Design of 32-channel TDC Based on
Single FPGA for uSR Spectrometer at CSNS
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L Introduction

The use of nmon's spin propasties o study the properties of materials =
called Muoe Spin Rotation, Relzmation and Re:ceance (uiF) tecknolegy. w&F.
tecmology has an imeplaceshle role m sdving the micostrochoms and
properties of meterials, especially micro-mametic proparties. An sxperimsntal
pmom souroe i being bailt in China Spallation Meutron Source (CEME) now At
the =ame time, 2 128-chanmel uSP specirometer a3 Chire's first pfR
specTomster is heing d=veloped.

Thi:z w3F. specrometer uses 3 doukle ring smocture with &4 detectors placed
i font of md behind the ;ample. Maon's lifetime cam be obfmined by
measuring the pesitron's flight time The time spectrum of pSF. an be obtzined
Ty fitting the curve of posifren count rate with fime md then can reveal the
imternal phrysical srocmure of the sample inforvetion. In order to measure the
pozitron’s flight time, z]-dnmal'[‘me—m—[hgml(}ommfmc]u
mplemented i a iling Virtep-§ Fisld Prograrmahble Gate Amay (FPGA)

II. Design and Implementation

A Design Method

This TDC wses Shified-phase Clock Sampling(SCE) method The exarnal
clock is rmiltiglied by two P1Ls to generate sight 200ME clocks tht heve the
:ame Tequency bt a diference of 213 dagress benwesn the two adjacem
clocks the imput sizmel cam e routed to 16 Sip-fops, with § fip-fep: beinz
activated by 8 clock rising edee and the other 2 flip-flops beinz activated by B
clock falling edze.

. Tha most sigifican effect on the linsarity of TDC bin: is the time skew of

zizmal roting to flip-flops. In order to mimirize time skew, the Look-Up
Tab]ﬁCLUT‘ i FROA are used 25 shown mFig 1. The inpet signal i routed to
16 flipflops after four sases of LUT: mnd these LUT: are placed
rrmperically in the sams slice colmm. After sufficient area constraints and
timimg constraints, the time shoew can ba redoced to 2 few picozeconds.
B TDC Design — . O —

Fizure 7 is the schamatic of ane TDC chemsl. The inpus sigral is roused to Figd of i2chameal TOC anf ceclral oghe 22 gl TROA
16 flip-flops driven by 16 shifiad-phaze clocks with minine] time skewy, the IIL Test Resulis
vahee of fiip-flops iz encoded into 2 4-it binary code 25 2 fine cowt and then W tasted the time measwement performance betwesn the start charmal and
the fine count is zent to the hit-buffer with coarse count The data i= fimalhy omz of the stop channels. The test method & to generate the periodSc start sigmal
starzd i the readowt FIFQ affer pessing through the trigger counter Becauze mﬂ;mpmb}wngmmﬂmmm_q the FWERM
the time meaomrement @nze is raquired to reach himdreds of mucrozeconds, precision is equal to 36%1lps Change the time imternal to do mwltinle
the comrse comuter & a 16-bit counter driven by 200MHz clock, so the tme mesrenents 1 100 ps steps. After 17 times mezsuremernts, the worst B
measgement fange i up to 327w The sngle-chanee] detector may recaive 385.8ps. So the FWHM precision of singls chanmel i better tham
fﬁmﬁe% 2 mﬁ;”ﬁ TDC iz desiznad to Emﬂﬂ;&m 385.8/v3=0T3ps. The fitting corve of expectation with fput times intervel is

= 2 -iusfer up to 512, The frigger counter can be configred 2 i 3 i et B2 5 o] . ]
tringer or irternal selftrgeer to docids he data i reserved shonn in Fig 5, the comelation coefficient £ is cloze to 10000 {0 95092089

'C. FPGA Implementation.
Thizs TDC comtaivs a start cherns] and 32 stop charnels. Schematic of 32-
«chzzmel TDC and comtrol Jogic in a single FPGA ix chown in Fiz, 3. 34bit data
af each TDC, inchuding 20kt timse data, 26bit time tag and Shit migzes cont, is
packazed into G4bit after cherms] coding and then stored in the FIFO, and
'uploaﬂaimimaccm_lmnm@}%ﬂtrm_h&yhlEﬁmtA
T-bit chiarmel coding is msed 25 the idemtification mewber for each chammel
TDCs confizuretion saction mchadss chaneel shislime, time window setting
znd smor defection. Chenna] shisldms, time window are wed to sslect the
chommel and time range of interact to the user Emor detection is used to reset

inchoding the self-checking and Digital o Anelog Comverter (DAC) threshald
far sach chams], The fromt-end slacoronics periogically simmlars te detector
aiznals and the FPGA also gemerntes perindic pulse sisnals when self-chacking.
On the ane Femd, the entire electromics system cam be tested whether it can
work nomually without the detector connectsd, o the other hamd, the delay of
zach charmel can be calitmated. TG and control lagic can be confizured in real
time by DAG,

T

amd to record the menber of rigger sigmals, The tme g is usad to record the
moment when the hit signal iz detected
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IV, Conclusion

In thiz paper. 2 32-charms] TOC is tmplementsd in 3 single Xiling Vireg-§
FPCA to measure the pesitron's flight time of p3F. Specromster at CENE. This
TDZ hi2s 2 dead time of 5ns and has the abdity to sore wultipls hit epals ma
short time and the measuring rmnge = op to 327m. The FIWHM precision i
betier than 273ps md the lmeernty 1= pretty.

Fiz.1 Timz dkaw & meinimingd by inzarting LUT:. Fig.2 Schoeertic of one TDC chamnol
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