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Objective

Learn about RF and microwave transmission lines including:
1. Common connector and coaxial cable types
2.  Common transmission line technologies and materials used in the industry
3. PCB transmission line considerations and tradeoffs
4. The engineering challenge when transmission lines are needed (Decision Tree)
5. Steps to design a custom transmission line
a. Determine specifications (from system requirements)
b. Synthesize (Linecalc transmission line calculator)
c. Simulate (ADS/Momentum and EMPro)
d. Measure (FieldFox)
e

Compare synthesis, simulation and measured results to specification
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6 Transmission Line Design (Simulation and Measurements)

Transmission line design is both an art and a science. The following tasks will demonstrate the creation and
modeling of a simple straight microstrip and coplanar waveguide on a printed circuit board (PCB).

Objective: Create and simulate a transmission line using ADS Layout and Momentum.

6.1 Microstrip Lines

1. First, open ADS and create a microstrip transmission line in a new workspace you will name
Lab1workspace.

| Pradinm € ST WAz e
.w vanced Design System 2017 (Main) - [

ﬂ I E@ L@ DT %
File Wiew Folder View Library View
W] New Workspace

Create a new workspace to contain your work.

Mame; | MyWWorkspace_wrk |

Create in: |C:".,1,rourpath| | _|

@} Show advanced

These are the current workspace settings:

* Workspace path: C:\yourpath\MyWorkspace wrk
® | ibrary Name: MyLibrary lib |
» Included Libraries: ADS Analog/RF, ADS DSP ' Change Libraries...

Create Workspace . cancel | | Help |

Related topics
What is a workspace?
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2. Double-click Lab1workspace and create a new cell you will name Lab1uStrip17.

®  The colored dots highlight locations to click

dvanced Design System 2017 (Main) —

View Options Tot

57 )

7 ER>ERS

File View Folder View Library View
[w] C\

2\LabTworkspace wrk

New Layout
=)

Create a new layout in the specifed cell.

Library: Lablworkspace_lib

Cell: | LabiMicrostripi7] | |

A cell is like

('E] Show advanced

a folder
Create Layout | | Cancel | | Help
| [E] i
Related topics I L€ LabluStrip17 .l
What is a cell? @ emSetup

layout

3. Choose the .0001 mil resolution.

Choose Technology for library: MyLibrary5_lib
The technology must be setup before creating a layout or substrate,

Create PCB Technology

Standard ADS Layers, 0.0007 mil layout resolution e
Standard ADS Layers, 0.0007 millimeter layout resolution
Standard ADS Layers, 0.001 micron layout resolution
Custom (opens new Technology dialog)

4. Then, insert a trace.

=

File Edit Select View  Insert Options Tools Schematic EM  Window |

NEEH& N Tece. = "

N e N, Wire Ctrl+W
s S &
i sl Component 3
_ S Via. o]
| Parts g x|
= Pad..
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5. Specify layer cond:drawing and width 17 mils (thousandths of an inch). Click at the origin x: 0, y: 0.

NERE X9 YT i

A M = .
Rl 2 o = ,.,%, O J:— \ v,s cond:drawir

) e * = L Hiy
emSetup b E.;"I ‘EEM‘ EM| — _|:| :+ [
Pz Trace =

(Layer orline cond:drawing ® T

3 Width (mil) {17 ® |

End style E Truncate x

Corner type = Mitered -

il 71, |

Cutoff ratio % : 30 |

M- Via config < Choose a file >

Via
k [] Auto layer snap

r

. Length {mil) =0
Electrical length (mil) =0

I
_|—_)j2 0 |

Meurve MEap

45| I

MICAPT || MICAPZ2

6. Double-click after extending it horizontally to 535 mils dx: 535, dy: 0. You may need to scroll the mouse
wheel to zoom the display or the right mouse button to pan.
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7. Insert pin 1 on the left and pin 2 on the right of the trace (Ctrl + R rotates the pin).

[Labtworkspace_lib:Lab1Microstrip17:layout] * (Layout):64

iew Insert Options Tools Schematic EM  Window DesignGuide Help

5 N T T (Ml RSl ol %+ O N &

N\, Wire Ctrl+W

Component 4
= Via. 0
= Pad..
Edl Plane..
< GROUND
O~ Pin
Bondwire

4> Polygon Shift+P

/.> Polyline

1 Rectangle R

O Circle

A Text Ctrl+T

Text Display 4

Arrow...

Path.. p
I

8. Open the Substrate Editor to create substrate1.

iR - kY

New Substrate

New Substrate

Create a new substrate file in the specified library.

Library:  Lablworkspace_lib

File name: Isuhstratel

Template: |25milAlumina

| Create Substrate | Cancel

Keysight RF Microwave Circuit Design, Simulation and Measurement Courseware, 5G NR Band
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9. Edit to change the substrate to 8 mil Rogers_R04003.

Hint: In the Material Definitions window you will need to Add From Database...

Substrate Name: substratel

0y ‘—i‘,H g@ ;@a@@ @ﬁ%-ff

Use right mouse context menus to add or delete substrate items.

Select items on the substrate and view their properties below.

Shorteuts in the Edit menu can be used to quickly edit the next
substrate item.

If you do not see the substrate, try clicking this icon

10. Similarly, change the both Conductor and Cover layers to 0.7 mil Copper.

Keysight RF Microwave Circuit Design, Simulation and Measurement Courseware, 5G NR Band

. f
// _/‘ Substrate Layer
& AIR Material | Alumina (9.6) 'E
- O —
25 IS Im nlop iAIumina (9.6) Bounding area layer: | <inherit from substrate> | e
0 mil . ! ST select materials to add to the technology: A
iaw Tachrolody T Conductors Dielectrics Semiconductors
Name Er Real Erilmag Er TanD MUr Real MUrImag Model Type T
5 Rogers_RO3006 6.15 0.0025 1 Svensson/Djordjevic
Sibitr st Layer Statkip M: |Rogers_RO3010 102 0.0035 1 Svensson/Djordjevic
=
" —— =
T N Material JAaterial Nam |Rogers_RO3203 3.02 0.0016 1 Svensson/Djordjevic Low Freq
Bl Diclectric AR Alumina Rogers_RO3210 10.2 0.003 1 Svensson/Djordjevic KHz
1 Conductor La... silkscreenTo... PERFECT CONDUCTOR FRACore | mpmegying EEZEE Svensson/Djordjevic iz o
= . T = < 53
| Dielectric | Rogers_RO4350 366 0.004 1 Svensson/Djordjevic E
Dielectri
Coer PEREECT-CONDUETOR: |f Rogers_RT_Durcid5870 233 0.0012 1 Svensson/Djordjevic e Dicledtric
Renere RT Dirnid5880 230 n0nNNa 1 Suencenn/Ninrdieuir
< Help
T T
b
=HH=
+

1"



11. Finally, ensure the Conductor layer is cond and the other entries are as shown.

Substrate Name: substratel

- A
AIR
,-":—/“r ‘)\a";
a Scond =5 Rogers_RO4003 (3.55)
8 mil
g = .a’}’-’/
0 mil -
Substrate Layer Stackup '{} ®  Substrate Vias 'ﬁ' X
Type Marne Material Thickness Type
. Dielectric AR
1 Conductor Layer cond (1) ® |Copper 0.7mil @
Dielectric Rogers_RO4003 Smil @
Cover Copper 0.7mil @

12. Now, click EM Settings > Frequency Plan and set Fstop to 50 GHz. Click EM to simulate.

L O0 @

File Tools

H= 9

View Help

EM
[ ]

M [en] Mom uW
Layout
& Partitioning
£ Substrate
i Ports
Frequency plan

&= Options
o Resources
Model

| Motes

Frequency Plan

Add

AE N EY:

Remove

Ty\fn e

1 Adaptive

Fstart

0 GHz

Fstop | Mpts Step

50 GHz |50 (max) -

Enabled
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You can now see the following dataset.

Discrete Frequencies vs. Fitted (AFS or Linear)

Adaptively Fitted Points

Magnitude [dB]

S11_fitted)

dB(S11_discrete)

dB(

0.0

o
]
|

te)

(é21 discre
o
T

dB(S21_fitted)

T
o
|

e
ho

=
(=]
I

I I T | I T | | T
5% 10 15 20 25 30 35 40 .45 50
freq, GHz

(=]

T T T T T T T T T
5 10 15 20 25 30 35 40 45 5D
freq. GHz

Discrete Frequency Points

)

dB(S12 discrete)

S12 fitted

dB(

Dataset: Lab1Microstrip17_MomUW _a - Jul 14, 20

e —

T I | T | | T |
10 15 20 25 30 35 40 45 50
freq, GHz

ans <10
20
304
40
50

)

dB(S22 discrete)

S22 _fitted

dB(

|
5

T T T T T T T T
10 15 20 25 30 35 40 45 50
freq, GHz
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13. Save and close all windows of the present cell and return to ADS (Main) Window. Then, right-click the
Lab1uStrip17 to create new cells and use Copy Cell... for 14 and 25 mil Microstrips.

M LabMicrostys —
% Lab1Microst B Open “layout

. substratel.s [ Open “emSetup”

New Layout

MNew Schematic

New Symbol

New Notebook

New EmSetup

New Substrate

New Hierarchy Policy
New VerilogA View
New Config View

Copy Ctri+C
Paste Ctrl+V

Oy FelfECVE M

Move Cell...
Edit Cell EM/Circuit Partitioning...
Edit Cell Properties...

Update Cell References...

Destination

Library (for library files): IThe library they are currently in (must rename them) - |

Workspace folder (all ﬁles:}: | | |Chu-ase Folder... |

Selected Cells and Files

Include: |th hierarchy - |

Auto rename rule: Filename plus number ncremented  <fllename> v<number>  ~.
Current Name Copy MNew Name Type

Labiworkspace lib:iLab1Microstrip17 Lab1Microstrip17_v1 Cell

[ ] Update references to unchecked items

oK ® | ‘ Cancel | | Help |

Keysight RF Microwave Circuit Design, Simulation and Measurement Courseware, 5G NR Band 14



14. If you did not enter a New Name above but used the _v1 automatically created, right-click and Rename the
_v1.

» [€] Lab1Microstrip17
# Lab1Microstrip17.dds

Pl 1 | ab1Microstrig

£ substratel.sub B Open "emSetup”
Open "layout”

MNew Layout

New Schematic

New Symbol

New Notebook

New EmSetup

New Substrate

Mew Hierarchy Policy
New VerilogA View

FEINEEVEN

New Config View

Copy Ctri+C

E B

Paste Ctri+V
Copy Cell...

Move Cell...

Edit Cell EM/Circuit Partitioning...

Edit Cell Properties...

Update Cell References...

Archive Cell...
I Rename I

Ml ata
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15. Next, open the layout, click the trace, and edit its width. It is a good practice to save and close after editing
the width so as not to confuse the different cells.

B LebMicrostrip14 [LabTwarkspace libiab1Microstripi4iayout] * (Layout 67 - &) X
File Edit Select View Insert Options Tools Schematic EM Window DesignGuide Help

NEH& b X9V $€RDD4 [+ RS Toxey v+ O EH
P ELE Ot a9 OEOA

-] X Rs "1 B¢ £
S etip GREmE=TEEE MBS
Parts & X | Differences From Schematic 8 X
@ Update & H & H
earch alll v Results
iVTLmes'M\cmstr\p ~ i
=l -
Macli Maelind
HSABND | MSOBND
o
=0 Properties 8 X
MBstub Mefil
@ @
=l
g g Property Value A
All Shapes .
) Layer M2:drawin
' g
-djz o Net name P2
et T I_mam—l
Width 14 @
;E'; ';JEI-E End style Truncate
Corner type Mitered v
| W e e n
MIGAP || MIGAPS Command Quick Help - Select & X

16. Double-click the associated data display (.dds) file in the navigation window to view your datasets.

If the .dds file does not yet exist, it may be created by clicking EM to simulate Eﬁ (see prior steps):
v €| LabTMicrostrip14
[EM] emSetup
layout
M Lab1Microstrip14.dds
v €] LabTMicrostrip17
[EM] emSetup
layout
M Lab1Microstrip17.dds
v €] LabTMicrostrip25
[EM] emSetup
layout
@4 Lab1Microstrip25.dds
— substrate1.subst
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17. Turn History On and use the pull-down to overlay and compare the last three data displays.

xr | History Options Tools Page Window Help

9|I| F@-‘ -ei &@ @ @‘ a LabiMicrostrip25_MomUW_a El

Pause
Off

.. -10

Magnitude [dB]

_2[},_

dB(S11_fitted)
_discrete)

dB(S T

_6[}__

|
5

T T T T T T T T
10 15 20 25 30 35 40 45 50
freq, GHz

)

discrete)

1 _fitted

Magnitude [dB]

fitted) (H
Eﬂscret)e)( (Lﬂl

11
4

aEo

freq, GHz

) A
) (H)

S21_fitted

S21 discrete

o8|
dBy(

64—

L

1 1 I 1 1 1 1 1
10 15 20 25 30 35 40 45 50
freq, GHz

SLHEE

Discrete Frequencies vs. Fitted (AFS or Linear)
Adaptively Fitted Points Discrete Frequency Points

dB(S12_fitted)
_discrete)

dB(S12

)

discrete)

'2_fitted

discrete) (H)

BIS12 fitted) (H
A

d
dB

JH

S22 fitted
dB(S22 dscrete) (H)

dBy

Dataset: Lab1Microstrip25_MomUW _a - Jul 14, 2018

freq, GHz

Dataset: Lab1Microstrip14_MomUW _a - Jul 14, 20

A — e e i
0 5 10 15 20 25 30 35 40 45 50

freq, GHz

I 1 1 I I 1 1 1 1 I
0 5 10 15 20 :25- 30: 35 40 45 50
freq, GHz
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18. When comparing the three microstrip lines, which is most near the ideal? Why? Try running Linecalc using
Component Type MLIN to confirm your result. Launch Linecalc from the Windows Start > Search >

Linecalc.

Hint: You may not be able to Synthesize exactly 17-mil from Z0—close is ok.

File Simulation Options Help

RS

Component

Type ID | MLIN: MLIN_DEFAULT it
Substrate Parameters

Physical

D |MSUB_DEFAULT v w [17.181575  |[mil
| er 3.550 | Inya ~ t [10o0.056209 | i
| Mur 1.000 I WA
H [so00  lmi - L
Hu ‘W‘ il = Synthesize Analyze

Ir ow  |mi = Ad
| cond [41e7  |INjA Electrical

LTann. [0.0n2 Vlniza bl | ohm
Component Parameters E_Eff @ deg
Freq 10.000 | GHz - N/A
Walll ‘ | mil - NfA
wallz ’71 mil - /A

Calculated Results

| K_Eff = 2735
A_DB =0.021
SkinDepth = 0.030

-

File Edit Select View Schematic

NEH®& t X9 C

Insert Options Tools
.-.‘}:

G PDD
ToP=0A

EM Window DesignGuide Help
gl e N ek

&

Rl :\5'\"' h, s \;g, B2 J:— \ v,s cond:drawing

emSetup
Parts Vi
O i

sim

TLines-Microstrip

H—H
=
HH >-|:|-<|:I
Maclin Hacling
MSAEND | | MSOEND
]
|
MEstub: Hcfil
LS )
b
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20. Grab a point in space to rotate the view and scroll to zoom.
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21. Click Solution Setup (see above) to change the frequency and observe the different standing wave pattern

for different frequencies. What does blue indicate?

[T Momeritum Visualization{Lab1Microstrip14) = o
File View Tools Options Window Help

o G e _ f 1

Solution Setup a
Port Setup

single Port hd

Port

Port 1
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Properties Solution Setup Flot Properties

Orbit mil
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7 Measure the Performance of Physical Transmission Lines

Objective: Measure the performance of transmission lines.

Here is a reference on cable and connector handling:
https://literature.cdn.keysight.com/litweb/pdf/5990-8892EN.pdf

7.1 Procedure to Measure Frequency Domain Performance of Transmission Lines
1. Turnon the FieldFox and open NA (Network Analyzer) mode.
2. Connect the cables and configure the Network Analyzer for a S11 measurement.

Calibrate (Full 2-Port Mechanical Cal) [Appendix A] for the Full Span of the FieldFox with 1601-point
resolution. If it is recently calibrated, you may recall the calibrated FieldFox state WIDE.

4. Ensure the X-MWhblock Transmission Line and Microstrip and Coplanar Example Blocks are attached to the
prototyping plate (ignore the difference in CPWG labelling)

L LI g o=
| o o §
z2 x2 2 | 8
= = = S
o a% 23
s I e |l G
XM-A2M7-0404D, XM-B4V4-0420D, PCB: XM-0907A
PCB: XM-0306C “7 VIAS” and “9 VIAS” are very similar to the 5Svia and 9via models

very similar to 18via

Figure 1. X-MWblock Transmission Line Evaluation Block Installed on the Prototyping Plate
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Attach two X-MWprobes to the first of five lines which you simulated as Lab1uStrip17 and connect cables.

You may find it useful to use Keysight BenchVue to record measurements. For more information, see the
Appendix.

Record numeric results on the table below.
Repeat for the remaining lines (see table below).
Repeat the procedure for a cable with an SMA-to-SMA adapter.

Hint: Place the cable-under-test in between the two measurement cables to the FieldFox NA previously
calibrated, and two SMA-female to SMA-female adapters. Using the “through” used for calibration will
remove the effect of that one adapter.

Port 1 <> M“ &> Port 2
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7.2 Measurement Results for Transmission Lines

Table 2. Transmission Line Results

Max Return Loss Max Insertion Max Insertion
Li Max Return Loss S11to 12 GH L S21to 4 L S21 to 12
ine o z 0SS o oss (o)
S11 to 4 GHz (dB)
04 bhz (dB) GHz (dB) GHz (dB)
Lab1uStrip17
Lab1uStrip14
Lab1uStrip25

Lab1CPWG17x11_5via

Lab1CPWG17x11_9via

Lab1CPWG17x11_18via

36-in Coaxial Cable

18-inch Coaxial Cable

Note for the last measurement you may need to change the scale to 0.3 dB/Div to measure cable loss.
1. How do the measured results compare with the Momentum simulations?

Note: The Keysight N9918A 26.5 GHz or N9950A 50 GHz FieldFox or equivalent NA will be required to
resolve and observe via placement differences on the CPWG.

2. Open the completed EMPro simulation Lab1CPWG17x11_18via, Save the FieldFox measurement as an
S2P file to the FieldFox Internal Device or USB Device, transfer to your computer using Keysight
FieldFox Data Link (Send to PC) or a USB memory stick, then Read... it into the EMPro simulation for
comparison. A sample Lab1CPWG17x11_18via.s2p is provided below.

Using Keysight FieldFox Data Link: Save, then Show, then Send to PC.

Right-click on the instrument, then Show Files.
E3

¥ Lad mcdnomerdy

- iE\_ Caphaee Cdent Trae

gl

Eoe

Fprrorem

Then night-chick on the file, then Send to PC.
= | ) cakitz

s ngi s
Recall g
=1 7-16F uml S,

=] 7-16mumi m
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Note about SnP or “Touchstone” Files: These files contain small-signal S-parameters described by

frequency-dependent linear network parameters for 1- to 10-port components. The 2-port component files,

S2P, can also contain frequency-depen

®, S-Parameters [000001]

[File| View Marker

" Save Plots to Graph
E Export Image

dent noise parameters.

. Read... | =
* Save As..
® SavePlotsasCsV || F AR~

mag(S-parameters) v. Frequency

N &—8#|52,1)|=|5P2.P1)|
0.1 \"-“ ———— external circut results - [ S{2.1) | =|Slport_2 .port_1) |
0.2
———
= -
E -0.3 \“-._-l--g
- w
g Voo
2-04 e
E | \\'x'_ Pk |
£-05 ettt
o by 4-’/ \\
Y .06 \ =
2 4 -\.
- )
-0.7
P L ER
-0.8 |
II".I J‘l lll
-0.9 ‘\_-:
0 3 10 15 20 23 30 35 40 45

Lab1CPWG17x11_

3. Can you explain the difference between

4. The X-MWoprobe .s2p file is provided below. Copy it to your computer and Read... it onto the graph.

Discuss the effect of the X-MWoprobe.

g

PB1-1151(292).s

Frequency (GHz)

the simulation and the measurement?
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5. To compare with the ADS cell Lab1CPWG17x11_18via you can use the Data File Tool... to Read data
file into dataset the S2P file from the FieldFox NA. In the screen capture below, the name of this dataset
is Lab1CPWG17x11_18via_s2p.

ANIT AT =]

q e P e
| B8 Lab 1CPWGTT11_18via [Magl:12

!

[

NEHG L X9 7 @ 4l eea SR s

h = - =

Adaptively Fitted Points  Discrete Frequency Paints

3 Discrete Frequencies vs. Fitted (AFS or Linear)
BEH [

Magnitude [dB]
-10—

Dataset: Lab1CPWG17x11_18via_MomUW _a - Jul 18, 2018

= m]
2 dftaol/mainWindow - O ® |
Mode
(@ Read data file into dataset®  (C) Write data file from dataset
NG 4 1« N99ITA_MYS7271836 > USERDATA v |0 | Search USE »
Input file name (e Ttath Hae o ~  Newfold -
|c\usersinarcisa\pocuments | Browse... @ Touchstone A i iz o
MDIF " Name Date modified Type Size
= This PC d
Status / Summary i | Citifile P Il is )
m Desktop _| DatalinkTempStateFile.sta 10/8/ STA File 4 KB
@ Dociments | Lab1CPWG1Tx11_18vias2p 10/8/201 Text Docu 249 KB
& Downloads £ Test_normis2p Text Docu 251 KB
b Music | WIDEsta STAFile 143 KB
Dataset to write =1 Pictures
Ttac rame B Videos
[LabicPWG171_t8via_s2p @ 1
Datassts i .. OSDisk (C)
Lab1CPWG11x7_18via_ MomUW ~| o St Reserved
Lab1CPWG11x7_18via_ MomUW_a
Lab1CPWGT1x7_9via_MomUW | ¥ Network v £ >
Lab1CPWG11x7_9via_MomUW_a rin Dot
T Lab1CPWG17x11_18via_MomUW H Y v icowaini iaviaszolll | m
Lab1CPWG17x11_18via_MomUW_a Save as type; ** -
% Lab1CPWG17x11_18via_v1_MomUW o
\ Mag | |
S =
Rend File @ View Dataset Help
6. Then, double-click the plot onto which the overlaid data is to be placed and select the dataset.
[+
TEHES B X9 0 @ 4 EPPLECE iowim it womiw - ERER
Folette o x x it
: Discrete Frequencies vs. Fitted (AFS or Linear) | D PE DB eicrweinar swe emow, = EE
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EE
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=]
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i m *| |dB{S21_discrets)
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Ean FonZ >l V2>
PortZit) -
™ B Zi1)
5 10 (PorZid) 4 Dol =4
] 3
i s0.1) T
0.0 {1502
ﬁ; D4~ o2] :: -5@1_} @] Morble Info..
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7. Selectthe 821 parameter and click the units (dB) when prompted. Click OK.
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8. Repeat for each plot.
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Objective

In this lab, you will learn about RF and microwave filters including:
6. Idealfilter response versus real world
7. Common filter technologies used in industry (close-up and In-production assembly)
8. Filter companies and types of filters offered
9. Filter specifications

After this introductory information about filters, you will use a design specification as you design, synthesize,
simulate, build and verify performance:

10. The Engineering Challenge — Decision Tree
11. Steps to design a custom filter (168.5 MHz lumped element filter)
a. Determine specifications from system requirement
b. Synthesize (Genesys Synthesis)
c. Simulate (ADS/Momentum and EMpro)
d. Prototype / Tune (X-MWhblock on Prototype Station)
e. Measure (FieldFox)
f

Compare synthesis, simulation, and measurements to specification
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7 Measure the Performance of the Built Low Pass Filter

Objective: Measure the performance of the Lumper Element LPF and compare to the simulated design.

For the purposes of this lab, the filter has been provided so you will start with a pre-built filter and your objective will
be to measure (and later tune) it's performance. You will evaluate the SAW filter against the required Intermediate
Frequency (IF) filter specification. Fill out the table below as you take the measurements.

7.1 Procedure to Measure the Filter Performance
1. Disconnect the SMA cables from the probe.

2. Press Frequency > Start and set to 30 kHz and Stop to 18 GHz (Full Span) and take the key
measurements. You should re-cal or recall the calibrated FieldFox state WIDE created in Appendix A in the
Transmission Line lab.

3. Ensure the X-MWhblock for the Lumped Element Filter XM-B1F4-1204D, PCB #0976 is attached to the
plate and attach X-MWprobes to both sides. Measure S11 and S21.

‘.n LAY H b "I'r

(LY

Jor = S VA AT Yy h’ =~ (2 LA
VS -n LABLAS H Fas

Figure 3. Lumped Element Filter with X-MWprobes

4. Press Frequency > Start and set to 50 MHz and Stop to 350 MHz to zoom into the pass band and
remeasure. You should re-cal or recall the calibrated FieldFox state 168.5 created in Appendix A in the
Transmission Line lab.

5. Record results on the table below and download and compare the measure versus the manufacturer’s S-
Parameters as in the previous task.
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Measurement Results

Band Pass Center Insertion Loss at 156 Lossat181 MHz Rejection at
Filter Frequency CF Loss at CF MHz re CF re CF 337 MHz
Requirement 168.5 MHz <10dB <1dB <1dB >30dB
XM-A3V3-

0404D

1. Would you choose this filter to provide 30 dB rejection above 337 MHz (2 x 168.5)?

2. How might this part’s insertion loss affect the design of the single mixer converter?
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7.2 Plot Synthesized, Simulated and Measured Data on the Same Plot

1. Reopen the Genesys analysis schematic in Lab2GENESYSworkspace.wsg, right-click on
- i Lab 2.3 Filter Design_Analysiz_Data (Lab 2.3 Filter Design_Analysis) , and export the .s2p file as shown below.

Example data files from Genesys and from the FieldFox are provided.

Organize New folder Bz » e
S y ~
H- G 8 B-E-e « [ This PC N MName Date maodified Type
1 Lah2GENESYSworkspace =
Lab 2.3 Filter Design_Dir [ Desktop Mo iterns match your search.
Sij Lab 2.3 Filter Design_Analysis (Lab 2.3 Filter Design_Design)(le-6to 2 | Documents
Lab 2.3 Filter Desj Siiianineiii i
Download
[ lab23FilterDes ~ Rename. S lowat (0 >
- "% Lab 2.3 Filter Desigr Delete... ] . . :
L4+ Lab 2.3 Filter Desigr Properties... File name: | Lab 2.3 Filter Design_Analysis_Data.s2p o -
Save as type: | 5-Pararneter 2-Port Files (*.52, v
Add Mew Variable... we e
Snapshot...
» Hide Folders Save o Cancel
Export... L

= =

Lab 2.3 Filter LumpedElementMe
Design_Analysis_Da asured.s2p

2. Reopen the ADS workspace Lab2workspace_wrk and your Simulate_EM_LPF_5-Pole_v1 data display,
convert with the Data File Tool... and add the Genesys-simulated and measured .s2p files to the graph
for comparison. A sample measured file is provided. Why does the measured filter have a higher cutoff
than the ideal or simulated? Discuss your results.

Hint: Use markers with f

1)
1))

3

1
2

dB(S(2,1))
dB(S(1,1))

dB(LumpedElementMeasured..S(1,
dB(LumpedElementMeasured..S(

'40_|||||||1||[||||| |
100 150 200 250 300

freq, MHz

dB("Lab2.3FilterDesign_Analysis_Data"..S(1,1)
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7.3 Tune the LPF by Hand

1. Ensure that you are displaying both S21 and S11 as large as possible on the same display effects.

2. Use a non-metallic pick (such as a toothpick) to gently and very-slightly spread the coils of the two
inductors in the filter while watching the FieldFox display.

Press the coils closer together using two picks.

4. Describe the changes of the filter response.

7.4 Select the IF Filter

Although the lumped element filter has better insertion loss and may have sufficient rejection at 337 MHz,
its size and cost may make it unsuitable for use in mass-produced mobile systems. You will choose the
second-best filter, the SAW filter, for the 5G n3 Receiver.

Since this filter has significantly higher insertion loss, how will the radio design proceed?
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Post-Lab Writeup

1. Provide screen captures of all measured data in a single document
2. Label each plot according to the lab step where it was captured.

3. If your results do not match your expectations, explain why.
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Appendix A: FieldFox Calibration

Please see Appendix in the first Lab Sheet.
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Appendix B: Saving Data on the FieldFox

Please see Appendix in the first Lab Sheet.
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Objective

In this lab, you will learn about RF and microwave amplifiers including:

12. Ideal amplifier response versus real-world

13. Common amplifier technologies used in industry (close-up and In-production assembly)

14. Amplifier companies and types of amplifiers offered

15. Amplifier specifications

After this introductory information about amplifiers, you will simulate an ideal amplifier using a design specification
and evaluate two industry devices with similar performance before selecting the most appropriate device. Then you
will measure to verify performance.

16. Steps to select a Low Noise Amplifier (LNA)

a.

b
c
d.
e
f
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Determine Specifications (from System Requirements)
Synthesize (Genesys Synthesis)

Simulate (ADS/Momentum)

Prototype (X-MWhblock on Prototype Station)

Measure (FieldFox and Signal Analyzer)

Compare Simulation and Measurements to Specification
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6 Simulate and Measure the LNA

You will first develop a simple simulation of the TQL9092 LNA and use it evaluate performance in Genesys. You
will then measure the typical LNA performance parameters and compare to the data sheet.

6.1 Create a Simple Simulation Model of an LNA

Objective: Synthesize an Ideal Amplifier and then change the characteristics to emulate real world Additive Noise
and Linearity for the TQL9092.

Keysight Genesys employs different types of simulation including Linear, RF System (Spectrasys), and Harmonic
Balance. In this lab, you will begin with Linear which is the fastest and simplest simulation for basic circuits and
systems. You will simulate Gain, Return Loss, and Noise using Linear Simulation. Linear simulations are also
referred to as small signal performance of the amplifier.

When you require the non-linear portion of the same amplifier model, you will change to RF System simulation.
This will allow the use of Multi-source signal sources and non-linear characteristics such as Intermodulation
Products (IP3), Gain Compression, and Saturation.

Please review this information on Genesys: https://www.keysight.com/en/pc-1297125/genesys-rf-and-microwave-
design-software?nid=-34275.0.00&cc=US&Ic=eng

In the future Mixer lab, you will use Harmonic Balance as it best predicts harmonics, mixing products and phase
noise. For more information please see this:

https://lwww.keysight.com/main/editorial.jspx?cc=US&lc=eng&ckey=1823632&nid=-
34275.0.00&id=1823632&cmpid=zzfindeesof-genesys-harbec

In addition, here is a video on Harmonic Balance in Genesys: https://www.youtube.com/watch?v=Q894CVTWUSE
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6.1.0 Create a Model of the TQL9092 LNA and Simulate NF

In this exercise, you will learn how to model Noise Figure in an amplifier. Review “Fundamentals of RF and
Microwave Noise Figure Measurements” before you begin:
http://literature.cdn.keysight.com/litweb/pdf/5952-8255E. pdf

1. Open a new schematic in Genesys, then ensure the Part Selector is showing. Click the items marked e.

T
1 il

::"e Edit View Schematic Action T
: Am ;[g>| @|_|_| o Q

i; A 3 =T I S I
: = "= B show/Hide Part Selector =
LB 8 o

|..—- = - % [l n v

or

i

Help

B <[] 4 ey @i b S Q

ﬁ Genesys 20

File Edit View Schematic Action Tools Window
‘HDGHd ALBe e 3@ HEME
e B 8- E-@ |

| showy/Hide Part Selector |

2. Select and add an Amp (RF) from the selector on the right and drop one onto the schematic. You will find it

in the Eagleware library.
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| Current Library:
Ea.glew.areu. .

5Categor\r:
<All=
0wEe

| Filter By:

| amp

MName

47 5tublopen)

__f1_ 4T stub{shorted)

1 Adapter (Waveguid-...
«=} ADC {Basic)

-”*-"‘v'\a'-Admlttance (GLOSE)

A M

5 R
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3. Right-click and update its Properties: G = 21, NF = .44, OP1dB = 19 and OIP3 = 38 after you clear the

Use Default check box for each of those parameters.

RFAmp_1' Properties x

Designator: | RFAmp_L | [ show Designator

Model: | RFAMP v | [ show Mode!

Parameters Frequency

Name Value Units Default D::;:m Tune | Show |
G e 21|dB 2008 [Je | []1 | M
NF e 44|dB 308] [le | [] A
OP1dB o 19|dBm s0dem| []e | [] ]
OPSAT dBm 63dBm| [ (] ]
o3 e 38|dBm 70 dBm [ e [ ] []
oP2 dBm 30dBm| [ ] B
RISO a8 50d8| [ (] ]
EnablePN 0 0:NO ¥ (] (]
ANtoP_Mode 0O 0:0f ¥ ] (]
Zref ohm 00| [ ] (]
PortParamType () 0:Zin, Zout [ 5] []
ZIN ohm 00| [ (] (]
ZOoUuT Ohm s00 A S [] v

Ensure that the Basic Toolbar is showing and Place an Input: Standard (*INP) and an Output on the
amplifier.

| e HbeQr RIE S AN RO ==
e e B8 R B PR o B 3 e X
el B N Rl

e it i T bl 55
R

*# Showy/Hide Basic Toolbar |

e

by

9 B B B @

- 38 Default
I3 Designs
' Jg}- Sch1 (Schematic)
- %¢ Equation (E) S 5
. &) Notes e j;;'m%ﬁ@nj
. WF=ggsdEIC

NOTE The amplifier’s input and output impedance are 50 Q.
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5. Click Run Analyses, followed by Yes to set up and select Linear Analysis from 1500 to 2000 MHz.

Select the Analysis type
you wish to add: Design:

Dataset:

RF System Analysis —

Irr— =

Name: | [Siisles

i A |
&g, &g, =

You have not yet set up an Analysis to simulate Design 'Sch1’.

Would you like to do so now? DC Analysis: | (default)

Fregquency Range

J {==Seh Yes o | ‘ No ‘ Start: (1500 ® | Mz
] | 2o oge s i | OKg | | Cancel ‘ Stnp:MHz

6. Finally, add a Graph and add More Measurements. Select S[2,1] and N.

Select Type of Series: Sel
Constellation _E
General
Histogram

Level Diagram

2 5 ] Gr |RF Spectrum Sweep
- - S Parameters
By & B~ B+ @ Spectrum
: Trajectory
E Default ‘ Add_o ¥ versus X
: & > [ Folder..
Renaries Analyses >
Delete”: Designs >
Fropetties Evaluations >
: i Syntheses >
Open E] Data.. X-Axis Y-A
: Import > #& Equation.. Y-Axis
E Function... —
. Copy fW et [Aautg fr
] Paste h G . l'\' More Measurements... @ i

Measurement Wizard:

[ Source Dataset or Equations: |ljnear1_Sch1_Data W
Specific measurement(s)?
M B Which measurement group would you like to display? (Use Ctrl to multi-select.)
i Grap)
. 5ij Scattering Parameters . 5[1,1]

Sij Group Delay S[1,2]
sij Loaded Q
Hij H Parameters (Hybrid) 5[2,2]
YFij ¥ Parameters
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4 Graphi Lo ] & s

30

27
24
21

—h
oo

e
w

S[2.1], NF (dB)
w ra

6

0
1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

Frequency (MHz)

— S[21] —— NF

You may need to right-click on the graph, select Graph Properties, then Y-axis, and clear the Auto-Scale
checkbox to set the axis minimum and maximum to 0 to 30 dB.

Recall that the Noise Figure of a system is
Noise Figure in dB: NFsys = SNRdBin - SNRdBout
Noise Factor (unitless fraction): Fsys = SNRin / SNRout

You will use these equations in the next task.
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6.1.1 Examine the Effect of Attenuator Placement on NF

1. Now stretch the trace between Port 1 and the amplifier, delete the wire, and insert a 3 dB Attenuator (from

the Library).
Port 1
Z0O0=50Q.

N

2

S Port_2
Attn_1- - - RFAmp_1 z0=500Q
L=3dB = G=21dB10

NF=.44 dB10

2. What happened to the Gain and NF? Why?

3. Ifiinstead the attenuator is placed at the output of the amplifier, what happens to the Gain and NF? Why?
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6.1.2 Explore Genesys Cascaded NF

1. Download and open the Genesys workspace: Lab3GENESYSworkspace.wsg. Note that the previous

simulations are available in the folder 1 Noise Figure in this workspace — open and review it now. All the

remaining simulations have been prepared in advance.

2. Open the folder 2 Cascaded Noise Figure to view the same schematic copied into the new folder, adding

an RF System Analysis and using the CNF (Cascaded Noise Figure) graph.

s o S LSCTIErridLe
| EAe0
' System1_ | Add 5 [ Folder.. I | ;
g S;SPECP EZT;:‘E Analkysa 5 Add RF System Analysis...
- % System! , Prigne * i DCAnalysis..
. Systemnl i Evaluations ! Empower Analysis...
T E leiset:r:';-t Eapt, Syntheses > T Harmonic Balance Analysis...
"'fl"_l A Gain Com Open I| Data... @ Harmonic Balance Oscillator Analysis..,
© ] ADL5611 Impert » ¢ Equation.. 8§ Linear Analysis...
i g::z Equation (E) Caigi JEfl Function... %%  Momentum Analysis...
| Notes il = Graph. " RF System Analysis..
. B LiveReport... B Sonnet Analysic...
£ MNote.. ] TESTLINK™ Analysis...
E| Script.. Il Transient Analysis...

3. Onthe Paths tab, add All Paths From All Sources if the following path is not already present. If you wish,

you may Delete and re-add it.

" System Simulation Parameters B

General F'EIH'IS'-. Calculate  Composite Spectrum  Options  Qutput

{4, Add All Paths From Al Sources % AddPath A Delete All Paths

Name Description Enable L

Edit... ||| Delete

Note that in Sch2 (Schematic) a Source (Multi), MultiSource_2 was selected to replace the first port:
Input: Standard (*INP).

Wh——— S = > 72

MultiSource 2 R i Al;np '2 'ngégﬂ

- & 3 ; . Aftn_1 . mnp.2 . . ; . = ;
RSN SN MO e 0 G rd
NF=44 dB10
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4. Now, open Graph2.

r‘_\“1 Graphd

Lo B e

B

(]
on

r

GHF (0B}

(&l

-l
ra

<]
oo

Mode 1, 048
1LEfI of BT -Egl_ 3 |:: 2
A= -3 44 4B o Mode B
— DN

The schematic elements below each section of the graph show how the NF cascades element by element.
Click on a vertex to add a label.

5. Double-click to obtain Graph2 Properties.

Mame: | Graph2 Graph Type: d Rectangular Graph
Graph Title: | | [+] Show all Columns
Context Variable bl On Right| Hide? | Colo T
onte aria (Optional)| O Rig ide? olor ype
Edit .. Remove | Systemi_Sch2 D|CNF O [] (MM |-|Level Dia
| Add:.. gl < Type here or click Add | ]

You may explore additional data that may be plotted.
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6.1.3 Explore Simulations of Linearity — OIP3

1. Now, open the folder 3 Linearity OIP3 to view the same schematic copied into the new folder. The graph
was obtained by editing MultiSource to change to a -10 dBm 2-tone signal with 1 MHz offset.

Designator: | MultiSource_3 | [ Show Designatar
Desaription: | sgurce: Multi o
| | o
. [Mult Q
Model: | MultiSource w | [ show Model
& Manage Models. .. @ Model Help Use Model | =ie
Name Description Value Units Default Use Default| Tune | Show | ™ >
- 1 g; o H L1 L] © Port_2
m 5 ]
Hz 0 ] ERIEEE" . Z0=500
Display sources in alphabetical order N
Description Enable | Show >
dBm, Carriers: 2, Delta: 1 MHz, 0 dB Edit.. | Delete |
[1 | [] | Addal .
B3 Cdit Source

Frequency Units: |MHz S| Mame: | 2-tone @ |

Power Units: | dBm s Diescription: | CW: 1842.5 MHz at -10 dBm, Carriers: 2, Delta: 1MHz, 0dB

Use auto-description
Phase Units: | deg ~
Configure Source
Advanced Options... Source Type: |CW G
1 PSAT (63.000000) is much larger than the output P1dB |:| Use Phase MNoise
4 Edit Phase Meise
Frequency Offset; | [18-30.010.11] MHz
Phase Noise; [-70-90 -100 -105] dBcfHz
Parameters Use Multiple Carriers @

Start Frequency: MHz Murmber of Carriers: |2 L] 3
Power: |-10 ] dBm Frequency Offset: MHz
Phase: l:l deg Amplitude Offset; |0 | dB

Reference Clock: l:l Phase Offset: l:l deg

1 Mark this Source as Undesired

2. Right-click the output port to select a Power Plot at Node 2.

4 Systemd Sch3 Data: New Power Plotat Node2 ® Add Mew Graph / Table >
o ke System?2_Sch3_Data: New Voltage Plot at Node 2 Cut
I e Systemd_Sch3_Data: New Phase Plot at Node 2 ¢
opy
System2_Sch3_Data: New DC power supply Table Bk
aste
Copy To Library »
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You can see both broadband noise as well as intermodulation products.

Lo Sl

1~ System2_Sch3 PWR_at_ Node 2

System2_Sch3 PWR at Node 2
100
TO
5 L]
20
£ 0
g =0
110
-200
o T40 1480 2220 2880 3700 4440 5180 5820 6660 T400
F y (MHz)

3. Now, click on the tone at 1842.5 MHz. Hover around it and zoom in with your mouse wheel to view the
intermodulation products.

=

\ev] Syctem2_Sch3 PWR_at Node 2

System2_Sch3 PWR at Node 2

100

P2 (B

-200
1840.113 1540.7 1841.285 1841.872 1842.459 1843.045 1843.631
Frequency (MHz)

— T

1544 217 1844 804 184539 1845.976

4. Try to change the offset from 1 MHz to 500 KHz and rerun the analysis.

|:|: Parameters Use Multiple Carriers

h‘} s s Fi’Suurce_S Start Frequency: MHz Mumber of Carriers: |2 i
Source: Mt Power: [-10 dBm Frequency Offeet: |.5 @ MHz
e Phase: |0 deg Amplitude Offset: [0 dB
Reference Clodk: l:l Phase Offset: |0 deg

[ Mark this Source as Undesired

Description:

Model: ‘ MultiSource

[F] Manage Models. .. @

Name Description

CK Cancel Hi
Source Summary @ elp
T

Name Description Enable | Show !
-tong CW: 1842.5 MHz at -10 dBm, Carriers: 2, Deta: 1 MHz, 0 dB Edit. e || Delste ﬁ
— =] Kn

o
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5. Try to change amplitude to -15 dBm then to -5 dBm.

Parameters Use Multiple Carriers

Start Frequency: | 1842.5 | MHz Number of Carriers: _

Description: : i
p Source: Multi (o |_5 ® | dBm Frequency Offset: |.5 MHz

Model: [ MuliSaurce Phase: |0 | deg Amplitude Offset: l:l dB
: — Reference Cloda: Phase Offset: 0 de
&= Manage Models... & | | o

[ Mark this Source as Undesired

Hame Description

1 Impeoa|

Ok Cancel Hel
Source Summary @ P

2|
=

4
Name Description Enable | Show

2-tone CW: 1842.5 MHz at -5 dBm, Carriers: 2, Deta: .5 MHz, 0 dB Edit.. | Delete |
14 — — oo

What happened? Why?

When the signal amplitude changes, the operating power point moves up the blue line in the figure below,
the ratio of carrier-to-intermodulation amplitude, the difference between the blue and red lines in the figure
below, changes by 10 dB for every 5 dB of amplitude change, twice as fast. Amplitude changes are first
order and OIP3 changes as the third order.

Output power (dBm)

a

OIP3 =38 |}ereerrrrrreennnnns weenery

19 |erureuremrennenss

Third-order product

Fund tal
undamenta (Slope 1:3)

(Slope 1:1)

Input power
(dBm)
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6.1.4 Explore Simulations of Linearity — Gain Compression (OP1dB)

1. Finally, you will examine Gain Compression. Open the folder 4 Gain Compression OP1dB to view the
same schematic copied into the new folder. View the graph. It was obtained by editing MultiSource to
change back to a -10 dBm Single-tone signal, double-clicking on the RF System Analysis.

=<3 4 Gain Compression P1DB

[ System3_Data_Folder

: E DCP_w=_Pin

: [:.:- Schd (Schematic)

-] Sweepl1_Data

- System3 (Schd) @

- [ Systern3_5ch4_Data (System3)

2. Click Edit to enable a Quick Sweep.

'( SYELEM 2 d ELEE l-’ |
General Paths  Calculate  Composite Spectrum  Options  Output "‘._,_.—.-
| Add All Paths From All Sources | % Addpath | A Delete All Paths | /
Name Description Enable - / T
Path1 c = = [ Il
Edt... || Delete

Mame: | Pathl | Description: | Quick Sweep (Compression Curve)
Medium Fidelity, Power
Use auto-description Parts: MultiSource_4,Port_2
Define Path - =
Spedfy Path Using: |Part Names w [+ Force path through Switch state
=+  AddPartTo Path... | [ Allaw path to begin on internal node
Path: | MultiSource_4,Port_2 | & Clez
Channel Frequency: | 1842.5 MHz  (Defaults to single frequency at beginning of path)
Options
Path Type: |Quick Sweep ~ Fidelity: | Medium b
Mormal !
Modulated RF
Use Automatic Limits
150 S =] MHz
Stop Powers | 20 dEm

3. Right-click the output port to allow the selection of Compression Curve.

.% : _ PO e
. = - . y . . il System3_Sch4 Data: Mew Power Plot at Node 2 Mdﬂm Graph / Table ® ?
MultiSource_4 7 System3_Schd_Data: Mew Voltage Plot at Node 2
N 0 e S it i Systern3_Sch4_Data: Mew Phase Plot at Node 2 EUt
i System3_Schd Data_Pathl: Compression Curve o P::ti
System3_Schd_Data: NMew DC power supply Table
: " 0IP3-38 dBm - Copy To Library ¥
Format ¥
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4. Plot the Compression Point at which the power curve first falls 1 dB below the linear performance of the
amplifier.

Hint: You may add construction lines with the Line/Arrow in the Annotation toolbar.

% BEBE - Vel b 4Q &gl G A Edd - i

'
0 (tmee RES®Y AkiASSED T
- . = - A T oSt
A [aE =
DCP vs Pin
30
£ 28
f—f_- =T fu_‘“‘
4 18 /__,.-—"
S //
§ 10 =4
5 /
S 2 £
= 2 /
% -6 /
-10
30 -25 -20 -15 -10 -5 0 5 10 15 20
Power (dBim)
—— gxirsctswepidatis{ DOP, NodeNsmes, "2

5. Search the Genesys libraries for the ADL5611 LNA. (If you cannot find it, it has also been placed in the
workspace tree.) Try copying the examples reviewed previously into new folders, replacing the amplifier
with the ADL5611 model and run some of the analyses on it.
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6.2 Select from two Real LNAs

Using the specification provided above, you will examine the data sheets and compare performance based on the
use case. The LNA will be a very important component of the receiver system in the next course module. The LNA
specification requires a number of specifications be met while operating in the 5G Band n3 Downlink frequency
range.

Start by downloading the two data sheets for:
1. Qorvo TQL9092 Link: https://www.qorvo.com/products/p/TQL9092
2. ADIADL5611 Link: http://www.analog.com/en/products/adi5611.html
Note there may be icons to download the Data Sheet and S-Parameters.

You will notice that the devices are active components requiring a supply of +5 V. This lab will not require power to
any other components. Review the datasheet specifications and compare to the requirement. Which best satisfies
the requirements?

Y

From 1805 to 1880 MHz ; ADL5611 Datasheet N

(1842.5 center) TQL9092 Datasheet

Frequency Range

Gain > 20 dB

NF <0.6 dB

P1dB > 16 dBm

OIP3 > 35 dBm

Return Loss on input/output > 9dB

Reverse Isolation > 30 dB

Power Consumption < 500 mW
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6.3 Set Up and Measure a Real Amplifier's Supply Current

In the following tasks, you will learn how to measure the actual TQL9092 amplifier's supply current. Using the
specification provided above, you will validate the data sheet and compare performance based on the use case.
The Low Noise Amplifier is a very important component of the overall system because it will play a major role in
overall system sensitivity.

Objective: Measure and compare to the device data sheet specification.

Procedure to Set Up and Measure Supply Current
This measurement can be performed directly on the Keysight E36311A, 12A or 13A Power Supply display.

10. You'll notice that the part is an active component requiring a supply between 3 and 5 V. You will evaluate
the part at 5 V provided by its 5 V bias block:

a. Low Noise Amplifier, Qorvo TQL9092, XM-A767-0404D, Board #0613

b. Voltage Regulator - Output: 5V (Input: +VIN2), XM-B162-0407-SP, Board #0909

c. General Purpose Amplifier, ADI ADL5611, XM-A4H9-0404D, Board #0516

d. Voltage Regulator - Output: 5V (Input: +VIN2), XM-B162-0407-SP, Board #0909
11. Ensure Power Source 2 is set to 6 V, current limit at 0.5 Amp and the output is turned off.

12. Ensure the 5V Voltage Regulator is attached to the to the bottom side of the prototyping plate. Ensure it is
connected to the Power Interface Board on the side of the prototyping plate using a 10-pin ribbon cable.

If time permits, measure the performance at 3.3 V with the Voltage Regulator - Output: 3.3 V
(Input: +VIN1) borrowed from the oscillator: XM-B161-0407-SP, Board #0910

= L4
Tr 43 Voo {j ._J._.
N e =
= 100 pF c3
i
R4 L1 100pF =
18 nH
a8 | | -
RF || 0 | RF
Input 100 pF 100 pF Outpu
3458

5P,

Figure 4. Low Noise Amplifier, Qorvo TQL9092 circuit
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13. Remove the X-MWblock for the Qorvo TQQ0303 BAW Filter XM-B1F3-0404D, Board #0473 to provide
space for an X-MWprobe. Ensure that the LNA Qorvo TQL9091, XM-A767-0404D, Board #0613 X-
MWblock remains in place, properly attached to the top of the prototyping plate so that the power via on the
bottom side of the RF board contacts the spring pin of the voltage regulator coming through the surface of
the prototyping plate. Refer Appendix A for instructions on how to configure the X-MWhblock and probes.

e L - - r

Figure 5. LNA X-MWblock, probes and cables

The TQL9092 Bias block below the LNA, and no other blocks, should be connected to the power output
you are using to measure. This is necessary to permit accurate measurement of only the supply to the

TQL9091 LNA.
14. Ensure the power source is set to 6 V, turn on the output, and record the current.

Results: Measured Supply Current
1. What is the significance of R4 in the TQL9092 design?
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Objective

In the previous lab, you learned about RF and microwave amplifiers including:
17. Ideal amplifier response versus real world
18. Common amplifier technologies used in industry
19. Amplifier companies and types of amplifiers offered
20. Amplifier specifications
21. Steps to select a low noise amplifier (LNA)

In this lab, you will learn about driver and power amplifiers including steps to select match a Power Amplifier (PA).

1. Determine Specifications (from System Requirements)
2. Synthesize Matching Networks (Genesys Synthesis)

3. Simulate (ADS/Momentum)

4. Prototype (X-MWblock on Prototype Station)

5. Measure (FieldFox and Signal Analyzer)

6. Compare Simulation and Measurements to Specification

Now that you know more about power amplifiers, you will be provided a design specification from which you will
simulate an ideal amplifier, build using an industry device with similar performance and measure to verify
performance.
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7 Choose a Driver for the Power Amplifier

Objective: Design and evaluate the composite output stage.

As you have learned, measuring the gain compression of the HMC453ST89 PA with the low-power output FieldFox
or N5171B source requires a driver amplifier with sufficient output power to drive the PA into compression. In
addition, higher PA input permits operation at your desired point while also simplifying the OIP3 measurement.

Note that the ADL5611 will produce enough input to barely push the HMC453ST89 PA into compression and the
Gali-51+ output is slightly lower.

ADL5611 OP1dB = 21dBm
HMC453ST89 Gain = 9dB
Power out = 30dBm << 32dB=0P1dB of HMC453ST89
Gali-51+ OP1dB = 18 dBm
HMC453ST89 Gain = 9dB
Power out = 27dBm << 32 dB = OP1dB of HMC453ST89

However, you can measure and compare the OIP3 and the gain compression of both driver candidates. After this,
you will combine the selected Driver and the PA and evaluate the OIP3 of the Composite Amplifier.

7.1 Evaluate the Driver Candidates from their Datasheets

Consider the Gali-51+ and ADL5611 as candidates for the Driver. Using the system specification provided earlier,
you will examine the data sheet and compare the performances based on your use case. The Driver and PA will be
very important components of the transmitter system in the next course module. The driver specification requires
several combined Driver and PA specifications be met while operating in the 5G Band n3 Downlink frequency
range.

Start by downloading the data sheets for the following drivers:

Gali-51+:
— Link: https://www.minicircuits.com/WebStore/dashboard.html?model=Gali-51%2B
— Data Sheet: https://www.minicircuits.com/pdfs/GALI-51+.pdf

Note the icons to download the Data Sheet, Graphs, and S-Parameters.

ADL5611:
— Link: http://www.analog.com/en/products/adi5611.html

Note there may be icons to download the Data Sheet and S-Parameters.

You will notice that the parts are active components requiring a supply of 4.5 to 5 V. This lab will not require power
to any other components.
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1. Examine the Electrical Specification table. By annotating excerpts from the manufacturer specifications,
show whether the devices satisfy the requirements.

From 1805 to 1880 MHz Gali-51+ Datasheet ' ADL5611 Datasheet
(1842.5 center) N

.5W -9dB PA Gain = 18 dBm Pout

.5 W -9dB PA Gain — 10 dBm Pmod = 8 dB gain

Return Loss on input and output > 10 dB

OP1dB > 18 dBm

Output IP3 = 45 dBm — 9 dB PA Gain > 36 dBm

Supply current < 1A Driver + PA

Note: Before you begin measuring...

In the following tasks to measure the Drivers, corresponding measurement tables will be shown for both the Gali-
51+ and the ADL5611. It is recommended for you to perform the complete set of measurements on the first
amplifier before you repeat the set of measurements on the second.
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7.2 Measure the Driver Candidates’ Supply Current

Objective: Measure and compare to the system specification.

This measurement can be performed directly on the Keysight E36312A Power Supply display.

The ADL5611 is required. The measurement of the Gali-51+ is optional and may be eliminated to save time.

The Gali-51+ is an active component requiring a supply of 5 V when biased with Ruias = 10 ohm. The manufacturer
did not specify 5 V operation, so the bias resistor was determined experimentally. The bias board provides its 5 V:

— General Purpose Amplifier Mini-Circuits Gali-51+, XM-B5A2-0404D, Board #530
— Voltage Regulator - Output: 5V (Input: +VIN2), XM-B162-0407-SP, Board #0909

Recommended Application Circuit R BIAS
1
R bias (R equired) Veo “1%" Res. Values (ohms)
[ WW— 0 Ve for Optimum Biasing
= == -Bypais 7 40.2 |
&4 Ih'.n! i E- i 535
€ block 31' RFC {Optional) g 55_1
1M e ”_ o t—” —T 10 _ B25
1 vd C block 11 a7.6 |
1? 12 113 |
: 13 127 |
Tt Boand nciudes ciss, conracions. &nd comgonanis {n bokh soddored i PGB 14 143 i
15 158 ’

The ADL5611 requires 5 V, provided by its bias board:

— General Purpose Amplifier, ADI ADL5611, XM-A4H9-0404D, Board #0516
— Voltage Regulator - Output: 5 V (Input: +VIN2), XM-B162-0407-SP, Board #0909

GND VPOS

RFOUT

+3

Figure 26. Basic Connections

115083332

A 5V dc bias is supplied to the amplifier through the bias inductor

1. Ensure Power Source 2 is setto 6 V, current limit .5 Amp and the output is turned off. The bias board can
produce 5 Vdd and 4.5 V to the IC, with an input as low as 5.5 V at room temperature.)
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2. Ensure the Driver Amplifier Voltage Regulator board is attached to the bottom of the prototyping plate:
XM-B162-0407-SP Bias Block PCB#909:

Figure 6. Voltage Regulator installed on the bottom of the prototyping plate

3. Attach the Gali-51+ or ADL5611 Driver Amplifier candidate on the prototyping plate. The ADL5611 may be
simply removed and set aside in an anti-static container while the Gali-51+ is carefully removed from its
present location (X-MWanchors and ground-signal-ground GSG jumpers first) and moved here.

E Y N v B
r-rn“-
f‘l-ttf‘l
fr{'t-

Figure 7. Driver Amplifier candidate location on X-MWprotoplate
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Figure 8. XM-B5A2-0404D Driver Amplifier Gali-51+ PCB#530 Installed on the Prototyping Plate

5. Setthe output to 6 V and record the current.
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7.3 Measure the Driver Candidates’ Gain, Return Loss and Isolation

Procedure to Measure Gain, Return Loss and OIP3 of the Driver

1.
2.
3.

Ensure that the Power Supply is set to 5 V and turned off.
Turn on the FieldFox and open NA (Network Analyzer) mode.

Ensure the output level of the FieldFox NA is set to -15 dBm. Any level < 3 dBm, the maximum output of
the FieldFox, will ensure that the amplifier output will be well below the maximum input of the FieldFox.

Connect the cables and configure the Network Analyzer for a S11 measurement.

Calibrate (Full 2-Port Mechanical Cal) [Appendix A] for the Full Span of the FieldFox with 1601-point
resolution. If recently calibrated, you may instead recall the calibrated FieldFox state WIDE created in
Appendix A in the Transmission Line lab. The 201-point resolution will be sufficient.

Attach two X-MWoprobes and connect the cables to the NA.

Measure S11, S21, S22 and S12. You may find it convenient to set Trace Layout to 2x2 and to capture a
screen image using Keysight BenchVue.

Press Frequency > Start and set to 1700 MHz and Stop to 2100 MHz to zoom into the pass band and
take the key measurements. You should either re-cal or recall the calibrated FieldFox state 1842.5 created
in Appendix A in the Transmission Line lab.

Save the measurement as an S2P file to the FieldFox Internal Device or USB Device, transfer to your
computer using Keysight FieldFox Data Link or a USB memory stick, then import into an ADS Dataset
along with the manufacturer’s S-Parameters for comparison.

Note about SnP or “Touchstone” Files: These files contain small-signal S-parameters described by
frequency-dependent linear network parameters for 1- to 10-port components.

I Advanced Desii

File View Options Tools Window DesignKits DesignGuide Help

Wid B BRADWES

1 + -
File View Eolder View Library .._.-Il Mew Data Display Window

W | C\Users\narciso\MyWorkspag Displays & new data display
window to view the simulation
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10. Use the Data File Tool... in a new schematic in ADS to Read data file into dataset the S2P files from the
FieldFox NA and from the manufacturer’s data sheet for comparison.

T—— ~—r

ns Tools Layout Simulate Window Dynamiclink DesignGuide Help

ol GENESYS Synthesis.. 5 < Bg Caalt R @70
SPECTRASYS..
Encode Designs... :
IC-CAP Import L
LineCalc >

5 Controlled Impedance Line Designer
HE via Designer
Smith Chart..
Impedance Matching...

Maodel Composer I3
HSPICE Compatibility Component *
Netlist Export {3
Spice Model Generator »
User-Compiled Model +
SnP Utilities ’ .
ifuleiiis File Help
[ Check Design...
B4 ADS Desktop LVS... Mode
B Check Design Report. (® Read data file into datasst ® () Write data file from dataset
Hierarchy... Data file to read
0 info Input file name B _ File format to read
. - 1 0
0O dentify.. IDesk!op\BFCN- 1850+_TB-82{ | Browse... | ‘Touchstcne ~

Component Palette Configuration...
Hot Key/Toolbar Configuration...

Data File Utilities * # DataFileTool. o A
30 20

- o — | =
5.2:: Sem——— | v 10
e Hh==

o 10 N
Pt o=
o 3 =1E7]
| @
2es O SZEI.‘},I
:%05' 33
“io@ =00
avo 5O O
s Y]
B @
- ©

freq, GHz freq, GHz

= =

ADL5611.s2p Gali-51+.s2p

Comparison between amps will not be necessary here. The data you captured will be used later in a
composite amplifier simulation.
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Results: Measured Gain, Return Loss and Isolation

1. Repeat after setting the span from 1700 to 2100 MHz. How do the measurements compare to the data
sheets and to each other?

2. You are driving the amplifier input at approximately -15.5 dBm which is 4.5 dB higher than -20 dBm at
which the manufacturer graphs describe performance.

Signal Generator = -15dBm
Cable Loss (qty 2) = -.5dB
Driver output power = -15.5dBm

How might this affect the measurement?
3. Try displaying the Smith chart for S11 and S22.
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7.4 Measure the Driver Candidates’ Linearity — OIP3

Procedure to Measure OIP3

1.

Disconnect the SMA cables at the amplifier and re-connect the amplifier input connection to the combined
output of the Keysight N5171B Signal Generator and the Port 1 Signal Generator on the FieldFox N9917A.
Use the Mini-Circuits Combiner provided. It has an Insertion Loss of 4 dB typical and the cable loss is
about 0.5 dB in 36 inches.

Set the output level of the Signal Generators to 0 dBm, the FieldFox maximum leveled output setting. The
manufacturer does not specify measurement conditions for OIP3, so you will choose the maximum power
available from your setup and a separation of 1 MHz:

Signal Generator = +0 dBm Signal Generator = +0 dBm
Combiner Loss = -4 dB Combiner Loss = -4dB
Cable Loss (qty 2) = -1dB Cable Loss (qty 2) = -1dB
Gali-51+ Gain = +17 dB ADL5611 Gain = +20 dB
Driver output power = +12 dBm Driver output power = +15 dBm

Set their frequencies to 1842 and 1843 MHz.

If you have a Keysight N9OOOA CXA Vector Signal Analyzer, reconnect the amplifier output to it (other
Spectrum Analyzers may also be used). If your FieldFox has the SA option, open SA (Spectrum Analyzer)
mode.

Turn on the Power Supply.

Configure the Spectrum Analyzer to show the two tones and third order IM. Change its input attenuator 2 or
10 dB and check that that signal-to-intermod ratio remains constant — if it does not, increase the attenuation
until it does. You will use the high side third order IM, which uses the same procedure used for the PA.

Make output power measurements P(F1), P(F2) and P(2xF2-F1) measurements and complete the table
below. Compare to each other and to the datasheet specification. Use 5 MHz separation to avoid the
combined phase noise skirts of the sources.

You may enter the points into the spreadsheet below which will plot OIP3.
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Results: Measured OIP3 of the Driver

1. Discuss your measured result.

F1 F2
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845
1840 1845

Driver OIP3.xlsx

2. How could the measurement be improved?

P(F1)
2.9
0.3
2.5

5

7.6
10.5

P(F2) P(2xF2-F1)

~48
0.3
2.5
5
7.6
10.5

-70
-61
-55
-47
-38
-24

Gali OIP3
30.65
30.85
31.25

&L
30.4
27.75

ADL OIP3
34

33.9
33.55
32.7
31.85
30.4
27.3

Gali-51+ and ADL5611 OIP3 versus P,

-3 -2-10 1

3. What would happen if you change the AF back to 1 MHz?

4. How might Driver and PA OIP3 combine when used as a composite amplifier?

2 3 4 5 6 7 & 9 10 11 12 13 14 15
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7.5 Measure the Driver’s Linearity — Gain Compression OP1dB

Procedure to Measure Gain Compression OP1dB

1. Ensure the power supply is set to 6 V and the output is turned off.

2. Disconnect the SMA cables at the amplifier and re-connect the Driver input connection directly to the output
of the Keysight N5171B Signal Generator. This connection provides the highest power you can deliver to
the amplifier which is necessary to drive it into compression.

3. Set the output level of the Signal Generator to -30 dBm to produce the following amplifier output.

Signal Generator = -30 dBm Signal Generator = -30dBm
Cable Loss (qty 2) = -1dB Cable Loss (qty 2) = -1dB
Gali-51+ Gain = +16 dB ADL5611 Gain = +20 dB
Driver output power = -15 dBm Driver output power = -11 dBm

Ensure that the Driver output is cabled to the Spectrum Analyzer and turn on the Power Supply.

Measure the output power and repeat for increasing power to fill in the table.

4
5. Configure the Spectrum Analyzer to measure the 1842.5 MHz amplifier output.
6
7

Repeat for the second amplifier. Show how you measured the power in the resulting spectrum.

Results: Measured OP1dB
Gali-51+ (Vdd=7 V)

(this is provided as reference only since the kit does not provide the ability to bias at 7 V.)

PindBm 30 20 -10 -5 -4 -3 -2 -1 0 1 2 3 4 5 10
PouDriver’ -15 -5 5 10 11 12 13 14 15 16 17 18 19 20 22
PoutDriver -15 -5 5 10 11 12 13 139 149 158 165 17 174 176 184
Gali-51+ (Vdd=5 V)

PindBm -30 20 -10 -5 -4 -3 -2 -1 0 1 2 3 4 5 10
PoutDriver’  -15 -5 5 10 11 12 13 14 15 16 17 18 19 20 22
PoutDriver

ADL5611

Pin dBm -30 -20 -10 -5 -4 -3 -2 -1 0 1 2 3 4 5 10
PouDriverr -10 0 10 15 16 17 18 19 20 21 22 23 24 25 30
PoutDriver
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1. Highlight the 1 dB Gain Compression Point. How does the measurement compare with the data sheet?
Can you operate near the Compression Point?

2]
0
0]
x|

DCP vs Pin

\
\

o DCP, MadeMames,
-

fracls
&

N —
3 X r/

-30 -25 -20 -15 -10

-5
FPower {dBmj

—— guUacTiweDidadal DCP. Nodaldemas, 7'

2. Which amplifier should be selected as the driver?
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Objective

In this lab, you will learn about RF and microwave oscillators including:

22.

23.
24.
25.
26.
27.

28.
29.
30.

Typical heterodyne receiver system block diagram (with focus on the first stage conversion) and the role of
the local oscillators (LO)

Ideal local oscillator performance versus real world

Common oscillator technologies in the Industry (close-up and in production assembly)
Oscillator companies and types of oscillators offered

Oscillator specifications

Synthesizer companies and types of Phase Locked Loops (PLLs) and Voltage Controlled Oscillator (VCOs)
offered

Synthesizer specifications
Importance of phase noise and design techniques to minimize it.

The interaction of the reference oscillator, VCO and the PLL loop filter on phase noise

After this information on oscillators, you will use a design specification to design, synthesize, simulate, build, and
verify performance:

31.
32.

The Engineering Challenge — Decision Tree

Steps to design a custom oscillator (2011 MHz PLL with integrated oscillator)
a. Determine specifications from system requirements.

Determine the requirements for the reference oscillator.

Determine the requirements for the VCO and PLL.

Synthesize Loop (ADIsimPLL).

Simulate Noise (using ADISIimPLL).

Prototype / Tune (X-MWblock PLL/VCO on Prototype Station).

Measure (CXA).

Compare synthesis, simulation, and measurements to specification.

-~ 0o oo T

5 @

General Flow:

1.

o~ 0N

Go over phase noise, what it is, and its effects on system performance.

Perform first phase noise measurement: Connect N5171B to CXA with phase noise analysis.
Use CXA and XMW PLL and measure phase noise.

Measure phase noise of reference oscillator.

Measure phase noise of entire system.
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8 Reference Oscillator and Synthesizer Cascade Investigation and
Measurement Techniques

8.1 Measuring the Performance of Synthesizer with N5171B as the Reference Oscillator

For this part of the measurement you will need a XM-A5M4-0409D ADF4355-3 Synthesizer, a Keysight N5171B,
and a Keysight CXA Signal Analyzer with the Phase Noise personality enabled.

1. Turn off the power. Make sure the ADF4355-3 is installed (Board #0382) and the cable to the bias board
is connected to the LEO connector.

2. Move the RF probe from the oscillator to the “REF” input of the SyntheS|zer board (Board #0382).

A XXX XXX XX X°E+X )

Figure 9. #382 board ADF4355-3 connected for External Reference input.

3. Connect the cable of the CXA to the “RF A” output.

4. Connect the Raspberry Pi to the 26-pin XMW plate.

5. Connect the “REF” input of the XM-A5M4-0409D to the output of the N5171B.
6. Apply Power Source 2 is set to 6 V, current limit 0.5 Amp to the synthesizer.
7
8

Set the N5171B to 100 MHz with an output power of +5 dBm at a 100 MHz Frequency.

Load the default “PLL_and_DSA_Config” using the Raspberry Pi system. If this file does not exist, please
refer to the Getting Started Guide.

microwave

Load File From Internal SD card

PLL_and_DSA_Config

PLL_and_DSA_Config

Load From File

Figure 10. Loading default configuration.
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9.
10.
11.

12.
13.

14.
15.
16.
17.
18.

19.

Open the “PLL/VCO” device on the display screen.
Click Write to load the register settings to the PLL.

If the CXA is not already in the Phase Noise mode: Press the MODE/MEAS key and select Phase Noise,
Log Plot, Normal.

Push the MEAS SETUP button turn on Averaging and set the Avg number to 10.

In MEAS SETUP push the Advanced selection and make sure the Overdrive with Mech Atten is
disabled.

Push the Trace button, turn off Trace 1, and make sure Trace 2 is set to Smoothed.

Push the FREQ button and select Start Offset to 1 KHz and Stop Offset to 50 MHz.

Press AUTO TUNE and the CXA should acquire the measurement, note the frequency and carrier power.
Set the Marker > Marker Function > Integrated Noise.

Change the Marker Function Band Left to 1.00 KHz and the Band Right to 5 MHz. This will change the
integrated Phase noise to measure the 5 MHz wide band needed for the 5G NR design.

Observe the Integrated Phase Noise can now be read off the upper right of the display.

Fnasemsn

Log Plot
1 Graph

Scale/Div 10.000 dB Ref Value -40.00 dBc/Hz
Log

Carrier Power 4.42 dBm

\Marker Frequency |

2.50 MHz g

‘ |
Search

Properties

Marker
! Function

[ ] | on
Start Offset 1.00 kHz Frequency Offset Stop Offset 50.0 MHz < Marker Settings
Diagram

3 Marker Table

Mode Trace X Y Function Function Width Function Value All Markers Off
A | e uncee

250MHz  -131.25 dBc/Hz Inteqg Noise _4.99900000 MHz 20.22 Deq|

10.0 kHz -56.25 dBc/Hz Couple Markers
100 kHz -78.99 dBc/Hz On

1.00 MHz -128.10 dBc/Hz Off

10.0 MHz -131.90 dBc/Hz

€O CM 2RO

Figure 11. XM-A5M4-0409 with N5171B as 100 MHz reference.

20.
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Notice the close in Phase Noise of the N5171B is multiplied up by the ratio of the output frequency over the
input frequency. In looking at the design specifications for Phase Noise and Spot Noise will this design
meet the specifications?

On the CXA, select Trace and set Trace 3 to Reference (View) and be sure Trace 2 is still set to
Smoothed. This will save the data to trace 3 and not overwrite it on the next step.
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21. Open the Charge Pump tab and check the “Charge Pump 3-State and click Write.

Manufacturer Part Number Manufacturer

X-MW PartNumber
Xh ADF4355-3 Analog Devices

A5ME-0409

Phase/Lock Charge Pump IN/OUT/PWR History

Config Mode Main Config

Gated Bleed Negative Bleed

Autoset Bleed

Bleed Value
Charge Pump 3-State

Bleed Current

RO: 0x00201410
R4: Ox320203A4
R8: Ox1A69A6B8
R12: 0x0001050C

Figure 12. Opening the loop on the ADF4355-3 PLL.

R1: 0x0C28F5C1
R5: 0x00800025
R9: 0x06057CCY

R2: 0x005007D2
R6: 0x352044F6
R10: Ox600007FA

R3: 0x00000003
R7: Ox100002E7
R17: 0x0081200B

Write

22. Observe the change in the Phase Noise. This is an open loop measurement. The AUTO TUNE might need

to be hit a couple of times as the frequency settles.

Q Frequency \

Carrier Frequency
2.027291568 GHz
Signal
‘ AUTO TUNE | Tracking

1 Graph
Scale/Div 10.000 dB

Carrier Power 4.56 dBm
Ref Value -40.00 dBc/Hz

‘ Start Offset
‘ 1.00 kHz

Stop Offset
50.0 MHz

|
|
|
|
|
|
|

| Start Offset 1.00 kHz
3 Marker Table

Frequency Offset Stop Offset 50.0 MHz

Function Width
4.99900000 MHz

Function Value
1.650 Deg

Mode Trace X Y Function
2 2.50 MHz -131.57 dBc/Hz Inteq Noise

10.0 kHz

100 kHz
1.00 MHz
10.0 MHz

-85.57 dBc/Hz
-104.21 dBc/Hz
-130.12 dBc/Hz
-131.77 dBc/Hz

ud Nov 08, 2018
- 2’ - ? 12:22:18 PM

Figure 13. Phase Noise plot of Close Loop with N5171B and open loop VCO.

With the phase noise better in open loop why would it be required to have a reference oscillator if it adds so much
noise? Hint look at the Carrier frequency.
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8.2 Measuring the Performance of Synthesizer with TCXO as the Reference Oscillator

For this part of the measurement you will need a XM-A5M4-0409D ADF4355-3 Synthesizer, a XM-A2L2-0404D
SM77D 100 MHz Oscillator, and a Keysight CXA Signal Analyzer with the Phase Noise personality enabled.

1.
2.

4.

NOTE

Remove the X-MWoprobes from the “REF” input of the XM-A5M4-0409D.

Carefully move the XM-A2L.2-0404D 100 MHz oscillator (Board #0159) to the Ref input of the Synthesizer.
Use the two screws away from the Synthesizer to position it.

Move the bias board on the bottom three spaces to butt up to the bias board with the synthesizer.

Carefully place the GSG and the clamps to connect the reference oscillator to the synthesizer.

Use the Sticky Picker to hold down half of the GSG jumper on the junction between the boards
and place one anchor down. Tighten the anchor before placing the second anchor and
tightening it.

FJ. e O O“. @ 88

Figure 14. Reference oscillator and Synthesizer connected for Phase noise measurement.

5.

= © ® N ©

Connect the cable of the CXA to the “RF A” output.

Apply the power to the synthesizer.

Reload the default PLL_and_DSA_Config using the Raspberry Pi system.
Open the PLL/VCO device on the display screen.

Click Write to load the register settings to the PLL.

. If the CXA is not already in the Phase Noise mode: Press the MODE/MEAS key and select Phase Noise,

Log Plot, Normal.

. Push the MEAS SETUP button turn on Averaging and set the Avg number to 10.
12.
13.

Push the Trace button, turn off Trace 1 and make sure Trace 2 is set to Smoothed.
Push the FREQ button and select Start Offset to 1 KHz and Stop Offset to 50 MHz.
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14.
15.
16.

17.

Press AUTO TUNE and the CXA should acquire the measurement, note the frequency and carrier power.

Set the Marker > Marker Function > Integrated Noise.

Change the Marker Function Band Left to 1.00 KHz and the Band Right to 5 MHz. This will change the
integrated Phase noise to measure the 5 MHz wide band needed for the 5G NR design.

Observe that Integrated Phase Noise can now be read off the upper right of the display.

Frequency v

HEEED Carrier Power 4.37 dBm amenEraquency

‘ScaIeIDiv 10.000 dB Ref Value -50.00 dBc/Hz t € ) 2.010992571 GHz
| Signal
AUTO TUNE | Tracking

1.00 kHz

Stop Offset
50.0 MHz

|
|
l Start Offset
|
|

Tl —H

| Start Offset 1.00 kHz Frequency Offset Stop Offset 50.0 MHz|
3 Marker Table

Mode Trace X Y Function Function Width Function Value
2.50 MHz -131.09 dBc/Hz__Integ Noise 4.99900000 MHz 442.3 m Deg
10.0 kHz -95.47 dBc/Hz
100 kHz -100.76 dBc/Hz
1.00 MHz -129.57 dBc/Hz
10.0 MHz -132.18 dBc/Hz

Sep 07, 2018
".) & - ? 3‘1)1:19Pr\1/1 5 ola @3

[N

NN

Figure 15. XM-A5M6-0409 with XM-A2L2-0404D as 100 MHz reference.

18.

In looking at the design specifications for Phase Noise and Spot Noise will this design meet the
specifications?

Open the Charge Pump tab and check the Charge Pump 3-State and click Write.

[ XMW PartNumber  Manufacturer Part Number Manufa é h e
XM-A5MB-0409 ADF4355-3 Analog Devices

Config Mode Main Config Phase/Lock Charge Pump IN/OUT/PWR History Other

Gated Bleed Negative Bleed

Bleed Value CP Current 0.3125 mA

Charge Pump 3-State v Autoset Bleed

Bleed Current

RO: 0x00201410 R1: 0x0C28F5C1 R2: 0x005007D2 R3: 0x00000003 |
. R4: 0x320203A4 R5: 0x00800025 R6: 0x352044F6 R7: Ox100002E7
erte R8: 0x1A69A6B8 R9: 0x06057CC3 R10: 0x600007FA R11: 0x0081200B
R12: 0x0001050C

Figure 16. Opening the loop on the ADF4355-3 PLL.
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19. Observe the change in the Phase Noise. This is an open loop measurement.

VgL Carrier Power 3.83 dBm
Scale/Div 10.000 dB Ref Value -50.00 dBc/Hz

Log

Start Offset 1.00 kHz Frequency Offset Stop Offset 50.0 MHz
3 Marker Table

Mode Trace X Y Function Function Width Function Value
2.50 MHz -131.18 dBc/Hz Integ Noise 4.99900000 MHz 1.531 Deg
10.0 kHz -85.86 dBc/Hz
100 kHz -103.88 dBc/Hz
1.00 MHz -129.05 dBc/Hz
-131.50 dBc/Hz

Figure 17. Phase Noise plot of Close Loop with SM77D and open loop VCO.
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20. If time allows the PFD frequency and CP current can be swept, taking the IPN at each point. An optimum
value for the PFD frequency and CP can be found.

IPN in Degrees

CP Current uA

&0 80

PFD Frequency

Figure 18. Contour plot of IPN in Degrees for PFD frequency versus Charge Pump Current with SM77D Reference.
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Post-Lab Writeup

4. Provide screen captures of all measured data in a single document
5. Label each plot according to the lab step where it was captured.

6. If your results do not match your expectations, explain why.
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Appendix A - Set up using ADS PLL with Noisy Reference and VCO in PLL
Loop

http://edadownload.software.keysight.com/eedl/ads/2011/pdf/dgpll.pdf

Phase Noise Response

The parameters derived from the Loop Frequency Response schematic should be entered
into the Phase Noise Response schematic.
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Objective

In this lab you will learn about RF and microwave mixers including:
33. Ideal mixer response versus real world
34. Common mixer technologies in industry (close-up and in production assembly)
35. Mixer companies and types of filters offered

36. Mixer specifications

After this introduction to mixers, you will be use a design specification to develop a frequency plan, simulate, build,

and verify performance:
37. The engineering challenge explained
38. Steps to develop a frequency plan
a. Determine specifications from system requirements
b. Prototype (X-MWblock on Prototype Station)
c. Measure (FieldFox and CXA)
d

Compare simulation and measurements to specifications
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7 Measurement of Mixers

1. Measure mixer the XM-B4V5-0604D 500MHz double balanced mixer. (LO = 100 MHz)
Specification: https://www.minicircuits.com/pdfs/ADE-1MH+.pdf

2. Measure the XM-B4V6-0604D Marki Mixer T3 7 GHz Triple balanced mixer.
Specification: https://www.markimicrowave.com/Assets/datasheets/T3-07.pdf

3. Measure the Mini-Circuits SIM-63 XM-B2B7-0604D6GHz double balanced mixer.
Specification: https://www.minicircuits.com/pdfs/SIM-63LH+.pdf

Fill in the measurement for each mixer in the following table.

Low Frequency Mixer

Table 1. Mixer Specifications for Low Frequency Mixer.

Specification (Unit) Measurement

Description

Conversion Loss (dB)

Power at RF — Power at IF

LO Isolation to IF (dB)

LO feed through to the IF port

RF Suppression to IF (dB)

RF fundamental seen at IF port

1 dB Compression (dBm)

IP3 (dBm)

RF =135 MHz + 142 MHz

LO Drive Level

Noise Figure NF

2RF-2LO at-10 dBm

70 MHz second LO and RF

2LO-RF at-10 dBm

65 MHz second LO and first RF

3LO-2RF at -10 dBm

30 MHz third LO and second RF

High Frequency Mixers

Table 2. Mixer Specifications for High Frequency Mixers

Specification (Unit) Measurement

Description

Conversion Loss (dB)

Power at RF — Power at IF

LO Isolation to IF (dB)

LO feed through to the IF port

RF Suppression to IF (dB)

RF fundamental seen at IF port

1 dB Compression (dBm)

IP3 (dBm)

RF =1832.5 MHz + 1852.5 MHz

LO Drive Level

Noise Figure NF

2RF-2LO at 0 dBm

337 MHz second harmonic Mixing Products

3LO-3RF at 0 dBm

505.5 MHz third LO and third RF

4*LO-4*RF at 0 dBm

674 MHz fourth LO and fourth RF
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7.1 Measurement of LO Power and Phase Noise
1. Ensure that Power Source 2 is set to 6 Volts, current limit 0.5 Amp and is turned off.

2. Starting from the configuration in Lab 5 (with the power off) add the Gali-51+ Ampilifier to the output of the
Synthesizer (If not already installed). This will provide enough LO drive to measure the mixers tested in this
lab. Before adding any mixers, some measurements will need to be done that will be used later in the lab.

3. Carefully remove all the mixers, the IF filter, RF filter and DSA. Install an X-MWoprobe at the end of the 180’
line.
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Figure 19. Plate configured to measure LO Power and Phase Noise.

NOTE Ribbon cable locations and additional settings may be verified by consulting the Getting
Started Guide.
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4. Power up the X-Microwave plate with 6 V on Power Source 2 and load the default configuration into the
Raspberry Pi display. If the default file is not on the display, refer to the Getting Started Guide.

microwave Load

Load File From Internal SD card

PLL_and_DSA_Config

PLL_and_DSA_Co

Load From File

Figure 20. Load Default configuration

5. Click on the PLL/VCO XM-A5M6-0409 and click <Write>. This will send the PLL settings to the PLL block.
The settings should be as shown below.

( X-MW PartNumber Manufacturer Part Number
M-A5M6

Config Mode Main Config Phase/Lock Charge Pump IN/OUT/PWR History Other

N Counter (VCO) Reference (PFD)

Desired Output Freq (MHz) Reference Freq (MHz)

N= 80.44

Integer Value 80

Fractional Value 7381975 Ref Counter (R)

Auxiliary Fraction 20 Reference /2

Actual Output Freq (MHz) Actual PFD Freqg (MHz) |

R8: Ox1AE9A6B8 53CC9 7 R11: 0x0081200B
R12: 0x0001050C

Figure 21. Write PLL Settings
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6. Use a CXA or other analyzer with the phase noise personality and measure the noise of the PLL and Amp.
See Appendix A for CXA setup if it is not already in Phase Noise mode. Integrate the phase noise over
1 KHz to 5 MHz and turn on averaging for the best results. It should look something like this.

Phase Noise 1
Log Plot d +
e v Carrier Power 17.5 dBm
Scale/Div 10.000 dB Ref Value -50.00 dBc/Hz
Log
-60.0
-70.0
-80.0
-90.0
-100
-110 \
-120
~-L ][44
130 s N < 5
-140
Start Offset 1.00 kHz Frequency Offset Stop Offset 50.0 MHz
3 Marker Table \d
Mode Trace X e Function Function Width Function Value
1 N 2 2.50 MHz -133.83 dBc/Hz Integ Noise 4.99900000 MHz 338.8 m Deg
2 N 2 10.0 kHz -100.37 dBc/Hz
3 N 2 100 kHz -101.06 dBc/Hz
4 N 2 1.00 MHz -130.16 dBc/Hz
N 2 10.0 MHz -134.77 dBc/Hz

R S

Figure 22. LO Power and Phase Noise Plot of LO Drive

Note markers have been placed at 10k, 100k, 1M, and 10M.

Record the Markers and Carrier Power for later use in this lab.

Table 3. LO Drive and Phase Noise for Mixer Drive.

Specification (Unit) Measurement Description

Carrier Power (dBm) Power output after the Gali-51+ Amp
IPN (deg) Integrated Phase noise 1K — 5M
10K Spot Noise (dBc/Hz)

100K Spot Noise (dBc/Hz)

1M Spot Noise (dBc/Hz)
10M Spot Noise (dBc/Hz)
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7.2 Measurement of Mini-Circuits ADE-1LH Low Frequency Mixer

1. Configure the plate with the Mini-Circuits ADE-1LH (Board #1041) Low Frequency mixer. For the LO use
100 MHz and use the N5171B with a frequency of 135 MHz and an amplitude of -10 dBm.

NOTE — Itis not recommended to use the FieldFox Source for this part of the lab.
— Ifthe DSA bias board is installed, leave out the upper left fastener of the RF port.

.

Figure 23. Plate Configuration with Mini-Circuits ADE Mixer
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2. Setthe PLL to generate a 100 MHz LO and hit <Write>.

‘ PartNumber Manufacturer Part Number
)

Config Mode Main Config Phase/Lock Charge Pump IN/OUT/PWR History

N Counter (VCO) Reference (PFD)

Desired Output Freq (MHz) Reference Freq (MHz)

Desired PFD Freg (MHz)

Integer Value Reference Doubler

Fractional Value Ref Counter (R)

Auxiliary Fraction Reference /2

Actual Output Freq (MHz) Actual PFD Freq (MHz) |

Figure 24. Set up Synthesizer for 100 MHz Output to Drive Low Frequency Mixer
3. Connect the RF input of the mixer to the N5171B source running -10 dBm at 135 MHz.
4. Connect the output of the Mixer IF to the input of a spectrum analyzer (right port on FieldFox).

5. Set the start frequency to 3 MHz and stop to 1100 MHz. Observe the spectral output with a -10 dBm input.
There are many harmonics. It can be overwhelming but look at the mixer table and every harmonic on the
output can be accounted for.

Decrease Res BW to 1 KHz.
Take a closer look, set the Start frequency to 0 MHz and Stop frequency to 200 MHz.

Put markers at 35 MHz, 100 MHz, 135 MHz, 70 MHz, 65 MHz, and 30 MHz. Note the markers may need to
be moved a little higher or lower in frequency to get the peak.

M1 = Frf - Flo M4 = abs(2*Flo — 2*Frf)
M2 = Flo M5 = abs(2*Flo — 1*Frf)
M3 = Frf M6 = abs(2*Flo — 3*Frf)
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The areas highlighted in green are the measurements made.

Remember the Mixer table.

Table 4. Low frequency Mixer Products Table

9.

RF LO

Input Frequencies
135 100 AR

Output Products Down Convert

n abs(m*fio - n*fir)

0 0 100 200 300 400 500

1 135 35 65 165 265 365

2 270 170 70 30 130 230

3 405 305 205 105 5 95

4 540 440 340 240 140 40

5 675 575 475 375 275 175

m 0 1 2 3 4 5

LO
These values can be filled in.
Table 5. Mixer Specifications for Low Frequency Mixer.

Specification (Unit) Measurement Description
Conversion Loss (dB) -10dBm — Marker1 Power at RF — Power at IF
LO Isolation to IF (dB) LO_Drive — Marker2 LO feed through to the IF port
RF Suppression to IF (dB) -10dBm — Marker3 RF fundamental seen at IF port
1 dB Compression (dBm)
IIP3 (dBm) RF = 135 MHz + 142 MHz
LO Drive Level +17 dBm (8.1 Step 6)
Noise Figure NF -10 dBm — Marker1
2RF-2LO at-10 dBm Marker4 70 MHz second LO and RF
2LO-RF at-10 dBm Marker5 65 MHz second LO and first RF
3LO-2RF at-10 dBm Marker6 30 MHz third LO and second RF

10.

11.

12.
13.

Looking at markers 1,4,5, and 6. If the RF signal is increased by 3 dB, how much do the markers go up and
why?

Take the cable off the N5171B and connect it up to the spectrum analyzer temporarily. Place a 50-ohm
load on the IF port of the mixer. Measure the 100 MHz peak on the spectrum analyzer. This will give a
rough estimate of the LO to RF isolation. The isolation is the LO_Drive — (LO tone at RF port).

Connect the RF port back to the RF source and the IF port back to the spectrum analyzer.

Now you will look at the 1 dB compression level of the Mixer. This is where the signal is increased to the
point where the Conversion Gain drops by 1 dB. To do this, set the RF input to -40 dBm, measure the level
at 35 MHz. Then in increasing steps record these levels. At some point, the output level does not increase
as fast as the input level. Record the values in 5 dB steps -40 dBm to +20 dBm.To calculate the gain, take
the output level of the IF signal in dB and subtract the input power. This will give a gain versus input power
like the results shown in Genesys. Plot the data and estimate the 1 dB compression point.
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14. Related to compression is IIP3. [IP3 harmonics are spurs where the input signals mix with each other.
Ideally a mixer will only multiply the RF input by the LO and not the RF input by itself. For this part of the
lab, the two tones at the input are needed. It will require both the N5171B and FieldFox signal generator.

To add these two signals together a Mini-Circuits ZX1

srLTTER

2X10.2.25.8.

Figure 25. Summing 2 RF Sources for 1IP3 Measurement.

1-2.8 GHz
e i it car

0-2-25-8+ Power Combiner is needed.

N5171B

+
2

To RF Port

15. Leave the N5171B set to 135 MHz and set the amplitude to -3 dBm. Connect the output of the N5171B to

one of the input ports of the Mini-Circuits power comb
Combiner to the FieldFox output port on the top left. T

iner. Connect the other input port of the Power
o enable the source hit <Measure> <Source> for type

use CW. Set the output frequency to 142 MHz and initially the amplitude to -3 dBm. Connect the output of

the Power Combiner to the spectrum analyzer.

16. Adjust the power levels of the 135 MHz and 142 MHz
and power splitter loss.

signals both to -10 dBm. This is to correct for cable

17. Connect the Power Combiner output to the RF input, and the FieldFox spectrum analyzer port to the IF
output of the Mixer. Set the center frequency to 38.5 MHz and the span to 50 MHz, there should be some

tones at 28 MHz, 35 MHz, 42 MHz and 49 MHz. Thes
measured as 1IP3 = ((Fundamental Tone level) - (IM3
IM3 product and lowest fundamental.

Results for Double Balanced Mixer A1V3.

Table 6. Results for Low Frequency Mixer

e are the IM3 components. The Input IP3 is
tone level))/2 + (Input power level). Take the highest

Specification (Unit) Measurement

Description

Conversion Loss (dB)

Power at RF — Power at IF

LO Isolation to IF (dB)

LO feed through to the IF port

RF Suppression to IF (dB)

RF fundamental seen at IF port

1 dB Compression (dBm)

IP3 (dBm)

RF =135 MHz + 142 MHz

LO Drive Level

Noise Figure NF

2RF-2LO at-10 dBm

70 MHz second harmonic Mixing Products

2LO-RF at-10 dBm

65 MHz second LO and first RF

3LO-2RF at-10 dBm

30 MHz third LO and second RF

18. How do these compare to the specification?

19. How do these compare to the simulation?
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7.3 Measurement Marki T3 Triple Balanced Mixer
1. Remove the ADE-1LH mixer and configure the plate with the Marki T3 Triple Balanced Mixer (Board #191).
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Figure 26. Installing the Marki T3 Mixer on the Plate.

NOTE If the DSA bias board is installed, leave out the upper left fastener of the RF port.

Figure 27. Installing the Marki T3 Mixer on the Plate. Leave out the fastener on upper left RF probe.
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2. Setthe PLL to 2011 MHz and hit Write.

Figure 28. Writing PLL for 2011 MHz LO

NOTE

7381975

It is not recommended to use the FieldFox Source for this part of the lab. The FieldFox source
has high odd harmonic output and will result in inconsistent results.

3. Setthe N5171B to 1842.5 MHz with a power level at 0 dBm and connect to the FieldFox and adjust the
level to that at the end of the cable the power level is 0 dBm.

N o o &

KHz.

Connect the cable to the RF port of the Mixer.

Connect the output of the Mixer IF to the input of a spectrum analyzer. (Right port on FieldFox)
Look at harmonics from 168.4 to 675 MHz. Set the frequency to 10 MHz to 700 MHz and RBW to 300 Hz.
Look at the higher offsets 1337 to 2575 MHz. Set the frequency from 1.3 GHz to 2.6 GHz and RBW to 3

8. Enter the values into the table. Here are the positions in the table for the harmonics.

RF LO

Input Frequencies
1842.5 2011

Output Products Down Convert

n abs(m*fio - n*fr)

0 0 2011 4022 6033 8044 10055
1 1842.5 168.5 2179.5 4190.5 6201.5 82125
2 3685 1674 337 2348 4359 6370
3 55275 3516.5 1505.5 505.5 2516.5 45275
4 7370 5359 3348 1337 674 2685
5 92125 72015 51905 3179.5 1168.5 8425
m 0 1 2 3 4 5
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9. Enter the numbers into a table.

Table 7. Spur Frequencies and Spur levels for Marki T3 Mixer

RF n abs(n*flo - m*frf)
0
1
2
3
4
m 0 1 2 3 4
LO

From specification https://www.markimicrowave.com/Assets/datasheets/T3-07.pdf a Spur calculator was
generated. Open this calculator and compare the measured data to the specification.

Microsoft Excel
Worksheet

Since the original table was for -5 dBm RF, the RF drive filed will need to be updated. Also, enter your
measured conversion loss in the Blue field to correct for any extra loss seen. This will adjust the spur
calculations accordingly. The IF peak on the output graph should match your IF level at 168.5 MHz.

Table 8. Expected Spur Levels for Marki T3 Mixer

Output Levels

abs(m*flo - n*frf)
0xLO 1xLO 2xLO 3xLO 4xLO 5xLO

OxRF
1xRF
2xRF
3xRF
4xRF
5xRF

The output IF is -6.126 dBm at 168.5 MHz which is the carrier power at the ouput. To calculate the
expected spur power at the output of the mixer subtract the spur table entry from the the fundamental
output power.

How did the mixer output spurs compair versus the calculated values from the spur table?
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10. As an exercise, measure the harmonics of your signal source. You may notice there is a signficant second

11.

12.

harmonic content of your RF and LO sources.
Mixer 1dB Compression.

Use the N5171B at the input of the RF step of 5 dB from -40 dBm to 20 dBm and record the output of the
mixer. Set the RF frequency to 1842.5 MHz and record the power level at 168.5 MHz on the IF output.

Plot the results of the data and calculate the 1dB compression.

Related to the compression level is 1IP3, which is where the input harmonics mix with each other. Ideally a
mixer will only multiply the RF input by the LO and not the RF input by itself. For this part of the lab, the two
tones at the input are needed. It will require both the N5171B and FieldFox signal generator. To add these
two signals together, you will need a Mini-Circuits ZX10-2-25-8+ Power Combiner.

FieldFox N5171B

EPLITTER
1 ZX10-2-25-8+

1-2.6 GHz 2
. b Cute e

To RF Port

Figure 29. Summing 2 RF Sources for 1IP3 Measurement.

13.

14.
15.

16.
17.

Set the N5171B to 1832.5M Hz and the amplitude to -6 dBm. Connect the output of the N5171B to one of
the input ports of the Mini-Circuits power combiner. Connect the other input port of the Power Combiner to
the FieldFox output port on the top left. To enable the source hit <Measure> <Source> for type use CW.
Set the output frequency to 1852.5 MHz and initially the amplitude to -6 dBm.

Connect the output of the power combiner to the input of the FieldFox. (Top Right Port)

Measure the two tones out of the sources with the spectrum analyzer set to 1842.5 MHz Center frequency
and a span of 200 MHz.

Adjust the two source levels so that they both read -10 dBm on the amplitude.

Connect the Power Combiner output back to the RF input, and the FieldFox spectrum analyzer port back to
the IF output of the Mixer. Set the center frequency to 168.5 MHz, and a span of 200 MHz.

Some signal sources have spurs up to -60 dBc from the primary output frequency. You may
have to ignore a spur generated by the source.
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18. There should now be some tones at 158.5 and 178.5 MHz which are the fundamental tones. There should
also be two other tones at 138.5 and 198.5 MHz which are the IM3 products. The Input IP3 is measured as
[IP3 = ((Fundamental Tone level) - (IM3 tone level))/2 + (Input power level). Take the highest IM3 product
and lowest fundamental.

Results for Triple Balanced Mixer
Table 9. Results for the Marki T3 Mixer

Specification (Unit) Measurement Description

Conversion Loss (dB) Power at RF — Power at IF

LO Isolation to IF (dB) LO feed through to the IF port

RF Suppression to IF (dB) RF at RF fundamental seen at IF port
1 dB Compression (dBm)

[IP3 (dBm) RF =1832.5 MHz + 1852.5 MHz

LO Drive Level

Noise Figure NF

2RF-2LO at 0 dBm 337 MHz second harmonic Mixing Products
3LO-3RF at 0 dBm 505.5 MHz third LO and third RF
4*LO-4*RF at 0 dBm 674 MHz fourth LO and fourth RF
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7.3.1 Measurement of Phase Noise Combining.

In this part of lab, the combined noise of the Synthesizer and RF source will be measured. This has predicable
output based on the input signals. Use the measurement from earlier in the lab where the PLL phase noise was
measured.

1.

If needed, set up the CXA in Phase Noise mode using Appendix A. Connect the Phase Noise Analyzer to
the RF signal source either the N5171B or the RF Generator of the FieldFox. For best measurement of the
noise, the output level should be set to 0 dBm and the frequency to 1842.5 MHz.

Show a plot of the Phase Noise for the N5171B or the FieldFox.

Now that the phase noise of the RF source and PLL are known, the output phase noise can be estimated.
The phase noise at the output of the mixer will be the sum of the phase noise power at the input.

For example, the FieldFox has a noise power of -137.66 dBc/Hz at 10 MHz and the PLL with amp -134.77
at 10 MHz. The power needs to be converted to linear power, added and then back to dB domain. This will
result in -132.97 dBc/Hz. Use a spreadsheet to calculate the other offsets and IPN.

PNrf PNo
PNout=10x1og10 (10 10 +10 10)

Table 10. Phase Noise combining of LO and RF results

Frequency PNLO PN FF PN9310 add FF add 9310
10k

100k

™

10M
IPN Deg

IPN dBc

IPN Deg

3. Measure the phase noise out of the Mixer IF port. It should detect 168.5 MHz and with the FieldFox as the

input and plot the data. Similar result for the N5171B.
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Objective

In this lab you will learn about Single Conversion Receivers:

39.
40.
41.
42.
43.
44.

45.
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Common Receiver Architectures
Engineering Design Cycle
Frequency Planning (SystemVue)
System Level Synthesis Overview
Specification Budgeting
Steps to design a Single Conversion Receiver
a. Determine Specifications (from system requirements)
b. Simulate (SystemVue)
c. Measure (various instruments)
d. Compare Synthesis, Simulation and Measured results to specification

Conclusions from this course
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7 Measure the Performance of the Single Conversion Receiver
Objective: Measure and compare to the system simulation and requirements.

7.1 Measure the Receiver’s Supply Current

This measurement can be performed directly on the Keysight E36312A power supply display.

1. Ensure that all components removed from the 5G n3 Receiver have been returned to it and attach two X-

MWoprobes. Consult the Getting Started Guide for more details.
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Figure 31. Latch Enables (LEs) for Control boards on Bottom with Pi Interface board
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2. Ensure Power Source 2 is set to 6 V, current limit 0.5 Amp and the output is turned off. Power Source 1
should be off.

3. Unplug one end of each of the 10-pin power and control cables from the bottom of the X-MWplate for all
components that are not part of the 5G n3 Receiver.

4. Turn the output on and record the current.

5. Then Write the PLL settings to the hardware using the X-MWcontroller and record the current again.
Explain your results

Table 11. Receiver Current Result

Supply Current at 5V

Requirement < 500 mA (including ADL5611), otherwise < 400 mA

Receiver Measurement before Write

Receiver Measurement after Write
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7.2 Measure the Receiver’'s Gain

You will now measure the Gain of the receiver with a 1842.5 MHz tone using the N5171B Signal Generator (SG)
and CXA spectrum analyzer (SA). Other sources and SA including the FieldFox internal Source and SA if so
equipped may be substituted.

1. Continue with the power supply turned on.

2. Ensure that both the PLL and DSA settings have been written to the X-MWprotoplate.
3. Configure the SG output to 1842.5 MHz and -40 dBm.
4

Connect the cables from the SG output and the SA input together using the “through” and measure and

record the power.

5. Ensure the receiver’s Local Oscillator is configured to 2011 MHz and the Digital Step Attenuator (DSA) for
minimum attenuation, the 0 dB setting.

6. Disconnect the cable at the SA and reconnect it to the receiver’'s RF input.
7. Connectreceiver’s IF output to the SA with a different cable.

8. Measure the IF output at 168.5 MHz and record the gain, that is the difference between the two levels.

Table 12. Receiver Gain Result

Gain SG output IF output Gain
Requirement N/A N/A > 1dB
Simulation using Component Measurements N/A N/A

Receiver Measurement
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7.3 Measure the Receiver’s Spurious Responses

You will now measure the spurious responses of the receiver with the same 1842.5 MHz tone at -40 dBm used
above.

1. Continue with the power supply turned on, minimum attenuation and the LO at 2011 MHz.
2. Measure the spurious response at 2 x 168.5 MHz = 337 MHz.

3. Measure the spurious response at 1842.5 MHz (input feedthrough).

4. Measure the spurious response at 2011 MHz (LO feedthrough).

Why are the two feedthrough numbers so different?

Table 13. Receiver Spurious Results

. 1842.5 MHz 2011 MHz
TP (M PEneEs S8 Ll Input Feedthrough LO Feedthrough
Requirement <-100dBm <-100 dBm <-80 dBm

Simulation using Component Measurements

Receiver Measurement of Spurious

Spurious (re-stated) relative to Input or LO
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7.4 Measure the Receiver’s Noise Figure

You will now measure the noise figure of the receiver using the 346B Noise Source, the SA and the Y-Factor
method. If necessary, go back and review noise figure measurement in the LNA lab.

1. Continue with the power supply on, minimum attenuation, and the LO at 2011 MHz.

“hot” — If you have a N9000 CXA, connect the power BNC on the right side of the 346B Noise Source opt
346B-100 to the Noise Source Power BNC on the back of the CXA:

2. Connect a keyboard and mouse to the CXA, pull down the mouse to the bottom of the screen to expose the
Windows System Tray, click * and then click 10 > Connection Expert.

Alternatively, you can search for Connection Expert in the Windows Start menu.

Find the N9000 CXA spectrum analyzer and open Interactive 10, Connect > Connect..., then Send
Command the following two SCPI Commands (Note the space between the E and the 1 in the first
statement and no-space between the E and the ? in the second.):

SOURCE:NOISE 1
SOURCE:NOISE?

After you have sent both commands, then click Read Response and verify you receive a one:
1

The response of 1 verifies that 28-V power has now been applied to the Noise Source.

3. If you do not have a spectrum analyzer with a noise source power connection, then you may use FieldFox
N9917A-309 DC Bias Variable Voltage Source, an unused output on the E36xxx power supply at 25.75 V
with current limit set to 0.1 A, or another +28V +/- 1V source.

m Be careful not to confuse power to Noise Source with power to X-MWplate. Most X-MW
components do not respond well to +28 V power.

“cold” — Now turn off the Noise Source power by disconnecting the BNC, Send Command
SOURCE:NOISE 0, or turning off the external power supply. The Noise Source power should remain off
whenever possible to prevent heating.
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Noise Source + Spectrum Analyzer

4. Connect the noise source output to the SMA Thru Adapter and cable to the Spectrum Analyzer as shown
below.

From Power Supply - = - to SA Input

5. Configure the Spectrum Analyzer for Pre-amp on, Attenuator 0 dB and 1 MHz Integration BW and 1
MHz Channel Power measurement of the 168.5 MHz Receiver output.

e { =z Mon, 14 Jan 2019 12 oM b (= Mon, 14 Jan 2019 12:34:35 PM
Ref -50.00 dBm #atten 0 dB CHP Ref -50.00 dBm #atten 0 dB

6. Measure “cold” Noise Power (Nc) of the Noise Source and Spectrum Analyzer (N2), then apply power to the
Noise source and measure “hot” Noise Power (Nn). Turn off the power as soon as the measurement

stabilizes. Convert dBm to Watts and compute the Y-Factor and Noise Factor (F) of the Noise Source
alone.

Although the measurement of the Noise Source + Spectrum Analyzer is used to determine the
noise at 1842.5 MHz, you must set the spectrum analyzer center frequency to the same
frequency at which the receiver output is to be measured, 168.5 MHz. If the center (measured)
frequency were to change then the noise measurement would not be valid because the
Displayed Analyzer Noise Level (DANL) is different at 1842.5 MHz than at 168.5 MHz. This
measurement relies on the flatness of the NF of the 346B Noise Source and there may be a
small error in this technique which can be seen on the table on the side of the 346B Noise
Source.

For example, 14.90 dB at 100 MHz versus 14.86 dB at 2000 MHz producing a possible error
of 0.04 dB.

This measurement is different than the NF measured in the LNA Lab where the input and output measured
frequencies were the same.
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System (Noise Source + Receiver + Spectrum Analyzer)

7. Configure the DSA for minimum attenuation.

8. Connect the Noise Source to the Receiver input preferably without using cables or adapters. Recall from
our simulation that any attenuation placed in front of the amplifier-under-test will be added directly to the
measurement. Use the same cable used in the previous step, “Noise Source + Spectrum Analyzer.”

(A A X AR R LY TR Y sseee

et S AL X LT XY csase
¢z eee
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m Using the above configuration can result in excessive force on the connectors even though it

will produce the best measurement. Your instructor may direct you to use a short cable
between the noise source and the Receiver. Either way, be careful and disconnect
immediately when complete.

9. Measure “cold” Noise Power (N¢) of the system, the Noise Source and the receiver-under-test (Nsys), then
apply power to the Noise source and measure “hot” Noise Power (Nn). Turn off the power as soon as the
measurement stabilizes. Convert dBm to Watts, compute the Y-Factor and Noise Factor (F) of the system.
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Computed NF

10. Finally, compute the Noise Factor (F1) of the Receiver by mathematically removing the effect of the noise
of the test setup. You may use the embedded spreadsheet where the calculations are provided.

¢ (=2 Mon, 14 Jan 2(C ¢ (=2 Mon, 14 Jan

Ref -50.00 dBém #atten 0 dB “HP y Ref -50.00 dem #atten 0 dB

MHz
r4

Channel Power

11. If you have time, repeat the measurement at the band edges by changing the Center Frequency of the
Channel Power measurement to 158 and 179 MHz. Note these frequencies are slightly less than the
channel bandwidth to accommodate the 1 MHz width of the Channel Power measurement.

What happens if the Center Frequency is moved outside the channel bandwidth?

12. If you have time, repeat the measurement with the DSA set for maximum attenuation and discuss your
results.

Table 14. Noise Figure

Noise Figure 1842.5 MHz Input

Requirement <4dB

Simulation using Component Measurements

Receiver Measurement

ReceiverNoiseFigure.
xlsx

Keysight RF Microwave Circuit Design, Simulation and Measurement Courseware, 5G NR Band 121



7.5 Measure the Receiver’s OIP3

1. Ensure the Power Source 2 is set to 6 V, current limit 0.5 Amp and the output is turned off.

2. Disconnect the SMA cable at the Receiver input and re-connect the Receiver input connection to the
combined output of the Keysight N5171B Signal Generator and the Port 1 Signal Generator on the
FieldFox N9917A to the spectrum analyzer (SA) input. The SA may be either the FieldFox Port 2 or the
CXA. Use the Mini-Circuits Combiner provided. It has an Insertion Loss of 4 dB typical and the cable loss is
about 0.5 dB in 36 inches.

Temporarily
remove DUT
for source
verification

3. Set the output level of the Signal Generators to -30 dBm. This will be an approximation and will be
adjusted using the Spectrum Analyzer. The system engineer has specified -35 dBm per tone at the
Receiver input:

Signal Generator = -30 dBm
Combiner Loss = -4 dB
Cable Loss (qty 2) = -1dB
Receiver input power = -35dBm

4. Settheir frequencies to 1842 and 1843 MHz.

5. If you have a Keysight N9OOOA CXA Vector Signal Analyzer, reconnect the Receiver IF Output to it (other
Spectrum Analyzers may also be used). If your FieldFox has the SA option, you can use Port 2 on it —
open spectrum analyzer (SA) mode.

Turn on the power supply.

7. Configure the spectrum analyzer to show the two tones and third-order IM. Verify the linearity of the SA
range by manually changing its input attenuator 2 or 10 dB and checking that that signal-to-intermod ratio
remains constant — if it does not increase the attenuation until it does.
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8. You will use the high side third-order IM. The formula to extrapolate OIP3 is provided:

= The third-order intercept point (IP3) or the third-order intercept (TOIl) are often used as figures
of merit for IMD.

Output power (dBm)

Ay do

__P(F1) P(F2)
T — Third-order product
DeltaF Fundamental (Slope 1:3)
IM3 relative to (Slope 1:1)
carrier (dBc)
P(2*F1-F2y—" IiP3 Input power
(dBm)
2*F1-F2 F1 F2 2*F2-F1

IP3 can be calculated by the equation using
Frequency low-side IM3:
IP3 (dBm) = P(F1) + (P(F2) - P(2*F1-F2)) / 2

P(F1): Power level of low tone

P(F2): Power level of high tone . . - ——
P(2*F1-F2): Power level of low-side IM3 signal When high-side IM3 is used, the equation is:

P(2*F2-F1): Power level of high-side IM3 signal IP3 (dBm) = P(F2) + (P(F1) - P(2*F2-F1)) / 2

9. You may find that the sources are not at the same level due to their individual accuracies. If the N5171B
output is too high, lower it. Increase the N5171B power if the FieldFox output power is too high. Power
adjustment will always be made at the N5171B to maintain the highest possible output power at the
FieldFox output.

10. Make output power measurements P(F1), P(F2) and P(2xF2-F1) necessary to complete the table below at
the points shown on the graph from the data sheet. You should select the Positive Peak Detector (under
Trace). You will likely need to reduce Resolution BW to 300 Hz and manually set the Ref Level to 10
dBm to lower the Displayed Average Noise level (DANL) sufficiently for the measurement.

11. You may enter the points into the spreadsheet below which will plot OIP3 for you.

Results: Measured OIP3

OIP3
Requirement >0 dBm

Simulation using Component Measurements

Receiver Measurement
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