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Motivation Method Used Implementation

« Smallest programmable elements of an FPGA, Look Up Table (LUT), are
« Adelay line composed of N delay elements is used used as delay elements

» to have high channel density, high ]
: o Y « Each delay element has a propagation delay of T .

resolution, low power, lower costs; LUTs and the dedicated carry chain line in the FPGA form the delay line

 Required delay elements: N = Measurement Range /t

 to replace ASIC based TDCs
(HPTDC) on the previous board,
thus remove dependencies on
availability of the ASIC-TDCs;

« System clock is used as the STOP signal and state of the delay line is

* The propagation starts at the rising edge of the START signal sampled in the registers

* The situation of the delay line is sampled with the STOP signal

e @200 MHz, 5 ns measurement range, minimum ~245 delay elements needed
e Measurementresult: T=n*t
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Architecture of TDC Effects of FPGA Architecture

The resolution of the TDC highly depends on the uniformity of the propagation delay between the delay elements - GREAT care with placement is necessary!
 LUTs are programmed as Full Adders Comse
HIT
* Hit signal starts the propagation ) Large propagation delays between the PFUs cause ultra Non-uniform routing between some LUTs cause some Routing architecture causes non-uniform bin pattern,
along the delay line N - Sl - R0 wide bins (UWB) wider and empty bins which cannot be avoided
VL < S o =< S oK cLK
4<C—
LUT b FF b b FF 4 From
« System clock samples the state of Rl gy Sl o = Sl . AEE - wr H wr  wr Hwr Hwr wr |- o
the delay line TR TR 5 f | 7 % Vg * piiily | * iy ¢ gy | * gy * g ‘ﬁ ¢ &
:8 : : l -§ Channel 8 ? | D-FF i i D-FF . - -
. l‘i T;ne : e out D-FF L Slice 3
* Encoder is used to convert the result i3 : A b L i
. il ' ' ' D-FF e
to binary number SR o oFF ll
Wl L o] | eet—— D-FF
« Results are saved in memory (FIFO) — Bl e - | |
. . —r -t ] ps Bin width histogram of a channel with shorter routings
with a time stamp from coarse _ 12000 - = wean <1053 _
counter with 5 ns granularity Architecture of a TDC channel o000 ] E: e s000 |
% 3000—- :E: 5000—-
Hit 1 0 1 0 1 0 1 S 1 = £ 4000
8 6000 ob= o e u i o 5 .
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ; 4000 - Bin width histogram of a channel with longer routings é 30007
Ci=0 Co[0] Co[1] Col2] Co[N-2] 1 . b= =
—» FA |—| FA |—] FA |-oa....000 » FA | — _ = L 2 2000 1
2000 ;jé: 1000 —
Sum[0] Sum(i] Sum(2] su"*\m] ° 20 40 80 80 100 120 140 160 180 %: M\MWW\WJW % ‘ M} “hmm ‘ H | m N ‘ M M ‘ O e Ao A1 42 45 44 45 46 47 48 49 50 51 52 95 54 55 8o 87
Bin Numer g3t o IR | LA o Namber

Delay line created by a chain of Full Adders
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