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1 Introduction

This application note provides guidelines for the handling and board mounting of NXP's HDQFP packages.
Included in this application note are recommendations for the design of PCB Footprint, board mounting, and
soldering considerations for the HDQFP package.

2 Package background

The Quad Flat Package (QFP) is a surface-mount integrated circuit package. The QFP package has a standard
form with a leaded plastic package with a flat rectangular body and square.

Leads extend from all four sides of the body. The leads or terminals are formed in a J-shape and gull-wing
shape. The leads in J-shape are folded toward the package body whereas, for the latter, the leads are shaped
away from the package body. Both types of external leads allow solid footing during assembly to a PCB. The
standard Pb-free lead finish is matte tin.

2.1 Novel leadframe package

* Combines QFP gull-wing and PLCC J-lead in one package
* 0.65 mm pitch J-lead to J-lead and gull-wing lead to gull-wing lead
e 0.325 mm pitch J-lead to gull-wing lead

2.2 Benefits

* AEC Grade 1 proven reliability

* More IOs in smaller areas at lower cost

* Up to 65% reduction in board area (versus same lead count of LQFP)
* NXP unique technology

2.3 Productization

Next generation body and security platform for leaded products
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Table 1. HDQFP package bottom view
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Figure 1. HDQFP package bottom - Corner view
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3 HDQFP package outline drawing

3.1 172HDQFP package outline drawing
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3.2 100HDQFP package outline drawing
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4 PCB design guidelines and requirements for HDQFP package

A proper PCB footprint and stencil designs are critical to surface mount assembly yields and subsequent
electrical and mechanical performance of the mounted package. The design starts with obtaining the correct

package drawing.

* A 1.4 x0.28 mm pad is recommended for both gull wing leads and J-leads
* 0.05 mm soldermask clearance shown around pad perimeter
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Figure 2. Copper Pads on PCB
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Figure 3. Soldermask on PCB
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4.1 HDQFP package recommended PCB footprint design
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Figure 4. Example of the 172 HDQFP PCB footprint recommended
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4.2 172HDQFP - Solder paste printing

¢ 0.125 mm thick stencil recommended
¢ Other thicknesses such as 0.150 mm are also shown to work

Figure 5. Example of the 172 HDQFP PCB footprint recommended with solder paste printing
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4.3 HDQFP optical images reflowed onto PCB
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Figure 7. Package corner view on PCB
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Figure 8. 172 HDQFP soldered by reflowed onto PCB

4.4 HDQFP automated optical inspection (AOI) compatibility

Solder joint inspection after SMT processes at the manufacturing site is feasible and demonstrated by several
AOI systems/vendors. NXP and Viscom publish a white paper, which is available upon request. Figure 10
shows the images from an actual AOI tool on an SMT line using a 45-degree view.

Figure 9. Stencil Thickness - 0.125 mm
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Figure 10. Stencil Thickness - 0.15 mm

5 HDQFP board level solder joint reliability

* NXP carried out extensive SMT assembly and board level reliability thermal cycling on HDQFP

» See PCB and SMT details at right
* SMT assemblies with 0.125 mm stencil thickness resulted in 100% soldering yield

A specially designed test board was used (shown below)

Figure 11. 172 HDQFP PCB for Board Level Reliability Testing

Table 2. HDQFP board level reliability testing PCB and SMT details

Item Attribute Value
Board Length x Width (mm) 114.3 x 251.36
Thickness (mm) 1.57
Board material Insulating material High Tg FR4
Cu layers 6 layers
Pad Pad dimensions (mm x mm) Gull Wing and J Lead 1.40 x 0.28. 0.05 soldermask
clearance.
Surface finish OSP (Organic Solderability Protectant)
Stencil Thickness (mm) 0.125
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Table 2. HDQFP board level reliability testing PCB and SMT details...continued

Aperture dimensions 1:1 with Cu Pads

Material Fine grain stainless steel with nano coating
Solder Paste Composition SAC305

Type No clean, ROLO, Type IV powder
Reflow Type Convection Reflow in Air at 240C Peak

5.1 Typical post soldering board mounted 172 HDQFP X-Ray
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Figure 12. Top View (Through Package)

5.2 HDQFP board level reliability thermal cycling details

* Thermal cycling testing details:
—-40°C to 125°C single chamber cycling
— Min ramps and dwells, one-hour cycle
— Continuous in place resistance monitoring with failure when resistance is 1000
— Sample size of 32 parts
* Results:
— First failure at 9191 cycles
— Weibull characteristic life of 13,049 cycles
— Typically cycles until >63% failure on a part basis, but due to excellent reliability, testing terminates at
12,018 cycles at 30% failure
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Figure 13. Single chamber thermal cycling
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Figure 14. Thermal cycle profile
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5.3 HDQFP time-zero cross-section analysis

5.4 HDQFP cross-section analysis pre-thermal cycling

Figure 15. 172 HDQFP Gull Wing solder joint (45X)

Figure 16. 172HDQFP J Lead solder joint (75X)
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5.5 HDQFP cross-section analysis post-thermal cycling

* Part failed at 11212 (J Lead) and 10157 (Gull Wing) cycles.
* Pulled for cross-section at 12,018 cycles.
* Failures occurred in bulk solder.

Figure 17. 172HDQFP Failed Gull Wing Joint (Lead 9)
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Figure 18. 172HDQFP Failed J lead Joint (Lead 124)

5.6 HDQFP board-level thermal cycling Weibull plot

» 172 HDQFP exceeded all known AEC Grade 1 BLR requirements with 9791 board level cycles to first failure

* Testing of this type typically continues until >63% failure, but due to excellent BLR result testing was
terminated at 12,018 cycles at 30% failure.
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Figure 19. Thermal cycling Weibull plot

6 Thermal performance benefit

The thermal resistance values (6JA) for a 172-lead HDQFP, a 172-lead HDQFP_EP, a 176-lead QFP, and a
176-lead QFP_EP are calculated and compared in Table 2 according to JEDEC specification JESD51-7. This
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is done using two layers of signal and two layers of power (2s2p) thermal test boards at three different die
sizes: 45 mmz, 50 mmz, and 55 mm2, respectively. Three die size (45 mmz, 50 mm2, and 55 mm? ) were used
for all four package types in modeling. A larger die size resulting in a relatively smaller 8JA value at the same
body size is observed expectedly because larger die size can provide a larger area to dissipate heat. Also,

as expected, a package with an exposed pad has better thermal performance than one without, because the
additional heat-transfer area is considerable. The surprising thermal performance result is that the 55% smaller
HDQFP package performs better than the larger QFP package at similar pin counts and same die size (for
example, 172 HDQFP vs 176 LQFP). At the same die sizes, the improvement is about 16% for HDQFP and
about 10% for HDQFP_EP as comparing to LQFP and LQFP_EP. The reason is likely the higher lead count
density (that is, leads per area) of HDQFP compared to QFP. The real functional device tests later validate this
simulation result. These results clearly indicate that HDQFP can fully replace QFP from a thermal perspective
and even offer an advantage.

Table 3. Thermal resistance value (8JA) comparison between HDQFP and QFP at similar pin counts

8JA (°C/W)
Die size (mm?) 45 50 55
172 HDQFP (16x16) 27.14 26.54 25.94
176 LQFP (24x24) 32.67 31.00 29.33
172 HDQFP_EP (16x16) 20.40 20.00 19.60
176 LQFP_EP (24x24) 22.67 22.33 22.00

7 Electrical performance benefit

The 100-lead HDQFP package (body size 10x10 mm) was selected for an electrical performance study, and its
characteristics were compared with those of a 100-lead QFP (body size 14x14 mm) using the same die design.
Therefore, the same bonding layout can be used for both 100 HDQFP and 100 LQFP because they have the
same lead counts. The only difference is bonding wire length and geometry variation in lead frame designs, for
example, lead length . Like the thermal performance study discussed above, this electrical performance study
was also conducted by simulation. The die size used in the simulation was 4.25 x 3.91 mm. Figure 20 shows
the visual comparison of the bonding diagram (bonding layout) between 100 HDQFP and 100 LQFP for this
study. The wire lengths ranged from 1.71 mm to 2.36 mm for the 100 lead HDQFP part, and from 1.84 mm to
2.35 mm for the 100 lead QFP part. 20 um wire pure Cu (99.99%) wire with dc resistivity of 1.7 micro-ohm-cm is
assumed in this simulation. The wire length is comparable in these two models to avoid its impact on electrical
performance.
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Figure 20. DC resistance comparison (unit in ohm) between 100 HDQFP and 100 LQFP is virtually identical and
shows no difference
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Figure 21. AC resistance (unit in ohm) comparison between 100 HDQFP and 100 LQFP is almost identical and
shows no difference
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Figure 22. Self-capacitance values (unit in pF) at 100 MHz for both 100 HDQFP and 100 LQFP. HDQFP has a lower
capacitance value indicating a better electrical performance than QFP.
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Figure 23. Self-inductance values (unit in nH) at 100 MHz for both 100 HDQFP and 100 LQFP. HDQFP has a lower
inductance value indicating a better electrical performance than QFP.
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Figure 24. Return loss of signal nets for both 100 LQFP and HDQFP. HDQFP clearly performs better than LQFP.
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Summary

* HDQFP is a cost-effective, small footprint, high reliability package that exceeds AEC Grade 1 requirements.

Excellent SMT yield and board level thermal cycling reliability demonstrated.

The package has been extensively tested, modeled, and characterized.

Automated Optical Inspection (AOI) of J-leads demonstrated using an angled camera.
Planned usage in various NXP products.
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Figure 25. Finite Element Model of HDQFP on PCB

Figure 26. Side View of HDQFP
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accordance with the Terms and conditions of commercial sale of NXP
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representation or warranty that such applications will be suitable for the
specified use without further testing or modification.
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applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.
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