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In most solid modeling CAD systems, knowledge of the history of the
design is necessary to avoid unanticipated side-effects when making
changes. With dynamic modeling, local geometry and topology changes
can be made independently of the model creation at any time, using both
direct and dimension-driven methods. The core components enabling
dynamic modifications are the tool body and the relation solver.
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The HP PE/SolidDesigner user interface is modeled after the successful,
easy-to-use, easy-to-learn interface of earlier HP CAD products. All
commands are coded as Common Lisp action routines. A user interface
builder helps command programmers by hiding details of the X Window
System and the OSF/Motif  graphical user interface. Prototyping was
done using a specially developed Lisp-based interface to OSF/Motif
called HCLX.
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*Depending on the current command, the catch setting indicates how a pick in the graphics
area (viewport) is processed to identify an element. For example, “catch vertex on current
workplane“ means that if the user picks near the end of a straight line, the resulting pick point
will exactly match the endpoint of the line. The catch radius is customizable.
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(defaction name

   ( ) ;; List of local variables (with or without initialization)

   ( ;; action description

   ( statename (state_form)
(state_prompt) 
help-index-symbol

      ( transitionpattern   (transition_form)   pers-update-symbol   next_state 
)

      ... ;; more transitions

    )

    ... ;; more states

   ) ;; end of action description 

   ( ;; local functions

    (local-fun ()

     ...

   )

   ... ;; more local functions

  ) ;; end of local function definitions

)
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�#� �#)�''*%)� ��)�$#� �(� ����#��� *(�#�� )���  �.,$'�� defiaction
�#�� �� (*���)�$#� �(� ����#��� *(�#�� )���  �.,$'�� defsaction�� ���
(��$#�� %�'�"�)�'� $�� )��� ��)�$#� '$*)�#�� ����#�)�$#� �(� )��
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"*#���)�� ,�)�� )��� *(�'� �#)�'����

$����)(� )�'$*��� )��� %�'($#�!�).�

Personality
Index

LISP Form

Action
Routines

Status
Display

and
Update

Prompt,
Enter
Input,
Mouse
Picks

User
Interface
Builder

and Tools

OSF/
Motif

Objects

Callbacks and Put Buffer

GUI Update Table
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 %�� +��� �&$$�%�� %�$��  *� �� # *+� &�� #&��#� ��+ &%� -�) ��#�*�

���*�� -�) ��#�*� ��%� &%#0� ��� ����**��� �)&$� . +� %� +� *� ��+ &%

)&,+ %��� ��+ &%� )&,+ %�� #&��#� �,%�+ &%*� �%�� ����� *+�+�� �%�

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

,*�)3�%+�)��� �&$$�%�� '�)�$�+�)*� �%�� �*� -�) ��#�*� +&

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

��/+� �&$�*� �� ��*�) '+ &%� &�� +��� *+�+�� $��� %��� ���� *+�+�*

�)�� +�&*�� ��� %��� �0� +��� �������� � &�� +��� �&$$�%�� '#,*�  %3

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

*+),�+,)�� ,*��� +&� ��*�) ��� +��� *0%+�/� &�� �%� ��� ����&# ��3

* �%�)� �&$$�%�� �&)� +��� ,*�)��� ����� *�&.*� +��� * $'# � ��

)� #)&��� &�� +��� �/+),��� �&$$�%�� ��� ��.� &'+ &%*� ��-�� ���%

&$ ++��� �&)� �#�) +0��� ���� )� #)&��� )��#��+*� +��� �&%��'+� &�� '�)3

�##�#� �&$$�%�� *0%+�/�� ����� "�0.&)�� �:part�� :wp�� :distance�

��%� ��� � -�%� �+� �%0� + $�� �%�� +��� �&$$�%�� #&&'*� ,%+ #� +��

,*�)� �&$'#�+�*� &)� ��%��#*�  +�

�� � *+ %�+ &%�  *� $���� ��+.��%� ')&$'+ %�� �%�� %&%')&$'+ %�

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

+&"�%� ��� "�0.&)�� &)� '�)�$�+�)� -�#,��� �)&$� +��� ,*�)�� �� *

+&"�%�  *� )���� �)&$� +���  %',+� *+)��$�� .� ���  *� � ##��� � +��)

 %+�)��+ -�#0� �0� +��� ,*�)� �� ++ %�� �%� &'+ &%� �,++&%�� �%+�) %�� �

%,$��)�� *�#��+ %�� �� '�)+�� �+���� &)� �)&$� �� � #�� �*,��� �*� +��

)��&)��)� � #���� �*� $�%0� +&"�%*� �*� ��* )��� ��%� ��� �%+�)���  %+&

+���  %',+� �,���)�� �%+�)��� +&"�%*� �)�� ')&��**��� �0� +��� ��+ &%

)&,+ %�� ��%�#�)�� �)&��** %�� *+&'*� �*� *&&%� �*� �%� �))&)� &��,)*

�*,��� �*� �%� ,%"%&.%� "�0.&)��� &)� +���  %',+� �,���)� ���&$�*

�$'+0�� ��� ����&# ��* �%�)� +��%� ���&$�*�  %+�)��+ -�� �%�

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

�$'+0�  %',+� �,���)� � *'#�0*� +��� ')&$'+� �&����  %�  +*� *+�+��

�	��� ��� � $'# � ��� )� #)&��� � - %�� +��� � ��3#�-�#� *0%+�/� &�� +��� �/+),��
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(:wp) –– |select workplane|

(:part) –– |select part|(extrude)

(:distance) –– |length|

��+�)� +��� ,*�)� ��*� �%+�)��� �� +&"�%�� +��� ��+ &%� )&,+ %�� ��%3

�#�)� +) �*� +&� $�+��� +���  %',+� . +�� &%�� &�� +��� *+�+�� +)�%* + &%*�

��� �� $�+���  *� �&,%�� +��� ��+ &%� )&,+ %�� ��%�#�)� ')&��**�*� +� *

+)�%* + &%� �%�� !,$'*� +&� +��� %�/+� *+�+��� �� %&%')&$'+ %�� *+�+�

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

�� $�+��� . +�� +��� �&���� +)�%* + &%*� &�� +� *� *+�+��� ��� +��� ��+ &%

)&,+ %�� ��%�#�)� .�*� %&+� ��#�� +&� � %�� �� $�+���  %� +��� +)�%* 3

+ &%*� �%�� %&� 2&+��). *��� +)�%* + &%� .�*� �&�����  +� * �%�#*� �%

 %-�# ��  %',+� �))&)�

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

$��� %�� *�&.%�  %� � ��� 	��� �*� +��� �/+),��� �&$$�%�� *+�)+*�

+��� � )*+� *+�+��  *� init�� �%� +� *� *+�+�� +��� #&��#� -�) ��#�*� �)��  % + �#3

 1��� �%�� � ##��� . +�� ,*��,#� ����,#+*� *,��� �*� +��� �,))�%+� '�)+

�%�� +��� �,))�%+� .&)"'#�%�� . +�� �� -�# �� ')&� #��� � %��� init�  *� �

%&%')&$'+ %�� *+�+�� �%�� &%#0� &%�� 2&+��). *��� +)�%* + &%�  *

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

top-prompt�� �� *� ')&$'+� *+�+�� �%�� +��� %&%')&$'+ %�� � *'�+��

*+�+�� top-opt� �)�� +��� ��%+)�#� *+�+�*� &�� +� *� �/�$'#�� �&$$�%��

���� top-opt� *+�+�� +�"�*� +���  %',+� &�� +��� ')�- &,*� *+�+�� �top-
prompt� &)� �%0� �/+)��+� &)� ����"� *+�+��� �%�� +) �*� +&� $�+���  +*

+)�%* + &%*�� ���� *+�+�*� select-part� �%�� select-wp� ��##� &%� +�� )

&%#0� 2&+��). *��� +)�%* + &%�� +��� *�#��+� *,���+ &%�� �*� +�� )

+)�%* + &%� �&)$�� . +�� +��� *'�� � �� *�#��+� �&�,*� &�� '�)+� &)

�	��� ���� �+�+�� $��� %�� �&)� +��

�/+),��� �&$$�%��

init

(init)

top-prompt

top-opt

(last_state_input)

select-wp distanceselect-part

chk-distance

(chk-distance)

extract-wp

(extract-wp)

extract-part

(extract-part)

State-Name

(state form)

end

(doer)

otherwise

:part
:distance

:wp

:part :part
:distance

:wp
:wp

otherwise

otherwise

otherwise

otherwise

:part
:distance

:wp

:distance

:error (display_error. . .)
:lengthotherwise | select subaction | otherwise

Legend:

Nonprompting
State

transition pattern transition form
Prompt State

| select subaction |
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This article describes a rounding operation for a 3D CAD boundary
representation (B-Rep) solid model. Complex combinations of convex and
concave edges are handled predictably and reliably. At vertices the
surfaces are smoothly connected by one or more surface patches. An
algorithm for the creation of blending surfaces and their integration into
the model is outlined. The sequence of topological modifications applied
to the solid model is illustrated by examples including some special case
handling.
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Surface and solid data can be imported from HP PE/ME30 and
exchanged with systems supporting the IGES, STEP, and ACIS formats.
Imported data coexists with and can be manipulated like native data.

�+� ��&�$� �� �������� �"����!�� ���  �� ��$��$�� �� ���,�� �!�� ��$ �!!� �� �'�%%

�������/,)$�%3)'.%2� 3500/243� 4(%� #/%8)34%.#%� /&� 352&!#%

$!4!� 7)4(� 3/,)$� $!4!� !.$� 02/6)$%3� 4(%� !"),)49� 4/� )-0/24� !.$

-/$)&9� 352&!#%� !.$� 3/,)$� $%3)'.� $!4!� &2/-� !� 6!2)%49� /&� ���

3934%-3�� �!#+7!2$� #/-0!4)"),)49� 7)4(� ����������� 02%3%26%3

4(%� ).6%34-%.4� /&� %8)34).'� ��� #534/-%23�� �3).'� )-02/6%$

����� ��.)4)!,� �2!0()#3� �8#(!.'%� �4!.$!2$�� )-0/24� #!0!"),)49�

"/4(� 352&!#%� !.$� 7)2%&2!-%� $!4!� #!.� "%� )-0/24%$�� �52&!#%

$!4!� !.$� 3/,)$� $!4!� #!.� !,3/� "%� )-0/24%$� !.$� %80/24%$� 53).'

4(%� ����� ��4!.$!2$� &/2� 4(%� �8#(!.'%� /&� �2/$5#4� �/$%,� �!4!�

&/2-!4�� �.#%� )-0/24%$�� 4()3� $!4!� #!.� #/%8)34� 7)4(� ������

�/,)$�%3)'.%2� 3/,)$� $!4!�� �4� #!.� "%� ,/!$%$�� 3!6%$�� 0/3)4)/.%$�

!44!#(%$� 4/�� -!.!'%$� !3� 0!24� !.$� !33%-",9� 3425#452%3�� $%:

,%4%$�� !.$� 53%$� 4/� #2%!4%� 3/,)$3�� �442)"54%3� 35#(� !3� #/,/2� #!.

"%� -/$)&)%$�� �&� 4(%� 3%4� /&� 352&!#%3� )3� #,/3%$�� �������/,)$�%:

3)'.%2� 7),,� #2%!4%� !� 3/,)$� &2/-� 4(/3%� 352&!#%3� !54/-!4)#!,,9�

�������/,)$�%3)'.%2� ���� !,3/� !,,/73� 3/,)$� 0!243� !.$� !33%-:

",)%3� 4/� "%� %80/24%$� 4/� ����:"!3%$� 3934%-3� 53).'�  %23)/.� 	��

/&� 4(%� ���� � ���� &),%� &/2-!4�� �()3� &%!452%� 02/6)$%3� !� $)2%#4
,).+� 4/� /4(%2� ����:"!3%$� !00,)#!4)/.3�


$" � �	��	��� &"� �	��"�����%��!�$

����������� )3� !� ��� #/-054%2:!)$%$� $%3)'.� ������ 3934%-

"!3%$� /.� 4(%� �/-5,53� +%2.%,�� � �/� 02%3%26%� 4(%� ).6%34-%.4
/&� %8)34).'� #534/-%23� )4� 7!3� 2%15)2%$� 4(!4� 4(%� 42!.3)4)/.� &2/-

����������� 4/� �������/,)$�%3)'.%2� "%� !3� 3-//4(� !3� 0/3:

3)",%�� �(%2%&/2%�� !.� ����������� &),%� )-0/24� 02/#%33/2� )3� !

).4%'2!,� #/-0/.%.4� /&� �������/,)$�%3)'%2�

�.� ������������ ��� /"*%#43� !2%� "5),4� &2/-� !.!,94)#� 352&!#%3

,)+%� #9,).$%23�� #/.%3�� 30(%2%3�� 0,!.%3�� !.$� 4/253%3�� �(%� ).4%2:

3%#4)/.3� /&� 4(%3%� 352&!#%3� #!.� "%� 2%02%3%.4%$� !3� %80,)#)4

!.!,94)#� #526%3� 35#(� !3� 342!)'(4� ,).%3�� #)2#,%3�� !.$� %,,)03%3�� /2

)-0,)#)4,9� "9� $%3#2)").'� 4(%� 352&!#%3� ).6/,6%$� !.$� 02/6)$).'

!.� !002/8)-!4)/.� /&� 4(%� ).4%23%#4).'� !2#�� �!2!"/,)#� !.$

(90%2"/,)#� ).4%23%#4)/.3� !2%� 2%02%3%.4%$� )-0,)#)4,9�

����	��	��� ��&�(�� 
���� �$��!�,�&�"!

����������� 3500/243� 4(%� �/-5,53� 4%845!,� 42!.3-)4� &/2-!4�

�(%� 42!.3-)4� &),%� )3� ./4� ).4%.$%$� 4/� "%� 2%!$� "9� (5-!.3� "54

4(%� '%.%2!,� 3425#452%� #!.� "%� %8!-).%$�� �(%� &),%� #/.4!).3

/.,9� 02).4!",%� #(!2!#4%23�� !.$� 2%!,� 6!,5%3� !2%� 2%02%3%.4%$� !3

* A kernel is the heart of a modeling system. Currently, three kernels are used in various CAD
systems. These are Romulus from Shape Data, Parasolid, an extension of Romulus, and the
ACIS Kernel from Spatial Technology.
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5 = FA (Face owning (anchor) vertex), the properties are :
UP is EMPTY ... List of permanent universal attributes
AK is  EMPTY ... Backpointer from element of feature
RV :  INTEGER = 0 . ..  Sense of face, edge geometry 
SF :  POINTER = 24 . ..  Surface of face 
SX :   REAL    = 0 . ..  Hatching pitch 

1 VR :  POINTER = 8 ..  Anchor of face
2 VR :  POINTER = 9 ... Anchor of face 

HA is  EMPTY ... Hatch direction 
SL :   POINTER = 2 ... Shell of face

24 = SF (Surface of face), the properties are : 
UP is EMPTY ..  List of permanent universal attributes 
SD is  EMPTY ... Surface supporting this surface 

       definition 
AK is EMPTY ... Backpointer from element of feature 
BK :   POINTER = 0 ... Backpointer from assembly or body to         

       token
1 EQ :    REAL    = 0 ... Geometry definition 
2 EQ :    REAL    = 0 ... Geometry definition 
3 EQ :    REAL    = 0 ... Geometry definition 
4 EQ :    REAL    = 0 ... Geometry definition 
5 EQ :    REAL    = 0 ... Geometry definition 
6 EQ :    REAL    = 1 ... Geometry definition 
7 EQ :    REAL    = 10 ... Geometry definition 

SU is EMPTY ... Surface supported by this suface 
TY :    INTEGER = 2 (CYLINDER)   ... Geometry type
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A reference to an HP PE/ME30 file entity is found:

Already “converted”? (lookup table search)
YES: Use the available conversion result 
NO: Create the new derived class of record instance 

Call the convert function 
Attach the conversion result to the lookup table 
Delete the instance to free the memory used
Use the newly generated conversion result to continue the
   conversion.
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HP PE/SolidDesigner’s data structure manager makes it possible to save
a complex 3D solid model and load it from file systems and databases.
Using the concepts of transactions and bulletin boards, it keeps track of
changes to a model, implements an undo operation, and notifies external
applications of changes.
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DSM has its roots in the late eighties—the early days of C++. Compilers didn’t
support exception handling then. Conventional error handling by passing error
codes up the return stack is a prohibitively code-intensive approach in a large
software project with many nested procedural levels such as HP PE/SolidDe-
signer. Therefore, we had to implement our own exception handling mechanism
which is very similar to what has been implemented in today’s C++ compilers.

HP PE/SolidDesigner’s code is divided into code modules. Each module has its
own module information object containing module-specific error codes and mes-
sages. In case of an error condition inside a module, the code triggers the excep-
tion mechanism by throwing a pointer to the module information object.

Code that wants to catch an exception inspects the module information object
returned by the exception mechanism and acts accordingly. If it has already allo-
cated resources, they are cleaned up and returned. The exception can then be
ignored (and suppressed), or it can be escalated to the next code level.

The listing below shows a code example for this. You may notice the similarities to
the exception handling mechanism introduced with C++ 3.0. Now that the throw/
catch mechanism is finally available in many C++ compilers on various platforms,
we will be able to adopt it with only a few changes in the code.

int process_file(const char *const fname) 
{
   int words = 0;
   FILE *file = 0;

   TRY
     file = open_file(fname);
     words = count_words(file);
     close_file(file);
     file = 0;
   RECOVER
     if (file) {                                                       // clean up resources
       close_file(file);
       file = 0;
     }

    // handle specific exceptions
    if (dsm_exception_code == F2_CORE::info_ptr) {
       switch(F2_CORE::errno) {
     case F2_CORE::BREAK_RECEIVED:     // User has cancelled processing
         // We won’t escalate this “soft” exception.
         handle_break();
         break;
      case F2_CORE::MEM_OVL:                      // Out of memory
         // Free memory blocks allocated here, then escalate the problem.
         free_my_mem();
         ESCAPE(dsm_exception_code);              // “throw” in C++ 3.0
         break;
       default:
         break;
       }

  } else {
       // Pass up all other exceptions.
       ESCAPE(dsm_exception_code);
    }

   END_TRY

   return words;
}

Development Support
To find problems proactively, DSM stresses the importance of checking precondi-
tions, invariants, and postconditions. It offers convenient assertion macros and a
context dependent run-time debugging system which uses debug module objects.

These debug module objects hold their current debug level which can be checked
using macros and set during run time. A debug module is associated with a certain
code area. This allows fine-grained control for debug checks and messages. We
think this control is important for the acceptance of a debug system; the program-
mer will ignore debug messages if there are too many, and won’t find the system
useful if it doesn’t deliver enough detail where needed.

Macros are provided to reduce typing and #ifdef constructs:

  bool compare(const char *s1, const char *s2)
  {
    ME_MODULE_STOPWATCH(“compare”, foo);       // for run-time profiling

                                                                                      // trace program flow
    if (DEBUG_LEVEL(foo) >= DEBUG_CALLS) {
      fprintf(DEBUG_STREAM(), “compare called”);
    }

    DSM_ASSERT(s1 && s2);                                          // check precondition

    // Now calculate the result
    ...

    DSM_ASSERT(some_condition);                               // check post-condition
    return TRUE;
  }

DSM also defines special debug modules to switch on sophisticated debugging
tools. There are tools to find memory leaks, to calculate checksums for objects
(allowing us to detect illegal changes), and to create run-time profiles for the code.

In a software package as large as HP PE/SolidDesigner, the common UNIX profil-
ing tools were not applicable. Therefore, we had to build our own set of versatile,
efficient and highly precise utilities. You can define a stopwatch for any function
that might need profiling, and you start and stop the stopwatch using the debug
module mechanism. The results can be analyzed, producing a hierarchical call
graph that shows what portion of the run time was spent in the individual functions.
We can also find out the amount of memory allocated for a function at run time
using these tools.
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There are two methods for creating freeform surfaces in HP
PE/SolidDesigner: blending and lofting. This article describes the basics
of lofting. The geometry engine, which implements the lofting functionality,
uses a single-data-type implementation for its geometric interface, but
takes a multiple-data-type, hybrid approach internally.
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A large part of HP PE/SolidDesigner’s user interface is written in
Common Lisp. Common Lisp is also used as a user-accessible extension
language.
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(defaction simple_exit

 (flag)       ; local variable

  (; state descriptions

   (start nil
          “Terminate PE/SolidDesigner?”
          nil

          (:yes      (setq flag t)   answer-yes end)
          (:no       (setq flag nil) answer-no  end)
          (otherwise (display_error “Enter either :YES or :NO.”)  nil start))

   (end (do-it)
        nil
        nil))

  (; local functions

   (do-it ()
          (when flag
            (quit)))))
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issue error message

issue prompt

set flag = nil

simple_exit :YES

:NO
(a)

(b)
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:NO

other input

start end
wait for

input
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;; Declarations of some external functions, for more efficient calling

(proclaim ’(function get-parameter  (t t) t)) 
(proclaim ’(function match-otherwise (t) t)) 
(proclaim ’(function trigger-action-state-transition-event (t &optional t)
    t))

;; Transformed action routine

(defun simple_exit (&rest argument-list &aux input)

 (let (flag)                ;; local variable

    (labels ((do-it ()       ;; local function 
                    (when flag 
                      (quit))))

            (block nil 
                (tagbody

                 ;; label for state “start” 
                 1

                 ;; prompting in state “start” 
                 (setq input (get-parameter argument-list “Terminate HP PE/
                 SolidDesigner?”))

                 ;; pattern matching in state “start” 
                 (cond ((equal input :yes)

                        (setq flag t)   ;; action taken 
                        (trigger-action-state-transition-event  ’answer-yes)

                        (go 0))         ;; transition to “end” state

                       ((equal input :no)

                        (setq flag nil) ;; action taken 
                        (trigger-action-state-transition-event  ’answer-no)

                        (go 0))         ;; transition to “end” state

                       ((match-otherwise input)

                        (display_error “Enter either :YES or :NO.”)

                        (go 1)))        ;; transition to “start” state

                 ;; label for state ”end” 
                 0

             ;; initial action for state “end” 
             (do-it)

                 ;; exit from action routine 
                 (return))))))
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// Header file declaring standard Lisp data structures and functions 
// (for example, LOBJP is the type of a generic pointer-to-Lisp-object)

#include <cmpinclude.h>

// Declarations for the compiled code (normally written to a separate file, 
// included here for clarity)

static void L1(...); // Functions defined in this file 
static void L2(LOBJP*);
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static char *Cstart; // Data for communication with the Lisp
// loader

static int Csize;  
static LOBJP Cdata;   
static LOBJP VV[14]; // Run-time Lisp objects

static void LnkT13() ; // Links to external Lisp functions 
static void (*Lnk13)() = LnkT13; // (see below for an explanation) 
static void LnkT11() ; 
static void (*Lnk11)() = LnkT11; 
static LOBJP LnkTLI10(LOBJP ) ; 
static LOBJP (*LnkLI10)(LOBJP ) = LnkTLI10; 
static LOBJP LnkTLI9(int narg, ...) ; 
static LOBJP (*LnkLI9)(int narg, ...) = LnkTLI9; 
static LOBJP LnkTLI8(LOBJP , LOBJP ) ; 
static LOBJP (*LnkLI8)(LOBJP , LOBJP ) = LnkTLI8;

// Initialization function, called immediately after the file is loaded

void example_initialize(char *start, int size, LOBJP data) 
{
  // Reserve space on the Lisp stack

  register LOBJP* base=vs_top;
  register LOBJP* sup=base+0;
  vs_top=sup; 
  vs_check;

  // Store data supplied by the loader, including Lisp objects 
  // that were extracted from the original source code and that 
  // will be needed at run-time (e.g., strings and symbols).

  Cstart=start; 
  Csize=size; 
  Cdata=data; 
  set_VV_data(VV,14,data,start,size);

  // Link the compiled function “L1” to the Lisp symbol stored in VV[6], 
  // which is ”SIMPLE_EXIT”.

 MFnew(VV[6],(void(*)())L1,data);//

  // Restore Lisp stack

  vs_top=vs_base_mod=base; 
}

// Compiled function SIMPLE_EXIT

static void L1(...) 
{ 
  register LOBJP*base=vs_base; // Reserve space on the Lisp stack 
  register LOBJP*sup=base+3; 
  vs_check;

  { LOBJP V1; // Fetch ARGUMENT-LIST from the Lisp
 // stack 
    vs_top[0]=Cnil; 
    { LOBJP *p=vs_top; 
      for(;p>vs_base;p--)p[-1]=MMcons(p[-1],p[0]); 
    } 
    V1=(base[0]); 
    vs_top=sup; 
    { LOBJP V2; // Set up variables INPUT and FLAG 
      V2= Cnil; 
      base[1]= Cnil; 
    T3:; // Label “1” in TAGBODY 
      V2= (*(LnkLI8))((V1),VV[0]);  // (GET-PARAMETER ARGUMENT-LIST “...”) 

      if(!(equal((V2),VV[1]))){ // First clause of COND construct 
        goto T8; 
      } 
     base[1]= Ct // (SETQ FLAG T) 
      (void)((*(LnkLI9))(1,VV[2])); // (TRIGGER-...-EVENT ’ANSWER-YES) 
      goto T4; // (GO 0) 
    T8:; // Second clause of COND construct 
      if(!(equal((V2),VV[3]))){ 
        goto T14; 
      } 
      base[1]= Cnil; // (SETQ FLAG NIL) 
      (void)((*(LnkLI9))(1,VV[4])); // (TRIGGER-...-EVENT ’ANSWER-NO) 
      goto T4;                      // (GO 0) 
    T14:;                           // Third clause of COND construct 
      if(((*(LnkLI10))((V2)))==Cnil){ 
        goto T4; 
      } 
      base[2]= VV[5]; // (DISPLAY-ERROR “...”) 
      vs_top=(vs_base=base+2)+1; 
      (void) (*Lnk11)(); 
      vs_top=sup; 
      goto T3; // (GO 1) 
    T4:; // Label “0” in TAGBODY 
      vs_base=vs_top; // Call (DO-IT), passing a pointer to 
      L2(base); // the lexical variables of SIMPLE_EXIT
      vs_top=sup; 
      base[2]= Cnil; // Return from SIMPLE_EXIT 
      vs_top=(vs_base=base+2)+1; 
      return;
     }
   }
 }

// Compiled local function DO-IT

static void L2(LOBJP*base0) 
{ 
  register LOBJP*base=vs_base; // Reserve space on the Lisp stack 
  register LOBJP*sup=base+1; 
  vs_check; 
  vs_top=sup; 
  if((base0[1])==Cnil){ // Condition: lexical variable FLAG 
    goto T26; 
  }
  vs_base=vs_top; // (QUIT) 
  (void) (*Lnk13)(); 
  return; 
 T26:; 
  base[0]= Cnil; // Return from DO-IT 
  vs_top=(vs_base=base+0)+1; 
  return; 
}

// Links to external functions. These functions are called indirectly, via 
// C++ function pointers.  At the first call, the corresponding compiled 
// function is looked up and stored in the function pointer, thus avoid-
// ing the Lisp calling overhead on subsequent calls.

static void LnkT13 ()
{ // QUIT; called via normal Lisp calling conventions

  call_or_link(VV[13],(int *)&Lnk13); 
}
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static void LnkT11() 
{ // DISPLAY-ERROR; called via normal Lisp calling conventions

  call_or_link(VV[11],(int *)&Lnk11); 
}

static LOBJP LnkTLI10(LOBJP arg0) 
{ // MATCH-OTHERWISE; declared to take exactly one parameter, which 
  // can be passed without using the Lisp stack.

  return(LOBJP)call_fproc(VV[10],(int*)&LnkLI10,1,arg0); 
}

static LOBJP LnkTLI9(int narg, ...) 
{ // TRIGGER-ACTION-STATE-TRANSITION-EVENT; declared to take one 
  // fixed and one optional parameter, which can be passed without using 
  // the Lisp stack.

  va_list ap; 
  va_start(ap, narg); 
  LOBJP result=(LOBJP)call_vproc(VV[9],(int*)&LnkLI9,narg,ap); 
  va_end(ap); 
  return result; 
}

static LOBJP LnkTLI8(LOBJP arg0, LOBJP arg1) 
{   // GET-PARAMETER; declared to take exactly two parameters, which 
    // can be passed without using the Lisp stack.

  return(LOBJP)call_fproc(VV[8],(int*)&LnkLI8,2,arg0,arg1); 
}
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The Boolean engine of HP PE/SolidDesigner applies standard and
nonstandard Boolean set operations to solid models to perform an
impressive variety of machining operations. Parallel calculation boosts
performance, especially with multiprocessor hardware.
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The robustness of Boolean operations between solids is crucial for the usability of
a solid modeler like HP PE/SolidDesigner. Unfortunately, geometric modeling is
like shoveling sand. With every shovel you pick up a bit of dirt. The numerically
imperfect nature of geometric algorithms can challenge HP PE/SolidDesigner’s
Boolean engine with contradictions and inconsistencies. The Boolean engine uses
a perturbation method1,2 to push the frontier of robustness. This article explains
the notion of model consistency and demonstrates what can go wrong inside a
Boolean operation and what can be done to come up with a correct result anyway.

Consistency of a Solid
Looking at a solid we usually believe that it is mathematically correct, that is, that
the edges are exactly on their adjacent faces and the edges meet exactly at their
common vertices. In reality, however, the limited floating-point accuracy of a com-
puter introduces errors. On the microscopic level there are gaps and holes every-
where (see Fig. 1).

The tolerable amount of error is specified by the modeling resolution. The system
will ignore gaps and holes smaller than the resolution. However, some geometric
algorithms, such as the various intersection calculations, tend to magnify errors in

Fig. 1.  In solid models edges seem to be exactly on their adjacent faces and meet exactly
at their common vertices. In reality, because of the limited floating-point accuracy of a
computer, on the microscopic level there are gaps and holes everywhere.

certain geometric configurations. This means that given an input where all errors
are within limits, the result can be inconsistent in the context of the solid and pro-
hibit the successful completion of the requested Boolean operation.

Solving the Numerical Puzzle
One area in the Boolean operation that is particularly vulnerable to numerical
inconsistencies is the intersection graph construction. The graph construction
assumes that all intersections of curves defined on one of two intersecting sur-
faces are also on the intersection track (here the term on means closer than the
resolution). This is no problem if the surfaces are reasonably orthogonal. However,
for intersections between tangential or almost tangential surfaces, a small error in
the orthogonal direction of a surface implies a larger error in the direction of the
surface, and this assumption becomes false.

Fig. 2 shows a shallow intersection between the two surfaces sf1 and sf2 and the
intersection with sf2 of a curve (cv) contained in sf1. The curve/surface intersec-
tion point (small colored triangle) has, because of the small distance (epsilon) 
between cv and its containing surface sf1, moved farther away from the surface/sur-
face intersection track (colored line) than the resolution permits. The smaller the angle
� the larger the distance d from the intersection track and hence the larger the
inconsistency. 
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Fig. 2.  A shallow intersection between the two surfaces sf1 and sf2 and the
intersection with sf2 of a curve (cv) contained in sf1.
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Fortunately, there is a method called perturbation than can come to the rescue in
situations like this. It solves the inconsistency by moving the curve/surface inter-
section point along the curve until it is closer than the resolution to the surface/sur-
face intersection track. In Fig. 2 the point will be moved to the left. When the inter-
section point is moved, a new error is introduced because the point is moved away
from sf2. However, the overall error is reduced so that it no longer exceeds the
resolution.

The perturbation method can be applied to similar situations in which even the
number of intersections has to be corrected. The difference in number is a result
the freedom algorithms have below the resolution. They may return anything in the
range of the resolution.

Two Curve/Surface Intersection Points with One Surface/Sur-
face Intersection Track.  Fig. 3 shows a geometric configuration in which the
intersection between sf1 and sf2 yields one intersection track (colored line) but the
intersection of the curve contained in sf1 with sf2 gives two intersection points
(colored triangles) which are farther than the resolution away from the track. The
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Fig. 3.  A geometric configuration in which the intersection between sf1 and sf2 yields
one intersection track (colored line) but the intersection of the curve contained in sf1 with
sf2 gives two intersection points (colored triangles) which are farther than the resolu-
tion away from the track.

perturbation algorithm moves both points inwards (horizontal arrows) and con-
tracts them into a single point (black triangle) which is closer than the resolution to
the intersection track (colored line).

Two Surface/Surface Intersection Tracks with One Curve/Sur-
face Intersection Point.  Fig. 4 shows a geometric configuration in which the
intersection between sf1 and sf2 yields two intersection tracks (colored lines) but
the intersection of the curve contained in sf1 with sf2 gives one intersection point
(colored triangle) which is farther than the resolution away from the tracks. The
perturbation algorithm splits the single intersection into two and moves them out-
wards (horizontal arrows) until both are closer than the resolution to an intersec-
tion track (colored line).
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Fig. 4.  A geometric configuration in which the intersection between sf1 and sf2 yields
two intersection tracks (colored lines) but the intersection of the curve contained in sf1 with
sf2 gives one intersection point (colored triangle) which is farther than the resolution
away from the tracks.
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The HP 71910A wide-bandwidth receiver extends modular spectrum
analyzer operation for more effective measurements on modern
communications and radar signals.
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The addition of a wideband linear IF module to a Modular Measurement System
(MMS) spectrum analyzer presented two main challenges to the firmware:  provid-
ing sufficient operational speed and adding new features and operations.  The
concern over operational speed was heightened by the fact that many of the appli-
cations targeted by this product required speed similar to that obtained by instru-
ments that did not have to account for either software calibration or modularity.

Operational Speed
The challenges associated with operational speed involved finding a way to apply
calibration in near real time and efficient handling of incoming data and temporary
variables.

Calibrated Operation.  To obtain calibrated data from an MMS spectrum
analyzer, every trace data point obtained from the ADC must be corrected using
the appropriate calibration data.  This needs to be done as close to real time as
possible or the lag between the incoming raw data and the completion of the
correction processing will quickly become the dominant factor in the retrace dead
time.

The particular calibration data that must be applied and the algorithms that must
be used to apply it are dependent upon the currently active signal path of the
instrument.  This can change as the user selects different IF bandwidths, different
ADCs, and so on. This situation is complicated further by the desire to be able to
do trace math (such as calculating the difference of the active trace and a baseline
trace) as the data is received.  Finally, the trace data needs to be sent to the re-
mote display (if one is active) as the processing is completed.  All of these com-
plications exist even without a linear IF module.

If a conventional program is used to apply the per-point calibration, the time to
perform the necessary number of conditional tests would overwhelm the actual
calculation times.  An alternative approach has been used since the beginning by
the MMS spectrum analyzers.  Instead of performing the conditional tests for each
data point, an efficient state machine constructs a program to perform the neces-
sary calculations for the current instrument state. This is done by properly combin-
ing machine code program fragments. The construction of this program (known as
the RAM program) is properly synchronized with the appropriate state changes
and trace operations.

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

During the execution of the RAM program, calibration and interpolation table
addresses and calibration constants are stored in the CPU registers whenever
possible.  A preloaded register set is prepared at the same time that the RAM
program is constructed.  If the RAM program catches up with the incoming data
stream, the process running the RAM program can swap out to allow other opera-
tions to occur.  By keeping all the necessary data in the CPU registers, this swap-
ping occurs quickly.

To account for a linear IF module, various additions to the RAM program were
required.  Previously, all IF modules supported by the system were log IF modules.
Since all data calibration occurs after the signal has traversed the IF section, it
made sense to keep almost all of the correction factors in dB.  This has the addi-
tional advantage of allowing simple addition and subtraction to be used to apply
the calibration data.  Further simplification is achieved by storing the correction
factors as 16-bit, fixed-point values.  A scaling factor of 100 is used.  For example,
a value of 10.34 dB would be stored as 1034.

With the addition of a linear IF module, the assumption of logged incoming data
was no longer valid.  The main alternatives were either to rework the RAM pro-
gram to be able to handle linear data (including the need to do multiplication and
division instead of simply addition and subtraction) or to translate the incoming
linear data to log data (preinterpolation).  The latter approach is much quicker at
performing the calculations, but it also has the potential for a loss of accuracy.
However, with the ADCs currently supported by the MMS spectrum analyzer, both
the accuracy and the range are limited by the ADC, not by an initial interpolation.
Thus, the preinterpolation approach was taken.

Later experimentation showed that, with the reference level set properly, a 38.5-dB
range could be achieved with the required accuracy.  This was sufficient for the
intended use of the product.  When a display of linear voltage or power is desired,
a table lookup and postinterpolation is performed toward the end of the RAM
program.

Hardware Caches.   At fast (short) sweep times, even the RAM program,
running on a 20-MHz MC68020, is not fast enough to keep up with the incoming
data stream.  At this point, the data is buffered for the RAM program to process
when it can.  At the fastest sweep times, the data acquisition loop is actually
locked in
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Preselector Centering.  The wideband IF module presented an additional
difficulty with preselected systems.  With a narrowband IF, the tuning of the prese-
lector is done via peaking. In peaking a test signal is injected into the system and
the preselector hardware is tuned to provide a maximum response.  This ap-
proach does not work for a wideband IF module, since the peak of the passband
may not be near the center.  Hence, using preselector peaking with a wideband IF
module could easily result in a substantially reduced available signal bandwidth.

The proper approach for adjusting a preselector to work with a wideband IF mod-
ule is to center the filter based upon a user-configurable signal delta value (typi-
cally 6 dB).  Centering occurs in three main stages.  First, a coarse search
sketches the shape of the curve and identifies where to search for the peak value.
Next, a fine search identifies the actual peak.  Both of these steps are similar to
what occurs for preselector peaking, except that coarse values are saved.  The
final step involves fine searches in the areas of the curve that correspond to the
user-specified delta from the peak value. In all searches, an appropriate amount of
overlap is used since the curve might not be locally monotonic.

The initial implementation worked correctly, but test users sometimes complained
that the preselector still wasn’t being centered correctly.  The typical situation was
that a user had a band-limited signal path that had not been previously connected
to a narrowband spectrum analyzer.  Thus, the user was not aware that the signal
path was the problem.

The solution to this situation is to display the centering graphically as it occurs.  All
of the coarse and fine points are plotted so that the user can see what is happen-
ing.  In addition, the user can examine and change the selected centering setting.

Conclusion
By using the techniques described above, we were able to add support for a
wideband linear IF module into the MMS spectrum analyzer family and achieve
speed that matches or even exceeds that of instruments with less functionality and
configurability.

Thomas A. Rice
Development Engineer
Microwave Instruments Division

the MC68020 instruction cache to minimize memory accesses for this time-critical
operation.

Software Caches.  In addition to the hardware cache built into the MC68020,
the MMS spectrum analyzer firmware makes use of software caches as appropri-
ate.  Because of the modular nature of the instrument, a change of state can im-
pose a heavy calculation burden. This burden must be borne by an affordable
CPU.

Detailed timing and analysis of the operation of the instrument revealed several
intensive calculations that could be identified by a minimal number of internal state
variables.  These variables are used as tags for software caches.  This approach
saves 60 ms or more for some common state change operations.  Use of these
caches was integrated with the RAM program so that a register could access the
cache data directly, avoiding costly data copying.

Further performance improvements were realized by recognizing situations in
which a calculation might need to be redone because of further user inputs before
a data acquisition is performed.  In such cases, if it is possible, calculation is
delayed.

Additional Adaptations for a Wideband Linear IF
Adding more features and operations to the MMS spectrum analyzer involved
advertising the capabilities of the IF module to the analyzer and preselector center-
ing.

Configuration Support.   In addition to the changes to the RAM program, the
main signal routing algorithms had to be enhanced to account for the linear IF
module.  In the MMS spectrum analyzer, all modules advertise their capabilities to
the control module via an ASCII capability string.  This machine readable string is
effectively a logical block diagram of the module, including all inputs, outputs, and
switching capabilities.  Some of the elements of this model are named so that the
control module can properly manipulate the hardware via a standardized command
language.

The addition of support for a linear IF module required minimal additions to the
capability string language.  Most of the components of the module had already
been modeled.  Support for an additional value to an existing option flag was the
only thing required.
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The HP 89400 Series vector signal analyzers are designed specifically for today’s
complex signals. They provide insight into a signal’s time-domain, frequency-
domain, and modulation-domain characteristics. The HP 89440A and HP 89441A
analyzers are limited in frequency coverage to 1.8 GHz and 2.65 GHz respectively.
Both are limited to a 7-MHz information bandwidth, where the information band-
width is the widest-bandwidth signal that can be analyzed without any loss of
information. The HP 71910A microwave spectrum analyzer and HP 89410A vector
signal analyzer can be used together to obtain frequency coverage to microwave
frequencies and information bandwidths to 20 MHz.

By itself, the HP 89410A is considered to be a two-channel baseband analyzer.
Each input channel incorporates an anti-alias filter, an ADC operating at a
25.6-MHz sample rate, and dedicated hardware to perform digital signal process-
ing. Normally, these channels are used independently. However, when used with a
quadrature down-converter, such as the HP 70911A Option 004, the in-phase (I)
and quadrature-phase (Q) signals from the down-converter are each connected to
an input channel on the vector signal analyzer where they are digitized and then
recombined into a single complex signal of the form I+jQ. Fig. 1 shows an example
of the measurements obtained when the HP 89410A and HP 70911A are used
together. Although the I and Q signals are each limited to 10-MHz bandwidth by
the analyzer’s anti-alias filters, the combined complex signal has a bandwidth of
20 MHz.

Complex Signals
In any system where the I and Q signals are analog, the accuracy of the system
and its dynamic range will be limited by the orthogonality of the signals and by the
match between the I and Q signal paths. Calibration routines can be used to mea-
sure and improve system performance (see Fig. 2). The system errors observed
during calibration are reduced using both hardware adjustments (performed elec-
tronically) and digital signal processing techniques. Table I lists the system errors
and the action taken to reduce the effects of the errors.

A program has been developed that performs the system calibration and provides
some level of instrument control. This program is compatible with the HP 89410A’s
HP Instrument BASIC Option IC2, eliminating the need for an external controller.

Bibliography
1. Extending Vector Signal Analysis to 26.5 GHz with 20-MHz Information Bandwidth,
Publication Number 5964-3586E, Hewlett-Packard, 1995.

Fig. 1. The upper trace shows the spectrum of a QPSK signal operating at 10 MBits/s. The
lower trace is the eye diagram obtained using the HP 89410A’s optional digital demodulator.
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Fig. 2. The upper trace shows the spectrum computed using the I-Q signals without cali-
bration. The lower trace is the same spectrum after calibration. Only the largest component
should be present. After calibration the spectral line (center) caused by residual dc on I and
Q is substantially reduced. The large spectral component has an image to the right of the
center. This image, which has also been reduced in amplitude, is caused by channel
mismatch.

Table I
Summary of Analyzer System Errors

and Methods to Reduce Them

Source of Error

Method Used to Reduce Error
 Microwave Signal Vector Signal

Analyzer    Analyzer

   I-Q Quadrature Hardware Adjust

   I-Q DC Offset Hardware Adjust

   I-Q Gain Match Digital Signal Processing

   I-Q Delay Match Digital Signal Processing

by Robert T. Cutler
Development Engineer 
Lake Stevens Instrument Division 
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The HP 70911A IF module provides the HP 71910A receiver with
wideband demodulation and variable bandwidths up to 100 MHz, while
maintaining the gain accuracy of a spectrum analyzer.
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* Here Q is filter quality factor, not quadrature as in I-Q modulation.
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168=<� 158-,)6+-� 7.� <0-� ��&� *=..-:� )5841.1-:�� 1<� ,7-;� 67<� >):A

?1<0� *)6,?1,<0�� &0=;� $+� +)6� *-� ),2=;<-,� .7:� -)+0� 874-� 7.
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),,16/� )6� ),2=;<)*4-� +)8)+1<)6+-� 16� 8):)44-4� ?1<0� <0-� ;07:<-,
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2200 pF 17.5 nH

470 nH

470 nH

1 k� 29 pF

29 pF

29 pF

29 pF1 k�

470 nH

2200 pF

470 nH

1 k� 2.3 pF

2.3 pF

2200 pF

1 k�

470 nH

29 pF

29 pF

29 pF

29 pF

470 nH

1 k�

17.5 nH

470 nH

17.5 nH 2200 pF

2200 pF

* Upper Tap

* Center Frequency
Adjust

* Lower Tap

1 k�
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* DAC Inputs
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'5,)7� :,7+� 7(03(5$785(� ,6� 0267� 7528%/(620(� '85,1*� :$5083�

�25� 7+,6� 5($621�� 7+(� 7(03(5$785(� 2)� 7+(� 02'8/(� ,6� 021,725('
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DAC Control

10 dB

0 dB

�	��� ���� �� %/2&.� ',$*5$0� 2)� 7+(� 67(3� *$,16� ,1� 7+(� ��� ���		��



��� � � � � � � �  ):5(+8� 	��� �+=2+::B!')1'8*� �5;84'2

	��� ���� �� 8+68+9+4:':/54� 5,� '� 685-8'33'(2+� -'/4� (25)1�

DAC Control

/9� 65=+8+*� 54�� �;8/4-� :./9� 6+8/5*� :.+� :+36+8':;8+� /9� 3+'B

9;8+*� 54)+� 6+8� 3/4;:+� '4*� :.+� 8':+� 5,� ).'4-+� /9� ;9+*� :5

*+:+83/4+� :.+� 9/@+� 5,� :.+� -'/4� '*0;9:3+4:� 8+7;/8+*�� �,:+8� :.+

='83;6� 6+8/5*�� :.+� -'/4� /9� 9:'(2+� ,58� 93'22� ).'4-+9� /4� :+3B

6+8':;8+� 95� :./9� )536+49':/54� 3+).'4/93� /9� */9'(2+*�

$.+� 35*;2+� ,/83='8+� 58).+9:8':+9� -'/4� ).'4-+9� ('9+*� 54

9'362/4-� '� :+36+8':;8+� 9+4958� <52:'-+� =/:.� '4� ����� $.+

���� <'2;+9� '8+� ;9+*� :5� )'2);2':+� :.+� -'/4� ).'4-+� ('9+*� 54

:.+� ,5225=/4-� +7;':/54�

�%:A CA %4��6
%A CA %4

=.+8+� %:� /9� :.+� <52:'-+� 8+68+9+4:':/54� ,58� :.+� );88+4:� :+3B

6+8':;8+�� %4� '4*� %� 8+68+9+4:� :.+� <52:'-+� <'2;+9� ,58� 
� '4*

°�� 8+96+):/<+2?�� '4*� �6� /9� :.+� 6+'1� -'/4� ).'4-+� (+:=++4

� '4*� °�� ,58� +').� ('4*=/*:.�� �6� /9� *+:+83/4+*� *;8/4-
'2/-43+4:�

$.+� -'/4� ).'4-+� )'2);2':+*� /9� ;9+*� :5� /4*+>� /4:5� '4� ��!# �

:'(2+� :5� *+:+83/4+� :.+� ���� <'2;+� 4+)+99'8?� :5� ')./+<+� :.+

*+9/8+*� -'/4�� $.+� ���B<'2;+B<+89;9B-'/4� 8+2':/549./6� /9� *+B

:+83/4+*� '4*� 9:58+*� *;8/4-� ,'):58?� '2/-43+4:�


����� ���������

$.+� 2/4+'8� *+:+):58� '225=9� :.+� 8+)+/<+8�9� ;9+8� :5� 8+)5<+8� ��

'4*� 6;29+� 35*;2':/54� ,853� :.+� /46;:� 9/-4'2�� �:� 9:8/69� :.+� )'8B

8/+8� ,853� :.+� /46;:� 9/-4'2� '4*� 2+'<+9� 542?� :.+� +4<+256+

��/-��	���� $.+� 8+9;2:/4-� +4<+256+� /4,583':/54� )'4� :.+4� (+

*/962'?+*� 54� '4� 59)/2259)56+�� '225=/4-� :.+� ;9+8� :5� '4'2?@+

:.+� 35*;2':/54� 58� :8'49/+4:� ).'8'):+8/9:/)9� 5,� :.+� /46;:� 9/-4'2�

$.+� 1+?� 6+8,583'4)+� 96+)/,/)':/549� ,58� :.+� *+:+):58� '8+

('4*=/*:.�� *?4'3/)� 8'4-+�� '4*� 6;29+� ,/*+2/:?�� &+� =5;2*� 2/1+

:.+� *+:+):58� ('4*=/*:.� :5� (+� 3;).� =/*+8� :.'4� :.+� ��� 35*B

;2+�9� ('4*6'99� ,/2:+89� 95� :.':� /:� *5+9� 45:� 2/3/:� :.+� ��� 35*;2+�9

(a) (b)

	��� ���� �'�� �46;:� :5� :.+� 2/4+'8� *+:+):58�� �(��  ;:6;:� ,853� :.+� 2/4+'8

*+:+):58� ',:+8� :.+� )'88/+8� /9� 9:8/66+*� 5,,�

('4*=/*:.�� $.+� ('4*6'99� ,/2:+89� .'<+� '� 3'>/3;3� ('4*=/*:.

5,� 	��� ��@�� =./).� /9� +7;/<'2+4:� :5� �� ��@� ',:+8� *+:+):/54�

$.+� *+:+):58� /9� -;'8'4:++*� :5� .'<+� ':� 2+'9:� :=/)+� :./9� ('4*B

=/*:.�� 58� 	��� ��@�� �?4'3/)� 8'4-+� /9� '� 3+'9;8+� 5,� :.+� 2/4B

+'8/:?� 5,� :.+� *+:+):58�� $./9� /9� 3+'9;8+*� (?� ).'4-/4-� :.+

/46;:� #�� <52:'-+� /4� 	B*�� 9:+69� '4*� 3+'9;8/4-� :.+� 8+9;2:/4-

).'4-+� /4� :.+� *)� 5;:6;:� <52:'-+�� �*+'22?�� /:� 9.5;2*� '295

).'4-+� (?� 	� *���  ;8� 96+)/,/)':/54� -;'8'4:++9� :.':� 5<+8� '


�B*�� 8'4-+�� :./9� ).'4-+� =/22� (+� '));8':+� =/:./4� ���

!8+</5;9� 2/4+'8� *+:+):589� /4� �!� 96+):8;3� '4'2?@+89� .'<+

')./+<+*� :./9� 6+8,583'4)+�� (;:� ':� 3;).� 25=+8� ��� ,8+7;+4)/+9

5,� 	���� 58� 
	��� ��@�� �)./+</4-� :./9� 6+8,583'4)+� ':� �
	�����@

='9� :.+� 359:� ).'22+4-/4-� '96+):� 5,� :./9� *+9/-4�� ��9).+3':/)

5,� :./9� )/8);/:� /9� 9.5=4� /4� �/-�� 	��� "	� /9� '� )53354B('9+

(;,,+8� 9:'-+� :.':� *8/<+9� "
�� =./).� /9� :.+� *+:+):58� :8'49/9:58�

"
� '4*� �#	� +').� '):� '9� .'2,B='<+� 8+):/,/+89�� !59/:/<+� .'2,

)?)2+9� 5,� "	�9� 5;:6;:� );88+4:� ,25=� :.85;-.� �#	� :5� -85;4*�

�+-':/<+� .'2,� )?)2+9� ,25=� :.85;-.� "
�9� +3/::+8� '4*� )522+):58

'4*� *+<+256� '� <52:'-+� ')8599� #	�� :.+� 25'*� 8+9/9:58�

$.+� ,;4*'3+4:'2� 2/4+'8/:?� 685(2+3� /9� :.':� :.+� /46;:� /36+*B

'4)+� 5,� "
� <'8/+9� *8'3':/)'22?� =/:.� 9/-4'2� 2+<+2�� &/:.� 45

/46;:� 9/-4'2�� "
� /9� (/'9+*� ':� 	
�� µ��� $./9� ?/+2*9� '� *)� 8+9/9B
:'4)+� 2551/4-� /4:5� :.+� +3/::+8� 5,� 
	�� 5.39�� �:� ,;22B9)'2+� 5;:B

6;:�� :.+� *)� +3/::+8� );88+4:� /9� 	�� 3��� 8+*;)/4-� :.+� 8+9/9:'4)+

:5� 
��� 5.39�� $./9� 25'*� 8+9/9:'4)+� /9� /4� 6'8'22+2� =/:.� 9+<+8'2

6'8'9/:/)� 25'*9� ��/-�� 	���� �354-� :.+9+� 6'8'9/:/)� 25'*9� '8+

"	�9� 5;:6;:� )'6')/:'4)+�� "	�9� )522+):58� (/'9� 4+:=581�� :.+

6'8'9/:/)� )'6')/:'4)+� 5,� :.+� 68/4:+*� )/8);/:� (5'8*�� '4*� :.+

)'6')/:'4)+� 5,� "
�9� ('9+B+3/::+8� 0;4):/54�� �:� ./-.� 9/-4'2� 2+<B

+29�� "
�9� /46;:� 8+9/9:'4)+� /9� 25=�� '4*� +99+4:/'22?� '22� 5,� "	�9

5;:6;:� );88+4:� /9� *+2/<+8+*� :5� :.+� *+9/8+*� 25'*�� �:� 25=� 9/-4'2

2+<+29�� "
�9� /46;:� 8+9/9:'4)+� /9� ./-.�� '4*� :.+� 6'8'9/:/)� +2+B

3+4:9� :+4*� :5� 9.;4:� );88+4:� '='?� ,853� :.+� *+9/8+*� 25'*�

$./9� <'8/'(2+� );88+4:� 9.;4:/4-� *+-8'*+9� :.+� 2/4+'8/:?�� 95

-55*� 2/4+'8/:?� 8+7;/8+9� :.':� :.+9+� 6'8'9/:/)� +2+3+4:9� 25'*� :.+

)/8);/:� '9� 2/::2+� '9� 6599/(2+�

Low-
Pass Fil-

ter

–5V

51

Q1

Q2

CR1

+8V

100 R1
+8V

+
–

�

�

Differential
Amplifier

	��� ���� �/4+'8� *+:+):58� )/8);/:�



�(94'*7� ����� �*<1*99B�&(0&7)� �4:73&1� � � � � � � ��

Ccb

e

CR1Cboard

Cbc

Q1

b

Zchoke

c

b

Q2

R1

ice

ie

e

c

�
	�� ���� �.3*&7� )*9*(947� *6:.;&1*39� (.7(:.9	

αA×Aie

αA×Aie
ie

 ��8� 4:95:9� (&5&(.9&3(*� .8� 2.3.2.?*)� '>� :8.3,� &� (42243

'&8*� (43+.,:7&9.43	� �184�� &� 2.(74<&;*� 97&38.8947� .8� :8*)� '*B

(&:8*� 4+� .98� 14<� (&5&(.9&3(*	� #-*� 14&)� .25*)&3(*� 4+� 9-*

(411*(947� '.&8� 3*9<470� .8� 2&=.2.?*)� '>� (&7*+:1� )*8.,3� 4+� 9-*

'.&8� 3*9<470	� #-*� 57.39*)� (.7(:.9� '4&7)� 1&>4:9� .8� &184
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238� '*� .730&8*)� +631� 8-*� 
@4�� .2498� (&4&(.8&2(*� 3+� 8-*� 4-&7*

)*8*(836�� #-.7� (&4&(.836� )*,6&)*7� 8-*� 6*8962� 0377� 3+� 8-*� )*0&=

0.2*�7� 03&)�� %-*2� &� 4907*� *1*6,*7� +631� 8-*� )*0&=� 0.2*� 398498

&2)� -.87� &� 4336� .14*)&2(*� 1&8(-�� 731*� 3+� 8-*� 4907*�7� *2@

*6,=� .7� 6*+0*(8*)� '&(/� .283� 8-*� )*0&=� 0.2*�� �8� 8-*2� 86&:*07

'&(/;&6)7� 8-639,-� 8-*� 0.2*� 83� *1*6,*� &8� 8-*� )*0&=� 0.2*� .2498

���@27� 0&8*6�� %-*2� 8-*� 4907*� 6**1*6,*7� -*6*�� .8� -.87� 8-*� 398@

498� 3+� 8-*� (&'0*� )6.:*6�� #-.7� .2(.)*28� :308&,*� ).7896'7� 8-*

'.&7� 3+� 8-*� (&'0*� )6.:*6� 398498� 86&27.78367�� &2)� &7� &� 6*7908

(&97*7� ).7896'&2(*7� .2� 8-*� 7-&4*� 3+� 8-*� 2*;� 759&6*� ;&:*

8-&8� 8-*� (&'0*� )6.:*6� .7� 86=.2,� 83� ,*2*6&8*�� #-*� )*,6&)*)

7-&4*� 3+� 8-*� 759&6*� ;&:*� )*,6&)*7� 8-*� ��� ).7(6.1.2&836�7

0.2*&6.8=�� �7� .8� 89627� 398�� 8-.7� *++*(8� .7� ;3678� ;-*2� 8-*� 6*@

+0*(8*)� 4907*� &66.:*7� &8� 8-*� (&'0*� )6.:*6� &8� 8-*� *),*� 3+� &� 2*;

4907*�� $2+36892&8*0=�� 8-.7� .2-*6*280=� 3((967� &8� 8-*� +6*59*2(=

;-*6*� 8-*� )*0&=� 0.2*� -&7� �	� )*,6**7� 3+� 4-&7*� 7-.+8A6.,-8� .2

8-*� (*28*6� 3+� 8-*� 4&77'&2)�� #-.7� *++*(8� .7� 7**2� &7� 8-*� 0.2*&6.8=

6.440*� .2� 8-*� (*28*6� 3+� 8-*� 4&77'&2)� ��.,�� ����

Input Frequency (MHz)

301.4 321.4 341.4
–0.50

–0.30

–0.10

0.10

0.30

0.50

���
���
���

����� ���� �.7(6.1.2&836� 0.2*&6.8=� *6636� �4*6(*28� 3+� +900� 7(&0*��

#-*� ;&=� 83� 1.2.1.>*� 8-.7� 463'0*1� .7� 83� 97*� &� 1&8(-.2,� 4&)

83� .730&8*� 8-*� )*0&=� 0.2*� +631� 8-*� (&4&(.8&2(*� 3+� 8-*� 4-&7*

)*8*(836�7� .2498�� #-*� &88*29&8.32� (&2� 320=� '*� 73� 0&6,*� '*@

(&97*� *<(*77.:*� &88*29&8.32� .2863)9(*7� 38-*6� 463'0*17�� #-*

&88*29&836� 6*)9(*7� 8-*� :308&,*� 7;.2,� 83� 0*77� 8-&2� ���� 0*:*07�

�7� &� 6*7908�� 8-*� 4-&7*� )*8*(836� 1978� 463:.)*� ,&.2� 83� 463)9(*

���� 0*:*07� &8� .87� 398498�� $20./*� 8-*� ���� 0.2*� 6*(*.:*67�� 8-*7*

*<(097.:*@OR � ,&8*7� -&:*� &� 6*0&8.:*0=� 03;� ,&.2� 3+� 
�� )��� "3�
;.8-� 03;@0*:*0� .24987�� 8-*� 398498� 4907*7� 3+� 8-*� 4-&7*� )*8*(@

836� 78&68� 83� 033/� 0*77� 759&6*�� #-.7� 1&2.+*787� .87*0+� &7� 8-*

'63&)�� 703;� )6334� .2� 8-*� 0.2*&6.8=� (96:*�� �2� 8-*� *2)�� &2� &8@

8*29&8.32� :&09*� 3+� � )�� ;&7� (-37*2� &7� &� 6*&732&'0*� (31463@

1.7*� '*8;**2� 8-*7*� 8;3� 0.2*&6.8=� )*,6&).2,� 1*(-&2.717�

�2� 8-*� +6*59*2(=� )31&.2�� 8-*� 4-&7*� )*8*(836� (&2� '*� 8-39,-8

3+� &7� 463)9(.2,� &� )(� :308&,*� 4634368.32&0� 83� 8-*� 4-&7*� ).+@

+*6*2(*� '*8;**2� .87� 3984987�� �33/.2,� &8� .8� .2� 8-*� 8.1*� )3@

1&.2� .7� &073� .28*6*78.2,�� #-*� 8;3� .24987� 83� 8-*� 4-&7*� )*8*(836

&6*� 759&6*� ;&:*7� ;.8-� &� +.<*)� 8.1*� )*0&=� 3+� ���� 27� '*8;**2

8-*1�� �7� &� 6*7908�� 8-*� 4-&7*� )*8*(836� 463)9(*7� 398498� 4907*7

3+� +.<*)� ���@27� ;.)8-�� �7� 8-*� .2498� +6*59*2(=� (-&2,*7�� 8-*7*

4907*7� 3((96� 136*� +6*59*280=�� '98� 8-*� 4907*� ;.)8-� 6*1&.27

8-*� 7&1*�� #-.7� .7� &073� *<&(80=� -3;� 8-*� 4907*� (3928� )*13)9@

0&836� ;36/7�� "3� &7� .8� 89627� 398�� '=� 97.2,� &� 0.2*&6� 4-&7*� )*8*(@

836� 396� 8.1*� )*0&=� ).7(6.1.2&836� 89627� 398� 83� '*� *59.:&0*28� 83

&� 4907*� (3928� )*13)90&836�� �8� ;36/7� &7� ;*00� &7� .8� )3*7� '*@

(&97*� 97.2,� &� )*0&=� 0.2*� 83� +.<� 8-*� 398498� 4907*� ;.)8-� .7

136*� 78&'0*� 8-&2� 8-*� !�� 8.1*� (3278&28� 3+� &� 7.140*6� .140*@

1*28&8.32�

#-*� 4-&7*� )*8*(836� 3984987� &6*� &440.*)� 83� 03;@4&77� +.08*67� 83

6*13:*� 8-*� &(� (31432*28� 3+� 8-*� 4907*� 86&.2�� #-*7*� +.08*67

-&:*� &� 
�@��>� '&2);.)8-� 8-&8� 7*87� 8-*� 1&<.191� +6*59*2(=

13)90&8.32� 6&8*� 8-*� ).7(6.1.2&836� (&2� 6*7432)� 83�� ".2(*� 8-*

4-&7*� )*8*(836� -&7� ).++*6*28.&0� 3984987�� &� ).++*6*28.&0� &140.@

+.*6� .7� 97*)� &+8*6� 8-*� +.08*67�� #-*� ).++*6*28.&0� &140.+.*6� 6*13:*7

8-*� )(� 3++7*8� .2-*6*28� .2� 8-*� ���� 0*:*0� 398498� 3+� 8-*� 4-&7*

)*8*(836�� �968-*6� ,&.2� &+8*6� 8-*� ).++*6*28.&0� &140.+.*6� .7� 97*)

83� ,.:*� &� 
@:308� 7;.2,� +36� &� 	@��>� (-&2,*� .2� .2498� +6*@

59*2(=�� #-*� 1&<.191� +6*59*2(=� )*:.&8.32� 8-*� ��� ).7(6.1.@

2&836� (&2� -&2)0*� .7� 0.1.8*)� '=� 8-*� )6.:*� (&4&'.0.8=� 3+� 8-.7

&140.+.*6�� 6&8-*6� 8-&2� 8-*� ).7(6.1.2&836� (.6(9.86=� .87*0+�� �8� -&7

'**2� :*6.+.*)� *<4*6.1*28&00=� 8-&8� 8-*� ).7(6.1.2&836� ;.00� 6*@

7432)� 83� &7� 19(-� &7� 
		� ��>� 3+� )*:.&8.32� ;.8-� *77*28.&00=

232)*,6&)*)� 0.2*&6.8=�� �� 7;.8(-&'0*� &140.+.*6� 463:.)*7� &

-.,-*6@7*27.8.:.8=� 7*88.2,�� ,.:.2,� &� 
@:308� 7;.2,� +36� &� 
	@��>

+6*59*2(=� (-&2,*�
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� 	�����

#-*� �@ � )3;2@(32:*68*6� ��.,�� ���� 6*(3:*67� 8-*� .2@4-&7*� &2)

59&)6&896*� (31432*287� 3+� 8-*� .2498� 7.,2&0�� #-*� ��� .2498�

;.8-� &� 231.2&0� (*28*6� +6*59*2(=� 3+� ��
�� ��>�� .7� 1.<*)

&,&.278� &� ��
�@��>� 03(&0� 37(.00&836�� #-.7� (6*&8*7� &2� ��� ;.8-� &

231.2&0� (*28*6� +6*59*2(=� 3+� >*63� -*68>�� 36� )(�� #-*� 398498

'&2);.)8-� *<8*2)7� +631� ��	� ��>� 83� ��	� ��>�

#-*� .2498� 7.,2&0� .7� 740.8� .283� 8;3� 4&8-7�� �&(-� 3+� 8-*7*� 4&8-7

,3*7� 83� 8-*� !�� 4368� 3+� &� 1.<*6�� #-*� ��
�@��>� ��� .7� &440.*)

83� 8-*� ��� 43687� 3+� '38-� 1.<*67�� #-*� ��� .2498� 83� 32*� 3+� 8-*7*

1.<*67� .7� 7-.+8*)� '=� �	� )*,6**7�� #-*� ��� 3984987� &6*� 03;@4&77

+.08*6*)� 83� 6*13:*� 8-*� .1&,*� +6*59*2(=�� 8-*2� &140.+.*)� &2)

7*28� 83� 8-*� +6328� 4&2*0� 3+� 8-*� ��� �	�

��
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Variable
All-Pass

Filter Iout

321.4-MHz
LO

R

L

LR

321.4-MHz
IF In Splitter 90�

Low-Pass
Filter

Low-Pass
Filter

All-Pass
Filter Qout

�
	�� ���� �?!� ()13(90%836� &03'/

(-%+6%1�

321.4-MHz LO.� #,)� �
	��?��>� ��� 463(9')7� %� 7=28,)7->)(
7-+2%0� 8,%8� -7� 03'/)(� 83� 8,)� ���?��>� 6)*)6)2')� 7-+2%0� %2(

0):)0� 78%&-0->)(� ��-+�� 
���� #,)� ��� ,%7� %� $��� 8,%8� 6927� %8

8;-')� 8,)� 398498� *6)59)2'=� ���
��� ��>��� #,)� 6)%732� *36� 692?

2-2+� %8� 8,-7� *6)59)2'=� -7� &%7)(� 32� 8,)� %:%-0%&-0-8=� 3*� %

���?��>?83?	���?��>� $��� ()7-+2� 8,%8� ,%7� 463:)2� 83� ,%:)

+33(� 4,%7)� 23-7)� %2(� ,%7� &))2� -2� 97)� *36� 731)� 8-1)�� #,)

$��� 398498� -7� &9**)6)(� %2(� 740-8� -283� 8;3� 4%8,7�� 8,)� 1%-2

7-+2%0� 4%8,� %2(� 8,)� 4,%7)?03'/)(� 0334� 4%8,�� #,)� 4,%7)?

03'/)(� 0334� 4%8,� +3)7� *631� 8,)� 740-88)6� 83� %� 4%(?%140-*-)6?

4%(� '31&-2%8-32� 83� 1%-28%-2� 6):)67)� -730%8-32� *631� 8,)� 46)?

7'%0)6�� #,)� 46)7'%0)6� (-:-()7� 8,)� ��
��?��>� 7-+2%0� &=� �
�� ���

��� 36� ���� #,)� (-:-()� 291&)6� -7� '3286300)(� &=� %2� � � 7=28,)?

7->)6� ��� 8,%8� -140)1)287� 8,)� *6%'8-32%0?�� (-:-7-32�� #,)� 398498

3*� 8,)� 7=28,)7->)6� ��� -7� )59%0� 83� ���� ��>�	��� �� 	���� ��>

;,)2� 8,)� $��� -7� 4,%7)?03'/)(�� #,-7� 7-+2%0� +3)7� 83� 32)

-2498� 3*� %� 4,%7)� ()8)'836�� #,)� 4,%7)� ()8)'836� 398498� -7� 03;?

4%77� *-08)6)(�� 7911)(�� %2(� *)(� 83� %2� -28)+6%836� %2(� 0334

*-08)6�� #,-7� -7� ;,)6)� 8,)� 7=28,)7->)6� ���7� 23-7)� -7� *-08)6)(�� #,)

23-7)� '31)7� *631� 8,)� 1)8,3(� 3*� *6%'8-32%0?�� 7=28,)7-7� 97)(

-2� 8,)� ���� #,-7� 23-7)� -7� ()7-+2)(� 83� &)� ;)00� 3987-()� 8,)� *);

/-03,)68>� 3*� &%2(;-(8,� 3*� 8,)� 4,%7)?03'/)(� 0334� ;,)6)� -8� -7

)%7=� 83� *-08)6�

#,)� 1%-2� 7-+2%0� 4%8,� +3)7� *631� 8,)� 740-88)6� 83� %� (-:-()?&=?

8;3� ���� #,-7� -7� %2� ���� 4%68� 8,%8� -7� &-%7)(� -2� 8,)� 1-((0)� 3*� -87

8,6)7,30(� 83� %003;� *36� %'� '3940-2+� 3*� 8,)� ��
��?��>� $��

7-+2%0�� #,)� 398498� 3*� 8,)� (-:-()6� -7� �
	�����>� ;,-',� -7� 8,)2

-2498� 83� %2� %140-*-)6� %2(� 6)7-78-:)� 740-88)6�� #,)� 740-88)6� 398?

4987� %6)� *)(� 83� 8,)� 0%78� +%-2� 78%+)7� 3*� 8,)� &3%6(�� #,)7)� %1?

40-*-)67� %6)� 692� ;)00� -283� '3146)77-32� 83� +)8� %� '3278%28� 398?

498� 43;)6�� #,)� %140-*-)6� 3984987� %6)� '31&-2)(� ;-8,� %� �?(�

740-88)6�'31&-2)6� %2(� 8,)2� %++6)77-:)0=� 03;?4%77� *-08)6)(� 83

6).)'8� 8,)� ,%6132-'7� 463(9')(� &=� 8,)� 0-1-8-2+� %'8-32�

I-Q Down-Converter. #;3� /)=� 4)6*361%2')� 74)'-*-'%8-327� *36
%2� �?!� ()13(90%836� %6)� %140-89()� &%0%2')� %2(� 4,%7)� &%0?

%2')�� �140-89()� -1&%0%2')� -7� 8,)� +%-2� (-**)6)2')� &)8;))2

8,)� �� %2(� !� 398498� 43687�� �()%00=� 8,-7� +%-2� (-**)6)2')� 7,390(

&)� >)63� %'6377� 8,)� 	��?��>� -2498� &%2(;-(8,� 3*� 8,)� ()13(?

90%836��  ,%7)� -1&%0%2')� -7� %� 1)%796)� 3*� 8,)� )6636� -2� 8,)

4,%7)� 7,-*8� &)8;))2� 8,)� �� %2(� !� 3984987�� �()%00=� 8,-7� 4,%7)

7,-*8� 7,390(� &)� ��� ()+6))7� %'6377� 8,)� -2498� &%2(;-(8,�

#,)� %140-89()� %2(� 4,%7)� &%0%2')� 3*� 8,)� ()13(90%836� %6)

&38,� *%'836=� %(.978)(� *36� &)78� 4)6*361%2')�� $%6-%&0)� 4?-?2

(-3()� %88)29%8367� -2� 8,)� �� %2(� !� "�� 4%8,7� %003;� 8,)� +%-2� 3*

8,)� 8;3� ',%22)07� 83� &)� %(.978)(� -2()4)2()280=�� #,)� ��?()?

+6))� 4,%7)� 7,-*8)6� 32� 8,)� ��� -7� %073� %(.978%&0)� %2(� -7� 97)(� 83

%0-+2� 59%(6%896)�� #,)7)� %(.9781)287� %003;� 97� 83� %0-+2� 8,)

',%22)07� :)6=� '037)0=�� #,)� 1-<)67� 97)(� %6)� 496',%7)(� %7� %

1%8',)(� 7)8�� ;-8,� 74)'-*-)(� +%-2� %2(� 4,%7)� 1%8',-2+� %'6377

396� 4%77&%2(�

#,)� (-**-'908� 4%68� ;%7� 1%-28%-2-2+� 8,-7� &%0%2')� %'6377� 8,)

)28-6)� 	��?��>� -2498� &%2(;-(8,� 3*� 8,)� ()13(90%836�� �*� 8,)

*6)59)2'=� 6)74327)7� 3*� 8,)� 8;3� ',%22)07� (-**)6� ):)2� 70-+,80=�

%140-89()� %2(� 4,%7)� &%0%2')� ;-00� &)� ()+6%()(�� �36� 8,-7� 6)%?

732�� ;)� 86-)(� 83� 1%/)� 8,)� 8;3� ',%22)07� %7� 7=11)86-'%0� %7

4377-&0)� %2(� %7� *0%8� %7� 4377-&0)�� #,)� 46-28)(� '-6'9-8� &3%6(

0%=398� 3*� 8,)� "�� 4%8,7� *36� &38,� ',%22)07� -7� -()28-'%0� 73� 8,%8

%2=� &3%6(� 4%6%7-8-'7� ;-00� &)� 8,)� 7%1)� *36� &38,� ',%22)07�� #,)

��� '-6'9-86=� ;%7� ()7-+2)(� 83� &)� %7� &63%(&%2(� %7� 4377-&0)�

�36� )<%140)�� 8,)� ��� 03;?4%77� *-08)67� ,%:)� %� '362)6� *6)59)2'=

3*� 	�� ��>�� ):)2� 8,39+,� 8,)=� 320=� 2))(� 83� 4%77� *6)59)2'-)7

%7� ,-+,� %7� �� ��>�� #,)� '362)6� *6)59)2'=� ;%7� 40%')(� 8,-7

,-+,� 83� 1-2-1->)� 8,)� *-08)6�7� 4,%7)� 7,-*8� -2� 8,)� �?��>� 4%77?

&%2(�� �96� ��� %140-*-)67� %6)� *%78� 34� %147� 8,%8� 463:-()� 3:)6

300-MHz
Reference

Prescaler
�10

Divider
�16 � ∫

VCO

1.875 MHz 642.8 MHz

Divider
�2

Low-Pass
Filter

321.4 MHz

Prescaler
�32, 33, 36,

37

Fractional-N
Synthesizer

IC

�
	�� ���� �03'/� (-%+6%1� 3*� 8,)� �
	��?��>� ���

Splitter

Combiner



�$50#&3� ����� �&8-&55=�"$,"3%� �063/"-� � � � � � � ���

Input Frequency (MHz)

321.4

0.0

–0.8

–0.4

0.4

0.8

���
���
�

271.4 371.4

Input Frequency (MHz)

321.4
–0.500

–0.300

–0.100

0.100

0.300

0.500

��

271.4 371.4

(a) (b)
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�)&� "65)034� 806-%� -*,&� 50� 5)"/,� �0)/� �*4)&3� '03� )*4� 4611035

"/%� (6*%"/$&� 0/� 5)*4� 130+&$5�� �5)&34� 8)0� ."%&� 4*(/*'*$"/5

$0/53*#65*0/4� 50� 5)*4� 130+&$5� */$-6%&� �3&(� �6*/5"/"� '03� $0/=

530--&3� "/%� '*3.8"3&� %&4*(/�� �*--� !"-,084,*� '03� ."3,&5� 3&=

4&"3$)� "/%� 130%6$5� %&'*/*5*0/�� "/%� �*-� �53"/%� '03� "-*(/.&/5

.&5)0%0-0(:� "/%� 130%6$5*0/� 5&45� %&7&-01.&/5�� �)&� "65)034

806-%� "-40� -*,&� 50� 5)"/,� 5)&� &/5*3&� ."/"(&.&/5� 5&".� '03

5)&*3� 4611035� %63*/(� %&7&-01.&/5�

�������	��

��� ��� �*#-&5�� <�/� �$$63"5&� �11309*."5*0/� 0'� 5)&� �.1&%"/$&� 0'� "

�*3$6-"3� �:-*/%&3�� �0/$&/53*$� 8*5)� "/� �95&3/"-� �26"3&� �6#&��� ����

��	��	
������ ��� ��
���	��� ������ 	��� ��
��������  0-�� ���=
��

�$5� ���
�� 11�� ���=����

	�� ���������	
�	��� �����	��� �&#36"3:� ������  0-�� ���� /0�� ��� 11�� =���



���� � � � � � � � �#4/"%2� 
���� �%7,%44;�!#+!2$� �/52.!,

���� 
��� ��������� �!������ ���
���� ����� �������� ���� ��� �

The log weighted average balances the different time scales of various
plots in a test suite. It prevents an overemphasis on plots that take a long
time to print and allows adjustments according to the expected user
profile weighting. It is based on percentage changes rather than absolute
plot times.
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