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A One-Wire Approach for Skew-Compensating
Clock Distribution Based on Bidirectional Techniques

Ching-Yuan Yang, Member, IEEE,and Shen-Iuan Liu, Member, IEEE

Abstract—A clock-deskew buffer using the delay-locked loop
and the bidirectional technique has been developed. It needs only
one wire to synchronize the clocks for a chip-to-chip system. It
has been fabricated by a 0.35-m n-well CMOS process. Exper-
imental results demonstrate that it can achieve the peak-to-peak
jitter smaller than 100 ps through a two-meter coaxial cable while
operating at the frequency of 120 MHz. The total power dissipa-
tion of the skew buffer is 218 mW for a 3-V supply. The core chip
area is980 1700 m2 .

Index Terms—Bidirectional buffer circuits, clock-deskew buffer,
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Fig. 2. Block diagram of the proposed clock-deskew buffer.

trace on the printed circuit board. Our basic idea is illustrated in
Fig. 2. By using bidirectional signaling on a wire, the proposed
clock-deskew buffer can precisely control a signal’s arrival time
at the end of the wire. It consists of a phase detector, a charge
pump circuit with an on-chip capacitor, two voltage-controlled
delay lines (VCDLs), two bidirectional buffers, and a single
wire. In this system, two bidirectional drivers are placed on op-
posite ends of the same wire, and both signals are transmitted
simultaneously in both directions, and then adjusting them with
a pair of matched delay lines. The signal sender (clock-skew
buffer) communicates with a single receiving point with a for-
ward and a reverse path that are the same electrical length as
well as the same propagation delay. Thus, there is only a single
wire, which also avoids the above mismatch.

For the skew buffer, assuming that two VCDLs are matched,
one can calculate the propagation delay from the reference clock

to the remote clock through a VCDL, the bidi-
rectional buffer of the clock-deskew chip, an external transmis-
sion wire, and the bidirectional buffer of the remote chip. It can
be given as

(1)

where is the time delay for the clock going through the
VCDL, is the delay time of the external wire, and
and are the delays cause by the bidirectional buffers from
the chip to the wire and from the wire to the chip, respectively.
Also, the clock of the remote chip is feedback to the phase
detector of the clock-deskew chip with the propagation delay,

, which is equal to . Therefore, the arrival
time of the signal at the remote point is always exactly half of
the total delay. In the steady state, the clock signals,
and , are in-phase, i.e.,

(2)
where is the period of the reference clock, .
However, the phase difference ofradius may exist between
the reference clock and the remote one ifis odd. Thus, to
ensure both signals are in-phase (i.e., their phase difference is
zero), should be even, thus the divide-by-2 circuits are added
in the front of the phase detector.

Considering the initial problem of the DLL, a startup con-
trolled circuit is added in the deskew circuits. In our design, the

phase detector will be set to make the charge pump inactive, ini-
tially, and the voltage on the filter will be precharged to the half
of supply voltage.

III. CIRCUIT DESCRIPTION

The clock-deskew buffer in Fig. 2 consists of a phase detector,
a charge pump with a capacitor, two VCDLs, and a bidirectional
buffer. Each block will be described as follows.

A. Phase Detector

The drawback of some conventional phase detectors is a dead
zone, which generates the phase error in the output signal. When
the phase error is within in the dead zone, the charge pump does
not charge the capacitor, and the phase jitter may appear [9],
[10]. To solve this problem, a dynamic CMOS phase detector is
adopted, as shown in Fig. 3. One half of the completely sym-
metrical circuit is called a half-transparent (HT) register [11],
which has only six transistors with an inherently small para-
sitic, as shown in Fig. 3(a). In a HT register, if the signal
leads the signal, there is an output signal to denote their
phase difference. Otherwise, the output signal is inactive and
still maintained High. Fig. 3(b) shows the timing diagram of a
HT register. In this way, the phase detector can be combined
with two HT registers as shown in Fig. 3(c). Compared to the
conventional phase detector, the proposed dynamic phase de-
tector can overcome the speed limitation and reduce the dead
zone. In this work, each frequency divider preceding the phase
detector consists of a high-speed toggle flip-flop with the reset.
The input signals of the phase detector are driven by a pre-
vious divide-by-2 stage, so they do not operate until the startup
scheme becomes active, and have a normal duty cycle of 50 per-
centage.

B. Charge Pump

The charge pump [12] and the associated capacitor are shown
in Fig. 4. A common problem in the charge pump circuits is the
phase offset resulting from the charge injecting errors induced
by the parasitic capacitance of the switches and current source
transistors. To mitigate this problem, the current source tran-
sistors are connected to the output node . In addition, the
controlled voltage is isolated from the switching noise induce
by the gate-to-drain overlap capacitance of the switching tran-
sistors.
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Fig. 3. Phase detector. (a) HT register. (b) Timing diagram of the HT register. (c) Phase detector (PD).

Fig. 4. Charge pump scheme.

C. Delay Line

The implementation of a ten-stage delay line is shown in
Fig. 5. The delay cells are the same as Schmitt trigger circuits
[13], [14] with the current bias. It is split into upper (pMOS)
and lower (nMOS) segments that are functional complements
to each other. MOSFET Mn2 (Mp2) is the main switching de-
vice, while Mn1 (Mp1) acts as a current bias and Mn3 (Mp3)
acts as a feedback network which controls the forward (reverse)
transition value. Assume that the input is set to and then
increased, the gate–source voltages of the n-channel transistors
are

(3)

(4)

(5)

However, Mn2 requires the input voltage of

(6)

to be active. Increasing decreases until the critical
switching condition is met to turn Mn2 on. When this point is
reached, the output node has a discharge path to ground through
Mn1 and Mn2, and the output voltage falls to zero. The forward

trigger voltage can be estimated by ignoring body effects.
To turn on Mn2 requires a drain–source voltage of

(7)

on Mn1, with the current of

(8)

Mn3 is also saturated with the current

(9)

Equating and it gives

(10)

as the forward trigger voltage. Similarly, the reverse trigger
voltage can be obtained by the complementary analysis,
and it gives

(11)

By varying the control voltage , both the trigger points and
the output time constant of the delay cells can be changed, thus
affecting the phase shift of the input signal.

The problem of the delay elements is that the propagation
delay through the unit delay cell resulting from a high-to-low
transition is not equal to the delay of a low-to-high transition,
i.e., . Further, this delay varies from one to the next
one. To avoid the problem, the ten-stage delay line is divided
into two symmetric parts with an inverter. For each input signal
edge, the number of the high-to-low transitions is equal to that
of the low-to-high transitions from the first delay cell to the last
one.

The delay line is simulated for three different processing con-
ditions, as depicted in Fig. 6. In the typical condition, the total
delay through the line varies between a maximum of 20.4 ns
corresponding to the controlled voltage value lower than the
threshold voltage of an nMOS, and a minimum of 6.3 ns corre-
sponding to the controlled voltage of 3 V. The full delay range
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Fig. 5. Voltage controlled delay line (VCDL).

Fig. 6. Simulated VCDL transfer function.

of this VCDL can provide is above 10 ns. Therefore, the min-
imum frequency of 100 MHz can always be deskewed by the
DLL theoretically, no matter how long the transmission line is
(more on this later).

The startup signal would make the charge pump achieve the
controlled voltage near the half of the supply voltage as the
system is in the initial state.

D. Bidirectional Buffer

The bidirectional buffer allows the simultaneous transmission
of signals in both directions on a single wire. A simplified archi-
tecture of the current-mode bidirectional I/O buffer [15], [16]
is modified in Fig. 7. The outgoing input signal and the wire
connected node are applied to IN and TR, respectively, and the
received data appear at ( is its reverse). The current
sources are used to transmit the binary signals on the wire. Ac-
cording to the outgoing signals, the received data are decoded
by adjusting the threshold of the receiver. For example, the out-
going input signals, INs, of the clock-deskew buffer chip and the
remote one are 0 and 1, respectively. The current of each
chip is the average current value of , if both driving loads

s are equal. Compared to the reference threshold current
of in the deskew chip, the correspondence output value of

Fig. 7. Bidirectional buffer scheme.

TABLE I
OPERATION OFBOTH BIDIRECTIONAL BUFFERS

becomes 1 through the comparator. Similarly, the output value
of is 0 in the remote chip. According to a direct extension
of the above example with both INs values, it correctly decodes
the correspondence current at the receiver. The encoding and
decoding states are shown in Table I.

The bidirectional scheme is implemented as shown in Fig. 8.
Since the driver performs the line termination function, the
impedance of the driver must be closely match to that of
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Fig. 8. Circuit implementation of the bidirectional buffer.

Fig. 9. Test-chip microphotograph of the clock-deskew buffer.

the line. The load element, as shown in the dotted circle, is
composed of a diode-connected nMOS device in shunt with
a bias nMOS device [17]. It has higher dynamic supply noise
rejection than linear resistor loads. A replica-bias circuit is used
to adjust the impedance. Generally, most of the power of the
bidirectional buffer is consumed in driving the output nodes.
Considering the power consumption, the size of the replica-bias
circuit is scaled down by the ratio of ten. The output equivalent
resistance of the transistors is equal to the one-tenth of the
external resistor .

The decoder is a high-speed fully differential comparator
[18], which can have a wide common-mode range. This
complementary comparator is self-biased through the negative
feedback loop that stabilizes the bias voltages. This self-biased
technique is added to sense the common-mode level of the two
inputs and adjusts the bias currents in the comparator. For this
comparator, the internal node SB sensing the common-mode
variation of input signals is connected to and .
Suppose that the input common-mode level is changed to
low (high) slightly, the internal bias will be pull-up (down) to
increase (decrease) the current of and decrease (increase)
that of . The output common-mode level, therefore, is
almost unchanged. Additionally, compared to the conventional
analog comparator, this self-biased comparator has the well
high-speed response for the dynamic inputs.

Fig. 10. Measured delay time versus cable length in the initial stage.

TABLE II
PERFORMANCESUMMARY OF THE FINAL CLOCK-DESKEW BUFFER AT 1-M

CABLE LINE

IV. EXPERIMENTAL RESULTS

A skew-compensating clock buffer has been fabricated in a
0.35- m n-well CMOS technology, as previously described.
Fig. 9 shows the microphotograph of the clock-deskew buffer
chip. The chip size is 9801700 m including the pad areas.
The chip contains the DLL, the bidirectional buffer, and the
bias generator, as well as the startup circuit. The other test
chip just includes one bidirectional buffer as the remote chip.
SMA connectors via one coaxial cable of RG 188, as the
transmission line, connect two chips on printed circuit boards.
The characteristic impedance of the cable is 50. The clock
of 120 MHz is applied to the system. Fig. 10 shows the delay
time of (1) with respect to the different length of transmission
line between the clock signals of the clock buffer chip and the
remote chip when the startup signal is applied initially. The
transient response of both clock signals is shown in Fig. 11 with
a one-meter wire. Fig. 11(a) shows the measured waveforms of
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(a)

(b)

Fig. 11. (a) Measured waveforms in the initial stage. (b) Measured waveforms
in the steady state.

Fig. 12. Measured peak-to-peak jitter versus cable length at clock frequency
of 120 MHz.

the reference clock and the remote one ,
respectively, in the initial state as the startup signal just actives,
while Fig. 11(b) shows in the steady state. Fig. 12 summarizes
the measured performance of jitter versus the cable length
for coaxial cables. The rms and peak-to-peak jitters of the
deskewed output signal with a one-meter cable measured by
CSA803A (Communication Signal Analyzer) are 10.8 and
87.0 ps, respectively, as shown in Fig. 13. The total power
consumption of the clock-deskew buffer is measured to be

Fig. 13. Measured jitter with one-meter cable.

218 mW at a supply voltage of 3 V, in which the bidirectional
circuits dissipate 162 mW. Table II summarizes the overall
specifications of the clock-deskew buffer.

V. CONCLUSION

In this paper, a new one-wire approach of the clock-deskew
circuits based on the bidirectional buffers is proposed. To im-
prove the mismatch problem of both wires in the conventional
deskew buffer, this bidirectional-signaling scheme allows si-
multaneous transmission of the clock signal in both directions
on the same wire. With the improvement of the one-wire ap-
proach, the bidirectional technique of the clock-deskew buffer
is introduced and analyzed, by which the clock driver can pre-
cisely synchronize the clock’s arrival time at the remote chip.
The experimental results of the proposed clock-deskew buffer
have demonstrated the jitter performance smaller than 100 ps
through a two-meter coaxial cable at the operating frequency of
120 MHz.
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