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Abstract: Compared with conventional second-order PLL (Phase-Locked Loop), the self-biased PLL stands out with
its remarkable capability to maintain consistent loop stability and response speed across an extensive dynamic range, while
also delivering superior frequency stability. These inherent advantages enable it to satisfy the demanding requirements of
various high-precision frequency control applications, rendering it an ideal candidate for serving as the clock source of
SerDes (Serializer/Deserializer) PHY (Physical Layer) circuits that are compliant with multiple protocol standards. What is

more, the self-biased PLL can provide stable loop characteristics not only over a broad frequency range but also within a
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specific voltage range, which further expands its applicability in complex electronic systems. In traditional self-biased PLL
architectures, two separate charge pumps are typically utilized to generate symmetric auxiliary voltages, namely V, and V.
However, this dual-charge-pump configuration inevitably leads to increased system power consumption and a larger chip ar-
ea footprint, which are critical drawbacks in modern high-density, low-power integrated circuit designs. Additionally, layout

mismatches during the manufacturing process can introduce static offsets between V, and V;

.- To make matters worse, pow-

er supply voltage drops and local noise interference that occur during circuit operation will give rise to dynamic mismatches
between these two auxiliary voltages. Both static and dynamic mismatches can significantly degrade the performance of the
VCO (Voltage-Controlled Oscillator ), manifesting as increased phase noise and clock jitter, which are detrimental to the
overall signal integrity of the SerDes PHY system. To tackle the aforementioned issues comprehensively, this paper pres-
and V,

fs2

ents a novel low-power, low-mismatch charge pump structure that is capable of generating both V,

. using a single
charge pump circuit. The core innovation of this design lies in the sharing of the current bias section among the two output
voltage branches, which effectively reduces the number of active components and thus cuts down the overall system power
consumption substantially. Furthermore, targeted design improvements, such as symmetric circuit layout optimization and
precision current mirror calibration, are implemented to minimize the output mismatches between V and V,, , thereby miti-
gating the adverse impacts of static and dynamic offsets on the VCO performance. In practical operation scenarios, the pro-
posed self-biased PLL design can simultaneously act as the clock source for SerDes PHY circuits adhering to a diverse set
of mainstream protocols, including PCle (Peripheral Component Interconnect express) 1.0/2.0/3.0, USB (Universal Serial
Bus) 3.0, and SATA (Serial Advanced Technology Attachment) 1/2/3. A key feature of its application in SerDes systems is
that every four data units share one dedicated clock unit, and each of these four data units can be independently configured
to operate at any data rate specified by the PCle protocol, or alternatively, be set to run at any rate supported by the USB
and SATA protocols respectively. This high degree of configurability makes the PLL highly adaptable to the heterogeneous
communication requirements of modern electronic devices. The full integrated circuit of the proposed PLL operates at a low
supply voltage of 0.9 V, which is conducive to low-power operation in battery-powered devices. The chip area occupied by
the PLL core is merely 0.055 3 mm?, demonstrating excellent area efficiency that is essential for integration into compact
SerDes PHY chips. The PLL achieves a wide frequency tuning range spanning from 3 GHz to 5 GHz for VCO, covering the
frequency bands required by most of the targeted protocols. The loop divider supports division ratios from 6 to 511, and the
output divider supports ratios from 1 to 255, resulting in an output frequency range of 11.76 MHz to 5 GHz. Post-layout
simulation results validate the superior performance of the design: the PLL exhibits a fast locking time of 2 s, a low phase
noise of —110 dBc/Hz at an offset frequency of 1 MHz, and a total power consumption of only 5.54 mW, all of which out-
perform many conventional self-biased PLL designs. Experimental test results further confirm the robustness and reliability
of the proposed PLL. Specifically, the yield rate of 2 000 fabricated PLL chips exceeds 99% when operating within the ex-
treme temperature range from —40 °C to 125 °C, indicating excellent manufacturing compatibility and environmental adapt-
ability. Moreover, the jitter test results of the high-speed clock signals transmitted on-chip and output by the SerDes trans-
mitter are significantly larger than the simulation predictions. At an operating frequency of 2.5 GHz, the measured RJ (Ran-
dom Jitter) is 2.41 ps and the PJ (Period Jitter) is 10.8 ps; when the frequency is increased to 4 GHz, the random jitter is re-
duced to 1.8 ps and the period jitter is 9.28 ps. The aforementioned high-speed clock incurs significant jitter due to transmis-
sion through a complex path. In contrast, the 100 MHz reference clock for the PCle slot generated by the PLL features an
extremely short transmission path to the output PAD, the jitter introduced by the test path is minimal and can be directly
measured. A dedicated PCle reference clock test software embedded in the oscilloscope was adopted to characterize the ref-
erence clock at the PCle slot, with the worst-case RMS (Root-Mean-Square) jitter measured at 0.776 8 ps. To verify the suit-
ability of the proposed PLL structure for SerDes PHY applications, rigorous compliance tests were conducted at PCle PHY
Gen?2 and Gen3 data rates. All test metrics not only meet the stringent requirements specified in the corresponding protocol
standards but also exhibit ample margins, which provide a solid guarantee for the stable operation of the SerDes system in
real-world applications.
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Figure 1 Structure of classic second-order phase-locked loop
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Figure 2 Structure of self-biased phase-locked loop
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Table 1 Three-temperature test results of the PLL
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T N
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125 °C 1971 3 3 4 3 3 1 12 99.4%
25°C 2 000 0 0 0 0 0 0 0 100%
—40 C 1958 1 5 4 5 5 5 17 99.15%
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Diagram of the PLL test path
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Summary of Results

Test Statistics Margin Thresholds PCle PHY GEN2 JE#
Falled | 0 [Warning [ <5 % Pt
[Passed | 1= | <0% 1
Total | 12
Pass [ # Failed [# Trials [Test Name (click to jump) Actual Value [Margin [Pass Limits
© 1 200.0000 ps | 50.0 % | 199.94000 ps <=
200.06000 ps
& e 1 RootComplex Tests, Template Tests (5.8 GI/s) Pass 100.6 % | VALUE - 0.000
° T EootComplex Tests, Peak Differential Output Voltage (Transition)(s.o GI/s) 852.1 mv 36.7 % | 300.0 v <=
L VALUE <= 1.2000
v
O T RootComplex Tests, Peak Gutput Voltage (Non (5.6 GI/s) | 733.6 mv 281 % | 360 =
] VALUE <= 1.2000
v
© |° T RootComplex Tests, Eye-width with crosstalk (5.8 GI/s) 137.32 ps 44.5 % | VALUE >= 95.00
@ [® 1 RootComplex Tests, RMS Random Jitter with (5.8 Gi/s) 5.573 ps 166.6 % | Information Only
CRE T RootComplex Tests, Maximum Deterministic Jitter with crosstalk (5.6 GT/s) 12.442 ps 7.2 % | VALUE <= 57.000
ps
@ |° T RootComplex Tests, Total Jitter at BER-12 with crosstalk (5.0 GE/s) 62.676 ps 46.3 % | VALUE <= 105.000
ps
@ |° T RootComplex T Eye-Width with T T, 139.53 ps 252 % | VALUE >- 108.00
ps
W |9 1 RootComplex Tests, RN Random Jitter without crosstalk (5.0 GI/s) 3.389 ps 100.0 % | Information Only
© |° T RootComplex Tests, Maxinum Deterministic Jitter without crosstalk (5.6 GI/s) | 12.836 ps 76.8 X | VALUE <= 44.000
s
® |° 1 RootComplex Tests, Total Jitter at BER-12 without crosstalk (5.8 GI/s) 60.472 ps 34.3 % VALUE <= 92.800
Summary of Results
Test Statistics. Margin Thresholds PCle PHY GEN3M#
Failed |0 <5% PSR
[Passed [ 5 | <0 % |
[Totat |5 1]
Pass | # Failed | # Trials | Test Name (click to jump) Actual Value | Margin | Pass Limits
° T RootComplex Tests, Unit Interwal (8.6 GI/s) 125.00000 ps | 50.0 % | 124.06000 ps <=
] VALUE <=
125.04000 ps
T o T RootComplex Tests, Tenplate Tests (8.6 GI/s) Pass 166.0 % | VALUE - 0.600
PYE 1 RootComplex Tests, Peak Differential Output Voltage (Transition)(s.0 GT/s 546.4 MV 43.9 % | 34.8 mV <= VALUE
<= 1.2000 v
PYE T 548.6 MV 4.1 % | 34.0 m <= VALUE
<= 1.2000 V
® |° T RootComplex Tests, Eye-Width (8.0 GI/S) 88.21 ps 113.8 % | VALUE >= 41.25
ps

19 PCle PHY GEN2 Il GEN3 R PRS2
Figure 19 PCle PHY protocol test results for GEN2 and GEN3 data rates
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Table 2 Comparison between this design and other designs

SER L RAF A
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k(1612023 SCHR[18]2017

SCHR[24]12025

k(2512025

AR

T.Z/nm

28

40 65
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65
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IR NEENEAY

0.9

1.2

33

1.2

0.9

IFE/mW

32

95

6.6

5.54

T F/mm”

0.209

1.8

0.42

0.0553

VCO i fil/GHz

0.5~3.125
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4.8~5.38

3~5

i A/ GHz

0.5~3.125
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3/255~5"

BE B[] fus

2.5

2

A 75 /(B e/Hz)
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Adaptive Bandwidth Yes Yes Yes No No Yes
T :(a) ML VCO 5 (b)PLL i H A5 [l 1~255 , ik i 453 O 3/255~5 GHz.,
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‘Overall Resul for RIS St (8GT/s Common Ci)

20 PCleZ % W= AL BB 100 MHz B A4 5
Figure 20  Test results of 100 MHz clock from PCle reference clock gen-

eration module
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