Sample of Level 2 Editing with Target Tutoring

A 0.2-t0-34 GHz Novel Ring-Based Triple-Push \*VCO
in 0.13um CMOS Technology

N

A novel ring-based triple-push }voltage—controlled oscillator \Q/(;(?Z ‘}’iﬂ} a Pgr}tiﬁnyguﬁsf/ .
range from 0.2 to 34 GHz is proposed and &ealized using theinr commercial 0.13-um 1P8M
CMOS VCO process.l The output power of the VCO is -18 dBm and there iswith a £2 dB
variation in the full band. The fundamental rejection is more thanabeve 15 dB and the second B
harmonic rejection is [morebetter than 25 dB| This VCO achieves the widest continuously

tuning range freported to datda. N

\
The local oscillator is a key component in wide-bandwideband and high-speedhigh- |
speed applications. TDue-to-the ever-inereasingever-increasing demand for bandwidth makes; |
the tuning range of the voltage-controlled oscillator (VCO)-is an important factoreature in the |

production of microwave and millimeter-wave frequenciesy. Bue—to—thefixed—induetors; |

Minost ILC VCOs ‘are—u%u—&l-l—y used for narrow band design due to fixed inductors [1],[2],[4]. !

SFhere-are-several approachesto-enhaneeapproaches can be used to enhance the tuning range;, \\
\

which include- the use of asueh-as switch capacitor, aner inductor, a duplicate oscillator orané
frequency mixing [3]. lMost of these approachesthem consume large chip size and complex
size, but they suffer from the-oscillation frequency limitations and high power dissipation at
high frequency. ‘For example, the highest fundamental ring oscillator in a SiGe HBT with fr of

120 GHz is proposed at 32 GHz in [5] /
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Comment [al]:
TUTOR - convention:

You have included the expansion of 'VCO'
later inthe document. It would be better to
include it the first time the term is used.

Comment [a2]: CHECK: It would be
better to clarify to the reader what you mean
by ‘realized’ here. Also, what exactly is the
0.13-um 1P8M CMOS VCO, if it is an
example of this kind of VCO, you may want
to make that clear to the reader.

Comment [a3]:
TUTOR - Word choice:

OK: 'better'

Better: 'more’

Reason: With a numeric quantity, it is better
to use terms like ‘more’ rather than using

| | terms like ‘better” which do not convey as
\ much information to the reader.

Comment [a4]: CHECK: Did you mean

. to say ‘reported to date’ here?

Comment [a5]: CHECK: What is an LC
VCO? Please mention that here.

Comment [a6]: CHECK: The meaning of
this sentence is unclear, please rephrase.

,1 Comment [a7]: CHECK: The meaning of

'is proposed' in this sentence is unclear, please
rephrase. Perhaps you meant to say 'is limited
to 32 GHz"?

Comment [a8]: CHECK: Is this a known
technical term? IF not, you may want to
change it to make the meaning clearer.




-1 Comment [a9]: CHECK: Is this a known
,,,,,,,,, technical term? IF not, you may want to
change it to make the meaning clearer.

/1 Comment [a10]: TUTOR: This sentence
VCO is an attractive choice because it cancels the fundamental signals and sums up the | is well written and well structured.

" [comment [a11]: CHECK:
Is the term commonly written as 'multi-push’
or 'multi push'? Please use the term the same
77777777777 way throughout the document.

the problemsdisadvantage of large chip size and h)rocess Variation] [6]. _-7] Comment [a12]: CHECK: You may
7777777777777777777 want to clarify what is meant by 'process
variation' here.

the tuning range as—wel-as—teand to achieve higher oscillation frequencies. \The multi-push

/

/
desired in-phase multiple harmonics as the output signal. Hn traditional topologiesy, it is /

A new topology is proposed tFo overcome the frequency limitation of a ring
,/ Comment [al13]:

oscillator;-a-new-tepelogy-is-prepesed. Fig.ure 1 shows the block diagram of a multi(M)-push /| TUTOR — Grammar:
/| Incorrect: a N-stage

Correct: an N-stage

/

topology with lan M—stage ring oscillator.; Hwhere, M could be—the a factor of N. The ,/

********************************************** Reason: When pronouncing ‘N’ the sound
oscillation frequency of a ring oscillator can be derived usingby the multi-push M, the current starts with a vowel (read: en). Therefore, use
‘an’.
Ictrl, the number of stages N, the amplitude V. and the parasitic capacitance CG. Hn Fig.1, Example: A T-stage...
Example: An N-stage...
large number of stage brings up low frequency. [To decrease the effect in frequency from Example: An M-stage...

Comment [al4]: CHECK: The meaning
‘> | of this sentence is unclear, please rephrase.

v | Comment [al15]: CHECK: The meaning
otherelose—to-cach-other. - Pue—to-the-larsepower-consumption-and-complex-iayoutrouting - | of this sentence is unclear, please rephrase.

Comment [al6]: CHECK: Is enhances
the word you would like to use here? Perhaps
'increases' would be more appropriate?

| Comment [al7]: CHECK: Is this the

frequency is seen when the values of both M and N are equal to three (Fig. 1). Fef—M—aﬂd—N /| correct interpretation of the meaning of this
I | sentence?

In this  ( comment [a18]: TUTOR - Word choice:

' 1| OK: 'saves power'

, B L e e O . ,
IS, G U GF @ ' || Better: 'reduces the power dissipated

11 | Reason: It is better to say that the power is

V h i he three- i ill he triple-push 1 i L
topolegyVCO that combines the three-stage ring oscillator and the triple-push topology is ! ' | “reduced” rather than ‘saved’ in this context

Iy . 9 2
il f ial 0.13- 1PSM CMOS " IThe trinle-push ho o |since only the power usage in the experiment
proposed in a commercia m process fl: e triple-push approach | ! (s relevant to the reader.

The use of moremere-number-of stages is not recommended since it would result in large

power consumption and complex layout routing-suggested. Furthermeore,the-valueThe highest

enhances the oscillation frequency and the tuning range of a ring oscillator. It lalso sreatly | 1 Comment [219]: TUTOR -Word Choice:
|,/ | The use of words like 'greatly' should be
}reduces}s%es }the power dissipatedien in a ring oscillator at high frequency. An appropriateJ’/ avoided when no specific value is given. e.g.
Here 'greatly' conveyed no meaning since it

did not convey any additional informa[” 17

Page 2 of 11



topology for the triple push approach is aln-additien;—a three-stage ring oscillator since itthat
can naturally-provide three signals with a 120° phase shift-is-an-appropriate-topelogyfor-the

fundamental and second harmonics will cancel out. In theThe circuit schematic-is shown in
Fig. 2,- a/A conventional ring oscillator with a PMOS as resistive load and current control and
is-used-as welas-a 16-finger NMOS with a total gate width of 32 um are used.; The circuit

also usesand a 12-finger PMOS with a total gate width of 120 um whichte ensures that the-a

small voltage drop between the drain and the source is small. [The NMOS device trade off ‘,

between the parasitic capacitance and the transconductance to reach the highest frequency.
The PMOS device is chosen to have aseleeted-to large gate width to lower the-veltage drop in

Vps.; However, the large gate widthbut- causesitresultsin a decreasesine in theef oscillation

frequency.

\In the tuning mechanism, the gate bias of the PMOS is selected so that iteentrelled-te

turns on the current through the NMOS. TThe breakdown voltage between the gate and the | |

/
/
/

!

I
I

source in the PMOS determines tFhe lowerst limit of the control voltage—istimited-by—the

/
/
/

1

T e e Mﬁe Here, the PMOS | // !
)

aprovides low resistance, which—te reduces the RC delayH TThe upperhighest limit of the

control voltage is the current level that satisfies the oscillation condition‘.L In this case,where

All theevery parasitic capacitances in the loop should be reduced to make the oscillation
frequency as high as possible.- TThe current source is removed to decrease the hloise source ‘and

enhance the voltage headreemheadroom. SinceBeeause athe largerhigher current generates
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1
provide the highest currenﬂ, andaﬂd%h%PMGS is in thete triode region. The PMOS offers | )

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, h

!
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/

/
’

/

Comment [a20]: CHECK: Do you mean
to say ‘an odd mode’ or ‘odd modes’? The
meaning of the word ‘only’ is unclear,
perhaps you meant to say ‘there is an odd
mode and no even modes’?

Comment [a21]: CHECK: The meaning
here is unclear. Do you mean to say 'The
NMOS device is a trade off' or 'The NMOS
trades off'? Please rephrase the rest of the
sentence accordingly.

Comment [a22]: CHECK: IS this what is
meant by this sentence?

Comment [a23]: CHECK: The meaning
here is unclear. When you say 'highest
current', what are you comparing the current
to? And do you mean to say 'when' instead of
'where'?

Comment [a24]: CHECK: Did you mean
to say that the 'PMOS' offers low resistance or
did you want to refer to something else?

Comment [a25]: TUTOR - Sentence
structure:

This sentence conveyed a lot of information
that made it difficult to read. To improve
readability, it is better to express it in multiple
sentences.

Comment [a26]: CHECK: The meaning
here is unclear. You are comparing a voltage
to a current.

Comment [a27]: CHECK: The meaning
here is unclear, please rephrase.

Comment [a28]: TUTOR- Sentence
Structure:

In order to improve readability, it better to
state the conclusion at the end of this sentence,
after giving the relevant information.

Comment [a29]: CHECK: Did you mean

to say ‘source noise’ here?




largerhigher output power at a high frequency, the output power increases with the frequency.

lAs the power gain degrades at high frequency, tFhe common source buffer is used to flatten

the curve of the output power versus the tuning frequency.-eue—to-—the-degradation-of power

lines due to power combinationing. The size of the buffer, a 12-finger NMOS with 24-um

gate width, is a trade off between the parasitic capacitance and the flatness of output power.

B T A 1\
asymmetry in the loop in terms of phase errors or process variation should be minimized to

enhance the fundamental and the second harmonic rejection. A tFhin-film microstrip (TFMS)

nature.

Neasurements on t—Fhis CMOS VCO is-measuredare carried out by—via on-wafer

shows the measured current and control voltage versus the oscillation frequency. The output

frequency can be-eontinuoushy tuned continuously in the rangefrom \0.2 GHzi to 34 GHz.-with

varyiesag from 0.5 mA to 35 mA. The Vpp is 2 V, and the buffer is |0.7 V with 7 mAJ The

-

output power is -18 dBm with a +2dB variation, as is shown in Fig. 4. The measured
fundamental rejection is more thanabeve 15 dB and the second harmonic rejection is more
than 25 dB. The phase noise for aat 1 -MHz offset frequency ranges from -75.6 dBc/Hz to -

69.2 dBc/Hz and for aat 10-MHz offset frequency, it ranges from -98.3 to -92.6 dBc/Hz. The

phase noise has a \degrades byatien of 9.54 dBc [compared tofrem the fundamental phase noise
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Comment [a30]: CHECK: IS this what
you meant to say with this sentence? In
particular, please check if ‘degrades’ is the
correct term to use.

Comment [a31]: CHECK: Did you mean
to say ‘draining of the buffers’ or are there
specific drains you refer to?

Comment [032]: TUTOR- Conventions:
OK: 5kQ

Better: 5 kQ

Reason: It is better to have a space between
the number and the unit, and to use the same
convention throughout the document. You
have used no space, or a hyphen in some
places.

| Comment [a33]: TUTOR - Phrasing:

It should be clear what a verb is being
associated with, for example in this sentence,
it was not clear what was being measured.

Comment [a34]: CHECK: Is '0.2' GHz
the correct value here? If so, you may want to
use '200 MHZ' instead.

Comment [a35]: CHECK: Does the
voltage 'vary between 1.75V and 0.85V' or
'change from 1.75V to 0.85V'?

Comment [a36]: CHECK: Please
rephrase, the meaning is unclear.

Comment [a37]: CHECK: The meaning
of this part of the sentence is unclear, please
rephrase.




It hasshewine a compact chip size of 0.34 x 0.28 mm?, which -includesing the area of the pads.
The core area is only 0.19 x 0.13 mm® Fig. 6 lists the performance of recentrecently wide-
band Si-based VCOs. lTheT—h{s work that this paper talks about achieves the widest tuning

range and smallest chip size)

A ring-based triple-push VCO thatwhieh is continuously tuneable from 0.2 to 34 GHz

has—been—propesedwas proposed. Using the triple-push topology, tFhe tuning range is

range and the smallest chip size among all of the VCOs reported to date. It demonstrates the
potential for wide—bandwideband applications in thefrem microwave to millimeter wave

h‘egime] in CMOS technology.
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Comment [a38]:

TUTOR - Word choice:

When comparing two quantities, it is better to
use the word 'compare' rather than saying
'from'.

Comment [a39]:

TUTOR - Phrasing:

When you use terms like ‘widest’, ‘smallest’
you need to mention what you are comparing
to

Example: ...the design achieves the widest
tuning range among a certain class of VCOs.

7 Comment [a40]: CHECK: Please explain

what ‘good’ linearity means.

Comment [a41]:

TUTOR - Grammar:

Since there are multiple authors the
apostrophe (*) appears after the ‘s’.

Comment [a42]: CHECK: Did you mean
to say ‘range’ here?
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Figure 1: Ring-based multi-push topology and simulated oscillation frequency

comparison of multi-stage. | .- Comment [a43]: CHECK: It may be
”””””””””” better to separate these images and use
different captions to avoid confusing the
reader. You could label the images using a, b,
c etc.
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Figure 2: SFhe-schematic of the ring-based triple-push VCO.
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Figure 4: Measurement results:
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Figure 5: Chip photo of the triple-push VCO with a chip size of 0.34 x 0.28 mm?
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Oscillation Phase noise Core DC Tuning range | Frequency Ratio | Chip Area Reference
Frequency (dBc/Hz) power (GHz) (Fmax/Fnin) (mm?)
/Process (mW) and
Percentage(%)
34 GHz -98.3 2-70 0.2-34 170 0.095 This Work
0.13-pum @ 10-MHz (197.6 %)
CMOS
7 GHz -110 dBc 7.2-42 3.2-7.3 23 0.2 [1]
65-nm @ 1-MHz (78 %) (Active
CMOS area)
29.4 GHz -96.2 dBc 36.5 23.2-29.4 1.26 1.4 [2]
0.13-pm @ 3-MHz (23.6%)
CMOS
23 GHz -101.2 dBc 9 18-23 1.28 - [4]
0.25-pum @ 1-MHz (24.3 %)
SiGe
BiCMOS
32GHz -85.3dBc 87 28-32 1.14 0.28 [5]
r/120 GHz @ 1-MHz (13.3%)
SiGe HBT

Figure 6: Summary of measured performance and comparison with recently reported
wide-bandwideband VCOs-
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Page 2: [1] Comment [a19] abeer 2008/2/7 11:07:00 PM
TUTOR -Word Choice:
The use of words like 'greatly' should be avoided when no specific value is given. e.g. Here 'greatly’'

conveyed no meaning since it did not convey any additional information to the reader.



