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Introduction

Digital communication systems often have unique carrier
synchronization and synthesizer requirements such

as rapid carrier acquisition/lock, and stable operation

in demanding environments. The performance of

these requirements is affected by not only oscillator
characteristics themselves but also the design of phase-
locked loop circuits interacting with unwanted stimulus
such as microphonics. This paper discusses how Keysight
Technologies, Inc. Signal Source Analyzer helps you to
identify unwanted phase-locked loop transition “phase-
hits”, and achieve easy, comprehensive and accurate
phase-locked loop characterization in both linear and
nonlinear regions.
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Characterizing PLL Linear and Nonlinear Behaviors

Starting with test parameters in characterizing phase locked loop liear and non-

linear behaviors; there are three different stages of test usage, componentaluation,

RVFLOODWRU SKDVH ORFNHG ORRS MHNWLMWVGRHSHUQWRQG YHULOFDWLRQ
conditions.

The PLL controls the phase of the output signal to be N times the phase of the refenee
as shown in Figure 1. Similarly, the frequency of the output signal is then N timethe
reference frequency. Like all linear feedback control systems, PLLs tia dynamic
behavior characteristics. The linear behavior described by the tresfer function method
is useful to analyze loop operation in the vicinity of lock. Non-linear eHcts dominate the
behavior of the PLL in unlocked conditions such as when the frequency divideatio is
changed to switch frequencies over a large range.
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Figure 1. Phase locked loop test parameters and challenges

The building blocks common to most phase locked loops are the phase detectpthe
ORRS oOWHU WKH YROWDJH FRQWUROOHG RFIHUO ODRAKRRJ 9&2 DQG WKH IUHTXHQF\ G
these building blocks has both linear and non-linear attributes to its ogeration.
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Loop Filter (PLL Response) ~ Estimate PLL response on phase noise quickly
Phase Noise * Fast sampling rate with sufficient frequency/
RF Transient phase resolution are required for fast switching
* Spurs PLL synthesizer lockup time test
Harmonics * Long jump measurement (i.e. 500 MHz)

Figure 2. Test parameters and challenges in the circuit design stage
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PLL response in the PLL linear operating region can be characterized thrgh phase
QRLVH PHDVXUHPHQW 2QFH ERWK 9&2 DQG UHWSXWFH SKDVH QRLVHY DUH NQRZQ R?>
SKDVH QRLVH RI WKH 3// FDQ EH HVWLPDWHG EDVHG RQ WKH GHVLJQHG ORRS oOWHU

An RF transient characteristic known as lockup time is usually tested whtthe frequency

and phase guard band. Modern digital communication systems often requé fast

frequency switching synthesizer because the available time slot of thearrier acquisition

is getting smaller in order to communicate multiple channels in a very shortitme period.

Typical requirement of lock up time is about 10 ms down to a single micro second oet

OHYHO 6R ZH QHHG IDVWHU VDPSOLQJ UDWH PHOYWKUHWQW ZKLOH ZH QHHG WR PDLQ
frequency or phase resolution.

Also, the frequency synthesizer needs to cover a wider frequency bandwididue to
increasing bandwidth of the communication system. For example, testig of a long jump
frequency synthesizer as wide as 500 MHz is needed.
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JLIXUH 7THVW SDUDPHWHUYV DQG FKDOOQHQWHYWQ/ WRBHYHULOoFDWLRQ RSHUDWL

When the designed PLL is sensitive to unwanted external physical stimus, the system
may become unstable because the PLL oscillation may be modulating inteedly

This non-linear behavior is likely to occur at various operating condions, such as
temperature changes, vibration, and shock.

Microphonic and phase-hits are known major problems and stability of the PLL @eds to
be tested at operating conditions to address sources of unwanted behawrs.

The test challenges here are how to capture such events with an instrument ahhow to

analyze the signal behavior to address sources of these types of modulatipbecause

LW LV KDUG WR SUHGLFW ZKHQ D SKDVH KLW HY BAWQORIFFXUYV $QRWKHU FKDOOHQJH L\
the test limit to capture such an event in terms of the frequency or phase variatin along

with duration of the event.
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PLL Linear Behavior Analysis

W%

Figure 4. Phase Locked Loop Linear Analysis

The operation of a PLL is easily described using feedback control systemisat yield a

transfer function in S, the complex frequency parameter used in Laplace trasforms.

The transfer function to the various possible stimulus points can be fouhas shown in

JLIXUH 7KH UHVSRQVHY WR SKDVH pXFWXDWHIDQWKH UHIHUHQFH WKH 9&2 DQG WH

injected at the phase detector output are shown here.

out(S) _ KK F(S) out(S) _ KK Kr
JON KK F(s) R(S) g4 KK Kr
N where let F(s) = KF N

A response to signals summed at the phase detector output is expressed as,

ouI(S) _ KWKF
(9 o, KKK
N

$QG D UHVSRQVH WR 9&2 SKDVH pXFWXDWLRQV LV DOVR H[SUHVVHG DV

011(5) _ S
(5 KKK
N

7KH 3// WUDQVIHU IXQFWLRQ WKDW GHVFUHBEPXKFWWYWHMEIRQVH WR UHIHUHQFH SKDV
has a low-pass shape. The response to signals added at the phase detector has a

similar low-pass shape and the output phase becomes independent of the ference for

phase components above the PLL bandwidth. The transfer function desdiing the PLL

UHVSRQVH WR SKDVH pXFWXDWLRQV LQ WKH 9&2 KFWD KLJK SDVV VKDSH 7KH 3// KDV
RQ WKH 9&2 SKDVH IRU pXFWXDWLRQ FRPSRQHQWXDDNEHRWH WKH ORRS EDQGZLGWK EXW
lower frequency components that lie inside the loop bandwidth. Thus, the pase noise

of the reference and the phase detector noise multiplied by N dominate low &quencies

ZKLOH WKH SKDVH QRLVH RI WKH 9&2 GRPLQDWHY KLIJK I[UHTXHQFLHYV
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Let’s review how we estimate the PLL response assuming a PLL transfer fuim with
DFWXDO SKDVH QRLVH PHDVXUHPHQWY RI ERWK WKH 9&2 DQG WKH 3// 5SHIHUHQFH

,Q )LIXUH $ WKHUH DUH WZR PHDVXUHPHQWY RQ ERWK WKH 9&2 RSHQ ORRS SKDVH QI
reference source phase noise. They are the dominant factor of the PLL outpphase
QRLVH ZKLFK LV DOVR GHWHUPLQHG E\ WKH GHVLJQHG 3// ORRS oOWHU

7KH 3// ORRS oOWHU UHVSRQVH FDQ EH GHOQHXDADQDEKY YHUVXV RIIVHW IUHTXHQF\
used to estimate the PLL closed loop response based on the phase noise measmnent
GDWD RI ERWK 9&2 DQG UHIHUHQFH

In this example, assume that the 2nd order PLL with 100 kHz PLL BW.

1RWH WKH UHVSRQVHV RI WKH 3// WR SKDVH pXPWKDBWIVRQV LQ WKH UHIHUHQFH VLJQI
WKH SKDVH GHWHFWRU DUH ORZ SDVV IXQFWLRQWLRQG MWKDW WKH 3// WR 9&2 SKDVH |
D KLJK SDVV IXQFWLRQ

7KXV WKH H[SHFWHG SKDVH QRLVH RQ 9&2 FORDMH®OQRRS 31 H[KLELWY GDWD WUDFH
UHIHUHQFH SKDVH QRLVH PHPRU\ WUDFH OLJKW DUH VKRZQ LQ 0JXUH %

7KH oQDO H[SHFWHG SKDVH QRLVH RI WKH 3// FD@@ EH GHULYHG IURP WZR HVWLPDWHG
noise data.

%DVHG RQ WKH PHDVXUHG RSHQ ORRS 9&2 SKDUDNHQRRYNH QG UHIHUHQFH RVFLOODWR
I[URP )LIXUH HYWLPDWHG WRWDO SKDVH QRLVBHAFH WKH 3// LV VKRZQ LQ )LJXUH SL
We assume that the designed PLL has 2nd order PLL with 100 kHz BW and 0.5 damping

factor.

Inside the loop bandwidth smaller than 100 kHz offset frequency, the PLL ph&snoise

performance is determined by the reference source. With PLL BW at 100 kHz, ¢htotal

SKDVH QRLVH SHUIRUPDQFH LV GHWHUPLQHG HNIPQFBIRVHG ORRS SKDVH QRLVH RU U
VRXUFH SKDVH QRLVH DIIHFWHG E\ WKH 3// ORRFRRXLFKHYHU LV ZRUVH 2XWVLGH WK
EDQGZLGWK 9&2 SKDVH QRLVH GHWHUPLQHVF3 /VRXWBNW SKDVH QRLVH DV UHIHUHQ
SKDVH QRLVH LV ORZHU WKDQ WKDW Rl 9&2 GXH WR WKH HIIHFW RI ORZ SDVV 3// ORRS
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PLL Non-linear behavior analysis

Measuring RF transient

The demand of faster carrier acquisition is increasing especially in aespace and

GHIHQVH FRPPXQLFDWLRQ HTXLSPHQW $ JRR&XH[PIRBGW LV DQ DLUFUDIW p\LQJ DW KL
close to the ground. Communications signals may fade in and out very rapidlygo signal

availability comes and goes. It often requires that the time to acquire and lok on to the

received signal, so the ‘acquisition time’ should be very short.

[] Sigral Awiability |

SigraIAcqu'sitionTme!

Figure 7. Synchronization issue on carrier acquisition Figure 8. Phase-locked-loop lock-up time

Though there are many factors that determine the speed a synthesizer can elmge

frequency, often a critical element is how fast a tracking loop can lock up on the ew

FKDQQHO IUHTXHQF\ 6\QWKHVL]J]HUV KDYH D oQIFWVHRQRFANR KRS WLPH FRPSRVHG RI G\QDI
loop tracking and “lock-up time” is the parameter to be tested.

Normally the timing the PLL starts changing its oscillation frequency ishe timing
that the PLL changes the dividing number N. The control signal is usually gemated
by the PLL-IC. The control signal can be used as a trigger signal for an instrunné to
synchronize the measurement with proper signal conditioning.

:KHWKHU WKH 3// RVFLOODWLRQ IUHTXHQHTXHWYMMORHY QRRWW.KH GHVLUHG WDUJHW U
RIWHQ MXGJHG E\ WKH IUHTXHQF\ DQG RU SKDVHQIK DA ®EDQG 7KH oQDO SKDVH LV UH
the desired frequency.

6R WKH PHDVXULQJ LQVWUXPHQW VKRXOG WURQYIDAHGERWK VXIoFLHQW WLPH UHVROX
frequency/phase resolution to meet the test requirement.

+HUHjV DQ H[DPSOH RI 3// ORFN XS WLPH PHDVXUHPHQW ZLWK WKH ( %

[ |
Freq vs. Time
(Wide Freq Capture)

JLIXUH OHDVXULQJ /2 ORFN XS WLPH
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Seen in this measurement screen, the phase locked loop synthesizer hopgtween two
frequencies as shown in the left upper trace, frequency versus time in the widedquency
capture mode of the analyzer.

(YDOXDWLRQ RI WKH GHWDLO UHVSRQVH RI SKRADWIHQOURWNRG ORRS GXULQJ WKH IUHTXH
from one to another is needed. Frequency and phase versus time charactstics

VKRZQ LQ WKH ULJKW XSSHU WUDFH DQG ULBRKW EBMAMUIRA WUDFH UHVSHFWLYHO\ JLY!|
LQIRUPDWLRQ RQ ITUHTXHQF\ WUDQVLWLR@®WR VHWWOH WR WKH oQDO WDUJHW IUHT]

Transient measurement wideband frequeyc
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YLIXUH ( % GXDO FKDQQHO PHDVXUHPHREWY WRWD QLT HRE \S K KIRHP H Q D

The signal source analyzer offers a major breakthrough in transient measements for
synthesized signal sources. It has two independent measurement chamts and each
channel takes a different method for measuring a signal’s frequency simtdneously.

7TKH ( %jV ZLGHEDQG PRGH FDOOHG kGLUHFYWHQEYIGULIMRGRBGHY FRQWDLQV D IU
at the very front end of the instrument and offers wider frequency hopping aalysis range
PD[LPXP *+] VSDQ XS WR *+] RI FDUULHU VLJQDO

7KH QDUURZEDQG PRGH KHWHURG\QH PRGHQV&EKRZQW.Q\ W&HY VOLGH SURYLGHV VLJ
resolution in frequency or phase transient measurement with reasondl wide frequency
hopping range such as 80 MHz, 25.6 MHz, 1.6 MHz or smaller.

%RWK ZLGHEDQG DQG QDUURZEDQG PRGHY RSHUDWH FRPSOHWHO\ LQ SDUDOOHO WKl
enables observation of the entire picture of frequency changes and detkdd transient
response in frequency, phase, and power at the same time.

7KH ( % WDNHV 0+] VDPSOLQJ $'& DQDORJ WRIPIIRWDO FRQYHUWHU DQG WKH P
WLPH UHVROXWLRQ LV QV LQ WKH QDUURZED@R PRGH ZKLOH PDLQWDLQLQJ oQHU U}
resolution than any other instrument. It also covers long term observaon up to 1,000

VHFRQGV RU PHDVXUHPHQW SRLQWY RI WKH WLPH UHVROXWLRQ VHW
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Capturing and Analyzing Microphonic and Phase-hits

Common sources of unwanted stimulus

2QH Rl WKH FULWLFDO FRQFHUQV IRU WKH DHUHBYV®DLDRH DQG GHIHQVH HQJLQHHU LV Wk
environment of their microwave system. Aerospace and military equipent is usually

expected to operate in an environment where the shock and vibration levelsra very

KLJK 5RFNHWV SURGXFH H[WUHPHO\ KLJK OK ¥HOORPIGLIBBUDWLRQ MHWYV SURGXFH KL
cannons and high-speed land vehicles produce pounding shock.

ommn -

Time Domain Response of

Stimulus Unwanted Stimulus
Microphonics ,
Pyro-Electric Effect } WW
Tce Mismatch
I
Phase Change }
Supply Noise /\/VVVVV\/\/
Doppler Shift /
Figure 11. Modulated RF signal behavior by external mechanical stress Figure 12. Common sources of unwanted stimulus.

Microwave systems can be affected by shock and vibration. A common problem caed
by shock and vibration is the unwanted modulation of signals such as micrdmnic.
Temperature stress affects the microwave systems operation and can genate sudden
unwanted oscillation frequency changes. Some of materials and compamts are likely to
be affected by the temperature changes and generate unwanted frequency odulation
in a short time period.

Frequently these undesirable effects can be mitigated or eliminated by per design of
SKDVH ORFN ORRSV DQG oQDO WHVWLQJ RI SURKMBEFWY LQ PDQXIDFWXULQJ LV RIWHQ

Here are the common sources of unwanted stimulus on phase locked loopomponents.
Theseare causes of a sudden frequency and phase change of the controlled signal ofeh
synthesizer. This phenomenon is often called ‘phase-hit’.

Phase hits are infrequent but damaging causes of signal degradation in higherformance

telecommunications systems, and their effect increases with data ra. As a result, the

FRQWLQXLQJ LQFUHDVH LQ GDWD UDWHV GRRWDWHE R BUWIBPDWLF LQFUHDVHY LQ QHYV
making phase-hits a prime target for elimination.
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Microphonic

3KDVH KLWV FDQ EH GHOQHG DV VXGGHQ XQFRDGMFROOMGFKDQJIJHY LQ WKH SKDVH RI
signal that occurs randomly, and generally lasts for fractions of a secam It can be

caused by temperature changes from dissimilar metals expanding and cdracting at

different rates, as well as from vibration or impact.

In addition, detecting and measuring phase-hits generally requires tet equipment either
GHVLIJQHG IRU WKH SXUSRVH RU PRGLoOHG WR PHHWWYXKHQIWULQJHQW GHPDQGV RI QRW
but also characterizing transition events that last a few tens of microseonds at most.

Multi-Layer
Ceramic
Capacitor @
- o ==

|/

my G B

Micro Cracks

Figure 13. Microphonics JLIXUH 7&( PLVPDWFK LQ FHUDPLF

Microphonics is the phenomenon where certain components in electronic deges
WUDQVIRUP PHFKDQLFDO YLEUDWLRQVDIOQVWRIDMMHXQGHVLUHG HOHFWULFDO VLJQ

Microwave components are often susceptible to mechanical modulation oftte electrical

wavelength. This can create a microphonic sensitivity if the amount of mehanical

PRYHPHQW EHFRPHV VLIQLoFDQW UHODWBYH WHR X\HKQFHORFWULFDO ZDYHOHQJWK
higher, the electrical length shortens, and then mechanical stabity becomes more critical.

Direct mechanical modulation of electrical length is usually found to be a poblem only
in extreme vibration environments, but microphonic phenomena are genely repeatable
and can be simulated with physical methods.

3KDVH KLWV GXH WR 7&( OLVPDWEFK

7KH FRHIoFLHQW RI WKHUPDO H[SDQVLRQ &HUNWKHWHULQJ WR WKH WKHUPDO RU WHPS
FRHIoFLHQW RI H[SDQVLRQ 7&( LV DQ LPSRBWD®W PDWHULDO SURSHUW\ ZKHQ LW FR
avoiding phase-hit problems.

KHQ PRVW PDWHULDOV DUH KHDWHG WKH\ HJSHDWG7 &(j¥H XVH PDWHULDOV ZLWK GLIIF
the mismatch can build up large mechanical stresses inside the radio. If thaenergy is
released suddenly, it can result in a phase-hit.

0OXOWL OD\HU FHUDPLF FDSDFLWRU 0/&& VV ARRPPROQDFLDWRG ZKWKDGLR FLUFXLW

D PLFURFUDFN LV XVHG DV SDUW RI WKH ORRS bBWHRIQIE® D 3// LQWHJUDWRU FLUFXLW V
value can change suddenly. To the phase lock loop, a sudden change in capaaitce will

cause a sudden shift in phase of the output oscillator. Phase steps greatehain 90 degree

or 180 degree can cause a momentary loss of lock as the phase detector goes namdiar.
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( % IUHTXHQF\ ERXQGDU\ WULJJHU WR FDSWXUH
microphonic/ phase-hits events

Phase-hit is an unintentional signal transition behavior that may case unlock of carrier
synchronization and/or affect bit-error in the communication system It is natural that
WKH WHVW OLPLWYV DUH GHoQHG E\ D JXDUG EDQG RI SKDVH DORQJ ZLWK LWV ODVWLC

$ SKDVH KLW OLPLW FRXOG EH VSHFLOHG DVJVERRJBUHWMKMMHQY WKDQ GHJUHHYV ODVWL
4 milliseconds and may occur in a 60 second period.

Phase transition can be interpreted to frequency transition so that we can apture this Figure 15. Capturing unexpected signal transition
phenomenon if we have a dedicated trigger function based on the frequency\er time

measurement data.

Selection of frequency boundar
(depending on freq range selected)

JLIXUH ( % 66%$ IUHTXHQF\ ERXQGDU\ WUGHJHU IXQFWLRQ YLGHR RXW PR

7KH ( % 663 SURYLGHV IUHTXHQF\ ERXQGDU\ WXUHU IXQFWLRQ WR EH DEOH WR FD
such signal transition events.

You can set frequency boundary in the frequency over time measurement scraeThe
boundary trigger works as trigger off mode. When a measured frequency goesut of the
frequency boundary you set, the SSA automatically triggers and then stapthe recording
until it has reached the end of memory. The recording length is the time span youet in
the SSA.

The SSA frequency boundary trigger provides ten frequency boundary setdons
depending on the frequency range, that is the IF bandwidth of the analyzer upat 80 MHz.
First you need to have some information about what kind of frequency transin you
want to capture, but you can select from the list provided.

7KLV LV D VLPSOLOHG EORFN GLDJUDP RI WKH 66 3$VWUKWHQVLHQW PHDVXUHPHQW PRGH D
frequency boundary trigger detection circuit.

The RF signal is coming out of the receiver section, which is downconvertea tF, and
goes into the AD converter. The digitized incoming data with available sapling rate
of the AD converter, with a maximum rate of 125 MSa/s. The data is fed into the FFT
section to obtain frequency data and then recorded in the internal memoryThe data
is recorded continuously similar to an endless tape recorder if there is norigger signal
present.
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Frequency Range

- IEII

Trigger

Voltage

Digital BPF filter output

JLIXUH ( % I[UHTXHQF\ ERXQGDU\ WULUDRU YLGHR RXW FLUFXLW GLDJ

The digitized data is also fed into the trigger detection circuit. The cirait consists of
VHYHUDO VWDJHV RI GLJLWDO oOWHU DQGWDGHIJEWWDO FRPEQUDWRU 7KH GLJLWL]HG Y

out of the trigger detection circuit is compared to the threshold level for triggering. In
WKH IUHTXHQF\ ERXQGDU\ RXW PRGH WKH RXWSWXWRXQJQDO RI WKH GLJLWDO oOWHU V

in Figure 17. When the frequency goes out of the frequency boundary, the voltagefdahe
digitized data drops accordingly.

The threshold level is also accessed by the user. In the previous softkey mentnere is
“minimum power level” entry, which determines the threshold level in dB.

For example, if you set —3 dB as minimum power level, the threshold level is located a
the half height of the peak voltage with reference to the ADC converter full sde.

7TDEOH ( % IUHTXHQF\ ERXQGDU\ WULJJHWH YXBPMRURXW PRGH SHUIRUPDQ

Minimum period of event to capture 1 usec for 80 or 25.6 MHz freq range mode
5 usec for 1.6 MHz freq range mode
50 usec for 200 or 25 kHz freq range mode
400 usec for 3.125 kHz freq range mode

Sampling resolution 8 nsec/point (80 or 25.6 MHz freq range) to
10 msec (3.125 kHz freq range), 1-2-5 step
Maximum recording length 1000 second or 10,000 points, whichever smaller
time period

Minimum period of an event for the instrument to capture depends on the frequeay

VSDQ \RX VHOHFW DV VDPSOLQJ UDWH YDULHVHGKXGHRGLQJ RQ WKH IUHTXHQF\ UDQJH
lasting event can be captured when you choose 80 MHz or 25.6 MHz frequency span.

The longer the minimum time period to capture, the narrower frequency spanqu select.
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Microphonic/phase-hits measurement examples

Sampling resolution also depends on the frequency span selected. If you Idoat

WKH ( % 6LIJQDO 6RXUFH $QDO\]HU 'DWD 6KHIBW (1 LQ WKH WUDQVL
measurement section, there is a table of available frequency resolutipand time

resolution at time span that can be selected.

Maximum recording length is a function of time resolution as the memory legth is

physically limited. The hardware limits recording up to 1,000 secondsalso the time

resolution is limited by the maximum recording points, up to 10,000.

For instance, if you select 1 usec time resolution, the maximum recordingehgth is 10 msec.

Figure 18. Phase-locked-loop under test

Here are some examples of microphonic and phase-hits measurements of an aal
GHYLFH 7KH GHYLFH XQGHU WHVW LV D 3// FLEERIOWWKDWWRQVLVWY RI D 9&2 FU\VW
D UHIHUHQFH 3// ,& DQG ORRS oOWHU

Microphonic phenomer{eéh msec to 8 msec)

JLIXUH ([DPSOH RI PLFURSKRQLF PHDVXUHPHQW

7KH oUVW PHDVXUHPHQW LV D PLFURSKRQLF PROVXUHPHQW RI WKH 3// )RU PLFURSK
measurement, we gave an mechanical shock to the DUT to observe the DUT’s s&n

transition behavior. In general, you can also put the DUT on a vibrating tableraise an

impact hammer to give mechanical stresses.
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Here’s a measurement example of microphonic phenomenon of the PLL.

The measured data was a 10 millisecond recording, which includes 2 milkxonds for a
pre-trigger event and 8 milliseconds after the event.

T —

Figure 20. Microphonic measurement-a closer look

The recording data contains 1001 points, so the detailed transition beavior can be
observed using the zooming function. It also provides statistical anigsis of standard
deviation as well as peak-to-peak of the frequency and phase deviation in thtime
period of interest.

Oscillation frequency has been

@/ changed before/after the event

Triggering Point (t=0)

VCO Phase-hit phenomenon (- 250 msec to 250 msec)

JLIXUH ([DPSOH RI 2SHQ /RRS 9&2 3KDVH KLW OHDVXUHPHQWYV

The second measurement is about phase-hit measurements both on a freeunning

9&2 DQG ORFNLQJ 3// $0OVR IRU SKDVH KLW VWD WHHH'@WV WHPSHUDWXUH VWUH
XVLQJ D WHPSHUDWXUH FRQWUROOHG FKDPEHED®SBFDWRHWKH 9&2 FRQWDLQV FHUDP|
LQ WKH WDQN 4 FLUFXLW WKH 9&2 PD\ VKRZ WHRBHMWMWXYH VWUHVYVY DQG JHQHUDWH L
frequency transition in a short period.

1RWH WKDW WKH 9&2 ZDV RSHUDWLQJ LQ IUHHTMHQOLQDWRGH DQG WKH RVFLOODWLRC
FKDQJHG DIWHU WKH SKDVH KLW HYHQW
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’)

Phase-hit!

Oscillation frequency has
settled back to the original
frequency

PLL Phase-hit phenomer2BQq usec to 750 usec)

JLIXUH ([DPSOH RI 3// 3BKDVH KLW OHDVXUHPHQW

This is another phase-hit measurement example of phase-locked-loop

&RPSDUHG WR WKH UHVXOW RI IUHH UXQQLQJ 9&PLOA/ ORVHV D IUHTXHQF\ ORFN PRPH
DQG WULHV WR VHW WKH RVFLOODWLRQ | WHTDXHH@AA\ DD/FMRRR WKH RULJLQDO GHVLUHC
as the phase-hit events occurs. How fast the oscillation frequency and/ophase settles

back to the original one depends on the PLL dynamic response characterists.

U\\—

Figure 20. Microphonic measurement-a closer look

,Q WKLV HIDPSOH WKH oUVW IUHTXHQF\ WUDQULRARXQY GXE WR WKH SKDVH KLW SKHQR
in a period of 10 microsecond or more and settled back to the original frequengin the
period of 50 microsecond.

7KH ( % ZLWK WKH I[UHTXHQF\ ERXQGDU\ WWLUQHWKROSBUIORGEDSWXUHG WKH HYHQ
of 8 microseconds or less and the frequency went out of the boundary.

Summary and Conclusion

Characterizing both linear and non-linear behaviors of phase lockedlop is the key

to identify the root cause of unwanted response in the design of your productsThe

CHAVLIKW ( % 6LIJQDO 6RXUFH $QDO\]HU 6PVEILHRW.GHV ZRUOG FODVV 5) WU
measurement performance for capturing and analyzing PLL non-lineabehaviors such

as lock-up time and microphonic/phase-hit phenomena.
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