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Goal

Problem1Problem2

Problem3

500MHz

Reference

Input

500MHz

Output

Phase Locked Loop

 Output clock frequency : 500MHz

 2.5V supply voltage

 Vcont : 0.75~2.25V
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Problem 1

I. Ring-type Voltage Controlled Oscillator(VCO) Design[20]

Vcont

Vout

0.5pF

M1

M2

M3 Vcont

M1

M2

M3Vcont

M1

M2

M3

0.5pF 0.5pF

Design Goals

Parameter Value

Target Oscillation Frequency 500MHz

Average VCO gain 100MHz/V~150MHz/V

Vcont 0.75~2.25V
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VCO Design

Initial

Condition

Generator

V1=2.5, V2=0, td=0, tr=tf=1p, PW=2, PER=4
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Simulation Result
Transient simulation

 Print step : 0.1ns

 Final time : 200ns

FFT

Find point which has maximum value 

Determine Vcont whose oscillation frequency is 500MHz

Vcont should be within 0.75V~2.25V
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Simulation Result
Vcont parametric sweep(0.75~2.25V)

Average VCO gain : (High freq.-Low freq.)/1.5

Average VCO gain should be within 100~150MHz/V

Plot Vcont vs frequency

Low

freq. High

freq.
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Problem 2

M2

M3

M4

M1

M2

M3

M4

1nF

DN

UP

Vcont

M1

Iup

IdnVbias

Design Goals

Parameter Value

Up current(Iup) & down current(Idn)

@ Vcont that produces 500MHz

in VCO design

4~6mA

Mismatch current, 𝐼𝑢𝑝 − 𝐼𝑑𝑛
when UP = 0V, DN = 2.5V

< 50 𝜇𝐴

Available Vcont range

(Vcont satisfying

mismatch current condition)

>1.45V

II. Charge Pump Design[20]

Actually, 𝑼𝑷 from PFD



8 page / 17 page

Charge Pump Design

Feedback Amp.

Gain = 100

Iup

Idn

DC sweep
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Simulation Result
Vcont DC sweep(0~2.5V)

<Vcont vs Iup> <Vcont vs Idn>

your Vcont in 

Part I

<Vcont vs Iup-Idn>

1. Iup & Idn @ your Vcont should be within 4~6mA 

2. Mismatch current < 50𝜇𝐴
3. Available Vcont range > 1.45V

your Vcont in 

Part I
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Problem 3

R  

C1

C2

Phase &
Frequency
Detector

Charge Pump VCO Output

Reference 

Frequency

0 Hz

500MHz

t=0

Up pulse

Down pulse

Vcont

III. PLL Design[50] – MATLAB simulation

 Determine the values for R & C1 with given conditions following:

 Resonance frequency(f0) = 25MHz, C2=C1/10, 580Ω ≤ 𝑅 ≤ 600Ω, 𝜔0 =
𝐼𝑐𝑝𝐾𝑉𝐶𝑂

2𝜋𝐶1

 Use design parameters(Icp & KVCO) determined in Part I&II

Design Goals

Parameter Value

Phase margin

for open-loop transfer function
> 50 deg

Max. peaking

for closed-loop transfer function
< 2dB

<Problem 3(a), frequency response>

Design Goals

Parameter Value

Settling time (Locking time)
As low as 

possible

<Problem 3(b), step response(time)>
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Simulation Result
Problem 3(a) – MATLAB simualtion

Phase margin

Open-loop transfer function Closed-loop transfer function

Max. peaking

 Phase margin > 50deg  Max. peaking < 2dB
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Simulation Setup
Problem 3(b) – MATLAB Simulink simulation

<Given Simulink PLL module>

Do not touch!

R  

C1

C2

Loop Filter

transfer function

Double Click

Double Click
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Simulation Setup

Put your Iup in Part II

Put your Idn in Part II
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Simulation Setup

Your average VCO gain
𝑓𝑜𝑢𝑡 = 𝑓0 + 𝑔𝑎𝑖𝑛 × Vcont

Quiescent frequency = 𝑓0

500e6-(Average VCO gain x your Vcont)
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Simulation Result

ex)your Vcont=1.7V 

Locking time = 55ns

<Given Simulink PLL module>

Double Click

Settling time
your Vcont-0.005 < Ripple < your Vcont+ 0.005

Start
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Simulation Tip

 MATLAB transfer function

-Sample code for 𝐻 𝑠 =
𝑠+1

𝑠2+𝑠+1
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Grading Policy

VCO design[20], Charge pump design[20], PLL design[50], Report[10]

Describe how you get result with reasonable values in detail

You will get more points for lower settling(locking time)

Deadline : 6:00 PM , 22 June 2015 @ B629(Hardcopy)


