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1. Development flow from the point of view of the 
developer / designer
▪ Specification of the requirements for the assembly
▪ Component selection / study of data sheets 
▪ Clarification of parameters with PCB manufacturer

2. Requirements to the PCB manufacturer
▪ What is possible? What is not possible?
▪ Where are the limits?
▪ Recommendations from PCB manufacturer
▪ Challenge impedance
▪ Reliability

3. Implementation in design
▪ Impedance modules
▪ Stack-up
▪ Design
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Project Management

Michael Matthes
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Specialist Layout and Measurement
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Development flow from the developers or designer's point of view

▪ Specification of the requirements for the assembly 
▪ Creation of the specifications 

▪ Component selection / study of the data sheets and verification of the required functions 
▪ Setup of schematic symbols and footprints in the component library
▪ Creation of the schematic in the used EDA-tool
▪ Clarification of the impedance requirements from the circuit and the components used 
▪ Entering the parameters in the constraint sets / rules (schematic / layout) 

▪ Clarification of the parameters with the PCB manufacturer
▪ Stack-Up
▪ Material
▪ Impedance Modules 
▪ Other parameters
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Component selection and study of the data sheet 
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Setup of the component footprint
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Setup with standard parameters

▪ Maße Footprint ▪ eine Leitung zwischen den Pads
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FAN OUT OF A BGA PITCH 0.35 MM – THIS IS HOW IT WORKS!
Anlage mit Standardparametern

▪ for complete routing including the 
inner rows of pins, 3 to 4 traces 
would have to be routed between 
the pads 

▪ 15.71 µm line/space are currently 
not yet feasible in the printed circuit 
board process 
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What is possible, what is not possible?

Download here

https://www.we-online.com/designruleshdi


10

FAN OUT OF A BGA PITCH 0.35 MM – THIS IS HOW IT WORKS!
The limits of MICROVIA.hdi
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▪ Limit soldermask - WHY?
▪ min. web width = 70 µm
▪ min. distance solder mask web to pad edge = 35 µm

In total: Pad edge to pad edge min.140 µm, see sketch on the right side

In the design for 0.40 mm BGA pitch this means:
▪ maximum possible solder mask web at the narrow point:

400 µm (pitch) - 275 µm (pad) - 2x (35 µm (solder mask clearance))

= 50 µm solder mask web
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The design recommendations from PCB manufacturer 
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▪ Design Rules for the BGA component on the outer layer
▪ BGA solder pad = Ø215 µm
▪ µVia-in-Pad design µViaØ typically 85 µm (dielectric 70 µm – 100 µm thick)

▪ Design Rules soldermask for the BGA component on the outer layer
▪ solder mask – clearance component pad circumferential = 35 µm
▪ solder mask web = 65 µm

Calculation for a BGA pitch 0,35 mm:

215 µm (component pad) + (2 x 35 µm (solder mask clearance)) + 65 µm (solder mask web)

= 350 µm ✓
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Stackup from PCB manufacturer
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Challenge Impedance design
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Important: Signal layer Top / Reference layer Inner2 resp. layer 3 
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A brief look at the reliability of the technology: qualification test results
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Reflow solder test: Drying 4h 120°C // Solder test acc. JEDEC 020C Peak 260°C // 6 repetitions
TCT Shock test: -55°C / +150°C // dwell time -55°C 15 minutes // change 15 seconds // dwell time +150°C 15 minutes
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FAN OUT OF A BGA PITCH 0.35 MM – THIS IS HOW IT WORKS!
Modification of parameters

▪ modified designrules of the PCB manufacturer
▪ Pad diameter reduction
▪ Reduction of the solder resist residue 
▪ Use of µVia in pad
▪ Use of 75 µm/75 µm lines-space

Caution! 
Here you deviate from the recommended
component manufacturer specifications and
should carefully examine the assembly, soldering
technology and subsequent processes.
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Impedance controlled traces

FAN OUT OF A BGA PITCH 0.35 MM – THIS IS HOW IT WORKS!
WEBINAR | 03.05.2023

FAN OUT OF A BGA PITCH 0.35 MM – THIS IS HOW IT WORKS!

▪ The width of the head and foot of the trace are specified for the impedance calculation. 
▪ Which value does the designer enter in the tool? 

-> according to the IPC specification, the foot, i.e. 200 µm, is specified, since this parameter can also be checked optically 

Screenshot of Polar SI9000 Screenshot of Siemens Z-Solver
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50 Ohm Single-Ended (RF-antenna feed line)
▪ you have to take in account if the rf-track is realized with or without solder resist 
▪ according to that the parameters need to be tuned to the right value

50 Ohm Single-Ended (without solder resist) -> here 53,0 Ohm 50 Ohm Single-Ended (with solder resist) -> here 48,1 Ohm
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Example 90 Ohm differential pairs
▪ For 90 Ohm lines, the track width from the calculation corresponds to approx. 135 µm and must be entered in the EDA tool. 
▪ The etching angle (trapezoidal shape) results in 135 µm at the base, i.e. the side facing the laminate. The conductor head then has a width of 

approx. 125 µm. 
▪ In order to get an etching compensation, the CAM of the circuit board manufacturer adds approx. 30 µm. Thus, 165 µm are set in the

photoresist for the exposure.
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diff. 90 Ohm-tracks in SI9000diff. 90 Ohm-tracks in Z-Solver
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Layer Stack-Up(using the example of Allegro/Orcad
)

▪ Layer structure with material-specific parameters such as εr, 
copper and prepreg thickness taken from the specifications of the 
PCB manufacturer.

▪ Ideally, the layer structure can be downloaded in digital format 
from the website for the respective EDA-tool. 
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▪ Strategy of copper filled microvias
▪ Thanks to the copper filling technology, the vias 

can be designed staggered or stacked
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Demo placement of some components 
▪ BGA-component with 350 µm pitch and external components 
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▪ differential 90 Ohm impedance
▪ Single-Ended 50 Ohm track as antenna feed line

without covering with solder resist
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Layer change at differential lines 
▪ in order to route the differential pairs from the inner area 

of the BGA, a layer change to layer 2 must be done
▪ this reduces the distance to the reference layer, which 

reduces the impedance
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Since the layer structure of the printed circuit board is symmetrical, 
there are two possible solutions: 
▪ you adjust the track width and spacing to achieve the required 

impedance
▪ the bottom layer is used as the reference layer, but it must be 

noted that a buried microstrip structure is created and other 
parameters must therefore be taken into account

Cutout from the demo-placement
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90 ohms differential impedance module 
▪ To get a feeling for the impedance changes, the differential 90 ohm microstrip module is divided into a buried microstrip 

module with reference to layer 3 (100 µm spacing) and a buried microstrip module with reference to the bottom layer (130 
µm spacing). The line-space parameters remain. 

▪ As it can be seen from the results, the distance to the reference layer has a greater influence on the impedance than the 
covering height with resin/glass.
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original impedance module (90 Ohm) buried impedance module with reduced spacing (81,9 Ohm) buried impedance module with 130µm (87,9 Ohm)
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Layer stack of the demo placement 
▪ In the illustration of the individual layers, you can see the gap on layer 2 

that is required to use layer 3 as a reference
▪ In a further step, the area under the differential line pair on layer 2 would 

have to be cleared in layer 3 and a reference plane would have to be 
inserted on the bottom layer. The line space parameters then have to be 
adjusted according to the simulation results.
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▪ Top

▪ Layer 2

▪ Layer 3

▪ Bottom 

Demo placement
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Routing unter dem BGA
▪ stacked micro-vias
▪ differential tracks on Top
▪ Differential trackson Layer 2
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Fan out of a BGA Pitch 0.35 mm –
This is how it works!
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THANKS FOR YOUR
ATTENTION


