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Abstract 
This paper describes a fast-locking all-digital PLL 

(ADPLL) with dynamic loop gain control and phase self-
alignment mechanism. Compared with the conventional 
fast-locking ADPLLs, this paper proposes the phase self-
alignment mechanism to solve the over-damping caused 
by the large KI. Therefore, the proposed ADPLL can not 
only reduce the locking time but also maintain the jitter 
performance. Based on a 0.18-µm standard CMOS pro-
cess with a supply voltage of 1.8 V, the experimental re-
sults indicated that the proposed ADPLL can reduce 91% 
of the locking time. The output frequency range of the 
proposed ADPLL is 0.7–1 GHz that can be suitable for 
sub-GHz IoT band applications. At 700 MHz, the power 
consumption is 8.25 mW, peak-to-peak jitter is 22.3 ps, 
and core area is 0.291 mm2. 
 
1. Introduction 

In recent years, phase-locked loop (PLL) has been widely 
used in various communication systems and radio fields, such 
as Bluetooth, WIFI, Internet of Things (IoT), GSM, GPS, etc. 
[1] [2]. Compared with analog PLL, the ADPLL has smaller 
area, faster locking speed and good stability to process, volt-
age, and temperature (PVT) drift [3] [4]. With the advent of 
the 5G generation, the application of the IoT is growing at an 
astonishing speed insofar as, it is projected 50 billion IoT de-
vices by the end of 2020 [3]. In the IoT systems, the transmit-
ter and receiver must raise the fundamental signal to a speci-
fied frequency band or reduce the received signal to the fun-
damental frequency. Since different devices need to transmit 
different carrier frequencies, PLLs with high accuracy, high 
stability, fast switching speed, and low power is needed. 
Therefore, a fast-locking all-digital PLL proposed in this pa-
per not only has faster switching speed but also can effec-
tively reduce the power consumption while the loop tracking. 
 
2. Proposed Fast-Locking ADPLL 

The proposed ADPLL in this paper consists of a phase 
frequency detector (PFD), a time-to-digital converter (TDC), 
a digital loop filter (DLF), a digitally controlled oscillator 
(DCO), and a resettable frequency divider (RFD), as shown 
in Fig. 1. The working stage of ADPLL is divided into three 
stages. The first is the detecting stage. The RST signal is in-
putted at the beginning of the detecting stage to reset the 
ADPLL and align the feedback frequency (FBK) with the ref-
erence frequency (FREF) through the phase self-alignment 
mechanism by the DLF with lock detector (LD) and counter, 
and RFD. Then the PFD compares the frequency between 

FREF and FBK. The second stage is the setup stage. At this stage, 
which bands of DCO should be used is according to the value 
of the previous stage. The MSB code of DCO is set to high, 
and the others are set to low. By this, DCO can track from the 
middle of DCO frequency band to reduce the unnecessary 
lock time. The third stage is the tracking stage. The ADPLL 
will start tracking at this time. In order to achieve fast-locking, 
the dynamic loop gain control mechanism is proposed to im-
prove tracking speed by using a larger KI in DLF. However, 
a large KI will lead to a decrease in the stability of the system, 
and will also make over-damping of the circuit during track-
ing, which may cause an increase in the tracking time [5]. 
Hence, a phase self-alignment mechanism is proposed, which 
is consists of LD and counter in DLF, and RFD. When the 
output frequency is close to the target frequency, the LD will 
be high. At this moment, the RFD is reset by the RST pulse 
signal and the value of KI is changed to small one. Therefore, 
the phase of FBK can be aligned with FREF to reduce the extra 
tracking time caused by over-damping. When the loop locked, 
the value of KI will become smaller to maintain loop stability 
and jitter performance. The flowchart and the waveform dia-
gram of the proposed ADPLL, as shown in Fig. 2. 

 
3. Experimental Results 

Fig. 3 shows the layout of the proposed ADPLL and the 
core area is 0.291 mm2. Fig. 4 shows the locking results of 
the proposed ADPLL and the proposed ADPLL without 
phase self-alignment mechanism, and the conventional 
ADPLL. Compared with conventional ADPLL and the pro-
posed ADPLL without phase self-alignment mechanism, the 
lock time can be reduced by 91% and 83%, respectively. The 
locking time of the ADPLL locked at 700MHz and 1GHz, as 
shown in Fig. 5. The jitter of ADPLL at 700MHz is 22.3 ps 
which is 1.56% of the output period, as shown in Fig. 6. Table 
I shows a comparison of the performances of recently fast-
locking ADPLLs. Finally, the proposed ADPLL with dy-
namic loop gain control and phase self-alignment mechanism 
has less locking time and lower power consumption. 

 
4. Conclusions A fast-locking all-digital PLL with dynamic loop gain 
control and phase self-alignment mechanism is proposed in 
this paper. In this paper, a phase self-alignment mechanism is 
proposed to solve the problem of over-damping by large KI and reduce the locking time of ADPLL. Compared with the 
conventional ADPLL, the proposed fast-locking ADPLL can 
reduce the locking time from 144 cycle to 13 cycle which is 
reduced the locking time of 91%. The proposed ADPLL ex-
hibited superior performance with the locking time, power, 
and jitter, and is suitable for sub-GHz IoT band applications. 
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 Fig. 4 Comparison of locking time for various ADPLLs. 

 (b) 
Fig. 2 (a) The flowchart and (b) waveform diagram of the pro-

posed ADPLL. 

 Fig. 5 The locking time of the ADPLL locked at 700MHz and 
1GHz. 

 Fig. 6 The jitter of ADPLL and spectrum which locked at 
700MHz. Table I Performance comparison of ADPLLs 

Parameters REF [2] REF [4] REF [5] This Work 
Process (μm) 0.18 0.18 0.18 0.18 
Voltage (V) 1.8 1.8 1.8 1.8 
Freq. Range 

(GHz) 
0.294~  

0.73 
0.149~   

1.45 
0.2539~ 

1.367 
0.7~        

1 
Locking Time  150 cycles  

@730 MHz 
7.52 μs 

@800 MHz 
57 cycles 

@1.25 GHz 
1.25 μs    

(13 cycles)  
@700 MHz 

Area (mm2) 0.9 0.225 0.7735 0.291 
P2P Jitter (ps) N/A 21.9 

(1.752%) 
32.5 

(4.06%) 
22.3 

 (1.56%) 
Power (mW) 15 

@730 MHz 
18.2 

@800 MHz 
35 

@1.25 GHz 8.25 
@700 MHz 

 Fig. 1 The architecture of proposed ADPLL. 

LD detects if the
 frequency of FBK is close to FREF

Is CT3 generated by TDC low?

KP = 2-3 & KI = 2-4.
LD generates RST signal to RFD 

to make self-aligned

KP = 2-3 & KI = 2-4

Self-aligned mechanism aligns the phase of FBK and 
FREF, and resets ADPLL before PFD determines 

FBK>FREF or FBK <FREF

Loop locked

Detecting

Setup

Tracking

Choosing which band of DCO is used. And then, input the 
digital code of DCO which MSB is High and others are Low 

to track up or down from the middle frequency of DCO

N

KP = 2-3 & KI = 2-2

N

Y

Y

KP = 2-3 & KI = 2-6

 (a)  

732
 µm

 Fig. 3 Layout of proposed ADPLL. 
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