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APPLICATION NOTE

Introduction The SC70LL has about a 45% smaller footprint than the
Leadless packages are becoming a popular method t&'SOPS5. Both packages can handle the same size of silicon
reduce the size of a package while keeping the same silicomlevice. The TSOP-5 package typically uses a eutectic gold
performance. This Application Note explores the die attach where as the SC70LL package requires a silver
differences between these two packaging methods to shoviilled epoxy die attach.
the benefits of this promising new technology. The main  Although wire lengths are approximately equal, the

advantages include: distance from the wire bond to the board traces is
* Improved thermal performance considerably longer in the TSOP-5. This adds to the
* Reduced electrical parasitics electrical parasitics and can degrade package performance

* Reduced size and mass of the package at high switching speeds.

* Improved board space efficiency Thermal Comparison
) _ The Leadless package has a 20-25% lower thermal
Construction Comparison resistance than the TSOP package for steady state

The main difference between these two package styles i%pplications, as can be seen in Table 1. Again this is
the leads. The TSOP package has five leads that protrud@yimarily due to the lead length out to the board traces. These
outside the package whereas the Leadless package has onhaciages were characterized on the same type of printed
pads on the bottom of the package. Figure 2 illustrates th&sjrcyit board (PCB) with identical copper thickness for the

lead frame and external package differences. traces, and each uses a 1.0 x 1.5 mm silicon die.
5 % 1 Table 1. Steady State Thermal Comparison
1 Metric SC70LL TSOP-5
6
Theta JA (Note 1) 180 200 °CIW
TSOP 5 SC70LL
SCALE 2:1 SCALE 4:1 Theta JA (Note 2) 115 150 °CIW
(Case 483) (Case 488) Psi JB (Note 2) 65 105 °CIW
Figure 1. Profile comparison 1. Minimum copper pad configuration.

2. Package centered in a 1 inch copper pad.
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Figure 2. X—ray comparison of TSOP5 and SC70LL
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For applications where the transient thermal performance The SC70LL package will allow the heat to get to the PCB
rules, the SC70LL package again out performs the TSOP-5much quicker than the TSOP package. The heat will get to
package as can be seen in the graph below (Figure 3).  the PCB in about 300 msec. for the SC70LL, but for the

TSOP it will take over 2 seconds. before the heat gets to the

250 PCB. This in turn will allow the package to respond to
TSOP5 Min Pad SC70 PCB~|||| transienipulses faster and in some situations reduce the peak
00l TSOP5 1 Inch Pad PCB-_ || ™| - temperatures seen by the silicon.
SC70LL Min Pad SC70 PCB\\::\’/ I A thermal SPICE model can be derived from the data in
SC7O0LL 1 Inch Pad PCB~{| | <] Figure 3 to represent the transient behavior of the packages.
150 ™ R i The result is shown in Table 2. An alternative is to use the
/| .-4/" equivalent mathematical thermal model shown in Table 3
VL NN .
100 V.74 ! based on a grounded thermal network. This can be
___/——" implemented in spreadsheet tools by using the following
T relationship:
50 f
mTr R() = 2Rp - (1 — e™Vm) @)
-
ettt Where: t, time [sec]
0001 001 01 1 10 100 1000 1 is the characteristic time [sec]
Figure 3. Single Pulse Transient thermal Rn is the ladder thermal resistant€[W]
Performance (60 x 42 mil device) R(t) is the transient resistancG&{W]

Table 2. Thermal Spice Model of the SC70LL and the TSOP Package

SPICE Deck Format SC70LL TSOP5

Node Name Nodel Node2 Min pad 1 inch pad Min pad 1 inch pad Units
cc1 GND node_e 1.83261 3.43515 1.31102 3.86562 W-s/°C
C_C2 GND node_d 0.306185 1.15654 0.239691 1.41822 W-s/°C
C_C3 GND node_c 0.0202232 0.0812973 0.0173751 0.0355754 W-s/°C
C_C4 GND node_b 0.00583821 0.00776804 0.00565366 0.00529866 W-s/°C
C_C5 GND node_a 0.00096143 0.00096143 0.00096143 0.0010526 W-s/°C
C_C6 GND dl 0.00019226 0.00019226 0.00019226 0.00019226 W-s/°C
R_R1 GND node_e 34.2231 23.7248 34.9967 19.9024 °C/W
R_R2 node_e node_d 34.2231 23.7248 34.9967 19.9024 °C/W
R_R3 node_d node_c 38.3008 11.4839 40.2305 19.7158 °C/W
R R4 node_c node_b 46.7942 33.3159 91.4059 73.9007 °C/W
R_R5 node_b node_a 20.9689 20.9689 20.9689 19.8619 °C/W
R_R6 node_a dl 2.17062 2.17062 2.17062 2.17062 °C/W

Table 3. Thermal Model for Spreadsheet Estimation for the SC70LL and the TSOP Package

SC70LL/Min pad SC70LL/1 inch pad TSOP5/Min pad TSOP5/1 inch pad

R (°C/W) tau (s) R (°C/W) tau (s) R (°C/W) tau (s) R (°C/W) tau (s)
1.49423 0.00034676 1.49424 0.00034676 1.56479 0.00035483 1.53957 0.00035193
14.5764 0.0199923 15.9177 0.0208857 11.1228 0.0177874 13.1191 0.0198708
22.7674 0.222669 28.5038 0.260653 24.0824 0.256978 34.2969 0.354756
59.9204 1.04965 19.7816 0.996187 76.7849 1.12284 64.7652 0.937145
30.2724 9.4814 11.1735 20.0248 31.8987 9.48588 9.08486 19.3353
47.6499 76.1575 38.518 120.711 49.2099 76.1405 32.6482 115.755
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Mounting Considerations due to its close coupling to the PCB, especially if the

The thermal performance of a package is to a large degre@xposed pad is connected to some copper area that will
a function of the thermal properties of the circuit board on extend its thermal spreading capability.
which it ismounted. As can be seen in Table 1, tHerifice Board mounting problems related to large copper areas
between a package mounted on a min pad PCB amth 1  may be avoided by judicious use of solder mask over the
pad PCB can be up to a 35% improvement in the steady stateopper. (Note that this will not adversely affect the heat
thermal performance. dissipating properties of the spreader area.)

In reality, the 1 inch pad PCB design is unrealistic since Devicessuch as the NCP500, are manufactured in both the
most of the applications using this package can not affordSC70LL and the TSOP-5 package. In thermally sensitive
that amount of board space. Actual performance will likely applications, it should be clear that the use of the Leadless
be somewhere in between these extremes. Careful PCEBackage may provide a real advantage over the traditional
designcan optimize the thermal performance to get the mostpackage.
out of these packages.

In any case, the SC70LL package will thermally
outperformthe TSOP package in any mounting application,

http://onsemi.com
3



AND8080/D

ON Semiconductor and ..I' are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment : JAPAN : ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-0031
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5740-2700
Phone: 303-675—-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada ON Semiconductor Website : htto:// )
Email: ONlit@hibbertco.com emiconductor Website : http://onsemi.com
For additional information, please contact your local

N. American Technical Support : 800-282-9855 Toll Free USA/Canada Sales Representative.

ANDB8080/D



