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HASH architecture idea

In MAPS, depending on the operating conditions, a significant part of the power consumption may be used to communicate the hit
pixel address to the periphery. A common solution employs a bus shared among the pixels belonging to the same physical
column, where each pixel writes its address, in a radix-of-two basis. This approach, and its variations, are an example of early
encoding, where the pixel transmits its complete address. This approach is usually not directly scalable, as the number of
communication lines and their topology depend on the matrix size.
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Mathematical justification

A thorough preliminary study has been done to find the best projections
to use for this purpose.
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A theoretical alternative would be to directly connect each pixel to periphery through a one-hot line. This way, the periphery

must reconstruct the pixel position by looking at the physical position of the wire brining the hit information. Such an ideal
arrangement would allow for simpler pixels, and easier addressing (for reset and configuration). It can be thought as address

writing in radix-of-N, instead the standard radix-of-two. We refer to this approach as late encoding. Clearly, this approach is
impractical, as modern MAPS pixel density makes it impossible to route all the metal lines such an architecture would require.

An hybrid approach may use something in between, exploiting projections: if there are some lines shared between pixels, the
address can be communicated through single bits and be reconstructed in the periphery. This algorithm is lossy; depending on

the number of projections, reconstructions might be wrong. By adding more projections, the number of wrong cases drops.
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A formalism has been created, electing the projections that maximize the
reconstruction capability by looking at the couterimage of the projected 0 2 k| 00 0
bits. 2
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Pairs of projections are ranked as:

e Optimal when a single hit is always reconstructed correctly by using 1

only these two projections;

e Suboptimal when it is possible to make a mistake trying to

reconstruct a single hit;

e Trivial when the two projections provide the very same information.

-}
SN)
b
O]

0 1 1 2

N}
(%
'

0

0 i : | 2|8 ;.

0 0 1 1

(S)
()
o
o

0 | 2 3

Several projection representation in a 4x4
matrix. The numbers show the projected value,
while colors represent different projections.
Looking at red addresses we see that green
and blue projection are not optimal.
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7 e Reduce power consumption
6 e Maintain good rate capability
5 e Have a scalable architecture for blg matrices When the matrix is even, only three optimal
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architecture was developed, simulated and verified in system-verilog. Several Monte Carlo simulations were run to validate this
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_ _ _ (add p_rOJec_:tlor?s) device in various conditions and various flavours.
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integrated with the standard placement tools (Synopsis): for each pixel the o In-pixel From a power point of view, pixels are extremely simple, hash
lqorithms determi th £ vi it dinalv to it tion in th N-piXel memory DVVE wret
algorithms determines the correct vias setting accordingly to its position in the Cluster | th propagation is not power hungry (a hashing line consumes ~ twice a
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across the whole matrix. o Loss prone but faster depending on spatial, power and speed constraints.
The future
The periphery was completely developed, simulated, and tested for : : :
various possible faults. In the current implementation, all addresses are T_he ar(_3h|teCture has been thoroughly studied by using Monte_ Ca-rI-o
tested, and wrong addresses give an empty signal accordingly. simulations. The rate performances are good for many scientific N [
| | | | applications (space physics, also some high energy physics). Power FR
Many further flavours (e.g. without address testing, with self-reset, or with ti " f : . We f t let | 8 2005 ¥iss
possible fake hits are envisioned and can be created by changing only consumption esilima K_)n 'S_ _promlsmg. € loresee 10 complete place g |k _ieHlaes
slightly the current implementation. @d route and a tentative silicon run. / g 100
O
0 . —
5 10 15 20 25
Hits per frame
Matrix Pixel Aspect Hash line | Data line %100' % Mise
p|tch ratio Speed Speed Efficiency as a function of rate & 80- A Mg
= < GMizs
A 50 um |512x512 |26 nslcm | 7 ns/cm 00T T 1T 1T % g ] r
90 - e &
£ 201
B 50 um | 128x2048 [ 10 ns/cm |7 ns/cm a5 | § o i I
C 10 128x2048 | 26 ns/cm | 7 ns/ £ 70 : 5 " e ) i
The automata of the periphery readout and reset machine in Hm X ns/cm ns/cm = 1001
the current implementation. This flavour is hyper safe and § 60 - X 3 I _f:/:zs
reliable, prevents any digital collision, but could be further Th iri th dif { t rati d vixel si g P - F sz
optimized in terms of speed. ree matrices, with different aspect ratio and pixel size, = _ 3 60 L
are foreseen. Line speed deduced from technological 50 3 nl i ok
libraries (110 nm) % s =
40 A 2 20
) —
01 - —— T
; ; 30 X 5 10 15 20 25
1 7l 767 1.‘. = Q_‘ X Hits per frame
LS R0 @ "@_ 105 108 o Mathematically, the performance of a set of projections can be computed by
Il : i D (’ : ‘1 : | o Rate [1/s cm?] looking at the percentage of wrong addresses (first plot), the percentage of perfect
AR (; |- = Q b_ Rate capability for a 50 um pitch square matrix (A, square matrix) reconstruction (second plot) and the percentage of ghost readout when address
THE I ﬁt‘b P {I/ O HM P que ,2q ' are evacuated (third plot). Here five different matrices, with slightly different sizes,
i & ery high efficiency until ~ 1 MHz/cm~. . ) .
1:4|5 4]16:4|7 4 Q three or four projections and suboptimal sets of projections.
i 0 I 2 !
‘1323’,::3{3 Q r@__ Q_r
3:2|5:2 (, 2172 Q DD Ctj T Y Efficiency as a function of rate Efficiency as a function of rate
; 1 '> 16 1 (T 1 @ Q__T Y 100 X X XXX ><><><><><><><><>S< 100 1 X XX X X—;
| D §) i '
1 0[5 0]6 0|7 0 d Y v ><><>< 1
I () | 2 T{‘” 4
0 7]17[2:7]37 qj oAl 80 - X 80 i
}) { 31U | :
0 6|1 6[2 6|3 6 Q 4\?__] s < 3 1
) ( T () st — 60 A
05/15/25[35 Y @ Y Q S 60 - 9 xx
! ) §) ) i 8 8
0:4{1 4[{2:4]3 4 Q v = X 8 upd X
| 716
0:8]1:3]2:3|3!3 Q L 40 A
2 3 | 5 mvrm e -
0 2[1 2|2 2|3 2 Y Q o U [« Y U 1 20 -
1:7]2:0(3:1]4
0 1|1 1]{2 1|31 Q - £ ><>< | 0
0:0]1:1]2:2]3
0 0]1 0[20{3 0 ¢ @1 106 ' 107 108 '
Rate [1/s cm?] Rate [1/s cm?]
Hash projections in Guid_e for Guide for Guidg for In .most diago_nal Rate capability for a 50 ym pitch rectangular matrix (B,16:1 aspect ratio matrix). Still Rate capability for a 10 um pitch square matrix (C,16:1 aspect ratio matrix). Much
current connection of P connection of P, connection of a bits, a peculiar very high efficiency until ~ 1 MHz/cm?. higher rate capability.
implementation projection projection diagonal projection operation, named

hook, is needed




