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IWR/AWRx RF Hardware Design Guide 

1 Summary 
 

This application note presents two IWRx PCB as example RF reference designs. The designs discussed are 
proven, functional, designs and may be used to accelerate time to market when initially designing with the IWRx 
family of SoC.  
The first board presented is the IWR1642 BoosterPack EVM which utilizes a Rogers RO4835 LoPro sequential 
lamination stackup. The second board presented is an internal IWR1642 GSG RF probe board which utilizes a 
Rogers RO3003 sequential lamination stackup.  
For both designs the BGA to PCB transition and the grounded co-planar waveguide (GCPW) transmission line 
RF fan-out are described. This discussion covers the sequential lamination RF stackup material, copper 
thicknesses and finishes selected, via placement and solder mask and copper etching used to construct both the 
BGA landing and the grounded co-planar waveguide (GCPW) transmission line fan- out.  
Throughout this application note, the reader is assumed to be familiar with PCB layout and fabrication 
terminology as well as some RF design terminology. 
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3 Glossary 
 
BGA – Ball Grid Array 
EVM – Evaluation Module 
SMD – Solder Mask Defined 
NSMD – Non-Solder Mask Defined 
GCPW – Grounded Co-Planar Waveguide Transmission-Line  
GSG – Ground Signal Ground – Typical RF Probe Format 
IWR/AWRx – Referring to the AWRx and IWRx automotive and industrial mmWave sensor family of devices  
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4 IWR/AWRx PCB RF Design  
 
This section will describe the PCB to BGA transition and GCPW structures present on the IWR1642 EVM and 
AWR1642 RF Probe Board. The EVM and Probe Board BGA to PCB transition and GCPW design is compatible 
with all of the IWR/AWRx mmWave sensor devices.  
 
Both of these example PCB are designed using a sequential lamination process with the top layer substrate 
composed of a higher performance RF substrate and the lower layers constructed of an FR4 glass weave 
substrate. The IWR1642 EVM was designed with a Rogers RO4835 LoPro based sequential lamination stackup. 
The AWR1642 probe board was designed with a Rogers RO3003 based sequential lamination stackup.   
 
It should be noted that while the Layer 1 and Layer 2 RF structures (BGA transition, GCPW transmission line, 
and etched antennas) are all dependent on the RF substrate used, the inner and bottom layers are not. 
Designers should be able to use any general purpose, FR4 substrate for these inner and bottom layers as long 
as the fabrication process is compatible with that of the RF substrate. All power integrity and signal integrity of the 
various IWR/AWRx peripherals must also be maintained.  
 
TI recommends that PCB designers verify the RF substrate, sequential lamination and HDI production 
capabilities and all design tolerances with their chosen PCB fabrication vendor. This will help ensure first pass 
success of these types of sequential stackup, HDI, RF PCB. This includes verifying core and prepreg storage and 
curing along with drill, mill and etching accuracy and method.  
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4.1 RO4835 LoPro Sequential Stackup Example - IWR1642 EVM Boosterpack  
 
Although the IWR1642 EVM Boosterpack RF design was specifically used with the IWR1642 device, due to the 
package similarities, the RF signal PCB footprint and GCPW transmission lines design is applicable across the 
AWR16x/14x and IWR16x/14x family of devices when using the RO3003 sequential stackup described here. The 
IWR1443 EVM BoosterPack utilizes the same layer stack up, RF BGA footprint and GCPW transmission line 
design.  
 

 
Figure 1 - IWR1642 Boosterpack EVM – Allegro PCB Top Layer View 

 
Figure 2 - IWR1642 Boosterpack EVM – Allegro PCB Top Layer View 

 
 

The IWR1642 EVM Booster Pack design files (http://www.ti.com/tool/iwr1642boost) can be referenced for the full 
EVM schematic, bill of materials, layout, layer stackup, Allegro CAD and Gerber CAM files. The IWR1642 
Hardware Design Checklist (http://www.ti.com/lit/zip/swrr151) can also be referenced.  

4.1.1 PCB Stackup  
 
RF structures on the IWR1642 EVM Boosterpack are implemented on routing layers 1 and 2. Rogers RO4835 
LoPro core is used between metal layers 1 and 2. The remaining, general purpose, layers 3 through 6 are etched 

http://www.ti.com/tool/iwr1642boost
http://www.ti.com/lit/zip/swrr151
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on an ITEQ IT 180A core and prepreg substrate. A sequential lamination fabrication method is then used to 
attach the RO4838 LoPro layers to the ITEQ IT 180A layers.  
 
Along with the stackup substrate and copper base thicknesses, the top layer copper roughness and finish are 
also critical to achieving best RF performance. RO4835 Lo Pro (low profile) copper foil provides a very smooth 
copper profile. This decreased surface roughness reduces frequency dependent loss and phase variation.   
 

Table 1 - RO4835/Iteq IT 180A Sequential Lamination Stackup for AWR1642 EVM 
Number Name Material Type Thickness 

(mils) 
Dielectric 
Constant, εr 

Loss 
Tangent, δ 

Primary Uses Notes 

  Solder Mask     2 
1 Top Copper + Immersion 

Silver 
2.067   RF routing, and top-layer 

impedance controlled lines 
3, 4 

  Rogers RO4835 
LoPro  

4.000 3.66 0.0037   

2 L2 Copper 1.260   Solid ground reference layer  
  Iteq IT180A Prepreg 

1080 
2.830 3.700 0.016   

  Iteq IT180A Prepreg 
1080 

2.830 3.700 0.016   

3 L3 Copper 1.260   Digital signal routing and 
ground reference 

 

  Iteq IT180A 28 mil 
core 

28.000 4.280 0.016   

4 L4 Copper 1.260   Power and signal routing  
  Iteq IT180A Prepreg 

1080 
2.691 3.700 0.016   

  Iteq IT180A Prepreg 
1080 

2.691 3.700 0.016   

5 L5 Copper 1.260   Solid ground reference layer  
  Iteq IT180A core 4.000 3.790 0.016   
6 Bottom Copper + Immersion 

Silver 
2.067   Power and signal routing  

  Immersion Silver      
  Solder Mask      

 
Note 1: All thicknesses shown here are finished or processed thicknesses. Check with your PCB fabricator to determine final process 
thicknesses. 
Note 2: Solder mask was not used on the RF portions of the design due to effect it would have on the GCPW and antenna RF performance. 
Only a small solder mask “damn” was included near the RF BGA.  
Note 3: An immersion silver finish was applied to the RF areas of the PCB to prevent oxidation on the RF areas that would not receive solder 
mask. Total thickness of base ½ oz copper and immersion silver finish was intended to be 50 micron (1.968 mils). Check with your PCB 
fabricator to determine final process thicknesses. 
Note 4: The 1/2 oz / in2 (17 micron) electrodeposited copper foil option was selected for the 4835 LoPro core. Additional thickness was added 
as part of the sequential lamination process. Check with your PCB fabricator to determine final process thicknesses.  
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4.1.2 PCB to BGA transition and GCPW Transmission Line 
 
The IWR1642 EVM includes an optimized BGA package to PCB landing transition based on the RO4835 LoPro 
stackup shown already shown above in Table 1.  
 

 
Figure 3 - IWR1642 Boosterpack EVM – Showing detail  

of the RX1 and RX2 BGA pads and GCPW fan-out 

 

 
Figure 4 - IWR1642 Boosterpack EVM – Showing detail 

of the TX1 and TX2 BGA pads and GCPW fan-out 

 
 
The goal of the RF BGA pad design is to create a controlled impedance transition between the package BGA, the 
solderballs and the to the GCPW transmission-lines. This allows for the most power, across the widest 
bandwidth, to be received from the RX antennas and sent to the TX antennas. 
 
The TX and RX signal pads are non-solder mask define (NSMD) BGA pads1 consisting of an opening in the 
solder mask slightly larger than the BGA pad itself.  

                                                      
1 See [5] for details on SMD vs. NSMD defined BGA pads 
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The RF signal traces and pads are surrounded by reference ground etch on L1 and ground plane reference on 
L2. Three ground-stitching micro-vias (L1 to L2 ground net) are placed via-in-pad with the surrounding XWR16x 
BGA ground pads. There are 4 additional micro-vias (L1 to L2 ground net) stitching which are placed just outside 
ground plane keep out radius of the signal pad.  
 
There is also a circular ground plane cutout on L2 placed underneath the RF signal pad which further minimizes 
pad capacitance. L3 is again a ground plane reference directly below the RF pads. 
 
Together all of these structures create a package to PCB grounded co-planar waveguide (GCPW) transmission-
line transition. 
 

 
 

Measurement Value Unit 
A 20.6700 mil 

B 34.3100  mil 
C 7.0800 mil 
D 6.73000 mil 
E 25.5900 mil 
F1 17.7100 mil 
F2 17.7200 mil 
G1 15.3500 mil 
H1 15.7488 mil 
H2 9.2488 mil 
H3 7.8800 mil 

 
 

Figure 5 – IWR1642 RO4835 LoPro BGA to PCB Transition  

and GCPW Dimensions (Drawing Not to Scale) 
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Special care must be taken to ensure the accuracy and consistency of the solder mask near the RF BGA. Effects 
on the impedance of the RF lines due to solder mask variations near the RF BGA should be minimized by only 
including a minimal solder mask definition (solder-damn) near the BGA to prevent overflow during initial 
soldering. TI recommends utilization of laser direct imaging (LDI) solder mask methods over standard liquid 
photoimagible (LPI) solder mask due to the greater accuracy and consistency board to board that can be 
achieved with the LDI methods. TI does not recommend use of solder mask along the length of the GCPW 
transmission lines or etched antenna designs as this will significantly alter the performance of these structures.  
 
 

 
 

Measurement Value Unit 
A1 16.00 mil 

A2 42.00 mil 
A3 14.56 mil 
B1 2.00 mil 
B2 16.70 mil 

 
 

Figure 6 – IWR1642 RO4835 LoPro BGA to PCB Transition  

Dimensions – Solder Mask Details (Drawing Not to Scale) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SIG

VSS

VSS

VSS

VSS

VSS

VSS

VSS

A2

B1

B1

A1

Soldermask (negative)

B2

A3

Soldermask (negative) SMD pad
• 14.56 mil diameter



                               IWR/AWRx RF Hardware Design Guide 

  9 
 

TI Proprietary Information – NDA restrictions 
 

 

4.2 RO3003 Sequential Stackup Example - AWR1642 RF Probe Test Board 
 
The AWR1642 RF Probe Test Board was specifically designed for the AWR1642 device. But due to the package 
similarities, the RF signal PCB footprint and GCPW transmission lines design is applicable across the full 
IWR/AWR1642, IWR/AWR1443 and AWR1243 family of devices when using the RO3003 sequential stackup 
described here.  
 
 

 
Figure 7 - IWR1642 RF Probe Test Board – Allegro PCB Top Layer View 

 

 
Figure 8 - IWR1642 RF Probe Test Board – RF BGA Detail  
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4.2.1 PCB Stackup  
 
RF structures on the AWR1642 RF Probe Test Board are implemented using a sequential lamination stackup. 
Rogers RO3003 core substrate is used between metal layers 1 and 2. The remaining, general purpose, layers 3 
through 6 are etched on a Technolam NP-175F core and prepreg substrate. Stack up, GCPW, and BGA fan-out 
dimensions are all shown below.  
 

Table 2 - RO3003/NP-175F Sequential Lamination Stackup for IWR1642 RF Probe Test Board 
Number Name Material Type Thickness 

(mils) 
Dielectric 
Constant, εr 

Loss 
Tangent, δ 

Primary Uses Notes 

  Solder Mask 0.400    2 
1 Top Copper + Immersion 

Silver 
1.600   RF routing, and top-layer 

impedance controlled lines 
3, 4 

  Rogers RO3003  5.000 3.66 0.0037   
2 L2 Copper 1.200   Solid ground reference layer  
  NP-175F Prepreg 

1080 
3.000 3.700 0.016   

  NP-175F Prepreg 
1080 

3.000 3.700 0.016   

3 L3 Copper 1.200   Digital signal routing and 
ground reference 

 

  NP-175F core 28.000 4.280 0.016   
4 L4 Copper 1.200   Power and signal routing  
  NP-175F Prepreg 

1080 
3.000 3.700 0.016   

  NP-175F Prepreg 
1080 

3.000 3.700 0.016   

5 L5 Copper 1.2   Solid ground reference layer  
  NP-175F core 5.000 3.790 0.016   
6 Bottom Copper + Immersion 

Silver 
1.600   Power and signal routing  

  Solder Mask 0.400     
 
Note 1: All thicknesses shown here are finished or processed thicknesses. Check with your PCB fabricator to determine final process 
thicknesses. 
Note 2: Solder mask was not used on the RF portions of the design due to effect it would have on the GCPW and antenna RF performance. 
Only a small solder mask “damn” was included near the RF BGA.  
Note 3: An immersion silver finish was applied to the RF areas of the PCB to prevent oxidation on the RF areas that would not receive solder 
mask. Total thickness of base ½ oz copper and immersion silver finish was intended to be 50 micron (1.968 mils). Check with your PCB 
fabricator to determine final process thicknesses. 
Note 4: The 1/2 oz / in2 (17 micron) electrodeposited copper foil option was selected for the RO3003 core. Additional thickness was added as 
part of the sequential lamination process. Check with your PCB fabricator to determine final process thicknesses.  
 
 
 
 
 
 
 
 
 
 
 

4.2.2 PCB to BGA transition and GCPW Transmission Line 
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An optimized AWR1642 BGA package to GCPW transition has been created based on the RO3003 stackup 
shown above.  
 

 
Figure 9 - AWR16142 RX1 BGA to PCB transition and GCPW  

fan out excerpt from RO3003 microprobe layout 

 
The TX/ RX signal pads and signal trace are surrounded by continuous reference ground plane on L1 and ground 
reference on L2. Three ground-stitching (L1-L2 ground) micro-vias are via-in-pad with the surrounding AWR1642 
BGA ground pads. There are 4 additional ground-stitching micro-vias which are placed just outside ground plane 
keep out radius of the signal pad.  
Together, with the anti-pad separation, these radial ground vias create a controlled impedance transition from the 
package BGA and solderballs to the GCPW PCB impedance in the AWR1642 RF operating bands.  
 

 
 

Measurement Value Unit 
A 20.669 mil 

B 30.472 mil 
C 8.385 mil 
D 4.015 mil 
E 25.590 mil 
F 35.433 mil 
G 30.708 mil 
H 9.0551 mil 

 

Figure 10 – AWR16142 RO3003 BGA to PCB Transition and GCPW Dimensions (Drawing Not to Scale) 
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Special care must be taken to ensure the accuracy and consistency of the solder mask near the RF BGA. Effects 
on the impedance of the RF lines due to solder mask variations near the RF BGA should be minimized by only 
including a minimal solder mask definition (solder-damn) near the BGA to prevent overflow during initial 
soldering. TI recommends utilization of laser direct imaging (LDI) solder mask methods over standard liquid 
photoimagible (LPI) solder mask due to the greater accuracy and consistency board to board that can be 
achieved with the LDI methods. TI does not recommend use of solder mask along the length of the GCPW 
transmission lines or etched antenna designs as this will significantly alter the performance of these structures.  
 
 

 
 

Measurement Value Unit 
A1 16.00 mil 

A2 42.00 mil 
A3 14.56 mil 
B1 2.00 mil 
B2 16.70 mil 

 
 

Figure 11 – IWR1642 RO4835 LoPro BGA to PCB Transition  

Dimensions – Solder Mask Details (Drawing Not to Scale) 
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5 IWR/AWRx EVM Antenna  
 
The IWR/AWRx BoosterPack EVM integrates an etched, series-fed, patch antenna design with the IWR/AWRx 
SoC transmitters and receivers. This antenna was designed to enable a generic range of FMCW radar 
applications. Please reference the BoosterPack EVM User Guide for simulations showing the expected radiation 
pattern graph and key metrics.  
 
Many use-cases may be able to take advantage of this antenna design as-is. However, other designs will need a 
more application specific antenna integrated to achieve the necessary RF performance.  

5.1.1 IWR1443 BoosterPack EVM Antenna Design 
 
This section describes the current IWR1443 BoosterPack EVM antenna etch dimensions. This antenna geometry 
and relative placement is provided here in the form of measurements. These designs are also in the available in 
the GDSII CAD files which can be found along with this application note. GDSII files can be easily imported into 
many electrical and mechanical CAD layout tools.  

 

 
Figure 12 – IWR1443 Receiver Series-Fed Patch Antenna Array 

 
Figure 13 - IWR1443 Transmitter Series-Fed Patch Antenna Array 

 

 
Figure 14 - IWR1443 Series-Fed Patch Antenna – Single Element 
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Measurement Value Unit Note 
A 11.210 mil  

B 44.490 mil  

C 38.190 mil  

D 48.420 mil  

E 3.9400 mil  

F 59.060 mil  

G 11.8200 mil  

H 7.9100 mil  

J >2.000 mil 1 

 

Figure 15 - IWR1443 Series-Fed Patch Antenna – Single Element Dimensions (drawing not to scale) 
Note 1 - Dimension G denotes the minimum distance from the edge of the patch elements to the end of the continuous ground reference plane. This 
may be the edge of the PCB (as in the case of the BoosterPack EVM) or an internal edge.   
 
 

 
 

Measurement Value Unit 
A 74.800 mil 

 
 

Figure 16 - IWR1443 Series-Fed Patch Antenna RX Array 
Element to Element Dimensions (drawing not to scale) 
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Measurement Value Unit 
A 74.800 mil 

B 149.6000 mil 

C 29.6400 mil 

 
Figure 17 - IWR1443 Series-Fed Patch Antenna TX Array 
Element to Element Dimensions (drawing not to scale) 

 

5.1.2 IWR1642 EVM Antenna Design 
- Description of the IWR1642 EVM antennas 

o Todo… 
 

6 Extending the EVM BGA transition, GCPW and Antenna Designs 
 
The RO3003 and RO4835 LoPro based layouts and layer stack ups presented are currently the only evaluated 
and supported RF BGA transition, transmission-line fan-out and antenna designs for the IWR/AWRx family of 
mmWave SoC. These structures were designed assuming they would be fabricated on the RF layer stack with 
the materials shown. TI has only evaluated functionality of these RF designs exactly as they are presented.   
 
However, designers utilizing the IWR/AWRx family of devices will likely need to implement RF designs which are 
tailored for their end application. Currently the TI recommended flow is that RF designers start with the layer 
stackup, material options, BGA transition and GCPW transmission-line dimensions presented in this document 
and the EVM BoosterPack design layouts. This locks down the stack-up and fan-out transmission line 
dimensions, but it still allows for a wide variety of RF planar structures (other etched antenna, RF probe launches, 
and connector launches) to be fabricated on the L1 copper and referenced to the L2 ground layer.  
 
With the stack-up and BGA transition and GCPW transmission-line chosen, the RF design task comes down to 
the following steps:   

1. Designing the intended planar antenna,  
2. Design any required impedance match transition to that planar antenna, and 
3. Extending the length and curvature of the existing GCPW transmission-line for best phase match and 

location on the PCB to mate with the intended planar antenna 

B

B

A

C

C



                               IWR/AWRx RF Hardware Design Guide 

  16 
 

TI Proprietary Information – NDA restrictions 
 

 

 
 

 
Figure 18 – Diagram of Custom RF Transition and Antenna Tasks 

 
 
 
Many references exist to aid in the theory and design of these types of planar RF structures including Antenna 
Theory: Analysis and Design (Consantine A. Balanis, John Wiley & Sons, Feb 15, 2016). 
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help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and 
requirements. Nonetheless, such components are subject to these terms. 
 
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties 
have executed a special agreement specifically governing such use. 
 
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in 
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components 
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and 
regulatory requirements in connection with such use. 
 
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of 
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949. 
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Audio  www.ti.com/audio  Automotive and Transportation  www.ti.com/automotive 
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Clocks and Timers  www.ti.com/clocks   Industrial   www.ti.com/industrial 
Interface  interface.ti.com   Medical   www.ti.com/medical 
Logic  logic.ti.com   Security   www.ti.com/security 
Power Mgmt  power.ti.com   Space, Avionics and Defense  www.ti.com/space-avionics-defense 
Microcontrollers  microcontroller.ti.com  Video and Imaging   www.ti.com/video 
RFID  www.ti-rfid.com 
OMAP Applications Processors www.ti.com/omap  TI E2E Community e2e.ti.com 
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