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Concept

Design

Integration

1
�$���
�
��������#
�������	
�����
������������
�
�������
��&

'	
��
��������
��+���
����
���	
�
��	
����8
�����������
��
�
�
��������
���������#��
���������
���
��
�
������
���������
�"�
�
���������

����
�
��
��
���
�&

9��
��	
����8
���
���
�
�
�������	
�
�
�
�������
������
�����
����
����	
��
�
������
��
�
������
���
��
�
�
��&�� 	
���	
��
�
�������
�
�������
�
���	
�
��
�
������
���
���
�
�����	����������
�����������
���	
�
��
����	
��	��
��

��
�����
��������	
��
�������	
�����
�&�2����
��

������
�������	����	
��
�
���
���#����
�	
�&

-���	
����
����
�������
���	
�
��
�
�����
�����
���
���
�����
�
��
�����
��
����	
��	��
�����������
�
��
��
����	
�������
������
�������	
�
��
�
�����
��
���
��
�&

'	
��
�
�������
���
���������
���
����	��������
�����
�����	
��
3�&��-�������	
�����
����
�
��
�����
��
�
�����	
��
�����������
�����
��
�
�����
����
��
�
��	���
�
�
�������
&

1
�$�����
����
��	�����	
�
�����
��
�����
��
��
�&



��������	�
	����
�
����	������	
�

�������)

9

+���
��/
����
���
�
��:-�����
�:����
�
��

● Assess goals

● Set priorities

● Explore possible
system configurations

● Design partitioning

● Allocate circuit
specifications
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● Explore possible circuit topologies

● Investigate and select components

● Make build vs. buy decisions

● Determine whether desired circuit
Specifications are realizable

● Verify system performance
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● Combine individual circuits

● Troubleshoot

− System redesign, as needed

− Circuit redesign

− Circuit reallocation

− System reconfiguration

● Modify system specification, as needed

● Re-define project definition, as needed
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● Understand needs and goals

● Paper study

− Prone to errors

− Incomplete system analysis

− Difficult to analyze circuit
interactions
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● Reliance on physical breadboards (prototypes)

● Trial-and-error circuit design (cut & try)

● Difficult to verify circuit’s performance on system level

● Difficult to predict interactions & manufacturing yield

● Expensive & time consuming!!!
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When do I go home?
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Concept

Design

Integrate

Production

Production

Redesign

Test

Integrate

Design

Does it work?

Build

NO
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Integration

  Design

Concept
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!Freq.[Hz] MagS11[dB] PhaseS11[DEG] MagS21[dB] PhaseS21[DEG] MagS12[dB] PhaseS12[DEG]
300000 -5.986E-07 -1.151E-02 -7.394E+01 8.997E+01 -7.394E+01 8.997E+01 -5.986E-07 -1.151E-02
315229 -6.384E-07 -1.210E-02 -7.351E+01 8.997E+01 -7.351E+01 8.997E+01 -6.384E-07 -1.210E-02
331231 -6.812E-07 -1.271E-02 -7.308E+01 8.997E+01 -7.308E+01 8.997E+01 -6.812E-07 -1.271E-02
348046 -7.273E-07 -1.336E-02 -7.265E+01 8.997E+01 -7.265E+01 8.997E+01 -7.273E-07 -1.336E-02
365714 -7.769E-07 -1.403E-02 -7.222E+01 8.997E+01 -7.222E+01 8.997E+01 -7.769E-07 -1.403E-02
384279 -8.303E-07 -1.475E-02 -7.179E+01 8.997E+01 -7.179E+01 8.997E+01 -8.303E-07 -1.475E-02
403787 -8.879E-07 -1.550E-02 -7.136E+01 8.997E+01 -7.136E+01 8.997E+01 -8.879E-07 -1.550E-02
424285 -9.501E-07 -1.628E-02 -7.093E+01 8.997E+01 -7.093E+01 8.997E+01 -9.501E-07 -1.628E-02
445823 -1.017E-06 -1.711E-02 -7.050E+01 8.997E+01 -7.050E+01 8.997E+01 -1.017E-06 -1.711E-02
468455 -1.090E-06 -1.798E-02 -7.007E+01 8.997E+01 -7.007E+01 8.997E+01 -1.090E-06 -1.798E-02
492235 -1.168E-06 -1.889E-02 -6.964E+01 8.997E+01 -6.964E+01 8.997E+01 -1.168E-06 -1.889E-02
517223 -1.252E-06 -1.985E-02 -6.921E+01 8.997E+01 -6.921E+01 8.997E+01 -1.252E-06 -1.985E-02
543479 -1.344E-06 -2.086E-02 -6.878E+01 8.997E+01 -6.878E+01 8.997E+01 -1.344E-06 -2.086E-02

,EH �,%ELI�H[S�9EH�1EI97��������,VH�H[S�9EH��1H[9W�������
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● Top-level system
brainstorming

● Quick analysis of
circuit interactions

● Budget analysis to
allocate circuit
specifications

● Design partitioning
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Element Duplexer LNA BPF Mixer AMP #1 BPF AMP #2 AMP #3 Mixer BPF AMP
Gain (dB) -3 20 -2.7 -7 20 -17.4 30 30 -6 -6 45
Noise Figure (dB) 2.7 1.5 2.7 7.5 4 17.4 4 6 6 6 5
NFO (dB) 2.7 4.2 4.3 4.7 5.1 5.3 5.6 5.6 5.6 5.6 5.6
Power (dBm) -125.3 -103.9 -107 -114.4 -94.1 -111.5 -81.5 -53.2 -58.9 -65 -19.9
SNR (dB) 6.5 4.9 4.9 4.5 4 3.9 3.6 3.6 3.6 3.6 3.6
TOI @ Output (dBm) 3.2 0.5 -7.5 8 -9.4 9.1 24.2 15.8 9.8 20
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Design

Build physical
proto & test

Integrate

Simulate
(Circuit & System)

Modify design
to match proto

Good

Good
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2

simulated

measured
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● Interconnect designs and measure performance

● Modify design to reflect measured results (if necessary)
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RedesignSimulate

Does it work?

Manufacturable?

Build

Test

Production

Does it work?

Integrate

Design

NO

NO

NO

Software

Physical

Concept

Design

Integrate

Production
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● 6\VWHP

$QDO\VLV
● 'HVLJQ

3DUWLWLRQLQJ

● 5)

● $QDORJ
● '63

● ,QWHJUDWH

%ORFNV
● 6\VWHP

0HDVXUHPHQWV

● 5H�/D\RXW

● )LQDO�$UWZRUN

● %LOO�RI�0DWHULDOV
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