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Motivation
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1st [evel trigger : Coincidence of detector signals

» Cherenkov detectors play important role.

2nd level trigger : Trigger based on time-of-flight

» High-resolution time-of-flight information is

necessary.
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Motivation

Present 2"4 level
trigger system

 Slow (10 ps order) | ¢
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« Complex
« Old

New trigger system
« Fast (100 ns order)

« Simple

Supported by Grant
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FPGA based
high-resolution TDC mezzanine card

Development of FPGA based HR-TDC is
main motivation of this project.

—— Trigger controller module

(Mother module)
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In general, the common issue in our research field is that
no GOOD common-stop type high-resolution TDC exists.

We must overcome this problem for future experiments.

,—— Trigger controller module
~| (Mother module)

Supported by Grant
Bems (TP BEWE) K5
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Developed hardware i .
o'pen |t

Hadron universal logic (HUL) controller module

HUL mezzanine cards

VME J1

Today’s topic is
implementation of HR-TDC
into Xilinx Kintex7 160T on
HUL controller.

* 64ch ECL/LVDS inputs
* Two mezzanine slots

This project is technically

supported by Open-It.
http://openit.kek.jp/project/HUL/public/hul

GbE : SITCP (VME communication is not supported)
» Powered by J1 or AC adaptor (5V)
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Principle of Tapped Delay Line HR-TDC ) t ¢

Tapped Delay Line (TDL) e

» Pulse runs on TDL

Hit Deley
-t -t - " V"
D-FF
- >> >> >> >> >>
Sampling
clock

D-Flip-Flop captures the snapshot of the pulse running on TDL.
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Implementation of TDL into FPGA % " c)
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Implemented logic

— Tapped delay line
NN NN
Remapping (192 — 64 taps)
Leading edge finder
Binary encoder
520 MHz v
—————— Crock domain crossing |————-—

130 MHz 1

Calibration table

Ring buffer

(15.8 us length)

Event build process

Pulse run =00 o seucecownunst mmmemon

11111111111111000000000000000
1111100000

0000100000

5 :Fine count
+

Semi coarse count (2bit)
+

Coarse count (11bit)

32ch HR-Timing unit and DAQ functions were
fully implemented into Kintex7 160T.
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Distribution of delay time + ¢
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Delay time (dT) is not constant.
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Calibration of TDL ) .
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Tap number (RAM address) Calibrated data (RAM data)
RAM >

A 4

Switch LUT table
if the other is ready.

RAM +1 at addressed register

A\ 4

Accumulate Ox7ffff events,
and after that, create new table.

Tap number histogram ) Calibrated look up table
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Calibration of method J .
@renit QP

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

» Use detector signal.
» Corresponding to that the clock sampling of the detector signal. The detector
signal must be random.

» Use clock.
 The TDC clock is 520 MHz (f,,) and calibration clock is 26.2144 (f,;,)

o N*(Fopmpie/Foaip) = N*(20*57%13)/(220%52) = N*(55%13)/21
« 2048 different clock phases appear
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DAQ functions
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if clear was received. Trigger module

Data transmit
if L2 was received.
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Performance
evaluation
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Timing resolution J .
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Timing resolution better than 30 ps (o) achieved for all the channel !
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Double hit resolution

Input pulse

Double pulse could be
measured with 100% efficiency.

2ns 2ns

2ns

18 20 22 24 26 28 30 32
Leading edge timing [ns]

In principle, double pulses with quite
short interval can be measured .
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Double hit resolution i‘t GP
epen

Input pulse

et Measured timing distribution

High-resolution multi-hit TDC was successfully developed.

We overcame HR-TDC problem in our field !
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Leading edge timing [ns]

In principle, double pulses with quite
short interval can be measured .
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ToDo

en source consortium of Instrumentation

Implement both leading and trailing edges measurement.
« At present, 8ch leading/trailing measurement was achieved.

Implement HR-TDC to FPGA on mezzanine card.
» Separate HR-TDC part from the DAQ functions.
» Customization of DAQ functions can be easy.

New mezzanine card for HR-TDC
(Same FPGA is mounted)

Future possibility

» Synchronization with master clock
* Implement as free-run type TDC
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Summary peni‘l‘. ¢
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« Develop the 2" level trigger system using FPGA based HR-TDC for the K* selection in
J-PARC experiments.
* Furthermore, FPGA based HR-TDC solve the problem that no good HR-TDC exists in

our research field.

« Tapped delay line HR-TDC, which realized by carry line, was implemented into Xilinx
Kintex7 160T.

« 32ch HR-TDC unit and DAQ functions were fully implemented.

* The timing resolution better than 30 ps (o) was achieved for all the channel.
« The double-hit resolution was at least 8 ns.

« We overcame the HR-TDC problem by this development.
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Backup

SNP A7 — /L2017 @& B

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

20



Nedge % 1/26.2144MHz [ns]

Periode of 520 MHz

Principle of calibration using clock. i+ ¢

eoen
0 300 300 00 500 T000 1300 T300 T600 TR00 3000

e S Sy S S Sy S Sty SthnpeS gy S0
i T T T T i !rz T
"'""'MrEﬁ';';:gru.?"""rmE{'ggiin.:""'mufl"""nuu.!:"mnu.i{""ﬁimE{""Mmﬂ""'mH}""'m ;ﬂ"""'m!.rﬂ'"'alla:"'

r
iy e
i g g ot i i gy g g g i g il i
N
lijg g i g g g il ety esliyy 'Im. i iim.lllu sl iy

T000
Nedge » 1/520MHz [ns]

ﬂMHNWWMHHMHmH

001 0012 0014 0016 0.018
Time (Phase) difference [ns]

=1
=
(]



LUT Entry dependence of timing resolution

Timing resolution of chO-chl (NIM)
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Bit length dependence of timing resolution penit ¢

w
|
|

S
:c.
|
|

Time regolution (o), [ps]

2980 ||||||| ..... o Tu ..... o |1 ..... o 1 ..... o |—T

) i S ................... ......... ................ —

S
=)

I!I'
|

<

4__ ........................................................................................................ & _

=

b
"
i

Lk
=
I|I
|

Timing resolution of chO-chl (NIM)

0 2 4 6 8 10 12
Bit shift

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Timing resolution of ch2-ch3 (ECL)
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At present, lower 8bits are
discarded.



