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Abstract—A CMOS TDC(time-to-digital converter)
is proposed which has a simple cyclic structure. The
proposed TDC consists of pulse-shrinking elements, D
latches and D flip-flops. The operation is based on pulse-
shrinking of the input pulse. The resolution of digital
output can be easily improved by increasing the number
of the pulse-shrinking elements, D latches and D flip
flops. The TDC performance is improved in viewpoints
of power consumption and chip area. Simulation results
are shown to illustrate the performance of the proposed
TDC circuit. :

Index Terms—time-to-digital converter, cyclic struc-
ture, delay element, pulse shrinking element,

L. INTRODUCTION

TDC(Time-to-Digital Converter) is an important
element for many instrumentation circuits such as range
finders, frequency synthesis, and phase-meter[1-3]. In
general, TDC contains analog and digital circuit blocks
and the architecture is built on the capacitor charge
redistribution principle. The digital value is obtained by
analog-to-digital conversion of the capacitor charge
voltage. Conventional TDC cannot easily be realized in
portable systems due to large power consumption.

In this paper, the new TDC is proposed, allowing for a
simplified cyclic structure and enhanced electrical
performance such as power consumption and chip area.

This paper is organized as follows. Section II
describes the schematic of proposed TDC circuit and
CMOS TDC circuit. Section III presents simulation
results for the designed TDC. Finally, section IV
concludes this paper.

I1. TDC Circuit implementation

Fig. 1 shows the pulse shrinking element. In Fig.
1(a) MN1 and MN2 are the constant current source.
The drain currents of MN1 and MN2 are identical
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because the gate-to-source voltages of MN1 and
MN2 are the same and MNI! and Mn2 have
equivalent channel width and length. Ic flows
through MN4 is given by

7. =te /L (1)
RATIO — -
Iy (/L)

where W is the channel width and L is the channel length.
Fig. 1(b) and Fig. 1(c) show Vin, V¢ and Vp waveforms.
When the input pulse, Vin, is low MP2 is on and
MN3 is off. V¢ is high and the output, Vp, is low.
When Vin is high MN3 is on and V. decrease
linearly because MN4 is a constant current source.
When V¢ voltage drops below the critical voltage,
the output signal, Vp, is switched to a high state as
shown in Fig. 1(b) and (c). The critical voltage is
about 0.4 volts, which is obtained from SPICE
simulation.

The width of Vin shrinks by the pulse shrinking
element and the degree of pulse shrinking is
controlled by the constant current source Iz which
can be controlled by the change of R1 and the
current, Ixatio.
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Fig. 1 Pulse shrinking circuit and waveforms Fig. 3 Negative-edge triggered D Flip Flop

(a)bias and pulse shrinking element circuits
(b)input waveform
(c)V¢ and Vp waveforms

The pulse shrinking element reduces input pulse
width by 10usec as shown in Fig. 1(c).

Fig. 2 and Fig. 3 show D latch circuit and negative
edge triggered D flip-flop circuit[4].
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Fig. 2 D latch

The negative edge triggered D flip-flop ignores the
pulse while it is at a constant level and triggers only
on the negative edge of the clock signal. Fig. 4
shows the schematic of TDC circuit for input time
digitization which consists of pulse-shrinking
elements and D latches and D flip flops.

When the input, Vin, is high the outputs of pulse
shrinking elements, Vpy, are stored in D latches. And
then the outputs of D latches, Vi x, are transferred to
the D flip-flops on the negative edge of input pulse,
Vin.

Table 1 shows the digital output with input time
interval. In table 1 tg is the input time interval and
Vpx are the outputs of D flip flops. And the
information of input time interval is included in the
outputs of D flip flops, Vpx.

Form table 1 the digital outputs, 2%, 2" and 2° are
expressed by

2=V,

2'= Vs +V_D3VD1
20 =Vps +VosVpa ¥ ViV s + ViV o

Q).

where VDO, VD1, VD2, VD3, VD4, VD5 and V1)6 are the
outputs of D flip flops. In Fig. 4 the logic circuit is
implemented by using eq. (2).

The proposed TDC circuit is implemented only
CMOS transistors without capacitor which has a
simple cyclic structure. Thereby the chip area will be
reduced compared to conventional TDC circuit.
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Fig. 4 The TDC(Time-to-Digital Converter) Circuit
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Table 1 The digital outputs with input time intervals

: Digital oufput
tt(lsr::) Vs Vis Vs Vs Vi, Vg Vg 22 | ol | 20
0<t<tp/8 00 0 00 O0°UO 0 [0 |0

tr/8<t< 215/8 00 000 O0°1 0 {0 |1
2tp/8=<t< 3tp/8 000 0011 0 |1 }o0
3tp/8<t< 4ty/8 00 001 11 0 |1 1
4tp/8<t< 5tp/8 00011 11 1 10 |0
Stp/8<t< 6t/8 001 1111 1 [o |1
6tR/8<t< Ttp/8 0111111 1 1 10
Ttr/8<t< tg 1 111111 1 1 1
II1. SIMULATION RESULTS
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Fig. 5 output signals in designed TDC circuit
(a) input pulse  (b) output signal, 2°
(c) output signal, 2!  (d) output signal, 2°

The performance of the designed TDC is shown in Fig.
5 and table 2 when the input time interval, tg, is 80usec.
Fig. 5(a) is the input signal and Fig. 5(b), (c) and (d) are
the digital outputs. The digital outputs are obtained in the
negative edge of input pulse, Vin. The digital outputs are
sustained until next negative edge of input pulse. When
input time interval is 45psec the voltage of Vps, Vp,, Vpi
and Vpy are high because the degree of pulse shrinking is
10psec. Thereby the digital output is (100). When the
input time intervals are 35usec and 70usec, the digital
outputs are (011) and (111), respectively.

The maximum power consumption is only 2.37mW in
the proposed TDC circuit which decreases dramatically
compared to conventional TDC converter.

Table 2 Vpx and digital outputs with input time intervals
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IV. CONCLUSIONS

The time-to-digital converter is designed. The
designed TDC is implemented only CMOS transistors
without capacitors and the performance of TDC is
improved in the viewpoint of chip area and power
consumption. As well, the resolution of the digital output
can be improved by increasing the number of pulse-
shrinking elements, D latches and D flip flops. The
designed TDC circuit shows enough output character-
istics to use in time-to-digital signal processing.
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