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A 1.25Gb/s Digitally-Controlled Dual-Loop Clock

and Data Recovery Circuit with an Improved
Effective Phase Resolution

Chang-kyvung Seong”, Senng-woo Lee” and Woo-voung Choi?

Y Department of Electrical and Electronic Enginsermg

Tonsel University
Seoul, Korea

Abstract - 4 movel 1.23G05 digitallv-controlled dual-
loap clock and data recovery circuit (CDR} for mulh-
chanmel application i proposed. The COR has a new
configuration to  improve the phase resolution. A
profonpe CDE was designed and fabricated in 018 m
CMOS rechmology and itz functions were verjfied with
HEPICE simulation and chip measurement,

Kevwords: Clock and data recovery, phase misipelator |
phase reselution

1 Imtroduction

As the demands for wideband nstworks and high-
speed ICs grow, high-speed zenal 1D systems become
one of the most important blocks. In many cases, such as
switch applications, dozens of transcemvers have to be
mtegrated on a single chip. Therefore, low pows:r
consumption and small chip area for data recovery circumts
for such applications are verv important 1ssues.

A general phase-locked loop (PLL)-based clock and
data recovery cireutt (CDE) 15 not preferred in the malfi-
channel snvirouments due to noise coupling problems
between multiple transcetver modules [1]. Instead, dual-
loop CDFs with 2 shared reference PLL and phase
aliznment blocks for each channe] have been widaly uzed.
In the dual-loop CDE, the phaze alizgnment block uses
phase mterpolator (PI) mstead of voltage-controlled delay
Ime (WCDL) to make confimuous phase tuning in the
range of 360°.

The dual-loop CDE usimg 2 PI can be classified in two
categonas, analog and digitally-conmolled type. Due o the
mherent charactenistics of contmmous phase generation
capability, the CDE using analoz PI has less jitfer
generation. However, it 15 sensitive to the supply and
substrate nodses, smee all condrel behaviors are performed
by analog signals. In the nolisvy envionment dus to
switching noises from the adjacent digitzl logic core,
analog controlled duzl-loop CDE 1z pot swifable. Im the
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Figure 1. Block diagram of a conventional digitzlly-

confrelled duzl-loop CDE

other hand, the digitally-controlled tvpe i1z robust fo the
noize and easily controllable. Heowever, 1t suffers from
jitter parformance degradation by self-dithering [2]. Thas
15 caused by the nature of imherent discrete phase
generation of digitally-controlled PI. The phass resolution
of the digitally-confrolled duzl-loop CDE 13 a2 crtheal
parameter for the jiiter performancs.

This paper presents a movel confizuration with a
digitallv-controlled delay taffer (DCDEB] to umprove
effactive phase rezolution of the digitally-controlled PL In
Section 2, we present am overview and problems in
conventional digitally-controlled PI and CDE. A new
structure of CDE to overcome these problems are
described in Section 3. Behavioral, transistor-level
simmlation results and chip measuremsant results are grven
in Section 4 and 3, respectively.

2 Conventional
Dual-Loop CDR

21 Ltructure

Fig. 1 shows the block diagram of conventional
digitallv-controlled duzl-loop CDE using 2 PI. The CDE
contains a bang-bang phase detector (BEFDY), controller,
phase selection circwit and PI. Generally, the CDR accepis
even numbers of multi-phase clocks, 1e. reference clocks,

Digitally-Controlled



from the reference PLL. The phase szlection civouit selecis
two clocks having adjacent phases among them.

Two sslected clocks are fed to the FI, wlhich
ganerates the mterpolated clock with the target phase. In
the phase selection and mterpolation procedurss, target
phazes are defermuined by the digital cods from controller.
The BEFD compares the phasze: of mput data and
recovered clock and generates UP or DOWN code. The
controller decides the next states of phase selaction cireunt
and PI using BEPD output. As 2 whole, the CDE forms a
negative feedback loop and the phase of recovered clock
tracks the phasze of mpur data.

p- Phaze resolution v3. CDE performance

The phase resclution of the CDE 1= related to three
1ssues: Jitter gemervation, jitter suppression and fequency
offzat tracking. Unhke the CDE. with a contmuons phase
capability, the CDE with a discrete phase has non-zero
jitter genervation even for an 1deally clean mmput data. Since
the digifally-controlled dual-loop CDE zenevates
gquantized phase, the output clock phase dithers around the
mput data phase even m locked state. Moreover, some
clock latencies in the loop deprade the jifter zemeration
performance [3]. As one clock latency imcreases,
addifional two steps of peak-to-peak dithering ocours and
the CDE loop becomes more unstablze. In the aspect of
Jitter suppression, phasze resclution 1z dmectly related to
the loop bandwidth. For a higher resolution, the phase
step that the CDE can jump m one clock cyele 15 small
Thus, the loop has namow loop bandwidith and rejects
high frequency jitter. However, thiz means that the CDE
can not frack a large frequemcy offset. The phase
rasolution of the CDE 15 lower-bounded by the frequency
offset tracking ability and upper bounded by the jitter
generation and jifter supprassicn performance.

13  Phase interpolator

The P1 15 a kind of analog multiplier and performs a
phaze mixing by taking the weighted summation of fwo
clock signals with 2 certam phase difference The resulting
phase resolution 15 determuined by the resclution of bias
curent DAL, The DAC can be divided mto fwo
categorias by the confroel fvpe: binaryv-weizhted and
thermometer fype. In the binary-weighted type, high
resclution cwrent DAC 15 constmcted with a few bits of
code. But 1f suffers from bad dynamic characternisfics and
mizmatchmg problems as the phase resclution mersases.
Althouzgh the thermometer type cumrent DAC doss not
contain these preblems, 1% 15 oo bulky to mplemeant high
resolution. Therefore, 1t 1z difficult to realize hugh
rasohution FI. Generally, the phasze resolution of FI 1s
limited to about 4-bits in both cases.

248

G
1 Care
Faliesd
r -
s i [y
5
1 B | ] '-""E:""' o T -
Torwe T ;

Figure 2. Block diagram of the proposed CDE
3 Proposed CDR

31 Structure

The block diazram of the proposed CDE. 15 shown in
Fiz. 2. The CDE tzkes two differentiz]l quadrature phase
clock from the reference PLL. Four-phase differential
clocks are made from the gquadrature phase clock by
mvering the clock siznals. Two guadrature clock siznals
are selected by 2:1 MUXs, melatively. They are
mterpolated by the PI and passed through DCDE for a
higher phase reselution. Controller block contams RMIUE
controller, PI controller and DCDB controller. The MU
controller and DCDEB confroller are a2 kind of 2-bits
up/down counter, and PI controller 15 15-biis hadirectional
shaft register to generate thermometer cods. The gensratad
clock 15 fed to the BEPD and the phase 15 comparad. The
UP or DOWH pulses from the BBPD is passed through
Up/Down filter to reduce unwanted phase dithermg [4].
The Up/Down filter counts the outpuat sequence from the
BBPD and outputz UPr or DOWHr cnly when two
consecutive UPs and DOWN: are ocourred.

3.1 Digitally-Controlled Delay Buffer

The key 1dea 1z that the phasze resolufion can be
easily mereased using coarse and fme phase tming
methods. To msert more steps between each adiacent
interpolated phase, the delay buffer with variable delay
steps, Le. DCDB, 15 wsed. The total phase resolufion of
CDE 15 nmultiplied by four by mserting the DCDE with a
four-level, 1.e. 2-bit, wvarable delay. Therefore, the
proposed CDE. bhas tofal B-bits phase resolubion with a 4-
bit PI. Additional blocks of novel confizuration are only
DCDB and 2-bit counter as a DCDB controllsr. Fig. 3
shows simmlated phase transfer charactenstics of FPI and
DCDE combmation usmng HEPICE. Although there are
discontinuons points dus to PI nonlineanty, total phase
resolution 15 effectvely mersased to 256 levels.
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Figure 3. Phase fransfer curve of the combination of 4-bits
phasze mterpolator and 2-bits digitallv-controlled delay
butfer
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Fizure 4 Schematic of the digitallyv-controlled delay
buffer

As shown i Fig. 4, the DCDB 15 a simple current-
steered CMOS mverter. The chargmg and dischargmg
currents are dizttally-controlled by Cpyy and Cy from the
DCDEB controller. By the binarv-weighted control, the
DCDEB has four steps of vanable delav. Since the DCDEB
and DCDB contoller are simple CKMOS5 gates, thay
consume onlv 2 negligible amount of power and cooupy a
small area.

The major problem of DCDB 1z unbounded phase
characteristics, Therefors, it 1z mot guarantesd that total
phaze transfer with the combination of FI and DCDE 15
monotome for PVT vanations. The amount of emor by the
PVT vanation, Errpeope, can be defined as

Er - |:':!."'ﬂ:]_ = M « 100 (1)

":""iﬂ.lf.&u:
where Sy 15 the target mimimum delay of the DCDB
and AP, 15 shipped mininoum delay of the DCDE dus
to the PVT vanation, as shown m Fig. 5. In the prototype
chip, the tmmg veltage, Vi, 15 used as a bias voliage
to contrel the DCDEB emor for the purpose of testing.
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Fizure 5. Concept of phase resolubion mmprovement using

DCDEB and definition of the error of DCDB
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Fizure &. Behavioral and coowt-level simulation resulis

4 Simulation Results

Behaviorzal simulations were exercized by CFPSIM,
C++-based time step simmlator [5]. In the simulation, the
degradation factors such as latency m the controller
module, fequency offset and delay error of DCDE are
considered To venfy the jitter generation performance of
the CDE, simulation using an ideal random data mput
without jitter iz tned for about 10000 clock pertods. The
frequency offiet befwesn the input data and reference
clock 15 fixed at 200ppm. Thiz wvalue 1= 2 general
specification m manv standards. The peak-to-peak and
BEMS jitters are measured for the delav ermer of DCDEB
from -30% to 100%. To compare the jitter generation of
the proposed CDE, the conventional configurations usimg
punly the PI with wvarous phase resolutions are also
simmlated.

As shown in the Fig. &, the jitter generation of the
proposed CDE iz close to the conventional CDE uzmg
ouly a 6-bits PL As the snor of DCDB mereazes, jifter
ganeration performance 1z degraded and effective phase
resolution 15 close to that of the CDE usimg 5-bits PL
However, the range m which jifter generation
parformance 15 better than the COFE usmg 5-ats PI 15 very
wide.
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Fizure & Measured jitter genaration

The similar result is obzerved I the cireuit-lavel
simlation. Although the EMS jitter generated by the
CDE 15 lower than the result of behavioral smmulation,
overall jitter performance 15 simutlar. The simulated powar
copsumption 1z about 17.82mW with 1.3V supply, and
chip area of CDR cote is about 255%163 p='. The layout
of the CDE core 15 shown in Fig 7.

.q

Chip Measurement Results

The prototype clip operates at 1.23Gh's m 2.0V
supply. The CDE 15 able to track the mput data which has
Z400ppm frequency offset. The DCDE ammor 15 controlled
with the tumng voltage, Vg As shown m Fig. 8, the
ntter ganeration level is almost flat for the DCDE error
from -30% to 50%. Although the jitter level 15 higher than
that of simoulation result 1t 1z cbserved that the jitter
parformance of the CDR 15 msensifive to the DCDE error.

To venfy the juter rejection ability, the mput jutter
wazs added by ransoutting the input data through 2m PCB
trace with 3.5m cable. As shown m Fig. 9, the CDE
recovered a clean data and clock signal waveform from
the ave-closed data.

6 Conclusions

This paper presenfs z novel confisuraton of
digitallv-controlled dual-loop CDE to mprove phase
rasolution effectively. The phase resolufion of the CDR 15
inersased by 2 factor of 2-bits with the combination of FI
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Figure 9. Measwred eve diagram
(a2} Input data : after 2m PCB trace and 3 5m cabls,
033 Ul; p eve clozing (b) Becovered data : 0265015

eve closing

and DCDE. It 15 venifiad that the effect of dalay vanation
of DCDEB 15 not critical m wide range. A prototype chup s
desizned m 018 pm CHIOS technology and has E-bats
phaze resolution effectively. The chip consumes 17 3mW
and area was 253165 .
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