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2. Keysight ADS
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-
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& % BRI R

1. = = — % #7:7 Workspace(File->New->Workspace)

Advanced Design System 2015.01 (Main)
File View Options Jools Window DesignKits DesignGuide Help

New ¥ W Workspace..
Open * [jlli Library..
Close Workspace o0 Schematic...
?,;,* Convert Project... B Layout..
¥ Delete Workspace... {> symbol..
ol Save All £} Notebook..
[G= Close All Substrate...
L. Hierarchy Policy...
Manage Libraries... el L i
Copy Library...
Rename Library...
[## Archive Workspace...
¥ Unarchive..
Import »
Recent Workspaces 4
X Exit. Alt+F4
& Lab_Receiver_wrk
& Mixer_PLL

Use the File menu or the File Browser to open a workspace

Lab1 -1
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&2 BHREXABFECSFRR

- . RE%P

AR 2P B Y I f# B4 (frequency-muliplied) ¥ F & 47
FEFBOTRER B EF* Keysight § 4 5018 ADS 7 "%3%3*
- 'lﬁﬁﬁ EHE A 5 28GHz 2 B E A AHE S & & F o J5d Keysight ADS
FFR 9Tk 32 28 GHz BAR £ }i%}:p., & ® &tﬁ;-gﬁig,] s g N R Y
% ;}g R 0 BRI AT E %g XAE B0 B R AE KO
BRS¢ FLH PR L ppifea g1 o

REBERA
1. BAR%

2. Keysight ADS

Iy

u
0\

-
—
—

& % BRI R

1. = = — % #7:7 Workspace(File->New->Workspace)

Advanced Design System 2015.01 (Main)
File View Options Jools Window DesignKits DesignGuide Help

New ¥ W Workspace..
Open * [jlli Library..
Close Workspace o0 Schematic...
?,;,* Convert Project... B Layout..
¥ Delete Workspace... {> symbol..
ol Save All £} Notebook..
[G= Close All Substrate...
L. Hierarchy Policy...
Manage Libraries... el L i
Copy Library...
Rename Library...
[## Archive Workspace...
¥ Unarchive..
Import »
Recent Workspaces 4
X Exit. Alt+F4
& Lab_Receiver_wrk
& Mixer_PLL

Use the File menu or the File Browser to open a workspace

Lab1 -1
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Keysight ADS

u
0\

& % BRI R

1. = = — % #7:7 Workspace(File->New->Workspace)

Advanced Design System 2015.01 (Main)
File View Options Jools Window DesignKits DesignGuide Help

New ¥ W Workspace..
Open * [jlli Library..
Close Workspace o0 Schematic...
?,;,* Convert Project... B Layout..
¥ Delete Workspace... {> symbol..
ol Save All £} Notebook..
[G= Close All Substrate...
L. Hierarchy Policy...
Manage Libraries... el L i
Copy Library...
Rename Library...
[## Archive Workspace...
¥ Unarchive..
Import »
Recent Workspaces 4
X Exit. Alt+F4
& Lab_Receiver_wrk
& Mixer_PLL

Use the File menu or the File Browser to open a workspace

Lab3-1
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T EAN] A AHO0 =1
E%M o SN = DY

$

LUJlJI
=2

* BladeRF 2B 2 &

* BladeRF TXIf 81 £ PAZinputlif

« PAZ outputlif B — R JE #5 & 1 £BladeRFZ RX
Il

\

bladeRF TX PC bladeRF RX

,‘ BEBSGHEEEAHERE
SGRMRNHMENNE DD




= o JZx f2
2 miE
YT B SR = L .
=== /)I RELE % E =" %m ) create a transmitsignal
(16QAM)
1. }Sé & I:H """"" :H/’J')J% l
) ) T& LIQTX & RX E:HI %}E captureTX and RX signal
- v
3 . EI:& = _I Ijj SR ﬁQ j( %E 9& E 1% E—fq extract I::fA poqlinear
4. BIZZDPDILFE FH 2 & 1 FH 5% Y
createDPD (Memory
— Polynomial & LUT)
5. #ERER =

show the result

(7 augseraERAT RS
| SCEMENMENMEND




BLADERFIE/E 5%

BIEREEESMIE - 5712500 L1 {F FASIMULINKEYMODEL - 52475 2F FE X4

[ ok “% bladeRF_windows_installer.pdf
*# F R AR T matlabikA2015a 0 = - 201455 A
'
- :
N S
/, -

} AEBSCTEERATRERE
SGXMANMENRE D




BLADERFIE/E 5%

LES 1A BEREENAINR - AR —E&EE

]N

%.b’ata@ﬁaﬁ% BT — TR FRAE -

\ 4

| E:
“h| CMD _DPD.bat 2 cd E:\Users‘\robert\Desktop\DPD_robert _4%20180222\19_-17_18_2
bladerf-cli -5 Test2400m.TXT

set frequency 2400M
set samplerate 20M
set txvgal -17
set Txwvgalz 18
Test2400m.txt set Txvgas 18
set bandwidth 12000000
tx config file=l60AM.csv format=csv repeat=10000 delay=0

rx config file=l6QaM_return.csv format=csv n=32768
tx start

rx start|

§EBSGﬁ§ﬁEA?ﬂE1i
SGRIMN NN ENRE D




BladeRF £l i 1 51 5

PAR & 77 45312 BLADERF# L FHL SR WAl 4 - 73 Bl & Single Tone, AM, 16QAM

1_Sing|e Toneﬂ%%f%%&%ﬁﬁﬁ 1 % Cur samples must he generated at the samplerate we plan to run the device at
B|= SANPLE_RATE = leé;
2
V 4 % Generate 10 seconds worth of samples. Bear in mind that when using the
i:reat_s.igna.m S 5 % bir_lary ?Clﬁ 011 format, 1 sample consumes 4 }_JY'(BS of memor_'?ra'disk space,
3] % This gquickly adds up - 10 seconds @ 2 Msps wields ~ 74,3 M1B., Be careful
7 % when using higher sample rates!
a8 - WIM_SECONDE = 10;
9 - NUM_SAWFLES = NUM_SECONDE * SAMPLE_RATE;
10
11 % 250 kHz, in radians (00 = F_Hz * 2pi)
12 - SIGHAL FREQ) RAD = 25083 * 2 % pi;
https://github.com/Nuand/bladeRF/wiki/bladeRF- N _ o
. . 14 % Generate a vector "t" which represents time, in units of samples.
CL"Tlps'and'T"CkS 15 % This starts at t=0, and creates NUM_SAMPLES samples in steps of 1/34MPLE_RATE
16 - t = [ 0: (l/SAMPLE_RATE) : (NUM_SECONDS - 1/SAMPLE_RATE) ]:
17
18 % Create a simmsold (slgnal = e®(10+t) ) with a magnitude of 0.90
19 — signal = 0,90 * exp(1] * 3IGWAL FREQ_EAD * t);
20
21 % Plot the FFT of our signal as a guick sanltv check.
22 % The NUM_SAMPLES denominator 1s Just to normallize this for display purposes.
23 — f = linspace(-0.5 * SAMPLE R4TE, 0.5 * SAWPLE_RATE, length(slgnal));
24 — plotif, 20%logl{ahst fitshiftf fft{signal)) )/ NIM_SANPLES));
25 — xlabel{ 'Frequency (Hz)');
I R — ylabel{ 'Fower (dB)');
27 - titlef 250 kHz tone'd;

"V BEBSCHEERATHERE
) 5GRMRNMENNERD



DPDIRTEMRE

T #55CBLADERFUNO] fE A K BliSafl 9% 18 - 277 46 H010] 2 A Digital
predistortion, DPD °

DPDF E N MiTE - —TEALookup table,LUT, 55 —T& A& Memory
polynomial °

£ E 37 Lookup table,LUT &ZMemory polynomial = + 73 Bl 1 1&
B 70 (Simulation) & E B 1B T (Measurement) + FBARAE Y LEET 45
B,

HO

.»,"':'K .




ZrEmcE AU NEMXAIERAE RIE EFRIA

o

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-
com/company/events/conferences/matlab-tour-china/2015/proceedings/matlab-rf-development-
application-in-numbers_en.pdf

https://ww2.mathworks.cn/videos/digital-predistortion-for-power-amplifiers-68727.html

https://ww2.mathworks.cn/matlabcentral/fileexchange/45890-adaptive-dpd-design

https://www.keysight.com/upload/cmc_upload/All/DigitalPreDistortion_MicroApps.pdf

| AEBSCHEEAAIEARE
| SGRBRNMEHNESD

p-2 |


http://www.mathworks.com/content/dam/mathworks/mathworks-dot-
http://www.mathworks.com/content/dam/mathworks/mathworks-dot-
http://www.mathworks.com/content/dam/mathworks/mathworks-dot-
http://www.keysight.com/upload/cmc_upload/All/DigitalPreDistortion_MicroApps.pdf
http://www.keysight.com/upload/cmc_upload/All/DigitalPreDistortion_MicroApps.pdf
http://www.keysight.com/upload/cmc_upload/All/DigitalPreDistortion_MicroApps.pdf

DPDE{E)it 42 (Simulation)

ESimulation £ -l Y AEFR - MEEARERKD - 755
BERKREZE 1B

DPD il
DPD2 i
DPD3 ,E ;116QAM LUT

DPD_2 HIZH12BIT 16QAM memory
DPD_2 - £ & ,EJnfnsBlT 16QAM memory

a0, Simulation 16QAM memory
a11/Qmemory

_;:h

EHNERIRFSEEERKE MRVP_UP_TESTSX HEEH - XHERR MIRERUR -

IEFE—12 - 1ifSimulationt] DL 2235 - 12BITSHUDACIEXEE A B LUERSTEMNTERE R K EL - M16BITS
FRITIPIEIR -

! :.'-' fa
%\‘ V) assonaRAATEARS
7 | CRRNMENNERD




M WP _UP TEST2.docx

N . o L 1 Fy
KEIMEEEIESR - KFERiT— Sl EEa i
%
2 *a| data_TEST shcslx
1 2 3
(DPD &¥l#g) QAM_CODE_TEST data TEST QAM_CODE_TEST 3 £ QAM _code testm
:lI:"‘D_,"-'i.l"*.lj'-'nlL":"SI;:"n1 DPD DATA_ PA3 SLX:
data=32768- 6 4
%' DPD_analysis.m
data_PA_in
e 5 £
— o | DPD.m
Workspace1

PA_IN_SPEC
6 *a| data_PA3_shesle

U EBscRESEATAERE
| 5GRERNNEANERD




Measurements Part 1

**#part 1 Z AU FERY - ;B LA BIBLADERFRAFTEE MK
FREME - W EMATLAB K SIMULINKTER IR -

Vi
@-}V AEBSCHENRATHENE
" | BCRNRNMENNE D




DPDIRTEMRE

n‘\I]

(measurement)

CELERITEX
CMA-4-0504

B ITEE—{EPA - A LEPARIBIF -

Specifications:

Model Number; CMA-4-0504

Frequency Range: 0.5 GHz - 4 GHz

Gain (min): 35 dB

Gain Vs Temp at any Frequency: This Amplifier is not Temperature Compensated

= Noise Figure (max): 4 dB
DATASHEET;ZDE Output Power @ 1dB Compression: 18 dBm

Gain Flatness Vs Frequency: +/-1.5 dB

3 Qrder Intercept (Typ): 27 dBm

Power Supply:
Input Voltage: 11.5 to 15 VDC
Current @ 12 VDC (typ): 240 mA
Current @ 12 VDC (max): 265 mA

Case Type (See attached OQutline): SC4

Temperature Range: +25

| REBSCHEEEATESEE
5GXNRNMENNERD




Measurement
(Memory Polynomial) Part 1

; GINEER . .
PARIP1dBRERIINREHI S QAM_CODE_TEST DPD_analysis DPD untitled3
. | 20180222 0 19.-17.18 2 ] 01~10.doex data_PA2_slx

DPD.robert
4

data_PA in »
From
Workspace? PA_IN_30097_SPECH
data_PA_out lr
QAM_code testm DPD_analysis.m DPD.m Untitled3.m "4 data_PA2_sheslx =
10
Workspace PA_IN_30097_SPEC2
**EE D AE - e Z A &2 17 TEE S 1ERIDATA - a_PA_in_!ﬂﬂ o[-
YNZEEFT=AIMEMORY POLYNOMIAL - 552 83PART 2 = —
Workspace3 PA_IN_30097 SPEC
data_final PE
From
£ " Workspace! PA_final SPEC
AEBSCNRERATHERR

SGEMRNMENRE D




Measurement (LUT) Part 1

Back-off

18_-18_1?J- &l] 01~09_BACK-OFF docx - QAM_code_testm  PA_IN_OUT.mat
. d 20180322
UP’D_rDbEI’t

] 01~09.doex QAM_code_testm  PA_IN_OUT.mat

19 -17 182
4

P1dB
data_PA_in
Wmllzcrsﬂp:ceié
% QAM _code test.m %4 data_original_shesle ata,wthDPD}
ankms;—lace
=N LNIZ=F2 =ES:=N = 5 = RS Ea,wumuutop%
BN - BE 2RI E &2 1 1 E L ERIDATA - -
MEBEFHSRILUT - FSIRPART2

 BEBSCHEEEATEEHE
/ BCERNRNNERNEDD



Measurement

(Memory Polynomial) Part 2

Z)[3 20180222

~ _
/ \ | Test2400m tt - EEA&

tx
%
tx
%

RIS

s o — =tz BEF SEE BIO) BENV H=EH
@T—I QE}J?HHQ -H' get frequency 24008
—>  [ElcMDbat get ganplerate 20M

get tuveal -17
get tyvea? 18
get Inagain O
get bandwidth 12000000

config file=160Q4N. cav format=cev repeat=10000 delay=0
config file=l1604M return.cev format=cav n=32768

ztart
start] \

RXE £ FE

]| CMD.bat - £==

BER SHE #IO BEV) 2#EGH

bladerf-cli -z Test2400m. txt

FEBSCHUERATHENE
SGRMMNMENRE DD

E:
cd E:\Uzershrobert\Desktop\DPD_robert 4420180222413 -17 18 2



Measurement
(Memory Polynomial) Part 2

:’_’\l\l
e
g EB T)—EHE = +1j Test2400m_DPD.txt - SE==
\Ez— \ BEFR HEE BIO) BRENV) =HEH
21T get frequency 24004
zet zamnplerate 20M
——>  [BoMD pPobet setf boveal 17 | SBEOSEISHIE - SCHEIPARIPIDE
get| txveal 18 SR
?%J: get Inagain 0 EEHNEREFE—H
zet bandwidth 12000000
tx config file=1604M.cav format=cev repeat=10000 delav=0
rx config Tile=1608N_return_DPD.cev format=cav n=32768
t¥ start
rx start| \\\\\\\\\§§
RXE R ERE
Voo FRARER Oy
| | CMD _DPD.bat - £=# -
BEFR H|EE BXO) ®wERNV) ZEBEH
E:

cd E:\Uzersirobert\Desktop DPD_robert _4M\2Z0180222419 -17 18 2
bladerf-cli -z Test2400u_DPD.txt

FEBSGTARRATHEHE
SGRMMNMENRE DD



HGERR A EE

E /i- % QAM _code _testm

| QAM_code testm .| + |
= load time;
2
3 %M original data in 17O mode
4 - QAMTEST=cavread( ' 160&0, csv');
5= original=(Q4MTEST,/2045);
]
7= IW=criginal;
8- iz, 2y = [1;
9 - OW=original;
1 - Wi, 1y =1[1;
1 - original2=TW+1j . *qw,;
12
13 - = repmatioriginal, [1 1 length{tout)]);
14 - data_original . time=tout;
15 - data_original . signals.values = W;
16 - data_original .signals. dimensions=[5068 1];
17
18 - W = repmat{original,[1 1 lengthi{tout3]);
19 - data_original?. time=tout;
20 - data_original? . signals . values = WAL
21 - data_original2. signals.dimensions=[5068 2];
22
23 T without P4 data in I1/Q mode
24 - QAM_return=csvread( ' 1AQAM_return.csv');
a5 — withou tPa={ QAM_return, F2048);
26
27 - IE=withoutPh;
28 - -, 2y =11;

!

A7
ALY BEBSCHEEAATHEE
[,/ SCREMRNHMENNEDD

1}

r.lﬁ.E’l

O

S HIAKEGR

- BUSRIBRREIK
- LSREFREKIM

DPD_analysis.m
| DPD_analysis.m | + |
1 % Copyright 2013-2014 The MathWorks, Inc,
2 A% Test data used to dexive coefs
3 - pain = pa_in;
4 — pi_ont = pa_out;
5
6 - toss = 500; % lgnore Inltial data that could hawe transients
= pad = A00; % room to play at the end of the data set.
g - tralninglen = 30e3; % drbitrary subset of pa_in data used to derive coefs
gl= if traininglen » {length{pa_in)-pad-toss)
10 - error{ 'Pick smaller subset for tralninglen');
1n - end
12 %% PA and DPD model parametexs
13 - memorylen_pa =3
14 - degree pa . BE **'ﬂ%aﬁ_l:ﬁ%ﬁzg
15 - degree_pd 3
18 - memorylen_pd 1; **ﬂ% EQTH%Q?
17
18 - coef pd=complex(zerosidegree_pd*memorylen_pd, 11);
19 — coef_pa=complex(zerostdezree_pa*memorylen pa, 13);
20 %% Compuite input scaling factor with ovenange
il |= u = pa_in{ toss+l:{traininglentpad)); % select data and transpose
22 - wnaz_inv = 1/ {max{abs(u))y;
23 - u = n*unax_lnv;
24 - v = pa_ont(toss+l:i traininglen+pad)); % select data
25 — wmax_ilnv = L/ {max{abs({+w)));
26 - v = vhmax_inv;
27 - if 1
28 - of fset = 3;

BRE



** G IAR BRI EN 4 S16QAMEN SR - W EEALCSVIE S

1T ) pPom

Vv

[ DPOm | + |
11
12 - pipe(l:end-1) = pipe(2:end);
13 — pipefend) = up(n});
14
15 — for k = 1:K
16 — form = 1:M
7 [= ¥in) = vin) + coef_pd{(k-1)"+m)*pipe(n)*abs{pipe(m) ) {k-1;
18 — end
19 - end
20
21
22 — end
23
24 M data withDPD
25 — ww= repmat{w,[1 1 length{tout)]);
26 — data_withDPD. time=tout;
27 — data_withDPD.signals.values = wv;
28 — data_withDPD.signals.dimensions=[30097 1];
29
0 - I1H=realiw);
3l - Q0H=1mag(¥);
32 - pa_in DPD=complex{=zeros( 30097 27);
33 - pa_in DPD{:,1y = [IIX];
34 — pa_in DPD{:,2) = [QUX];
35
36— pa_in DPD2=round({pa_in_DFD, *2048)
37 - csvwrite! 'pa_in DPDZ . csv',pa_in DFD2);
8

FEBSCHUERATHENE
SGRMMNMENRE DD




HENNEE ]

7 Test2400m_DPO_FORPA txt - EE=2
/\ 8RR SEE BXO) BEV) HEH

S — get frequency 24004
@ J get zamnplerate 204

> tltuveal -
[# cMD _DPD_FORPA bat sot |tzvea? 18

get Inagain 0
get bandwidth 12000000

EE

ty config file=pa_in DPFDZ.cav format=csv repeat=10000 delay=0
rx config file=pa in DPD3.csv format=cev n=30097
tx atart

rx start \\\\\\\\\S§

RXE REARE

o
PR T
Vv
| | cMD _DPD_FORPAbat - =% - n 4
BER S[EE BIO) BRV) REH)

E:
cd E:vTzerstrobert\Desktop DPD_robert _4420180222419__17_18_2
bladerf-cli -g Test2M00n DPD_FORPL.txt

FEBSGTARRATHEHE
SGRMENMENNE DD



HEERB AW EE

#17

**SIMULINKHI 2 &R 17 3 [E]

) Untitled3.m

[ Unttledam | + | N

%M data withDFD

yy= repmat(y,[1 1 length{tout)]);
data_wlthDPD, time=tout;
data_withDPD.signals . values = yy;
data_withDPD.signals. dimensions=[30097 1];

IT¥=real(y);

QF=1magl(y);

pa_in DPD=complex{zeros(30097,2));
pa_in DPD{:,1} = [IIX];

pa_in DFD(:,2) = [QQX];

pa_ln_DPD2=round(pa_in DPD.*2048)
csvyritef 'pa_in DPD2 . cow',pa_in_DPD2);

®aM data DPD4+PA
final2=csvread( 'pa_in DPD3 . csv');
final3=(final2./2048);

IZ=finald;
I2(:, 2) = [1;
QZ=final3;

iz, =[]
finald=1Z+1j . *Q2;

ZZ = repmat({finald, [1 1 lemgth{tout)]);
data_final.time=tout;

FEBSCHUERATHENE
SGRMMNMENRE DD

>~
7

| |4 data_PAZ2 slx.slx —

*&| doc_mer_and_evm2.slx

[30087x1]
[20097x1]

From
Workspace1

(300971]
Hata_withDPQ]

From
Workspaced

dB Gain2

[30097x1]

From
Workspace2

PA_IN_30097_S

data_PA_out

From
Workspace

PA_IN_30097_S

a_PA_in_30l

From
Workspace3

PA_IN_30097_SPEC

:

data_final

From
Workspace1

Ref
[aooen)| o EVM

in %
[3007x1]

EVM Measurement!

PA_final_SPEC

** B EEVM

2059

With DPD RMS EVMZ2

TX_30097

PEC2

)

DPD_RX




Measurement (LUT) Part 2

EU L 20180322
o SHEE

7 Test2400m.txt - £E=

7,

ZE

? BEFR HEE BI0) wENV) H=HEH
et frequency 24004

——>  |@lcMDbat get ganplerate 20M
get_txveal 18

@et Inagain 0
et bandwidth 12000000

r_lﬁé

ty config file=1604.cav format=cav repeat=10000 delayv=0
r¥ config file=l60AM return.csv format=cav n=32768

ity atart

rx atart

~REEY

( | CMD.bat - £==%
BER SEE #I(O BREV) 2EH)

E:
cd E:\Uzergtrobert\Desktop \DPD_robert _4\20180222419_-17_18_2
bladerf-cli -z Test2400m.txt

FEBSGTARRATHEHE
SGRMMNMENRE DD




=]

pL

?i— %] QAM_code _testm

*ZUNQRUIRIE - FEIBERIRITARME -
Al BT L AR CSVAE ZRAB T

-2
(]

[ Q&M_code testm [ 4+ |
_1 - load time;
2 - load Fia_IN OUT;
K}
4 TAM original data in I/Q mode
5 - QAMTEST=cswread( ' 1AQAM, csv ") ;
b — orlginal={QAMTESRT. /2048
7= DIigin&l_DE=rnund{QMﬂ'EST.;
g - cswvwrltel '1AQAM 08 . csv' ,orliginal 08);
q
jni,
11
12
13 — IW=orlginal;
14— IW-, 2y =[]
15 — OW=noriginal;
16 — oWz, 1y = [1;
17 - original2=TW+1] . *QW;
12
19 — W = yepmat{original?, [l 1 length{tout)]);
20 - data orliginal. time=tount;
21 - data original . signals. values = W,
22 — data_original . signals. dimenslons=[5068 1];
23
24 — W = repmati{original, [l 1 length{tout)]);
25 — data orlginall. time=tount;
26 — data originald.signals.walues = WWOF;
2 - data orliginal?.signals.dimensions=[5068 2];:
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CMD_withDPD _08.bat —1

HEREINER

| Test2400m_08.txt - =& : ;. .

BEF KEE B0 BRNV) HHEH)

]| CMD_withDPD_08 bat - T=&

BEF) H/EE BIRO) BRENV) HEH)

E:
cd E:\Ugersi\robert\Degktop \DFD_robert _4V20180322019_-17_18_2
bladerf-cli -8 Test2400m 08, txt

FEBSGTARRATHEHE
SGRMENMENNE DD

ket frequency 2

get zamnplerate ZOM

et tyveal -17

get tuvegal 18

et Inagain 0

set bandwidth 12000000

ty config file=1604M _08.cav format=cev repeat=10000 delay=0
r¥ config file=16Q4M return DPD.cav format=cesv n=32768

tx atart

ry astart
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From T
Workspace3
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EYMMEasurment Without DPD RMS EVMI

daia PA [32768)ﬂ 22 dB [32?68b 11 dB [32?6811]’ Hit
ata in e
— T poresx]|(0.07943284758a)| (3.54813) | [3o7eax) E};JM N 10.14
From " - W n
Won(space‘l dB Gain1 dB Gain3 [32753‘1]
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o From
L Workspaced
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| FERSCHRAERATRES

VY
17 | sexumemEANEDD

P |

EVM Measurement] With DPD RMS EVMZ2
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