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Welcome to
7718 semester 1 2022

Mixed Signal Electronic Circuits 
Instructor:    Dr. Miki Moyal  

Lectures are placed in my site:
http://www.gigalogchip.com/lectures.html

Lecture 9

LC-PLLs and CDR Architectures 

PLL- Loop stability and Jitter (transfer function)

Design Example
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Lectures are placed in my site:
http://www.gigalogchip.com/lectures.html

In the below site..

2 assignments, project example, all lectures 
Send assignment please to my mail
miki@gigalogchip.com
can ask questions if confused.. using whats app or phone..
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Architecture
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Clock input Fast Clock output

30MHz 10GHz

PLL clock 
multiplying unit

Generates almost any clock (fractional
easy to input slow clock to pass the heavy pads
genarte local clocks at all freq. On chip
filter noise- jitter 
LC pll are specially clean, useful for over 1GHz

most SOC chips are designed with a PLL

fout  kfin

Motivation
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Prof green

Example  in use for SerDes
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Basic loop
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PLL loop is about phases.
It must lock on phases and frequency
the integral of the phase relates to freq

What is the loop order ?

Basic loop
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There are basically 2 types 
1 APLL after the phase detection we uses analog circuits

2 DPLL after the phase detection we use counters and digital 
filter and change digitalz the VCO
DPLL are dificult but the advantage is loop filters can be set to 
low frequency can be adujted fast to other values.

DLL  are also sub versions of PLL – whats good in them ?

APLL are the subject of this lecture.

Basic types
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we add a –convertor- called charge pump 
Phase changes translate to current dumped onto loop 
filter. *impedance*

APLL Mixed mode
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PFD type 4



7718-Lect 09

January 10, 2023 Semester / 1 11

XOR
J/K FF

Kd = Vdd by PI Kd = Vdd by 2PI 
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PFD type 4

Kd =VDD / 2PI 

We dont want to dpend 
on VDD so change to I

With CP

Can pfd4 make mistake 
miss ? – yes..
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Transfer function

Valid only in relation filter pole frequency to input clock frequency

H equal 1/N

Input frequency ~ 20 time farther than loop filter..or more

Under 20 need transiend or descrete analzsis Some reports say even 8X can pass.
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Transfer function
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PLL Simple Block Diagram
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UnitsMaxTypMinConditionParameter

[V]1.281.21.08Simulation ConditionSupply Voltage

[Deg C]120600Simulation ConditionTemperature

[MHz]100External OscillatorInput  Clock

[GHz]5
Output 

Frequenc
y

[ps RMS]0.6Rj

[MHz]1075Target 
Bandwidth

[psec]10DJ

[dB]10.5PLL Peaking

[%]49/5
1Duty Cycle

[V ptp]0.60.40.32CMLOutput 
Amplidute  

[mW]140
Total Power 

Consumpt
ion

PLL Spec For PCI‐GEN II

Example of design system 2 block
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Charge pump block diagram

Design SPEC 
 
Parameter Default Span Step Corner 
Icp 400uA 25uA 800uA +/- 25uA +6%, -15% 
Cflt 10pF   +/-10% 
Rflt 1.7 1.7K53 +/-1.7K/32 +/-15% 
Pole1 6KHz    
     
     
 
Potential Hazard: 
CHPMP Loop Stability (Phase Margin) 
VC1 values (in locked condition) will vary according to VCO corner (center frequency and Kvco) thus 
changing operating point of Nmos and Pmos current sources in the CHPMP (and the effective output 
resistance, Rout2). Since Pmos output resistance is much smaller it will be the main contributor to the 
output resistance: 
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VCO Inductor Model 

W=3.8 um

S=0.6 um

OD=103 um

N=3

M7, M6 stacked only

Each square is 20 vias

M7M6

M5Via6

Each square is a 
count of 20 via6

Via5
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(out10Gp/n)/64

Phase and 
Frequency Detector Charge Pump Voltage Controlled 

Oscillator

Loop Filterref
156MHz 

Calibration 
Detection

Restart 
Calibration

vtune vrefp

vtune vrefn

ou
t1

0G
p/

n

vtune

vd
d1

2v
co

decoder
4

5

From calibration block

vdd12vco

vtune

Smarter way: don’t forget to calibrate..
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Real design‐ in lecture‐go to attach pdf. 

10GHz PLL 
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CDR‐ clock and data recovery.
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CDR‐ used in SerDes Rx.‐data center/chip2chip
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CDR‐ clock and data recovery‐similarity to PLL.

Replace with only phase 
detection

Make the loop 1

Add FF clock the data
Create synced clock
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CDR‐ key choice PD‐ **no one** know how to choose…
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PD‐alexander 

Razavi
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CDR‐ once it works. The clock sits in the middle of the data
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END   Lect. 09  


