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> A. Gallo, Basics of RF Electronics
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MODULATION TRANSFER FUNCTIONS

> A. Gallo, Basics of RF Electronics

LLRF servo-loops and feedback loops often need to apply AM and PM
modulation to the RF drive signal. The response of a resonant cavity to AM
and PM excitations depends on its bandwidth and tuning relative fo the

carrier:
v,(t) = AL+ a (O)]cos (o) —

vi(t) = A cos ot +4, ()] —
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MODULATION TRANSFER FUNCTION

> A. Gallo, Basics of RF Electronics

It may be demonstrated that direct and cross modulation transfer functions
are given by:

Gpp(s)=eaa(s):£{A(S+jwc)+A(S—jwc)} 6. (5)=-G..(5) =~ {A(SJrja)c)_A(s—ja)c)}

2l Alj@.)  Al-je,) 2j Alj@)  Al-jo,)

with A(s) = transfer function in Laplace domain of the filter applied to the
modulated signal. If the signal is filtered by a resonant cavity, one has to
consider A(s)=A.,(s) given by:

Au(S) = Ay

+20S+®

with o, = o, + o tan ¢,

where @, is the cavity tuning angle, i.e. the phase of the cavity fransfer
function at the carrier frequency w,. Finally one gets:

as+02(1+tan2¢z)
s2+205+02(1+tan’ 4, )

otang, s
s2+205+02(1+tan ¢,

GDP (S) 7 Gaa (S) F i : Gap (S) =-G pa (S) i



MODULATION TRANSFER FUNCTION

> A. Gallo, Basics of RF Electronics

The general form of the modulation transfer functions features 2 poles
(possibly a complex conjugate pair) and 1 zero, and degenerates fo a single
pole LPF response if the cavity is perfectly tuned (cross modulation terms
vanish in this case).
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MODULATION TRANSFER FUNCTION:
THE PEDERSEN MODEL TR

In circular accelerators the beam phase depends on the cavity RF phase through the
beam transfer function, while the cavity RF amplitude and phase depend on the beam
phase through the beam loading mechanism. The whole generator-cavity-beam linear
system can be graphically represented in a diagram called Pedersen Model.

The modulation transfer functions vary with the stored current and definitely couple
the servo-loops and the beam loops implemented around the system.
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007 FREQUENCY MIXERS: f- TRANSLATION

> A. Gallo, Basics of RF Electronics

Frequency mixers are non-linear, (generally) passive devices used in a huge variety
of RF applications. Basically, a mixer is used to perform the frequency translation
of the spectrum of an RF signal to be manipulated. The spectrum shift is obtained
from an analog multiplication between the RF signal and a Local Oscillator (LO).
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> A. Gallo, Basics of RF Electronics

In principle any non linear device could produce Z, V>V,
the desired frequency translation. If the mixing @—W—>\ Vie(t)
/‘

RF and LO signals are fed info a single diode, under ;-
the assumption V| o>>Vge, the LO voltage turns the Zy ! 7
diode ON and OFF and the IF voltage is: _— -
LO _1_
VIF (t): k|:\/LO (t) +VRF (t)][l_sgn (\/LO (t))] T

Being V(1) a sine wave, the function Z-sgn/V,(1)] is a square wave expressing
the on-off modulation of the diode according to the polarity of the LO voltage.
The square wave contains all the odd harmonics of £, so that each frequency
for contained in the RF signal produces the output frequencies 2

fe=nfoxf,e n=anyodd integer

Due to the frequency content of the square wave, the real mixer produces many

frequencies lines other than the f,, # f,r ones. These are called “spurious
infermodulation products”.

Actually, real diodes are not ideal switches and on-off commutations are smooth.
This effect produces more intermodulation products, so that the frequencies
present in the output spectrum are:

fe=nf,tmf,.  n,m=any integers



and various interference and cross-talk problems.
Port isolation is obtained by exploiting symmetries in the mixing network design.
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> A. Gallo, Ba.svcs of RF E/ecfr'amcs
Single diode mixing provides no inherent isolation between ports. Lack of isolation
results in a large number of intermodulation products, poor conversion loss (i.e. a
large value of the ratio between the power of unconverted and converted signals)
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@ DOUBLE BALANCED MIXERS

> A. Gallo, Basics of RF Electronics
The Double Balanced Mixer is the most diffused type of frequency mixers, ensuring good
isolation and excellent conversion loss. The LO voltage is differentially applied on the diode
bridge switching on/off alternatively the D;-D, and D3-D, pairs, so that the IF voltage is given by:

v.F(t) VRF (t)-sgn[Vy, (t)]

il — L0 —RF — o

'HNH“HMN 2

|
|
! RF
|
|

Vie (t) = Vi -COs (a)RF t) , Vio(t) =V, -cos (a)LOt)
Vee <<Vio

4
Vie (1) = Vie COS(C‘)RFt)'Sgn[COS(a)Lot)] = Ve COS(ge ) Z —Ccos(noyot) =

n=odds

=Vpge - Z ni[cos((na)m — e ) 1) +COS((N o + e )t)] 0

n=odds

= EVRF [cos((@ o — @ge )1) + COS((0, o + @ge )t) +intermod products |
T
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DOUBLE BALANCED MIXERS:
BASIC SPECFICATIONS

* Frequency range (specific to each port)
from DC to > 10 GHz, multi-decades covered by a single device.
normally IF band is < of RF, LO bands. IF may be DC or AC coupled.

* Mixer level;
minimum level at LO to switch on/off the diodes. Typically +3 = +23 dBm, depending on the
diode barrier and the number of diodes in series in the bridge.

 Conversion Loss;
ratio between the unconverted (RF) and converted (Single Sideband IF) signal levels .
Theoretical minimum = 3.9 dB ( =20-Log(2/m) ); practical values in the 4.5 + 9 dB range.
Is an "integral” spec. Low CL means also good isolation (not necessarily vice-versa)

* Isolation;
amount of direct signal leakage from one to another ports (reciprocal parameter). L-R critical
for interference in the RF circuitry. Typical values 25 + 35 dB.
L-I critical for filtering when f;r and f  are close. Typical values 20 + 30 dB.
R-T is usually not an issue (Pgg << P, o). Typical values 25 + 35 dB.
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> A. 6Gallo, Basics of RF Electronics
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DOUBLE BALANCED MIXERS:
BASIC SPECFICATIONS = o

> A. Gallo, Baic.s‘ of RF Eecfr'am'cs
3 ¢ ;:! =3
-

*1 dB Compression:
is a figure of the mixer linearity. defined as the RF level showing a 1 dB
increase of the conversion loss. typical values #4 dB below mixer specified LO level

* Noise Figure:

NFmixZCL, NFmiszL (Signa| r'educed, white TYPICAL 2-TONE 2rd-ORDER

noise unaffected by up/down conversion); INPUT INTERCEPT POINT, +16dBm

3 dB worse for SSB wrt DSB signals (signals 40 | | 7
add coherently, noise quadratically); g || #CESIREDIF ouTRUT / /
mixer + IF amps cascades have noise figures 031 ORDER M BUTPUT /

o

-60 // ;f i

NF=NF, +CL-(NF1£-1). Being magnified by £ o 7
the mixer conversion loss the IF amp noise w ol
figure is crucial. - 20 f// //
3 3 3 '(-q\
» Single and Multi-tone Intermodulation 3 -0 V4 7 o9y —bads suporession
Distortion / 2 fones 3 order intercept: ¢ yd [ | | Mol same
output content of harmonics other than o
5
5
3

fLotfre. mixer non-linearity allows multitone 201

RF signals (fgfi, frr2, --) generating output 4/

harmonics at m;fgpi+m,fre,. level 3¢ order -100 oo -720Bc
harmonics ZfRFl_fRFZI ZfRFZ_fRFl grows with 120 /

3rd power of RF signal, while fundamental ' 4 s

fLotfre tone level grows linearly. 2-tones 3 140 /|

order intercept defined as the RF level 80 60 40 20 0 20 40
where the two output lines cross. RF INPUT POWER, EACH TONE, dBm
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¥ =¥ DOUBLE BALANCED MIXERS:
PN prASE DETECTORS

If f,0~for the IF signal has a DC component given by:

> A. Gallo, Basics of RF Electronics

VIF (t) 7 ARF COS(a)'[ + ¢) 'Sgn[ALo COS(a)'[)] = VIF ‘DC B <VIF (t)> B kCL ARF COS ¢

Ay cos(@t+g)
RF
IF

LO
A, , cos(wt)

Vet =V 7= V() + high harm.

ARF << ALO = Vdet (¢) B kCLARF COS¢

1Ly

det / \
0.5 // \\
0
as[17 \
B p [deg]

-180

-90

0

Mixers dedicated to phase detection can be operated in saturation, i.e. with similar
levels at both RF and LO inputs. The diodes are turhed on/off by either LO or RF

signals, and a more linear phase detection results according to:

| Ve (-0 ] i Ve (1)) <Moo 1)
e = Ao = V'F(t)‘{Vm(t)-sgn[vw(t)] it N O] > Voo (1)

1+’ +2ac0s¢ —+/1+a’ — 20 cos¢
Vdet (¢) F kCL ARF \/ \/

20

with o =

Are

0]

1 v

det
0.5 a% 75“7'74’.‘ \\\
0 a=
0.5 Y7, .\\
: §[deg]
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@, OTHER PHASE DETECTORS 'GP

> A. Gallo, Basics of RF Electronics |

The same operation can be accomplished by analog multiplier circuits or digital
comparators (ex-OR circuits) with larger sensitivity and output dynamic range,
better linearity, but far much smaller bandwidths (typically <« 500 MHZz).

Analog multiplier detector

Vow=A, - cos(wt+g)
RFIRF V.oV TV

det m" ref RF

= knﬂ:‘efARFCOS(¢) *

+ high harm.
Vref=Aj,ef cos(wt)
1 Vder /
S SHERY
05 Ll :
1/ $ [deg]

<

det

|

Vow cos(wt+g) \ |;
|

T/:.efcos(a)t) ! ;S&H

Sample & Hold detector

— VRF Ly L :
| V . ) det

:J :"'? _— det s BE /
T oL AN

EX-OR digital detector = 180 90 0 90 180

Digital detectors are more linear, but their use is
mainly limited at already down-converted signals.

Flip-flop digital detector
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DOUBLE BALANCED MIXERS:
I4Q DETECTORS

> A. Gallo, Basics of RF Electronics

A circuit made of 2 mixers, 1 splitter and 1 quadrature hybrid allows extracting in-
phase and in-quadrature components of the RF signal.

LO

VQ

T[

Y

LO

-90°

0°

LO,

IF,

—
RF,

0°
0°

RF,

]

A

H'}l Q

= ko Ae €OS(¢8) + high harmonics Age =4V, +Vg
= K. Age SIN(@) + high harmonics

RF

V, (1) = Ko Age €08 (@6 T e )t] = Ay COS(;¢t)
Vo (8) = Ko Age SIN[(@ 6 + @ )] = Ay sin(@yet)

if Wo = Wer

= 3

& arctan(Q/V,)+ [1-sgn(v))]
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DOUBLE BALANCED MIXERS: v&‘#
BI-PHASE AMPLITUDE MODULATORS & <)

> A. Gallo, Basics of RF Electronics

A bi-phase amplitude modulator can be obtained by lowering the L-R isolation of a
double balanced mixer in a controlled way by injecting a bias current in the IF port.

Positive and negative bias IF O I
currents I, increase the |
transconductance of the O |
|
|

diode pairs D,-D, and D;-Ds,
respectively.

The bias current I, controls
the value and the sign of the Vee (t) =V, (1)
L-R coupling coefficient 4.

FAS-3
60 . pITERRATER | Characteristics:
| —1 MH=z — =100 MH=z - - 200 MH=z !

g °° = o Passive
= 40 =ELEEN BN N )
= e * Non-linear
= ™. .
@ 20 T * Bi-phase
< 10 —~

o ~— | * Broadband control port

0.0001  0.001 0.01 0.1 1 10 100 (IF port bandwidth: DC+1 GHZ)

CONTROL CURRENT {mA)
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DOUBLE BALANCED MIXERS:
I4Q MODULATORS

Using mixers as bi-phase controlled attenuators, vector (I&Q) modulators can be
obtained very similarly to I&Q detectors. I and Q copies of the input signal are
obtained from a quadrature hybrid and re-combined by a vector combiner after
being individually attenuated with independent control signals.

> A. Gallo, Basics of RF Electronics

Vee (8) = Ao [k, C08 (@,1) + kg -sin(@,1)]= ! |/
= Ao+/KS +kg -cos [a)LotJrarctan(kQ/k, )] 75 7]
LO ()° 0°
N\ 1T\ Oo> ~RI¥
R Analog 1I/Q ol oL
A modulator | i "
yndémx | =2
incorporated T
J 0

The level of the output signal is controlled by moving A; and kg proportionally,
while unbalanced changes produce variations of the output signal phase.

17
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& - DOUBLE BALANCED MIXERS:
“ &  IMAGE REJECTION

> A. Gallo, Basics of RF Electronics

Filtering mixer image frequencies can be difficult and/or costly, especially in up-

conversion processes where the image frequency bands are

relatively closely

spaced. By cascading an I&Q mixer and a quadrature hybrid an “image rejection”
network is obtained, where the 2 image signals are separately available at 2
physically different ports. No narrowband filtering is then necessary to separate
the 2 output signal components.

IF,

a) LOI RF‘,

[_. (}0 OD

Ot < i

Wp
O

Lo, RF,

A

+ C
A
Q\/;_O T
L B
= 0 C()L+C()R

Vie (1) = ke, Age [cos ((a)L + a)R)t)+ CcoS ((a)L — a)R)t)]
Vie, (t) =Ko Axr [Sin((a)L i a)R)t)_Sin((wL 1 C‘)R)t)]

V() =k Age €08 (@, —@p)t) 5 Vg (1) =k A sin (0, —wg)t)

this
config.
only works
if w, > wy
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PEAK DETECTORS
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> A. Gallo, Basics of RF Electronics

Diode peak detectors are used to sample the amplitude
of RF signals. They basically work as rectifiers, sampling
the RF peak while charging a capacitance, and holding

the peak voltage slowly discharging the capacitance on a © >l
load (typically 50 (2 to follow fast level variations). Vo (0 D
I
Schottky diodes are used for zero-bias, very broadband Z, C
sensors (up to 50 GHz). , O ;
( P ) Saturation —é— :

‘ —* Peak Delecto‘r Out [V (‘m 50 Q] 0-,35 T T T \ |

02 - — ) ——Peak Detector | 5 13

el 03F  Out[vVons0oQ) N\ 7 11,

" 0,25 bbb i ‘

0,05 L/ﬂeaf' 0,2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - | Bkl | |

0 ‘ RE ™ | dletector T / —RF

o 05 1 L5 2 0.15 Lo W | A SRS R N i e
0,014 —— 1‘- i : ‘ i : U \[ i
01 [l L

0,01 ; ; ; ] : : : : i i

k=252 mVimW s 0,05 |- L R
Lol I e 'y ' RF level [V] 0 500 1000 1500 2000 2500 3000 3500
0.006 | 0 i i i i | i
- | 05 1 15 2 25 3 35
e | Square-Law
BE RFlevel [V | glefector

0 i i i i
0,08 0,1 0,12 0,14 0,16 0,18 02 0,22 0,24
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> A. Gallo, Basic;' of RF Electronics

STEP RECOVERY DIODES (SRDS)
COMB GENERATORS

Diodes switching from forward fo reverse polarization deliver in a certain —

time all the charge stored on both sides of the space-charge/depletion

region. SRDs have a PIN-like structure with a special doping profile allowing the reverse
current to circulate across the depletion region for a short time before abruptly dropping to
Zero in few tens of ps.

The sharp variation of the circuit current can be used fto generate
short voltage pulses on a load. The spectrum of the output signal is

Ohmic Stored Stored Ohmic

a series of peaks containing all the harmonics of the input sine- Gonley, deams  om  Gred

wave and may extends well beyond 70 6Hz (comb generator). R —— n N fle——
current flow flow

SRDs are used to generate very short pulses (time domain) or to g

extract any required harmonics of the input signal by properly
filtering the output voltage (frequency multiplier).

Waveforms 0
g ] = Input Current [A]
: (el e T
! “:\"‘\\N:::\ NI
of NIRRT A
N LN

-1 ] e \ \ < \
D . \ \\ m‘ \%\fﬂm
) : AN R ED
’ =+ NN YRR
4 = e ~ Gdoeze

= : NS N
= 10 15 20 -0 \""_

(=1
wn

Time [ns]
Onnpun Fraquency IGME)

8
H
8
]
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PIN DIODES y v
VARIABLE ATTENUATOR/SWITCH &S

> A. Gallo, Basics of RF E/ecfr'amcs

Dynamic impedance of biased PIN diodes offered to RF signals is inversely
proportional fo the bias current. This makes PIN diodes suitable controlled
resistors to be put in T or TT configuration of resistive attenuators.

PIN technology is used since the intrinsic layer resistance remains dominant in
forward bias, while in standard PN diodes the junction diffusion capacitance
shorts the device at high frequencies. C Resistance of a PIN diode versus

DC current (Ideal response)
& P I L —@

Resistance [Q]

DC current [mA]

A quadrature hybrid with

Single cell attenuators o] | balanced mismatch offers

are mostly reflective Jow reflectivity.
E. 2 - N » - » 3
O_I bias ﬂ/4 1/4 s, 1/4 RFO— -‘\ 0 ;-—| p
RF;, RF, A/4 cell cascades improve both dynamic R F”? L ghot B0 pgLl !
range and matching. Best results Al =i 4 A Bl
obtained with unequal diode bias. Z,

21



PIN DIODES
VARIABLE ATTENUATOR/SWITCH

> A. Gallo, Basics of RF Electronics
In the extreme bias conditions the diodes are on/off (=open/short) so that an RF
signal can be fully transmitted or fully stopped and the device acts as a
controlled RF switch.

Single-Pole Single- Trough . SPST compound series-shunt
(SPST) series switch I iR switch

Bias, RF Bias, Bias, RF Bias 2

com com
T ‘ T
o—| o
RF, % A4 4 % RF,

Single-Pole Double-Trough (SPDT) SPDT shunt switch. SPDT compound series-
series switch. Poor isolation. Band/imited. shunt switch.

22



PIN DIODES

VARIABLE ATTENUATOR/SWITCH &%

> A. Gallo, Basics of RF Electronics

GLOSSARY

Attenuators

Frequency range:
from DC to > 10 GHz, multi-octaves

Level.
Maximum power at the input (typ. 10+30
dBm)

Insertion Loss:
Minimum device attenuation (typ. 1+6 dB)

Isolation:
Signal transmission at maximum attenuation
(typ. 3080 dB)

Dynamic range:
Excursion of the available attenuation
values (typ. 30+80 dB)

Flatness:
Attenuation fluctuation over the frequency
range at fixed control voltage (typ. 1+3 dB)

Control bandwidth;

Modulation frequency producing a peak AM
3 dB lower compared to that produced by a
low frequency voltage of the same value

Switches

Frequency range:
from DC to > 10 GHz, multi-decades

Level:
Maximum power at the input (typ. 10+30
dBm)

Insertion Loss:
Attenuation in the "ON" state (typ. 1+3 dB)

Isolation:

Signal ftransmission in the "OFF" state to
the output (SPST) or to the unselected
port (SPDT) (typ. 25+80 dB)

Switching time:
Minimum time required to turn ON/OFF
the device (typ. > 5 ns)

23



PHASE SHIFTERS / STRETCHED DELAY LINES

> A. Gallo, Basics of RF Electronics

Phase shifters are devices ideally capable to transmit an RF signal shifting its
phase to any desired value without attenuation.

Depending on the nature of the control mechanism phase shifters can be classified
as mechanical or electrical, and continuously or digitally (i.e. in steps) variable.

Manual and motorized trombones

Stretched delay lines (frombones) are mechanical, continuously variable, low
attenuation and very broadband, and may be used whenever variation speed is not an
issue. However, they are expensive and not compact compared to other solutions.

24



PHASE SHIFTERS / STRETCHED DELAY LINES

> A. Gallo, Basics of RF Electronics

Much cheaper and faster phase shifter are based RE.O— = 0°——»-
on a 90° hybrid and varactor diodes integration. 1 1
The RF signal sees the transition capacitance of 000 507 }"
the matched, inverse biased varactor diode pair RE 04 bt
which depends on the control voltage. out
Vrﬁ =£ 1- Ja)CT (Vcon)zo A (_j)Z 15 Ja)CT (Vcon )ZO ~ 0 M 1% 13 Ja)CT (Vcon)ZO
Vfwdin 2|1+ Ja)CT (Vcon )ZO 1+ Ja)CT (Vcon )ZO ’ Vfwdin 1+ Ja)CT (Vcon )ZO

A¢out—in ' B _%_ arCtan [260 CT (Vcon )ZO] T arCtan [a)o (Vcon )/60] +7 Wlth a)O (Vcon ) 2 ]7/(2CT Z0 )

Analog continuously variable phase are typically narrowband (73, of the order
10 % of £, but available in a wide frequency range extending to # 10 GHz. The
control bandwidth can extend beyond 1 MHz. Therefore this kind of shifters can
be also used as phase modulators.

Q

R VvOLTS DOC
gy 200 So
_"ﬁ.“ v bt 180 \ 100 17>
ﬁ-- 3 \\\ l— 68 mMHz —
By S 1."6 o -} 150 Z
e T2 @ B% \\\//,— &0 MHZ coo p— = |
- 3] % = 120 \ \)( [— 84 MMz = =0 ] -
- -
£y &y = | =
Q‘IE:; m‘;’-" - - 100 N\ J PHASE_SHIFT & =00 “:‘\5__‘
o s - LD _ w o0 N S NEEST Fon sso T:.?:T
":009 ‘) * Nar g &0 PHASE 210
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PHASE SHIFTERS / STRETCHED DELAY LINES

> A. Gallo, Basics of RF Electronics

Digital phase shifter are based on PIN diodes arrays. Depending on the
structure of the basic cell they are of the following types: s

* Periodically loaded-line
» Switched -line
 Hybrid-coupled line

Zy +jB Z +/B Zy PIN

RF. O ) H
n
;1/4 RF{)ut —4C.) |
matchin g: SPDEIQ_ 9: SPDT

le I Yoz n Bz --0 Control Bit
Switched line

Periodically loaded /line .
RF' ’

RF 0o

out

Hybrid coupled line
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N VOLTAGE CONTROLLED
OSCILLATORS (VCOs)

VCOs are RF oscillators whose actual output frequency can be controlled by the

voltage present at a control (tuning) port.

Barkhausen Criterion:

Systems breaks into oscillations
at frequencies where the loop
gain G = AP is such that:

G(jo)=1% 2«G(jw)=2nz

More realistically, oscillation
occurs at frequencies where the
small signal linear gain G, is:

‘Gs(ja)){ >1 £G(jw)=2nx

and are confined at amplitudes
where non-linearity (compression)
sets the large signal 6, at:

‘GL(JG))‘ ~1

1
~ A ~ AV:l—A,B{

X

/
4
B P

( Tunable filter

Oscillation frequency is controlled by
inserting tunable filters in the loop. Positive
feedback can be modeled as a negative
resistor compensating the losses of the
filter, which behaves as a lossless resonator.

resistor

l_ i |
- - | 1 A
- | |
externally . (o] B
tunable V — | éﬁegaﬁve
element tun [ feedback
|

> A. Gallo, Basics of RF Electronics
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P\ VOLTAGE CONTROLLED
=" OSCILLATORS (VCOs)

> A. Gallo, Basics of RF Electronics

There are a number of possible oscillator architectures. VCOs use varactors as
tuning elements. Resonant tuning filters can be lumped, transmission line based or

dielectric resonators (DROs).

Colpitts
Osciflator

HTAL]

Phase Shift Oscillator

Power supply

jaooiy

c1
-j200qn

Pierce Oscillators

g2

Clapp Oscillator

+12%

L
001 pF II % a1
1M914 @ )
100k o)
1 1 -jd5n==

CSJ_

M 45 N ==
L JSK-JIDK
0.0 HFI 3300

1000 pF I

+9TO12 W

RFC
QUTPUT

1 uF
%100 uH

+ 12 W

QUTPUT

L
A

|
|
01 uF

j| 220K 100 pF

MPF10Z L
100K ez pF
F7 7

ZMn3819
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VEO GLOSSARY

> A. Gallo, Basics of RF Electronics

° Tuning characfer\is-rics; o Frequency and Tuning Sensitivity o
Frequency versus tuning voltage plot. = e 8 w0 e
« Tuning sensitivity; g & e 11
H g —TSENS @+425°C| | .+ <
Slope of the tuning characteristics, typically given in MHz/V. ™ \ 4 Vg
Is a local parameter in case the tuning characteristics is not g 3
linear over the entire range. iy TV
» Temperature sensitivity; 00 e

Tuning Voltage (V)

Frequency variation with femperature at a fixed tuning voltage.
 Modulation bandwidth / Tuning speed;

Power Output

~
=}

Modulation frequency producing a peak frequency deviation — [“°5-=9 <~
reduced by 3 dB compared to that produced by a dc voltage of & |-~ Ty

the same value / Time required fo settle the output frequency & * ?‘E\
deviation to 90% of the regime value after application of a % ss N
voltage step variation on the tuning port. The two parameters S, === AN

—+25°C

are obviously correlated. - 45

 Output power / Output power flatness; 2 e
Level of the oscillator output fundamental harmonic info a
50 (2 load / Variation of the output level over the specified 2
VCO frequency range ’

* Frequency pushing / Frequency pulling;
Variation of the VCO frequency with the supply voltage at
fixed control voltage / Variation of the output frequency with |
the load mismatch (typically given as peak-to-peak value at 12 e
dB return loss, any phase) 2« 5 e w0 e

b
o

o

Frequency PLﬁIlng_ & Pushmg (Veo + 5%)

-
n

"y
(]

=
=)
<)
Pushing (MHz/V)

Pulling (MHz)

m
e
o

Tuning Voltage (V) 2 9



VEO GLOSSARY
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» Harmonic suppression;
Level of the harmonics relative to the fundamental Harmonics Level
(typically given in dBc = dB below the carrier). 40

[=F2 —F3 -~ F4|
* Spurious content; SLE .
Level of the spurious, non-harmonic output signals _ | 'L A
relative to the oscillator output (typically given in dBc). % Y S BN
4 s . P N N
» SSB phase noise; 5
Single sideband phase noise in 1 Hz bandwidth as a £ *T—
function of the frequency offset from the carrier 35
frequency, measured relative to the carrier power and o
given in dBc/Hz. Very important to evaluate the o2 e B B0
expected residual phase noise in Phase Locked Loops. e Tetes 1
- rms phase jitter; - hase Noise
rms value of the instantaneous phase deviation, which 70
is given by the integral of the SSB power spectrum: g \H
1 forAT is g ¥ mh
FENG 2 J | —(SSByg, /10) o -100 :
Gk £ 117 tjgo (t)dt =2 fjlo df 3 ~HI
0 L 2 430 2l
rms jitter expressed in terms of frequency deviationis 2 . Nl
known as “residual FM', defined as the SSB power 140 TH
spectrum integral between 7,50 Hz and 7,3 kHz: 150
1 10 100 1000
1 ty+AT fy Frequency Offsst (KHz)
Af2 =—— [AF2(t)dt =2 [107Be:l) £ 24f
rms AT E!: ( ) {
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PHASE LOCKED LOOPS (PLLs)

> A. Gallo, Basics of RF Electronics

PLLs are a very general subject in RF electronics. They are used to synchronize
oscillators to a common reference or to extract the carrier from a modulated
signal (FM tuning). The PLL main components are:

« A VCO, whose frequency range includes N¥,.; Loop filter  VCO

‘ *  Reference
* A phase detector, fo compare the scaled VCO  oscillator \ "( :) i > r\M

phase to the reference;
* A loop filter, which sets the lock bandwidth;

* A prescalers (by-N frequency divider), which N\, N\,
allows setting different output frequencies Phase detector
w.r.t. the reference one.

yco K, =da,, /dV, PLL transfer

Loop filter /_\

function

VCi 0 /70/5'e

_H(s) 1
Pout S =
(Dout() 1 H(S) ref() 1 H()(Dn()
-1 kd km 15
Prescaler with H(s) = —" F(S)AM (s);
N7 Vo mod

freg-to-phase :f;’f bandwidth
PLL linear model conversion  filfer |



PHASE LOCKED LOOPS (PLLs)

> A. Gallo, Basics of RF Electronics

-20

Loop filters provide PLL stability, tailoring the frequency

response, and set |OOP gain and cut-off frequency. R RS R B R

The output phase spectrum is locked to the reference one if 3 [N Free RunVCO
IH(jw)|>>1, while it returns similar to the free run VCO if s B 5 R
|H(jw)|<1 E-mo ................

A flat-frequency response loop filter gives already a pure 2 120

integrator loop transfer function thanks to a pole in the gl LE T 1??‘,

origin (#=0) provided by the dc frequency control of the VCO. Refursice Oscillater _
f _160100‘ 1000 10* 0 10° 10
The IOW fl"equency galn can be fUI"'l'heI" Offset Frequency (Hz)
increased with a loop filter providing M
an extra pole in the origin and a % [~ — Hamp[dB] oy 90
compensating zero at some non-zero | o o
frequency (f,..,=1/2nR,C).
40 4 120
g
20 fdeblEEE LN 138
0 -150
220 Lo -165
-40 il -180
— R H IR IR RN S i1 . i g .
0.01 0.1 1 10 100 S E—
A very steep loop frequency response  gode plot of the PLL PLL Joop gain:
is obtained (slope = 40 dB/ decade) in Joop gain Nyquist locus

stability conditions (see Nyquist plot). 32
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THE END

Thank you for
your attfention
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