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The purpose of this project is to implement a
clock and data recovery (CDR) for Stratum 3
application. The bit rate is 1.244GB/s for OC-24
by using TSMC 0.18um CMOS process. Three
high speed circuits of voltage controlled SAW
Oscillator  (VCSO),
detector, and charge pump are involved. The

VCSO with differential outputs is designed for

linear haf-rate phase

low phase noise application. The low pass loop

filter and SAW resonator are externally
connected. The loop bandwidth is initially set
around 1KHz. The negative resistance in VCSO
is carefully designed to have five times of saw
resistance. The tuning is equipped with capacitor
bank and varactor. The MATLAB and HSPICE
are used for behavior and circuit level simulation,
respectively. The VCSO is then combined with
CDR for stability and phase lock tests. The target
of RMS jitter of retime clock is 1.024ps. The
power consumptions are 30mW. And the total

tuning range is about 100ppm.

L

CDR circuits are widely used as timing
synchronization in high-speed serial data transfer
in SONET, Gigabit Ethernet, and servers. [1-5]
Low jitter performance is important for high
quality service. SAW filters have been used in
clock recover element [1], but is not suitable for
non-return to zero (NRZ) data format. CDR is
typically used PLL’s type. The PLL type CDR
will retime the sampling clock first and then
re-sampling the input data. In general, VCO
provides the most part of jitter. Two types of
oscillator are often used for the local clocks. One
is the ring oscillator, which has wide tuning but
worse jitter performance and is used in the
customer side. Most of works utilizes this kind



of VCO for wide band applications. The other is
the high stability oscillators using high-Q
piezoelectric resonators. Those oscillators have
narrower tuning range but better jitter
performance and are used in the backbone side.
But those operate at low frequency due to the
inherent thickness in voltage controlled crystal
oscillator (VCXO) or IDT resolution in VCSO.
As the transmission rate is raised the low jitter
VCO is crucia. VCXO and VCSO are two high
stability oscillators. Many kinds of architecture
employing high stability oscillators have been
presented. [4]

In this study a clock recovery with SAW
resonator-based oscillator is examined. The VCO
is replaced by VCSO to take advantages of
SAW’s low jitter and low voltage. 622MHz
VCSO is designed for its popular line rate
STM-4 or OC-12. Phase detector in high speed
operation plays an important part in determining
recovered data of CDR. In addition, half rate
phase detector is employed to half the VCO rate
and save the power [6] As compared to
-40dBc/Hz a offset 1KHz [2,3] in ring
oscillators, we get ultra-low noise -85dBc/Hz. a
low phase noise and low jitter CDR for
application to Gigabit Ethernet 1.244GHz is
presented.
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The functiona block diagram of
PLL-based clock recovery is shown in Fig. 1.
Input NRZ data is at 1244MHz and local VCSO
is working at 622MHz. Phase comparison is at
622MHz. No digital divider is utilized. Phase
detector and charge pump work in high speed
and need special care in layout. Elements of low
pass filter and SAW resonator outside the dashed
box are external connected. The designs are
detailed as follows.

A. Pierce Oscillator
The circuit of VCSO is constructed in Fig.
2. [7] Here, one-port SAW resonator isin pseudo

two-port connection. The values of equivaence
circuit of SAW is L, =0.04mH

; R =15550Q ; C,=1.78fF and C,=2.35pF .
Single-stage amplifier with CS configuration is
utilized. The loading effect is from the current
mirror. Bias current can be adjusted by the
external resistor R. According to the
Barkhausen’s criterion, oscillation starts as the
loop gain larger than one and phase shift equal to
360°. Except for the single transistor and SAW
resonator, additiona 7 phase shift is provided
to fulfill the criteria. [8] Output is differential to
match the differential input of phase detector.
The tuning range of VCSO is about 180ppm.
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B. Phase Detector

The half-rate phase detector shown Fig 3ais
designed. Only rising and faling edges are
needed, so that it is less affected by signa
distortion and has larger jitter tolerance. Another
advantage is the half speed in the VCO to save
the power [6]. Because random NRZ data has no
spectral line in the clock rate, the edge detection
is featured to extract out spectral line. The
detector contains four Latches L;-L4 and two
XORs. As NRZ data through L; and L, two
different pulses at point A and B with width
T% L aTand T% _ AT ae generated, respectively,

where T is the period of clock and AT is the

time difference of rising edge between data and
clock. After XOR, the time difference AT is

obtained. The simulated waveforms are shown in
Fig. 3b. The average of AT Iis affected by the
data transition density so that different pattern

may have same difference. To avoid this defect,
another reference clock V. is generated for error

correction. L andL,, L,and L,can be taken as

two complementary triggered Flip-Flop. A half
pulse width V,, is obtained via XOR. As CDR
locked, the clock edge is aligned to the center of
data pulse, i.e. AT is equa to Tex . the clock

phase is denoted as leading as AT <T%. On the

contrary, the phase is denoted as lag. As for the
retime data, retime clock through Flip-Flop
formed by L,,L,, L,, and L,is able to sample
the input data and after de-multiplexing the data
is obtained.

Current mode logic (CML) is employed to
realize these high speed logic gates. [9] The
swing in CML is small to gain the high speed.
M1 and M2 in Fig. 3c act as pre-amplifier in the
CML latch to provide enough gain to achieve

fully-swing. Cross-coupled M3 and M4 have
loop gain larger than 1 to act as store element.
M5 and M6 are switched to select sense or store
mode. As clock high, M5 is on, M1land M2 are
active. Vout sense the input data. As clock falls
to low, M3 and M4 are active and data is latched.

Fig. 3 (a) half-rate PD architecture, (b) Current-mode
Latch, (c) smulated half-rate PD waveforms

C. ChargePump and Loop Filter

The current steering charge pump shown in Fig.
4 is used to overcome the high speed operation.
[10] Vv, and V., are connected to the UP and

DN, respectively, to cance the pattern dependent
phase error. Current |, is fed to the external
RC low passfilter. Four nmos are for the input to
avoid current mismatch as in conventional nmos
and pmos. MP3 and MP4 form a pull-up circuit
to speed up the transition in Point A. As UP+ is
high, MN2 ison and MNL1 is off. Actually, MN1



is not completely switched off and a small

leakage current still exists.
The weak currentl_in MN1 is suppressed by

the current mirror MP1 . MP2
I to charge the output

~
~

o = lup =l = lp
parasitic capacitance. As UP+ transition from
high to low, MN2 is switched off and MNL1 is
turned on such that drain voltage of MP4 is
raised to force MP2 off. No extra bias circuit is
needed in this so-called current reuse charge
pump. The second order loop filter is externally

used. The loop bandwidth is set at 1 KHz
Witth: 276Q2 ; C, =4.33uF ; C, = 224pF .

mP3
uP-  MN1 NMN2  yps DN-—| MN3 VN4 |—DN¢

NMINS MN7
MN6

Fig. 4 Zero-offset charge pump,

The chip is fabricated by TSMC CMOS 0.18um
2P6M process. Layout of Common-Centroid is
specialy applied for symmetry. The area
is .595*0.949mm as in Fig. 5 and operating
speed is at 1.25GHz NRZ data. The tuning range
of VCSO is 180ppm as shown in Fig. 6. The
phase noise of SAW oscillator under free
running is -163dBc/Hz at offset IMHz and is
-162.5dBc/Hz after locking as in Fig. 7a and 7b,
respectively. Obviously, the close-in noise is
suppressed under locking. The measured loop
bandwidth is around 1 KHz. The measured RMS
jitter is 880fs and peak-to-peak jitter is 6.22ps
through Agilent 86100c as shown in Fig. 7(c).

The locked eye-pattern is a'so shown in Fig. 7(d).

The power consumption is 22.45mW. The
performance is summarized in Table I. The
comparison is aso givenThe power
consumption is 22.45mW. The performance is
summarized in Table |. The comparison is aso
given.
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Fig. 7 (a) phase noise of free running SAW and (b) phase
noise after locking, (¢) RMS jitter measurement (d) Eye
Pattern.

In this study the clock recovery using
high-Q SAW resonator is constructed. With the
half rate phase detector, the 622MHz saw
oscillator by CMOS technology is fabricated.
With the high speed design and careful layout,
the application is for data speed is at 1244MHz.
In the future, the phase shift is embedded into the
chip to achieve total integration. The linearity of
VCSO isdesired to improve.
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Reference [3] ADB808 [5] This Work
CMOS
Technology N.A CMOS 0.18um
0.18um
VDD 1.8V -5.2V~+5V 1.8V
1.4mm*1.4
Chip size Package 595mm*949mm
mm
Recovery
625MHz 622.08MHz 622.08MHz
clock
Datarate 1.25Gb/s 622.08Mb/s 1.244Gb/s
Operation
0.95~1.3Gb/s | 620~624MHz 622M T 600Hz
range
Power
32mw 400mw 22mv
dissipation
RMS Clock
6.66ps N.A 1.0217ps
Jitter
Clock Jitter
34ps N.A 7.6ps
(p.p)
Data Jitter
12.27ps 11.16ps 2.8ps
(rms)
Data Jitter
40ps N.A 17.8ps
(p.p)

TABLE | SUMMARY OF PERFORMANCE
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