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&RVLPXODWLQJ�6\QFKURQRXV�'63
'HVLJQV�ZLWK�$QDORJ�5)�&LUFXLWV

-RVp�/XLV�3LQR�DQG�.KDOLO�.DOEDVL

'63�GHVLJQV�KDYH�WR�ZRUN�ZLWK
DQDORJ�DQG�5)�GLVWRUWLRQV

amplifier noise &
non-linearities

group delay phase noise

multi-path
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:KDW�LV�QHHGHG�LQ�D�'63�	
DQDORJ�5)�GHVLJQ�HQYLURQPHQW"

� &RVLPXODWLRQ�EHWZHHQ�PDQ\�GLIIHUHQW�GRPDLQV

¥ '63��GDWDIORZ�

¥ $QDORJ��63,&(�

¥ 5)��KDUPRQLF�EDODQFH��&LUFXLW�(QYHORSH�

� 1DWXUDO�VSHFLILFDWLRQ�V\QWD[

� 6XSSRUW�IRU�ERWK�VLPXODWLRQ�DQG�V\QWKHVLV

6LPXODWLRQ�7HFKQRORJLHV

SPICE

S-
parameters

Circuit
Envelope

Convolution

Harmonic
Balance

Device Models

Frequency

Advancing Capabilities

Domain

Time

HP Ptolemy
Synchronous

Dataflow
Numeric

HP Ptolemy
(Timed

Synchronous
Dataflow)

Berkeley
Ptolemy
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'DWDIORZ�SUREOHPV��
�6\QFKURQRXV�GDWDIORZ�VROXWLRQV

� 7RNHQV�PLJKW�DFFXPXODWH�RQ�DUFV��
6')�FRPSLOH�WLPH�DQDO\VLV�JXDUDQWHHV�ERXQGHG
PHPRU\�H[HFXWLRQ

� 7KH�GDWDIORZ�JUDSK�PLJKW�GHDGORFN��
�6')�FRPSLOH�WLPH�DQDO\VLV�JXDUDQWHHV�QRQ�
GHDGORFNLQJ�H[HFXWLRQ

� 7KH�JUDSK�PLJKW�EH�QRQ�GHWHUPLQDWH��
6')�LV�GHWHUPLQDWH�E\�FRQVWUXFWLRQ

7LPHG�6\QFKURQRXV�'DWDIORZ
�76')�

� �$GGV�7LPHG�GDWD�W\SH

¥ 3DUDPHWHUV�RQ�VLJQDOV�DUH�∆W��,��4��IF
� $GGV�∆W�DQG�IF�FRQVLVWHQF\�FKHFNV

� $GGV�FRVLPXODWLRQ�ZLWK�DQDORJ�5)�VLPXODWLRQV

� %HQHILWV

¥ (QDEOHV�PRGHOLQJ�RI�5)�HIIHFWV�WR�VLJQDOV

¥ (QDEOHV�HIILFLHQW�5)�VLPXODWLRQV
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76')��$GGLWLRQ�RI�5)�VLJQDOV
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$�SRVVLEOH�ZRUNDURXQG���

:KHQ�XVLQJ�FRPSOH[�EDVHEDQG��WKH�XVHU�KDV�WR�UHPHPEHU�WKH
IUHTXHQFLHV��GHDO�ZLWK�WKH�PDWK�KHDGDFKHV��DQG�LPSOHPHQW
WULFNV�LQ�WKH�EORFN�GLDJUDP�
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76')�5)�0RGHOLQJ�7HFKQRORJLHV

� ,PSXOVH�PRGHOLQJ�RI�IRUZDUG�WUDQVPLVVLRQ��6���

� +LJK�IUHTXHQF\�QRQOLQHDULWLHV

¥ *DLQ�FRPSUHVVLRQ

¥ �UG�RUGHU�LQWHUFHSW

¥ 0L[HU�LQWHUPRGXODWLRQ

� 3URSDJDWLRQ�FKDQQHO�PRGHOLQJ

� 3KDVH�QRLVH

� $PSOLILHU�1RLVH�ILJXUH
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&RVLPXODWLRQ�ZLWK�OLQHDU�FLUFXLW
DQDO\VLV�WRROV

Voltage waveform Current waveform

SPICE

model

Time Domain (SPICE)

(EACH TIME POINT

ANALYZED SEPARATELY)

&RVLPXODWLRQ�ZLWK�QRQOLQHDU
FLUFXLW�DQDO\VLV�WRROV

Voltage waveform Current waveform

SPICE
model

(EACH TIME POINT

ANALYZED SEPARATELY)

ADJUST VOLTAGES TO

SATISFY KIRCHHOFF’S

CURRENT LAW

Time Domain (SPICE)
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+DUPRQLF�%DODQFH

Linear circuit analysis
in the frequency domain

Voltage spectrum Current spectrum

Admittance
model

I = Y(freq) * V

(ONE SINUSOID) (ONE SINUSOID)

3�

3�

+DUPRQLF�%DODQFH�7HFKQRORJ\

Converging toward a solution

Voltage spectrum Current spectrum

Voltage waveform Current waveform

SPICE
model

CHANGE THE VOLTAGE SPECTRUM UNTIL "KCL" IS SATISFIED AT ALL NODES

ADJUST VOLTAGES TO

SATISFY KIRCHOFF’S

CURRENT LAW

(ALL TIME POINTS
ANALYZED

SIMULTANEOUSLY)

3�

3�
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+DUPRQLF�%DODQFH�
&RQYHUJLQJ�WRZDUGV�D�VROXWLRQ

TOLERANCE
SMALL NON-ZERO

+ IC I L I D I ERRORI R + + =

INITIAL ITERATION

+ IC I L IDIR + + <=

FINAL ITERATION

CHANGE THE VOLTAGE SPECTRUM UNTIL                    GOES TO ZERO

V L

V L

VOLTAGE
ESTIMATE

VOLTAGE
FINAL

In

3�
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&LUFXLW�(QYHORSH�7HFKQRORJ\

Circuit

V(t)*e j2πfot

t2 t3
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Input Signal

CarrierModulation
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Time

t1

t2

t4

t3

Time
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Output
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&(���7LPH�YDU\LQJ�VSHFWUXP

● Amplitude vs. Time
● Phase vs. Time
● Frequency (δφ/δτ) vs.

Time
● Harmonics vs. Time

Time

fo

FFT

Α∠φ

t1

t2

t4

t3

Time

fo

Amplitude &
Phase

t2

t3

t1

t4

Α∠φ

Freq

● Spectral regrowth
● Mixer intermods
● Phase noise

3�

3�

7LPH�VDPSOHG�PRGXODWLRQ
HQYHORSH

Circuit Envelope Output

V(t) * e j2πfot

t2 t3
t4

t1

Modulation Carrier

● Input Signal Modulation
Envelope Sampled in Time

● Spectrum of RF carrier is
calculated in the frequency-
domain at each envelope
time sample

–Output is a time-varying
spectrum

t1
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t4

t3

Time

fo

Amplitude &
Phase

Circuit

Input
Signal
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&RVLPXODWLRQ

'LJLWDO

7;
$'&5)

5DGLR

&KDQQHO
5)

3//

'LJLWDO

5HFHLYHU

') &( 7') &( 6 ')

&(
')������ ��+3�3WROHP\�'DWD�)ORZ

&(������ ��&LUFXLW�(QYHORSH

7')��� ��+3�3WROHP\�7LPHG�'DWD�)ORZ

6��������� ��63,&(�W\SH�7UDQVLHQW

■ +LHUDUFKLFDO��KHWHURJHQHRXV
GHVLJQ

■ $XWRPDWLF�VFKHGXOLQJ�DQG�GDWD
WUDQVIHU

✓ 9DOLGDWLRQ�RI�HQWLUH�GHVLJQ
✓ 0RVW�DSSURSULDWH�VLPXODWLRQ
DOJRULWKP�IRU�HDFK�VHFWLRQ

+3�'63�6ROXWLRQV

6SHFLILFDWLRQV

$UFKLWHFWXUH

$OJRULWKP

%HKDYLRUDO

6LPXODWLRQ

6WUXFWXUDO

+'/

+'/

6LPXODWLRQ

/RJLF

6\QWKHVLV

3K\VLFDO

'HVLJQ

7HVW�,QVWUXPHQW

$GDSWLYH�:DYHIRUP

&RPSDUDWRU

0RGHO

/LEUDULHV
)LOWHU

7RRO

7DUJHW

7HFKQRORJLHV

0$7/$%63,&(

+'/�6LPXODWRU

,3
+3�3WROHP\

'DWD�)ORZ

6\QWKHVLV

(QJLQH

&LUFXLW

(QYHORSH

57/�+'/ $SWL[�(PXODWRU

+3�'63
'HVLJQHU

+3�'63
6\QWKHVLV
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+3�3WROHP\

+3�3WROHP\
'DWD�)ORZ

%LW�7UXH�6\QWKHVL]DEOH

0RGHOV

%HKDYLRUDO�5)�$QDORJ

0RGHOV

7HVW�,QVWUXPHQW�6HUYHU'LJLWDO�)LOWHU�7RRO

'63�0RGHOV

6\VWHP�/HYHO

,QWHOOHFWXDO�3URSHUW\

63,&(�DQG�&LUFXLW�

(QYHORSH�&RVLPXODWLRQ

([DPSOH�����4$0�7[�5[

�'63���6\QWKHVL]HG

,�4�'DWD�*HQHUDWRU�

5),&�,�4

0RGXODWRU

'HPRGXODWRU
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6\QWKHVL]DEOH����4$0�7[

,4�0RGXODWRU
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0L[HU

��6WDJH�3RZHU�$PSOLILHU
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,4�'HPRGXODWRU

7\SLFDO����4$0��LQSXW�DQG
RXWSXW�UHFRYHUHG�'DWD
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&RQFOXVLRQ

0XOWL�OHYHO�'HVLJQ���6LPXODWLRQ�
'63�DQG�0L[HG�6LJQDO�5),&�
$OO�LQ�RQH�HQYLURQPHQW

)URP�7RS�6\VWHP�/HYHO
'RZQ�WR�&LUFXLW�/HYHO

6RXUFHV�RI�DGGLWLRQDO
LQIRUPDWLRQ

� )RU�PRUH�LQIRUPDWLRQ�RQ�+3�((VRI

¥ KWWS���ZZZ�KS�FRP�JR�KSHHVRI

� )RU�LQIRUPDWLRQ�RQ�+3�WHVW�DQG�PHDVXUHPHQW
HTXLSPHQW

¥ KWWS���ZZZ�WPR�KS�FRP�

� )RU�PRUH�LQIRUPDWLRQ�RQ�8&�%HUNHOH\�3WROHP\�

¥ �KWWS���SWROHP\�HHFV�EHUNHOH\�HGX�


