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THE LATENCY IMPROVEMENT METHOD FOR HIGH-SPEED SERDES
CLOCK-DATA RECOVERY LOOP

High-speed serializer/deserializer (SerDes) systems are essential for enabling rapid
and reliable data transfer in modern digital communication interfaces. Central to their
operation is the clock and data recovery (CDR) circuit, which reconstructs a clean sampling
clock from incoming serial data streams to ensure accurate data interpretation. Among
various architectures, dual-loop CDRs combining both frequency and phase tracking loops
have become prominent for their ability to handle frequency offsets and maintain precise
phase alignment. The timing characteristics within these CDR loops, including
synchronization between digital control signals and clock domains, play a critical role in
overall performance. Improper timing management can introduce jitter, glitches, or
metastability, directly impacting the bit error rate and reliability of high-speed links. Thus,
careful attention to timing such as the use of synchronizing elements like D-latches is vital
for robust, low-jitter CDR operation in high-speed SerDes applications. While a D-latch is
commonly employed to synchronize and stabilize the transfer of digital control codes from
the CDR loop to the phase mixer (PMIX), its use introduces certain drawbacks like timing
errors in the loop. This is the potential cause of BER degradation which is a crucial
parameter to meet the industry compliance standards. The usage of the proposed method
improves jitter tolerance resulting in an additional design logic and in a negligible area
increase.

Keywords: SerDes, latency, j itter, phase mixer, BER, receiver, D-latch.

Introduction. High-speed electrical serial links are at the core of modern
data center and server architectures, enabling the massive data throughput required for
energy-proportional computing. As the demand for bandwidth grows, contemporary
systems increasingly rely on serializer/deserializer (SerDes) architectures that support
per-lane data rates reaching multi-gigabit per second operation speeds leading the
clocking scheme to become the dominant factor of power consumption in highspeed
transceivers [1]. In a typical SerDes setup, the transmitter (Tx) converts parallel
data into a high-speed serial stream using a clock generated by a phase-locked loop
(PLL). This serial data traverses a lossy backplane or copper channel, where it
suffers from signal degradation and inter-symbol interference (ISI). At the receiver
(Rx) in high-speed SerDes systems, the critical stages for ensuring reliable data
transmission are the blocks responsible for data equalization such as CTLE
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(Continuous time linear equalizer), FFE, DFE and clock and data recovery (CDR)
circuit. Data equalization is responsible for compensating for the channel-induced
losses and inter-symbol interference (ISI) that occur as the signal travels through
the backplane or copper cable. This process restores the integrity of the received
waveform, opening the eye diagram and making the signal suitable for further
digital processing. Following equalization, the CDR block extracts a clean
sampling clock and recovers the transmitted data from the equalized but still
potentially noisy signal. The performance of these stages directly impacts the
overall bit error rate (BER) and timing accuracy of the SerDes link, as any residual
distortion or timing misalignment can lead to data errors or increased jitter in the
recovered clock.

Fig. 1 shows a block diagram of a typical high-speed serial-link (SerDes) [2]
consisting of the main building blocks mentioned earlier.
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Fig. 1. Typical high-speed serial-link SerDes architecture

In modern high-speed SerDes receivers, digital CDR architectures are
widely adopted to achieve robust clock recovery under multi-gigabit operation. In
these digital approaches, the CDR is composed of two feedback paths: a frequency
loop, which corrects long-term frequency offset between the transmitter and
receiver clocks, and a phase loop, which provides fine-grained phase alignment to
the incoming data stream.

The phase and frequency error signals are typically processed through digital
proportional and integral accumulators, whose outputs reflect the necessary clock
corrections. To interface with the analog domain, the filtered digital control word is
converted to an analog signal by a current-steering digital-to-analog converter
(IDAC). This analog signal directly controls the phase interpolator (PI) or phase
mixer circuit (PMIX), which adjusts the phase of the recovered clock with high
resolution. The PI thus acts as a finely tunable delay element, enabling precise
clock alignment required for reliable data recovery at multi-gigabit rates.

This digital-to-analog signal path from the digital CDR logic, through the IDAC,
to the PI/PMIX not only provides flexibility in loop design and programmability,
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but also enables low-jitter, high-speed operation essential for contemporary data
center and server applications.

The digital CDR model (Fig. 2) [3] consists of digital bang-bang phase
detector, a frequency integrator, a phase integrator and a phase interpolator.
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Fig. 2. The block diagram of the digital CDR

The CDR design. When designing such CDRs (Clock Data Recovery circuits),
the D-latch placed at the output serves several important purposes that are crucial
for ensuring reliable and stable operation . Primarily, the D-latch acts as a
synchronization element, capturing the control signals generated within the loop at
precise moments aligned with the system clock. This synchronization helps prevent
glitches and transient disturbances from propagating downstream, which is especially
vital at the high data rates characteristic of modern SerDes systems. Additionally,
the latch provides a stable, consistent control input to the phase adjustment
circuitry, thereby enhancing overall loop stability. By isolating the digital control
logic from the analog domain, the D-latch also contributes to improved noise
immunity and timing predictability.

The CDR loop presented along with the analog clock path(PMIX, ILO,
ADC) in Fig. 3 consists of bang-bang phase detector, followed by D-latch feeding
trough the phase and frequency tracking loops, which are isolated from the analog
clock path by using D-latch to avoid glitches when large code fluctuations occur
resulting overall loop stability. Then the IDAC is used to pass the codes to the
analog clocking.

Clock path

Fig. 3. CDR loop design
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Problem description. By the use of D-latches the latency is introduced due
to time-interleaved sampling [4] to the overall CDR loop. Therefore, it is important
to consider certain trade-offs, such as potential added jitter and timing complexity
because of additional latency introduced (Td), which can impact the performance
of the overall clock recovery system especially in high speed SerDes systems.

The proposed method. To address the additional jitter and latency problem
introduced by the D-latch, the selective-latch method is proposed (Fig. 4).

Proposed selective approach

Fig. 4. The CDR loop with the proposed solution

This will allow us to remove a D-latch, hence its negative impact on the
CDR loop when it is necessary.

In Fig. 5 we can see that the CDR needs to be locked at first when starting
up and its output codes should be settled to some small code range. At this point
we can say that the CDR is locked and all the BER and other measurements will be
performed after that time point for reasonable results. And since the D-latch mainly
filters large fluctuations as they occur at the beginning of the process, it we will
have an option with the proposed solution to enable the D-latch path at the output
to improve the loop stability and avoid large settling times.
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Fig. 5. The CDR output frequency codes

Simulation Results. To check the proposed method’s impact on the system
performance, the Matlab simulation is performed using the designed simulink
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model of the system consisting of an approximated data transmitter and receiver
(TX/RX) circuits and the designed CDR circuit, which also provides the ability to
select between different channel models. This model allows to perform 20 times
faster simulations resulting in 10% accuracy degradation.

The jitter tolerance (JTOL) measurements are performed to be able to
evaluate the difference between the two approaches. The jitter tolerance is
examined and the maximum input jitter at a given frequency that a CDR loop can
tolerate is predicted [5].

-25dB/16GHz channel -4dB/16GHz channel

— with Initial loop —  with Initial loop

with Proposed loop with Proposed loop

Fig. 6. The JTOL curve comparison for long and short channel cases

The JTOL curve comparison (Fig. 6) shows that disabling the D-latch after
the CDR is locked results in an overall better curve. The simulations were
performed with the long(-25dB) and short(-5dB) channel models to have a more
broader picture of the improvement.

Conclusion. A CDR with controllable output path is proposed. The method
improves the latency when the BER is measured, meanwhile allowing the use of
the initial version to isolate the large code fluctuations at the CDR output with the
D-latch while locking phase. This results in improvement in BER which translates
to better jitter tolerance. The usage of the proposed method results in additional
design logic change which causes a negligible area increase(<0.5%). The proposed
method can be used in modern high speed SerDes systems where digital clock-
data recovery is supported.
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UrUaUueNro SERDES ZUU UYL BMNRU SYSULULENP BY SUUSUSPUL
U2HULCULP 4ErUYULILUTL CEUSE ZUNUNUUL RUSELUAUTL
UGENY

Upwquqnps ubphwjugunn/wuywubphuwjugunn (SerDes) hudwjupgbph ntpp juplnp
b dadwbiwlulhg pyuyhtt hwunnppuygnipniuutph hunbpdtjuttipnid wpwg b hntuwh
wnjukiph thnjuwgnudtt wywhnybne hudwnp: Ypuig wphunwbipmy giuwynp nhp | ju-
nwupnd nyjuitkph b nuunughtt wqputpwih Jepujuiqudwi (CDR) snpwl, npp yipu-
Juuqunud £ dwpnip mujuiuyghtt wmqpuiipwt dniinpugpynn hwenpruljut tidjuutkiph hnupk-
nhg wfjuykph &ogphn phpkpgmu wywhnyknt hwdwp: Uh swpp nuappbp junnig]usp-
ubpny onpwikphg wopwtdtwunwd k tplninh CDR-p, nptt nith b hwdwnipjub, b thnyh
thnthnpunipinibibphtt hbnbing wpwtdhtt mnhukp, ptgp pny £ vniwhu onlil] hwdwunip-
jutt b thnyh obnmudubpp: Uju wmhwh onpwttph dudwbwljuyhtt wuwpwdtnpbpp guhwtgnud
bkt hwdwywwnwujiwinipnit pyuyhtt jurwupdwi wqpquywittph b tmwljunuh wg-
nuipwih dpol, hush htnbwpny Yupunpdnud k ipwig nhipp wdpnne onpuygh wojuwwnwuph
wpynituybnmput pupdpugdwt gnpénud: Ny &ogphwnn dudwbwljuyhtt junwjupnudp
Jupnn b wpwowgul) mqnpuiowth ppprngubp, sknnudubp juwd ny juynit Jh&wly, npnup
niqnuljhnpkt wqpnud Eu phpuyhtt uvhiwputph b wpuqugnps hwdwlupgbph hntuwhnip-
juit ypu: Nrunh ogphnn dudwtwluyhtt jurwdupnid hpujwtwgynid k uhijupniiugung
wwppbph d-uliknhsh ogunugnpduwdp, hisp Juplnp E juyni b thopp pyny wqpubpwih
pnprngutnny CDR snpuyh wplunwiph hudwp wpuquqnps SerDes hunlwljuipgbpnud: H-ulik-
nhyp unynpwpwp Yhpundnd £ pyughtt jurudupdwt wqnubpwbubph uhtijupniiuwgdwi b
Juymiimpjut hwdwp thnfuwbgkny wdjuyitpp CDR onpughg thnyuyhtl owntihshn (PMIX),
uwuyt ppu oguuugnpdnidp Yupnn L wpwewgul] npny phpnipnibubp, husyhupp tu
dudwtwluyhtt uppwutipp: Uw Jupnn t hwigkgub] phpuyhtt vhpwuiph qunpupugdul,
nnp Juplnp swithwithy E wpynibwpbpnipjut hwmdwywinwuwinipjut uinwinupunubph
mbkuwtlynithg: Unwownlynn dkpnnh Yhpwonudp pupbjuynud b wqpubipwth pppnngh
poyjunnpth vwhdwp, nph hpwgnpsdwt hwdwp wwhwieymd E hwybjjuy mpudwpw-
twlut nwpph oquuugnpsmd’ hwbghkghitin] wibipwi vwikpbup dksugiwi:

Unwbgpuyhl punkp. SerDes, hmywunnud, wqnuiipwith pppnng, thnyuyhtt wnthsy,
phpwihtt uptwjwp, punnithy hwbignyg, F-ultkinhs:
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AX.TEBOPTSIH

METO/J YJIYYIIEHUA 3AJEPKKHA 1JIs1 KOHTYPA BOCCTAHOBJIEHUSA
TAKTOBBIX JAHHBIX B BBICOKOCKOPOCTHBIX SERDES CUCTEMAX

BricokockopocThbie serializer/deserializer (SerDes) cucTeMbl HEOOXOIUMBI IS
obecrieueHHs1 OBICTPOTO M HAJIEKHOTO OOMEHA TaHHBIMU B COBPEMEHHBIX LIU(PPOBBIX KOMMY-
HHUKAIMOHHBIX MHTEpdelicax. B 1ieHTpe ux paboThl HAXOMUTCSI KOHTYP BOCCTAHOBJICHUS TaK-
ToBBIX MaHHBIX (CDR), KOTOpBIN BOCCTAHABIMBAET YUCTHI TAKTOBBIA CHTHAI M3 BXOJSIINX
MIOCIIE0BATENbHBIX [TOTOKOB JAHHBIX AJISI 00ECIEYCHUs] TOUHON MHTEPHPETAuN JAHHbIX.
Cpenu pa3nmMaHBIX apXUTEKTYp 0CO00€ MECTO 3aHHUMAaOT ABYXKOHTYpHBIE CDR-cxemsl,
00BEANHSIONINE KOHTYP OTCIIC)KUBAHUS YaCTOTHI M KOHTYpP OTCIIEXKHUBaHMSA (a3bl Onaroxaps
CBOEHl CIIOCOOHOCTH CHPABIATHCS C YAaCTOTHBIMHM CMEIIECHHSMH W IOJIEPKUBATh TOYHOE
(a3oBoe BbIpaBHHMBaHHE. BpemeHHble xapakrepuctuku B 3tux CDR-cxemax, Brimowas
CHHXPOHH3ALNIO MEXIY HU(PPOBBIMU YIPABISIOINMI CUTHAIAMH M TAKTOBBIM CHTHAJIOM,
UTPAIOT KPUTUYECKYIO POJb B OOIIEH MPOM3BOANTEIBHOCTH. HenpaBuibHOE yIipaBieHHe
BPEMCHEM MOXKCET IMPUBCCTU K JAPOKAHUIO CUTHAJIA, TJIFOKaM WJIN MeTaCTa6I/lﬂbHOCTI/I, 4qTo
HamnpsMyto BiisieT Ha onmoOku nepeaaun (BER) 1 HajgexHOCTh BRICOKOCKOPOCTHBIX CHCTEM.
ITosToMy ocoboe OTHOILIEHHE K TalMHUHTY, HalpUMeEp, UCHOJIb30BAaHUE CHHXPOHH3UPYIOIIHIX
9JIEMEHTOB, TAaKMX Kak J[-TpUTTepOB, SBISETCS BKHBIM IS CTaOMIbHOM paboTel CDR-cxem ¢
HU3KHM JPOKaHWEM CHTHAJIA B TMPWIOKEHUSIX BBICOKOCKOPOCTHBIX SerDes. Xotst JI-Tpurrepsr
OOBIYHO HCIIOB3YIOTCS A CHHXPOHHU3ALMK 1 CTa0MIIN3aLMH TIepeAadr IM(PPOBBIX YIIPaBIIIO-
mmx konoB oT CDR k ¢azoBomy mukcepy (PMIX), 3To BBOIUT omnpenenéHHbIe HETOCTATKH,
TaKhe KaK BpEMEHHbIE OIIMOKH B KOHTYpe. DTO MOXKET CTaTh NpuunHoN yxyamenus BER,
YTO SIBJSIETCS| BaYKHBIM MTAPaMETPOM JUIsl COOTBETCTBHUS OTPACIIEBBIM cTaHAapTaM. Mcmomnb3o-
BaHHE IpPeJJIaraéMoro MeTo/ia MOBBIIIAET TOJEPAHTHOCTD K JIPOKAHUIO CUTHANA, YTO MpH-
BOOUT K )106aBJ'IeHl/IIO JIOTHUKHU B )1H3aﬂH 1 K HCBHAYUTCIIbHOMY YBCJIMYCHUIO TIJIOIIAAN.

Knrouesvte cnosa: SerDes, 3anepixka, IpoxaHue curHaia, ¢pa3opblii mukcep, BER,
NpUEMHBIHN y3en, J[-Tpurrep.
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