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File  Verical

-
Measure
value
mean
min
max
sdev
num
status

Timehase

P1:freq@ilvi(iM1)
10.0944 MHz
10.076624 MHz
10.0420 MHz
101130 MHz
20630 kHz

10

v

Trigger

Display

Cursors

Measure

Math

Analysis

Utilities

Help

PLL Frequency Measurements

Timebase

1.00 MS

M1: | Setup...

0.0 ps§|Trigger
5.00 psidiv |Auto 0.0 my
20 GS/s |Edge Positive

9/30/2003 6:12:58 PM
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§ Tracking PLL Frequency

File  Vertical

A

oye”

0]

—

Timebhase Trigger

T
'
'
+
'
'
1
'
'
1
)

Display

Cursors

Measure

Measure
value
mean

min

max

sdey
num
status

F1 track(P1)

i

Y
eave”
F; joe?

P1:freq@lv(M1)
10.0756 MHz
10.076602 MHz
10.0470 MHz
10.0987 MHz
14.007 kHz
10
v

151 mVidiv

100 ns/div

Math

Analysis

Utilities

Help

Frequency
A

Timebhase 0.0 ps§Trigger

5.00 psidiv |Auto 0.0mYy
1.00 MS 20 GS/s |Edge Positive

9/30/2003 6:18:43 PM
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PLL Dynamic Response

File Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities Help

PLL Output - Single Acquisition with 2000 waveform cycles

Ending Frequency

Starting Frequency Transition Frequoncy

L» Time

P1:freq@lviMi1)
10.06123 MHz
10.0068170 MHz
9.86567 MHz
1017294 MHz
81.9774 kHz
2.000e+3

v

track(P1) Timehase 0.0 psf Trigger
151 mWidiv 5.00 psidiv | Auto 0.0mv

20.0 psidiv 1.00 MS 20 GSJs |Edge Positive
9/30/2003 6:21:07 PM
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§ PLL Dynamic Response

File  Verdical Timehase Trigger Display Cursors Measure Math  Analysis  Ulilities Help P4: | Setup...

PLL Output - Single Acquisition with 2000 waveform cycles

Ending Frequency

Frequency

F1

+

Measure P1:freq@lv(M1) P2:bhase(F1) P3:top(F1)

value 1006123 MHz|  9.924595MHz  10.074887 MHz

mean 10.0068170 MHz| 9.92459541 MHz 10.0748875 MHz .

min 986567 MHz| 9.924595MHz 10.074887 MHz Top and Base parameters automatical |y

max 1017294 MHz| 9924595 MHz 10.074857 MHz ) )

sdev 81 9774 kHz measure starting and ending frequency value

num 2.000e+3

status v

F1 track(P1) Timebase 0.0 psf Trigger
151 mv v 5.00 psidiv | Auto 0.0my
20.0 psidiv 1.00 MS 20 GSfs |Edge Positive

9/30/2003 £:35:13 PM
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PLL Dynamic Response

File Vertical Timehase Trigger Display Cursors Measure Math  Analysis  Utilities Help

Risetime of Track measures transition time of PLL
Overshoot of Track measures PLL frequency overshoot
Amplitude of Track measures frequency transition of PLL
PkPk of Track measures largest frequency change of PLL

P2:base(F1) P3:top(F1)
9924595 MHz  10.0748587 MHz
9.92459541 MHz 10.0748875 MHz
9.86567 MHz  9.924595 MHz 10.0748587 MHz 3101718 ps 65.2 %
1017294 MHz  9.924595 MHz 10.0748587 MHz 3101718 ps 65.2%
sdev 819774 kHz -—- -
num 2.000e+3 1 1 1 1 1
status v v v v v v

F1 track(P1)|

P4:rise(F1)
3101718 ps
340171763 ps

P5:ovsh+(F1)
65.2 %
B65.241 %

PE:ampl(F1)
150.292 kHz
150.29206 kHz
150.292 kHz
150.292 kHz

Measure
value
mean

min

max

P1:freq@lv(M1)
10.06123 MHz
10.0068170 MHz

i
151 mVidiv
20.0 psidiv

P7:pkpk(F1)
3073 kHz
307 273 kHz
307 .3 kHz
307 .3 kHz

1

v

Timebase 00ps

P3:| Setup...

P8:(P7-PE)

157 0 kHz
156.981 kHz
157 0 kHz
157 0 kHz
1
v

5.00 psidiv |Auto 00my

20 GSis |Edge Positive

9/30/2003 6:31:18 PM

1.00 MS
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g Sparsing PLL Output Waveform

File Verical Timehase Trigger Display Cursors Measure Math  Analysis  Utilities Help F2: | Setup...

Sparse decimates its input by a factor of N, producing an output with reduced sample points

F1  track(PDRF2 sparse(FDIMT ] Timebase 0.0 psfTrigger
50.0 kHz/div 151 m¥/div 5.00 psidiv | Auto 0.0 mYy
| 20.0 psidiv 20.0 psidiv 1.00 MS 20 GS/s |Edge Positive

Math | W Zoom | Sparse ‘ Close

Trace On |

Sourcel L 0perator1 :
il » \Waveform sparser, will reduce the number of
e — F1 I |sparse| Spars |

. b — points in the output waveform by skipping points
single dual

_uJdal Summary in the input, and starting at a given offset.
. ‘f[g[x] sparse(F1)

' . Sparsing factor Sparsing offset
graph weh edit | Actions for trace F2 100 0

_ Store ~ Label Next Grid

9/30/2003 6:52:22 PM
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g Enhanced Resolution of PLL Output Waveform

File Werical Timehase

Trigger Display Cursors Measure Math

F3: | Setup...

Eres lowpass filters its input, reducing high frequency noise and increasing resolution

50.0 kHzJdiv

F1 track(P)JF2  sparse(F1JF3 erestF2M1
! 50.0 kHz/div 151 mVidiv

20.0 psidiv |

hath | F1

20.0 psidiv

Trace On |

single  dual

- ]flg[xl

graph web edit

i 5 |

Measure

20.0 psidiv

Timebase 0.0 psf Trigger
5.00 psidiv |Auto 0.0mY
1.00 MS 20 GSis |Edge Positive

Zoom Eres ‘ Close

. Operator
Eres

Summary
eres(F2)

Actions for trace F3

 Store . Lahel Next Grid

Enhanced resolution achieved through
FIR filtering using well behaved filters,
with precalculated noise gain.

Enhance taps in FIR =106
by 3 -3dB @ 800 kHz

943042003 6:53:48 PM
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g Track With Enhanced Resolution

File Vedical Timehase Trigger Display Cursors Measure Math  Analysis  Utilities Help

track(P1)|F3 eres(F2) Timehase 0.0 psf Trigger
50.0 kHz/div 5.00 psidiv |Auto 0.0mY
20.0 psidiv 1.00 MS 20 GSJs |Edge Positive

943042003 7:01:55 PM




Dynamic Response Accuracy Comparison

File Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Ulilities Help

Comparison of Eres measurements shows increased accuracy

Measure P1:freq@lviM1) P2:base(F1) P3:top(F1) P4:am7pl(F1 )] PS:ampl(F3) PE:ovsh+(F1) P7.ovsh+(F3) PS.(PE/PT)

value
mean
min
max
sdev
num
status

10.06123 MHz

10.0068170 MHz

9.86567 MHz
1017294 MHz
81.9774 kHz
2. UDUe+3

9.924705 MHz

9.924705 MHz
9.924705 MHz

1

10.075051 MHz

9.924704380 MHz 10.0750508 MHz

10.075051 MHz
10.075051 MHz

1

150.346 kHz
150.34603 kHz
150.346 kHz
150.346 kHz

1

v

15313 kHz
153.1292 kHz
15313 kHz
15313 kHz

1

v

651 %
65.109 %
651 %
651 %

1

v

45.0%
47 986 %
453.0 %
458.0%

1

v

1.357
1.35664
1.357
1.357
1
v

Timebase

0.0 psg Trigger
5.00 psidiv |Auto 0.0mY
20 GSJs |Edge Positive

943042003 6:59:30 PM

F1  track(P1) sparse(F1) F3 eres(F2) M1
50.0 kHz/div 50.0 kHz/div 151 m¥ fdiv
20.0 psidiv 20.0 psidiv 20.0 psidiv

1.00 MS
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Dynamic Response Measurements With Eres \Waveform

9

File Vetical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities Help

Eres can be used for all PLL measurements

Measure P1:freq@lviM1) P2:base(F3) P3:top(F3) P4:rise(F3) PS.ovsh+(F3) PE:ampl(F3) P7:max(F3) P8.(P7-P3)
value 10.06123 MHz 992384 MHz  10.07695 MHz 3.8M9ps 479% 15314 kHz 10.1504 MHz 73.4kHz
mean 100068170 MHz | 9.9238359 MHz 10.0769785 MHz 3.871934 ps 47 916 % 1531426 kHz 10.150359 MHz 73.381 kHz
min 9.86567 MHz 992384 MHz  10.07695 MHz 3.8M9ps 479% 15314 kHz 10.1504 MHz 73.4kHz
max 1017294 MHz 992384 MHz  10.07693 MHz 38M9ps 479% 15314 kHz 10.1504 MHz 734 kHz
sdev 81.9774 kHz --- -—- -—-
num 2.000e+3 1 1 1 1 1 1 1
status v v v v v v v v
F3 eres(F2) Trigger
1

51 m¥idiv 5.00 psidiv |Auto 0.0mY
20.0 psidiv 1.00MS 20 GSJs |Edge Positive

943042003 8:08:58 PM
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§ Track to Characterize VCO Linearity

B-Mar-a0
T:38:085

-3

.1 ms
15.8my

.1 ms

1 trig only
7.5mV  DOC
3 15.8my 500

trig only

i

VCO Output Frequency

VCO Input Voltage g
T
| Ext DOC 0.185 v 1MQ
O

SETUP OF A
—uuse Math?

No R

—Math Type

FFTAYVG
Functions

Histogram
Per_Hist

MORE
JITTER SETUP

FIND JITTER
TRACE

type
Frequency
Clk Data

oF

1284BCD
Ml M2 M3 M4

4 GS/s
STOPPED
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gﬂ‘s PLL Loop Filter Characteristics

4 . l-,-l E”
14 v DOC

W

oc

To-characterize-the-dynamicresponse of-a PLL,thereference
frequency input-is varied between two frequencies

the PLL ogutput response

By modifying the/low pass filter/setting, the settling time improves

T#e lower tTace depicts the tracking behavior-and settling time of

Jitter Track allow direct observation of the effects of modifying the
low pass loop filter

A:JTper(2)
(__Peﬁiod

SETUP OF R

—Math Type

FFTAVG
Functions
Histogram
Per_Hist

MORE
JITTER SETUP

type
Cycle-Cycle
Duty Cycle
Intvl _Error
FPeriod
Width

oF

1H34BCD

Ml M2 M3 M4

S TOPPED
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8 Analyzing a Phase Locked Loop Synthesized Timebase

q (PLL Clock Generator)

T-Mar-00 SETUP OF f
B:29:11 Z—use Math?— MW Jitter Track can be used to study PLL response to mode
changes
—Math Type— B The Frequency Parameter Track measures frequency
FETAVG A modulation (FM)
Clock Generator . -— | Functions
Timebase Output B Open loop phenomena such as lock-in and capture can
Histogram be measured
Per Hist f

B Jitter Track makes it easy to study PLL tracking and

:gF;;q(ZJ tresponse JITTE]E:REETUP dynamic response to step or impulse ch_anges in either
100 MHz < > SRS the reference input or of the feedback signals
FIND JITTER
RANGE
N b type
= E Frequency
g = By DOata
¥ - oF
TBE34BCD
oD 2 T M1 M2 M3 M4
1 trig only
g 260 m\ 500 ﬂ:JFr'eq(Z) 4 (5/s
3 trig only Frequency 20000000 -> 16000EES pts
4 trig only 0 STOPPED

Response time of a clock generator to a timebase change
is characterized using the Jitter Track of frequency



2
O
g Characterizing Phase Locked LLoops

FREQUENCY
REFERENCE
INPUT F,,

FREQUENCY
OUTPUT

Oo— ™o PHASE LOOP VOLTAGE N X Fy
DETECTOR OSCILLATOR
—
DIVIDE BY N |
COUNTER
Contents:

* PLL Characterization Tools

* PLL Dynamic Response

» Method to Increase Dynamic Response Accuracy
« VCO Linearity

* PLL Loop Filter Characteristics

» Analyzing a PLL Clock Generator

* PLL Loop Bandwidth




>
9

93’ PLL Instantaneous Phase

File Werical Timebase Trigger Display Cursors Measure Math  Analysis  Ulilities Help

66.6667 MHz input to zero delay clock generator with 2-radian phase step at center

PLL Output

A

ol e s e N Y o e i e Y e

Instantaneous Phase of PLL Input

A

/- Instantaneous Phase of PLL Output

A

Measure P1:TIE@Iv(M1) P2 TIE@Iv(M2)
value 2461 ns 2609 ns
status v

v
F1 track(PURF2  track(P2) Trigger
500 psidiv 178 m¥idiv 277 m¥idiv 50.0 nsidiv | Auto 00my
2.00 psidiv 2.00 psidiv 2.00 psidiv 5.00kS 10 GSJs |Edge Positive

9/28/2003 3:21:55 AM
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5| PLL Loop Bandwidth

3 Calculating Impulse Response of PLL Input and Output Signals

File “erdical Timehase Trigger Display Cursors Measure Math  Analysis  Ulilities Help

PLL Input PLL Output

hi1

Fy F

- Instantaneous Phase|of PLL Input -, Instantaneous Phase jof PLL Output

F A

Impulse-Response of PLL Input —Impulse-Response of PLL Output

F Y A

Frequency Response of PLL Output
Frequency Response of PLL Input '

P A

(_
Measure PLTIE@Iv(MI) P2 TIE@Iv(M2)

value 2461 ns 2.809 ns
status

v
F1_track(P1)fF2 track(P2)fF3 d(F1)idxfF4 d(F2)idx a<F2>rdx FS FFT(F3) M
500 ps 1.00 ns 10.0 2.00 20.0dB 193 my 277 my 50.0 nsidiv |Auto 0.0mY
2.00 ps 200 ps 200 ps 2.00ps 2.00 MHz 2.00ps 200 ps 5.00kS 10 GS/is |Edge Positive

9/28/2003 3:11:59 AM
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§ PLL Loop Bandwidth withi Averaging

Calculating Impulse Response of PLL Input and Output Signals

File Vertical Timebase  Trigger Display cursors Measure Math Analysis Utilities Help

Measure P1: TIE@Iv(C2) P2:TIE@Iv(C3)
value -2.5852ns -2634 ns
status v v

F2 track(P1)| F3 d(spars. 4 =FFT(F...||F5 track(P2)
160 mY 270 mv | ] 3.00 dBm
-634 mv -795 mv ! ! s00kHz | 100 ps

2002 11:54:01 AM
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Normalized PLL Loop Magnitude Impulse Response

File “Yertical Timebase Trigger Display Cursors heasure Math  Analysis Utilities  Help

. tql... o ﬂ- 1"'|
v !

F Y
Measure P1:TIE@Iw(C2) PZTIE@Iwi(C3)
values -25913ns -2.661 ns
status g e

[E8 T ETEER Timehase  -72.6 us| [Trigger Mot ma
: 10.0 psidiv DCS0C Ext 145 mY
900 kHz ) 2.00 MS 20 GSis | Edge Megative

5/15/2002 1:
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g PLL Loop Bandwidth Measurement

PLL Frequency Response
5 ;?ga::I 'gg::::tti? Input Device Under Test Output
4 Modulation
3 Input
% = M
o g \
& \
s -2 ‘i
g -3 WM 8X00
§ _g {\) XNTAP
< B
_g Modulation
- Source Ch2Ch3 Aux Input
i ocQgo
10 l
1.00E+05 100E-+06 1.00E+07
Frequency (HZ) External Trigger
Loop Bandwidth measurement for a PLL Test setup for measuring jitter transfer

based zero delay clock buffer function
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