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Zinojuma izklasts

Architecture and operational principles of the TET

TET implementation and housing

An example of application software for the TET
Estimation of the TET performance parameters:

sInterval non-linearity errors

sInterpolator nonlinearity estimation

Measurement uncertainty for short and long intervals
*TET precision dependence on temperature without calibration
*TET precision stability in temperature with recalibration
*ADC values deviation in temperature

sInput to input offset drift in temperature

*Single-input offset drift in temperature

TET full specification
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Block diagram of the True Event Timer (TET)
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Taimera ierice

The timing module board
with on-board computer
Raspberry

Assembled True Event Timer in the Hammond enclosure
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PielietoSanas programmas piemérs

B Irig B Time Control

-

Sample program for TET applications

ETM TEST

ettt - [ amc ] - [see |
Dev. Nmb  |005

Flags lm SEBE.?— .
e Temperature sensor readings

e . ]

!
READ_SCAL SAVE_SCAL 19 WDD ZDD SDD ADD EDD EDD ?DD BDD SDD WDDD 11DD 1ZDD 1SDD 14DD WEDD WEDD 1?DD 1BDD WSDD ZDDD 21DD ZZDD 2349

280.00- 14081951.91
260.00-
Cafih. Souice

Calib. External 200.00-

Tl Single Measurement 150.00- H IStOg ram Of 4 K Inte rVaIS
Mean Interval [ps] BMS [ps) . 100.00-
[14081951 62 [3.48
1 Iy
« [ =il lats..

|
234 of ﬂ 1000 14081 9376 14081 940.0 14081 9425 14081 9450 14081 947 5 14081 9500 14081 952 5 14081 9560 14081 957 5 14081 SE0.0 140819625 140819649

Mean interval [ps)

. 362-
Timsis] 31,000
B
Quit = 98
= -
:
Max ADC w 350- A ﬂ’
T L
3661 F 345~ .
e
RMS errors for 4K intervals
e T S el S S S SR St S S S
19 100 200 300 400 500 600 700 B0.0 900 1000 1900 1200 1300 1400 1500 1600 1700 180.0 1900 2000 2100 2200 2349

Time from start (g)
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Darbnespéjas aizkavés novértésSana

Dead-time estimation

Mumbers of points in classes 11803 Stan |0 Cycle# i1B?EiEi

I
l@ 1285-

1000-
800-
600-

400- :

NMumber in one class

200-

0_I ’ | | | | | | | | | | | |
39.98 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.00 65.4

Interval values (ns)
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Precizitates atkariba no iepriekSéja registrésanas laika

Measurement uncertainty dependence on interval value

RMS dependence on Interval value

« |11BD.3 Start#lﬂ Cycled i18?88
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For events after 150 ns the
measurement uncertainty is less
than 4.5 ps

RMS dependence on Interval value &
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Laika registréSanas klida atkariba no iepriekséja registréSanas laika

Interval non-linearity estimation

Monlinerity function on measured Interval 11803 Stk Cycle# [18766
L‘Q 2.5
goMaa e Interval nonlinearity for events
g after 150 ns is less than 1 ps
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ERAF projekts Nr. Nr.1.1.1.1/16/A/174 . Informativais seminars, 2019. g. 29. aprilis

INSTITUTE OF
ELECTRONICS AND J.Buls - Taimera izstrade JUNO projekta vajadzibam un ta parametru novértésana # 8/21

COMPUTER SCIENCE



Interpolatora nelinearitates

Differential and integral nonlinearities statistical estimation

1.6~ —DEMS =045 ps; IBEMS =432 ps (5.06) = “
g 1.0- ik ! 2|Lf ] T
£ 05 | + Differential
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Precizitates atkariba no intervala lieluma

Measurement uncertainty depending on intervals (asynch)

Timatervd STO [psl

04 S0 1000 1510 2000 2S00 300 IS0 A0D0 4500 5000 5500 GOOO  ESD0 70O 7SA0 G000 BSAD 3027

T=199.97 ns
RMS =3.8 ps

T=19996.95 ns
RMS =7.5 ps

T=1999694.69 ns
RMS =9.3 ps
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Precizitates atkariba no intervala lieluma

Measurement uncertainty depending on intervals (synch)
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Precizitates pasliktinasana ar temperatiras mainu viena kalibrésanas gadijuma

Measurement uncertainty changes together
with change of temperature (without recalibration)

[Temperature deviation in Time Hi'3 || 0 0#[ 6945
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Precizitates pasliktinasana ar temperatiras mainu viena kalibrésanas gadijuma

Measurement uncertainty dependence on temperature
without recalibration

0 x| 0#| Bass

REMS error deviation in External Temperature change Hif'3 ||

Uncertainty as
function of the
external temperature
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Precizitates temperatiras atkariba regularas kalibrésanas gadijuma

Measurement uncertainty change together
with change of temperature with regular recalibration
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Precizitates temperatiras atkariba regularas kalibrésanas gadijuma

Measurement uncertainty dependence on temperature with

regular recalibration

RMS errar deviation in External Temperature change Hi'3 || 0 x| 0#| 14618
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interpoléeto vertibu diapazona temperatiiras atkariba

Changes in temperature of ADC maximal values
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Laika starpiba starp divam ieejam temperatiras atkariba

Input to input offset drift in temperature
Yariation of offset and external temperature in Time Wait$|5 Stan#|1235nnnu Cycled [1236
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For temperature change from 15 °C up to 30 °C
the input-to-input drift is about 3 ps or 0.2 ps/°C
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Laika skalas nobides temperatiuras maina

Single-input drift in temperature
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JUNO taimera specifikacija

Specification parameters of the True Event Timer

Specification parameters of the True Event Timer

Circuit defined parameters:

Comments

time measurement range:

from
up to
least significant bit
dead-time
buffer memory (time-tags)

49 ns
unlimited

2.5 ps
50 ns
4K

Timing module has
upper limit 343.6 s
and can be increased.

Can be increased

Precision specifying parameters:

Measurement uncertainty for intervals: 9.3 ps To be eliminated
including:
Integral nonlinearity | 4.3 ps To be eliminated
Interval nonlinearity | < 1 ps For intervals > 200 ns
Result dependence on temperature:
Input-to-input offset drift 0.2 ps/°C
Single input deviation 73 ps/°C | To be eliminated
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