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INTRODUCTION

Since the introduction date of the SMA / SMB / SMC rectifiers in 1990 / 1991 (earlier for TVS) cus-
tomers have complained about their height. Lower profile packages are desirable. The SMA/B/C
packages were initially Transient Voltage Suppressors (TVS) packages — and nobody ever claimed that
their thermal design was very good. The rectifier industry just started using them because they were
available at the time and customers wanted to replace MELFs, because of the problems linked to sol-
dering MELF diodes. The SMA/B/C packages reflected the technology available 30 years ago. There is
room for improvement.

A number of new packages have been introduced recently by Taiwan Semiconductor (TSC) to address
this problem. Process improvements were made. Rectifiers can now also be produced with Zero De-
fects.

Package % 9 3 9 g

Micro SMA SOD-123FL SOD-123W Sub SMA SOD-123HE
Outline dimension | 7649 35+0,73 3.90%1.70*1.15 | 3.80*1.90*1.02 | 3.80%1.90*1.43 3.90*1.95*0.85
(L*W*H mm)
Footprint size (mm?) 3.65 6.63 7.22 7.22 7.61

Package @ 9 9 9 g} A\

SOD-128 Thin SMA DO-214AC (SMA) | DO-214AA(SMB) | TO-277A(SMPC) | DO-214AB (SMC)
O“ﬁ;’:mm;r;f)‘o” 5.00%2.70%1.10 5.35%2,70%1.00 | 5.33*2.83*2.50 | 5.60*3.95*2.65 6.65*4.65%1.20 8.13%6.22%2.62
Footprint size (mm?) 13.50 14.45 15.08 22.12 30.92 50.57

Graph 1: Taiwan Semiconductor SMD Packages

In other power management markets, like MOSFETs, Power Management ICs and other power dis-
crete components, improvements have been made to reduce the die size to package ratio.

Older packages, such as the SMA, have a poor die size to PCB footprint ratio. The maximum possible
die size in the SMA package is 70Mil or 1.75mm (square die). However most products sold in an SMA
package have a 50Mil or 1.25mm square die. In this case the die / package size ratio is just over 10%.
A picture of the package visualizes the wasted space in the package and the longer distance the heat
has to travel to reach the solder joint / PCB.
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Graph 2: SMD SERIES internal structure - SMA

Newer packages with flat leads and exposed solder pads transport the heat more efficiently and waste
less space on a PCB. The same 50MIL die from an SMA can also be manufactured in an SOD123W
package.
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Graph 3: SMD SERIES internal structure - SOD-123W

The package no longer wastes space and the die / package footprint ratio is now > 20%. The heat is
directly transferred out of the package. An added benefit is the height reduction of 2.5mm for the
SMA to 1.02mm for the SOD123W

So existing die and new die, currently used in SMA / SMB and SMC packages, can now be placed in
smaller packages. A lot of combinations are possible, depending on the product and the application
but in general the SMC package can be replaced by the TO277A and SMPC package, the SMB package
|
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can be replaced by the SOD128 package and the Thin SMA, and the SMA package by the SOD123W,
and the SOD123HE.

SOD-123HE SMA SMB SMC D-PAK

3,90x1,95x0,85 mm 5,33x2,83x2,50 mm 5,60x3,95x2,65 mm 8,13x6,22x2,62 mm 10,40x6,73x2,38 mm
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| |
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48 % 45 % 45 % 45 % 64 % 45 %
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SOD-128
MICRO SMA | SOD-123W | SOD-123HE | >**/0xtiomm TO-277A (SMPC)

2,70x1,35x0,73 mm 3,80x1,90x1,02 mm 3,90x1,95x0,85 mm THIN SMA 6,65x4,65x1,20 mm

5,35x2,70x1,0mm

Graph 4: Smaller solutions by Taiwan Semiconductor for selected SMD-Packages

Sometimes downsizing to these newer packages will be easy and straightforward, but not always.
This paper will discuss how smaller packages will influence designs and applications.

The 4 key areas in rectifier / TVS product development are: transient thermal impedance, package
height, thermal resistance and process improvements leading to zero defects.

ABSOLUTE MAXIMUM RATINGS OF RECTIFIERS

Tj= Ta+ Pd*Rthj-a is the most important equation when designing with rectifiers. The absolute maxi-
mum ratings of a rectifier are the Tj (junction temperature), the Ifsm surge current and the maximum
breakdown voltage. The current rating and power dissipation (as well as current derating curves) are
determined by marketing and designers who choose the size of the solder pads / PCB materials
(Thermal Resistance).

The Junction temperature is linked to the power dissipation (Pd) and the Thermal Resistance Rthj-a.
So both package design and die technology contribute. The Ifsm surge current is mainly linked to the
die size and the Transient Thermal Impedance. The breakdown voltage is determined by the die. In a
TVS, the maximum peak power dissipation is linked to the die and the transient thermal impedance.
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1. Transient Thermal Impedance

The Transient Thermal Impedance of a Rectifier and a TVS diode is rarely discussed. Lightning strikes,
8/20us pulses or capacitive inrush surge currents (in AC/DC conversion designs) are single pulse events,
not repetitive. The product either survives or fails. The capability of a product to handle these surges
is mainly dependent on the die size and the quality of the solder joint. For surges of 1ms or less, it is
possible to reduce the package size without any degradation of the electrical performance if you keep
the die size the same.

1.1. TVS Packages and Roadmap

TVS diodes don’t really follow the Tj= Ta+ Pd*Rthj-a formula if we assume that the application is a
single pulse event. They have a Peak Power Rating of eg 400W linked to a certain pulse —in most cases
a 10/1000us exponential waveform. The Tj max may be briefly exceeded during this test — the product
has to survive the test without damage. The product capability is determined by the die size. The new
packages introduced have a better die size to footprint ratio so product miniaturization is straightfor-
ward if you keep the die size the same. Graphic 5 demonstrates this.
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Graphic 5: Taiwan Semiconductor TVS Portfolio - SMD packages

Exceptions are TVS products used as clamps in a snubber circuit (MOSFET protection), load dump pro-
tection and Zener diodes used for higher power dissipation . In these applications thermal resistance,
package design and PCB design are important and miniaturization is difficult.
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TAIWAN SEMICONDUCTOR EUROPE GMBH PAGE 5 OF 11




White Paper: Rectifier Diodes — New Developments - Smaller packages & increased reliability

The automotive industry uses very well defined norms to protect against voltage spikes. The ISO7637
norm defines a number of pulses (1, 2a, 2b, 3a and 3b) that simulate the most common voltage tran-
sients that can happen in 12V and 24V cars. These transients are mainly low power and short and
smaller packages can also protect against these pulses as demonstrated in graphic 6. The switch in the
automotive industry to smaller TVS packages has started.

SOD123W Thin SMA SOD-128 SMC DO-218
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150-16750 o o
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Graphic 6: TVS Diodes — 1SO-7637 and ISO-16750

The limitations of miniaturization of semiconductor packages can be easily seen in the ISO16750-2
Load Dump protection (A is primary protection, B is secondary protection). The A version requires the
D0218 package, a very large package with a lot of Cu and a big die. These load dump pulses are up to
400ms long and have a lot of energy. The transient thermal impedance of the package has to help the
die to handle the energy. No miniaturization is possible

1.2. Standard Rectifiers

The 1N4007 series or S1 series of rectifiers are some of the most common products used in low power
AC/DC conversion. Billions of these rectifiers are manufactured every year. If we take as an example a
Flyback Converter < 20W, the power dissipation in these rectifiers when used as an input bridge rec-
tifier is quite small. Currents are less than 100mA. Their limiting factor is the IFSM surge rating — caused
during start up when an empty capacitor needs to be charged.

The following table compares a number of products, all with a 30A (8.3ms) surge rating. It becomes
clear immediately that the S1 in an SMA package is not needed — smaller packages with the same die
are available that can also perform the input rectification function.
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TAIWAN SEMICONDUCTOR EUROPE GMBH PAGE 6 OF 11



White Paper: Rectifier Diodes — New Developments - Smaller packages & increased reliability

Part number Package Vrrm (V) lrav) (A) Ve (V) lesm (A)
LL4007G MELF (Plastic) 1000 1 1.1 30
S1M DO-214AC (SMA) 1000 1 1.1 30
S1mMB DO-214AA (SMB) 1000 1 1.1 30
S1MF SMAF 1000 1 1.1 30
S1MFS SOD-128 1000 1 1.1 30
S1ML Sub SMA 1000 1 1.1 30
S1IMFL SOD-123FL 1000 1 1.1 30
SiMLW SOD-123wW 1000 1 1.1 30

For AC/DC applications, the S1 can be routed on both sides of the PCB. On the bottom side of the PCB,
the lower height of the smaller packages may be beneficial. On the top side of the board, you can use
the smaller solder pads to save space because the power dissipation is minimal.

2. Package Height

In a lot of AC/DC applications, and other industries, a surprising amount of rectifiers are routed on the
bottom of the PCB, on the wave soldering side. This is in many cases a good way to save space and
there is more space for larger solder pads. In designs like these the height becomes crucial. The tradi-
tional SMA/B packages with their height over 2 mm are in many cases the highest components. Now
a number of lower profile solutions become available.

Key benefits
- 9 v’ Lower profile (<1.1mm)
v' Pad layout compatible
Higher power density
SMA SOD-128 Lower thermal resistance

‘ SOD-128

T5C T5C

SOD- SOD-
SOD-128 g o 11.8mmA2

Footprint Comparison
__ e 9
SMA

A
\ 13.2mm~"2

SOD-128 SMA

Graphic 7: Height difference SMA to SOD-128

For example an SOD128 package can fit on both the SMA and SMB footprints. This allows the desig-
ner to reduce the component height to 1mm without changing the PCB layout, which could be an im-
mediate advantage. If existing solder pads are maintained the designer should not see any increase
in junction temperature.
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TAIWAN SEMICONDUCTOR EUROPE GMBH PAGE 7 OF 11



White Paper: Rectifier Diodes — New Developments - Smaller packages & increased reliability

3. Thermal Resistance
Tj =Ta+Pyg * Rthj»a

The thermal resistance Rthj-a Junction to Ambient consists of 2 parts: a package related part and the
contribution made by the solder pads — determined by the designer. To demonstrate this we chose
measurements on the SOD123F. This package has very short leads. Packages like the SMA have very
long leads which makes the definition of the lead temperature less accurate. Tests on the SIMFL in
the SOD123F package — tested on 5x5 mm solder pads at room temperature on single sided FR 4 with
35um thick copper - gave the following results:

Ie 2,06 A
T 148,95 °C
T 121,4 °C
T 224  °C
Renj-a 68,3  K/W
Reni 14,9  K/W

In this case we can safely split the thermal resistance in a package related contribution Rthj-I of
14.9K/W and the contribution made by the size of the solder pads of 43.4 K/W. The total thermal
resistance is the sum of both : 68.3 K/W. In most designs on a single layer FR-4 PCB, the solder pads
make by far the largest contribution to the total thermal resistance.

The Tj formula immediately tells us that smaller solder pads increasing Rthj-a could be a potential
issue. Very few designers use 5x5mm solder pad areas, typically used in datasheets to determine the
thermal resistance. They tend to use the suggested solder pads for soldering, which are smaller (in
some cases just 10-20% of the 5x5mm solder pads used to measure the thermal resistance) . As such
the real thermal resistance Rthj-a on single layer PCBs when using the recommended solder pads
may be higher than the value published in the datasheet. Expect an increase of 10 to 15K/W.

Onssingle layer FR-4 style PCBs the size of the solder pads is the major contributor to the overall thermal
resitance. Two layer and 4 layer PCBs reduce the thermal resistance. Using thermal vias is another
good option. In higher power designs, the more expensive IMS substrates are sometimes found. In all
these designs, the overall thermal resitance is less dependent on very large size solder pads , and
miniaturization is an option as well as increased power dissipation. TSC also has introduced 2 new
packages —the SMPC4.0 and the TO277A — with exposed pads. These packages offer second sources
to Diodes Inc and Vishay . Exposed pads can help significantly in reducing board space in relation to
the power dissipated. They also reduce the Tj by reducing Rthj-I, improving reliability. Also a smaller
package called the SOD123HE package has exposed pads.

Current ratings of especially Schottky diodes have been increasing in small packages. This does not
mean that designers can use these packages at higher currents — but that designers can increase the
efficiency by 10-20% due to the bigger die and the lower Vf. In the formula Tj = Ta + Pd * Rthj-a it
becomes immediately clear that you cannot increase power dissipation without reducing thermal
resistance (for a given package) Increasing the Tj would reduce your reliability.
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Trench Schottky technology is a major contributor to the package size reduction and increased
efficiency. When comparing the performance of a planar and a Trench Schottky - at a given die size
and breakdown voltage and barrier material — the Trench Schottky die will have a better Vf and lower
leakage current. Its capacity may be higher. When making designs smaller, the risk of thermal
runaway increases, and again Trench Schottky technology brings benefits.

Basically a snubber is one of these applications where axial rectifiers / TVS are still used — as well as
SMA and SMB . They tend to be routed at the top side of the PCB . This is a typical example where
miniaturization will not work because of the higher power dissipation.

Estimating the impact that miniaturization will have on a specific design using a datasheet is not so
easy. Thermal resistance is not an exact science. Manufacturers use software to simulate temperatures
and to optimize designs.

In the everyday design world, thermal cameras are used to measure the temperatures on a PCB. Many
designers know the rectifiers are usually among the hottest components on the board. When measu-
ring, try to establish the temperature of the lead as close as possible to the package.

The potential to miniaturize will depend on the type of PCB used and the power dissipated.

4. Process Improvements on Rectifiers and TVS Diodes - Zero Defects

Rectifiers are still mainly produced using GPP processes and in 4 inch fabs. Even though their processes
lack the sophistication of MOSFET and other discrete processes, huge steps forward have been made
in reliably producing rectifiers. TSC now manages a ppb level less than 10ppb on its rectifier products.

4.1. PAT Testing & AEC-Q101

Rectifiers are older components. The 1N4007 was introduced in 1965. The S1 is more than 30 years
old. Their datasheets still reflect this — the best example being a leakage current specification of S5uA.
This does not reflect the natural distribution of the process

A very important contribution to a zero defects strategy is Part Average Testing (PAT). The test spe-
cifications on the main parameters are set to 4 or 6 sigma values by software. Especially on the
leakage currents, datasheet values do not reflect the natural distribution. Even if Ir testing is reduced
to 1uA instead of the 5uA datasheet value, a lot of products with potential mechanical damage, pas-
sivation problems and contamination issues can be shipped to customers. These products have a re-
duced reliability and may produce early HTRB or Intermittent Op Life failures. PAT testing eliminates
these.
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Graphic 8: Part Average Testing

Commercial practices had a negative impact on rectifier reliability in the past. In many cases rectifiers
use only one die for several different partnames. In standard rectifiers, the 1000V product (also called
the prime bin) usually has the same die as the 50V and 100V product. Some suppliers sell products that
failed the 1000V tests as lower voltages, and offer significant discounts on lower voltage products like
100V parts. This has a negative impact on product quality and FIT (Failure in Time) data.

4.2. Automation and Reduction of solder voids

In AC/DC conversion applications, no 100% OQC test is possible to monitor Ifsm — the surge rating — of
a rectifier. A Delta Vf test (measuring the Vf before and after a short current pulse) monitors the ther-
mal resistance and eliminates the worst soldered devices. When SMA devices were first introduced
they were manufactured using belt furnaces for soldering. These processes had inherent issues with
solder voids and fluctuations in Ifsm surge capability. New backend soldering improvements with mat-
rix lines / vacuum soldering eliminate these risks. The SMD packages discussed are now manufactured
using fully automated equipment in a cleanroom environment. This is also a major contributor to
achieving zero defects.

Reducing solder voids improves the temperature cycling performance. Coffin Manson models may be
a better predicting factor for some automotive applications than Arhenius models.

Conclusion

Despite the fact that rectifiers use less advanced processes than MOSFETs or other discrete compo-
nents, improvements have been made over the last years. Smaller packages have been introduced,
reliability standards increased and product innovation continues. These advancements may not be as
spectacular as the progress made by other semiconductor technologies, but the fact that TSC can now
supply rectifiers with Zero Defects is a major step forward for the power management industry.
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About the author:

Jos van Loo is a technical expert for Power Semiconductors for more than 30 years. In his role as Tech-
nical Support Engineer at Taiwan Semiconductor Europe GmbH, Jos consults customers on Rectifiers,
MOSFETs and Power Management ICs.

About Taiwan Semiconductor:

Taiwan Semiconductor, a global manufacturer of discrete semiconductor devices and analog ICs with
approximately 1,800 employees, was founded in Taipei in 1979. We started as a specialist in diodes
and bridge rectifiers, now also offering a broad product portfolio of MOSFETs, LED drivers and voltage
regulators. Today, our focus is centered on market-established technologies and packages.

Worldwide companies, in such industries as automotive, consumer, industrial and lighting, use our pro-
ducts for power management and overvoltage protection applications. Customers appreciate our on-
site support and our attention to individual customer requirements. Whether at product or delivery
levels, we offer fast and flexible solutions.
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