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Time Interval Measurements
Techniques

Specifications

Course counting

Fine time interval measurement
Interpolation

Calibration
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Based on “Review of methods for time interval measurements with picosecond
resolution” Josef Kalisz, Metrologia 41 (2004) 17-32
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Principles
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Specifications
 Measurement range (MR)

« Standard measurement uncertainty or random
error or precision (s)

* Non linearity. Differential (DNL) and integral
(INL)
« Quantization step (q)

* Dead time (Td) or the shortest Tl between the
end of a measurement and the start of then next
one.

 Read out speed
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Coarse counting

Time interval configuration
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Fine analogue TIM 1

* Tl stretching + counter

* Time to amplitude + ADC
— Charge capacitor

 Periodic function sampling
* Vernier method with 2 startable oscillators
* Tapped delay line
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Tl streching

Fast
Comparator

Figure 4. Linear stretching of the measured time interval T for
subsequent counting.
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Tl to amplitude
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Figure 5. Conversion of TI to amphtude followed by a typical A/D
CONVErsion.
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Periodic function sampling
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Fig. I. High accurate time interval measurement block diagram.
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Tapped delay line
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Figure 7. TDC utilizing the tapped delay line: (@) line comprising
latches, (b) line comprising buffers with simultaneous sampling of
its state, (¢) line comprising buffers with successive sampling of the
state of the STOP input.
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Nutt interpolation method
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Calibration

* Non linearity is measured with a “statistical
code density test”
— A random oscillator generates events that
should be evenly distributed along the

different TIM codes. The frequency of a code
IS proportional to the code size.

» Offset error is measured shortening the
Start and Stop inputs
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* Time interval measurement
* Phase measurement <

* Delay generation

* Phase generation
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Phase Measurement

* Principles

» Specifications

* Direct Measurements

* Feedback Based Measurements
» Calibration
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Principles

phase
shift

* Sinusoidal signals 2 Y=A*sin(21f-t-@)
* Any periodic signal 2 @= 21 tc/T

10/27/2008 PAAS

— tc: time between equal level crossings
— T: period
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http://upload.wikimedia.org/wikipedia/commons/6/64/Phase_shift.png

Specifications

*Transfer Gain (V/rad)

*Maximum frequency

*Phase offset

*Added random jitter
*Cycle—to—Cycle jitter

*Stability (sometimes an Allan deviation

plot of the two inputs wired to the same
reference)
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Multiplier v=k*sin(®)
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Classical PHDs
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Figure 12. PFD Simplified Schematic and Timing (in Lock)
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Dual Mixer Time Difference System

Y=A*sin(2m(f-fb)-t-0)-sin(21rf-t-@)=A/2(cos(21(2f-fb)-t+(0-¢p))-cos(21r(fb)-t-(0-¢))
Tshift=@/2mf --> Tshiftb=¢@/21f b
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2avi

Development of Multichannel Dual-Mixer Time

Fig. I. Block diagram of general DMTD system. Difference System to Generate UTC (NICT)
Fumimaru Nakagawa, Michito Imae, Yuko Hanado, and Masanori Aida
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Time interval meters

Any TIM with low dead time can do a good job

— Tapped Delay Lines. Typically used in FPGAs.

— Asynchronous free running counter. Counting at high
frequencies and averaging can provide with a good phase
estimate. Beware of Injection locking of the "independent”
oscillator to the system clock.
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Programmable delay loop
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Calibration

* There is not an easy response to
calibration for phase detectors

» GGain and non linearity errors can be
corrected with a TIM, a fine delay
generator or a better phase detector.

* Dual Mixer Time Difference Systems are
per se linear. Possible problems will
normally show up in Allan variance plots.
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* Time interval measurement
* Phase measurement

* Delay generation<

* Phase generation
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Delay generation

« Ramp + comparator
 Programmable passive delay line
* Triggered phase locked oscillator
* TIM + oscillator + Fine delay
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Ramp + comparator

* A constant current source that loads a
capacitor generates a voltage ramp. A
comparator will trigger the output at a
selected voltage.

* The voltage ramp is nowadays normally
generated with a high precision DDS.

10/27/2008 PAAS Time intervals measurement and
generation methods review

25



Programmable passive delay line

 Normally it is formed by a configurable
capacitor and a programmable current

source
* Very used in clock distribution ICs
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Triggered phase locked oscillator
ool

VCo

Lockout
Flipflop

Trigger U D
Frequency/
Phase
Detector

Reset

Startable
Oscillator

Phase-Shift
Oscillator

Vernier
Burst

Reference O

Vernier
Coincidence

Hewlett Packard journal august 1978. David C. Chu

10/27/2008 PAAS Time intervals measurement and 27
generation methods review



TIM + oscillator + Fine delay

* The incoming pulse can be time tagged
respect to a local oscillator. The delay
generator can calculate the corresponding
output phase respect to the local oscillator
and program a fine delay
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* Time interval measurement
* Phase measurement

* Delay generation

 Phase generation ¢
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Phase generation

* Phase can be generated starting from
delay generators

* Phase generation systems can also be
based on a feedback from a phase
measurement
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Phase generation from phase
measurement loop
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