.06%
Sequential Cells : 3.88%

P&R :

Logic : Core Cells (3641)
+ 343 Route Wires used = 27,6 %

P
B '

CNES feedback on the ATF280E
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é cnes

Add-on

Atmel clock distribution (src : ATMEL) Slides

Global & Fast Clocking

FCK1-2 {

CGK1-CGKs8 {

Sector Clock Mux

Plane 4

Expre ss\-\\

Bis

A

Repeater

jl\ l'jﬂ.ﬂt_’. k

Signals

Global Clack

Lirne

CNES feedback on the ATF280E

8 Dedicated ‘Global Clock buses’

r‘

Individual ‘Global Clock’ line feeds
all the logic cells in one column

GCK1 to GCKS3

Distributed across a special high-
speed bus (top edge of the FPGA)

= => FPGA distribution <1 nS
‘Global Clock Pad’ connection

Each column of the array has a
Column Clock selected from one
of the 8 ‘Global Clock’ buses

4 Additional ‘Fast Clock buses’

F‘

Only for the right/left most
columns of the array

FCK1-2 to left-side I/O
FCK3-4 to right-side I/O

Each sector column can be
clocked by

Plane 4 ‘Express bus’
Global Clock column
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Add-on
Slides

The ATF280E Core Cell

[TTTrCy oy LOIIT
— \ 1
X L Y
P, 4 2 X w v
Fo ! N S N/ Yo/ LY
I | s N I I
axq LUT s LUT S| ! E—
: - I_\ L |—
: V1 —{ va—{30— va—33— va—{— w5 —{50—|
H—3— m@% I-E_QEQ\ He (& Hs 50—
\—Fass Igates—’/
1" OEy OEy L
RESET/SET| &E?
L
X = Diagonal Direct connect or Bus
Y = Orthogonal Direct Connector Bus
x ¥ W = Bus Connection
Z = Bus Connection
NW HNE SE SW N ES W

CNES feedback on the ATF280E

FB = Internal Feed back
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é cnes Virtex-5 from Xilinx : Architecture

Virtex-5 = generic logic blocks + dedicated hard IP “

cout couT couT couT

I_CLB R . i }_::IE ______ 4___1
| sice | | Sice | |
| XMyt | x|
I | I
I || I
I'| Slice I Slice I
|| xovd : L] xavi :
| |

| CIN oN b CIN cN |
____jeour __jeout  __ __ COUT__ _|couT_
[CLB | | CLB i
} sice | || sice | |
| Xvo | q Xvo | |
| I |
| |1 I
| Slice 1| siice |
} XY : } X2Y0 :
\ - W= ___

cout cout
rcfi _________ B
|
:> Slice(1)
Switch SLICEM
Matrix

::D Slica(0)

Virtex-5 "CLB" = two Slices

CNES feedback on the ATF280E

Add-on
Slides

:?:1 Fiesat Type
i e
I oA
e — = LY
= I nl:F_l;.qu.EE ] 7
D6 [o——AB g EFRAMELES I;—D:
MM DEAE 06 aFE
e o L 1 ! In-: =
024 aFMM O o2t :
[t ] A1 DFCM  yra; — e Eiﬁdﬁr
|—{ vear-wae R L
—] ez =
— vea
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— T —
o 0 {3 CHLE
i
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05 A o s
ST MR T - uFr
B B o= I IS ol e
Cf [ A1 TRCH u:s- e :%:F:\‘:r
. a
M :m;m * ""sn Aev
[ e |
1. | I
BIL ] T T 5 {2 BMUX
[iF
B T A8 posrames nEkE
B | A6 mEPrAMEYE —a
MO MEEE © T T i
B o A3 uﬂ-lfd o T EE]| Hiae] g =l
=N -
= = o arow e — e 5%1:_?
| [ew o
T mm * 558 Rev
[ vz
ax
o
o 1 5 > ALK
ik ]
s e
: DOFRANEYT
as o ae pEETilRes —’—]D_ E 4
MM OSALT 08 T T OFF
e ot o 3 IS o
e LER=T T ]
A o A GHCH ucat _[]—: FHce agmaan
L vane e ok mEROW
Loz T
s —
A |
= il i
= - Ly
—
oL d
oK
wssen ]
e ﬁ—-t [WE =

SLICEM

Xilinx logic block : the "Slice
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Add-on

é cnNnes Comparison Slides

ATF280E / Virtex-5 FX130T

Equivalent = 5 TE[;I_ PRODUCT (Regitered) e | .
elementary A ( PRODUCT e U L;;} -
. c s | 6-LUTes .
logic cells D i andior .
=5 CARRY ]

Q

1 ATF280E Core Cell Y4 of a Virtex-5 Slice

Contents of the
FPGA . 14 400 Core Cells 20 480 Slices

(4 LUT + 4 FF)

(2LUT +1FF)

- =1, Quantity of LUT inputs r= 8,53
ios ° . - uantity of LUT memo r=22,8
Ratios : r = Virtex-5 Q y ry
ATF280E J
™ [ Flip-Flop number r=>5,58
S

clk

CNES feedback on the ATF280E 39



é cnes SIRF Radiation Goals (src : MAPLD 2005)
Total Dose > 300 krad(Si) (requirement)
> 1 Mrad(S1) (goal)
Dose Rate
Latch up > 1x 10" rad(Si)/sec
Upset > 1x 10° rad(Si)/sec (requirement)
> 5x 10 rad(Si)/sec (goal)
SEE
Latch up none up to LET > 100 MeV-cm”/mg
Upset threshold LET > 40 MeV-cm”/mg,
error rate < 1x 10™"° errors/bit-day (requirement)
threshold LET > 100 MeV-cm®/mg,
error rate < 1x 107" errors/bit-day (goal)
Functional ~ threshold LET > 40 MeV-cm*/mg,
Interrupt error rate < 1x 10™"° errors/bit-day (requirement)

CNES feedback on the ATF280E

threshold LET > 100 MeV-cm*/mg,
error rate < 1x 10 errors/bit-day (goal)

Add-on
Slides

40




Add-on

é cnes SIRF Virtex-5 packaging Sl

SIRF : CF1144 (35x35 mm, high lead balls, MSL1)

— Pitch : 1.00 mm
— Solders balls : 0.60 mm @
— maximun 1/O : 960
- User I/Os -840 :
- Differential 1/0 Pairs - 420 i
— Die size : 146 mm? = :
— Die Thickness : ? e i
,-i-_" : A
Underfill Epoxy Fiip Chip Aluminum Heatspreader . E fees
. SoderBumps Themal Adhesive “ v
‘-\.‘_ |I | __. .--:. ;
/ L S it

Solder Colum Ceramic Multilayer Substrate

CNES feedback on the ATF280E 41



Add-on
Slides

é cnes Pictures for pleasure” : Advanced 90-nm process (Virtex-4)

Src : Xilinx

- 11-Layer metallization

10 copper + 1 aluminum

- New Triple-Oxide Structures

Lower quiescent power consumption

~ Source #" Drain
Metal Metal
Connection Connection |

Virtex(220nm)

Virtex-E (180nm)
Virtex-ll (150nm)
Virtex-llpro(130nm)
XPLA3 (350nm)
CoolRunner-Il (180nm)
Virtex-4 (90nm)
Spartan-3 (90nm)
Spartan-3E/3A (90nm)
Virtex-5 (65nm)

CNES feedback on the ATF280E
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