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Mini-Circuits Company Overview

* Founded: 1969
* Headquarters: Brooklyn, NY | =dMini-Circutts

Multiple Design Centers Excellence ..
1y s
— Brooklyn Performance/ &«

— SanJose Proven strategies for producing
the world’s best RF MMIC’s

— lIsrael
— Malaysia
— India

Multiple Core Technologies

1SO 92001:2000

ine to our

— Core & Wire ?“‘E“:,T;Tm:

1SO 14001;2002

our commitmant 1o tha anvironmant
— LTCC ~mgllatorl)r compliance

* pollution prevention
+ continual improvement

— Semiconductors

Over 10,000 active products
 Over 20,000 active customers




Mini-Circuits: a Passion for VALUE

Products that make a contribution:

* OQOutstanding Electrical Performance gt
* Reduced Size o '
. ° * Always do whal is
e LeadingPrice + Koop anasd G
the target

* Quick Delivery
'PASSION

" Nothing Great Was
Ever Achiaved
Without Enthusiasm

Mini-Circuits Quality Policy

To provide products and services to our

internal and external customers that: And Fodmt et
— Meet stated requirements
— Exceed expectations
— Continuouslyimprove

Propared by il —
Kaotain K oo
i -Cameta Maknyma

Ouwr Commitment To You Never Ends




28 Product Lines from DC to 40 GHz

* Adapters * Limiters

* Amplifiers * Modulators / Demodulators
e Attenuators * Phase Detectors

e Bias Tees * Phase Shifters

e Cables * Portable Test Equipment
 Couplers  Power Detectors

e Custom Assemblies * Power Splitters / Combiners
 DCBlocks * RF Chokes

e Designer Kits e Switches

e ElectronicLine Stretchers * Synthesizers

* Filters * Terminations

* Frequency Mixers * Transformers RF/IF

* Frequency Multipliers * Voltage Controlled Oscillators

 Impedance Matching Pads

Voltage Variable Equalizers




The World’s Largest Selection of VCOs

e Over 800 catalog models, 12 MHz to 6.8 GHz

— Hundreds more ready for fast turnaround
— All available for rapid customization, 3 MHz to 7.1 GHz

Frequency range from 1 MHz to >1 octave

Various models optimized for linear tuning, dual
output, low phase noise, 5V PLL/synthesizer, etc. *
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Pour up to +15 dBm s WA RE

SMD cases as small as 0.2 x 0.2 x 0.1”



A Better Way to Find What You Need 72

LS, patent 7F38260

Search millions of live test data points from thousands of
products, to meet or exceed your performance requirements:

e Current catalog models Just enter a few specifications...

L Previous custom models Package Style O Plug-In @ Surface Mount & Connector

e Development models

Frequency (MHz) Low | 700 High
Product lines included:  sweyvoitagey  tow [ ] Hin [_]

e Amplifiers Phase Noise TkHz 10kHz 100 kHz 1 MHz
(SSB dBcHz @ offset) |, | [ I [ |

e Frequency Mixers s g
i I

. . Harmonic Max
» Directional Couplers Suppression (dBc) 4 I I |
L RF Transformers Tuning Sensitivit .
{MHng} Y Min. I:l Max I:l
¢ Fllters Tuning Voltage (V) Fm[nq‘",elz';crr""h‘['\;me Power Supply :
Model Name Current ‘fﬂ: P[';]""
e VVCOs serch | | e | (mf Low|High| Min. | Max. |"°139% | [ma]
Max.
° SynthESizerS ROS-1700W+ [ 770 | 1700 1 24 12 35 CKB05 e

...and see all the models that match,
* More to come as well as any close calls) in a snap!
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Functional Block Concept

 Input control voltage Viyne
determines frequency of output waveform

Vour W
Vee f

T fosc

e SR Vour \/\/\/t

VCO 1 o




Applications: RF System

\/ -
PLL
LMNA Tt L TN
0° “TUNE
‘ r : - VCO f— !
J | n .
L0 -1 1
-

 Downconvert band of interest to IF
« VCO: Electrically tunable selection




Applications: Digital System

PHASE LOOP
DETECTOR FILTER VCO

4L L Tl

0i -+ Oo

IS

L =N

« Clock synthesis (frequency multiplication)

J.A. McNeilland D. R. Ricketts, “The Designer’s Guide to Jitter in Ring Oscillators.” Springer, 2009




Specifications
VOLTAGE CONTROLLED OSCILLATORS so<

12.5 MHz to 3 GHz
WITH LEADS
— | " -
% _,_l:;' ""...‘ - -
MOS ROS JTOoS Jcos

Case CZ682 Case CKBO05, CK1113, CKB29 Case BK377 Case BG419
MODEL FREQUENCY | POWER TUNE PHASE NOISE PULLING [PUSHING| TUNING [HARMONICS | 3dB MOD. POWER
PREFIX (MHz) OUTPUT| VOLTAGE (dBc/Hz) SSB@ (MHz) | (MHz/V) | SENSITIVITY (dBc) BANDWIDTH| SUPPLY

(dBm) V) offset frequencies: pk-pk (MHz/V) (kHz)
Typ. @12dBr oltage Current
_ , 110 100 A4 VI~ Ima)
Min. Max. Typ. | Min.  Max. kHz kHz kHz MHz Typ. Typ. Typ. Typ. Max. Typ. om. ax.

LINEAR TUNING Wideband

JCOS-175LN 125 175 +3.7 1.0 170 | 95 -118 -138 -158 0.08 0.05 35 25 -20 2900 120 20
JCOS-820BLN 807 832 +3.0 1.0 140 | -88 -112 -132 -151 04 0.4 6.0 =24 -20 2000 100 25
JCOS-820WLN 780 860 +9.0 00 200 | 90 -112 -132 -180 45 0.3 80 13 -8 2000 90 25
JCOS-1100LN 1079 1114 +8.5 00 200 | -8 -110 -130 -150 75 05 45 15 -10 2000 80 25
JTOS-25 12.5 25 +8.0 10 110 | 95 -115 -135 -155 0.03 0.02 1.0-4.0 26 -13 130 12.0 20
JTOS-50 25 47 +85 10 1560 | -88 -108 -127 -147 0.06 0.04 2.0-2.6 19 -12 50 12.0 20
JTOS-75 375 75 +8.0 10 160 | -89 -110 -130 -140 0.15 0.11 2.8-4.0 27  -20 125 12.0 20
JTOS-100 50 100 +8.3 10 160 | -83 -108 -128 -140 0.6 0.2 3.7-4.8 35 -20 100 12.0 18
JTOS-150 75 150 +3.5 1.0 16.0 82 06 127 -147 0.8 0.3 5.8-6.7 23 17 112 12.0 20
JTOS-200 100 200 +10.0 10 160 | -84 -105 -124 -145 1.0 0.2 6-10 =25  -20 110 12.0 20
JTOS-300 150 280 +9.0 10 160 | -82 -102 122 -142 1.0 0.2 9-14 28 -20 120 12.0 20
JTOS-400 200 380 +9.0 1.0 160 | -82 -102 122 -142 1.4 0.4 10.5-17.1 25 -20 130 12.0 20
JTOS-535 300 525 +9.5 10 160 | -76 97 -117 -137 2.0 05 10-24 28 -20 115 120 20
JTOS-765 485 765 +8.0 10 160 | -75 98 -118 -138 20 05 20-30 30 -20 100 120 20
JTOS-850VW 400 850 +6.0 05 180 | -74 96 -116 -136 6.0 1.5 15-80 20 — 185 50 20
JTOS-1000W 500 1000 +7.0 1.0 18.0 -3 94 -114 134 5.0 1.0 30-40 26  -20 100 12.0 25
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* Functional Block Concept
« Oscillator Review
— Frequency Control
— Amplitude Control
— Types of Oscillators
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« Conclusion




Oscillator Review

» Types of Oscillators
— Multivibrator
— Ring
— Resonant
— Feedback

- Basic Factors in Oscillator Design
— Frequency
— Amplitude / Output Power
— Startup




Multivibrator

« Conceptual multivibrator oscillator
— Also called astable or relaxation oscillator
* One energy storage element




Example: Multivibrator

Vour &

* Frequency: Controlled by charging current I,
C, Vpzr thresholds

- Amplitude: Controlled by thresholds, logic swing
- Startup: Guaranteed; no stable state




Ring Oscillator

- Ty —»

* Frequency: Controlled by gate delay
« Amplitude: Controlled by logic swing
« Startup: Guaranteed; no stable state




Resonant Oscillator

« Concept: Natural oscillation frequency
of resonance

- Energy flows back and forth between
two storage modes

1
L — C /\/ fOSC_Zﬂ'\/E




Resonant Oscillator (Ideal)

¢

do/dt
Y

« Example: swing (ideal)

« Energy storage modes: potential, kinetic

* Frequency: Controlled by length of pendulum
- Amplitude: Controlled by initial position

. StartuE: Needs initial condition enerii iniut



Resonant Oscillator (Real)

¢

do/dt
Y

 Problem: Loss of energy due to friction

« Turns “organized” energy (potential, kinetic) into
“disorganized” thermal energy (frictional heating)

« Amplitude decays toward zero
* Requires energy input to maintain amplitude

. AmEIitude controlled bi “suiervision”



LC Resonant Oscillator (Ideal)

YA

SR TR VAVAVAY

LA

[AVAWAWARE
VAVAVAYE

« Energy storage modes:

Magnetic field (L current), Electric field (C voltage)
* Frequency: Controlled by LC
- Amplitude: Controlled by initial condition
- Startup: Needs initial energy input (initial condition)




LC Resonant Oscillator (Real)

L W

Ve ——C L

-

RL0§S% AWAN NS

* Problem: Loss of energy due to nonideal L, C
— Model as resistor R 555; Q of resonator

« E, M field energy lost to resistor heating

« Amplitude decays toward zero




LC Resonant Oscillator (Real)

YA
+ . VUV VYV

Ve ——C L llL

LA

RLOésf Ruec /\/\/\/\
VVV

* Problem: Loss of energy due to nonideal L, C
* Requires energy input to maintain amplitude
- Synthesize “negative resistance”

« Cancel R| pg5 With -Rygq




Negative Resistance

R

Rin — N/

‘_ - %m

%m

« Use active device to synthesize V-l characteristic that
“IOOkS Iike” _RNEG

- Example: amplifier with positive feedback
- Feeds energy into resonator to counteract losses in R ggg




Feedback Oscillator: Wien Bridge

<
—o—3 Vou
H; e - i
v v f ; R1
WIEN BRIDGE OP-AMP J__
« Forward gain A=3 ) E 2 N /
 Feedback network with transfer i
function B(f) e
 Atfoso IB|=1/3and £ 3 =0 1/3 |- -----
- Thought experiment: /\
break loop, inject sine wave, look at -\ f

signal returned around feedback loop i



O O + Vout
® O Vout A

Vp
« “Just right” N T
waveform is VI =
self sustaining "




P VX
i ’ n Vout
o Vout A

- “Not enough”

r

Vp

waveform = T

decays to zero

._ T
v
\/ "




AB=1.01

+ Vout
> 9 f;) : VOUt A

; Rz [\ ,!:I:I I:Ii:,
; -, J

Vp
i “Too much” N T
TN waveform grows o
S~ exponentially




Feedback oscillator

C 1
s
P
® O > Vout
*—O
R; —C -
i_ )
= ; R1
1
A

/

Y

p

- Stable amplitude condition: AB=1 EXACTLY

« Frequency determined by feedback network AB=1 condition
* Need supervisory circuit to monitor amplitude

- Startup: random noise; supervisory circuit begins with Ag>1




Resonant Oscillator (Real)

+

Ve==C L § liL
RLOSS % § -RNEG

\//\\/\v/\/ - /\\//\\/f\\/\\/ L \//\/f\/\ \/ L

|Rnegl < Rioss |Rnegl = Rioss |Rnegl > Rioss

« Stable amplitude condition: |Rygg| = R oss EXACTLY

* Frequency determined by LC network

 Startup: random noise; begin with |Rygs| > Rioss

- Amplitude grows; soft clip gives average |Ryegl = Rioss




Clapp oscillator

1
fOSC - 2” ,LCeq
1
C. = P
(1 1 1 F
+—+ T -
Cl C2 C3 J i 11' }'-.

(

L
=
O
b

I
|l
S

CLAFR CECUIT %

« L, C1-C2-C3 set oscillation frequency f,q-




Clapp oscillator

R4

RFC

1 == '
g RFC

G = €2 == R3
LT
 Circuit configuration « Equivalent circuit

MiniCircuits AN95-007, “Understanding Oscillator Concepts”




Clapp oscillator

1 1 g,
Zeq7 = — + — -—
joC, joC, @ CC,

* Frequency: Determined by L, C1, C2, C3
« Amplitude: Grows until limited by g,, soft clipping
« Startup: Choose C1, C2 feedback for | Rygg | > Rioss




Oscillator Summary

- Typical performance of oscillator architectures:

A

BETTER 4 I
PHASE RESONANT
NOISE
~ ~N
FEEDBACK )
\ J
r _ N\ RING
MULTIVIBRATOR
- / y,
>
kHz MHz GHz
FREQUENCY f,q
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* Functional Block Concept
* Oscillator Review
« Basic Performance Metrics
— Frequency Range
— Tuning Range
* Methods of Tuning
 Advanced Performance Metrics
 Conclusion




Basic Performance Metrics
VOLTAGE CONTROLLED OSCILLATORS soe

12.5 MHz to 3 GH=z

WITH LEADS
N | ; . _”
™ -l‘l"} - H w .‘ ‘J >
MOS ROS JTOoS Jcos
Case CZ682 Case CKBOS, CK1113, CKB29 Case BK377 Case BG419
[ A

MODEL FREQUENCY | POWER TUNE PHASE NOISE PULLING |PUSHING| TUNING |HARMONICS | 3dB MOD. POWER
PREFIX (MHz) OUTPUT| VOLTAGE (dBc/Hz) SSB@ (MHz) | (MHz/V) | SENSITIVITY (dBc) BANDWIDTHY SUPPLY

(dBm) V) offset frequencies: pk-pk {MHZ)'V]' {kHZ)

Typ. @12 dBr
i , 1 10~ 100 1
\ Min. Max. Typ. | Min. MaxJ kHz kHz kHz MHz Typ. Typ. Typ. Typ. Max. Typ.
LINEAR TUNING Wideband

JCOS-175LN 125 175 +3.7 1.0 170 | 95 -118 -138 -158 0.08 0.05 35 25 -20 2900 120 20
JCOS-820BLN 807 832 +3.0 1.0 140 | -88 -112 -132 -151 04 0.4 6.0 =24 -20 2000 100 25
JCOS-820WLN 780 860 +9.0 00 200 | 90 -112 -132 -180 45 0.3 80 13 -8 2000 90 25
JCOS-1100LN 1079 1114 +8.5 00 200 | -8 -110 -130 -150 75 05 45 15 -10 2000 80 25
JTOS-25 12.5 25 +8.0 10 110 | 95 -115 -135 -155 0.03 0.02 1.0-4.0 26 -13 130 12.0 20
JTOS-50 25 47 +85 10 1560 | -88 -108 -127 -147 0.06 0.04 2.0-2.6 19 -12 50 12.0 20
JTOS-75 375 75 +8.0 10 160 | -89 -110 -130 -140 0.15 0.11 2.8-4.0 27  -20 125 12.0 20
JTOS-100 50 100 +8.3 10 160 | -83 -108 -128 -140 0.6 0.2 3.7-4.8 35 -20 100 12.0 18
JTOS-150 75 150 +3.5 1.0 16.0 82 06 127 -147 0.8 0.3 5.8-6.7 23 17 112 12.0 20
JTOS-200 100 200 +10.0 10 160 | -84 -105 -124 -145 1.0 0.2 6-10 =25  -20 110 12.0 20
JTOS-300 150 280 +9.0 10 160 | -82 -102 122 -142 1.0 0.2 9-14 28 -20 120 12.0 20
JTOS-400 200 380 +9.0 1.0 160 | -82 -102 122 -142 1.4 0.4 10.5-17.1 25 -20 130 12.0 20
JTOS-535 300 525 +9.5 10 160 | -76 97 -117 -137 2.0 05 10-24 28 -20 115 120 20
JTOS-765 485 765 +8.0 10 160 | -75 98 -118 -138 20 05 20-30 -sg 820 100 120 20
JTOS-850VW 400 850 +6.0 05 180 | -74 96 -116 -136 6.0 1.5 15-80 -2 — 185 50 20
JTOS-1000W 500 1000 +7.0 1.0 18.0 -3 94 -114 134 5.0 1.0 30-40 26  -20 100 12.0 25




Basic Performance Metrics

Surface Mount

Voltage Controlled Oscillator JTOS-1000W+

Wide Band 500 to 1000 MHz

Features

* wide frequency range, 500 to 1000 MHz typ.

* 3 dB modulation bandwidth 100 kHz typ.

* octave, linear tuning

* low phase noise, -134 dBc/Hz at 1 MHz offset, typ.
*» excellent harmonic suppression, -26 dBc typ.

* agueous washable

CASE STYLE: BK377
PRICE: $21.95 ea. QTY (5-49)

Applications

» test instruments-sighal generators

» wideband frequency synthesizers

s agile communications systems

» catv distribution and set-top convertors
» cellular up and down converters

» digital cordless phones

+RoHS Compliant
The +Suffi identifies RoHS Compliance. See cur web site
for RoHS Compliance methodclogies and qualifications

Electrical Specifications

FREQUENCY| POWER | TUNING PHASE NOISE PULLING |PUSHING| TUNING HARMONICS 3dB DC
(MHz) OUTPUT | VOLTAQE (dBefHz) pk-pk (MHz/V) | SENSITIVITY (dBe) MODULATIO OFPERATING
(dBm) (V) S8B at offset frequencies: @ 12 dBr (MHz/V) BANDWIDT POWER
Typ. (MHz) (MHz)
Current

1 10 100 1 vee (mA)
Min. Nla. Typ. Min. Max. kHz kHz kHz MHz Typ- Typ. Typ. Typ. Max. Typ. (volis) Mae.
500 1000 +7.0 1.0 18 -73 -94 -114 -134 g0 1.0 30-40 -26 -20 0.1 12 25




Basic Performance Metrics

Vour

vione () § RL Vour \//\\//\\/ t

« Supply: DC operating power
« Output
— Sine: output power dBm into 50Q
— Square: compatible logic
 Frequency Range
« Tuning Voltage Range




Frequency Range

\') TUNING FREQUENCY (MHz)
TUNE SENS.

JTOS-1000W (MHzry)  -55°C +85°C

Frequency and Tuning Sensitivity (at +25°C)
100 6531 45540 44344 43376
1500 | I | | | 250 200 47684 50388 49108 480.00
[— - 55°C —+25°C - - +85°C —T SENS.| 3.00 4338 54643 53446 521.76
400 4123 58753 57568 56224
1200 200 > 500 3718 62447 61287 600.23
% | = 600 3600 66047 64887 636.80
T 900 % 150 @ 2‘ 700 3698  697.54 68584 673.93
> o N 800 3832 73641 72417 711.94
S / 0T 900 3919 77571 763.36 750.82
=1 600 -~ 100 @= 1000 3893 81533 80229 789.02
o ~ = 1100 3742 85460 839.71 82508
= 300 L\ 50 F 1200 3397 88931 87367 857.98

1.“"""'_"'------.._

13.00 3320 92548 006.87 88955
1400 3513  960.60 942.00 925.73
0 0 1500 3397  991.30 97597 963.00
0 3 6 9 19 15 18 1600 3417 102217 101014 999.00
, 17.00 3221  1052.63 1042.35 1031.78
Tuning Voltage (V) 1800 2865 1081.03 1070.99 1060.58

Output frequency over tuning voltage range
Caution: Temperature sensitivity




Overview

* Functional Block Concept

* Oscillator Review

 Basic Performance Metrics

* Methods of Tuning

 Advanced Performance Metrics
 Conclusion




VCOs / Methods of Tuning

Require electrical control of some parameter
determining frequency:

jl:IRE-F

Multivibrator
— Charge / discharge
current

Ring Oscillator ‘
— Gate delay 4>OA—[>OE—[>OQ
Resonant

— Voltage control of %

capacitance in LC
(varactor)




Example: Tuning Multivibrator

Frequency: Controlled by
Ipgr, C, Vigr thresholds

Use linear transconductance

G,, to develop I,;; from Vv

Vour A

Very linear V,yne - fosc Characteristic
But: poor phase noise; f, - limited to MHz range

Ligr
Josc = 4CV,,,
Iy =Gy Vigne

G
osc ~| 4 eV, TUNE




Tuning LC Resonator: Varactor

— — oM
p —i+ n p - i + n P - i + n
VR =0V VR =+3V VR = +10V
(O
VR
d -
C,= ¢ A C.
dVR C — jo

J m
- V,

« Q-V characteristic of pn junction

« Use reverse bias diode for C in resonator




Example: Clapp oscillator

R1 R2

J_'_ m *
- R4
1 C C
_ 1 TUNE | TUNE g -
fosc 2T &~ LCTUNE \/ C1 C2 RFC g o
e

VTUNE

L g Cl =
A CTyUNE

C2

e

RFC

R3

-

« Tuning range fy;ns fuax set by Cyyne maximum, minimum
« WantC,, C, > C; ne fOr wider tuning range




Overview

Functional Block Concept
Oscillator Review

Basic Performance Metrics
Methods of Tuning

Advanced Performance Metrics
— Tuning Sensitivity

— Phase Noise

— Supply Pushing

— Load Pulling

 Conclusion




Advanced Performance Metrics
VOLTAGE CONTROLLED OSCILLATORS soe

12.5 MHz to 3 GHz
WITH LEADS
E ; = _\Va
4 g
" _'"'3 - H - : 4 ' 4
MOS ROS JT0S JCcos
Case CZ682 Case CKB05, CK1113, CKB29 Case BK377 Case BG419
MODEL FREQUENCY POWER TUNE f PHASE NOISE PULLING | PUSHING TUNING 1 HARMONICS | 3dB MOD. POWER
PREFIX (MHz) OUTPUT | VOLTAGE (dBc/Hz) SSB@ (MHz) | (MHz/V) | SENSITIVITY (dBc) BANDWIDTH| SUPPLY
(dBm) (V) offset frequencies: pk-pk (MH2z/V) (kHz)

Typ. @12dBr Voltage Current

1 10 100 A4 Ve (mA)

Min. Max. Typ. | Min.  Max. kHz kHz kHz MHz Typ. Typ. Typ. Typ. Max. Typ. om. ax.

LINEAR TUNING Wideband

JCOS-175LN 125 175 +3.7 1.0 170 95 -118 -138 -158 0.08 0.05 3-5 25 -20 2900 12.0 20
JCOS-820BLN 807 832 +3.0 1.0 140 -88 112  -132 -151 0.4 04 6.0 =24 -20 2000 10.0 25
JCOS-820WLN 780 860 +9.0 0.0 200 90 -112 132 150 45 0.3 8.0 -13 -8 2000 9.0 25
JCOS-1100LN 1079 1114 +8.5 0.0 200 -88 -110 -130 -150 75 0.5 4.5 -5 -10 2000 8.0 256
JTOS-25 125 25 +8.0 10 110 95 -115 -135 -155 0.03 0.02 1.0-4.0 26 -13 130 12.0 20
JTOS-50 25 47 +8.5 1.0 150 -88 -108 -127 -147 0.06 0.04 20-2.6 -19 12 &80 12.0 20
JTOS-75 SdE 75 +8.0 1.0 16.0 -89 110 -130 -140 0.15 0.11 2.8-4.0 27 -20 125 12.0 20
JTOS-100 a0 100 +8.3 1.0 16.0 -83 -108 -128 -140 0.6 0.2 3.7-4.8 356 -20 100 12.0 18
JTOS-150 75 150 +9.56 1.0 16.0 -82 106 -127 147 0.8 0.3 58-6.7 23 -7 112 12.0 20
JTOS-200 100 200 +10.0 1.0 16.0 -84 106 -124 1456 1.0 0.2 6-10 25  -20 110 12.0 20
JTOS-300 150 280 +9.0 1.0 16.0 -82 102 122 -142 1.0 0.2 9-14 28 -20 120 12.0 20
JTOS-400 200 380 +9.0 1.0 16.0 -g2 102 -122 142 1.4 0.4 10.5-17 .1 25 -20 130 12.0 20
JTOS-535 300 525 +9.56 1.0 16.0 -75 -97 -117 137 2.0 0.5 10-24 -28  -20 115 12.0 20
JTOS-765 485 765 +8.0 1.0 16.0 -6 98 -118 -138 2.0 0.5 20-30 -30 -20 100 12.0 20
JTOS-850vW 400 850 +6.0 05 180 -74 96 -116 136 6.0 1.5 15-80 -20 — 185 5.0 20
JTOS-1000W 500 1000 +7.0 10 180 -3 -94 -114 134 5.0 1.0 30-40 26 -20 100 12.0 25




Tuning Sensitivity

Surface Mount

Voltage Controlled Oscillator
Wide Band 500 to 1000 MHz

Features

* wide frequency range, 500 to 1000 MHz typ.

* 3 dB modulation bandwidth 100 kHz typ.

* octave, linear tuning

* low phase noise, -134 dBc/Hz at 1 MHz offset, typ.
*» excellent harmonic suppression, -26 dBc typ.

* agueous washable

JTOS-1000W+

CASE STYLE: BK377
PRICE: $21.95 ea. QTY (5-49)

Applications

» test instruments-sighal generators

» wideband frequency synthesizers

s agile communications systems

» catv distribution and set-top convertors
» cellular up and down converters

» digital cordless phones

+RoHS Compliant
The +Suffi identifies RoHS Compliance. See cur web site
for RoHS Compliance methodclogies and qualifications

Electrical SpecificatioDSmm——

FREQUENCY| POWER | TUNING PHASE NOISE PULLING [PUSHI TUNING IiARMONICS 3dB DC
(MHz) OUTPUT | VOLTAQE (dBefHz) pk-pk (MHz SENSITIVITY (dBe) MODULATION OFPERATING
(dBm) (V) S8B at offset frequencies: @ 12 dBr (MHz/V) BANDWIDTH POWER
Typ. (MHz) (MHz)
Current

1 10 100 1 vee (mA)
Min. Nla. Typ. Min. Max. kHz kHz kHz MHz Typ- Typ. Typ. Typ. Max. Typ. (volis) Mae.
500 1000 +7.0 1.0 18 -73 -94 -114 -134 g0 1.0 30-40 -26 -20 0.1 12 25




Frequency Range

\') TUNING FREQUENCY (MHz)
TUNE SENS.

JTOS-1000W (MHz/v) -55°C +85°C

Frequency and Tuning Sensitivity (at +25°C) ' 00 55 31 5640 4344 43376

1500 | I | | | 250 200 47684 50388 49108 480.00

[— - 55°C —+25°C - - +85°C —T SENS.| 3.00 4338 54643 53446 521.76

400 4123 58753 57568 56224

1200 200 > 500 3718 62447 61287 600.23

% | = 600 3600 66047 64887 636.80

T 900 % 150 @ 2‘ 700 3698  697.54 68584 673.93

> o N 800 3832 73641 72417 711.94

S / 0T 900 3919 77571 763.36 750.82

=1 600 /ﬁ"* 100 _E’é 1000 3893 81533 80229 789.02

5 = 11.00 3742 85460 83971 82508

= 300 L\ 50 F 1200 3397 88931 87367 857.98
H

— 13.00 3320 92548 006.87 88955

1400 3513  960.60 942.00 925.73

0 0 1500 3397  991.30 97597 963.00

0 3 6 9 19 15 18 1600 3417 102217 101014 999.00

, 17.00 3221  1052.63 1042.35 1031.78

Tuning Voltage (V) 18.00 2865 1081.03 1070.99 1060.58

« Change in slope [MHz/V] over tuning voltage range




Tuning Sensitivity

PHASE LOOP
DETECTOR FILTER VCO o Kd KO z,
1+s7 K L™ 7
K,(6-6,) Z —0 !
ST, s
Bo
. 4 o

Fig. 3.5. Phaselock loop as a control system.

 Why do you care?
—PLL: Tuning sensitivity K, affects control parameters
—Loop bandwidth o, (may not be critical)
— Stability (critical!)




Varactor Tuning

c - Cu —P—
J V m :
El + —;;]N £ ] p n
bi
I\
Josc = 1 N
27\ LC

m=1/2

m/?2
f ~ 1 [VTUNE] /
¢ 2mfLC,\ V,

- Disadvantages of abrupt junction C-V characteristic (m=1/2)
— Smaller tuning range
— Inherently nonlinear V- fosc Characteristic




Hyperabrupt Junction Varactor

C. = CJO —p— —p—

J m :

Vb. p n p n
A t
foon = 1 Np-Na Np-Na
osc
27N LC
L (v, Y2
foror = [ TUNE] m=1/2 m—2

P 2mLC Y,

- Hyperabrupt junction C-V characteristic (m = 2)
+ Larger tuning range; more linear V,yxz — fosc
- Disadvantage: Lower Q in resonator




Phase Noise

Surface Mount

Voltage Controlled Oscillator

JTOS-1000W+

Wide Band

Features

500 to 1000 MHz

* wide frequency range, 500 to 1000 MHz typ.

* 3 dB modulation bandwidth 100 kHz typ.

* octave, linear tuning
* low phase noise, -134 dBc/Hz at 1 MHz offset, typ.
*» excellent harmonic suppression, -26 dBc typ.

* agueous washable

Applications

» test instruments-sighal generators
» wideband frequency synthesizers

s agile communications systems

» catv distribution and set-top convertors

* cellular up and down converters
» digital cordless phones

Elactricgl Specifications

CASE STYLE: BKE77

PRICE: $21.95 ea. QTY (5-49)

+RoHS Compliant
The +Suffi identifies RoHS Compliance. See cur web site
for RoHS Compliance methodclogies and qualifications

£
FREQUENCY| POWER | TUNIN PHASE NOISE ULLING |PUSHING| TUNING HARMONICS 3dB DC
(MHz) OUTPUT |VOLTA (dBefHz) pk-pk (MHz/V) | SENSITIVITY (dBe) MODULATION OFPERATING
(dBm) (V) S8B at offset frequencies: > 12 dBr (MHz/V) BANDWIDTH POWER
Typ. (MHz) (MHz)
Current

1 10 100 1 vee (mA)
Min. Nla. Typ. Min. Maj. kHz kHz kHz MHz Typ- Typ. Typ. Typ. Max. Typ. (volis) Mae.
500 1000 +7.0 1.0 14 -73 -94 -114 -134 g0 1.0 30-40 -26 -20 0.1 12 25




Phase Noise

MTTEM 18k VRLG =4 MR 167, 49 Bm Mz
L wdBEm LEdHS 155 BZBEMHz

|

-
T
Wﬁ?“ﬂ Ui sy

CEMTER 155 BZ2MHz SHEFAMN 1 8ubrHz
#FEBRKW 3 OkHz VB 2 @kHz Sk 280 ms

 Power spectrum “close in” to carrier




Phase Noise: RF System

\/ -
PLL
LMNA Tt L TN
0° “TUNE
‘ r : - VCO f— !
J | n .
L0 -1 1
-

« Mixers convolve LO spectrum with RF
* Phase noise “blurs” IF spectrum




Phase Noise: Digital System

PHASE LOOP
DETECTOR FILTER VCO

1L L gt

0i + Bo

J L L

- Time domain jitter on synthesized output clock
« Decreases timing margin for system using clock

+N




Shape of Phase Noise Spectrum

+
Ve ——C L liL

RLOSS

 LC filters noise into narrow band near fundamental
« High Q resonator preferred to minimize noise




Phase Noise: Intuitive view

IDEAL ADD WIDEBAND NOISE
SINE WAVE
SOURCE MMM
(a) . /k* (b)
AN
TIME
DOMAIN
FREQUENCY
DOMAIN
7 7

(a)

(b)

NARROWBAND HARD LIMITER

FILTER

4/\

(¢) _/_

AMPI_I'I;U DE NOISE

(c)




Phase Noise: Intuitive view

ADD WIDEBAND NOISE NARROWBAND HARD LIMITER
’\"‘W\/\' FILTER
+ . R .
N
AMPLI'I;UDE NOISE
TIME
DOMAIN
FREQUENCY

‘ DOMAIN

/

(b) ; (c) (d)




Phase Noise Description

) Ideal white noise at VCO 1nput

Sp1()

T

L |

f

« Symmetric; look at single sided representation

 Normalized to carrier: dBc

- At different offset frequencies from carrier

« White frequency noise: phase noise with -20dB/decade slope

« Other noise processes change slope; 1/f noise gives
-30dB/decade




Phase Noise Specification

Surface Mount PHASE NOISE
Voltage Controlled Oscillator s i
1 10 100 1
kHz kHz kHz MHz
=73 -04 -114 -134

Sq)m




Sources of Phase Noise

R1 R2

ANVN—p
White noise in —
Viune Signal path Re
g RFC
| RFC

e Noise of
' active
devices

VTUNE

L g: Cl =
A CTyUNE

C2

e

RFC

R3

-

Thermal noise: Losses in resonator, series R of varactor




Supply / Load Sensitivity

Vee
T
VvCO o
Verr, C) RL Vour
s O

« Ideally tuning voltage is the only way to change output
frequency
— In reality other factors involved
— Mechanism depends on specifics of circuit
« Power supply dependence: Supply Pushing
 Impedance mismatch at output: Load Pulling




Supply Pushing

- Changein f,,- due to change in supply voltage
- Clapp oscillator: supply affects transistor bias condition,
internal sighal amplitudes




Load Pulling

« Change in f, - due to impedance mismatch at output
« Clapp oscillator; reflection couples through transistor
parasitic to LC resonator




Overview

* Functional Block Concept

* Oscillator Review

 Basic Performance Metrics

* Methods of Tuning
 Advanced Performance Metrics
« Conclusion




Summary: VCO Fundamentals

» First order behavior
— Tuning voltage V;, e controls output frequency
— Specify by min/max range of f,- Vtune

 Performance limitations
— Linearity of tuning characteristic
— Spectral purity: phase noise, harmonics
— Supply, load dependence

- Different VCO architectures trade frequency range,
tuning linearity, phase noise performance




Questions?

Thank you to our presenter John McNeill and our
sponsor Mini-Circuits




