
PCB Breakouts 

for Small Form-Factor RF Circuits 

Tony McDonald           

tony.mcdonald@chemringts.com 

 

ARMMS RF and Microwave Society 

November 2013 



Typical PCB Breakout Usage 

• Bare PCB has multiple circuits, stepped and repeated within a panel 

• Whole panel assembled with SMT process and circuits broken out prior to use 
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Tracking over the Breakout 

• If the breakouts are drilled and not scored, it is 

possible to route tracks over them 

• Still step and repeat, with some additional 

router cuts and drilling 

• Standard PCB production process 

• Assemble as normal 

• Break each circuit out of the panel after 

assembly 

• Sub-circuits can be left in situ and broken out 

when required for deployment 

• Thin tracks over the breakout are designed to 

break automatically 
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PCB Breakout Example 

Panel 

Breakouts 

Inner PCB 

Breakouts 
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Advantages and Applications of the Technique 

• Reduce circuit size without compromising 

– Programmability 

– Testability 

– Functionality 

• Reduce design risk 

– Often there is a proof of concept PCB version, then a size reduced version  

– Use 1 PCB iteration to do both at the same time 

– Large reduction in design cycle time for small increase in PCB layout effort 

• Applications 

– Early use at Chemring Technology Solutions (Roke) in development work for Siemens Mobile 

Phones, circa 2001 

– Currently applied to a variety of projects, mostly small and low power RF circuits with specific 

constraints on size of the final PCB 
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Programming and Debug 

• Concept with motherboard and smaller breakout 

PCB containing programmable device e.g. 

microcontroller or FPGA 

• Implement 0.1” headers on motherboard 

• Use to program devices and for access to serial 

debug port 

• Can implement level shift or USB interface on 

motherboard if necessary 

• Breakout PCB can have pads to allow 

reprogramming after breaking out, using 

connecting wires or a bed of nails jig 

 

 

 

Programming pads 

Header locations 
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Functionality, Test and Verification 

• Increasing use of chip scale packages and BGAs to reduce size 

• However larger packages sometimes chosen to improve testability 

• Conflicting requirements result in compromise and less functionality for a given PCB 

area 

• Use breakout PCB to implement final size solution, with smallest device packages 

available. Hidden nodes e.g. under BGA can be tracked to the breakout. 

• Bring out any other nodes required for test and some GPIO signals 

• Add switches and LEDs to the motherboard to speed up testing – no separate jig! 

• Battery holder can be included on motherboard, or a DC connector and regulators 

• Space to fit SMA RF connectors without impact on size of breakout PCB 

• Can do RF tests without specialised probes e.g. RX sensitivity, TX output power 

• Use additional RF test nodes to optimise sub-circuits e.g. RF stripline filters 

 

 

 

7 



Design Rules 

• Best practice is to keep to surface layers to 

allow inspection after breaking out 

• Possible to use internal layer if there is 

sufficient separation 

• Best practice design rules have been 

developed over a number of projects 

• Suitable for signals, power and RF up to 

2GHz with care 

• Sometimes there are issues with DRC in the 

CAD tool but these can be overcome 

• PCBs made at ACB, Express and Graphic 

• Hundreds of PCBs have been produced, and 

many have been deployed 
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Design Rules 

4.9 mm

2.45 mm

2.4 mm

Ø0.50mm

BOARD EDGE

Not plated

5 positions

Router 

profile

PCB Thickness 

0.6 to 1mm typical

0.5 mm

0.5 mm

0.1 mm
or 0.125mm track

0.8 mm

0.3 mm

to pads or 

inner fills

0.3 - 0.5 mm to inner fill 

(risk of via moving)

BREAKOUT PCB SIDE

MOTHERBOARD SIDE
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Signal and Power Tracking Example 

Top layer power trackTop layer power track

Top layer signal track

Internal Planes

 (no link on breakout)

Bottom layer signal track

BREAKOUT MOTHERBOARD
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RF Tracking Example 

Layer 2

RF ground

Top layer RF track

Layer 

stitching vias

Ground fill on surface 

(bottom) layer can 

extend to breakout

Inner layer 

ground cut back 

from breakout

Pad for RF 

connection 

when PCB is 

broken out 

Place pad near 

to breakout for 

minimum stub 

length when 

broken out. 

Clear ground 

under if possible

BREAKOUT MOTHERBOARD
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Input Track Measurement 

Return Loss 

Insertion Loss 
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0.1 mm

0.125 mm

0.1 mm

35 µm

35 µm

35 µm

35 µm

0.5 mm
nom.

FR-4 PCB Build



Input Track – Microwave Office Simulation 

Schematic 

MSUB
Er=4.3
H=0.1 mm
T=0.035 mm
Rho=0.7
Tand=TAND
ErNom=DK
Name=SUB1

MLIN
ID=TL1
W=0.17 mm
L=21.9 mm
MSUB=SUB1

MSUB
Er=4.3
H=0.325 mm
T=0.035 mm
Rho=0.7
Tand=TAND
ErNom=DK
Name=SUB2

MLIN
ID=TL2
W=1.5 mm
L=1 mm
MSUB=SUB2

MLIN
ID=TL3
W=0.17 mm
L=2.53 mm
MSUB=SUB1

MLIN
ID=TL4
W=0.5 mm
L=0.8 mm
MSUB=SUB1

SLIN
ID=SL1
W=0.1 mm
L=2.2 mm
SSUB=SSUB1

SSUB
Er=DK
B=0.25 mm
T=0.035 mm
Rho=1
Tand=TAND
Name=SSUB1

MLIN
ID=TL5
W=0.76 mm
L=5.4 mm
MSUB=SUB2

IND
ID=L5
L=0.4 nH

MLIN
ID=TL6
W=0.17 mm
L=0.56 mm
MSUB=SUB2

MLIN
ID=TL7
W=0.1 mm
L=0.7 mm
MSUB=SUB3

MSUB
Er=4.3
H=0.225 mm
T=0.035 mm
Rho=0.7
Tand=TAND
ErNom=DK
Name=SUB3

MLIN
ID=TL8
W=0.1 mm
L=0.2 mm
MSUB=SUB3

TVia
ID=V1
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

TVia
ID=V2
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

TVia
ID=V3
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

TVia
ID=V4
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

MLIN
ID=TL9
W=0.76 mm
L=0.15 mm
MSUB=SUB1

MLIN
ID=TL10
W=0.17 mm
L=0.36 mm
MSUB=SUB2

IND
ID=L1
L=0.2 nH

MSTEP$
ID=TL11

PORT
P=1
Z=50 Ohm

PORT
P=2
Z=50 Ohm

Under ring

DK=4.3
TAND=0.02
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Input Track Measured and Simulated Return Loss 

0 2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

Input

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

6.888 GHz
-22.48 dB

5.435 GHz
-9.661 dB

3.683 GHz
-37.63 dB

2.574 GHz
-16.9 dB

1.794 GHz
-19.91 dB

DB(|S(1,1)|)
Schematic 1

dB

 0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-50

Input

S22

Start: 10.0000 MHz Stop: 20.0000 GHz

05/12/2012 11:07:12 N5230C

Mkr  Trace  X-Axis  Value  Notes

1

1  S22  609.7000 MHz -20.50 dB

2

2  S22  1.8091 GHz -15.36 dB

3

3  S22  3.2084 GHz -39.98 dB

4

4  S22  5.4073 GHz -9.12 dB

5

5  S22  6.8066 GHz -16.33 dB
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Input Track Measured and Simulated Insertion Loss 

0 2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

Input

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2.005 GHz
-0.4372 dB

DB(|S(2,1)|)

Schematic 1

dB

 0

-2

-4

-6

-8

-10

-12

-14

-16

-18

-20

Input

S21

Start: 10.0000 MHz Stop: 20.0000 GHz

05/12/2012 11:54:12 N5230C

Mkr  Trace  X-Axis  Value  Notes

1

1  S21  2.0090 GHz -0.70 dB
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Output Track Measurement 

Return Loss 

Insertion Loss 
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Output Track – Microwave Office Simulation 

Schematic 

MSUB
Er=4.3
H=0.1 mm
T=0.035 mm
Rho=0.7
Tand=TAND
ErNom=DK
Name=SUB1

MLIN
ID=TL1
W=0.17 mm
L=15.24 mm
MSUB=SUB1

MSUB
Er=4.3
H=0.325 mm
T=0.035 mm
Rho=0.7
Tand=TAND
ErNom=DK
Name=SUB2

MLIN
ID=TL2
W=1 mm
L=1.7 mm
MSUB=SUB2

MLIN
ID=TL3
W=0.17 mm
L=0.45 mm
MSUB=SUB2

MLIN
ID=TL4
W=0.17 mm
L=0.2 mm
MSUB=SUB1

SLIN
ID=SL1
W=0.1 mm
L=2 mm
SSUB=SSUB1

SSUB
Er=DK
B=0.25 mm
T=0.035 mm
Rho=1
Tand=TAND
Name=SSUB1

MLIN
ID=TL5
W=0.76 mm
L=5.2 mm
MSUB=SUB2

IND
ID=L5
L=0.4 nH

MLIN
ID=TL6
W=0.17 mm
L=0.21 mm
MSUB=SUB2

MLIN
ID=TL7
W=0.1 mm
L=0.76 mm
MSUB=SUB3

MSUB
Er=4.3
H=0.225 mm
T=0.035 mm
Rho=0.7
Tand=TAND
ErNom=DK
Name=SUB3

MLIN
ID=TL8
W=0.1 mm
L=0.1 mm
MSUB=SUB3

TVia
ID=V1
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

TVia
ID=V2
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

TVia
ID=V3
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

TVia
ID=V4
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

MLIN
ID=TL9
W=0.76 mm
L=0.15 mm
MSUB=SUB1

MLIN
ID=TL10
W=0.17 mm
L=0.42 mm
MSUB=SUB2

IND
ID=L1
L=0.2 nH

MLIN
ID=TL11
W=0.17 mm
L=0.46 mm
MSUB=SUB1

MLIN
ID=TL12
W=0.17 mm
L=0.31 mm
MSUB=SUB2

TVia
ID=V5
D1=0.1 mm
D2=0.3 mm
H=0.1 mm
T=0.017 mm
RHO=0.7

MLIN
ID=TL13
W=0.3 mm
L=0.5 mm
MSUB=SUB3

MLIN
ID=TL14
W=1.15 mm
L=0.75 mm
MSUB=SUB1

MLIN
ID=TL15
W=0.17 mm
L=0.34 mm
MSUB=SUB1

MLIN
ID=TL16
W=0.6 mm
L=0.5 mm
MSUB=SUB1

MLIN
ID=TL17
W=0.17 mm
L=0.6 mm
MSUB=SUB1

MLIN
ID=TL18
W=0.4 mm
L=0.75 mm
MSUB=SUB1

MLIN
ID=TL19
W=0.17 mm
L=0.36 mm
MSUB=SUB1

MLEF
ID=TL21
W=0.6 mm
L=0.5 mm

MSTEP$
ID=TL20

MSTEP$
ID=TL22

MSTEP$
ID=TL23

PORT
P=1
Z=50 Ohm

PORT
P=2
Z=50 Ohm

Under ring

DK=4.3
TAND=0.02

Pad Pad Pad
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Output Track Measured and Simulated Return Loss 

0 2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

Output

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0 9.275 GHz
-6.63 dB

7.967 GHz
-13.83 dB

6.219 GHz
-4.547 dB

4.562 GHz
-8.709 dB

3.473 GHz
-7.117 dB

1.579 GHz
-20.03 dB

DB(|S(1,1)|)

Schematic 1

dB

 0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-50

Output

S22

Start: 10.0000 MHz Stop: 20.0000 GHz

05/12/2012 11:12:03 N5230C

Mkr  Trace  X-Axis  Value  Notes

1

1  S22  1.3094 GHz -19.78 dB

2

2  S22  3.3084 GHz -7.26 dB

3

3  S22  4.5078 GHz -11.89 dB

4

4  S22  6.0070 GHz -4.26 dB

5

5  S22  7.3064 GHz -22.27 dB

6

6  S22  8.5058 GHz -3.87 dB
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Output Track Measured and Simulated Insertion Loss 

0 2 4 6 8 10 12 14 16 18 20

Frequency (GHz)

Output

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2.035 GHz
-0.5543 dB

DB(|S(2,1)|)

Schematic 1

dB

 0

-2

-4

-6

-8

-10

-12

-14

-16

-18

-20

Output

S21

Start: 10.0000 MHz Stop: 20.0000 GHz

05/12/2012 11:47:28 N5230C

Mkr  Trace  X-Axis  Value  Notes

1

1  S21  2.0090 GHz -0.92 dB
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PCB Breakout Conclusions 

 

• Size reduction without the risk 

• Reduce number of PCB design iterations 

• Same PCB is both testable, programmable and deployable 

• Wide applicability for digital and RF circuits 

• Easily implemented up to 2GHz 

• Use at higher frequencies is possible but simulation is recommended 

• Keep to the tried and tested design rules and dimensions suggested 
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Disclaimer 

2013 Chemring Group PLC 

The information in this document is the property of Chemring Group PLC and 

may not be copied or communicated to a third party or used for any purpose 

other than that for which it is supplied without the express written consent of 

Chemring Group PLC. 

This information is given in good faith based upon the latest information 

available to Chemring Group PLC, no warranty or representation is given 

concerning such information, which must not be taken as establishing any 

contractual or other commitment binding upon Chemring Group PLC or any of 

its subsidiary or associated companies.  

 


