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Cross-Coupled VCO

Oscillation condition:
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Oscillation frequency:
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Colpitts VCO

Conventional Colpitts Modified Colpitts

v Decouples the tank from load



Colpitts VCO
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Proposed VCO

Cross-Coupled
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v Less g, required =
x f_ .. depends on C,
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Proposed VCO

Equivalent tank admittance Yunk =

Oscillation frequency:

Oscillation condition:
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VCO Summary

Frequency Minimum
of Oscillation Required gy,
Cross- -1 1
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Proposed oscillator combines the
benefit of both topology !




QVCO Implementation

To Off-chip 50-ohm term. ! VvDD=12V :
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Frequency (GHz)

QVCO Performance

Ref @ dBm #Htten 10 dB
-10 [‘SQ” :
10
dB/
12 g
% Marker
-14 : 18.340000000 GHz
S Lofv | =10.15 dBm
Ou s
-16 Q- g ¢
AR
£(5):
18 -18 Flun
0 0.5 1 1.5 "
Vi ontrol (V) Start 18.008 GHz

#Res BH 108 kHz

Tuning range 2.4 GHz (~12%)

VBHW 168 kHz

Mkrl 18.340 GHz
-18.15 dBm

Stop 21.808 GHz
Sweep 361.8 ms (BO1 pts)
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Frequency (GHz)
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QVCO Performance

0.5 1 1.5
Vcontrol (V)

Ref @ dBm
Norm

Log

18

dB/

#Atten 10 dE

Marker
19.81000RGBG GHz
Lafv |=13.84 dBm

Wl 352
53 FC
RA
£
FTun
Swp

Start 18.808 GHz

#Res BH 106 kHz VEH 188 kHz

Mkrl 19.818 GHz
-13.84 dBm

b

Stop 21888 GHz
Sweep 361.8 ms (601 pts)
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Frequency (GHz)
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QVCO Performance

0.5 1 1.5
Vcontrol (V)

Pout (dBm)

Ref B dEm
Morm

Atten 16 JE

Marker
20.710000000 GHz
LoAv | =23.26 dBm

Wl 52

Start 18.0800 GHz

#Res BH 100 kHz VEH 186 kHz

Mkrl 20.718 GHz
—23.26 dBm

S

Stop 21.088 GHz
Sweep 361.8 ms (601 pts)

Cable loss was de-embedded
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QVCO Performance
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Samp
Loa 1=
16
dB .~

Phase Noise
N PPOBOE MH= = -48.152-10l0g,,(RBW)
150 | TAEe= EB = -102.92 dBc/Hz

la@ —_—
H1 S22
S3 FC
HHA
£ =
AT ek g

FTumn il
Swp

<:E§;;er]f1366 ae:ii§> Span 188 MH=
aes BH 308 kKH= UBH I8 kKH= Sweaep 424 ms (6@1 prs)

m

15



QVCO Performance

Ppc=30 mW
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Performance Comparison

CSICS'06 | CSICS'06 | JSSC'07 | JSSC'04 | VLSIos |This work
Techn0|ogy 90'nm 90'nm 0.13-um 0.13'Um 90-nm 0.13'um

CMOS | CMOS CMOS CMOS SOl CMOS
Frequency 10 GHz |10 GHz | 26 GHz 10 GHz | 40 GHz | 20 GHz
Topology Colpitts | Cross- | G, Tuned| Cross- | Cross- |Cross-

Coupled Coupled | Coupled | Coupled

Diff./Quadrature | Diff. Diff. Diff. Quad. |Quad. |Quad.
Tuning Range 122% |158% |23.6% 15% 125% | 12 %
Inductor Q 10 10 18 | ------- 18 )
Phase Noise 117.5 109.2 92.6 95 87 102.41
(dBc/Hz@1 MHZz) @3 MHz
VCO power 36mMW [75mW | 43.6 MW | 14.4 MW/ ccmrcmr [ coeemmee
VCO+ Buffer 175 MW |50 MW | —-memm- 8l mwW |30mw
FOM (VCO) (dB) | 181.9 |180.4 163.9 163.4 | —cmeeem |
(VCO+ Buffer) | -e—--—-- 176.5 163.3 | -------- 1504 173.45
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Deskew Techniques

WUx/Interpolator/
v
\ VAR
/N /N
[Maneatis’96]

v'0-360° deskew
v'"Moderate power
x Supply Noise

x Duty Cycle Dis.
x All pass JTF

900 -~-‘~\

[ Takauchi’03
Kromer’06]
v'0-360° deskew
v'Simple architecture
x Uses 2f, or 4 phase
x Non-linearity
x All pass JTF

control

R
R
A
4

,,,,, ; f osc'finj
. [Zhang’06

O’mahony’08]

v'Less supply noise
v'Less DCD

v'Low pass JTF

v'.Low power

x Limited deskew (<360)
x Non-linearity

x Skew dependent JTF
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Passive Injection Technigue
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ILO based deskew

Iing 0 y
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100

50

ILO based deskew (K=0.1)

Deskew (deg.)

o

. EyisdMask Made..

o Fle Control Setup Measure |

Deskewed clock

~Simulated [k=0.1]

® Measured [k=0.1]

188 19 19.2
fosc (GHZ)

19.

[Eﬁﬂ‘ \ FECTIR BTN \seaw ah3

Percentage

More
{10f 3) |

] )

Precizion Timebaze. ..
Reference: 15.00000 GHz

| ! :

. Measure ¢

Minimum total meas

current M2 | mum
Jitter p-pidy 3111 ps 7 B89 fs 3111 ps 128 Setup
Jitter RMs(4) 393 fs I fs 418 fs 128 & Infa l

Jitter p-p(2)y 3.556 ps 1.778 ps 3.556 ps 128
Jitter RM5(3) 438 fs 396 fs 444 s 128

5 Flease restore reference clock signal and clear display OF reset time reference
3000 miAdive A0.0 myddiv - Time:20.0 ps/div Thig: Free Run | Pattem
! 590 I ! -72.5my I Delax: 24 06849 ns I - I & Lock l

» 4.5 X Clock amplification

* Less than 10% amplitude variation
* 12 mW power consumption

* Deskew << 180°
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ILO based deskew (K=0.2)

O DeS keW (d eg ) File  Control  Setup  Measure  Calibrate  Utilities  Help 17 Jun 2008 1832 ;l
I I

- Eye/hiask Mode

i i L ! / i D W&\ AR £ PR
°0 SR RNV 1 Neetiml .Y
: : i Jitter R § m
Of -t - : L =
K —Sim ol | | :
50 L | NN\ N Y

eas * % current minimum MK | mum total meas

. N (e -
Ercentage itter g s =
M eas. mj
|

Jitter p-p(dy 1.778 ps 7 839 fs e s ila]

|
l l More Jitter RHS(4} 281 fs 7 206 fs 298 Ts 5
(10f 3)
1 8 5 1 9 1 9 5 mlease regtore reference clock signal and clear display OF reset ime reference

1 y Precision Timehase... GO0 i Adive a0.0 myddiv - Time:20.0 ps/div Trig: Free Run  Pattem
f ( G H Z) 1)@ Reference: 18.00000 GHz f" 108 5 mY J ’-?2_5 m | Delay: 24 0RE4 ns ] l = Lack l
O0SC

-100

» 2.25 X Clock amplification
* More than 30% amplitude variation
12 mW power consumption

 Deskew range increases but non-linear
22



Jitter Transfer Function

A A
[ Spectrum Analyzer ] VCO ~— Input TN
Jitter Jitter
Input Output TF TF
clock clock
’ i
vcontrol fhighpass Freq. lowpass
¥
RBW = 100 kHz 10dB ]

K=0.02 | oOutput
K=0.1 clock
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Jitter Transfer Function

4 A
[ Spectrum Analyzer ] VCO Input
Jitter Jitter| .
Input _ I Output TF Higher K TF Higher K
clock clock
> >
Vcontrol o Freq. Freg
RBW = 100 kHz | 10dB ]

Marker a 9 MHz
1.00000¢ MHz K=0.02) output
-71.364 dB K=0.2 clock
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File  Control 3etup Measure Calbrate  Utilties  Help

Power

5

o] ]

Jitter of Deskewed Clock

100

50

-50

Power -13.52 dBm RAtten ©.00 dB Mkr 1
00dBc/Hz

" Meas.

-100

18.5

19 19.5

17 Jun 2008 17:22 ’

-98 dBc/Hz (Ref. VCO]
/7 =107 dBc/Hz (20°)—

-110 dBc/Hz (0°)~

. 10 kHz Frequency Offset

Precision Timebase...
Reference: 19.00000 GHz

'
current
Jitter p-p{3) 5.333 ps

Percentage Jitter RHS(2) 772 1s
More Jitter RMS{4) 510 fs
{10f 3)

Jitter p-pid) 3.556 ps

S0.0 mdiv
99.5 mt/

:i.néumﬁps ma}u%ﬁ t?tal neas

768 fs 800 fs
1.778 ps 3.856 ps 5?
38 fs 530 fs a7

1.60000 MHz

_=186.20 Be/M= |

Setup
& Info

50 U dew Time:20.0 ps/div

Delax 24 684 ns

5%@MMWMWRM@!§WTWNW

Trig; Free Run  Pattem
I e l =l | ok l
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Jitter of Deskewed Clock

100 ‘ ‘ -

s Y ]

o A~ Power -17.30 dBu Atten 0.00 B8  Mkrl 1.60000 Mz
3 3 3 A0dBe/Hz -199.2% dBc/Hz

S0 o ~|—sim.

‘ " Meas.
18.5 19 19.5

-100

File  Control  Setup  Measure  Calibrate  Utilities  Help 17 Jun 2008 1725
. EyedMask hode

-98 dBc/Hz (Ref. VCO
-99 dBc/Hz (90°) —
-110 dBc/Hz (0°)

anl \ 1581 4B \seaw ah3

%
L1

| N o P men O oo R A, [ ° Frequency Offset 108 MHz
\/Heasun; >
current iR im mEMinn  total meas
Jitter p-p(iy  8.000 ps 4,889 ps g.000 ps= a0 ety
Jitter RM3(2) 1.038 ps 978 fs 1.063 ps 30 & Info

Jitter p-pidy 4.889 ps 2.B667 p= 4.889 ps a0
Jitter RHS(4) 743 fs 682 fs 780 fs a0

ﬁ@r&sm reference clock signal and cbardsﬂay!ﬁreseth‘eram
1 . Precision Timehase... A0.0 midiv A0.0 mbdiv Time:20 0 psdiv Trig: Free Run ]  Pattam
J Feference: 19.00000 GHz J ! 39.5 m I -725mV Dela¥:24.0689 i3 -  Lock




Summary: ILO Based Deskew

100 R S S B
Nonhpearl| ! |
— 50Reglon:|‘in+ear: ,,,,,,,,,,,,,,,
S 1 1: Region1l
<) .
I N I < L]
c% 0 | I | i Nonlinear
f) | i Region
gso b g
1 = Meas.
100165 19 19.5
fosc (GHZ)

Linear Region (deskew< 50°)
v  Amplitude variation <10%
v Linear phase steps
v' 12 dB jitter reduction @ 0°
9dB @ +/- 25°

Nonlinear Region (deskew> 50°)
x Amplitude variation >20%

x Non-linear phase steps

x No jitter reduction at 90°

Motivation: Achieve 0-360° deskew range using only
the linear region
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Proposed Deskew Technique

t

6.
L‘\ (T V control

EVCO «—— Q-VCO
_A_)
j Blnary
Se/lgctlon
1
einj .
eout'e inj
4 A
- >
f osc'finj

’/
td
”’
’/
R

eout
V control
vCO
einj
eout -6 inj
A
. >
f, osc'finj

’I
'
'
’/
R
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Proposed Deskew Technique

Oout
T\KT V control 0.,
) L/r V control
I-V — Q.VCO
vCO
\o —
Binary
JSe}gction
1
einj [1/0] einj

,/
”
’/
(d

f, osc'finj

’I
'
'
’/
R
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Proposed Deskew Technique

V control

A
A 4

v
Q-vCO

o/

<«—— Binary
Selection
[1/0]

K=.125
Clock Amp=11.48 dB

17 Jun 2008 1751 — |

File Confrol Setup Measure Calibrate  Utilities  Help
. Eye/Mask Mode ..

[Egﬂi \ 1581 A5 \seaw ah3

W

current i i mum Mas i mum total meas

Jitter p-p4) 3.111 ps 1.333 ps 3.556 ps Bf
Percentage Jitter RMS(4) 414 fs 3@ s dG3fs BB ftp I
Jitter p-p(2) 3.556 ps 1.778 ps 3.6856 ps il
(1“0['%) | Jitter RUS(Z) 461 fs  4d3fs 482 fs 6B
0

[ Plcase restare reference clock sighal and clear dispiay O reset ime reference

1 ’ Precizion Timehase. .. 300 mvdiv A00 mydiv © Time:20 0 ps/div Trig: Free Run | Pattem
J Feference: 19.00000 GHz I’SQ.D ' l ! -T2 A MY l %y:?d.ﬂﬁag ns -—- l A Lock I
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o
o

(deg.)
|
S

Deskew
(@)

Proposed Deskew Technique

eout

THAJ Vcontrol K= 125

Vo rlQ-VCO] Clock Am p_:11.48 d!3 |
. Less Amplitude variation

\"  Binary
Selection
6 » [1/0] — o =

inj “hioHile o Control - Setup  Measure  Calibrate  Utilties  Help 17 Jun 2008 18:11

\

-~ Eye/Mask hode
m
= [
=1l LA
- = Ed- & 3
g il R B R
Rafo L
==l f
o
ther ? P
|~
> RZ
1NRZ
e
\/Measuré A =
current Mirimum Ta | mum total meas
Jitter p-pid) 3.5986 ps 7 839 s 3.980 ps 143 Setup
Percentane Jitter RMS(4) 460 s 7332 fs 479 s 143 & Info I
Jitter p-p(2) 4.000 ps 1-Fr8 ps 4.000 ps 47
More Jitter RMS(3) 552 fs 450 3 ab4 fs 47
(10f 3)
8 6 5 Please restore reference clock sional and clear display OR reset time reference

1 a Precision Timehase... 30.0 mvAdiv a00 dew Time:20.0 peidiv Thg: Free Bun | Pattem
J Reference: 15.00000 GHz ] 550 my l! 25 m Delay:24.0543 s — I = Lock l
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Deskew (deg.)

Proposed Deskew Technique

eout

T\ V control
v
‘ I-vCO Q-VCO

<— Binary “F He  Control Setup  Measure  Calbrate  Utilities  Help 17 Jun 2008 18:01 ;l
Selection i

A

O1ns [1/0] =

Z)

o

(B o \seousts

—

100 Jitter ppcd) B |
itter p-p g ik 2 E
: Percentage Jitter RM5(4) 481 s gerﬁr%
4,889 ps 72

Jitter p-piiy  4.444 ps 3.111 ps :
(rgrf%) | Jitter RM5(3) 582 fs 542 fs B03 fs 72
5%&&Wﬂmﬂk%aﬂcbad&;ﬁy&m&etmrﬁm

| |
| |
| |
| |
| |
| |
18 . 6 18 . 8 19 19 . 2 19 . 4 1 Precizion Timebase. .. 300 mdiv A0.0 miiAdiv © Time:200 psddiv Trig: Free Run | Pattem
J ‘ Reference: 19.00000 GHz J 550 -T2 5 m Dielay: 24 R8T ns il w
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Proposed Deskew Technique

eout

T\ V control
v
o ji=foveo]
DCB A

‘\O - Binary
Selection L0 tle  Uontrol Setup  Measyre | Caliprate
e [1/0] . Eye/hack Mode

200 | 3 Vo Y VNV

1 4 =i &
B JHE ]
! ]

Utilties ~ Help anmoe 88 _ |

A R - e R -

100

JE@, \ BN \seaw aA3
i
|

N\ L\
Nt Nt

Jifter p-p(4) 3.550 ps !HEFB EEFB 8
Jiter () Wirs | dinfs  Hets ' 7 &b |
Jilter W) 60 1S bmfs 6l fs 18

s

|
g

Deskew (deg.)
o

AN
o
o

=5
]

—
=
(%]

—

= o 5 o

: : : 2 reference clock signa d clear display OF reset fime reference

| | |
18.6 18.8 19 19.2 19.4 y® Faeeios | IR0 | TN | SRR | It | Gl )
(GHz)

fosc
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Proposed Deskew Technique

Carrier Power =13.38 4Bn RAtten 060 48  Mirl 160668 MH=
Bef 500 Mz
LIS ‘
Deskew (deg.) Y
200 .98 dB¢/Hz (Ref. VCO)
-200 3 3 3
186 18.8 19 19.2| 19.49ie Frequency Offset

fosc (GHZ)

F (-109 dBc/Hz)

-192.0¢ dBc/Hz

|

E(-108 dBc/Hz)

108 MHz
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Proposed Deskew Technique

Carrier Power =13.32 4Bm Atten 0.60 4B Mbkrl 106068 MHz
iﬁg%é?.ﬁ;%d&fﬂz -199.32 dBe/ Hz |
Deskew (deg.) iy
200 | | | -98 dB¢/Hz (Ref. VCO)

D (-104 dBc/Hz)
B (-105.dBc/Hz)

186 188 19 192 1940 k¥ Frequency Offset 106 MHz

fosc (GHZ)
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Comparison and Summary

= = -@-Using Q VCO
o —=- Using Diff VCO
m 92 100\ R SRR e
AN
(% E‘ -105
S =
O — -110
2B
N’ I | |
= oo 50 0 50 100

Deskew (deg.)

We have introduced:

 Low power Q-VCO topology for high-speed applications

« Utilize the QVCO based Deskew technique with inherent
clock amplification and jitter filtering
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Backup Slide: Calibration

Trigger

L T

Source , Channel 3 @ Channel 3

Channel 4 —> Channel 4
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Backup Slide: Additional Verification

.'-" File  Control  3etup  Measure  Calbrate  Utilities  Help 10 Feh 2008 DB:D?' m
- Ostiloscope Mode.

ime -

Amplitude '3'

./ Measure ) . . i
current MEEH std dev i
Jitter p-piy 5.56 p= 5.513 ps HERE 4
Jitter p-pid) 9.09 ps 0.8849 ns 0.0 s a
Jitter RMs(4) 1.47 ps 1.448 ab f= 1

i LA Tz | T

n

JEE T 5.56 ps Setup
.09 ps g.849 ps

4 1.56 ps —I& s

cale: 100 mh/div cale: 1.0 mhdiv cale: 150 mhdiv cale:5.0 mYdiv « Time: 500 ps/div © Trigger Level:
il 2 I
ffset0.0 W ffset:1.7 v fiset:-34 5 m fizetE.2 my Delay: 24 1060 ns AL Coupled

The same technique is also applicable with quadrature
ring oscillator
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