LC VCO Structure

@ LV VCO Structure
— LC Tank
« Spiral inductor (symmetric type) ’l/
 ldeal cap
— Cross coupled circuit Veont
* Negative resistance
« To compensate for the loss of the tank
— Source MOSFET T 'I;
— Varactor Voutn O ¢ ® ——O Vourp
« Accumulation varactor
— OSC frequency

le

° 2z4JLC

i
0
i

méng&amh h
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Varactor

@ Varactor type
— P-N Junction
— MOS Varactor
* |nversion mode
« Accumulation mode

: A

Capacitance Capacitance
P-N Junction  Voltage Varactor Voltage
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Accumulation Mode Varactor

— On (Accumulated channel)

sub

— OFF(Depleted)

!
LJ— -

sub
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3/27

Accumulation
(Cox)

Depletion
(Cox, Cqep Series)
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TSMC Varactor

@ Varactor selection
— Tsmc18rf — Varactor — Varactor RF — mos_var — symbol

! ¥ Show Categories

Library Category Cell View
tamc18m Waractor_RF mos_vad symbol
G ldd Cadence_IC = Everything Loci 5
bl weekl_WCOD Uncategorized ADYVance M3 Z
: Bipalar ams z
- Capacitar aucdl ¢
B Diode aulws 7
- kosfet equD z
Parasitic_Device hspicel 2
B RF_Device e S e ————
Resistor |._:W_1!__-__________.'
Special_Device

[ Eeletere
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Varactor Setting

— Setting of Fingers_per_Group, Number_of Group and multiplier
— Extract min and max capacitance
.?_‘ j i

Apply Ta anly current n instance n .
Show sy @ user @ coF - Fingers_per_Group(B) : 10
Browse Reset Instance Labels Display
Froperty Walue Display
oy Nomeeoncioe o B - Number_of_Groups (G) : 2
Cell Mame Mos_war value n _ T
Wiew Mame symbol off n
i g < B - Multiplier: 1

Add Delete kodify
CDF Parameter alue Display . .
e —— o B — Min Ca pacitance : 92f
: Capacitance{@V=0}{F) 184 . 707 F : off n
: Cmin{@y=-vdd}(F) 92.1189F F i off n
L o ol N 77 - 2 — Max Capacitance : 243fF
Width_per_Finger(t) 2B M off n -
Length_per_Fingerikd) 000 M off n
R e e e e e e e e o o o o o o o e -
| Fingers_per_Group(E) 10 i off n .
1 .
:Number_uf_Groups(G) 2 i off n — A Ca paCItance . 1 51 fF
i Create_Guard_Ring v E off n
: multiplier 1 1 off n
L NP R o P ——— -n_ﬁ-----------I off n

m Cancel . Apply Defaults Previous il

o

<t Help
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Varactor Modeling

@ An equivalent circuit model of varactor |
— Parallel connection of resistance and capacitance
— Analyze capacitance into using Y-parameter

Vcontrol
S
? =
\ b
Mmos_var Q
t1 "moscap_rf"
R c M- "R ves vas
b A S} et 707 é@ évdccomro
o gote g bronc"
m:1
- L
7] = o
J, @ %
O
< Equivalent circuit of varactor > < Test schematic >
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S - Parameter

@ Simulation condition setting

— Control voltage : OV

— Analysis : sp (S-Parameter Analysis)

— Ports : Port0 (schemati
— Sweep Variable : Frequ
— Sweep Range : 100M ~

¢ node choice)
ency
4G

— Sweep Type : Logarithmic

— Number of Steps : 300

— Enabled check — OK — Netlist and Run

= SERIAL INTERFACE 2|2 & Al

Launch Session Setup  Analyses Variables Outputs Simulation Results Tools Help cadence
B g2l s &8 dD

Analyses 7)) X ==}

Design Yariables = Y R = t Hu-risg

_ Tvpe nakle rguments 1)
- Mame | Value I =p v 100M 4G 300 Logarithmic Mumber of Steps Sta.. e
i control i : = = @
=

®

-
Y
L e

Outpuls 3§5|O

Marme/Signal/Expr | Walue| Plot | Save| Sawve Options |

= Choosing Analyses -- Virtuoso® Analog Design Environment... lﬂ

Analysis w tran W . wac « hoise
o / $ens i docmatch O sth
o 2 : & 5p :v envip o pss
o pac =DM O pnoise o pef
o psp o Opss o gpac  gpnoise
— qpsf w gpsp & hb  hbac
« hbnoise ' hbsp
S-Parameter Analysis
_______ I ey
1 Pors 1 I Select 1 Clear
I —_—
1 /BORTO 1

ll
Wl Sweep Variable

! 1

I & Freguency

-:Eeag-nva-riable
 Temperature
 Component Parameter

 Model Parameter

Add Specific Points

Do Moise
 yas
¥ no
hode
________ 1
1
Enabled w» |
1

[ e e e e
1

I Sweep Range
: 100M 4G !
| @ Stert-stop Start 100w Stop  0H 1
|| — Center-Span :
i Sweep Type 1
1  Puoints Per Decade 200 1
i 1
Lt M o umber ofSieps __ o i

» Single-Ended _ Mixed InfOut _ Other

Cptions...
e ——

Cancel Defaults

Apaly Help

A &l 7127
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Y- Parameter

@ Simulation condition setting

Flotting Mode  |Append

— Results — Direct Plot — Main Form Analysis

— Function : YP o 5
— Add To Outputs choice Function
— Moaodifier : Real - Y11 and Imaginary — Y11 G sp o6 l@ve 1o

I —p—— J
— OK _GD U VSWR w MNEmin _ Gmin

— Rn w [N — MF i [
 BIf o GT o G& o GP

o Gmax o Gmsg o o Gumx o ZM

Launch Session Setup  Analyses  Yariables Dutputs  Simulatio

Iy gl =7 &= & de ety — MG GAC o GRC o LSB
Diesign Variahles i ac  oo5B
Naine I Value I ESP Annotets ' ;ransient rinus DC

Wectar
Circuit Conditions
Winlafions Display

Transient Sum
Transient Diffierence

Description: ¥-Parameter
AC Magnitude

Reliability Data 3
AC dB10 -
[~ outpur Save .. e e Modifier
m Select ... =
al
Delsts AC Phase

AC Magnitude & Phase
AC Gain & Phase

Prinfing/Plotting Options

Equivalent Output Moise i 1
Eguvalent Input Noise & Real w Imaginary
~ Results In ...ed_masterz/simulation/inductor_G_factartspe || P10t after simulation: M Plol  Sguared Output Naise N ——
nmouse L M Sguared Input Maise [ g Ml e - ———— — 1
i Moise Eigure |
3(15) | Noise Figure | status: Read o Eig w11 I
—-—-—-—-—-—-—-—l ——————— 1
1

= To plot, press Yij-hutton an this form...
oo 1
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Y- Parameter

1 . MW
@ Y==—+jwC © ©
R
1
— Resistance = Roallv i1l I
eal[Y11] < Equivalent circuit of varactor >

Imaginary [Y11]

— Capacitance =

Y11 1eS:¥11 imS Sat Mar 19 17:48:08 2016

VVVVV

Real [Y11]
Resistance 100K @ 1.5GHz

Imaginary [Y11]
Capacitance 184fF @ 1.5GHz
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Capacitance

@ Simulation condition setting

C = wC _ Imag[Y11]

w w
— Calculator (Visualization & Analysis XL)

— Wave choice — imag(yp(1 1 ?result "sp")) /(2*pi*xval(yp(1 1 ?result "sp™)))
— Outputs — Setup — Name (Capacitance) — Get Expression — Add — OK

3. Virtuoso® Analog Design Environment (6) - Week2_LCVCO Inductor_Q factor schematic =B B3
File Tools Miew Options Constants Help cadence Rt
Launch Sgssion Setup  Analyses Mar\ahles: Outputs |§\mu\atinn Besults Tools Help cidence
1
In Context Results DB: /office1/2016_1_highspeed/2016_1_highspeed_master2/simulationdnductor_G_factar/spectredschematic/pst " EEER B o
el I_bighsneed2l i tighspeed ey : , == AR RN = N =

Il app  plot  erplot 0 Analys Z 8 X =

Design Variahles
| Tupe nable| Arguments | &
— 3P owswr o hp L oZm # Natne | Value [ ] sp 100Kt 20G 300 Logarithmic Number of Steps 5t

Uzp Uyp  Ugd O data

. ide
- "y |

(i)

< on C Family:a Wave |Ir ciip | T o7 Append n| @' = =
4 ®

(+]

ot | | Uwde | ws | Jop Lvar | Lavn

it (R il (05 | hsopt imp | vn2

Key ... Q,_,S im-agsz-U 1 Fresult "sp")realfzpil 1 Fresult "sp"i

T &} vl ! .
f) 1] 1] __
oo el imag(yp(1 1 ?result "sp")) I e w— 2
i 211 reOhm Vil —
/(2*pi*xval*(yp(1 1 ?result "sp"))) I — |
--------- - ---| _Hame!signaExpr ‘ valu9| I"IIJT.| Have UpLons
Analyses ) p Mame (opt) Capacitance | 111 res s

Desigh Varlables

SaAc

| Type | Enable Arguments o=

2 Y11 ins

| e B
- Mame \U Value N ES v | 100M40G 300 Logarithmic Number of Steps St.. @ ________ - Fram Schematic
q gale N
- ; Calculator Open)| Get Expression :CIuse
e } T
= Will be  Plotted/Evaluated
*®
o [ —
| BT .
Outputs 78 e | | Add | Delete | Change | Mest | Mew Expression
HamerSignal/Expr | Value| Plot| Save| Save Options |_ _—_————
5 ¥ O [\

1 |
1 m ACancel | Apply Help

[ Tp——
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Capacitance (Control = 0V)

~ Edit Object Properties l-&-]

@ Capacitance simulation PRV TN [N
. Show _ system o user o CDF
— Capacitance : 184fF @ 1.50GHz _—

Property Yalue Display
Library Mame tamcl8rf off n
moS_war value n
Wiew Mame symbol off n
Capacitance Instance Mame  CO of |3

Delete | Modify

CDF Parameter Yalue

243 293 F
2.5u M
E00n M

Fingers_per_Group(E) 10

Mumhber_of_Groups(G) 2

Capacitance : 184fF @ 1.5GHz

multiplier

]
|
|
| Hard_caonstrain
|
|
!
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Capacitance Variation

@ Control voltage sweep
— Tools — Parametric Analysis
« Control voltage : -1.8V ~ 1.8V (Linear steps :0.3V)

{ = il c% | 8 O o [ ~ | Run hode: Sweeps & Ranges =| © o |
1 Wariahle | Walue | Sweep? | Range Type | From | Ta | Step Maode | Step Size |}
: contral I v FromdTo -1.4 1.8 Linear Steps (0.3 :

o2t

— Calculator — Family — value — 1} MEH (Capacitance) — Plot

 Interpolate At : 1G

value
B e e e e 1
Signal Capacitance ! B
I MEPOIRE A TG e
Mumber of occurrences Lsingle n
Feriod (required for multipley 1k
Plot/print vs. fime n
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Capacitance Variation

@ Vg vs Capacitance
— Multiplier : 1

walue(Capacitance 1G )
ame

n
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

v

1125 SERIAL INTERFACE 3|2 & AlAE 13/27 CSE“““



Capacitance Variation

@ Vg Vs Capacitance
— Multiplier : 2

1= SERIAL INTERFACE 212 & A|AHE
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Varactor Operation

— Change average capacitance from control voltage.

VCO Output Node

L

Vcontrol
Vbpiasn O_IE‘I_

\outp = Vgate \outp = Vgate

VDD o V9s iei ) VDD
Vcont= 1.5V

Vcont= 0V

1= SERIAL INTERFACE 212 & A|AHE 15/27
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LC VCO Schematic

. . . wdd
@ Simulation LC VCO schematic ‘ I I
— Inductor : 5.42nH ol M s i wp
- Capacitor . 15pF T %‘nd;ﬁ.mam ind= 532533&%
outn gy W=20U T L ey
— Input NMOS oy U
i '
* Length: 180n outn outp
« Total Width : 10u (finger :1) T -
1 EI: _ V33 _ EI: :
— Source NMOS i 2 |52, o35 8 ]
H Bpliigy w2 DF| g0 ]
« Length : 500n i 30 S i
1
- Total Width : 100u (finger :1) - e,g% ﬁ O i
— Varactor i.-____é________________é___..__i
» Fingers_per_Group(B) : 10
I-----'I
* Number_of Group(G) : 2 I i ot Houtn 2 it L -
L. T | b w1 E’o}tp Mﬂ{g i 2
* Multiplier : 8 i 8 i E = e frger
—_ Vdd 1.8V : : ‘ ét) évdc:refn
; : vdogoont vlo="18
— biasn: 0.8V : é ! ¢ J7
I B
— cont: H== X[F (cont) L v,
! ¢ i £ bicsh b,-UQEH: = 106, 9900y
I 1 I=50an
: 1 vas fik?ersﬂ
(I '

V33
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OSC Frequency (Vcont = 0V)

| Design Variables T"’“VSES — _______? 3 x|
6 CO”trOl VO |tage OV _ Hame | Value e tr;?pb-rrinmmrﬂ anan moderate-hmmmg- : |

— OSC frequency 114GHZ 'g'énnm“q 3 pnoise 30 1K 100M TK foutn fuss
— Transient simulation (300ns)
- Output Er% DKI Frequency éxcgl - Mamessignal/Expr | Yalue| Plot | Save| Save Option-s |:

II1- outn v o ally 1
I Freguency WANE | 1
—

1.14GHz @ Vcont OV
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OSC Frequency (Vcont = 1.8V)

Desigh Wariahles aabses g X|
@ Control Voltage 1.8V T R -
1 s

1580 2D e

_ OSC frequency : 1.256HZ ;;L_!w _______ Epnoise : 30 1k 100k 1K foutn fvss

— Transient simulation (300ns)
— = [Moutputs——— B
—_ Output -LL|-%I Ekl Frequency éxcsl 1 tI:\Ja\mefSigna\IfExpr | Walue| Plot| Save| 3ave Optiunsﬁl

outn ¥ Al 1

1.25GHz @ Vcont 1.8V
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Frequency Tuning Range

@ Control voltage sweep
— Tools — Parametric Analysis
« Control voltage : 0 ~ 1.8V (Linear steps :0.2V)

i_*:_JELl%.Lﬂ_E‘i_-__...__R:J.H_UEMEH_E; sweeps & Ranges KL Q) €0 UL 1____
Yariahle | Walue | Sweep? | Range Type | From | To | Step Mode | Step Size |1
caont 1 W FramsTo 1] 1.4 Linear Steps (0.2 :

— Calculator — Family — It MEH# (Output ) — Function (frequency) — Plot

|_ Function Panel

1 X i —
lLSpemal Functions B Q, frequency :

1= SERIAL INTERFACE 212 & A|AHE 19/27

%ﬁmm h



Frequency Tuning Range

Varactor control sweep
Varactor control voltage range : OV ~ 1.8V
Frequency tuning range : 110MHz

1.250GHz
| Frequency

1 1.14GHz
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Frequency Tuning Range

Capacitance value sweep
Varactor capacitance
« Control voltage 0V : 1944fF (Total capacitance 3444fF)
« Control voltage 1.8V : 736fF (Total capacitance 2236fF)
frequency tuning range : 260MHz

Fre uenc % 2.236p 1.402813C
ATTEHNENSY 4 406Hz @ 2.236pF

1.14GHz @ 3.444p

Capacitance




Frequency Tuning Range

Freq uency
e Capacitance change

em» \/aractor voltage change

1.40GHz

1.25GHz A

110MHz 260MHz

1.14GHz

3.44pF 2.23pF Capacitance
oV 1.8V Voltage
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Phase Noise (cont : 1V)

@ Phase Noise
— 1.17GHz, -131dBc @ 1MHz

1.17GHz , -131dBc @ 1MHz

1% SERIAL INTERFACE 8l 2 2 AlAE 23/27 CS“”“”



VCO Comparison #1

@ Phase noise
— Ring VCO : -99dBc @ 0.75GHz 1MHz offset
— LCVCO :-132dBc @ 1.35GHz 1MHz offset
— LC VCO is better for phase noise.

0.75GHz , -99dBc @ 1MHz : 1.17GHz , -132dBc @ 1MHz

-~
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VCO Comparison #2

@ Frequency tuning range
— Ring VCO : 416MHz @ control voltage (OV ~ 0.8V)
— LCVCO : 110MHz @ control voltage (OV ~ 1.8V)
— Ring VCO is better for frequency tuning range.

= 416MHz @ control Voltage (OV ~ 0.8V)

L

 110MHz @ control voltage (0V ~1.8V)

1% SERIAL INTERFACE 8l 2 2 AlAE 25127 CS“”“”



2 @ @ @

Assignments

Design 2GHz ( £100MHz) LC VCO with frequency tuning range 100MHz.
Verify and plot output waveforms and frequency tuning range.

Verify and plot phase noise with control voltage 0V, 0.9V and 1.8V.

Indicate LC VCO schematic, inductor and capacitor value, and using varactor

design value.

@ LC VCO specification

VDD supply voltage : 1.8V

Bias voltage : 0.8V

Phase noise : Min -115dBc/Hz
Frequency tuning range : Min 100MHz

@ Due: 29 Mar. 9:30(Hardcopy)
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Q&A

superpyunki@gmail.com
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