
  Hewlett-Packard Company 1995 ���(+�(/� 	��
� ��-"�**2���!�(�� �%+($�"� � � � � � � ��

������� ����"���� ��� 
���#������ �������
�"�����

The HP 71501B jitter and eye diagram analyzer performs
industry-standard jitter tolerance, jitter transfer, and jitter generation
measurements on Gbit/s telecommunication system components. It can
display both the jitter spectrum and the jitter waveform to help determine
whether jitter is limiting the bit error ratio of a transmission system.

�"� ������������ ��� ������� ���� ��!��� ��� �� ���

����*�"� �%##+$���*�%$� )/)*�#)� */&���""/� �%$)�)*� %�� �� *(�$)2

#�**�(�� )%#�� */&�� %�� �%##+$���*�%$)� #���+#�� �$�� �� (����,�(

%(� "�$�� *�(#�$�"� +$�*�� �/&���""/�� *��� ����*�"� &+")�)� *(�$)#�**��

�$� *��)�� )/)*�#)� �(�� �**�$+�*��� �$�� ��)&�()��� �)� *��/� &(%&�2

��*�� *�(%+��� *��� *(�$)#�))�%$� #���+#�� �%� %,�(�%#�� )��$�"

�**�$+�*�%$� �"%$�� *��� *(�$)#�))�%$� &�*��� *��� )��$�"� #�/� ��

(��#&"������� �%� %,�(�%#�� �%*�� �**�$+�*�%$� �$�� ��)&�()�%$

*��� )��$�"� #�/� ��� (���$�(�*���� �� (���$�(�*%(� (����,�)� *��

��*�� )*(��#� %�� %$�)� �$�� 0�(%)�� �.*(��*)� *��� �"%�!� �(�'+�$�/�

*��$� (�*�#�)�� (�)��&�)�� �$�� (�*(�$)#�*)� *��� ����*�"� ��*��� �,�$

��� (���$�(�*%()� �(�� $%*� �#&"%/��� �$� *��� *(�$)#�))�%$� )/)*�#�

*��� (����,�(� �"-�/)� &�(�%(#)� *��� &(%��))� %�� �.*(��*�$�� *��

�"%�!� )��$�"� *%� ���%��� *��� ��*�� )*(��#�� �$/� �"+�*+�*�%$� �$

*��� �.*(��*��� �"%�!� �(�'+�$�/� �(%#� �� �%$)*�$*� (�*�� �)� (���((��

*%� �)�  �**�(�

���� �$*�($�*�%$�"� ��"��(�&�� �$�� ��"�&�%$�� %$)+"*�*�,�

%##�**��� ������ ��)� ����$���  �**�(� �)� 1)�%(*2*�(#� $%$2

�+#+"�*�,�� ,�(��*�%$)� %�� *��� )��$�����$*� �$)*�$*)� %�� �� ����*�"

)��$�"� �(%#� *���(� ����"� &%)�*�%$)� �$� *�#���� �� )��$�����$*� �$)*�$*

��$� ��� �$/� �%$,�$��$*�� ��)�"/� ���$*�����"�� &%�$*� %$� *��� )��$�"

)+��� �)� *��� (�)�$�� %(� ��""�$�� ����� %�� �� &+")�� %(� *��� )�#&"�$�

�$)*�$*�� ���� *�#�� ,�(��*�%$� �$� *��� )��$�����$*� �$)*�$*)� %�� �� ����2

*�"� )��$�"� �)� �'+�,�"�$*� *%� ,�(��*�%$)� �$� *��� )��$�"�)� &��)��� �

)��%$�� &�(�#�*�(� �"%)�"/� (�"�*��� *%�  �**�(� �)� -�$��(�� ��$��(

��$�(�""/� (���()� *%� "%$�2*�(#� ,�(��*�%$)� �$� *��� )��$�����$*

�$)*�$*)�� ���(�� �)� $%� �"��(� ����$�*�%$� %�� *��� �%+$��(/� ��*-��$

 �**�(� �$�� -�$��(�� �+*� &��)�� ,�(��*�%$� (�*�)� ��"%-� 	�� �0� �(�

$%(#�""/� ��""��� -�$��(�

����� 	� )�%-)� �$� ����"� &+")�� *(��$� �%#&�(��� �*� )+���))�,�

�$)*�$*)� �$� -�*�� �� &+")�� *(��$� *��*� ��)� )%#�� *�#�$��  �**�(�� ���

 �**�(� *�#�� �+$�*�%$� �)� %�*��$��� �/� &"%**�$�� *��� (�"�*�,�� ��)2

&"���#�$*� �$� *��� �$)*�$*)� ,�()+)� *�#��� �/&���""/�� *���  �**�(

*�#�� �+$�*�%$� �)� $%*� )�$+)%���"�� ����  �**�(� )&��*(+#� ��$� ��

��*�(#�$��� �/� *�!�$�� �� �%+(��(� *(�$)�%(#� %�� *���  �**�(� *�#�

�+$�*�%$�

%$*(%""�$��  �**�(� �)� �#&%(*�$*� ����+)��  �**�(� ��$� ���(���� *��

&�(�%(#�$��� %�� �� *(�$)#�))�%$� )/)*�#� �/� �$*(%�+��$�� ��*� �(2

(%()� �$� *��� ����*�"� )��$�")�� ��**�(� ��+)�)� ��*� �((%()� �/� &(�,�$*2

�$�� *��� �%((��*� )�#&"�$�� %�� *��� ����*�"� )��$�"� �/� �� (���$�(�*%(

	���� ��� ��**�(� *�#�� �+$�*�%$� ��(�,��

�(%#� �%#&�(�$�� ��  �**�(��� �"%�!

-�*�� �$� ����"� �"%�!�

Voltage

Ideal Clock

Jittered Clock

Timing
Jitter

Time

J1 J2 J3 J4 J5



��� � � � � � � �(%58$5<� 	��� �(:/(77> $&.$5'� �2851$/   Hewlett-Packard Company 1995

25� $� /,1(� 7(50,1$/� 81,7�� �,77(5� &$1� $&&808/$7(� ,1� $� 75$160,6>

6,21� 1(7:25.� '(3(1',1*� 21� 7+(� -,77(5� *(1(5$7,21� $1'� 75$16)(5

&+$5$&7(5,67,&6� 2)� 7+(� ,17(5&211(&7('� (48,30(17�

������� 	����������� ����������

�1� $1� ())257� 72� 67$1'$5',=(� 7+(� +,*+>63(('� 7(/(&20081,&$7,21

6<67(06� 7+$7� $5(� %(,1*� '(9(/23('� $1'� '(3/2<('�� 67$1'$5'6

+$9(� %((1� $'237('� )25� (48,30(17� 0$18)$&785(56� $1'� 6(59,&(

3529,'(56� 72� 86(�� ":2� 68&+� 67$1'$5'6� $5(� 7+(� 6<1&+521286

237,&$/� 1(7:25.� �!���"��� $� �257+� �0(5,&$1� 67$1'$5'�� $1'

7+(� 6<1&+521286� ',*,7$/� +,(5$5&+<� �!����� $1� ,17(51$7,21$/

67$1'$5'�� �27+� 67$1'$5'6� $5(� )25� +,*+>&$3$&,7<� ),%(5>237,&

75$160,66,21� $1'� +$9(� 6,0,/$5� 3+<6,&$/� /$<(5� '(),1,7,216�

"+(6(� 67$1'$5'6� '(),1(� 7+(� )($785(6� $1'� )81&7,21$/,7<� 2)� $

75$163257� 6<67(0� %$6('� 21� 35,1&,3/(6� 2)� 6<1&+521286� 08/7,>

3/(;,1*�� "+(� 025(� 3238/$5� 75$160,66,21� 5$7(6� $5(� 	�


�%,76�6�� �

���� �%,76�6�� $1'� 
�����
� �%,76�6�� "+(� 67$1'$5'6

63(&,)<� 7+(� -,77(5� 5(48,5(0(176� )25� 7+(� 237,&$/� ,17(5)$&(6� :,7+

7+(� ,17(17,21� 2)� &21752//,1*� 7+(� -,77(5� $&&808/$7,21� :,7+,1� 7+(

75$160,66,21� 6<67(0�	�
� "+(� 75$160,66,21� (48,30(17� 63(&,),>

&$7,216� $5(� 25*$1,=('� ,172� 7+(� )2//2:,1*� &$7(*25,(6�� -,77(5

72/(5$1&(�� -,77(5� 75$16)(5�� $1'� -,77(5� *(1(5$7,21�

�,77(5� 72/(5$1&(� ,6� '(),1('� ,1� 7(506� 2)� $1� $33/,('� 6,1862,'$/

-,77(5� &20321(17� :+26(� $03/,78'(�� :+(1� $33/,('� 72� $1

(48,30(17� ,1387�� &$86(6� $� '(6,*1$7('� '(*5$'$7,21� ,1� (5525

3(5)250$1&(�� �48,30(17� -,77(5� 72/(5$1&(� 3(5)250$1&(� ,6� 63(>

&,),('� :,7+� -,77(5� 72/(5$1&(� 7(03/$7(6�� �$&+� 7(03/$7(� '(),1(6

7+(� 6,1862,'$/� -,77(5� $03/,78'(>9(5686>)5(48(1&<� 5(*,21� 29(5

:+,&+� 7+(� (48,30(17� 0867� 23(5$7(� :,7+287� 68))(5,1*� $� '(6>

,*1$7('� '(*5$'$7,21� ,1� (5525� 3(5)250$1&(�� "+(� ',))(5(1&(

%(7:((1� 7+(� 7(03/$7(� $1'� 7+(� 72/(5$1&(� &859(� 2)� 7+(� $&78$/

(48,30(17� 5(35(6(176� 7+(� 23(5$7,1*� -,77(5� 0$5*,1� $1'� '(7(5>

0,1(6� 7+(� 3$66� 25� )$,/� 67$786�

�$&+� 75$160,66,21� 5$7(� 7<3,&$//<� +$6� ,76� 2:1� ,1387� -,77(5� 72/(5>

$1&(� 7(03/$7(�� �1� 620(� &$6(6�� 7+(5(� 0$<� %(� 7:2� 7(03/$7(6

)25� $� *,9(1� 75$160,66,21� 5$7(� 72� $&&2002'$7(� ',))(5(17� 5(>

*(1(5$725� 7<3(6�� �,77(5� $03/,78'(� ,6� 75$',7,21$//<� 0($685('� ,1


��	� ��	������ � �#���� :+(5(� 	� #�� ,6� 7+(� 3+$6(� '(9,$7,21� 2)� 21(

&/2&.� 3(5,2'�

�,77(5� 75$16)(5� ,6� 7+(� 5$7,2� 2)� 7+(� $03/,78'(� 2)� $1� (48,30(17�6

287387� -,77(5� 72� $1� $33/,('� ,1387� 6,1862,'$/� -,77(5� &20321(17�

"+(� -,77(5� 75$16)(5� )81&7,21� ,6� $/62� 63(&,),('� )25� ($&+� 75$160,6>

6,21� 5$7(� $1'� 5(*(1(5$725� 7<3(�� �,77(5� 75$16)(5� 5(48,5(0(176

21� &/2&.� 5(&29(5<� &,5&8,76� 63(&,)<� $� 0$;,080� $02817� 2)

-,77(5� *$,1� 9(5686� )5(48(1&<� 83� 72� $� *,9(1� &872))� )5(48(1&<�

%(<21'� :+,&+� 7+(� -,77(5� 0867� %(� $77(18$7('�� "+(� -,77(5� 75$16>

)(5� 63(&,),&$7,21� ,6� ,17(1'('� 72� 35(9(17� 7+(� %8,/'83� 2)� -,77(5� ,1

$� 1(7:25.� &216,67,1*� 2)� &$6&$'('� 5(*(1(5$7256�

�,77(5� *(1(5$7,21� ,6� $� 0($685(� 2)� 7+(� -,77(5� $7� $1� (48,30(17�6

287387� ,1� 7+(� $%6(1&(� 2)� $1� $33/,('� ,1387� -,77(5�� �,77(5� *(1(5$>

7,21� ,6� (66(17,$//<� $1� ,17(*5$7('� 3+$6(� 12,6(� 0($685(0(17� $1'

)25� !���"�!��� (48,30(17� ,6� 63(&,),('� 127� 72� (;&(('� 	�� 0#�

5227� 0($1� 648$5(� �506�� :+(1� 0($685('� 86,1*� $� +,*+>3$66

),/7(5� :,7+� $� 	
>.�=� &872))� )5(48(1&<�� �� 5(/$7('� -,77(5� 12,6(

0($685(0(17� ,6� 287387� -,77(5�� :+,&+� ,6� $� 0($685(� 2)� 7+(� -,77(5

$7� $� 1(7:25.� 12'(� 25� 287387� 3257�� �/7+28*+� 6,0,/$5� 72� -,77(5

*(1(5$7,21�� 7+(� 287387� -,77(5� 2)� 7+(� 1(7:25.� 32576� ,6� 63(&,),('

,1� 7(506� 2)� 3($.>72>3($.� #�� ,1� 7:2� ',))(5(17� %$1':,'7+6�

������� 	����������� 
���������

�/7+28*+� 7+(6(� -,77(5� 0($685(0(176� $5(� 0$'(� 21� ',*,7$/

:$9()2506�� 7+(� 7(676� 7+(06(/9(6� 7(1'� 72� %(� $1$/2*� ,1� 1$785(�

"+(� 0267� )5(48(17/<� (1&2817(5('� 7(&+1,48(6� 72� 0($685(

-,77(5� 868$//<� (03/2<� (,7+(5� $1� 26&,//26&23(� 25� $� 3+$6(� '(7(&>

725�� �7� ,6� :257+� 127,1*� 7+$7� 7+(5(� $5(� $'',7,21$/� -,77(5� 0($685(>

0(176� 7+$7� '($/� :,7+� $6<1&+521286� '$7$� %(,1*� 0$33('� ,172

7+(� !���"�!��� )250$7�� "+(6(� 7(676� (;$0,1(� 7+(� -,77(5� ,1752>

'8&('� %<� 3$</2$'� 0$33,1*� $1'� 32,17(5� $'-8670(176�� $1'� $5(

3(5)250('� %<� '(',&$7('� !���"�!��� 7(67(56�

�175,16,&� '$7$� -,77(5�� ,175,16,&� &/2&.� -,77(5�� $1'� -,77(5� 75$16)(5� &$1

%(� ',5(&7/<� 0($685('� :,7+� $� +,*+>63(('� ',*,7$/� 6$03/,1*� 26>

&,//26&23(�� �6� 6+2:1� ,1� �,*�� 
$�� $� -,77(5>)5((� 75,**(5� 6,*1$/� )25

7+(� 26&,//26&23(� ,6� 3529,'('� %<� &/2&.� 6285&(� ��� :+26(� )5(>

48(1&<� 5()(5(1&(� ,6� /2&.('� 72� 7+$7� 2)� &/2&.� 6285&(� ��� �/2&.

6285&(� ��� :+,&+� ,6� 02'8/$7('� %<� 7+(� -,77(5� 6285&(�� '5,9(6� 7+(

3$77(51� *(1(5$725�� "+(� 3$77(51� *(1(5$725� 6833/,(6� -,77(5('� '$7$

)25� 7+(� -,77(5� 75$16)(5� 0($685(0(17� 72� 7+(� '(9,&(� 81'(5� 7(67

��#"��� "+(� -,77(5('� ,1387� $1'� 287387� :$9()2506� &$1� %(� $1$>

/<=('� 86,1*� 7+(� %8,/7>,1� 26&,//26&23(� +,672*5$0� )81&7,216�

"+(� /,0,7$7,216� 2)� 7+(� 26&,//26&23(� 0($685(0(17� 7(&+1,48(

$5(� 7+(� )2//2:,1*�� "+(� 0$;,080� -,77(5� $03/,78'(� 7+$7� &$1� %(

0($685('� ,6� /,0,7('� 72� 	� #�� 3($.� 72� 3($.�� �%29(� 7+,6� /(9(/�

7+(� (<(� ',$*5$0� ,6� 727$//<� &/26('�� !(&21'/<�� 7+,6� 7(&+1,48(

2))(56� 3225� 0($685(0(17� 6(16,7,9,7<� %(&$86(� 2)� 7+(� ,1+(5>

(17/<� +,*+� 12,6(� /(9(/� 5(68/7,1*� )520� 7+(� /$5*(� 0($685(0(17

%$1':,'7+� ,192/9('�� "+,5'�� 7+(� 7(&+1,48(� '2(6� 127� 3529,'(

$1<� ,1)250$7,21� $%287� 7+(� -,77(5� 63(&75$/� &+$5$&7(5,67,&6� 25� 7+(

-,77(5� 7,0(� )81&7,21�� �,1$//<�� 7+(� 7(&+1,48(� 5(48,5(6� $1� (;75$

&/2&.� 6285&(� 72� 3529,'(� 7+(� 26&,//26&23(� 75,**(5� 6,*1$/�

�$1<� 2)� 7+(� /,0,7$7,216� 2)� 7+(� 6$03/,1*� 26&,//26&23(� 7(&+>

1,48(� &$1� %(� $''5(66('� %<� 86,1*� $� 3+$6(� '(7(&725�� "+(

3+$6(� '(7(&725�� ,1� �,*�� 
%�� &203$5(6� 7+(� 3+$6(� 2)� 7+(� 5(&29>

(5('� &/2&.� )520� 7+(� '(9,&(� 25� (48,30(17� 81'(5� 7(67� :,7+� $

-,77(5>)5((� &/2&.� 6285&(�� "+(� 287387� 2)� 7+(� 3+$6(� '(7(&725� ,6� $

92/7$*(� 7+$7� ,6� 3523257,21$/� 72� 7+(� -,77(5� 21� 7+(� 5(&29(5('

&/2&.� 6,*1$/�� "+(� 5$1*(� 2)� 7+(� 3+$6(� '(7(&725� &$1� %(� (;>

7(1'('� %(<21'� 	� #�� %<� 86,1*� $� )5(48(1&<� ',9,'(5�� �175,16,&

-,77(5� ,6� 0($685('� %<� &211(&7,1*� 7+(� 287387� 2)� 7+(� 3+$6(� '(>

7(&725� 72� $1� 506� 92/70(7(5� :,7+� $335235,$7(� %$1'3$66� ),/7(56�

�� /2:>)5(48(1&<� 1(7:25.� $1$/<=(5� &$1� %(� &211(&7('� 72� 7+(

287387� 2)� 7+(� 3+$6(� '(7(&725� 72� 0($685(� -,77(5� 75$16)(5�

"+(� 3+$6(� '(7(&725� 0(7+2'� )2506� 7+(� %$6,6� )25� 0267� '(',>

&$7('� -,77(5� 0($685(0(17� 6<67(06�� �7� ,6� 5(/$7,9(/<� ($6<� 72� ,0>

3/(0(17� $1'� 3529,'(6� )$67� ,175,16,&� -,77(5� 0($685(0(176�

�2:(9(5�� 7+(5(� $5(� 6(9(5$/� /,0,7$7,216�� �� -,77(5� 0($685(0(17

6<67(0� (03/2<,1*� 7+,6� 7(&+1,48(� 868$//<� &216,676� 2)� '(',>

&$7('� +$5':$5(�� :+,&+� 21/<� )81&7,216� $7� 63(&,),&� 75$160,6>

6,21� 5$7(6�� �1� $'',7,21�� 7+(� $&&85$&<� 2)� 7+(� -,77(5� 75$16)(5� 0($>

685(0(17� :,7+� $� 1(7:25.� $1$/<=(5� 0$<� %(� ,168)),&,(17� 72

*8$5$17((� 7+$7� 7+(� 63(&,),&$7,21� ,1� 7+(� 67$1'$5'� ,6� %(,1*� 0(7�

�,1$//<�� 7+(� 7(&+1,48(� 5(48,5(6� $1� $'',7,21$/� &/2&.� 6285&(� $6

$� 5()(5(1&(� )25� 7+(� 3+$6(� '(7(&725�

������� ��� ���� �������� ��������

"+(� � � �	�	�� -,77(5� $1'� (<(� ',$*5$0� $1$/<=(5� ,6� $� 6$03/(5>

%$6('� ,167580(17� 7+$7� 2))(56� $� *(1(5$/>385326(� 62/87,21� 72

7+(6(� -,77(5� 0($685(0(17� 5(48,5(0(176�� "2� 3(5)250� -,77(5



  Hewlett-Packard Company 1995 ����!��#� �		�� ��"��  $�������� �!����� � � � � � � ��

����� ��� ���� ������������$�����

��  ��� ����!����� � �#� ���� ���

�����$�� �� ��$������ ��  ��� ���$

�!����� � �#� ���� ���� ��� �����


��  ��� ����!����� � �#� ���

Clock
Source

A

Clock
Source

B

D in

Clk in

D out

Clk out

DUT

Pattern
Generator

Clk
Clk

D

HP 54120A
Digitizing

Oscilloscope

Jitter
Source

Trg

CH1

CH2

CH3

CH4

10-MHz
Reference

Clk D

(a)

Clock
Source

A

Clock
Source

B

D in

Clk in
Clk out

DUT

Pattern
Generator

Clk
Clk

D

Jitter
Source

10-MHz
Reference

Bandpass
Filter Output

Adjust
Delayf

�N

(b)

HP 70311A
(H08)
Clock

Source
Clk in

D in

HP 3325B
Synthesizer Bandpass

Filter

Clk out

D out

Modulation

HP 70841B
Pattern

Generator

Device
Under
Test

HP 70842B
Error

Detector

Bandpass
Filter

HP 71501B
Jitter and Eye

Diagram Analyzer

10-MHz Reference

Clock

Input
Clock

Recovered
Clock

CH2 CH1

(c)

Recovered
Clock



��� � � � � � � �&#36"3:� ����� �&8-&55<�"$,"3%� �063/"-   Hewlett-Packard Company 1995

�	��� ��� ��� ������� +*55&3�

.&"463&.&/5� 4:45&.�

.&"463&.&/54�� 5)&� ��� ������� $0.#*/&4� 5)&� ��� ���	��

.*$308"7&� 53"/4*5*0/� "/"-:;&3� .0%6-&�
� 5)&� ��� ������� $0-03

%*41-":� "/%� ."*/'3".&�� "/%� 5)&� ��� ������� +*55&3� 1&340/"-*5:�

!)&� 1&340/"-*5:� *4� 4503&%� 0/� "� 	��<#:5&� ���� $"3%� "/%� $"/

#&� %08/-0"%&%� */50� 5)&� */4536.&/5��  )08/� */� �*(�� 
� *4� "

1)050(3"1)� 0'� 5)&� ��� ������<#"4&%� +*55&3� .&"463&.&/5� 4:4<

5&.�� !)&� 4:45&.� $0/'*(63"5*0/�� 4)08/� */� �*(�� 	$�� */$-6%&4� "/

��� ������� 
<�#*5�4� 1"55&3/� (&/&3"503�� "/� ��� ����	�� &3303

%&5&$503�� "/� ��� ��
���� �15*0/� ���� $-0$,� 4063$&�� "/%� "/� ��



	��� 4:/5)&4*;&3�� 8)*$)� 4&37&4� "4� 5)&� +*55&3� .0%6-"5*0/

4063$&�� !)&� %08/-0"%&%� +*55&3� 1&340/"-*5:� "--084� 5)&� 5)&� ��

������� 50� 5",&� $0/530-� 0'� "--� 5)&� 05)&3� */4536.&/54� */� 5)&

+*55&3� .&"463&.&/5� 4:45&.� "/%� 50� $003%*/"5&� 5)&� .&"463&<

.&/54�� !)*4� +*55&3� .&"463&.&/5� $"1"#*-*5:� )"4� #&&/� 3&$&/5-:

&95&/%&%� 50� �	� �#*54�4� 8*5)� 5)&� */530%6$5*0/� 0'� 5)&� ��

����
�� &3303� 1&3'03."/$&� "/"-:;&3�� �-40�� 401)*45*$"5&%� &:&

%*"(3".� .&"463&.&/54� $"/� #&� ."%&� 8)&/� 5)&� &:&� %*"(3".

1&340/"-*5:� *4� %08/-0"%&%� */50� 5)&� */4536.&/5��

 ".1-&3<#"4&%� */4536.&/54� -*,&� 5)&� ��� ������� 5:1*$"--:

01&3"5&� #:� 5",*/(� 5*.&� 4".1-&4� 0'� 5)&� %"5"�� 5)&/� "/"-:;*/(� *5

64*/(� %*(*5"-� 4*(/"-� 130$&44*/(� 5&$)/*26&4�� !)&� ��� ������

)"4� 580� */165� $)"//&-4� 8)*$)� "--08� *5� 50� "/"-:;&� +*55&3� 53"/4<

'&3�� �"$)� 4*(/"-� 130$&44*/(� $)"//&-� $"/� 4".1-&� "/%� %*(*5*;&

4*(/"-4� '30.� %$� 61� 50� ��� ��;�� 40� 5)&� +*55&3� .&"463&.&/5� 130<

$&44� *4� */)&3&/5-:� '3&26&/$:<"(*-&�� �4� 4)08/� */� 5)&� #-0$,

%*"(3".� */� �*(�� ��� */165� 4*(/"-4� 50� &"$)� $)"//&-� "3&� 4".1-&%

#:� "� .*$308"7&� 4".1-&3� "5� "� 3"5&� #&58&&/� ��� ��;� "/%� 	�

��;�� !)&� 13&$*4&� 4".1-&� 3"5&� *4� 4&5� #"4&%� 0/� "� %&5&3.*/"<

5*0/� 0'� 5)&� */$0.*/(� 4*(/"-� '3&26&/$:� "/%� 5)&� 5:1&� 0'� .&"<

463&.&/5� #&*/(� ."%&�� !)&� 065165� 0'� 5)&� 4".1-&34� *4� '&%� */50

5)&� %$<50<��<��;� */5&3.&%*"5&� '3&26&/$:� ����� 4&$5*0/4�� !)&

��� 4&$5*0/4� $0/5"*/� 48*5$)"#-&� -08<1"44� '*-5&34� "/%� 45&1<("*/

".1-*'*&34�� !)&� %$� $0.10/&/54� 0'� 5)&� .&"463&%� 4*(/"-� "3&

5"11&%� 0''� ")&"%� 0'� 5)&� .*$308"7&� 4".1-&3� "/%� 46..&%

*/50� 5)&� ��� 4*(/"-� 4&1"3"5&-:�� !)&� 065165� 0'� 5)&� ��� 4&$5*0/4� *4

4".1-&%� "5� 5)&� 4".&� 3"5&� "4� 5)&� */165� 4*(/"-� "/%� 5)&/� $0/<

7&35&%� 50� "� %*(*5"-� 4*(/"-� #:� 5)&� "/"-0(<50<%*(*5"-� $0/7&35&34

������

�/$&� 5)&� 4*(/"-4� "3&� %*(*5*;&%�� 5)&:� "3&� '&%� */50� 5)&� #6''&3

.&.03*&4�� !)&4&� #6''&34� )0-%� 5)&� 4".1-&4� 6/5*-� 5)&� 53*((&3

�	��� ���  *.1-*'*&%� #-0$,� %*"(3".� 0'� 5)&� ��� ������� +*55&3� "/%� &:&� %*"(3".� "/"-:;&3�

CH1 S

Switchable
Low-Pass

Filters

IF Step-Gain
Amplifiers

ADC Memory DSP

Trigger
Circuitry

Synthesizer
(fs)

CH2 S

Switchable
Low-Pass

Filters

IF Step-Gain
Amplifiers

ADC Memory DSP

Micro-
processor Display



  Hewlett-Packard Company 1995 �$!14 18� ����� �$6+$33:� "* 1#� �.41- +� � � � � � � ��

/.(-3� (2� #$3$1,(-$#�� �8� 31(&&$1(-&� .-� 3'$� ��� 2(&- +�� 3'$� ��

������ (2�  !+$� 3.� 31(&&$1� (-3$1- ++8� .-� 2(&- +2� 6(3'� %4-# :

,$-3 +� %1$04$-"($2�  2� '(&'�  2� ��� ��9�� �-"$� 3'$� 31(&&$1

/.(-3� ' 2� !$$-� #$3$1,(-$#�  -#�  ++� 3'$� -$"$22 18� # 3 � ' 2

!$$-�  "04(1$#�� 3'$�  //1./1( 3$� # 3 � (2� 2$-3� 3.� 3'$� #(&(3 +

2(&- +� /1."$22(-&� ������ "'(/2�� �'$� 3(,$� # 3 � (-� 3'$� 31 "$

,$,.18� !4%%$1� 3' 3� (2� 2$-3� 3.� 3'$� ���� "'(/� ' 2�  -� ���� /$1:

%.1,$#� .-� (3�� �(3'� 3'$� 3(,$� # 3 � -.6� ".-5$13$#� (-3.� 3'$

%1$04$-"8� #., (-�� ���  -#� ��� ".11$"3(.-2�  1$�  //+($#� 3.� 3'$

# 3 �� �'$� ��� ".11$"3(.-2� ".,/$-2 3$� %.1� -.-(#$ +(3($2� (-� 3'$

 - +.&� 2(&- +� /1."$22(-&� / 3'�� �'$� ��� ".11$"3(.-2� ".,/$-:

2 3$� %.1� 1.++:.%%� (-� 3'$� ,("1.6 5$� 2 ,/+$1� ".-5$12(.-� $%%(:

"($-"8�  2�  � %4-"3(.-� .%� (-".,(-&� 2(&- +� %1$04$-"8�� �� �(+!$13

31 -2%.1,� (2� 3'$-� /$1%.1,$#� .-� 3'$� ".11$"3$#� %1$04$-"8� # 3 

3.� &$-$1 3$�  � 04 #1 341$� 2$3� .%� # 3 ��  -#�  -� (-5$12$� ���� (2

/$1%.1,$#�� �'(2� 04 #1 341$� 2$3� .%� 3(,$:#., (-� # 3 � (2� ".,:

!(-$#� 6(3'� 3'$� .1(&(- +� 2 ,/+$#� 3(,$� # 3 � 3.� %.1,�  � ".,:

/+$7:5 +4$#� 1$/1$2$-3 3(.-� .%� 3'$� 2(&- +� " ++$#� 3'$� ����
	��

������� � �'$�  - +83("� 2(&- +� 2(,/+(%($2� 3'$� , -(/4+ 3(.-�  -#

 - +82(2� .%� ,.#4+ 3$#� 6 5$%.1,2��� �/$"(%(" ++8�� (-� 3'(2�

 //+(" 3(.-�� (3� (2� 42$#� 3.� 1$".5$1� 3'$� )(33$1� 3(,$� %4-"3(.-�

�'$� ��� ������ " -� , *$�  -#� #(2/+ 8� ,$ 241$,$-32� .%� 3'$

%1$04$-"8� 2/$"314,� .1� 3(,$:#., (-� 6 5$%.1,� .%�  � )(33$1$#

"+."*� 2(&- +�� �3� " -�  +2.� #$,.#4+ 3$� 3'$� )(33$1$#� "+."*� 2(&- +

3.� #(2/+ 8�  -#� /$1%.1,� ,$ 241$,$-32� .-� 3'$� )(33$1� 2/$"314,

.1� )(33$1� 3(,$� %4-"3(.-�� �(&�� � � 2'.62�  � 	����
	:��9� "+."*

2(&- +� #(2/+ 8$#� (-� 3'$� 3(,$� #., (-�� �'$� )(33$1� %4-"3(.-� (-

3'(2� $7 ,/+$� (2�  � 2(-42.(#�  3�  � ��:*�9� 1 3$� 6(3'�  -�  ,/+(34#$

3' 3� ".11$2/.-#2� 3.�  � /' 2$� #$5( 3(.-� .%� ��	�� ��� /$ *:3.:

/$ *�� �'(2� #(2/+ 8� (2� 2(,(+ 1� 3.� 6' 3� .-$� 6.4+#� .!2$15$� .-�  

'(&':2/$$#� .2"(++.2"./$� 6(3'� 3'$�  //1./1( 3$� 31(&&$1� 2(&- +�

�(&�� �!� 2'.62� 3'$� "+."*� 2/$"314,� 6(3'� )(33$1� 2(#$! -#2�� �'(2

#(2/+ 8� (2� 2(,(+ 1� 3.� 6' 3� 6.4+#� !$� .!2$15$#� .-�  -� ��� 2/$":

314,�  - +89$1�� �(- ++8�� 2'.6-� (-� �(&�� �"�  1$� 2(,4+3 -$.42

%1$04$-"8:#., (-�  -#� 3(,$:#., (-� #(2/+ 82� .%� 3'$� #$,.#4:

+ 3$#� )(33$1� %4-"3(.-�� �2� 6(++� !$� 2'.6-� + 3$1�� 3'$� ,$ 241$,$-3

3$"'-(04$� 42$#� !8� 3'$� ��� ������ #$/$-#2� .-� 3'$� 2/$"31 +

".-3$-3�  -#� , &-(34#$� .%� 3'$� )(33$1� 3(,$� %4-"3(.-��  -#� 3'$

38/$� .%� ,$ 241$,$-3� !$(-&� /$1%.1,$#�

��	������ �����
	�� �����

�2� /1$5(.42+8� 23 3$#�� )(33$1� (2� $22$-3( ++8� /' 2$� ,.#4+ 3(.-�

�.1� 2, ++�  ,.4-32� .%� 2(-42.(# +� /' 2$� ,.#4+ 3(.-��  � 2(-&+$

/ (1� .%� 2(#$! -#2� (2� .!2$15$#�� 6'("'�  1$� 2$/ 1 3$#� %1.,� 3'$

" 11($1� �"+."*� %1$04$-"8�� !8� 3'$� ,.#4+ 3(.-� %1$04$-"8�� �.1

2, ++� 5 +4$2� .%� ,.#4+ 3(.-� (-#$7�� 3'$� , &-(34#$� .%� 3'$� 2(#$:

! -#2� (2� +(-$ 1+8� /1./.13(.- +� 3.� 3'$� ,.#4+ 3(.-� (-#$7�� �2

3'$� ,.#4+ 3(.-� (-#$7� (-"1$ 2$2�  ##(3(.- +� 2(#$! -#2�  //$ 1

 -#� 3'$� 1$+ 3(.-2'(/� !$36$$-� ,.#4+ 3(.-� (-#$7�  -#� 2(#$! -#

, &-(34#$� !$".,$2� -.-+(-$ 1�� �'$�  ,/+(34#$� .%� 3'$� -3'� 2(#$:

! -#� 1$+ 3(5$� 3.� 3'$� , &-(34#$� .%� 3'$� 4-,.#4+ 3$#� " 11($1

" -� !$� " +"4+ 3$#� 42(-&� 3'$� -3'� .1#(- 18� �$22$+� %4-"3(.-�

6(3'� 3'$� ,.#4+ 3(.-� (-#$7� � �  2�  -�  1&4,$-3�

�-� �� �-����

� � �� �� ×� ���

�'$� ,.#4+ 3(.-� (-#$7� (2�  -� (-#(" 3.1� .%� 3'$� -4,!$1� .%� 2(&:

-(%(" -3� 2(#$! -#2�� 2(&-(%(" -3� !$(-&� &1$ 3$1� 3' -� �	�� #�� 1$+ :

3(5$� 3.� 3'$� 4-,.#4+ 3$#� " 11($1�� �'$� ! -#6(#3'� ��� .%�  

/' 2$� ,.#4+ 3$#� " 11($1�� $7/1$22$#�  2�  � %4-"3(.-� .%� 3'$
���� ��� � �� �(33$1$#� 	����
	:��9� "+."*� 2(&- +�� �!�� �/$"314,� .%� 3'$

)(33$1$#� "+."*� 2(&- +�� �"�� �$,.#4+ 3$#� ��:*�9� )(33$1� 6 5$%.1,�  -#

2/$"314,�

(a)

(b)

(c)



��� � � � � � � �-*:=):A� 
���� �-?4-<<F!)+3):,� �7=:6)4   Hewlett-Packard Company 1995

57,=4)<176� 16,-@� )6,� <0-� 57,=4)<176� .:-9=-6+A� .57,�� +)6

*-� )88:7@15)<-,� =;16/� �):;76�;� :=4-�

�&� � � �.57,�
� �� ���

$0-7:-<1+)44A�� )� *)6,?1,<0F4151<-,� ;1/6)4� +)6� *-� )++=:)<-4A

:-+76;<:=+<-,� 1.� <0-� ;)584-� :)<-� 1;� 57:-� <0)6� <?1+-� <0-� ;1/F

6)4�;� *)6,?1,<0�� #16+-� <0-� �!� �
�	
��;� 5)@15=5� ;)58416/

.:-9=-6+A� 1;� �	� ��B�� )++=:)<-�� =6)41);-,� ;)584-,� :-8:-;-6F

<)<176;� +)6� *-� 7*<)16-,� 7.� ;1/6)4;� ?07;-� *)6,?1,<0� 1;� 4-;;

<0)6� 
	� ��B�� $0-� 16;<:=5-6<�;� 51+:7?)>-� ;)584-:� +76>-:<;

<0-� 21<<-:-,� ;1/6)4� )<� <0-� +47+3� .:-9=-6+A�� .;1/6)4�� ,7?6� 16<7

<0-� ��� *A� 51@16/� <0-� ;1/6)4� .:-9=-6+A� ?1<0� )� 0):5761+� 7.� <0-

;)584-� .:-9=-6+A�� .;)584-�� $01;� 0):5761+� 6=5*-:� 1;� :-.-::-,

<7� );� <0-� +75*� 6=5*-:�� ��� $0-� 51615=5� +75*� 6=5*-:� 1;�

�51615=5� �� +-1416/C.;1/6)4��	� ��BD�

?0-:-� +-1416/C@D� 1;� <0-� ;5)44-;<� 16<-/-:� /:-)<-:� <0)6� @�� $01;

16<-/-:� +75*� 6=5*-:� 1;� <0-6� =;-,� <7� +758=<-� <0-� ;)584-

.:-9=-6+A� .7:� <0-� /1>-6� ;1/6)4� .:-9=-6+A� ?1<0� <0-� .7447?16/

:-4)<176;018�

.;)584-� �� .;1/6)4�'�� �� �6=5*-:� 7.� +A+4-;�6=5*-:�

7.� <:)+-� 8716<;�(�

$0-� 21<<-:-,� ;1/6)4� )<� <0-� +47+3� .:-9=-6+A� ?7=4,� *-� 51@-,

,7?6� <7� B-:7� .:-9=-6+A� 16� <0-� ��� ?1<07=<� <0-� <-:5� +A+4-;�

<:)+-� 8716<;�� ?01+0� 1;� =;-,� <7� 84)+-� <0-� ,7?6F+76>-:<-,

;1/6)4� 16� <0-� ��� ?1<07=<� 0)>16/� <0-� ;1,-*)6,;� .74,� 7>-:�� �6

�1/�� ��� )6� -@)584-� 1;� ;07?6� .7:� )� +47+3� .:-9=-6+A� 7.� ������

��B�� )� 51615=5� +75*� 6=5*-:� 7.� 
���� <:)+-� 8716<;� -9=)4� <7


	��� )6,� +A+4-;� -9=)4� <7� ����� $0-� +7::-;876,16/� ;)584-

.:-9=-6+A� 1;� 
��������� ��B�� $0-� -..-+<1>-� ��� *)6,?1,<0� 1;

����� ��� �@)584-� "��� ���� )6,� 21<<-:� ;8-+<:)� .7:� )� ������F��B� 21<<-:-,

+47+3� ;1/6)4� )6,� )6� �!� �
�	
�� ;)584-� .:-9=-6+A� 7.� 
��������

��

RF
 S

pe
ct

ru
m

IF
 S

pe
ct

ru
m

Ji
tte

r S
pe

ct
ru

m

DC

DC

DC

19.86 MHz

9.94 MHz

4.97 MHz

4.97 MHz

fsample

fsignal

2.483 GHz

N=125

2.503 GHz

N=126fsignal

2.488 GHz

76-F0)4.� <0-� ;)584-� .:-9=-6+A� 7:� �����
�� ��B� 16� <01;� +);-�

)6,� <0-� ,7?6F+76>-:<-,� ;1/6)4� 1;� +-6<-:-,� 16� <0-� ���

�7:� <0-;-� ;1/6)4;�� <0-� 80);-� 57,=4)<176� ?)>-.7:5� +)6� *-

,-<-:516-,� =;16/� <0-� *=14<F16� DEG� 5)<0� .=6+<176� *);-,� 76
<0-� )6)4A<1+� ;1/6)4�� $0-� 8-)3F<7F8-)3� 21<<-:� +)6� *-� 5-);=:-,

,1:-+<4A� 76� <01;� ,-57,=4)<-,� ?)>-.7:5�� �7?->-:�� <7� 158:7>-

<0-� 5-);=:-5-6<� ;1/6)4F<7F671;-� :)<17�� 8):<1+=4):4A� .7:� 47?

4->-4;� 7.� ;16=;71,)4� 80);-� 57,=4)<176�� )� ,1;+:-<-� �7=:1-:

<:)6;.7:5� 7.� <0-� 57,=4)<176� ?)>-.7:5� +)6� *-� 8-:.7:5-,�

$0-� 8-)3� 21<<-:� +)6� *-� ,-<-:516-,� .:75� <0-� 5)/61<=,-� 7.� <0-

;8-+<:)4� +75876-6<� +7::-;876,16/� <7� <0-� 57,=4)<176� .:-F

9=-6+A�� $01;� +75876-6<� :-8:-;-6<;� <0-� -6-:/A� 16� )� ;5)44

.:-9=-6+A� *)6,� ?07;-� ?1,<0� 1;� ;-<� *A� <0-� ?16,7?� .=6+<176

=;-,� 16� +)4+=4)<16/� <0-� <:)6;.7:5�� �� .4)<F<78� ?16,7?� 1;� =;-,

16� <0-� �!� �
�	
�� .7:� ;16/4-F.:-9=-6+A� ;16=;71,)4� 21<<-:� 5-)F

;=:-5-6<;�� $01;� ?16,7?� .=6+<176� -..-+<1>-4A� ;-:>-;� );� )� :-;F

74=<176� *)6,?1,<0� .14<-:� <0)<� :-,=+-;� <0-� :)6,75� 671;-�� $0-

:-;74=<176� *)6,?1,<0� "�&� 7.� <0-� ?16,7?� .=6+<176� +)6� *-

,-<-:516-,� .:75�

"�&� �� &16,7?� �)+<7:� ×� .;)584-�6=5*-:� 7.� <:)+-� 8716<;�

?0-:-� <0-� ?16,7?� .)+<7:� 1;� ���	� .7:� )� .4)<F<78� ?16,7?�� �7:� )

.1@-,� ;)584-� :)<-�� );� <0-� 57,=4)<176� .:-9=-6+A� 1;� :-,=+-,�

<0-� +7::-;876,16/� ;8-+<:)4� +75876-6<� 16� <0-� �7=:1-:� <:)6;F

.7:5� 57>-;� +47;-:� <7� <0)<� 7.� <0-� B-:7F.:-9=-6+A� +75876-6<�

�6� <0-� 4151<�� <0-� ?16,7?� .=6+<176;� 7.� <0-;-� <?7� +75876-6<;

7>-:4)8�� )6,� <0-� 5)/61<=,-� 7.� <0-� 57,=4)<176� :)<-� ;8-+<:)4

+75876-6<� 1;� +76<)516)<-,�� $7� +7=6<-:� <01;� -..-+<� <0-� +75*

6=5*-:� +)6� *-� 16+:-);-,�� :-,=+16/� <0-� ;)584-� :)<-� )6,

57>16/� <0-� 57,=4)<176F.:-9=-6+A� +75876-6<� )?)A� .:75� <0-

B-:7F.:-9=-6+A� +75876-6<�� �7?->-:�� :-,=+16/� <0-� ;)584-

:)<-� ,-+:-);-;� <0-� -..-+<1>-� ��� *)6,?1,<0�� )6,� <0=;� <0-� 5-)F

;=:)*4-� ;1/6)4� *)6,?1,<0�� �);-,� 76� <0-� ;8-+1.1-,� 21<<-:� 5)/F

61<=,-�� <0-� 5)@15=5� +75*� 6=5*-:� +)6� *-� ,-<-:516-,

=;16/� <0-� .7447?16/� :-4)<176;018�� ?1<0� .;)584-� ;-<� -9=)4� <7

<?1+-� �):;76�;� *)6,?1,<0�

�5)@15=5� ��$�
.;1/6)4

.57,'
� ��� %��(
�

6=5*-:E 7.E +A+4-;

6=5*-:E 7.E <:)+-E 8716<;
��

�;� 476/� );� <0-� ;)584-� .:-9=-6+A� 1;� /:-)<-:� <0)6� <?1+-� <0-

,7?6F+76>-:<-,� ;1/6)4�;� *)6,?1,<0�� <0-� <:)6;.7:5� 5-);=:-F

5-6<� 1;� 8-:.7:5-,�� �.� 67<�� <0-� ;)584-� .:-9=-6+A� 1;� 16+:-);-,

<7� 5--<� <0-� :-9=1:-5-6<;� 7.� �):;76�;� :=4-� )6,� <0-� 5-);=:-F

5-6<� 1;� 5),-� ,1:-+<4A� 76� <0-� 57,=4)<176� ?)>-.7:5�� $A81+)44A�

?0-6� <01;� 7++=:;�� <0-� ;8-+1.1-,� 21<<-:� 5)/61<=,-� 1;� 9=1<-� 4):/-

)6,� 5-);=:-5-6<� =6+-:<)16<A� :-;=4<16/� .:75� :)6,75� 671;-

+)6� *-� 1/67:-,��  .<-6�� <0-� +47+3� .:-9=-6+A�� 21<<-:� 57,=4)<176

.:-9=-6+A�� )6,� 5)/61<=,-� ):-� ;8-+1.1-,� -1<0-:� *A� <0-� :-F

9=1:-5-6<;� 16� <0-� ;<)6,):,� 7:� *A� <0-� +=;<75-:�� )6,� 16� ;=+0

+);-;� <0-� �!� �
�	
�� =;-;� <01;� 16.7:5)<176� <7� ,-<-:516-� <0-

78<15=5� 5-);=:-5-6<� 57,-�

&0-6� <0-� ;1/6)4�;� *)6,?1,<0� -@+--,;� 
	� ��B�� <0-� 16;<:=F

5-6<�;� 5)@15=5� ��� *)6,?1,<0�� <0-� ,7?6F+76>-:<-,� ;1/6)4

*-+75-;� )41);-,� )6,� <0-� 80);-� 57,=4)<176� ?)>-.7:5� +)667<

*-� ,1:-+<4A� 7*<)16-,�� �7?->-:�� 1<� 1;� ;<144� 87;;1*4-� <7� ,-<-:516-

<0-� 57,=4)<176� 16,-@� 7.� ;1/6)4;� +76<)1616/� ;16=;71,)4� 21<<-:�

�6� <01;� +);-�� <0-� 16;<:=5-6<� 5-);=:-;� <0-� ;1/6)4�;� "�� ;8-+F

<:=5� ,1:-+<4A�� ;-<<16/� <0-� ;)584-� :)<-� ;=+0� <0)<� <0-� +)::1-:



  Hewlett-Packard Company 1995 �*'7:&7>� 
���� �*<1*99@ &(0&7)� �4:73&1� � � � � � � ��

&3)� +.789@47)*7� 8.)*'&3)8� +&11� &9� (43;*3.*39� 51&(*8� .3� 9-*� ��

'&3)�� #-*� 2&,3.9:)*� 4+� 9-*� (&77.*7� .8� 2*&8:7*)�� &3)� 9-*

&;*7&,*� 4+� 9-*� 2&,3.9:)*8� 4+� 9-*� +.789� 47)*7@8.)*'&3)8� .8

)*9*72.3*)�� $8.3,� 9-*� &;*7&,*� 4+� 9-*� :55*7� &3)� 14<*7� +.789@

47)*7� 8.)*'&3)8� 8.,3.+.(&391>� 7*):(*8� &3>� *++*(9� 9-&9� .3(.)*3@

9&1� &251.9:)*� 24):1&9.43� ����� 2&>� -&;*� 43� 9-*� 5-&8*� 24)@

:1&9.43� � ��� 2*&8:7*2*39�� #-*� 24):1&9.43� .3)*=� � � .8

(&1(:1&9*)� '>� 3:2*7.(&11>� 841;.3,�

�

�	
�

�
���

�	���
�

<-*7*� �
� .8� 9-*� &;*7&,*� 4+� 9-*� 2&,3.9:)*8� 4+� 9-*� +.789� 5&.7� 4+

8.)*'&3)8�� �	� .8� (&77.*7� 2&,3.9:)*�� &3)� �	� &3)� �
� &7*� �*88*1

+:3(9.438�� ".3(*� 431>� 9-*� (&77.*7� &3)� +.789@47)*7� 8.)*'&3)8� &7*

2*&8:7*)�� 9-.8� 9*(-3.6:*� (&3� )*9*72.3*� 9-*� 24):1&9.43� .3@

)*=� +47� /.99*7� 1*;*18� :5� 94� 9-&9� &9� <-.(-� �	� ,4*8� 9-74:,-� .98

+.789� 3:11�� #-.8� 4((:78� &9� &� /.99*7� &251.9:)*� 4+� 	���� $��� <-.(-� .8

&'4:9� &� +&(947� 4+� +.;*� 1&7,*7� 9-&3� 9-*� /.99*7� 1*;*1� 4+� 	�
�� $�

85*(.+.*)� .3� 9-*� 89&3)&7)8� +47� 24):1&9.43� +7*6:*3(.*8� 9-&9

&5574&(-� 47� *=(**)� 9-*� .3897:2*39�8� 2&=.2:2� ��� '&3)<.)9-

4+� 
	� ��?�

������� 
��������� ��� ������� 
�������

�.99*7� 941*7&3(*� &3)� /.99*7� 97&38+*7� &7*� '49-� 89.2:1:8@7*85438*

2*&8:7*2*398�� �9� *&(-� /.99*7� 24):1&9.43� +7*6:*3(>�� 9-*

&24:39� 4+� 85*(.+.*)� /.99*7� .8� &551.*)� 94� 9-*� )*;.(*� :3)*7� 9*89

��$#��� &3)� .98� 7*85438*� .8� 4'8*7;*)�� �8� 8-4<3� .3� �.,�� �(�

#-*� � � �
�	
�� 243.9478� 9-*� /.99*7� 1*;*1� 43� 9-*� (14(0� 4:95:9

4+� 9-*� 5&99*73� ,*3*7&947� 43� �-&33*1� ��� #-*� .3897:2*39� :8*8

.98� ;&7.4:8� 8.3:84.)&1� /.99*7� 2*&8:7.3,� 9*(-3.6:*8� 94� &)/:89

9-*� &251.9:)*� 4+� 9-*� � � ����� 8>39-*8.?*7� 94� (&1.'7&9*� 9-*

/.99*7� 1*;*1� 43� 9-*� (14(0� 84:7(*� 94� 9>5.(&11>� '*99*7� 9-&3� 
�

&((:7&(>�� #-*� /.99*7� 43� 9-*� (14(0� 84:7(*� .8� 9-*3� 97&38+*77*)

*6:&11>� 94� '49-� 9-*� )&9&� &3)� (14(0� 4:95:98� 4+� 9-*� � � �	�
�

5&99*73� ,*3*7&947�� #-*� /.99*7*)� )&9&� 4:95:9� .8� &551.*)� 94� 9-*

�$#�� #-*� � � �
�	
�� .3(1:)*8� ':.19@.3� .35:9� /.99*7� &251.9:)*@

;*78:8@+7*6:*3(>� 9*251&9*8� (477*8543).3,� 94� ��@
��� ��@��

"#�@�� &3)� "#�@
�� 97&382.88.43� 7*6:.7*2*398�� �3� &)).9.43�

9-*� :8*7� (&3� (7*&9*� &3)� *).9� (:8942� .35:9� 9*251&9*8�� <-.(-

(&3� '*� 8&;*)� 94� &3)� 7*97.*;*)� +742� &� !��� (&7)�� �3� �.,�� ��

9-*� 2&=.2:2� 8*99&'1*� /.99*7� &251.9:)*� .8� 8-4<3� +47� 9-*� 8>8@

9*2� 7*1&9.;*� 94� 9-*� 7*6:.7*2*39� 4+� 9-*� ��@�� .35:9� 9*251&9*�

#-*� 2&=.2:2� 2*&8:7&'1*� /.99*7� 4+� 9-*� � � �
�	
�� .8� �	� $�

5*&0@94@5*&0� +47� 9-*� :3&1.&8*)� 2*&8:7*2*398�� &3)� 	��� $�

5*&0@94@5*&0� +47� 9-*� &1.&8*)� 2*&8:7*2*398�� �;*7� 2489� 4+

����� ��� �&=.2:2� 8.3:84.)&1� /.99*7� 2*&8:7*2*39� 7&3,*� &9� ������� ��?�

10 100 1k 10k 100k 1M 10M
0.1

1

10

100

Ji
tte

r A
m

pl
itu

e 
(U

I)

Jitter Frequency (Hz)

Measurement Range

Modulation Range

SONET Mask

����� ��� ��@�� /.99*7� 941*7&3(*� 2*&8:7*2*39� 43� &� �$#�

9-*� /.99*7� +7*6:*3(>� 7&3,*�� 9-*� 2&=.2:2� /.99*7� &251.9:)*� .8

1.2.9*)� '>� 9-*� 5-&8*� 24):1&9.43� (&5&'.1.9>� 4+� 9-*� � � �	�

�

(14(0� 84:7(*�� �3� &3>� (&8*�� 9-*8*� 2&=.2:2� 1.2.98� &7*� <*11� .3

*=(*88� 4+� 9-*� 7*6:.7*2*398� 4+� 9-*� 89&3)&7)� 9*251&9*�

�3� 9-*� /.99*7� 941*7&3(*� 9*89�� 9-*� *7747� 5*7+472&3(*� 4+� 9-*� �$#

.8� 243.947*)� '>� 9-*� �	���� *7747� 5*7+472&3(*� &3&1>?*7�� #-*

&.2� 4+� 9-*� 9*89� .8� 94� )*9*72.3*� .+� 9-*� �$#�8� *7747� 5*7+472&3(*

.8� )*,7&)*)� '>� /.99*7� &9� &� 85*(.+.*)� +7*6:*3(>� &3)� &251.9:)*

1*;*1�� �.,�� �� 8-4<8� 9-*� 7*8:19� 4+� &� /.99*7� 941*7&3(*� 2*&8:7*@

2*39� 2&)*� 43� &� (14(0� &3)� )&9&� 7*(4;*7>� (.7(:.9�� #-*� .35:9

9*251&9*� <&8� 9-*� 89&3)&7)� 9*251&9*� +47� ��@��� <-.(-� (477*@

8543)8� 94� &� (14(0� 7&9*� 4+� ������� �'.98�8�� �4=*8� (477*8543)

94� 2*&8:7*2*39� 54.398� 9-&9� 5&88*)�� %8� .3).(&9*� 2*&8:7*2*39

54.398� 9-&9� +&.1*)�� �.9-*7� '.9� *77478� 47� &� 5&79.(:1&7� *7747� 7&9*

(&3� '*� 8*1*(9*)� &8� 9-*� +&.1:7*� (7.9*7.43�

�3� 9-*� /.99*7� 97&38+*7� 9*89�� 9-*� /.99*7� 43� 9-*� �$#�8� 7*(4;*7*)

(14(0� 4:95:9� .8� 243.947*)� 43� (-&33*1� 
� 4+� 9-*� � � �
�	
�

&3)� (425&7*)� 94� 9-*� .35:9� /.99*7� 43� (-&33*1� ��� #-*� 7&9.4� .8

9-*3� (425:9*)�� #-.8� 9*89� .8� 7*6:.7*)� 94� *38:7*� 9-&9� 43(*

.389&11*)� .3� &� 8>89*2�� 9-*8*� )*;.(*8� <43�9� 8.,3.+.(&391>� .3@

(7*&8*� /.99*7� .3� &3>� 5&79� 4+� 9-*� 85*(97:2�� �� (&8(&)*� 4+� 8.2.1&7

)*;.(*8�� *&(-� <.9-� /:89� &� 82&11� .3(7*&8*� .3� /.99*7�� (4:1)� 7*8:19

.3� &3� :32&3&,*&'1*� /.99*7� 1*;*1�� #-*� 89&3)&7)8� 85*(.+>� &� 2&=@

.2:2� ;&1:*� 4+� /.99*7� 97&38+*7� 4+� 431>� 	�
� )�� :5� 94� 9-*� 85*(.@

+.*)� '&3)<.)9-� 4+� 9-*� (14(0� 7*(4;*7>� (.7(:.9�� #-.8� 1*;*1� -&8

'**3� ).++.(:19� 94� 2*&8:7*� &((:7&9*1>�� #-*� � � �
�	
�� <.9-� .98

9<4� 2&9(-*)� .35:9� (-&33*18� 9>5.(&11>� 2&0*8� 9-.8� 2*&8:7*@

2*39� <.9-� &3� &((:7&(>� 4+� -:3)7*)9-8� 4+� &� )��� "-4<3� .3� �.,�

�� .8� &� /.99*7� 97&38+*7� 2*&8:7*2*39� 2&)*� 43� &� �$#� &9� ��@��

#-*� 841.)� 1.3*� (477*8543)8� 94� 9-*� 2&=.2:2� 85*(.+.*)� /.99*7

1*;*1� &9� &� ,.;*3� +7*6:*3(>�� #-*� '4=*8� (477*8543)� 94� 2*&@

8:7*2*39� 54.398� 9-&9� 5&88*)�� %8� (477*8543)� 94� 2*&8:7*2*39

54.398� 9-&9� +&.1*)�� �&.1:7*8�� .+� 9-*>� 4((:7�� 9>5.(&11>� 4((:7� 3*&7

9-*� '&3)<.)9-� 1.2.9� 4+� 9-*� (14(0� 7*(4;*7>� (.7(:.9�

������� ����������� ��� 	������ ������

�49-� 9-*� /.99*7� ,*3*7&9.43� &3)� 4:95:9� /.99*7� 9*898� &7*� 2*&8:7*@

2*398� 4+� .397.38.(� 7&3)42� 5-&8*� 34.8*� .3� &� 85*(.+.(� '&3)@

<.)9-� <.9-� 34� *=9*73&1� /.99*7� &551.*)�� #-*� � � �
�	
�� :8*8

9-*� 8&2*� 2*&8:7*2*39� 574(*):7*� +47� '49-� /.99*7� ,*3*7&9.43

&3)� 4:95:9� /.99*7�� (&1(:1&9.3,� '49-� 9-*� 5*&0@94@5*&0� &3)� 728



��� � � � � � � �/,<?+<C� ����� �/A6/>>F#+-5+<.� �9?<8+6   Hewlett-Packard Company 1995

	���� ��� "�F��� 43>>/<� ><+8=0/<� 7/+=?</7/8>� 98� +� �('�

43>>/<� @+6?/=�� '2/� ?::/<� /8.� 90� >2/� 7/+=?</7/8>� 0</;?/8-C

<+81/� 3=� =/>� ,C� >2/� 2+<.A+</� ,+8.:+==� 036>/<�� =29A8� 38� �31�� �-�

A29=/� -/8>/<� 0</;?/8-C� 3=� /;?+6� >9� >2/� -69-5� <+>/�� '2/� 69AF

0</;?/8-C� 6373>� 3=� 37:6/7/8>/.� 38� >2/� 09669A381� 7+88/<�� �9<

/+-2� 38=><?7/8>� =A//:�� >2/� :2+=/� 893=/� A+@/09<7� 3=� -97F

:?>/.� +8.� +8� ��'� 3=� :/<09<7/.�� �� 2312F:+==� 036>/<� 0?8->398� 3=

37:6/7/8>/.� ,C� 7?6>3:6C381� >2/� +::<9:<3+>/� /6/7/8>=� 90� >2/

�9?<3/<� ><+8=09<7� ,C� D/<9�� '2/� =+7:6/� 0</;?/8-C� 3=� -29=/8

=9� >2+>� +8� 38>/1/<� 8?7,/<� 90� D/<9/.� /6/7/8>=� -97/=� A3>238

>2/� -29=/8� +--?<+-C� 90� ��� 09<� >2/� 036>/<� -?>900� 0</;?/8-C�� '23=

</=?6>=� 38� +� =+7:6/� 0</;?/8-C� >2+>� 3=� +::<9B37+>/6C� �

� >37/=

>2/� -?>900� 0</;?/8-C�� &38-/� +63+=381� A366� 9--?<� 30� >2/� =318+6

,+8.A3.>2� /B-//.=� 2+60� >2/� =+7:6/� 0</;?/8-C�� >2/� +7:63>?./

90� >2/� 43>>/<� 0?8->398� 3=� 6373>/.� =9� >2+>� >2/� </=?6>381� ,+8.A3.>2

3=� 6/==� >2+8� �
� >37/=� >2/� -?>900� 0</;?/8-C�� �C� =/>>381� >2/

,+8.A3.>2� 38� �+<=98�=� <?6/� >9� �
� >37/=� >2/� -?>900� 0</;?/8-C

+8.� A9<5381� ,+-5A+<.=� >2/� 7+B37?7� 7/+=?<+,6/� :/+5F>9F

:/+5� (�� +=� +� 0?8->398� 90� 0</;?/8-C� -+8� ,/� ./>/<738/.�

(�7+B�:/+5F>9F:/+5��
�
���

��0-?>900

0
� ���

(:� >9� ���� (�� :/+5F>9F:/+5� -+8� ,/� 7/+=?</.� +>� >2/� 2312F:+==

-?>900� 0</;?/8-C�� A3>2� >2/� 7/+=?<+,6/� 6373>� ./-</+=381� +=� �	0

+>� 2312/<� 0</;?/8-3/=�� '2/� =>+8.+<.=� =:/-30C� 7+B37?7� 6373>=

90� 
���� (�� :/+5F>9F:/+5� +8.� ���� (�� :/+5F>9F:/+5� 09<� +8� /8F

>3</� ,+8.A3.>2�� A23-2� +009<.=� +� -9709<>+,6/� +79?8>� 90� 7/+F

=?</7/8>� 2/+.<997�� +=� 6981� +=� >2/� 38><38=3-� 43>>/<� =:/-><?7

0+66=� 900� +=� �	0� 9<� 0+=>/<�� �38+66C�� >2/� ,+8.6373>/.� </=?6>� 3=

><+8=09<7/.� ,+-5� 38>9� >2/� >37/� .97+38�� A2/</� >2/� :/+5� :9=F

3>3@/� +8.� 8/1+>3@/� :2+=/� /B-?<=398=� +</� 89>/.� +8.� >2/

=;?+</=� 90� +66� >2/� =+7:6/=� +</� =?77/.�� *2/8� >2/� </;?/=>/.

8?7,/<� 90� =A//:=� 2+=� ,//8� -97:6/>/.�� >2/� <7=� @+6?/� 3=

-+6-?6+>/.� 0<97� >2/� =?7� 90� >2/� =;?+</=�� &29A8� 38� �31�� �
� 3=� +

43>>/<� 1/8/<+>398� 7/+=?</7/8>� :/<09<7/.� 98� +8� "�F��� -69-5

</-9@/<C� -3<-?3>�� '2/� =:/-303/.� -?>900� 0</;?/8-C� 3=� ��� 5�D

+8.� >2/� 7/+=?</7/8>� 6373>� 3=� �
� 7(�� <7=�

�������

�3>>/<� 7/+=?</7/8>=� 98� -97:98/8>=� 90� 2312F=://.� >/6/-97F

7?83-+>398� =C=>/7=� +</� 8/-/==+<C� >9� /8=?</� 69AF/<<9<F<+>/

	���� ���� "�F��� 43>>/<� 1/8/<+>398� 7/+=?</7/8>� 98� +� �('�

><+8=73==398� +8.� +</� </;?3</.� ,C� >2/� 38.?=><C� =>+8.+<.=� >2+>

./038/� >2/=/� =C=>/7=�� '2/� �#� ���
��� 43>>/<� +8.� /C/� .3+1<+7

+8+6CD/<� A+=� ./=318/.� 38� </=:98=/� >9� -?=>97/<� 8//.=� >9

7+5/� >2/=/� 7/+=?</7/8>=� +>� >2/� 2312� ><+8=73==398� <+>/=

-?<</8>6C� /7:69C/.� 38� 9:>3-+6� =C=>/7=�� '2/� �#� ���
��� -+8

:/<09<7� >2/� 38.?=><CF=>+8.+<.� 43>>/<� >96/<+8-/�� ><+8=0/<�� +8.

1/8/<+>398� 7/+=?</7/8>=�� �8� +..3>398�� 3>=� 7/+=?</7/8>� >/-2F

83;?/� 3=� 0</;?/8-CF+136/�� +669A381� 7/+=?</7/8>=� >9� ,/� 7+./

+>� :<9:<3/>+<C� ><+8=73==398� <+>/=�� �38+66C�� 3>=� .3@/<=/� 7/+=?</F

7/8>� -+:+,363>C� +669A=� 3>� >9� ,/� ?=/.� 09<� .3+189=>3-=� +8.� 43>>/<

+8+6C=3=�

��������������

'2/� 43>>/<� +8+6C=3=� 7/+=?</7/8>� -+:+,363>C� A+=� +� -966+,9<+F

>398� ,/>A//8� �/A6/>>F#+-5+<.�=� �312>A+@/� ":/<+>398� 38� &+8>+

%9=+�� �+6309<83+� +8.� $?//8=0/<<C� '/6/-977?83-+>398=� ":/<+F

>398=� 38� &9?>2� $?//8=0/<<C�� &-9>6+8.�� �83>3+66C�� +=� +� </=:98=/

>9� -?=>97/<� 7/+=?</7/8>� 8//.=�� �928� �97959=� A<9>/� +

:</63738+<C� +::63-+>398� 89>/� A3>2� >2/� 2/6:� 90� �928� *36=98�

�</1� �/�2/738+8>� +8.� �/900� *+>/<=� 9,>+38/.� +..3>398+6

7+<5/>� 38:?>=� >2+>� A/8>� 38>9� >2/� :<9.?->� ./0383>398�� '2+85=

19� >9� &>/@/� #/>/<=98� +8.� �928� */8.6/<� 09<� >2/3<� ?=/0?6� >/-2F

83-+6� 38:?>=�� �38+66C�� >2/� 43>>/<� 7/+=?</7/8>� :/<=98+63>C� A+=

-9./.� ,C�  35/�  +88381�� +� =90>A+</� -98><+->9<� 0<97� �+736>98

&90>A+</�


��������

��� ����"��� ����� !%!"��!� ��!��� ��� "��� !%��� ���#!� ����"��� ��� � ��%� �� 

#!�� ��� ��"����� ��� �� �����!� � ���''� %/-977/8.+>398� ������� ���
�

��� �%��� ���#!� �"����� ��"$� �� ������� � ��!�� "� �%!"��!�� ������

	��� ��� � �"� ��� � �/66-9</� '�F!*'F

���� ���
�

�� ����� �+669� +8.� ����� */8.6/<�� E'2/�  3-<9A+@/� '<+8=3>398� �8+6CD/<�

�� !/A� �8=><?7/8>� �<-23>/->?</� 09<� �97:98/8>� +8.� &318+6� �8+6C=3=��


�$��""&����� �� ��# ���� � )96�� ��� 89�� ��� "->9,/<� ������ ::�� ��F���

��� ���  ��  366/<�� E�312F&://.� �313>+6� '<+8=73>>/<� �2+<+->/<3D+>398

(=381� �C/� �3+1<+7� �8+6C=3=��� 
�$��""&����� �� ��# ���� � )96�� ���

89�� ��� �?1?=>� ������ ::�� ��F��

���  �� �/>26/0=/8� +8.� ��� ��� */8.6/<�� E�/=318� �98=3./<+>398=� 38� >2/

 3-<9A+@/� '<+8=3>398� �8+6CD/<��� 
�$��""&����� �� ��# ���� � )96�� ��

89�� ��� "->9,/<� ������ ::�� �F���


