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Choice of Front-End FPGA

ECAL/HCAL Front-END Card : FEPGA functionalities reminder

Integrated Design Environment :
= IDE Actel Libero
m Debug tools : Identify, Silicon explorer (Actel antifuse only !)

Axcelerator family (current Front end FPGA)
m Device architecture reminder
= Layout: Front-end FPGA firmware inside AX250

PA3 family
m Device architecture
m Example of Front-end FPGA firmware inside ASPE600
m Estimation of needed resource in PA3 family
m Possible target
m Compilation inside possible target
m Possibilities of migration inside PA3 family

Summary table (price, resources, ..)
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FrontEnd PGA functionalities :

reminder

¢ 4 functional blocks :

m The first one processes
the input ADC data, which

needs to be re-synchronized

(each ADC has its own
clock), and processed to
remove the low frequency
noise and to subtract the
pedestal

= The second block
produces the trigger data
converting the 12 bits of the
ADC to 8 bits

Trigger data (16 bits @ 80 Mhz )

Neighbours data (up to 32 bits@ 40 Mhz)
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mThe third block is in charge

of storin

the data (80 bits

er FE-PGA) during the LO
atency, andto send it u
upon LO-Yes to the SEQ-
PGA

LHCb FEB note : Christophe, Frédéric, Jacques, ...

mThe last block permits
injecting test values at the
input, in_place of the ADC

values, in order to check the

proper behaviour of the card.
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Actel Libero : Integrated Design Environment

Actel FPGA : Radhard
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Debug tools : Silicon Explorer - Identify

Identify : (free)

Silicon Explorer :
In-system debugging tool for Actel's flash devices

Integrated verification and logic analysis tool

for antifuse devices ONLY E—
l Synthesize
Silicon Explorer shortens the FPGA design R — |
verification process by providing a tightly \ Working HDL Place and Route
integrated suite of tools and capabilities that l
enable rapid isolation of functional and timing
problems e ety
| | |
Import ot Triager
There's no need to relayout, recompile, or o Condi
redo any part of your design to complete the ~ | |
verification process. nsiramentation Harowars.
| |
Christophe, Frédéric and Jacques are expert ! Identifv implementation : .
. Neegyto rpecompile and < oo pesan et
relayout a part of your design |
(incremental option) e
* Use logic and RAM block of \ _ Design
the device M ]t - et

*Read data spyed by JTAG _
Figure 1: Identify RTL Debugger Design Flow
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Axcelerator Family device architecture
(antifuse technology)

Basic cell : SuperCluster T~
~
7
[ | [7x] ™ | [ TX|
CII|C||R CIIC]||IR
(] (o] [Nw] [ | \
: N / \
Figure 1-4 » AX SuperCluster Cluster -
2 X C-Cells
Independent Buffer 1 x R-Cell

2x TX (Transmit buffers)
2x RX (Receive buffers)

/ FCI \4

A[1:0] —
[_3 D— pseT [—Q
B[1:0] —— E—O
D[3:0] —— C-cell Y CLK —
DB CLR
CFN — ?

(Positive Edge Triggered)
FCO

Combinatorial cell Register cell
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Axcelerator Family device architecture
(antifuse technology)

Axcelerator Family FPGAs
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RAMKC| 5 | 5 | 50 | s | 5c | ¢ |AD| & | sc | ac | sc | = | & fhaximum Flip-Flops 1,344 2,316 5,376 12,09 21,504
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manc| sc [ s [sc [ s [sc | s [Roy S
RAMJ,' RAMC| St 3 3 3 o % |AD| 5C = s 3 Clocks (Segmentable)
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Figure 7-6 » AX Device Architecture (AX1000 shown)
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FEPGA firmware inside AX250

Compile report:

Family : Axcelerator

Device :AX250
RAMBIlock Package : 484 FBGA

|Os Banks 1Su perCIuster Post-Combiner device utilization:
« SEQUENTIAL (R-cells)
—— | 0T 0 e oo OO D . L — Used: 1249 Total: 1408 (88.71%)
e S —————————————————sessemes—* (_ OB (C-cells)
o o OO O s Used: 2181 Total: 2816 (77.45%)
T o msoArmrT : o om0 B R TN N AW MR Semenesneel. | OGIC (R+C cells)

: i ATy Ry - : e~ CE WD DT D e T : Used: 3430 Total: 4224 (81.20%)
e R T e T 'eNNTTTY pkamam : : — ST : e RAM/FIFO  Used: 12 Total: 12
e i — : e —— : : e : DmmemEnD . . : : - 10 w/Clocks Used: 148 Total: 248

: . : : - . - e t—— - - - - e CLOCK (Routed) Used: 3 Total: 4
e — . T ———— . : . — f° PLL Used: 2 Total: 8

i P TN g NI N TR : ; o TN e TR N NN TR NNNANTTTT AT i§* Inputl/O Register : 0
........ D= DeD 0 EIRETIE D e = CCsOeD DOCE e OeD 0 ille Output 1/10 Register; 0
T SR 28 T o o N W M O o, R o W o MW N o N TN LW MWW M NN N R I W @ DDR Register 0
: B B i ; ] e — S e Comb-Comb(CC) : O
— . . B BRI B [T =81 B S A O O 4. Cary Chain 65
s - : : ; —————— q - : e e 4//O Information:
(R He e ] |, (e e |NPUL Pads : 63
doo=m =D O O O O O amy O d O oD OeEs OO EsD 0 e e Output Pads - 84
e ; : ——— : arammn e - - - —— #. Bidirectional Pads 1
e e . =0 . T — - Differential Input Pairs : 0
e : : - Differential Output Pairs : 0

M‘ —
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ProASIC3 Family device architecture
(Flash technology)

Basic cell : VersaTile _ _
Each Versatile can be configured as :

(by programming the appropriate flash

/ switch interconnections)

« A three input logic funtion ~*AD-flip-flop * Alatch
‘ (with or without enable)

v v {
LUT-3 Equivalent D-Flip-Flop with Clear or Set Enable D-Flip-Flop with Clear or Set
X1 Data— Y Data — —Y
X2—{ LUT-3|—Y CLK—> D-FF CLK —p> D-FF
X3 CLR— Enable —
car —

Figure 1-2 = VersaTile Configurations

% Olivier Duarte FrontEnd LHCb upgrade April 7-8h 2009 OF LACGAERATEUR



ProASIC3 Family architecture

A sea of VersaTile

(Flash technology)

|IOs Banks

/

/

/
(|: 00000 0000000000000 O0O0O0O0O0OO0O0O0O0O0O00O0O0OO0OoooO0O0Oooaon _ccc
gl I I I I I I | I |13 RAM Block
= I || I || Il || || | I = 4,608-Bit Dual-Port SRAM
o H o or FIFO Block
u] m]
D D - - -
o = PLL and Clock Conditioning
o |t 5 / Capabilities
u] 1 m]
o o< Pro 1/Os
m] (m]
o\ o
o o :
o e VersaTile
u] m]
: :
a || I I I I || || I | I o RAM Block
o] I I I I || I I | |[ e 4,608-Bit Dual-Port SRAM
g ;i or FIFO Block
g . User Nonvolatile g
= /ISP,&.ES Decryption ElashROM Charge Pumps o
I:|E|I:|I:IE|E|E|E|I:|E|E|E|E|E|E|E|E|E|E|I:|E|E|E|E|E|I:|DDDDDDDDDDDDDDDDE‘

Figure 1-1 =

ProASIC3E Device Architecture Overview

(HSG
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40 Mk

I Christophe’s codg

Example of FEPGA firmware inside

=]

E

PA3E: A3PE600

Compile report: x 1.6 (R+C Ce”S)
* CORE(VersaTiles): Used: 5374 Total: 13824 (38.87%)
e 10 (W/ clocks) Used: 147 Total: 270 (54.44%)
< Differential 10 Used: O Total: 135 (0.00%)
e GLOBAL (Chip+Quadrant) Used: 6 Total: 18 (33.33%)
< PLL Used: 2 Total: 6 (33.33%)
« RAM/FIFO Used: 16 Total: 24 (66.67%)

Family : ProASIC3E
VersaTiles Device  : A3PE600
\ Package :484 FBGA

Occupancy
rate




Estimation of needed resources in ProASIC3

Curent FEPGA

family

Futur FEPGA

Futur FEPGA

4 Channels 8 Channels 8 Channels
(AX250) (PA3 Family ?) (AX 500)
(BackUp solution 1)
IOs 148 ~ 260 317 (FG 484)
(Jacques calculation 1) 336 (FG 676)
IOs Banks 8 8 8
4 is too few considering 10s
diversity (GBT, ADC, ...)
RAM Blocks 12 -
(LO Latency 26 Packing (~24)
Derandomiser) Test RAM (~2)
3430 (R+C Cells :
Cells (~ 537(4 Versames)) ~ 11000 Versatiles 8064 (R+C Cells)
PLL 8 (used: 2) 17? 8
I0s : 96 ADC + 32 Trigger + 48 neighbour + (58 ou 28) GBT + 21 Divers = 253 ou 225
Packing : 96 bits during N samples if N=1024 => 24 Blocks RAM
Olivier Duarte

FrontEnd LHCb upgrade

April 7-81 2009
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Possible target in A3P family

[ A N A N

CoreMP¥ Devices

Cortex-M1 Devices

System Gates 15,000 30,000 60,000
Twpical Equivalent Macrocells 128 256 h12
WersaTiles (D-Flip-Flop) aE4 TEE 1,536
Rafi kbits (1,024 bits) - - 18
4,808-Bit Blocks - - 4
FlazhRCui Bits 1,024 1,024 1,024
Secure [AES) ISP ' - - Yes
PLLs = = 1
Versahlet Globals™ B B 18
/0 Standards Hgiédslwaép Hggdéwaép St
[f0 Banks (+JTAG) 2 2 2
Maximum User 170z 43 81 L]
Speed Grades -F, 5td, —F_,ft_g., —F_,ft_;l.,
Temperature Grades C, | G C, LT
Single-Ended 1/0s f Differential 1/O Pairs

DEE 34

QhBE 49 49

k132 &1 B0
Wi100 i |
T4 a9
P208

Fiatdd e
Fia2he

Fiadid

125,000
1,024
3,072

3
&

Std.+

133
-F, Std.,

B4
71

100
133
a7

250,000
2,048
&, 144

36

Std+f
LWDS

157

-F, 5td.,
A, 2

Gl T

5719
EE113

151734
9724

157,38

D Hiazeaso MIA3P400  M1A3PE0D

00,000

2,216
b4

151434
97125

17838
194438

7A3P1000
H1AIF1000
1,000,000

400,000

13,824 ¢
108
24
1,024
es ez
1D
18 18
Std.+f Std.+f
(RHN LD
s+ @K D
235 300
-F, 5td. | -F, &td.,
-1, -2 -1, -2
| Z, 1, T,

154435
725
177443
236460

154735
9725

1.5V core
operation

A3P1000
Pb number of bank !

4 is too few considering 10s
diversity (GBT, ADC, ...)

% Olivier Duarte

FrontEnd LHCb upgrade

April 7-8h 2009
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Possible target in A3PE family

ProASIC3E Devices A3PEGDD

Cortex-M1 Devices

Swstem Gates a0 ,000
YWersaTiles (O-Flip-Flap) 13,824
Rén kbitz (1,024 bits) 108
4,608-Bit Blocks 24
FlazhRown Bits 1,024
Secure (AES) (5P ez
Integrated PLL in CCCs' g
Versahlet Glabals® 18
[/ Standards Pro
[/0 Banks (+JT&G) &
Maximum User [F0z 270
Speed Grades -F, 5td., -1, -2
Temperature Grades o
Single-Ended 170 [ Differential 1fO Pairs
P08 147165
Fi525a 1ah /79
Fi5324
Fi5454 270,135
FiEeTe
Fi58%6

A3PE1500

Good candidat !

A3PE3000
M1A3PE3000
3,000,000
75,264
h04
112

M1AIPE1500
1,500,000

38,400
270

1,024 1,024
es es
¢ > 6
18 18
Pro Pro
;
444 ]
-F, 5td., -1, -2 -F, 5td., -1, -2

C,

C, |
147165 147/8h

221110
341/ 168

280,139

620310

(HSG

Olivier Duarte

FrontEnd LHCb upgrade

April 7-8h 2009

*1.5V core
operation
* Bigger than A3P

A3PE3000
» Oversize
» Pb of price!
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Possible target in A3PL family

ProASIC3L Devices A3P250L | A3P60OL

Cortex-M1 Devices

System Gates 250,000
WerzaTilez [[-Flip-Flop) f,1d4
R&A kbits (1,024 bitz) 36
4,608-Bit Blocks 1
FlazhROdh Bits 1,024
Secure [AES) 5P fes
Integrated PLLs in CCCs 1
Wersahet Globals 1a
[F0 Standards Std.+sLWDA
[f0 Banks (+JTAG) 4
Mhaximum User 170z 157
Twpical Static £ Flazb*Freeze Power [miif) at Wee=1.2 % 0,32
Speed Grades Std., -1
Temperature Grades |
Single-Ended 1/0s [ Differential 1/0 Pairs
W00 B 13
P08 151,34
Fis1d4 9724
Fis2he 15738
Fiadzd
FiadE4
FiE9s

A3P1000

00,000
13,824
108
24
1,024
Yes

1
18
Std.+/LVDS
4
235
0.66
std., -1

C, |

15435
97/25
177143

235460

Pb number of bank !

AZP1000L

00,000
13,824
108

A3IPE3000L

1,000,000
24,578
144

>
18 18 18
Std.+/LYDS Pro K
daimwi— |
C 3> 270 620
1.06 TEA 3,30
Std., -1 Std., -1 Std., -1
il
154735 147 /657
97425
17744
2217110
2707135 411165

(HSG

Olivier Duarte

FrontEnd LHCb upgrade

April 7-8h 2009

Low power 1.2
to 1.5V core
operation

4 is too few considering 10s
diversity (GBT, ADC, ...)

A3PE3000
» Oversize
* Pb of price !
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Compilation inside possible target :
A3PE1500

Compile report:

Family : ProASIC3E

) , e . . CORE Used: 5374  Total: 38400 (13.99%)
Christophe’s coden —f=s Device  : ASPE1500 10 (W/ clocks) Used: 147  Total: 280 (52.50%)
== Package :484 Differential 10 Used: 0 Total: 139 (0.00%)
g Bl e 225 FBGA GLOBAL (Chip+Quadrant Used: 6 Total: 18 (33.33%)
) PLL Used: 2 Total: 6 (33.33%)
RAM/FIFO Used: 16 Total: 60 (26.67%)
Low Static ICC Used: 0 Total: 1 (0.00%)
FlashROM Used: 0 Total: 1 (0.00%)
User JTAG Used: O Total: 1 (0.00%) Occupancy

rate




Possibilities of migration inside A3P _Family

ProASIC3 Devices A1P01'i A?PUSO A'%POIE;U A1P12"'r A"'IPE'iO A1P400 JP 60 AZP1000

CoreMP7 Devices

Cortex-M1 Devices _—-- M1A3P250 Mlgratlon pOSS|bIe inside
System Gates 15,000 30,000 60,000 125,000 250,000 the same family :
Twpical Equivalent Macrocells 128 256 B2 1,024 2,048 °Fr0m h|gher '[O m|dd|e
WersaTiles [[-Flip-Flop) 284 ol 1,536 3,072 6,144 ) .

R&f, kbits {1,024 bits) = = 18 36 % density device

4, 608-Bit Blocks - — 4 B 8

FlashROW, Bits 1,024 1,024 1,024 1,024 1,024 1,024 1,024 1,024

Secure [AES) ISP ! = = Yes Yes Yes Yes es es

PLLs - - 1 1 i 1 1 i

Yersahlet Glabals” 6 6 18 18 18 18 18 18

|#0 Banks [(+JTAG) 2 2 2 2 4 4 4 4

Maximum User 1/0s 49 21 9 123 157 194 235 300

D e R IR T T T Rl It

Temperature Grades 1l C, g I T C, LT (o T | | C, 0, T, A

Single-Ended 1/0s [ Differential 1/O Pairs

M48 34

M&E 49 49

Q132 g1 B0 B4 8719’

W00 i 71 71 G813

o144 a9 100

POZ08 123 151734

Fi314 el a7 724

FG256 157/38"

F484

Migration possibilitiy between family :
* A3P1000 <-> A3P1000L except pin Flash freeze.
» A3P3000 <-> A3P3000L except pin Flash freeze.
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Axcelerator

» &

A3P Family

Summary

b

VersaTitles or BlockRAM VersaTitles or Resource used with | Prices
Package Pins |IOs Max |IO Bank R Celis (4608 bits PLL R Celis C _Cells FEPGA fi PU for 1000
C Cells Blocks) used mware (U for 1000)
AX250 484 FBGA 248 5 RF_Cell: 1408 12 5 F_Cell: 1249 F_Cells: 89% FUHT € 42 55
C_Cell: 25816 C_Cell: 21581 C _Cells: 78%
- 1487 24803
AX500 484 FBGA T g 16 3 E_Cell: 1249 (x2) PUHT £ 69.8% \
= C_Cell: 2181 (x2) Curent
(FGOT] FEPGA
A3P1000 484 FBGA 200 4 24576 a2 1 53490 2y |- 22% VersaTitles FUHT € 26 90 4 Channels
- 147 1300105
A3PE600 484 FBGA 270 g 13824 24 & 5374 2y |- 40% VersaTitles FUHT € 2940
- 147§ 270105
A3PE1500 484 FBGA 280 g 38400 80 & 5374 B2y |- 14% VersaTitles PUHT € 92 10
- 147§ 270105
(FEETE) 444 FUHT € 3370
A3PE3000 484 FBGA 241 g 75264 112 G 2374 2 |- 7% WersaTitles FUHT € 198.10
- 147§ 341 103 %
(FEE05) G620 FUHT € 213.30
A3P1000L 484 FBGA 00 4 24576 32 1 5345 B2y |- 22% VersaTitles PUHT € 4940
- 147 300105
A3PE3000L 484 FBGA 241 g 75264 112 G 5345 2y |- 7% VersaTitles FUHT € 222230
- 147 1341 10s %
[F805) 520

(HSG

LIBERO PLATINUM X 1 PUHT € 2495

For 8 Channels
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FEPGA firmware inside PA3:
A3P1000
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FEPGA firmware inside PA3E :
A3PE3000

LIBERO PLATINUM X 1 PUHT € 2495




FEPGA firmware inside PA3E :

rHCh

A3P1000L




FEPGA firmware inside PA3E :
A3PE3000L




