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Oscillator Structure

v' 4-stage Ring VCO using differential delay cell
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Design Example

v’ 8-phase, 4-stage voltage controlled oscillator (VCO)
- Supply voltage: 1.8V

- Minimum voltage swing: 300mV

- Frequency tuning range: 100 ~ 200-MHz
with range of V,,,; as 0~0.5V

con

- Oscillation frequency @ V,,=0.4V: 700~800-MHz
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Details of Delay Cell

v’ Differential type delay cell

> PMOS
— Length : 1u
o—9 o—o — Width : 40u (finger : 4)

\/cont \/cont

> INPUT NMOS
— Length : 0.180u
— Width : 20u (finger : 2)

\/outn

Vinn I_ovinp

Voutp

» Source NMOS
— Length : 0.500u
— Width : 100u (finger : 10)

-V, .., = 600 mV
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Schematic & Symbol of Delay Cell

(1) Schematic
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(2 Make symbol of schematic
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Simulation Testbench Schematic
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Transient Simulatio
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Initial Condition Value Examples

v" Initial condition change

— CK90:0.1V & CK270 0.1V




Small-Signal Simulation (AC)
v' Schematic design
— 2-stage delay cell 778
— Vsin source 0|2 (AC magnitude 1)
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AC Simulation

4 ADE L (2) - Week2_pre ac_ring schematic hd - ] X % Choosing Analyses -- Virtuoso® .ﬂ_\nalca EE!ﬂgﬂ Environment... I&
Launch Session Selup Analyses Variailes Qutouts Simulation Results Tools Help cadence ) I 1 :
Analysis « fran s fC & ac W Nolse
— . y L&
I @l 37 & =8 3o o A _ sens . dcmatch o stb

— hbnoise _ hbsp

Analyses 5
Design Varisbles Opz Usp cenvp O pss
_ Type | Enahle Arguments Cocl _

_ Marme | Walug ES ~ 1K.10G 201 Logarithmic Points Per Decade Slall. « pac « psth O pnoise o pxf

1 biasn B0 = 1 &2l _

2 cont 400m hﬁ__- — psp — [pE5 o gpac  fpnoise
[ o o — gpsp ' hb _ hbac

4

[ i D — :
Outputs 28 %] AC Analysis
MamerSignalExpr | Walue| Plot| Save| Save Options | Sweep Yariable

3/

& Freguency
_ Design variable

— Temperature

— Component Farameter

> Results in . .T_Z_highspeed_maslerf;m Flot after simulation: -M Flotting muderf‘EP'Lﬂ

« Model Parameter

12(25) | N 2 Virtuoso® Analog Design Environment (2) - Weekl VCO \.'CO_Zstage_mk!chematic
Launch Session Setup  Analyses  Wariables Outputs  Simulation H Tools H -S\er_p R_an_ge____________________.
1, P
e : . Flot Dutputs & Start-Stop
|2 @ | g7 | &l = B & = L s — 1 Start 1k Stop 106G 1
i
Analyses \ain Fomm I~ Center-Span I
Design Yariakles - X el Print ' Fr— Sl.ginal 1 1
_ Type |Enable Ti
_ hame | Yalue | [y cc ~ t Annatate ' T t oc [Sweep Type :
J aaa 1 N ¥ Vector » ransient Minus 1  Foints Per Decade
1 z ac o 1K10 . ; Trangient Sum Logarithmic n
2 cant 400m - Circuit Conditions .. Trans‘emaiﬁerence I & Mumher of Steps
3 nmas_ref 1.z Wiolations Display . === e o e o e e e e e e e
al Reliahility Data » | AC Magnituds
Save . AC dB10 Add Specific Points
Select AC dBz0
Outputs Delete AC Ehase Specialized Analyses
NamerSignaliEpr Frinting/Plotting Options AC Magnitude & Phase
AC Gain & Phase LNDnE n
1 Equivalent Qutput MNoise
1 Equivalent Input Moise Enabled v Options...
Sguared Output Maoise ——
1 i p
1 Squared Input Moise m Cancel | Defaults Apply | Help
. Ne— N — —— N —
1 Moise Eigure
1 DC
- Plat after simulation: \M ] i e
nmoLge L: hd: F:
F(12) | Main Form . | Status: Ready | T=27 C | Simulator: spectre

. Yonsei University



Oscillation Frequency Estimation

* Open loop & closed-loop analysis

« H(s) = @%—T / tanu = 450

> Wosc = (‘O)O(AO = \/i)
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Pulse Response Simulation

v' Schematic design
— 2-stage delay cell 778
— Vpulse source 0| &
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ign Enviranment (2) - Weekl VCO VCO_4stage_mk schematic
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Homework

v" Verify and plot 8-phase output of VCO, and derive K, by changing V
OV to 0.5V

cont from

v' Compare and analyze frequency of oscillator with small-signal analysis (pole,
phase response) and large-signal analysis (pulse response) and transient
simulation result.

v Due: 18 Sep. in class (Hardcopy)
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