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We discuss the architecture of a device based on the concept of assonarme memory designed to snlve the track ﬁndmg problem,
t}rplcal of high energy physics experiments, in a time span of a
“machine” is implemented as a large array of custom VLSI chips. All the chips are equal and each of them stores a number of
“patterns”. All the patterns in all the chips are compared in parallel to the data coming from the detector while the detector is being

read out.
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for ATCA fabric
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56 Gb/s —— QSFP+ <a—
1Gb/s X 56 pairs 10Gb/s x 19 pairs :

19 QSFP+ [t—p

13

10Gb/s x 13 pairs

Local

24 Gb/s x 2 AAl

1Gb/s X 24 pairs x 2 A

19

QSFP+ a—p

13

QSFP+ |a—>»

QSFP+ -—»

Bandwidth requirement || Available Bandwidth
33V || Optical to AUX card 23 48
1% Optical to SSB 4.3 6.0
1.0V ATCA Fabric 5.7 10
Local Bus 19 29
Inter-Crate 14 20
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Data Shar

ing JO00000

CLUSTER
FINDER
MEZZANINE

CLUSTER
FINDER
MEZZANINE

CLUSTER
FINDER
MEZZANINE

CLUSTER
FINDER
MEZZANINE
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3D CAM

VIPRAM project (@ Fermilab)

All the clrcuitry neCessary
to detect one road.

i
:
m
:

Fig. 3. Associative memory architecture,
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CAM

e Contents Addressable Memory (L/ L7 [J[J [T)

- 1)doodugoo2ygooudoouodoooodn
— Network Router U U OO0

matchlines
stored word 0 A\ PR
stored word 1 _
3 match
o .
. Q |log,w location
bit
stored word w-2 S gl
stored word w-1 -~

—~.searchlines

search data register

* n bits

search word

-~ CAMUOUOUOOooOoooodood

 CAM-hit, CAM-CELL

e JUOOOOOOOOODO Associative Memory
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CAM bit 7

Word UOO 1 bit00o0ooounnnnn
 Flip Flop
e OO0

Data Input | |‘|I i

(1 b it) EpEpE o I_L ore] |LIL|;L-*' IIIII of] .Lh:l:ll o]
D O Il — B —

D Q

Cell 0 word FF

PR OOQU
oOrOrO
OrRrEFLOQ

Configure >
Flip-Flop
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CAM Cell L7

Reset
(CAMbit1 == ''D
CAMDbit2 e
CAM bit 3 e > Flip-Flop “
CAMbit 4 s

1 Word (] 4 bits D000

Cell 0

Layer 1

(

Fr
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CAM Cell [J Majority Logic

CAMCell | || CAMCell | || CAMCell | | CAMCell
K L2 [ L4

-

—_'—I_'n—_:| | —
f%_ =
r;..{' [y
] [} ' z
3 = ¥—; =
=
—fi
v,

FF

- ; T [I - 1
1 =2 ’ i I
WJ"Iﬁ e
b L1 HIRH

i i | =

L I —!I o

ee) L : r :

) i ; L =

I
|

il
S _-Li_—|

1111111111

Fig. 3. Associative memory architecture.
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2D [J 000 (AMChip04)

AMChip04 : 2D Chip for ATLAS FTK

CAM CELL (CAM bit x width)

CAM bit

Chip IZL1 75k
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AM pattern vs Performance

' Coverage and Efficiency|<1) |

0.4 — — Coverage
03] — Efficiency

u : [ | | | | 1 | [ | | | | | | 1 | [ | | | | | | | [ }(1 DE
0 100 200 300 400 500
Bank size (per region)

00 oo oot) dodn
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AM OO0000 (1)

CAM Cell = 1.8 x 53 um?
e Match Line
Fp—pre . /
SL L.[SL, SL, | [SL, / SL,
M1 soe i
Lo o [ IR
T | ErjmtE %mtﬂ
T Ui 65nm CMOS T3

53um (18CAM-Dits for 18-bit bus width 4ANAND, 14NOR)
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AM O0O0000 (2)
8layer 10O0D0O000 ety

(Pixel x 3, SCT x 5 I Track Finding)

53um 63/76



AM Chip OO0 (3)

 AMChip04 prototype 3510 um
(for ATLAS FTK) s 1 T
— 128 blocks X
—128 x 64 tracks = 8k 5
—2 W @ 100 MHz

* Production Type

—12mm x 12mm
— 80k tracks




Track Pattern

__—— Each Vertical Column:
i All the circuitry necessary
to detect one road.

Layer 5

Layer 4

~— Each Tier:
= m /A 2-dimensional

o ONE

Layer 3 |-

30000

v Track Pattern (0 0O 0)

v layer OO0 OO0O0O0O0O0O0O0O
(OO0 ordnm)




3D 00 CAM Cell

£ For 2D

Matchline
¢ 25 um I
i
TCAM TCAM 4 i
15 10 {1t %Is h‘! '1".1 "’5
55s-
s
Match O<gp®
e =
P
plus 8250 i E
Support A o O O
Logic =, 8o g i e R -
; 3 TR 1111 1T "". :
; T%M E . : - mim FEEEN FEEAN E=EEN R ‘h L ":
5 i l‘m (i1
- 1 ?H H !'Islilgﬁgigig &E!T‘I u"ni

130nm Global Foundries Low Power CMQOS
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3D 00 2D [0 proto type

Horizontal Route Area

&
2D Approximation of 3D Diagonal Vias

v 25um x 125um
CAM Cells (4 Layer) + 1 Majority Logic
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e 3D [J[J[] CAM Cell [J [T ]
—5.5mm x 5.5mm 5.5mm
— 1 50000 Cells

— 10k track patterns
(4 Iayer track)

: #i%ii%i"ihiuihiiﬂdii&iinﬂa

-3DUUL

50k track
(0000

‘nin’iiiiiiiiiiiiiiii!iiiiiiiiiii&
’ln.mcq&agqmmnt_mmmmu

3f’*!**!??#f’?ﬂ“!*’i“i#?!ﬂ
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(PID e/whty, P)

Q|

- Each Vertical Column:
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FJt
L. 3

Graphical Processing Unit
[J] Tracking [J 00
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GPU for Track Fitting

e Graphical Processing Unit (GPU) L7 [J []

-~ oo @Euodootd)yood
e JULOUOOOULOUOLOObOOUOLDOububobougbood

-t bobotdboboobogtddnn

Transmitter
(Detector)
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Track Fitting Speed

Data transfer + copy + calculation latency (fixed input and output size)

—o—— Algorithm on GTX 285
= Algorithm on GTX 590 CPU
——e— Algorithm on Tesla M2075
= Algorithm on CPU

latency (u S)
w w
o a1
o o
| R
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100

50

|
N
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0 2000 4000 6000 8000 10000 12000 14000 16000
# fits

~Ins/fit 0000000 GPUOOO (/0 obset 00 0)




Track Fitting Speed

Data transfer + copy + calculation latency (fixed input and output size)

—o—— Algorithm on GTX 285
= Algorithm on GTX 590 CPU
——e— Algorithm on Tesla M2075
= Algorithm on CPU

latency (u S)
w
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o
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100
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2000 4000 6000 8000 10000 12000 14000 16000
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~Ins/fit 0000000 GPUOOO (/0 obset 00 0)

(@} ==



General Purpose TDAQ

General Purpose
Trigger/DAQ System
with MASSIVE parallel
processing & pattern
recognition power

Patterns ~ Billion / shelf
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