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Abstract 
 

This document describes the NanoStar 
tm

 package used for BRF6300 Bluetooth single chip. 
The areas covered are PCB design constraints, reliability issues,  NanoStar package testing and design, lead free 
information and specific WCSP daisy chain packages.  
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1. Overview 
This document outlines the package information of the NanoStar package used in Texas Instruments BRF6300 chip. 

This information includes the package parameters that are of importance in the manufacturing process like PCB 
design guidelines, reflow profile and lead free information. 

Daisy chain devices that match the BRF6300 packages are intended to give customers the ability to perform reliability 
test during the ramp up and mass production phases. 

2. Introduction 
The parallel pursuit of cost reduction and miniaturization in recent years has given rise to an increasing emphasis on 
very small integrated circuit (IC) package solutions. 

This is particularly evident in consumer-based end equipment using digital signal processor (DSP) solutions such as 
wireless telephones, laptop computers, and hard-disk drives. Despite the formal definition, packages with an area 
similar in size to the IC they encapsulate are loosely referred to as chip scale packages (CSPs). 

Chip scale packages are in many ways an ideal solution to the cost reduction and miniaturization requirements. 

Texas Instruments produces a family of CSPs called NanoStar Wafer Chip-Scale Packages (WCSP). Like most other 
CSPs, NanoStar packages use solder alloy balls as the interconnect between the IC and the board on which the 
package is soldered. The NanoStar family comes in a range of solder ball pitch (0.5 mm and 0.4 mm). 

The NanoStar package has been fully qualified in numerous applications and is being used extensively in mobile 
phones, laptops, modems, handheld devices, and office environment equipment. 
Daisy-chained units are used to gain experience in the testing, to check PCB electrical layouts, and to confirm the 
accuracy of the mounting equipment. 

To facilitate this, Texas Instruments offers daisy-chained units in all production NanoStar packages. 

 

Reliability is one of the first questions designers ask about any new packaging technology. They want to know how 
well the package will survive handling and assembly operation, and how long it will last on the board.  

The elements of package reliability and system reliability, while related, focus on different material properties and 
characteristics and are tested by different methods. 
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3. PCB Design Constraints 

3.1 Solder Land Areas 
Design of both the NanoStar Package itself and the printed circuit board (PCB) are important in achieving good 
manufacturability and optimum reliability. In particular, the diameters of the package vias and the board lands are 
critical. While the actual sizes of these dimensions are important, their ratio is more critical. Figure 1 illustrates the 
package via-to-PCB configuration and Figure 2 illustrates why this ratio is critical. 

  

 

Figure 1: Package Via to Board Land Area Configuration 
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Figure 2: Effects of Via-to-Land Ratios 

 

In the top view of Figure 2, the package via is larger than the PCB via, and the solder ball is prone to crack 
prematurely at the PCB interface. In the middle view, the PCB via is larger than the package via, which leads to cracks 
at the package surface. In the bottom view, where the ratio is almost 1:1, the stresses are equalized and neither site is 
more susceptible to cracking than the other. 

 

Solder lands on the PCB are generally simple round pads. Solder lands are either solder-mask-defined or non-solder-
mask-defined. 

 

Solder-mask-defined (SMD) land. With this method, the copper pad is made larger than the desired land area, and the 
opening size is defined by the opening in the solder mask material. The advantages normally associated with this 
technique include more closely controlled size and better copper adhesion to the laminate. Better size control is the 
result of photoimaging the stencils for masks. The chief disadvantage of this method is that the larger copper spot can 
make routing more difficult. 

 

Non-solder-mask-defined (NSMD) land. Here, the land area is etched inside the solder mask area. While the size 
control is dependent on copper etching and is not as accurate as the solder mask method, the overall pattern 
registration is dependent on the copper artwork, which is quite accurate. The tradeoff is between accurate dot 
placement and accurate dot size. TI recommends non solder mask defined pads for NanoStar packages.  

 

See Figure 3 for an example of optimum land diameters and configurations (in mm) for a common NanoStar pitch. 
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Solder Mask Defined 

 

 

 

 

 

 

 

 

 

 

Non Solder Mask Defined 

 

 

 

 

 

 

 

 

PWB Design Stencil Design Ball Pitch  

A B Thickness Opening 

SMD 0.30 0.35 0.10 0.30 0.5mm 

NSMD 0.30 0.25 0.10 0.30 

 

 

 

NOTE: We don’t recommend using “U” shape PWB land because of trapping void 
during reflow.  

 

Figure 3: Optimum Land Configurations 
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4. Reliability 

4.1 Daisy Chain Units 
Daisy-chained units are used to gain experience in the handling and mounting of CSPs, for board-reliability testing, to 
check PCB electrical layouts, and to confirm the accuracy of the mounting equipment. To facilitate this, Texas 
Instruments offers daisy-chained units in all production NanoStar packages, including the BRF6300. 

Each daisy-chained pinout differs slightly depending on package layout. Daisy-chained packages are wired to provide 
a continuous path through the package for easy testing. 

TI issues a net list for each package, which correlates each ball position with a corresponding wire pad number. The 
daisy-chained net list is a special case of the general net list.  
When a daisy–chained package is assembled on the PCB, a complete circuit is formed, which allows continuity 
testing. The circuit includes the solder balls, the metal pattern on the die, the bond wires, and the PCB traces. The 
entire package or only a quadrant can be interconnected and tested. A diagram of the test configuration is shown in 
Figure 9. 
 

Figure 4: Daisy Chain Test Configuration 

 

4.2 Reliability data 
Reliability is one of the first questions designers ask about any new packaging technology. They want to know how 
well the package will survive handling and assembly operation, and how long it will last on the board. The elements of 
package reliability and system reliability, while related, focus on different material properties and characteristics and 
are tested by different methods. 

 

Package reliability focuses on materials of construction, thermal flows, material adherence/delamination issues, 
resistance to high temperatures, moisture resistance and ball/stitch bond reliability. Thorough engineering of the 
package is performed to prevent delamination caused by the interaction of the substrate material and the mold 
compound. 

TI subjects each NanoStar to rigorous qualification testing before the package is released to production. 

These tests are summarized in Table 1. All samples used in these tests are preconditioned according to Joint 
Electronic Device Committee (JEDEC) A113 at various levels. Typical data is presented in Table 2. NanoStar 
packages have proven robust and reliable. 

Board–level reliability (BLR) issues generally focus on the complex interaction of various materials under the influence 
of heat generated by the operation of electronic devices. Not only is there a complex thermal situation caused by 
multiple heat sources, but there are cyclical strains due to expansion mismatches, warping and transient conditions, 
non–linear material properties, and solder fatigue behavior influenced by geometry, metallurgy, stress relaxation 
phenomenon, and cycle conditions. In addition to material issues, board and package design can influence reliability.  
Thermal management from a system level is critical for optimum reliability, and thermal cycling tests are generally 
used to predict behavior and reliability. Many of these are used in conjunction with solder fatigue life models using a 
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modified Coffin–Manson strain range–fatigue life plots (number of cycles to failure has an inverse exponential 
relationship with the thermal cycle temperature range). 

 

 

Table 1: Package Level Reliability tests 
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5. Surface Mounting NanoStar WCSP Packages 
Surface-mount technology (SMT) has evolved over the past decade from an art into a science with the development of 
design guidelines and rules. While these guidelines are specific enough to incorporate many shared conclusions, they 
are general enough to allow flexibility in board layouts, solder pastes, stencils, fixturing and reflow profiles. From 
experience, most assembly operations have found NanoStar packages to be robust, manufacturing-friendly packages 
that fit easily within existing processes and profiles. In addition, they do not require special handling. However, as ball 
pitch becomes smaller, layout methodology and placement accuracy become more critical.      Below is a review of the 
more important aspects of surface-mounted CSPs. The suggestions provided may aid in efficient, cost-effective 
production. 

5.1 Design for Manufacturability  
A well-designed board that follows the basic surface-mount technology considerations greatly improves the cost, cycle 
time, and quality of the end product. Board design should comprehend the SMT-automated equipment used for 
assembly, including minimum and maximum dimensional limits and placement accuracy. Many board shapes can be 
accommodated, but the front of the board should have a straight and square edge to help machine sensors detect it. 
While odd-shaped or small boards can be assembled, they require panelization or special tooling to process in-line. 
The more irregular the board—non-rectangular with no cutouts—the more expensive the assembly cost. 

The following guidelines may be helpful: 

• Automated equipment requires a minimum of two and preferably three fiducials. 

• A wide range of fiducial shapes and sizes can be used. Among the most useful is a circle 1.6 mm in diameter 
with an annulus of 3.175/3.71 mm. The outer ring is optional, but no other feature may be within 0.76 mm of 
the fiducial. 

• The most useful placement for the fiducials is an L configuration, which is orthogonal to optimize the 
stretch/shrink algorithms. When possible, the lower left fiducial should be the design origin (coordinate 0, 0). 

• All components should be within 101.6 mm of a fiducial to guarantee placement accuracy. For large boards 
or panels, a fourth fiducial should be added. 

If the edges of the boards are to be used for conveyer transfer, a cleared zone of at least 3.17 mm should be allowed. 
Normally, the longest edges of the board are used for this purpose, and the actual width is dependent on equipment 
capability. While no component lands or fiducials can be in this area, breakaway tabs may be. 
Interpackage spacing is a key aspect of DFM, and the question of how close you can safely put components to each 
other is a critical one. The following component layout considerations are recommendations based on TI experience: 

• There should be a minimum of 0.508 mm between land areas of adjacent components to reduce the 
risk of shorting. 

• The recommended minimum spacing between SMD discrete component bodies is equal to the height of the 
tallest component. This allows for a 45° soldering angle in case manual work is needed. 

• Polarization symbols need to be provided for discrete SMDs (diodes, capacitors, etc.) next to the positive pin. 

• Pin–1 indicators or features are needed to determine the keying of SMD components. 

• Space between lands (under components) on the backside discrete components should be a minimum of 
0.33 mm. No open vias may be in this space. 

• The direction of backside discretes for wave solder should be perpendicular to the direction through the 
wave. 

• Do not put SMT components on the bottom side that exceed 200 grams per square inch of contact area with 
the board. 

• If space permits, symbolize all reference designators within the land pattern of the respective components. 

• It is preferable to have all components oriented in well–ordered columns and rows. 

• Group similar components together whenever possible. 

• Room for testing needs to be allowed. 
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5.2 Solder Paste  
TI recommends the use of paste when mounting NanoStar packages. The use of paste offers the following 
advantages: 

• It acts as a flux to aid wetting of the solder ball to the PCB land. 

• The adhesive properties of the paste will hold the component in place during reflow. 

• It helps compensate for minor variations in the planarity of the solder balls. 

• Paste contributes to the final volume of solder in the joint, and thus allows this volume to be varied to give an 
optimum joint. 

Paste selection is normally driven by overall system assembly requirements. In general, the “no clean” compositions 
are preferred due to the difficulty in cleaning under the mounted component. Most assembly operations have found 
that no changes in existing pastes are required by the addition of MicroStar BGA, but due to the large variety of board 
designs and tolerances, it is not possible to say this will be true for any specific application. 

Nearly as critical as paste selection is stencil design. A proactive approach to stencil design can pay large dividends in 
assembly yields and lower costs. In general, NanoStar packages are special cases of BGA packages, and the general 
design guidelines for BGA package assembly applies to them as well.  
The typical stencil hole diameter should be the same size as the land area, and 100-120–mm–thick stencils have 
been found to give the best results. Good release and a consistent amount of solder paste and shapes are critical, 
especially as ball pitches decrease. The use of metal squeegee blades, or at the very least, high durometer 
polyblades, is important in achieving this.  
Paste viscosity and consistency during screening are some variables that require close control. 

 

 

5.3 Solder Ball Collapse 
In order to produce the optimum solder joint, it is important to understand the amount of collapse of the solder balls, 
and the overall shape of the joint. These are a function of: 

• The diameter of the package solder ball via. 

• The volume and type of paste screened onto the PCB. 

• The diameter of the PCB land. 

• The board assembly reflow conditions. 

• The weight of the package. 

The original ball height on the package for a typical 0.4-mm-pitch package is 0.21 mm. After the package is mounted, 
this typically drops to 0.17 mm, as illustrated in Figure 5. 
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Figure 5: Solder Ball Collapse 

 

Controlling the collapse, and thus defining the package standoff, is critical to obtaining the optimum joint reliability. 
Generally, a larger standoff gives better solder joint fatigue strength, but this should not be achieved by reducing the 
board land diameter. Reducing the land diameter will increase the standoff, but will also reduce the minimum cross-
section area of the joint. This, in turn, will increase the maximum shear force at the PCB side of the solder joint. Thus, 
a reduction of land diameter will normally result in a worse fatigue life, and should be avoided unless all the 
consequences are well understood. 

5.4 Reflow 
Solder reflow conditions are the next critical step in the mounting process. During reflow, the solvent in the solder 
paste evaporates, the flux cleans the metal surfaces, the solder particles melt, wetting of the surfaces takes place by 
wicking of molten solder, the solder balls collapse, and finally solidification of the solder into a strong metallurgical 
bond completes the process. The desired end result is a uniform solder structure strongly bonded to both the PCB and 
the package with small or no voids and a smooth, even fillet at both ends. Conversely, when all the steps do not 
carefully fit together, voids, gaps, uneven joint thickness, discontinuities, and insufficient fillet can occur. While the 
exact cycle used depends on the reflow system and paste composition, there are several key points all successful 
cycles have in common. 

 

The first of these is a warm-up period sufficient to safely evaporate the solvent. This can be done with a pre-heat or a 
bake, or, more commonly, a hold in the cycle at evaporation temperatures. If there is less solvent in the paste (such as 
in a high-viscosity, high-metal-content paste), then the hold can be shorter. However, when the hold is not long 
enough to get all the solvent out or too fast to allow it to evaporate, several negative things happen. These range from 
solder-particle splatter to trapped gases, which can cause voids and embrittlement. A significant number of reliability 
problems with solder joints can be solved with the warm-up step, so it needs careful attention. 

 

The second key point that successful reflow cycles have in common is uniform heating across the package and the 
board. Uneven solder thickness and non-uniform solder joints may be an indicator that the profile needs adjustment. 
There can also be a problem when different sized components are reflowed at the same time. Care needs to be taken 
when profiling an oven to be sure that the indicated temperatures are representative of what the most difficult to reflow 
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parts are seeing. These problems are more pronounced with some reflow methods, such as infrared (IR) reflow, than 
with others, such as forced hot-air convection. 

 

Finally, successful reflow cycles strike a balance among temperature, timing, and length of cycle. Mistiming may lead 
to excessive fluxing activation, oxidation, excessive voiding, or even damage to the package. Heating the paste too 
hot too fast before it melts can also dry the paste, which leads to poor wetting. Process development is needed to 
optimize reflow profiles for each solder paste/flux combination. 

 

The profile shown in Figure 6: Recommended Reflow Profilebelow is the recommended profile for the BRF6300 
NanoStar package.  

 

 
 

Figure 6: Recommended Reflow Profile  

 

 

5.5 Inspection 
NanoStar packages have been designed to be consistent with very high–yield assembly processes. Because of their 
relatively light weight, NanoStar packages tend to self–align during reflow. Since the pitch of the ball pattern is large 
compared to that of fine–pitch leaded packages, solder bridging is rarely encountered. It is recommended that a high–
quality solder joint assembly process be developed using the various inspection and analytical techniques, such as 
cross–sectioning.  
Once a quality process has been developed, detailed inspection should not be necessary. Visual methods, while 
obviously limited, can offer valuable clues to the general stability of the process. Electrical checks can confirm 
interconnection. Both transmission X–rays and laminographic X–rays have proven to be useful nondestructive tools, if 
desired. 
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6. Lead Free Solutions  
Environmental concerns are driving the need for lead-free solutions to electronic components and systems. Texas 
Instruments (TI) has been a leader in working with our customers to provide them with products, which meet their 
specific needs. The first practical lead-free alternative was the Nickel/Palladium (Ni/Pd) finish introduced by TI in 1989. 
Since then, more than 30 billion lead-free Ni/Pd components have been supplied. Texas Instruments continues to be 
active in this field, working with other manufacturers to evaluate other lead-free finishes to understand their 
manufacturability and reliability. 

Continuing this position of leadership, TI has introduced a lead-free solder ball option for the NanoStar packages. 
Texas Instruments is also evaluating lead-free solder ball applications for other area array packages. In conjunction 
with this effort, TI is an active participant in the industry-wide effort to evaluate lead-free solder alloys and lead-free 
printing wiring board finishes. Several of the lead-free systems being proposed require a maximum reflow temperature 
higher than that needed with the Sn/Pb systems, so package and system reliability data must be developed. Securing 
the required Board Level Reliability (BLR) under various customer conditions depends on many factors: solder ball 
composition, solder paste, PCB design, land finish and reflow conditions. 

The composition TI has selected for lead-free NanoStar packages is an Sn-Ag-Cu alloy. Reliability data presented in 
Table 9 shows it to be a robust performer, equivalent to the Sn/Pb eutectic balls it replaces. 

Extensive assembly testing has shown it to be virtually indistinguishable from Sn/Pb eutectic ball performance in 
current systems and superior in high temperature, lead-free systems. 

TI’s name for lead-free NanoStar packages is NanoFree. The BRF6300 NanoFree packages are lead free (Green, 
RoHS6 & no Sb/Br). 

Comment: due to the lead free the reflow temperature profile and peak temperature is higher then non-lead free 
packages, for exact reflow profile refer to Figure 6: Recommended Reflow . 

6.1 Moisture Sensitivity 
A drop of 3+ levels in moisture sensitivity (as per J-STD-20) has been indicated for several package types with the 
peak temperature of 260°C. Extensive testing NanoFree packages has shown they are capable of resisting the 260°C 
cycles without an impact on the moisture sensitivity classification. 
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7. Package Technical Details 

7.1 Package information 
 

Component ID code/number/name  

Package type and name NanoStar 47YFA (3.19X3.19; 0.4mm pitch) 

Component  TI logo  

Package marking 

Orientation #A1 / bottom right 

corner 

Ball count 47 

Ball pitch (mm) 0.45 

Ball diameter / dimensions (mm) 0.25 / 0.35 

Ball height / substrate standoff (mm) 0.12 / 0.30 

Coplanarity (mm) 0.05 

Package thickness (mm) 0.625 Max 

Package weight (g)  

Max footprint (mm x mm)-center to center 2.40x2.40mm 

Die size, per side Max die size= 3.23 X 3.23 mm 

Thickness 0.625  um max. 

Interconnect method (WB, TAB, FC) FC 

Daisy chain level (if daisy chain component) Level 3 

Available shipping media  Tape&Reel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Package attributes 

Components in one shipping package / in one 
dry package 

Tape&Reel= 2500 / bag 
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7.2 Package structure and materials 
 

Conductor material Cu  

Die bond pad metallization AL 

Die coating NO   

Solder Ball composition SnAg3.9Cu0.6 

 

 

7.3 PWB board design recommendations 
 

Pad geometry (mm) NSMD pad = 0.25 mm  

Pad design recommendations 

Pad opening (mm, SMD/NSMD) NSMD = 0.3mm 

Routing study for I/O -  

PWB board technology 

requirements 

 

Feasible PWB board surface finishes - 

Solder paste type (Pb free) Sn/Ag based 

Stencil thickness (mm) 0.1 

Stencil opening (mm) 0.3 

Pick up tool - 

Max reflow temperature (deg C) 260 

Max dwell temperature (deg C) 235 

Max dwell time (sec) 30 –60 sec 

 

 

 

 

 

PWB board assembly 

recommendations 

 

# Reflow max Max 6 

Shelf life / Extended shelf life 

 

12 months @40C/90% RH 

Storage conditions / Extended storage conditions Dry packed 

Moisture sensitivity classification (Jedec 1, 2a, 2b, 
3…) 

Level 1 – 260 deg C max 

 

 

 

 

 

 

Package storage information Packages prebaked before shipment Yes 
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Packages prebaked recommendations and how 
many times it can be performed 

150C, 8hrs 

Tray: Yes 

 

Trays or tapes tolerate prebaking 

Tape: No 

 

7.4 Package qualifications 
 

Test Condition Read point 

TC -55/+125 C 1000 cycles 

TS -55/+125 C 200 cycles 

AU 121 C/2 ATM 96 hours 

THB 85 C/85% RH 1000 hours 

 

 

 

 

Package level tests 

 

 

 

 

Not 
available 
yet 

STO  150 C 1000 hours 

Board level tests Not 
available 
yet 

• Temperature cycles (-40 to 120 C): 1000 cycles. 

• Key push: (20% change)  

• Drop test: (500 drops) 

Max Typical  

Power consumption (Max and Typical) 0.25W (@ 
125C junction 
& 85C 
ambient) 

- 

Recommended operating temperature range (Junction and 
case) 

125 deg C 
Junc 

 

Maximum allowed temperature (junction and case) 260 deg C (1)  

Thermal resistance junction to board with 2s2p   

Maximal 
Die size 

 3.228 X 
3.228 
mm 

Still air  12.38 
C/W 

 

 

 

 

 

 
Moving air  

N/A 

Thermal resistance junction to ambient with standard 2s2p  
 

Die size  3.228 X 
3.228 
mm 

 

 

 

 

 

 

 

 

Thermal characteristics 

 

 

Still air 0  59.82 
C/W 
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(1) Maximum reflow for Pb-free process compliant product 

 

 

 

 

 

7.5 Package material properties 
 

Item 

 

 

 

 

Materials 

 

Thickness 

(um) 

 

Young 
Modulus 

(GPA) 

Poisson 
Ratio 

CTE 

(ppm) 

Density 

(Kg/mm3) 

Die  Silicon 165 130 0.28 2.9 2.33E-06 

Die coating 

 

 

 

Si-Nitride Prop. 150 0.2 1.1 2.50E-06 

Copper races 

 

0.4 mm pitch Copper 5 130 0.34 17 8.9E-06 

Solder ball  Sn-Ag 
based 

0.25 36.3 0.36 21.5 7.3E-06 
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7.6 YFA Package, 47 terminals 
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7.7 WSP Daisy Chain Package 
 

The part number of the daisy chain package is DC47AYFAR. 

View is from top, looking through silicon (NOT from ball side). 
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7.7.1 WSP Daisy Chain device netlist 
Below are the netlist connections that are also illustrated in the previous section 

 

Ball to  Ball  Ball to  Ball Ball to  Ball 

A1 B4 C6 D6 G1 G2 

A2 A3 D2 E2 G3 G4 

A4 A5 D4 D5, E5 G5 G6 

A6 A7 D7 E7   

B2 C2 E1 F1   

B5 B6 E3 E4   

B7 C7 E6 F6   

C1 D1 F2 F3   

C3 D3 F4 F5   

C4 C5 F7 G7   

Table 2: Daisy Chain device netlist 
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Important Notice 

 

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue any product or 
service without notice, and advise customers to obtain the latest version of relevant information to verify, before placing orders, 
that information being relied on is current and complete. All products are sold subject to the terms and conditions of sale supplied 
at the time of order acknowledgement, including those pertaining to warranty, patent infringement, and limitation of liability. 

 

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in accordance with TI’s 
standard warranty. Testing and other quality control techniques are utilized to the extent TI deems necessary to support this 
warranty. Specific testing of all parameters of each device is not necessarily performed, except those mandated by government 
requirements. 

 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or severe property or 
environmental damage (“Critical Applications”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE–SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL 
APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE 
CUSTOMER’S RISK. 

 

In order to minimize risks associated with the customer’s applications, the customer to minimize inherent or procedural hazards 
must provide adequate design and operating safeguards. 

 

TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property right of TI 
covering or relating to any combination, machine, or process in which such semiconductor products or services might be or are 
used. TI’s publication of information regarding any third party’s products or services does not constitute TI’s approval, warranty or 
endorsement thereof. 

 

 

 

 

 


