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Abstract: 

The given circuit of time to time converter (time expander), uses the method of recharging capacitors. It can be used for measuring short time intervals, in the nano-seconds (ns) range, with high density of the discretes. The circuit can retain a good linearity, while used with high coefficients of expansion. The coefficient of expansion depends on the relation between two resistors. The results, received during the experimental examination of the circuit, are added to the article. 

1. INTRODUCTION



Fig.1

At first sight the measurement of time intervals seems to be one of the easiest problems when it is not difficult to achieve high accuracy  of measurements. A methodology error is always obtained in the direct digital measurements of time intervals due to the asynchronous nature of the registered events with respect to a sampling clock (Fig.1). The measured value is overestimated with the time interval tR and at the same time it is smaller by tS than the true value. These corrections are due to the fact that the start and the stop pulses come independent (asynchronous) with respect to the sampling clock. This error is a function of the moment phase of the sampling pulses; its value is within (T0.

Increasing the clock frequency can only decrease the error value but it is not a principal solution of the problem. An elimination of the error implies a synchronization of the start and the stop pulse with the sampling clock pulses which is practically unrealizable. 

2.  METHODS FOR IMPROVING THE ACCURACY
A higher accuracy can be achieved by using combined time-code converters (TCC) when only a coarse measurement of the time interval is done at the first step by a simple counting of the sampling generator pulses and then the asynchronousity error is estimated via an interpolator within small parts of the generators period. Three approaches are principally possible to increase the measurement accuracy which are based on the different types of interpolators: 

·  TCC with a chronotron interpolator [2]. The sampling clock is synchronized  with the start pulse and the stop pulse shift with respect to the active front of the sampling frequency is determined by a chronotron; 

·  TCC with a nonius interpolator [1, 2]. In this method two generators are used whose frequencies are slightly different. They are synchronized with the start and the stop pulses respectively. The time interval between the start and the stop pulse can be measured more accurately by determination of the moment when the phases of the both generators are equal; 




Fig. 2

·  TCC with two analog interpolators. The error value is determined at each measurement and then the result is corrected by calculations. Usually the synchronization is made by using the second non-active front of the sampling pulses burst coming after the start or the stop pulse (Fig. 2). So the length of the correcting intervals tR è tS is being limited within the interval T0 to 2T0. Their measurement is done by an intermediate conversion - either by time to time [2] or by time to amplitude converter [2, 3].

3. SCHEMATIC DESIGN 

Several schematic designs of time to time converters are known. The design suggested here is based on the recharge of a capacitor with different currents whose magnitudes are in a predetermined relation.




Fig. 3

The charging current generator is realized with the operational amplifier U and the transistor T2. The transistor T1 and the diode D1 form a differential current switch which commutes the generator's output either to the integrating capacitor or to the discharging current generator. The latter is realized with the transistors T3 è T4, which form a current mirror with a reflection coefficient 

. Practically the conversion (expansion) coefficient of the scheme is governed by the ratio 
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The comparator is included in an additional current-following chain  consisting of the resistor R4 and the diode D2. By polarization of its inverting input with a negative voltage it is possible to separate the time interval corresponding to the integrating capacitor's discharge.




Fig.4

At the starting state by a low logical level of the input IN, the transistor T1 is in active regime. The predominated part of the charging current  I1  flows through its collector chain to the transistor T3 of the discharging current generator's current mirror. The diode D1 is also opened; a small part of the current I1 flows through it, exactly equal to the current I2. There is no current through the capacitor C, so the voltage in the non-inverting input of the comparator K is 0. A low negative voltage –U(-)  is supported to its inverting input through the divider R5-R6 so that its output logical level is 1 (Fig.4a). The voltage in p.A (Fig. 3) is approximately equal to the zero logical level at the circuit input. The integrating capacitor C is charged up to that voltage. 

If a input pulse with a duration tu comes, the transistor T1 is being closed. The discharge current I1 then flows through the diode D1, the capacitor C, the resistor R4 and the diode D2. During the charge of the integrating capacitor the discharging current I2 is switched off because the governing current in the current mirror flowing through the transistor T3 becomes 0. 

After the end of the shaped pulse the transistor T1 is switched on, the diode D1 is closed and the capacitor's charging process is stopped. The charging current which is now redirected to the current mirror causes a switching on the discharging current source. A recharge process begins and the discharging current creates a voltage fall on R4 which yields a pulse shaping at the comparator's output. The discharge lengths until all charges collected in the capacitor during the former stage are drifted away. Then the diode D1 is being opened, the discharge current is redirected to the charging current generator, the voltage fall onto R4 tends to zero and the comparator is returned to its initial state.

4. THE BASIC RELATIONS; REGIONS
The charge collected in the capacitor during the input pulse tu is:



,

and the charge drifted away during the discharge is, respectively:



,

where tk is the duration of the extended pulse at the comparator's output.

Taking into account the requirement the initial and the final voltage on the integrating capacitor to be equal as well the relation between the charging and discharging currents, the following is true for the output pulse duration tk: 



 .

As it is seen, thank to the current mirror, the requirements to the current generator's stability are not high as well as those to any other source defining the initial state of the circuitry. The scheme works stable in a wide range of the input pulse levels. 

To ensure a work inside the linear part of the conversion function it is necessary the following condition to be fulfilled:
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where Um is the input pulses amplitude.

5. EXPERIMENTAL RESULTS
The time to time converter circuit considered here allows a high expansion coefficient (about 1000) to be reached by cheap and accessible materials moreover that the linearity remains very good. We used a 2N2907 transistor for T1 , 2T3604 for T3 and T4 and BAS70 for D1 è D2 in our realization. The comparator used is LM311. All measurements are performed at  20 mA master clock generator's current.

We investigated the linearity of the transmission ratio of the circuitry in the time interval ranging from 20 ns to 300 ns in 15 points of the gain characteristic; the input pulses were with 5 V amplitude. The duration of the expanded pulses were determined  by counting  the periods of  a 10 MHz calibration  generator's  pulses.   Fig.5 displays the experimental results as well as a polynomial reconstructed by linear regression analysis. The difference between the given and the measured (and then recalculated via the regression polynomial) does not exceed  (0,3 ns in the whole range. 




Fig. 5
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Fig. 6

The standard deviation of each point in the investigated range is within 160 ps. The histogram of a 200 measurements series is shown on Fig.6. The total instability of the circuitry for a period of 12 hours while measuring a 140 ns pulse retains within (0,3 ns. 

These experimental results approve the good metrological quality of the suggested time to time converter and support our expectations that if higher frequency components (transistors and comparators) as well as a higher frequency of the calibration generator are used, a time resolution close to 20 ps can be achieved.
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