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● Overview of RF Design Process
● Case study:  RF Front-end

✚ Low-noise amplifier (LNA)

✚ Duplexer

�Lunch

✚ Power amplifier

�Break

● Measurement for Design
✚ Passive Device Characterization

✚ Active Device Modeling

● Summary
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ACTIVE CHANNEL

RESPONSE

STIMULUS

ENTRY

INSTRUMENT STATE  R CHANNEL

T

HP-IB STATUS

NETWORK ANALYZER

50 MHz-20GHz

PORT 2PORT 1
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1: 228.23 uS   1.2453 mS  209.29 fF  947.000 MHz
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CH1 S11 5 dB/

STOP 6 000.000 000 MHz

Cor

PRm

CH2 MEM log MAG REF 0 dB5 dB/

Cor

PRm

1

1

2

1: -41.908 dB   1 GHz

One 50-ohm SMT resistor

    START    .300 000 MHz

2

1

2 2: -32.541 dB   3 GHz

Two 100-ohm SMT resistors

1: -24.229 dB   1 GHz

REF 0 dB

2: -14.792 dB   3 GHz

two 100-ohm
resistors
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DUT placed here
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inductive
transition

capacitive
transition
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open
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CH1S22 Re 50 mU/ REF 0 U

CH1 START 0 s STOP 1.5 ns

Cor ���*+]

��*+]
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CH1 S11&M log MAG 5 dB/ REF 0 dB

START  .050 GHz STOP  6.000 GHz

Gate

C
PRm

1

1: -38.805 dB   947 MHz

ORDG�LQ�IUHTXHQF\�GRPDLQ��ZLWK

DQG�ZLWKRXW�JDWLQJ

CH1S11 Re 100 mU/ REF 0 U

Cor

PRm

1

2

2: 159.74 mU   749 ps

1: -61.951 mU   707 ps

START  .5 ns STOP  1.5 ns
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$�	����&��������������	��$��
���6HW�XS�GHVLUHG�IUHTXHQF\�UDQJH�

����QHHG�ZLGH�VSDQ�IRU�JRRG�VSDWLDO�UHVROXWLRQ�

���8QGHU�6<67(0��WUDQVIRUP�PHQX��SUHVV��VHW�IUHT�ORZ�SDVV�

���3HUIRUP�RQH��RU�WZR�SRUW�FDOLEUDWLRQ

���6HOHFW�6���PHDVXUHPHQW�


���7XUQ�RQ�WUDQVIRUP��ORZ�SDVV�VWHS��


���6HW�IRUPDW�WR�UHDO�


���$GMXVW�WUDQVIRUP�ZLQGRZ�WR�WUDGH�RII�ULVH�WLPH�ZLWK�ULQJLQJ�DQG�RYHUVKRRW




���$GMXVW�VWDUW�DQG�VWRS�WLPHV�LI�GHVLUHG

���)RU�JDWLQJ�

● VHW�VWDUW�DQG�VWRS�IUHTXHQFLHV�IRU�JDWH

● WXUQ�JDWLQJ�RQ�


● DGMXVW�JDWH�VKDSH�WR�WUDGH�RII�UHVROXWLRQ�ZLWK�ULSSOH�


����7R�GLVSOD\�JDWHG�UHVSRQVH�LQ�IUHTXHQF\�GRPDLQ

● WXUQ�WUDQVIRUP�RII��OHDYH�JDWLQJ�RQ��


● FKDQJH�IRUPDW�WR�ORJ�PDJQLWXGH�



��,I�XVLQJ�WZR�FKDQQHOV��HYHQ�LI�FRXSOHG���WKHVH�SDUDPHWHUV�PXVW

EH�VHW�LQGHSHQGHQWO\�IRU�VHFRQG�FKDQQHO
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frequency domain

time domain

CH1 S11 log MAG 10 dB/ REF 0 dB

CH1 START  .099 751 243 GHz STOP 20.049 999 843 GHz

Gat

Cor

PRm

CH2 S11 Re REF 0 U50 mU/

CH2 START-500 ps STOP 1 ns

Cor

PRm

  1.900 GHz

1_ -996    mU

right-angle
connector

1_:  -23.753 dB
1_:  -32.297 dB

edge connector

edge connector

right-angle
connector

edge connector
with gap

edge connector
with gap

;��������
�
����&
��	�����������"
	����
	������"��
	��������		������'���	��������/
�	������
�	�������
���
����
����������"��
	����		��������������������������������	�#
��
��
�:A�� ��
����
��7'>�C;*%'
C
��	���
��
���������������������������	����������
����
���	���
	�
���'��$�����������
�	�&�����	����
���������������
�������������		���������������
����
&�������
�����	�
�����'



��������	�
	����
�
����	������	
�

���������&

158

��		��������	�����	��

3���H�
�
�"�������I
�������)���	�����	��
�����		������

S11 -M log MAG 5 dB/ REF -10 dB

CH2 START-500 ps STOP 1 ns

1

1_:-33.392 dB

1_ -43.278 dB

  1.900  GHz

1

CH1 START  .099 751 243 GHz STOP 20.049 999 843 GHz
CH2 S11 -M Re REF 50 mU49.6 mU/ 1_ -8.0261 mU

right-angle
connector

right-angle
connector

edge connector

edge connector

1

frequency domain

time domain
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Rbase
(10K Ω)

5.07 V

Rcollector

(100 Ω)

�
ACTIVE CHANNEL

RESPONSE

STIMULUS

ENTRY

INSTRUMENT STATE  R CHANNEL

R L T S

HP-IB STATUS

NETWORK ANALYZER

50 MHz-20GHz

PORT 2PORT 1

to port-one 
bias tee

to port-two 
bias tee

+Vbase +Vcollector

7.53 V

Collector-current 
monitor

Collector-voltage 
monitor
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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
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