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ABSTRACT

In this paper a new phase-frequency detector is proposed using transmission gates which can detect
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phase difference less than 500ps. In other word, the proposed Phase-frequency Detector (PFD) can
work in frequencies higher than 1.7 GHz, whereas a conventional PFD operates at frequencies less
than 1.1 GHz. This new architecture is designed in TSMC 0.13um CMOS Technology. Also, the

proposed PFD achieves a capture range approximately twice that of conventional PFDs. The
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simulation results support the theoretical predictions. To validate correct performance of this novel
PFD, it is then used in a conventional delay locked loop structure.
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1. INTRODUCTION

The Delay Locked Loop (DLL) and Phase locked Loop
(PLL) have become important components for valid
data transmission in high-speed interface systems,
frequency synthesizers [1, 2], clock and data recovery
[3] and clock skewing circuits [4]. Hence, PLLs and
DLLs are main blocks in transceivers architecture. As
the speed of electrical systems is increasing, DLLs and
PLLs with higher operating frequencies are needed. It is
required in DLLs and PLLs to compare phase difference
of input and output of DLLs or PLLs. Phase-Frequency
Detectors (PFDs) are used to minimize this phase
differences. Hence, one of the main building blocks in
both PLLs and DLLs architecture is PFD [5].

There are some limitations in conventional PFDs
which may result to lower speed, accuracy and
frequency capture range of PLLs or DLLs [6, 7].
Therefore, designing a new PFD which can help to
conquer these problems will be of high importance.
Transmission gates (TG) have the ability to transfer the
data with higher speed rather than conventional
switches. Therefore, in this paper a new TG based PFD
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is deigned to conquer the limitation of detecting phase
offset in high speed applications.

2. CONVENTIONAL
DETECTOR

PHASE-FREQUENCY

Figure 1 shows the conventional PFD architecture
which is widely used in PLLs and DLLs [8, 9]. As can
be seen in Figure 1, conventional PFD has two D-flip
flop and one NAND gate. The D-flip flops are triggered
with two inputs of PFD. In the other words, two inputs
that their phase differences to be determined are
connected to the clock of D-flip flops. Up and DN
signals are generated by these two D-flip flops. These
two signals switch the current of charge pump. Both
signals are initially low. In the first rising edge of
inputs, the corresponding D-flip flop’s output will be
high. The state is held until the rising edge of the other
input arrives. At this time, the reset pass will be
activated and both UP and DN will be equal to zero.
The related waveforms for conventional DLL are shown
in Figure 2.

Also, the gate level implementation of this
conventional PFD with NAND-based latches which is
reported elsewhere [10] is shown in Figure 3. As can be
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seen in this figure, the reset path contains 3 two inputs,
one 3 inputs and one 4 inputs NAND gates.

To have higher speed PFD we need to minimize the
reset path delay. In the other words, the number of gates
should be decreased in reset path line. Another problem
of this conventional PFD is its blind zone which
increases the phase noise (in other words jitter) of DLLS
or PLLs. Therefore, in this paper a new TG based PFD
is deigned to conquer the limitation of detecting phase
offset in high speed applications. Use of transmission
gates will increase the speed of data transmission and
also by decreasing reset path delay we can design higher
speed PFD which will be introduced in next section.

3. PROPOSED TRANSMISSION GATE PHASE-
FREQUENCY DETECTOR

The proposed transmission gate based PFD is shown in
Figure 4. This circuit is divided into three sections.
When A="0’ in section I, the TG, is ON and TG, is OFF
and Vpp is transferred to V. In rising edge of A, TG, is
OFF, TG, is ON and V;=Vpp will be kept in loop
containing TG, and two inverters. Also, in the rising
edge of A, TGs; will be activated and V=Vpp is
transferred to UP. This means that section | is a circuit
which can act as a D-flip flop with input of D="1". This
procedure similarly happens to Section Il for input B.
Section 111 is a control circuit. This circuit will be
activated when both UP and DN signals are high. When
UP or DN signals or both of them are low, this circuit
will connect X node to Z and Y node to W. Hence, in
this case both of the circuits will act as a D-flip flop.
When UP and DN signals are high, the control circuit
(section I11) will send zero to Z and W nodes (in other
words the second loop in sections | and Il will be
opened). This results to UP="0" and DN="0".
As the proposed circuit just contains three inverters and
one two inputs NAND gate in the reset path, it has
better speed rather than conventional PFD. Using delays
in NAND gate in section 111, result to lower reset path
and higher speed of proposed PFD [6].

4. SIMULATIONS AND RESULTS

The proposed TG based PFD is designed in TSMC 0.13
um CMOS technology. The results for frequency of 1.7
GHz when phase difference is less than © are shown in
Figure 5, which proves the correct operation of the TG
based PFD. Also, the results when the phase difference
is more than -z is shown in Figure 6. These figures
prove that the capture range of the proposed TG based
PFD is between -2r and 2m. In both of figures the
proposed PFD calculates the phase differences of two
inputs A and B. Depending on A leads B or B leads A,
there will be pulses at outputs UP or DN. Also Figure 7

and Figure 8 show the reset time and blind zone time of
proposed PFD which is acceptable in comparison with
other works.

In addition, to validate the correct working of
proposed PFD, it is used in DLL-based frequency
synthesizer architecture. All building blocks of DLL is
like what reported in the literature [2] except
conventional PFD which is replaced with proposed TG
based PFD. Figure 9 shows the locking process of
DLL-based frequency synthesizer using proposed TG
based PFD. This figure can show correct working of
proposed PFD. It should be mentioned that this DLL is
designed in CMOS Technology and for frequency of
400 MHz. A comparison between proposed architecture
and some related works is shown in Table 1. In addition,
Table 2 shows the variation of proposed phae frequency
detector at different frequencies.
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Figure 4. Proposed TG-based PFD

TABLE 1. Performance comparison

[11] Conventional [13 This
Parameters PFD [12] work
Technology 0.13pum 0.13pum 0.13um  0.13pum
Supply voltage

1.2 1.2 1.2 12
M
Power
consumption 310 320 420 300
@100MHz(uW)
Reset path Delay 210 162 170 150
(ps)
Blind Zone Time 10 120 250 140
(ps)
Maximum
operating 1.6 11 2.2 1.7
frequency

TABLE 2. Power consumption at different frequencies

Frequency Power consumption (mW)
100 MHz 0.3
500 MHz 0.453
1GHz 0.792
15GHz 0.956
1.7 GHz 0.11
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Figure 5. Waveforms of proposed high speed TG based PFD
when DN is activated
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Figure 6. Waveforms of proposed high speed TG based PFD
when UP is activated
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Figure 8. Blind zone time of proposed PFD
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Figure 9. Waveforms of DLL with TG-based PFD to reach
lock condition

4. CONCLUSIONS

In this paper a new phase-frequency detector is
reported. The proposed phase-frequency detector is
designed with transmission gates. This novel
transmission gate based PFD is able to detect the phase
differences less than 500 ps. In the other word, the
proposed PFD can work in frequencies higher than 1.7
GHz, whereas a conventional PFD operates at
frequencies less than 1.1GHz.

This new architecture is designed in TSMC 0.13 um
CMOS Technology. In the proposed PFD, a capture
range approximately twice of conventional PFDs has
been achieved. To prove true working of proposed PFD,
it is then used in DLL-based frequency synthesizer
architecture. This DLL is designed in TCMS 0.18 um
CMOS Technology. The simulation results confirm the
theoretical predictions.
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