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Note from the Editor

One of the major challenges facing the designers of today’s portable electronic equipment is thermal
management. As the end users demand more and more features in handheld battery powered devices sucl
as notebook computers and cellular phones, the designers are faced with new issues and challenges as t
“how to get the heat out.” Although, thermal management of power semiconductors has always been an
Issue, the problem of higher power in smaller packages is a major issue more than ever and will continue.

As the discrete semiconductor devices get smaller and power levels continue to increase, electronic
designers need to continually challenge traditional methods of design and develop more reliable
product designs.

This publication is a collection of technical papers that were published in 1996. It is intended to give
insight into the latest methods of thermal measurement and modeling of the discrete surface mount
packages which are so commonly used in many of the handheld battery powered applications.

The authors have strived to provide information which can save the circuit designer an appreciable
amount of time, effort and expense using the latest techniques in thermal modeling of discrete surface
mount packages.

MMt

Dave Hollander
ON Semiconductor
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Basic Semiconductor Thermal Measurement New Models and Techniques for Analyzing the

Power Transistor and Its Thermal Environment
Gary E. Dashney

Kim Gauen
Abstract
This paper will provide the reader with a basic under- Abstract _ _
standing of power semiconductor thermal parameters, how N many electronic systems, power transistors perform
they are measured, and how they are used. With this knowlcritical system functions. They also can account for a signifi-
edge, the reader will be able to better describe power semicant portion of the total system cost. Better performance can
conductors and answer many common questions relating t¢Ome ata higher price, but balancing this price/performance

their power handling capability. This paper covers the fol- tradeoff has not been easy for designers. Thermal issues are
lowing key topics. involved, and the tools for analyzing the electrical/thermal

environment have not been available. Recently, new tools

: . have become available and techniques are now appearing

* Semiconductor thermal test equipment for sophisticated analysis of the power transistor and its ther-

» Thermal parameter test procedures mal environment.

* Using thermal parameters to solve often asked thermal  Thjg paper describes one set of tools and some techniques
questions for thermal/electrical analysis. Because the power MOSFET

is so popular, itis one of the first devices to be characterized

for such evaluations and it is the focus of this paper.

» Understanding basic semiconductor thermal parameters

Thermal Characterization of the SO-8 Package
for Power Semiconductor Applications

Kent Kime SPICE Generatgs Thermal Response Models
Mike Lissy of a Power Semiconductor

Dave Shumate Gary E. Dashney

Larry Walker Larry Walker

Abstract Abstract

A very up—and—coming package for power semiconduc-  An equivalent electric circuit consisting of a resistor—
tor applications is the SO-8 (also known in the IC world as capacitor network can be used to describe both the steady—
the SOIC8) package. The purpose of this work is to presenktate and transient thermal response of a power semiconduc-
the thermal characterization (with emphasis @Rboth o device. Combined with SPICE, this network is extremely
measured and modeled, of this package configured with g,seful in determining a device’s junction temperature for
power transistor. The paper presents in detail results of charany input power condition or waveform that can be modeled
acterizing three different package configurations: a) dual j, SpICE. This paper covers the following topics:

die, b) single large die, and c) single small die. The dual die . : .
: . : . . » Understanding basic transient thermal response of
and single large die configurations were used to establish the :
power semiconductors

finite element model accuracy. The model was then used to ) .
predict the thermal performance in the untested single smalf Basic transient thermal response test methods

die configuration. The model predictions matched the mea-* '€ thermal equivalent SPICE model

sured results thus validating the modeling effort. Factors® Examples of using SPICE to model transient thermal
such as solder voiding, die attach technique, junction depth, fesponse of power devices

convective heat transfer coefficient and die thickness that

could affect the modeling results were examined and their

criticality assessed. As a verification to the modeling and 1q0s for Analyzing the Power Transistor
measurements, infrared images were also made of theynq |ts Thermal Environment

devices while under test. _
Kim Gauen

Heather Neal — Purdue University

Abstract

New models, tools, and techniques are now available for
simulating the power transistor and its thermal environment.
This paper validates one dynamically temperature depen-
dent power MOSFET model, presents simulation results for
a relatively simple thermal network, and shows how more
complex networks might be analyzed.

http://onsemi.com
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Basic Semiconductor Thermal Measurement

Gary E. Dashney
Motorola Semiconductor Products Sector
Phoenix, Arizona

INTRODUCTION To describe the thermal capability of a device, several key

This paper will provide the reader with a basic under- parameters and terms are used. They_ describe the §teady
standing of power semiconductor thermal parameters, howstate thermal capability of a power semiconductor device.
they are measured, and how they are used. With this knowl-
edge, the reader will be able to better describe power semikey Parameters. Terms. and Definitions
conductors and answer many common questions relating tc;l.J
their power handling capability.
This paper will cover the following key topics.
Understanding basic semiconductor thermal parameters
» Semiconductor thermal test equipment

= junctiontemperature

Tc = casetemperature

Ta =ambienttemperature

TSP =Temperaturé&ensitiveParameter

e Thermal parameter test procedures Tr =referencegemperature (i.ecaseor ambienj
* Using thermal parameters to solve often asked thermal Ry = junction—to+eferencethermal resistance
questions Rihjc = junction—to-€asethermal resistance
Understanding Basic Semiconductor Rthja = junction—to-ambientthermal resistance
Thermal Parameters Rhjr(ty = junction—to+eferencetransient thermal resistance

Heat flows from a higher to a lower temperature region. Pp = power dissipation
The quantity that resists or impedes this flow of heat energy The thermal behavior of a device can be described, for
is called thermal resistance or thermal impedance. practical purposes, by an electrical equivalent circuit. This
When the quantity of heat being generated by a device iscircuit consists of a resistor—capacitor network as shown.
equal to the quantity of heat being removed from it, a steady
state condition is achieved.

HEAT FLOW T

c1

R1 I

Tg — J_
R § I C2

Tc =
R3 § ~C3

Y Ta 1

Heat generated in a device’s junction flows from a higher
temperature region through each resistor—capacitor pair
to a lower temperature region.

Figure 1. Thermal Electrical Equivalent Circuit

Resistors R1, R2, and R3 are all analogous to individualis equal to the sum of the individual resistors between the
thermal resistance, or quantities that impede heat flow.two points. For instance, the thermal resistangg Rom
Resistor R1 is the thermal resistance from the device’s juncjunction—to—case is equal to the sum of resistors R1 and R2.
tion to its die-bond. Resistor R2 is the thermal resistanceThe thermal resistanceyfg from junction—to—ambient,
from the die—bond to the device’s case. Resistor R3 is thetherefore, is equal to the sum of resistors R1, R2 and R3.
thermal resistance from the device’s case to ambient. The The capacitors shown help model the transient thermal
thermal resistance from the junction to some reference pointresponse of the circuit. When heat is instantaneously applied

http://onsemi.com
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and or generated, there is a charging effect that takes placeqalete automation and TESEC the least. One nice feature of

This response follows an RC time constant determined bythe Analysis Tech system is that it will output the 3 resistor—

the resistor—capacitor thermal network. Thermal resistance capacitor values for the electrical equivalent circuit. These

atagiventime, is called transient thermal resistangggR values are very useful for modeling the thermal effects in
To further understand transient thermal response, refer tacomputer simulation software such as SPICE. The level of

ON Semiconductor Application Note AN569, “Transient automation you need depends both on your thermal mea-

Thermal Resistance — General Data And Its Use.” [4] A surement goals and available budget.

detailed discussion of this will not be included here. The main advantages of an automated approach are;
Using the key parameters and terms shown earlier, only a, g5se of use

few equations are necessary to solve often asked therma) | oo operator dependence on measurement

questions. « Consistency
Rihjr = (Ta— Tr) / power (1)« Accuracy
Pp = (max. device temp. —g) / Renjr (2) » System network capability for data transfer
T3=Po * Runjr + TR 3)

Thermal Parameter Test Procedure

Semiconductor Thermal Test _Equment . The basic procedure for measuring thermal parameters is
The procedure used determines the test equipment needeg3 follows

for measurement. Below you will find the equipment used . Calibrate the TSP (Temperature Sensitive Parameter).
for both a manual and an automated approach to therma;_ Apply continuous power and TSP sampling pulses.

measurement. 3. Measure J, Tr, and applied test power.
Manual Technique: 4. Calculate thermal resistancep;d, and Maximum
. . Power, B.

Power supply (supplies power to the device under test) B
Thermocouple (measuresq) 1. Calibrating the TSP, Temperature Sensitive Parameter
Multimeter  (measures current and voltage) Since it is basically impossible to put a physical thermom-
Heat exchangefneeded to mount device to and remove  eter onto a device’s junction to measure its temperature

heat) while under power, we must find another approach. Fortu-
Chiller (needed to remove heat from device) nately, we can use the device’s forward junction voltage to

tell us its temperature. The forward voltage drop of a diode’s
pn junction has a very linear relationship with temperature.
Automated Systems Available: We can use this relationship to tell us what the junction tem-

Analysis Tech (Phase 6, 7, 8, and 9) perature is under any power condition.
L To determine the actual voltage temperature relationship
Sage (Star 150)

of a TSP for a given device, simply calibrate the TSP at a
TESEC (DV240) constant sense current over temperature as shown in

The automated systems shown above each provide differfigure 2. The TSP sense current used should be small so as
ent levels of automation. Analysis Tech has the most com-to not cause additional heating during calibration.

0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20

Test fixture  (provides power and sampling pulse train)

Vgp (10mA)

0 25 50 75 100 125 150 175
T;(°C)

The forward voltage drop of a MOSFET body diode decreases linearly over temperature at
rate of about 2 millivolts per degree Celsius when measured at a sense current of 10ma.

Figure 2. Typical Temperature Calibration Curve fora TMOS [ body diode.

http://onsemi.com
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Other device electrical parameters have similar linear 2. Applying Continuous Power and TSP Sampling Pulses

relationships to temperature as well. The following are sev- \wjth a properly chosen and calibrated TSP, we can now
eral other temperature sensitive parameters used in theyovide test signals to the device and make thermal measure-

industry to determine a device’s junction temperature. ments.
Common TSP: Device Type: We begin by applying a continuous power of known cur-
V1H, Vbs(ony Ros(on) MOSEET rentand voltlage to the device. A contmugus tram of sampling
pulses monitors the TSP, and thus the junction temperature.
V1H, VCE(s) IGBT : .
. The TSP sampling pulse must provide a sense current equal
Vee, VcE(s) Bipolar to that used during calibration. While monitoring the TSP,
VE Diode adjust the applied power so as to insure a sufficient risg in T

Make sure to develop the actual electrical to thermal cor- Adjusting the applied power to achievezi$e of about 100
relation of the TSP and check it for linearity prior to its use. above the reference temperature will generate enough tem-
The linearity of this parameter is critical for accurate thermal perature delta to insure good measurement resolution.
measurement.

Vps

80 ms

ov

L™~ 50 s SAMPLE

A continuous pulse train consisting of an 80 ms power pulse followed by an 80 us diode sample
is used to apply both power to the device as well as a sample pulse for TSP measurement.

Figure 3. Example of a power and sample pulse train during R thic measurement of a TMOS device.

The TSP sample time must be very short so as to notallow A thermocouple placed at the reference location measures
for any appreciable cooling of the junction prior to re—apply- the reference temperaturez. Most power semiconductor
ing power. The power and sample pulse train shown inmanufacture’s use the devices’ case, however, the lead,
Figure 3 has a duty cycle of 99.9% which for all practical ambient, or all three can be used as reference locations.
purposes is considered continuous power. Key elements to insure accurate reference temperature
Obviously, with this much power being applied to the measurement are:
device under test, the device’s case will get very hot. Toe Good thermocouple to reference contact
keep the device cool while under test, we need to mount it Consistent thermocouple placement location
to a heat sink of some sort. A heat exchanger with chilled The reference thermocouple needs to make a good thermal
water flowing through it provides a good heat sink. In this contact to its reference locatioithis applies to reference
way, we can keep the device’s case temperature down (i.e |ocations other than ambient. Without a good thermal contact,
near 28C) and maintain good measurement resolution measurement error will occur. To improve this contact, use
(i.e., large temperature delta between the junction and refoth thermal grease and device clamping pressure as sug-

erence location). gested.
Use thermal grease to insure good thermal conductivity
3. Measuring J, Tr, and Applied Power and to eliminate air gaps. Applying thermal grease between

After Tj has stabilized, we must record its value along the device and the heat sink used to keep the case tempera-
with the reference temperatures, Tand applied power. To  ture near 25C will help in two ways. First, it will help keep
calculate the devices maximum power rating, &nd ther-  the case temperature down during measurement by improv-
mal resistance, fr, we need to have these measurements. ing the thermal contact to the heat sink. Second, it will also

The devices junction temperature, & taken from the ~ improve the thermocouple to case contact as well. As stated
TSP electrical measurement. With the correlation betweenearlier, the case is usually used as the reference location for
the TSP electrical measurement and temperature alreadjhermal measurements. Thermal grease helps to maintain
established, determining ¥ pretty much straight forward. ~ good thermal contact and insure measurement accuracy.

http://onsemi.com
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Applying about 40 Ib of force (85 to 90 PSI) between the Taking these precautions into consideration will help
thermocouple and the reference location (i.e., device’s case)nsure a good thermal contact to the reference location sur-
also improves the thermal contact as shown in Figure 4. Theace (i.e., device case).
application of pressure to the device seems to smooth out
thermal grease thickness variations and eliminate air gaps at
the contact interface.

4.5

35

25 N

Rnjc. (TYPICAL)

15

05

0 10 20 30 40 50 60 70
FORCE (Ibs)

The value of measured thermal resistance drops and becomes consistent at about 40 Ib. of clamp force
(85-90 PSI) insuring good thermal contact between the thermal couple and the devices case. [1]

Figure 4. R yjc vs. Clamp Force for a ON Semiconductor MJF10012
TO-218 Fullpak device with uncontrolled thermal grease thickness.

The reference thermocouple needs to be placed at thedemperature rating = 18G, we use equation (1) to calculate
same location for every devicgny change in the place-  Rjc.
ment of this thermocouple will result in error or at the very Rihjc = (100 — 25)/50
least inconsistencies between measurements. A different
thermal resistance exists between the junction and the loca- Most ma

tion of each thermocouple placement. Usually for the bestreading to establish their device limits. This helps take into

readings, the reference thermocouple should be placed &onsideration all of the variables involved which cause

ghe .hottestt tlrcl)catlortl onfttr;]e gfackag;eh ("S' Lor ;—O_fzfr? inconsistencies in readings. A guardband of 25% for thermal
dev!ces, at Ie cen Tr ot the '? tonb € act St %0 Smeasurements is considered good practice.
evices metal case). In any event, to be accurate and consis- Multiplying the measured thermal resistance from above

tent, always place the reference thermocouple in the sam%y 1.25 to guardband it by 25%, we get the following speci-
location for each device measured. fied Ryyc '
J .

4. Calculating Thermal Resistancepf , and Maximum Rinjc=1.5%1.25
Power, B =1.9C/W (manufacturer’s guaranteed limit)
We can use equations (1) and (2) presented earlier, along AS Shown in the Figure 5, the thermal resistance from
with our measurements, to calculate the devices thermalunction to case is largely dependent on the die size of the
resistance and maximum power capability. device. This implies that silicon has a much larger thermal
Assuming we measured the followingy E 100°C, resistance, or opposition to heat flow, than that of the copper
applied test power = 50 WE 25°C, and maximum device ~ header to which it is bonded to.

=1.5C/W (measured value)
nufacturer’s will guardband the measureg R

http://onsemi.com
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2.50
2.25 \

2.00 \\
175 A

AN
1.50
125 \

1.00
0.75

Ripjc (TYPICAL)

050 —_—
025
0.00

50 70 90 110 130 150 170 190 210 230 250 270 290 310
DIE SIZE (SQUARE MILS)

Figure 5. R yjc Vvs. die size for TMOS U devices in TO-220, D 2PAK, DPAK & TO-247 Packages.

To determine a devices power handling capabiliyvire SUMMARY

use the specifiedis taken from above along with equation This paper presents a description of basic semiconductor

2) thermal measurement as well as the use of thermal data in
Pp = (150 - 25)/1.9 real world examples. Included are terms, definitions, equa-
=66 W (manufacturer’s guaranteed limit) tions and test equipment required. This provides the reader

with information useful in answering many common ques-

Using Thermal Parameters to Solve Often Asked tions regarding the basic thermal capabilities of power semi-
Thermal Questions conductor devices.
One can use measured or specified thermal parameters to

solve many common questions asked about power semicon- REFERENCES
ductor devices. The two examples shown below use therma

parameters to solve frequently asked questions. [1] Billings, Dave, 1992, “Thermal Performance of the

TO-218 Fullpak MFJ10012 under Force Loading”,
ON Semiconductor.

Example #1
Calculate the device's junction temperatutsing equa-  [2] Gottlieb, Irving M., 1992 Regulated Power Supplies,
tion (3) with a known R of 1.25C/W, case temperature 4th Edition, Blue Ridge Summit, Pennsylvania, TAB
of 85°C, and applied power of 35 W. BOOKS: (92-105).
T;=35*1.25+ 85 [3] Pshaenich, Al, “Basic Thermal Management of Power
- 128.8C Semiconductors”, ON Semiconductor Application Note
AN1083.
Example #2 [4] Roehr, Billand Bryce Shiner, “Transient Thermal Resis-
Calculate the power handling capabilitysing equation tance — General Data and its Use”, AN569 in ON Semi-
(2) with a known Ryjc of 1.0°C/W, a starting case tempera- conductorPower Applications Manual,990: (23-38),
ture of 78C and a maximum rated; 6f 150°C. ON Semiconductor Literature Distribution Center, Ph. #
Pp = (150 — 75)/1.0 1 (800) 344-3860.
=75W
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Thermal Characterization of the SO-8 Package
for Power Semiconductor Applications

Kent Kime, Mike Lissy, Dave Shumate and Larry Walker
ON Semiconductor

ABSTRACT — A very up—-and—coming package for is roughly the same order of magnitude as R2 for lead—
power semiconductor applications is the SO-8 (also mounted packages. Because of this, even small changes in
known in the IC world as the SOIC8) package. The purposethe configuration of lead—mounted packages can drastically
of this work is to present the thermal characterization (with influence their thermal performance. Modeling makes
emphasis on {gja), both measured and modeled, of this determining this influence a manageable task.
package configured with a power transistor. The paper
presents in detail results of characterizing three different RL__ A RL__ A
package configurations: a) dual die, b) single large die, and
c¢) single small die. The dual die and single large die config-
urations were used to establish the finite element model IL'\N\’_' R?
accuracy. The model was then used to predict the thermal |
performance in t.he. untested single small die configuration. L __| = < THERMAL GROUND—» =
The model predictions matched the measured results thus
validating the modeling effort. Factors such as solder void- Figure 1. Parallel Resistor Analogy for Case-Mounted
ing, die attach technique, junction depth, convective heat and Lead-Mounted Configurations
transfer coefficient and die thickness that could affect the pesinition of terms
modeling results were examined and their criticality
assessed. As a verification to the modeling and measure
ments, infrared images were also made of the devices whild?UT = Device-Under—Test
under test. FEA = Finite—Element Analysis

INTRODUCTION FEM = Finite—Element Model

DOE = Design of Experiments

Actual measured thermal characterizations of semicon-HTC = Heat Transfer Coefficient
ductor devices and packages can be very time consuming. IPCB = Printed Circuit Board
itis desired to evaluate multiple silicon and package config- Py = Power Dissipation
urations, the experimentation can take weeks. This is notg
acceptable in today’s 10x, “first—-to—market” product envi-
ronment. One answer to this dilemma is thermal modeling. .
The goal here was to establish a verified model from which T = Junction Temperature
the major geometric, material and process variables affect-Tg = Reference Temperature
ing thermal performance can be determined. Ta = Ambient Temperature

Historically, the focus in power devices was the CaSe~rgep = Temperature Sensitive Electrical Parameter
mounted part where the thermal model considered a series
of resistances from junction (heat source) through the die,Device Thermal Measurements
from die to the case and from the case to ambient. Traditional In this section, thermal measurement techniques and the
methods of viewing thermal resistance need to be expandedesults of three experiments are discussed. Thermal charac-
or at least viewed with greater understanding for surfaceterization techniques are well established and have been
mount packages. DPak and other case—-mounted packagestandardized under such organizations as JEDEC and SEMI
have been thermally characterized usirgcRince a large [1, 2]. Hence, there exists a certain level of confidence in the
portion of the case is attached to the board. For lead—-measured results. However, due to the nature of these mea-
mounted packages, SO-8, SOT-223, et al., however, the prisurements, there are always questions about accuracy; large
mary heat transfer is not through a board attached case bupercentage variations are not uncommon. The effort
through the leads, and convection from the package surfacelescribed in this paper establishes two key points: 1) accu-
becomes a significant factor. This can be seen in the simplgate thermal modeling of power semiconductors can be
parallel resistor analogy for heat dissipation shown in accomplished with minimal experimental validation and
Figure 1, where R1 is the convection from the package sur-2) effective modeling can be used to illuminate the existence
face and R2 is the conduction through the mounting surfaceand sources of experimental error prevalent in this type of
R1 is much greater than R2 for case—mounted packages. R&valuation.

thia = Thermal resistance, junction—to—ambient
Rinhjc = Thermal resistance, junction—to—case

http://onsemi.com
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iy iy g e Since the modeling effort was launched from laboratory
] ] = ] measured data, a verification of the laboratory results was
warranted. Validation of the thermal characterization was
achieved by utilizing thermal imaging techniques per-
formed in an independent laboratory. What is fortunate
about this method is that a correct temperature correlation

% = can be established for the laboratory measurements and
L] L] L1 L simultaneously thermal topographical mapping of the test
- o ° N coupon is provided, which can also be directly compared to
Figure 2. Device 1 — ON Semiconductor’s the finite—element model’s thermal profiles.

MMSF5NO3HD SO-8 package, 98 x 120 mil

die, 1 die per package A. Thermal Characterization Techniques

Non-invasive, thermal resistance measurements are well

. o established and quite mature. The general approach to ther-
In order to provide data for thermal finite—element model 5 characterization of a semiconductor device is straightfor-
correlation efforts, two power semiconductor devices, ward; many papers have been written on this topic [3]. First,

shown in Figures 2 and 3, were characterized by the characgg pasic equation for thermal resistance used in the semicon-
terization laboratory. ductor industry is

Ren = TJP_TR )
D

Generally, Tis measured utilizing an electrical character-
istic of the device that is repeatable and an accurate function
of temperature. This is usually referred to as the temperature
sensitive electrical parameter (TSEP). The parameters most
often used for MOSFETs are eithegd(thy Ros(on)or Vsp
(the body diode forward voltage drop). The values of the pa-
rameter are established over the temperatures of interest,
thus calibrating the TSEP “thermometer”. During thermal

Figure 3. Device 2 — ON Semiconductor’s characterization the TSEP is sampled to determjn€glis
MMDF3NO3HD SO-8 package, 57 x 99 mil die, ordinarily measured with a thermocouple at the point of in-
2 die per package terest. B is simply the power dissipated by the device.

There are many sources for error in these thermal mea-
surements. Also, there are many misunderstandings about

Once the modeling technique was established with thesdN® thermal resistance values. Most TSEPs for a given
two platforms, a double—blind experimentwas conducted ond€vice have small, hard—to-measure changes over tempera-
a similar device with a slightly different configuration to ture. For example, §» may only change 2 mV per degree

demonstrate the modeling viability. The device used for this C€ISius; therefore, sub—millivolt accuracy is needed to mea-
phase is shown in Figure 4. sure T Tr accuracy depends on the thermocouple, its

mounting techniques and its time response. To minimize
heat “wicking” from the DUT small gauge conductors and
© ~ © 0 four—wire measurement techniques are employed for P
[ s [ s I measurements.gPcan also be quite low (< 500 mW) for
small surface mount devices which makes it difficult to mea-
sure accurately.
A key factor in understanding thermal resistance mea-
surements is that if the application configuration is different
from that of the measured device, the thermal results will be
AN ANANLAY different. Thermal data on manufacturers’ data sheets is
LNJ L{,;J LQ,J designed for comparison with other manufacturers’ devices

and to give the user a place to begin their thermal manage-
Figure 4. Device 3 — ON Semiconductor’s ment solution.

MMSF2P02E SO-8 package, 57 x 99 mil die, 1 die
per package

f

11
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Test devices were mounted on 2 x 2 x 0.06 in. FR4/G10Using Equation 1, and the values measured, a thermal resis-
printed circuit boards. The printed circuit pattern is a 1 x 1 tance versus time relationship is obtained.
in., 2 oz. copper pad with 10 mil separations for the leads. Forthe heating—curve method, successive power pulses of
Figure 5 shows the test coupon layout. Due to some testeprogrammed widths which produce the sarkg; are
limitations, test devices were mounted to the PCB with the applied. The device is allowed to cool between pulses. These
gate and source leads shorted together, essentially makingulses are continued until steady—stajésTreachedATR
the device into a rectifier. Since the body diode was the cho-and By are measured simultaneously wif;; hence, the
sen TSEP, this change was thermally insignificant. Oncethermal resistance versus time characterization is produced.
mounted on the PCB and its support structure, the devicesGenerally, the heating—curve method is considered the more
were placed for measurement in the center of a standaragccurate technique due to the higher resolution created by
still-air chamber. The still-air chamberis a 1 ft. x 1 ft. x 1 the consistemAT; and because this testing technique oper-
ft. sealed chamber that prevents external sources of ailates the device in the manner it's most likely to be used.
movement around the DUT from affecting the measure-
ments. Only natural convection is allowed. The test setup is
then interfaced to the Analysis TdédhSemiconductor
Thermal Analyzer.

B. Thermal Test Results

As mentioned before, three devices were characterized in the
laboratory: two devices before FEA and one after. Both tran-
sient and steady—state thermal resistance values were obtained.
The data is shown in Table 1 and Figures 6 through 8.

2 Figures 6 through 8 show the transient response curves gen-
erated for the devices’ data sheets. Note the RC thermal net-
works that can be used in circuit simulator programs to deter-
mine Tj under any power input conditions. These thermal
resistance versus time curves were generated using the heat-
ing—curve method. The curves shown are normalized at 10
seconds.

05" —@

alnlnln
OO0
N

Table 1. Thermal Characterization Data for Three

o fe—

05" —@ Devices mounted on 1 in. sq. Cu area PCB.
Measured FEM Predicted
0.5" 0.5 Steady—State Steady—State
- > = Device Rihja Rihja
MMSF5NO3HD 70.3°C/W 70.1°C/W
. MMDF3NO3HD 87.0°C/W 84.5°C/W
Figure 5. Thermal Test Coupon Layout
MMSF2P02E 74.6°C/W 72.2°C/IW

Almost all thermal analyzer equipment operates on the
same principle. The DUT is powered by the tester for C. Device Infrared Thermal Imaging
=99.9% of the cycle and the TSEP is measured for the other As mentioned before, to help “triangulate” on the correct
0.1%. For steady-state thermal resistance, power is appliedesults for this characterization, thermal imaging was
until T, statistically stabilizes. § and B are measured employed. The point here is to provide an independent
simultaneously with Jand, thus, thermal resistance is mea- “sanity check” for both the modeling and the laboratory
sured. For transient or pulsed power conditions, the pulse isneasurements.
applied and the TSEP is measured before and after it, indi- The thermal imaging procedure is fairly straightforward.
cating theAT yduring the pulse. For measuring thermal resis- First, as with standard thermal characterizations, power must
tance as a function of time, the two methods most commonlybe applied which raises the junction temperature to a known
used are referred to as cooling—curve and heating—curvevalue. Again, this requires device TSEP calibration. Fortu-
techniques. nately, in the case of a rectifier, the only parameter needed by
Briefly, in the cooling—curve scenario, the device is heated the imaging laboratory is the current required (to the exact
by applying B until Tjis at the desired value. After stabi- mA) to produce the desired, Only steady—state correlation
lization, power is removed from the device, andiid Tr was obtainable with the thermal imaging equipment available
are measured at precise time intervals during cool down.at the Mechanical Engineering Laboratory.
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§1-E+1 Once a sample is prepared for emmissivity differences
= 1 1 1 1 1 A1 A1 A and mounted in the IR camera setup, the current is applied
7 and the device temperature is allowed to stabilize. Thermal
S 1E0k ! image photographs are then taken in which distinct tempera-
% %ﬁﬁi === 7 ture points are identified and the thermal profile is mapped.

T — 0.2 TLHE T An IR image of the steady—state thermal profile of Device 1

— . . . . .

E e | .|+ is compared to FEA predictions in Figure 9 and Figure 10.
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Figure 6. Transient Thermal response for
MMSF5NO3HD mounted on 1 in. sq. Cu area PCB.

Figure 9. Thermal image of SO-8 package mounted
on test coupon with power applied of 0.96 W.
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Figure 7. Transient Thermal response for
MMSF2P02E mounted on 1 in. sq. Cu area PCB.
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Figure 8. Transient Thermal response for
MMDF3NO3HD mounted on 1 in. sg. Cu area PCB.

=

Figure 10. FEA steady—state temperature distribution
on Device 1, half symmetry model at 0.96 W.

The maximum measured device surface temperature of
91°C compares well with the 93 predicted by FEA. The
measured and modeled steady—state thermal contours agree
to within two to three degrees Celsius.
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Finite Element Modeling of this first experiment was used to design a second experi-
The finite—element analysis presented in this paper wasment to investigate package design factors.

performe'd in three stages. Flrst, following DOE mgthod- 2 EXPERIMENTAL PROCEDURE

ology, finite—element modeling was used to determine the ) ) )

relative importance of key variable factors related to the The experiment was conducted analytically using the

results of the DOE were used to provide direction to that mesh density might have on the solutions, the same
achieve correlation between the finite—element model humber of nodes and elements was used in each of the runs.
predictions and thermal test results for Devices 1 and 2. The procedure was to first use IDEAS to generate a mesh
Finally, the correlated SO—8 model was used to predict theWith the proper die and epoxy thicknesses. The mesh was

thermal performance of Device 3. transferred to ANSYS where the appropriate material prop-
erties were defined (silver epoxy and solder conductivities)

A. Finite—Element Model Description and boundary conditions (power and HTCs) applied. A
steady—state thermal solution was then performed and post—

1. MODEL GEOMETRY processed using ANSYS. The ANSYS results were then

Three—dimensional solid models of the three different used to calculate a steady—staigjsRor each run using
SO-8 configurations were made using IDEASolid mod- Equation 1 with 'k equal to k.
eling software. The solid models were meshed with linear
tetrahedral elements using the free—-meshing capability in3' RESULTS OF DOE
IDEAS. IDEASwas then used to translate the resulting The first experimentindicated that HTC was the only sta-
meshes into ANSYS format. Boundary conditions were  fistically significant variable. Device suppliers generally
applied and the solutions run and post—processed usin@aVe no control over HTC and thus the impact of the other

ANSYS. variables was desired. To see the significance of the other
variables, a new factorial experiment-{2vith 16 runs) in
2. BOUNDARY CONDITIONS which the HTC was kept constant was designed and con-

The boundary conditions consist of power applied to the ducted. Table 3 shows the inputs and responses. The analysis
die and heat transfer coefficients (HTCs) applied to externalindicated that several input variables were significant such
surfaces of the model. Power is applied to each model byas die thickness, die attach thickness, solder board voiding
specifying a heat flux over the active area of the die surface.and device junction depth. No interactions were statistically
The total power applied depends on the configuration: significant. An “F” value of 159 and a “p” value of less than
2 watts to Device 1, 1.5 watts to Device 2, and 2.25 watts0.01% indicated the significance of this experiment. The
to Device 3. analysis of the residuals indicates no non-linear dispersion

Convective heat transfer to the air surrounding the partand all of the assumptions of the analysis of variance were
and test board is included by applying HTCs to the packagemet (see Montgomery [6]).
top and both the upper and lower surfaces of the test coupon. Table 3 shows the relative strength of each of the pooled
The HTCs were calculated based on the approach used fomodel variables. Die thickness has the strongest effect on the
free convection from horizontal flat plates outlined in [4, 5]. model. Tables 2 and 3 illustrate the predicted responses. The
The interested reader will find the calculations for the HTCs overall response variation from the experiment was only
used in this analysis in Appendix A. All surfaces without 3°C /Watt. Another main point of this analysis is that no

HTCs are assumed to be adiabatic. interactions are significant.
i _ Combining the results of the two designed experiments
B. Analytical DOE using FEA shows that HTC is the most significant variable. In order to

1. EXPERIMENTAL DESIGN get accurate modeling data, it is necessary to know the HTC
' value for the environmental conditions. The others variables

The first phase of the analysis process involved usingqq, not play a significant role in the thermal model for
finite—element modeling to determine which parameters

) steady—stat®&;a.
have the greatest influence on the thermal performance of &

the SO-8 package. The authors selected 6 parameters (listed FEA Correlation with Thermal Measurements
in Table 2) believed to be of primary importance in deter- . - .
Prior to finite—element modeling of these parts, thermal

minin k thermal performance. A ign xperi-, . . .

g package thermal periormance designed expe testing of Devices 1 and 2 was performed. The data from this
ment was generated in which each of these factors was var-"" . .
. . . . testing was used for correlation of the FE model. The results
ied from a selected minimum to maximum value. This was

afactorial class#with 16 runs plus 2 centerpoints (18 runs of the DOE show that for prediction of steady—state thermal

: L . performance the HTC values dominate other factors. The
total) experiment. The range of variation of each factor is orrelation efforts focused on adjusting the HTCs to match

listed in Table 2..These ranges were selected by the autho.rﬁle test results. Other factors (die thickness, silver—epoxy
to bracket what is commonly observed. The response vari-

able was Rz on the 1 inch copper pad. The general result thickness, etc.) were set to nominal values and not varied.
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Table 2. Summary of DOE #1 closely matches what is actually measured using the heat-
DOE 71 Range Erect 1 % Effoct ing—curve test technique described earlier in this paper.
Die thickness (mils) 8-15 0.16 1.8 80 TTTITI T T TI000m 1
- - - — —_—  FEA
Die attach thick (mils) .25—-.60 0.32 3.6 - Measured y
% silver in die attach 60 - 80 0.06 0.7 60 4 //
% Solder void 0-25 0.12 13 )14
Junction depth top — bot 0.11 1.2 % 50 v /
HTC from nominal +20 % 8.19 91.4 3-(; 40 g /!
= 7
= /
. = %0 V| LA
Table 3. Summary of DOE #2, with HTC held constant - /I
,7
DOE #2 Range Effect % Effect b
Die thickness (mils) 815 0.34 35.4 10 7ﬁ
e thickness (mlls — . . ==’
ie attach thick (mil 25-60 | 02 25.0 0 =
Die attach thick (mils) 25— .24 5. 001 01 1 10 100 1000
% silver in die attach 60 — 80 0.05 5.2 TIME (seconds)
% Solder void 0-25 0.15 15.6 . .
. Figure 11. Measured and Modeled R i, for Device 1
Junction depth top — bot 0.18 18.8
. . . . . 0 T T T T TTIm 1 T
Using the procedure outlined in Appendix A convective FEA Py
HTCs were calculated for Devices 1 and 2. These calculated 80| ————— Measured 13
values provided a good starting point, but required adjust- 7o 7 ‘//
ment in order to obtain agreement between analysis and test. VA
This is a normal practice in modeling to calibrate the work. = L1 /
. . . . . el .
The adjustment involved simply multiplying the calculated & 30 Pl %
HTCs by a constant pre—factor. The value of the pre—factor & 40 7 7 l
was determined by running several steady—state thermal™ - / P
solutions for each configuration. Good correlation was ,/’_,/
achieved for a pre—factor of 1.2. 20 oz
The results of the transient thermal analyses are compared 19 LA ,//
) X A
to the test data Figures 11 and 12. Plotsygf ®s. Time for = ]
both Devices 1 and 2 are presented. Examination of the plots  0.01 0.1 1 10 100 1000
shows very good correlation for time greater than 500 TIME (seconds)

seconds. For time less than 500 seconds, the analysis consis-_ )
tently under predicts they, of the parts. An explanation ~ Figure 12. Measured and Modeled R tnja for Device 2
for this is that the overall package,gcan be considered a

combination of junction—to—case and case—to—ambientther-D_ Device 3 Thermal Performance Prediction

mal resistances. The correlation technique used here has _ . .
concentrated on the case—to—ambient heat transfer aspects nghe purpose .Of the analysis presented to t.h.'s point has
the package which, as the DOE showed, dominate the een to determln_e the proper boundary conditions for our
steady-state thermal behavior of these parts. ForshorttimesI,,herm"’lI test configuration. The next step was to use that

before the package has experienced much heating, Case_tdgformation to verify the capability of the model to predict

ambient convective heat transfer plays a smaller role anoth(_a”t]hermalltper;‘(:rr]mi?ce ofl?:gfw;);sly_untgsted iewce_.
other parameters, such as the thermal conductivities and € resufts ot the therma otLevice s are shown in

enthalpies of the materials used in the package, have a greaF—igure 13. The data labeled "FEA” was generated using con-

er influence. A more complete assessment of the importantvecnve HTCs calculated with the procedure in Appendix A

factors in the short time portion of a thermal transient could End a ?re—factor of 1}? as 'k? thﬁ pr;l\z/fus analysebs.bllt IS
be obtained by performing a DOE using transient (rather nown from previous efforts that the curve probably

than steady-state) thermal analysis. Such an exercise Woulaorrelates only for times greater than 500 seconds. It was

require a substantial amount of computation time and is anSeen for Devices 1 and 2 that for times less than 500 seconds

issue the authors hope to address in the future. the a,f‘a'ys's _cor|1:s_|stentlly3under states thfbm-he ESt." ;
A final note concerning Figures 11 and 12, the analysis mate” curve in Figure was generated by assuming for

curves are based ogR's determined using the die average, Device 3 the sarr:je averagebpercecr;tg gg dlfferer;-ce Zeztween
not maximum, temperature at each time point for T. The measurement and test as observed in Devices 1 and 2.

authors feel that using the die average temperature more
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After completing the above analysis and arriving at an REFERENCES
estimate of the transient thermal performance of Device 3,[1] EIA/JJEDEC STANDARD, EIA/JESD51, “Methodol-
this configuration was built and tested. The data from this  ogy for the Thermal Measurement of Component Pack-
testing is labeled “Measured” in Figure 13. The measured  ages (Single Semiconductor Device),” Dec 95.
data matches the estimated very well across the entire tran[Z] SEMI Test Method #G38-87, “Still and Forced Air
sient, with a maximum deviation of approximately 10% in Junction—to—Ambient Thermal Resistance Measure-
the 10 to 20 second range. ment of Integrated Circuits Packages”, 1993.

[3] NIST Special Publication 400-86, “Semiconductor

80
oo HF‘EX a ,/-AJ;::E Measurement Technology: Thermal Resistance Mea-

N e —— Estimated ; 2 /‘ surements,” July 1990.

] Measured 114 // [4] Zahn, B., Stout, R., and Billings, D., 1996, “A Thermal
- ‘;," f Comparative Study of Ceramic Dual In-Line Pressed
% ,'/'/ Microelectronics Package Using Both Computational
OTG 40 o i Fluid Dynamics and Solid Modeling Techniques on the
& A ,.-/ ANSYS Finite Element Analysis Systeniroc. of the

%0 /// 1996 Winter Motorola AMT Symposiupp.1063—-1070.

y
20 ,‘:.-/ [5] Chambers, B., and Lee, T.Y. Tom, 1995, “A Numerical
10 ,:’*’ Study of Local and Average Natural Convection Nusselt
;:::::--'/ Numbers for Simultaneous Convection Above and
%.01 01 1 10 100 100 Below a Uniformly Heated Horizontal Thin Plate,”

TIME (seconds) Proc. of the 1995 Summer Motorola AMT Symposium

pp. 579-585.
Figure 13. Predicted and Measured R s, for Device 3 [6] Montgomery, Douglas C., DESIGN AND ANALYSIS
OF EXPERIMENTS, John Wiley & Sons 1991.
CONCLUSIONS ohn Wiley & Sons
Trademarks:

The original intent of this work was to match the modeled
predictions with measured thermal data. This was accom-
plished with a two—phase DOE. During the process, several
factors were discovered: '

Houston, PA.

* In predicting steady-staterf for lead-mounted « Analysis Techl is a registered trademark of Analysis
devices, HTC dominates. Package design and assembly Toch Wakefield. MA.

IDEASL is a registered trademark of Structural
Dynamics Research Corporation, Milford, OH.
ANSYST is a registered trademark of ANSYS Inc.

parameters are insignificant. « MiniMOSO is a trademark of Semiconductor
+ Test configuration has a large influence on the Components Industries, LLC (SCILLC).
measured Rthja, which, for power devices, is quite a
paradigm shift from the typicalgg. measurements. In ACKNOWLEDGMENTS
the modeling realm, it is critical to use the exact Special THANKS to Bob Buhrman, Ed Clemente, and
configuration or ija can be completely in error. Tanya Fowler for their support.
» Models of this type must be correlated and calibrated to APPENDIX A:

measured values. Otherwise, significant prediction
errors may occur.
« Infrared measurements are an excellent way to verify ~ A. Introduction:
measured and modeled values gfR As shown in the body of this report, for the devices tested,
« Determining HTC for free convection is very complex  accurate determination of HTCs is of primary importance to
and critical to model construction. The accuracy of the achieve good agreement between FEA and measurements.
FEA thermal predictions depends on correct HTC This is because the primary heat transfer mechanism to the
values. outside environment is convection.

One practical result of this work is that it allowed ON B procedure for HTC Calculation:

Semicp_nductor to re—specify the power and drain current  The authors used an approach outlined by Zahn, Stout,
capability of ON Semiconductor’s MiniMOS (SO-8 ~ and Billings [4]. In their paper, a procedure for determining
MOSFET) portfolio to match or exceed competitors’ (¢ for natural convection from parts mounted on hori-

Calculation of HTC for Natural Convection to Air

claims. This directly resulted in increased sales and allows,gntal test boards is defined. The work of Zahn et al. relies
ON Semiconductor to be considered for design into socketsheavny on the results of a previous study by Chambers and

that were previously unavailable because of inequitable| e [5]. The approach here is to use their method to calculate
specifications.
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separate HTCs for the top of the SO-8 package, the surfac®esulting in:

of the copper cladding, the remaining top surface of the test z,p=0.41and g =0.54

board, and the entire bottom surface of the test board. Thisthys Equations 1 and 2 above are reduced to:
is, perhaps, beyond how Zahn, et al. intended their method

0.143
be used. The intent here is not to claim that the use of this hpup = 0.41 (%) (A3)
method is scientifically rigorous, but instead to use it in the P
hopes that it will give a good starting point for achieving cor- and, o137
relation with data measured in the lab. T q
X . hpdn =0.54 0.452 (A4)
Equations 10 and 11 of Zahn, et al. states for horizontal flat P>

plates, Forthe ANSYS solutions, Equation A3 was used to calcu-
3 9B 0.143 q0-143 q0-143 late HTCs for the upper surface of the SO-8 package, the
Ppup = 0.653k°~857(ﬁ Pr) (m) = zup(m) (A1) surface of the copper cladding, and the upper surface of the
and, P P test board. Equation A4 was used to calculate a uniform

0137 , 0137 0137 HTC for the lower surface of the test board. Determination
Floup = 0_979ko.ses<g_g pr> (%) = z%%) (A2) of the values of P for each of the four HTCs calculated is
v P P~ straightforward — divide the region are&?jry the perime-
Whereh,,, andh,, are uniform heat transfer coefficients ter (m) to determine a value for P in meters. Selecting the
on upward and downward facing horizontal surfaces in unitsvalues ofq to use for each surface is not so simple. The
of W/(m?°C). The other parameters are defined as follows: authors chose a scheme in which the total power applied to
k = conductivity of air the package is divided among the four surfaces as follows:
g = acceleration of gravity 10% through'the package top, 40% f_rom the surface of the
) , . ) copper cladding, 10% from the remainder of the test board
B = volumetric thermal expansion coefficient of air upper surface, and 40% from the bottom of the test board.
v = kinematic viscosity of air This seemed reasonable as the area of the package top sur-
Pr = Prandtl number for air face is only 2.5% of the area of the copper cladding thus
z = composite parameter more of the total power will go through the cladding than the
4 = heat generation rate per unit area {)earzlgzggutﬁg, even though the package top reaches a higher
P = characteristic length defined as plate area divided The HTCs determined for the three SO-8 configurations
by perimeter are summarized in Table Al. Note that the only reason for
The maximum steady-state junction temperature for thethe differences in HTCs between configurations is that the
devices considered here is 1680so we used properties for total power is different. Also note that the best correlation
air at 150C to calculateyp andzg, for our case. The values  between model and test was achieved by increasing the HTC
used, and the resultirgy, andzgy, are as follows: values listed in Table Al by a factor of 1.2. Each configura-
k = 0.03536 W/nfC tion requires measurement calibration to determine an accu-
g=9.81 misex rate HTC correction factor.

B =1/423K = 0.002364 K
v = 2.88e5 mz/sec

Pr=0.686
Surface Width (m) Length (m) Area (m?2) Perimeter (m) P (m) g (% of Total Power)
Package Top 0.00338 0.00475 1.61E-05 0.01626 9.87E-04 10
Copper Cladding 0.0254 0.0254 6.45E-04 0.1016 6.35E-03 40
FR4 Board Top 0.0508 0.0508 1.94E-03 0.2032 9.53E-03 10
FR4 Board Bottom 0.0508 0.0508 2.58E-03 0.2032 1.27E-02 40

Table Al: Calculated HTC Values for Devices 1, 2 and 3

Calculated HTC Values
Device | Total Power (Watts) | Package Top (W/m 2 C) | Copper Clad (W/m 2 C) | FR4 Top (W/m2C) | FR4 Bottom (W/m 2 C)
1 2 30.534 9.898 5.833 8.527
2 1.5 29.304 9.499 5.598 8.197
3 2.25 31.053 10.066 5.932 8.666
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New Models and Techniques for Analyzing the
Power Transistor and its Thermal Environment

By Kim Gauen
Motorola Semiconductor Products Sector

INTRODUCTION performance, and reliability at stake, the designer needs
good tools for determining junction temperature and eva-

In many electronic systems, power transistors perform luating design tradeoffs.

critical system functions. They also can account for a signifi-
cant portion of the total system cost. Better performance cant agitional Method of System Design

come at a higher price, but balancing this price/performance The traditional way to size a power transistor is to estimate
tradeoff has not been easy for designers. Thermal issues aige on-resistance requirements and the associated on-state
involved, and the tools for analyzing the electrical/thermal |psses and switching losses and then to estimate the size of
environment have not been available. Recently, new toolsihe heat sink needed for the anticipated load currents and
have become available and techniques are now appearingmpjent temperature. The system is then assembled and
forsoph_isticated analysis of the power transistor and its thergsted and (sometimes) the transistor’s case temperature is
mal environment. measured under “worst case” conditions. Heat sink or tran-

This paper describes one set of tools and some techniquegistor size is then modified, and the system is retested and
forthermal/electrical analysis. Because the power MOSFET (efined until the results are acceptable.

is so popular, itis one of the first devices to be characterized Tne limitations of this approach are well known. First,

for such evaluations and it is the focus of this paper. system complexity and lack of time often limit the engi-
neer’s ability to completely analyze the system prior to
assembling hardware. Therefore, the first prototype is based
on calculations, educated guesses, and intuition. Good anal-
ysis tools and techniques can produce a much better first
pass implementation in hardware.

Second, determining “worst case” conditions might not be
easy. For example, the highest junction temperature usually
occurs at the maximum anticipated ambient temperature,
but sometimes that is not the case. For some loads, currents
are significantly higher at cold temperatures. If a large load
such as a motor has a very long thermal time constant, the
L ) N : power transistor could see high currents for a long time rela-
power MOSFE s junction temperature. First, junction tem- tive to the thermal time constant of it and its heat sink. It

perature affects rehaplhty. High temperature and the would be helpful to have a method of quickly evaluating the
associated thermal cycling accelerate several failure mecha- . -
effects of these and other changing conditions.

nisms. Second, parameters that affect junction temperature The third problem with the traditional approach is that it

also influence system cost. An overly conservative designer. )
Y y 9 cumbersome to evaluate system trade—offs with hardware.

might use a power transistor that is unnecessarily large ancf'eat sinks must be built and changed, the system must be

expenswe for t_he appllcgtlon. Qn the othe_r hand, us_lng atested under various conditions, loads must be built, ambient
transistor that is undersized might result in the designer

X . ) : temperatures must be controlled, etc.
selecting a heat sink that is larger and more expensive than e i .
. ) . . Other difficulties are related directly to analyzing the ther-
necessary. Third, knowingyWill help the designer under- , ) : . .
mal system. The first problem is that junction temperature is

stand how the system will operate under various loading not easy to measure. Using an infrared camera to view an unen-
conditions and temperatures. MOSFET junction tempera- y . g

ture affects its breakdown voltage, on—resistance, threshold’ apsulated die would be ideal, but few designers have this

o o option.
voltage, switching speed, and transfer characteristics — all . .
4 . More likely, a designer places a thermocouple on the heat
of which can cause changes in system level performance,

. ) o - ’5ink next to the MOSFET or directly on the MOSFET's tab.
For example, changing a MOSFET's switching speed is . - .
. , : But under transient conditions or at high power, these mea-
likely 1o affect the system's noise performance, and the surements are probably at least several degrees lower than
MOSFET is certainly less efficient at higher temperatures P y 9

due to a significant increase ib&on)y With cost, system the actual junction temperature.

Know Your Transistor’s Operating Temperature

Probably the two most important parameters for keeping
a power MOSFET within its safe operating area are its sili-
con temperature, often referred to as its “junction tempera-
ture (T3),” and the voltages appearing across its terminals.
Steady state current handling capability is certainly impor-
tant, but it is usually bounded by the maximum rated junc-
tion temperature and not by effects such as wirebond limita-
tions, metal migration of the source metal, or insufficient
gate voltage.

There are several reasons why it is important to know a
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The most accurate way to monitor the junction tempera- The first requirement is an accurate and robust model of
ture of a plastic encapsulated MOSFET is to use one of itsthe power MOSFET that is also temperature dependent.
temperature sensitive parameters, or TSPs. The MOSFET'SThis model should accurately predict the |-V characteristics
TSPs are its on—resistance, the forward voltage drop of itsfor the forward range of operation, as well as leakage,
body diode, its threshold voltage, and its breakdown voltage.reverse recovery and breakdown characteristics of the
All four require that each test device be calibrated over tem-drain—source body diode. The electrical model must also
perature, which is time consuming. The first two TSPs are describe the nonlinear gate drain (and gate source for nega-

the ones most commonly used. tive Vgg) capacitances that are key to accurate transient sim-
In circuits where the MOSFET is on continuously, using ulations.
Rbs(on) as the TSP works fairly well. A low voltage In the language of simulation a “robust” model is one that

MOSFET, however, may give a signal that is too low for does not cause convergence problems, which are most com-
accurate measurement. Therefore, this method works besmonly the result of discontinuities in the model. Many
for high on—resistance (high voltage) devices. Monitoring SPICE based subcircuit models have been introduced over
the forward voltage drop of the body diode gives very good the years in an attempt to describe the non linear power
results, but it is difficult to build the circuitry that interrupts MOSFET capacitances; however, the macro modeling
the normal drain to source load current and forces a smallapproach introduces discontinuities. Although such discon-
source to drain sense current in the body diode. The techtinuities may be acceptable in a purely electrical simulation
nique of using the body diode is discussed in detail in Refer-environment, the complexity of the dynamic electro—
ences [1] and [2]. thermal system requires models with superior convergence
Even if the system is characterized perfectly, there arequalities.
remaining roadblocks to accurately predicting junctiontem-  So far, the model we have discussed is a “static” thermal
perature. Power waveforms are often complex, making model. This means that the designer can assign any reason-
analysis very difficult. The graphical methods described in able temperature to the model prior to simulation. However,
Reference [3] can help, but they are unwieldy with complex device temperature will remain constant throughout the sim-
waveforms. Next, there is the issue of how to monitor junc- ulation, regardless of power dissipation. Instead of this static
tion temperature to verify simulation results. Finally, it is model, we require a “dynamic” thermal model that allows
important to provide power inputs to the thermal network the device temperature to change as electrical energy is con-
and thermal inputs to the electrical system. Until recently, verted to heat, as it does in a real device. To accomplish this,
the only way to provide thermal feedback was to do it itera- the temperature parameter, used inside the MOSFET model
tively with successive simulation runs, one for each new to adjust the electrical parameters for thermal effects, must
junction temperature estimate. That approach suffices fornow become an independent variable solved by the simula-
steady state conditions, but it is not accurate for transienttor. When temperature is an independent variable, the simu-
analysis since it cannot track junction temperature variationslator must solve a set of simultaneous nonlinear differential

throughout the simulation. equations for temperature and heat flow as well as for volt-
. age and current for each node and each time step.
Requirements for Accurate Models The third requirement, having accurate models of the ther-
To accurately model the electrical/ithermal system & ma| environment, is a bit tricky to meet because there is no
designer needs: standard methodology for obtaining such models. The sys-
1. an accurate model of the MOSFET that is temperature tom designer has difficulty obtaining thermal models of heat
dependent sinks and extracting thermal models of the MOSFET from
2. amodel of the MOSFET that supports passing the information provided on the MOSFET data sheets. Nei-
information between the electrical and thermal ther the power transistor user nor the semiconductor
environments during the simulation (these models manufacturer has a very good handle on characterizing the
are “dynamically” temperature dependent) thermal interface between the case and the heat sink. How-
3. an accurate model of the MOSFET's thermal ever, techniques are available to get such models. The best
environment technique depends on the pulse width of interest.
4. tools that support the above models for easy Transient thermal response curves for power transistors
simulation and analysis have been around for a couple of decades. A curve like the

Each of the above requirements can now be met, and th@ne shown in Figure 1 is generated by observing the
pieces have been assembled into a very effective analysigesponse of the transistor’s junction temperature to a step
tool. function of power dissipation. One can develop a thermal

R-C network from a transient thermal response curve.
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Figure 1. It is possible to generate thermal models from transient thermal response curves
such as this one for a 4 A, 500 V MOSFET in a TO-220 package.

These curves are perfectly adequate for analysis — if theUnfortunately, monitoring this temperature is not easy and
power transistor’s case temperature is known and the powenr tab or heat sink temperature is often measured instead. So,
dissipation waveform is relatively simple. The accepted def- the situation that is easiest to analyze is one where the case
inition of “case temperature” is the temperature of the hot- temperature doesn’t change, as would happen under brief
test part of the transistor’s tab, which is the spot on the tabtransient conditions or when the tab is attached to a known
just behind the power transistor die, as shown in Figure 2.and constant temperature — an “infinite heat sink.”

TAB

TEMPERATURE 10-220

HEAT SINK
TEMPERATURE

w,

ONNNNNNNY : SUNNRNRNRNR RN RNNNNNNN ARUUURTRRNRRR RN NN RN RN N NN

=

HEAT SINK

OPTIMUM
MEASUREMENT

Figure 2. The standard way to measure the heat sink of a power transistor is to place a thermocouple
through the heat sink and against the back of the transistor’s tab, just opposite the center of the die.

Steady state conditions are also fairly easy to characterizdem of trying to define the thermal interface if the power
and then model. One could characterize the system’s thermairansistor and the heat sink are characterized separately. The
resistances (junction to tab, tab to heat sink, heat sink tointerface is simply one part of the network, and the empirical
ambient), put the steady state models into the simulator, andests automatically include its effects. The last circuit exam-
again the modeling should go smoothly. But for many cases ple in this paper shows how to use this technique.

i.e., for power pulses more than a few milliseconds yet not The fourth and final requirement is for a simulator that can
DC, an approach that defines the entire thermal system isupport thermal as well as electrical models, allowing the
needed. electrical system to affect the thermal and visa versa. In sys-

An effective method is to treat the power transistor and itstem simulators such as SPICE the system variables are
heat sink as a unit and characterize the assembly just as ormnstrained to voltage and current. In order to simulate non—
would characterize a power transistor — in effect, develop- electrical systems in these types of simulators, the non elec-
ing a transient thermal response curve for the entire thermatrical system must be written in terms of equivalent electri-
system. This method inherently addresses the thorny prob<€al elements, or macro—models. Macro modeling techniques
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of electro—thermal systems suffer from their inability to  The first step is to characterize the heat sink. A single
directly adjust the internal electrical model parameters for MOSFET was mounted to the heat sink and was controlled
the non—electrical changes in the system. To circumvent thigo step its power dissipation from 0 to a constant and contin-
limitation, the user is forced to make gross adjustments touous 7.87 W. The MOSFET's tab was monitored until the
the external nodes of the circuit through controlled sourcessystem became stable. From the power dissipation and the
or other elements. difference between the tab and ambient temperatures, the
Simulators such as Analogy’s SABER provide a model- thermal resistance is easily calculated. For this heat sink in
ing language which separates the simulation “engine” from a 30°C environment;
the models. (Analogy’s hardware description language is Ttab—Tamb = B * Rth_hs
MASTTM.) This allows the user to develop models as a sys- 152C—30C = 7.87 * Rth_hs
tem of through and across variables that are not constrained
to voltage and current. Thus, the relationship between elec- . i - i ,
trical and thermal energy can be described directly in the .lee all others, th|.s heat sink conS|sts_ of a network of dis-
model. The SABER simulator uses a dynamic thermal ver- t'rlbuted thermal r¢3|stances aqd capacnar_mes. The construc-
sion of the MPV3 MOSFET model (MPV3X), which is the tion and complexity of a heat sink dgtermmes how to select
basis of the library of ON Semiconductor MOSFET models the lumped elements that model its thermal network. In

Therefore, Rth_hs = 156/W

provided with the 4.0 release of SABER cases like this, a single thermal resistance and capacitance
' ' model the heat sink well enough for purposes here.
A Simple Example With the assumption that a single R—C network is ade-

A simple example illustrates the basic modeling conceptsguate, the task is now to determine the heat sink’s thermal
and some of the analysis possibilities. Assume that thecapacitance. Figure 3 shows how the transistor’s tab temper-
desired load current conducted by a pair of MTP75N05HDs ature varies with time, and the data suggest a tau of about 420
is 35 A and that the load current lasts for an indefinite time. Seconds. That sets the thermal capacitance t6@7 Simu-

Also assume that the heat sink is a 40 mm by 20 mm by 12ating with an Rth_hs of 15°€/W, a Cth of 27 JC and a

mm piece of aluminum with no fins. Such a heat sink has apower dissipation of 7.87 W yields a response that is within
large thermal capacity and low cost, but poor thermal resis-measurement error of the actual system response. This sys-
tance. So, the question might be, “In &2%nvironment, tem is relatively easy to model since the power dissipation
how hot do the power transistors get and how long does itin the MOSFET is held constant by gate drive circuitry and
take to reach steady state conditions?” Without good evaluathe thermal network is quite simple.

tion tools or actual hardware, it is difficult to tell if the tran-

sistors will slip into a thermal runaway condition.
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Figure 3. Thermal response of 40 x 20 x 12 mm Al heat sink
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A more difficult test of the models and the simulation  The results of the simulatedp¥on) and the actual tab
methodology is to revisit the conditions and requirements of temperature data are shown in Figure 4. Again, the empirical
the initial application. In this case, two MOSFETs were and simulated curves are the same within a couple of degrees
mounted to the same heat sink and they were forced to conand about 10 mV. For this example, the tab temperature is
duct 17.5 A continuously at an ambient and initial heatsink very close to the junction temperature since the MOSFET's
temperatures of 20°C. The added difficulty of this simula-  power dissipation is less than 3.5 W. The results track nicely
tion is that the power dissipation of the MOSFET causes theonly because SABER’s MOSFET model is dynamically
heat sink and junction temperatures to increase, whichtemperature dependent. The model correctly predicted the
increases on—resistance and further increases power dissipéinal junction temperature and that the system would not go
tion. The change infon)cannot be ignored because itin-  into thermal runaway. Additionally, the MOSFET'$¥(on)
creases by about 70% for a 2QQrise in junction tempera-  in simulation matched the empirical results even as junction
ture. The first simulation was simpler because the powertemperature changed, further validating the model.
dissipation was held constant since the MOSFET was forced
by gate drive circuitry to operate as a constant current

source.
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Figure 4. One of two MTP75N06HDs conducting a total continuous current of 35 A.
Simulation results closely matched empirical results.
A More Complex Example about nine orders of magnitude; so it’s likely that there are

The above example validates the general concept for a relhew measurement challenges.
atively simple circuit. Adding pulse width modulationto the  Until recently, thermal response test equipment had maxi-
circuit further illustrates the technique’s strengths, but it also mum pulse width capability of at most a few seconds. The
uncovers some limitations. This final example also validates advent of surface mount power devices and the much longer
the technique of developing and using a transient thermalthermal response time of the transistor/circuit board com-
response curve for a MOSFET attached to a heat sink.  bination bought about the need for equipment that can apply
Like the other examples, the first step in this analysis is toa power pulse and measure the response for several minutes.
determine the system’s thermal model. But this time we areOne vendor of this new equipment is Analysis Tech, and
interested in the system’s thermal response to very narrowtheir Phase 9 automatic transient thermal response tester was
power pulses that occur during switching transitions as well used in this study.
as the comparatively very long response of the heat sink. In  The Analysis Tech Phase 9 can be used to measure the
fact, we are interested in responses to pulse widths varyinghermal response of the system of interest here, i.e., a power

http://onsemi.com
25



Thermal Modeling Brochure

transistor mounted to moderate size heat sink. For this exer- RC networks for both thermal circuits are included in

cise an MTP15N06V (a 15 A, 60 V MOSFET) was mounted Figure 5. They were automatically generated by the Analy-

to a Wakefield 667—10ABPP heat sink. The Wakefield heat sis Tech Phase 9. Off the shelf programs such as Satara

sink is finned and is"ltall, 1.33 wide, and 0.5deep. extract the thermal Rs and Cs from transient thermal
For MOSFET data sheet characterization, the transientresponse curves. The dashed lines, which are for the most

thermal response is normally taken with the device mountedpart hidden by the empirical data points, indicate the

to an infinite (water cooled) heat sink. The infinite heat sink response of the suggested RC equivalent networks.

fixes the MOSFET'’s case temperature to a known value Note that the final data pointis taken around 600 s, before

which serves as the reference temperature for the charactethe MOSFET/Wakefield heat sink system is completely

ization. Instead of a water cooled heat sink, the Wakefield stable. At the time of the test this was thought to be the pulse

heat sink was used, and the reference temperature was th&idth limitation of the tester. (The actual limitation is 10,000

ambient temperature. seconds.) An alternate test using simple equipment that is
The thermal response of the MOSFET on the water cooledonly good for steady state produced a reading of C3/¥

heat sink and the response on the Wakefield 667—10ABPFor the total thermal resistance from junction to ambient.

heat sink are shown in Figure 5. Note that at narrow pulseTherefore, in the final model of the MOSFET/ Wakefield

widths the two curves are very similar, as there is insufficient heat sink, Rth_3 was changed from 11.44 to I'&A4.

time to transfer enough power into the heat sink to raise its(The Wakefield 667-10ABPP is specified to be 12388/

temperature. At about 0.3 seconds, the two curves begin tan still air at 6 W.)

diverge as the temperature of the Wakefield heat sink begins

to rise while the water cooled heat sink maintains a steady

case temperature.
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Figure 5. Thermal response of the MOSFET on a water cooled heatsink and on a Wakefield heatsink.

Figure 6 shows the entire thermal/electrical system. Thethe simulator slows down to accurately model the transi-
MOSFET's gate was driven by a 10 V, 100 Hz, 50% duty tions. Even though the circuit is very simple and the switch-
cycle voltage source. A brute force attempt at simulating ing frequency is low by most standards, it took several min-
hundreds of seconds of operation unveils a limitation of the utes on an HP 9000 Model 735 to simulate each second of
tools and this methodology. The simulation proceeds rapidly operation. To get useful data without excessive simulation
as long as the MOSFET is on or off, but during switching, times, the simulation was conducted in two runs, one to ob-

http://onsemi.com
26



Thermal Modeling Brochure

tain the circuit’s response during the first fourteen seconds
and the other to determine its steady state response.

Vpatt Rioad
15Q
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100 Hz 0.0015 J/°C 0.275 J/°C 13.21J°C

Figure 6. Schematic of electrical/thermal system. The values of the discrete thermal Rs and Cs shown are
chosen to give a response most similar to that of the system’s distributed elements.

Figure 7 shows the junction temperature variation during heat sink. They do not represent physically discrete capaci-
the first 1.1 s of operation. Two features are clear: the junc-tances associated with specific elements of the circuit.
tion temperature swings about five degrees each period and herefore, the tab temperature should not be expected to be
the average temperature within a cycle begins to increaseequal to the temperature appearing at any of the three ther-
more slowly at around 300 ms as the heat sink’s large thermal capacitances. However, the change in the tab tempera-
mal capacitance comes into play. The junction temperatureture can be tracked, and it should follow the temperature rise
during the first 14 seconds of simulation is shown in of the body of the MOSFET and the heat sink. That indeed
Figure 8. The junction temperature swing within a cycle, the proves to be the case, because between 5 and 14 seconds the
rise in the average temperature during the first second, andimulated tab temperature increases at the same rate as the
the gradual rise thereafter are controlled by the three thermatemperature of Cth_2 and Cth_3.
capacitances. A second simulation and an alternate method is needed to

Figure 9 shows the temperature appearing at Cth_2 andjet results at steady state without very long simulation times.
Cth_3. This graph clearly illustrates the initial charging of The trick is to decrease the size of the thermal capacitances
the heat sink’s large thermal capacity. It also shows that tem-so that they are more easily charged to their final tempera-
perature ripple on Cth_2 is in the @Clrange and that there tures. Keeping some thermal capacity in the system keeps
is essentially no ripple on Cth_3. Heat flow from the heat the junction temperature from swinging wildly with varia-
sink and into the environment is shown in Figure 10. As tions in power dissipation. Without any capacitance, varia-
would be excepted, no heat flows initially and heat flow tions in power dissipation generate unrealistically large
steadily increases as the heat sink’s temperature rises.  swings about the steady state value. These swings might be

Atest lasting 14 seconds lends itself to methods of verifi- high enough to cause problems in the simulation. The wave-
cation. A thermocouple placed on the MOSFET's tab read forms in Figure 1tepresent the system’s performance with
25.0°C at 14 seconds. The model’s discrete thermal capaci-Cth_2 setto 0.03/C and Cth_3 set to zero. The steady state
tances and resistances are chosen to provide a response simalue of the empirical test was 63.4 degrees, which matches
lar to the actual response of the distributed Rs and Cs of thevery well with the simulation.
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Figure 7. Junction temperature during the first 1.1 seconds of operation
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Figure 8. Junction temperature during the first 14 seconds of operation

http://onsemi.com
28



HEAT FLOW (mW)

Thermal Modeling Brochure

TIME (seconds)

Figure 10. Simulation shows that little heat flows into the environment
during the first 14 seconds of operation.
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Figure 11. Dramatically reducing the size of the largest thermal capacitances allows

the simulator to quickly find solutions for steady state conditions.
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When using Analogy's SABER program, it is good to Special thanks to Gary Dashney, Tanya Fowler, and Larry

knqw how the program assigns dEfa“'.‘ values of therr.n.aIWaIker of ON Semiconductor for developing the technique
resistance. The program looks to see if the user specifies

Rth_hs or Rth_jc. If the user defines Rth_hs, SABER usesof measuring transient thermal response of syste_m_s with
. o very long thermal response times and for characterizing the

that value and the value of Rth_jc specified on the maHUfaC'MOSFET/heatsink assembly used in this study

turer’s data sheet. If Rth_hs s not specified, SABER uses the '

value of Rth_ja specified on the manufacturer’s data sheet REFERENCES

inplace of Rth_jcand Rth_hs. Rth_jais the device’s junction ) ]

to ambient thermal resistance without a heat sink, and its val{1] G- Dashney, “Basic Semiconductor Thermal Measure-

ue for a TO-220, for example, is quite large, 62/8V. ment,” ON Semiconductor (602-244 3471).

Defaulting to such a large thermal resistance might causg2] A. Pshaenich, “Basic Thermal Management of Power

unrealistic junction temperatures and invalid results or even ~ Semiconductors,” ON Semiconductor Application Note

convergence problems. AN1083.
In release 4.0 of SABER, Analogy’s thermal models do not [3] Brice Shiner, Bill Roehr, “Transient Thermal Resistance
contain thermal capacitance. To add your own thermal net- __ General Data and Its Use,” ON Semiconductor

work, including thermal capacitance, set the MOSFET's  application Note AN569.
Rth_hs and Rth_jc to very small values (0.80WV was used
in these simulations) and then add your own thermal network,
including thermal capacitances and thermal resistances.

[4] A. Hefner, D Blackburn, “Thermal Component Models
for Electrothermal Network Simulation,” IEEE Trans-
actions on Components, Packaging, and Manufacturing

SUMMARY Technology — Part A, Vol. 17, No. 3, September 1994.

The tools and techniques described here proved to be ar[15] Modeling Thermal Networks in Electrical Circuits,

. S ; . . Engineering Note No. 110, Analogy, Inc., Beaverton,
effective means of predicting power transistor junction tem- OR
perature of two different MOSFETS operating in three types ' ] . ) .
of circuits with two different heat sinks. This methodology [6] Dr.J. Sophia, “Analysis of Thermal Transient Data with
is also useful for understanding how circuit performance ~ Synthesized Dynamic Models for Semiconductor
varies with changes in the power transistor, the thermal — Devices,” Analysis Tech, Wakefield, MA 01880.
interface between it and the heat sink, and the heatsink itself.
The uniqueness of the approach is the use of a combination
of newly developed tools, all of which are readily available
to the power electronics community.
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SPICE Generates the Thermal Response Models
of a Power Semiconductor

Gary E. Dashney, Lab Manager

Larry Walker, Characterization Engineer
ON Semiconductor

Phoenix, Arizona

INTRODUCTION Understanding Basic Transient Thermal

. L . . Response of Power Semiconductors
An equivalent electric circuit consisting of a resistor—

capacitor network can be used to describe both the steady— Having already described the basic thermal parameters of
state and transient thermal response of a power semicondud2ower semiconductors ifBasic Semiconductor Thermal

tor device. Combined with SPICE, this network is extremely Measurement”, [1] this paper will focus primarily on the
useful in determining a device’s junction temperature for thermal equivalent circuit and how it applies to transient and

any input power condition or waveform that can be modeled Steady—state thermal analysis. . _
in SPICE. The thermal behavior of a power semiconductor device

This paper will cover the following topics: can be described by a resistor—capacitor network as shown
in Figure 1. This network shows the most commonly used
thermal equivalent model for a power semiconductor. More
elements (RC sections) can be added to increase the model
detail as required. The third order model shown in Figure 1
is relatively simple yet accurately describes the thermal per-
formance of a power semiconductor device.

» Understanding basic transient thermal response of
power semiconductors

 Basic transient thermal response test methods

* The thermal equivalent SPICE model

» Examples of using SPICE to model transient thermal
response of power devices
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Heat generated in a device’s junction flows from a higher
temperature region through each resistor-capacitor pair
to a lower temperature region.

Figure 1. Thermal Electrical Equivalent Circuit

The thermal circuit shown in Figure 1 is governed by three ¢ AT is analogous to a voltage drop
basic equations which are similar to the three forms of e Pp, power dissipation, is analogous to current flow
Ohm'’s law  avoltmeteris analogous to a thermometer
Resistors R1, R2, and R3 in Figure 1 are all analogous to

Thermal Equation Electrical Equivalent individual thermal resistances, or quantities that impede
Rth =AT/Pp R=Vi 1) heat flow. Resistor R1 represents the thermal resistance from
AT = B*Rip V= I*R 2 the device’s junction to its die—bond. The “junction” of a
Pp =AT/Ri | =V/R A3) power semiconductor, whether it be a pn interface or a

schottky barrier, is the location where heat is generated with-

Where: in the device. Resistor R2 represents the thermal resistance

* Rn, thermal resistancés analogous to resistance from the die—bond to the device’s case. Resistor R3 repre-
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sents the thermal resistance from the device’s case—to—ambiresponse, as it is traditionally called, follows an RC time
ent. The steady—state thermal resistance from the junction taonstant determined by the resistors and capacitors in the
some reference point is equal to the sum of the individualthermal network.
resistors between the two points. For instance, the thermal The thermal resistance at any given pointin time is equiv-
resistance, fRjc, from junction—to—case is equal to the sum alent to the total impedance of the circuit under applied
of resistors R1 and R2. The thermal resistangg, Rrom power at that time. The total impedance of the network
junction—to—ambient, therefore, is equal to the sum of resis-would initially be small and increase over time as the capaci-
tors R1, R2, and R3. tors charge (see Figure 2). As time progresses and the capac-
The capacitors shown in Figure 1 help model the tran-itors fully charge, a steady—state condition is reached. When
sient-thermal—-response of the device. When heat is instana steady—state condition is reached, the total impedance is
taneously applied and or generated, a thermal charging takesimply the sum of the resistors R1, R2, and R3. The total
place as heat passes from one point to another with—in thémpedance as a function of time is called transient thermal
device. This charging effect and/or transient thermal resistance, ().

100
'_ E D=05 1 H 111 1
& 02 =
w 10 .
o << =TT 11
=B 0.05
w10 :
ELU = 0.02 s s T I i i i
ox — 0.01 il — 1M
o 2 0508Q  5827Q  32150Q
T 0.1 CHIP O — NVVWV——NN—9
e JUNCTION J_ _I_ J_
eI 0.1386 F A= 1.8552 F = 2.0980 F —-
=" o001 T T T -
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SlNGLEPULSE 1 T T T 1 T T 1 1T 1 T 117
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The device shown is mounted on a standard 2 inch square FR4 board with minimum recommended pads. The initial
transient thermal resistance starts out very low and increases over time until it reaches its steady-state value.

Figure 2. Transient thermal response curve for an MTV32N20E D3Pak surface mounted
power MOSFET device with RC values shown.

Basic Transient Thermal Response Test Methods thermal impedance for this time period. Unfortunately, the
The old traditional method of measuring transient thermal applied pulses, for all practicality, are usually rectangular.
response is as follows: The data obtained, therefore, represents only rectangular

1. Heat the device by applying power until it reaches pulses. With this type of transient data (i.e.. rectangular
steady-state heating pulse) the user must apply his own design condi-

5 Remove th wer from the devi nd beain samplin tions by adjusting for non—rectangular pulses. This is usu-
- Remove the power from the device a €gin samp gaIIydonewithsomesortofequivalentand/orsuperposition
the TSP Temperatur&ensitiveParameter)

o technique. [3]
3. Redl;](_:e the collected TSP data and normalize it for One big advantage that some of the latest test equipment
graphing

provides is the generation of the RC network values shown
This is known as the cooling curve method because thein Figures 1 and 2. The RC network values are derived by
thermal response is measured while the device is coolingusing error—minimization routines to solve the differential
Theory states that the cooling curve is identical to the heat-equations that describe the thermal circuit behavior. Actual
ing curve, but it is the heating not the cooling of the device versus simulated thermal response data for the
that the circuit designer is really interested in. The collected MTV32N20E device is shown in Figure 4. The RC network
data, therefore, would have to be re—arranged and presentederived by these testers provides both the designer and the
as a heating—curve similar to that shown in Figure 2. device manufacturer with a tremendous tool. Thermal cir-
Generally, the best approach to quantify the transientcuit RC networks can also be extracted from the collected
thermal behavior of a device is to generate a heating characdata by using such software as Saufram Thermal Solu-
terization curve. This is usually done by applying constant tions (313-761-1956).
power pulses for varying lengths of time and measuring the
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Figure 3. Simulated and actual transient thermal response curves and the thermal equivalent circuit
for the MTV32N20E power MOSFET device mounted on a 2 in. x 2 in., 2 0z. Cu,
FR4 board with the minimum recommended footprint.

The main advantages of using an RC network for thermalconditions of the application circuit, thus insuring circuit
modeling are: reliability.
« Individual thermal resistances and time constants of the "€ p—channel MOSFET, MMSF4P01Z, packaged in an
device's internal package can be shown SOIQB platform will pe used tg demonstratg thg apphqanon
- Provides the opportunity to determine where package of th|§ thermal modeling technique. Shown in Figure 4 is the
enhancements can be made to improve thermal f[ran5|ent thermal response fo_r the MMSF4P01Z along with
performance its synthesized or derived equivalent thermal RC nenNork. A
* The ability to simulate the device’s thermal behavior ;ample SPICE input deck for the thermal cireuit Is |IlustraFed
using SPICE under any power pulse condition in Figure 5. It should be recalled that current in the electrical
circuit is analogous to power dissipation in the thermal circuit
The Thermal Equivalent SPICE Model (equation 3), hence, the reason for the current sources in the

Using SPICE, equations (1), (2), and (3), and the RC net-circuit program. Figure 5 represents the SPICE input deck

work derived from the transient thermal response measureWhich produces the input and output waveforms of Figure 6.
s can be seen, multiple power inputs can be used to create

ments, a model of the thermal behavior for a device under’*> Lo M L
various power conditions can be generated. This provided@illy complex power dissipation waveforms. Keep in mind

the designer with a direct way to determine a device's oper-.that the input stimulus to the thermal circuit i§ power, whiqh
ating junction temperature under the unique electrical 'S the product of the voltage and current applied to the device
of interest.
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Figure 4. Transient thermal response curve and thermal equivalent circuit for the MMSF4P01Z power
MOSFET device mounted on a 2 in. x 2 in., 2 oz. Cu, FR4 board with the minimum recommended footprint.

THERMAL RESPONSE SIMULATION — MMSF4P01Z

*

IPDISS1 0 1 PULSE(OA 1A 0S 10MS 1US 1US 20MS)
IPDISS2 0 1 PULSE(OA 20A 0S 10MS 1US 1US 20MS)
CT1 1 0 17.8296M

RT1 1 2 16.8620Q

CT2 2 0 59.0954M

RT2 2 3 57.0433Q

CT3 3 0 816.901M

RT3 3 0 63.6307Q

*

.TRAN 1MS 0.2S

*
.OPTIONS LIMPTS=20000 RELTOL=0.002

.PROBE
.END

Figure 5. SPICE input deck used to simulate the thermal circuit of MMSF4P01Z and generate the input and output
waveforms seen in Figure 6. Concerning the units in the SPICE deck, “M” means 10 -3 and “U” means 10 .

Many courses, books and other forms of instruction are condition, i.e. steady—state. What is pleasantly apparent, is
available concerning programming and operating SPICEthat with a given RC network, which leads to a simple
software.[5] These subjects are not the intended scope oSPICE input deck, and the power input waveform informa-
this paper. As stated before, Figure 6 represents the inpution, the junction temperature condition can be easily
and output waveforms of the SPICE input deck of Figures ascertained. Of course, everything has a limit. If very com-
3 and 4. Figures 6, 7, and 8 demonstrate the use of the sam@ex input power waveforms which have short time inter-
thermal circuit with other input patterns applied. The solid vals with respect to steady—state stabilization time are
waveform in these figures is the input power to the thermal applied for extremely long time periods, one may run out
circuit. The dashed line represents the junction temperatureof simulation capability. Figure 9, for example, represents
of the device with this input power applied. As one can approximately 4000 data points. The simulation for that
probably tell from Figures 3 and 8, it takes several hundredparticular example produced around 9000 data points all
seconds for the MMSF4P01Z to reach a stable thermalthe way out to 1000 s.
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Figure 6. Input (power) and output (temperature) waveforms for the SPICE simulation of the thermal circuit given
in Figures 3 and 4 with a complex waveform as input.
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Figure 7. Input (power) and output (temperature) waveforms for the SPICE simulation of the thermal circuit given
in Figures 3 and 4 with a simple square waveform as input.
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Figure 8. Input (power) and output (temperature) waveforms for the SPICE simulation of the thermal circuit
given in Figures 3 and 4 with a simple triangular waveform as input.
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Figure 9. Input (power) and output (temperature) waveforms for the SPICE simulation of the thermal circuit
given in Figures 3 and 4 with a low frequency triangular waveform as input. The analysis was carried out until
the junction temperature had practically reached steady—state.
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Tools for Analyzing the Power Transistor
and Its Thermal Environment

Kim Gauen, Motorola SPS
Heather Neal, Purdue University

ABSTRACT — New models, tools, and techniques are parameters for the non—electrical changes in the system. To
now available for simulating the power transistor and its circumvent this limitation, the user is forced to make gross
thermal environment. This paper validates one dynamically adjustments to the external nodes of the circuit through con-
temperature dependent power MOSFET model, presentgrolled sources or other elements.
simulation results for a relatively simple thermal network, A second approach possible with SPICE based simulators
and shows how more complex networks might be analyzed.is to write a completely new model. This is challenging since

INTRODUCTION the model must be compatible with the underlying SPICE

p . . | . e | code. The complexity of the task and the possibility of dis-
ower tra_nS|stors contmqe_ to piay an important role in rupting the operation of the SPICE code makes macro mod-
modern society. They are critical in a myriad of energy con-

) licati h N ; liablv. eff eling a more feasible and popular option. But as discussed
Version applications, so they must perform reliably, el 5,5y6 ‘macro modeling has its own set of problems, not the

ciently, safely, and economlt_:ally. This Service comes al j6ast of which is a large number of additional nodes, which
cost. The 1996 power transistor market is expected to bg, i\ increase simulation time

$1.2B, and the forecast for the year 2000 is $1.6B.

Desi : . ioh Simulators such as Analogy’s SABER provide a model-
esigners using power transistors must meet ever tig ten~Ing language which separates the simulation “engine” from

!ng costtargets gnd ever Increasing performan.ce goa_ls ~ a6 models. This allows the user to develop models as a sys-
In less design time. Without new tooI; 1o assist designers o of through and across variables that are not constrained
new products may not meet targeted introduction dates or, voltage and current. Thus, the relationship between elec-
performance speuflcatlons_. o trical and thermal variables can be described directly in the
Because the power transistor naturally dissipates heatdury, 4o \with a hardware description language. Analogy’s
ing power conversion, power electronic circuit analysis hardware description language is MAST
mustinclude a study of the thermal environment and thermal The second requirement is having an accurate and robust
effects on the power transistor. Until now such evaluations power transistor model that is also “dynamically” tempera-

were difficult and time consuming, but the introduction of ture dependent. (“Dynamic” temperature dependence is

new tO.OIS and th_e development of new techniques al€explained below.) This model should accurately predict the
improving the design process.

) ) . . I-V characteristics for the forward range of operation, as
The power MOSFETS popularity made it the ch0|ce. for well as leakage, reverse recovery and breakdown character-
the focus of this paper. The concepts described herein ar

. ) réiN Alstics of the drain—source body diode. The electrical model
useful for all power electronic devices and are only limited

by th ilability of models that d ibe their electrical must also describe the nonlinear gate—drain (and gate—
y the avarabiiity of models that describe their electrical g, rce for negative o) capacitances that are key to accu-
and thermal behavior.

rate transient simulations.

New Modeling Tools In the language of simulation a “robust” model is one that
Two new developments in modeling the power transistor does not cause convergence problems, which are most com-
are: monly the result of discontinuities in the model. Many
1. the development of simulators that can work as SPICE based subcircuit models have been introduced over
comfortably in an interactive thermal and electrical the years in an attempt to describe the nonlinear power
domain as well as just the electrical domain MOSFET capacitances; however, the macro modeling
2. the appearance of new power transistor models that ~approach introduces discontinuities. Although such discon-
support the new simulation tools. tinuities may be acceptable in a purely electrical simulation

Few simulators support thermal as well as electrical mod-environment, the complexity of the dynamic electro—-
els, allowing the electrical system to affect the thermal andthermal system requires models with superior convergence
vice versa. For example, in SPICE based simulators systengualities.
variables are constrained to voltage and current. In order to To date, the models common throughout the industry have
simulate non—electrical systems in these types of simulatorspeen “static” thermal models. This means that the designer
the nonelectrical system must be written in terms of equiva-can assign any reasonable temperature to the model prior to
lent electrical elements, or macro—-models. Macro modelingsimulation. However, device temperature will remain
techniques of electro—thermal systems suffer from their constant throughout the simulation, regardless of power
inability to directly adjust the internal electrical model dissipation.

http://onsemi.com
39



Thermal Modeling Brochure

Instead of this static model, we require a “dynamic” ther- 14
mal model that allows the device temperature to change as; ;,

electrical energy is converted to heat. To accomplish this, th&z
temperature parameter used inside the MOSFET model tag
adjust the electrical parameters for thermal effects must now§) 8
become an independent variable solved by the simulator.E' 6
When temperature is an independent variable, the simulators 4
must solve a set of simultaneous nonlinear differential equa-&
tions for temperature and heat flow as well as for voltage and§ 2
current for each node and each time step.

The SABER simulator uses a dynamic thermal version of
the MPV3 MOSFET model (MPV3X). This model is the g
basis of the library of ON Semiconductor MOSFET models °
provided with the 4.0 release of SABER.

Validating the MOSFET Model

Validating the dynamically temperature dependent .,
MOSFET model is a prerequisite to verifying its general ,%
usefulness. Designers are normally most interested in the
MOSFET’s on—resistance (to understand on—state losses)s
and its switching characteristics (to estimate switching %
losses). Table 1 show$B(onydata and other simulated and ﬁ
empirical DC characterization data at room and elevated
temperature. Small differences between the simulated ande
empirical results should be expected since the devices meag
sured here were not the same units used to generate thg
model. 3

L

DRAIN-S

Table 1. Measured and Simulated DC Characteristics
of the MTP15N06V
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Figure 1. Measured High and Low Temperature
Charge Waveforms of the MTP15N06V

Ig=ImA - - -

o

GATE CHARGE (nC)

Figure 2. Simulated High and Low Temperature
Charge Waveforms of the MTP15N06V

Measured Simulated
25°C 150°C 25°C 150°C
Rpsen) @ 10A | 103mQ | 210 mQ [ 101 mQ | 198 mQ
Diode Vf @ 10 A 0.93V 0.80V 091V 0.80V
BVdss @ 1 mA 73V 81V 75.4V 839V
Vgs @ 10 A 6.1V 6.1V 59V 6.0V
Vth @ 1 mA 290V | 229V 2.88V 230V

The high temperaturedswaveform closely tracks the low
temperature curve, and theyywaveform changes primarily
because the i on)affects the on—state voltage. The slopes of
Vgs and \bs waveforms can be related to the input capaci-
tances at their specific operating voltage. The capacitances
influence the shape of the gate charge waveforms and, by
extension, all MOSFET switching waveforms. A known
source of error in the actual waveforms shown here is that the
load resistor had an inductive component which was estimated
to be 3.1uH.

Measurement errors and differences in measurement Ag can be seen from Figures 1 and 2, the MOSFET’s
equipment and techniques probably account for some of thesyitching speeds are largely temperature invariant. The
differences in Table 1.

The MOSFET characteristics that determine switching he gate voltage’s amplitude during the “plateau” region.
behavior are its input capacitance and its transfer charactersjnce the plateau voltage is determined by the transfer char-
istics. The gate charge test is alow fr.equency.test that yieldscteristics (b vs. Vgsat Vps = 15 V), itis important that the
much information about input capacitance. Figures 1 and 2yransfer characteristics be modeled well. Again, considering
show the modeled and actual waveforms from a gate charg@neasurement error and likely variation among devices, the

test.

characteristic that varies withy junction temperature) is

simulated and measured results in Figures 3 and 4 match
pretty well.
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Measured and simulated turn on and turn off waveforms
at low and high temperature are shown in Figures 5a, 5b, 6a,
6b, 7a, 7b, 8a and 8b.

In the turn off waveforms a 103 pF capacitor was added
across the MOSFET's drain and source terminals to account

Ves
2 Vldiv

for parasitic circuit capacitance and capacitance associated
with the load resistor. The matching switching waveforms
complete the validation of the MOSFET model. The next

task is to generate accurate thermal models of the MOSFETo

and its environment.

0.5/div -

Vbs

5V/div :
Ehi 3V Tomv M S0ns ChT 7 2.36V
Ref2 5V 50ns

Figure 6a. Measured Turn On of an
MTP15NO06V at 116°C (50 ns/div)
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Figure 7b. Simulated Turn Off of an
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Characterizing a Simple Thermal Network resistance and the circuit’s thermal time constant, which was

For those unaccustomed to working in the thermal about 461 seconds. The chosen value of C was substantiated
domain, Table 2 serves as a quick reminder of the basic therby estimates using the heatsink’s mass and aluminum’s spe-
mal relationships. cific heat.

The ultimate requirement in characterizing a power tran- By choosing the thermal R from the steady state condi-
sistor’s thermal environment is to obtain an accurate ther-tions and the thermal C from the temperature at one tau, the
mal model of any transistor/heatsink combination. To vali- simulation is forced to match the actual heatsink tempera-
date the modeling process, we took an intermediate stageture rise at those two times. All other points match well
i.e., reduced the complexity of the heatsink so that a simplebecause the assumption that the network can be modeled as
thermal RC network would adequately model the entire a single RC is accurate. Now that the heatsink is modeled
thermal network. For this purpose we used a 40 by 20 byand the MOSFET model has been verified, we have all the
12 mm aluminum heatsink that had no fins. The thermal elements required to model a simple thermal/electrical
resistance and the thermal capacitance of this heatsink argystem.
both much larger than those of the MOSFET, so the
MOSFET’s thermal characteristics can be ignored for now. C°r?Sta”t Qurreqt Load

. - Simulating a simple constant current load turns out to be
For this characterization, a TO-220 was attached to thenot only a challenge but an impossible task for most tools for
heatsink and forced to dissipate a step input of 7 W. Fig-

) ) odeling power electronics. It is well known that a
ure 9 shows hoyvthe MOS_FE_Tst_ab temperature |ncreaset{\T/:OSFE_l_,S Rbs(on) can double from Z& to 175C. The
in response to its power dissipation.

positive temperature coefficient causes the MOSFET'’s
Rbs(on) to increase with temperature, which causes addi-
tional power dissipation and an even greater increase in
junction temperature. When load current is high or heatsink-

Table 2. Relationship Between Fundamental Thermal
and Electrical Parameters

Electrical Thermal ing is poor, the MOSFET’s junction temperature may never
Through Variable Current (A) Heat Flow (J/s) stop increasing, resulting in “thermal runaway.”
, Difference in Difference in It's difficult to determine the conditions at which thermal
Across variable Voltage Temperature runaway will occur because of the feedback inherent in the
Resistance REerei‘;ttgf]aCL Rzzgtr:ﬁcle electrical/thermal network. Near the point of runaway the
A T=Tieai Flow _flnal ju_nctlon temperature is especially sensitive to <_:h_anges
Ohm's Law AV=LR times R in ambient temperature g3 (on) the temperature coefficient
Unit of of Rps(ony and the thermal stackup. The simulation must
Capacitance Coulombs/\Volt Joules/°C accurately model all these factors or the results may be far

from actual behavior.

Once the thermal response of a network is known, choos- Figure 10 shows the case temperature rise of an
ing the number of thermal Rs and Cs to be used in the modeMTP15N06V subjected to two stepped loads, one with the
and assigning values to each is usually an exercise in comtransistor dissipating 7 W and another with the transistor dis-
promise. The trick is to maintain simplicity without affect- sipating conduction losses due to a continuous drain current
ing modeling accuracy. The actual thermal network of the of 6.0 A. Initially the power dissipation for the 6 A load is
aluminum heatsink used here is a jumble of distributed Rsabout 3.6 W, but as junction temperature increases, the
and Cs, and it is not possible to model it exactly. Fortu- power dissipation eventually exceeds 7 W. Because power
nately, the model only needs to be accurate enough to givelissipation gradually increases with time, the system takes
useful and meaningful results. much longer to stabilize with the fixed drain current.

Since the characteristics of our aluminum heatsink are The empirically generated curves in Figure 11 clearly
dominated by its large thermal capacity and its large heat-show the catastrophic results of increasing the load current
sink to ambient thermal resistance, a single RC network isfrom 6.0 to 6.5 A. The system moves from stability to ther-
all that is required. (Ways to model more complex thermal mal runaway, and the MOSFET would have been destroyed
networks will be discussed at the end of this paper.) had the test not been stopped.

Actual characterization data supports using a simple RC The conditions of Figure 11 were simulated and are shown
network. The simulated tab temperature rise for a 7 W loadin Figure 12. Considering the sensitivity of the network near
matches the curve shown in Figure 9. The thermal resistancéhermal runaway, the results match those of Figure 11 very
used in the model was determined from the steady state datevell. Note that \hs(on)climbs unabated due to the continu-
and the thermal capacitance was calculated from the thermaing increase in temperature angdgon)y
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Characterizing Complex Thermal Networks

So far, the examples of thermal networks shown here have
been very simple and therefore limited to a small class of
applications. A much broader technique for characterizing
thermal environments is needed.

There are at least three ways to obtain models of complex
thermal systems. One is to use finite element analysis to deter-
mine the thermal response and generate a thermal network that
a program like SABER can use. This approach is promising for
many circuits, especially those of moderate complexity.

A second approach works with very complex as well as
simple thermal networks. With this method a power transis-
toris mounted to its heatsink and is placed in an environment
similar to that of the actual application, which may include
several thermal interfaces, forced air cooling, elevated
ambient temperature, etc. Next, the thermal response of the
system is measured with a well established technique, i.e.,
transient thermal response testing using the temperature sen-
sitive parameters of the power component. This is how junc-
tion—to—case transient thermal response curves are gener-
ated for data sheets. The technique is simply extended to
include the entire thermal stackup. Thermal Rs and Cs can
be determined from the transient thermal response curves.

A transient thermal response curve is shown in Figure 13.
The upper waveform is the transient thermal response of the
TO-220 on a Wakefield 667-10ABPP heatsink. A thermal
network that gives a similar response is shown at the top of
the graph. The lower waveform is the transient thermal
response of the same TO-220 on an infinite heatsink. This
lower curve is the junction—to—case transient thermal
response that appears on most power MOSFET data sheets.
An equivalent thermal circuit is shown for that case, too.

Unfortunately, measuring transient thermal response
requires specialized test equipment that quickly switches the
device under test from a powered mode to a test mode. Com-
mercial test circuits are available and schematics for build-
ing the circuits have been published (Ref. [1] and [2]).

If the power pulse of interest has a width greater than a few
seconds, measuring the tab temperature rise, as was done in
the testing in this paper, is an option. There will be an error
introduced because of the difference between the tab and the
junction temperatures. If the power dissipation is low and if
the pulse width exceeds the thermal time constant of the
package, then the junction to tab temperature difference will
be small and a thermal model can be built from tab tempera-
ture readings.

Both response curves shown in Figure 13 can be described
with only three RC pairs. Such thermal networks add only
a few simple nodes to the netlist and do not appreciably
increase simulation time at each timestep. However, thermal
time constants tend to be far greater than electrical time
constants. Therefore, a combined thermal/electrical simula-
tion make take some time to reach steady state values if the
power components are being switched, even at fairly low
frequencies. Additional techniques need to be developed for
this broad case of applications.
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One approach might be to assume that the switching lossestate losses. Estimated switching losses could be injected
are relatively constant with temperature (not a bad assumpinto the thermal network to include their contribution to the
tion with power MOSFETSs) and then model only the on— junction temperature rise.
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Figure 13. Transient Thermal Response of a MOSFET on a
Wakefield Heatsink and an Infinite Heatsink.
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Appendix A Thermal Data on Power Surface Mount Packages
Device Rea Rea
Type Technology Package Die Size (mils) Die Size (mm) (°C/W) Notes (°C/W)
Rectifier GaAs D2PAK 112 x 112 2.84x2.84 77.8 Air 33
Rectifier Silicon/Schottky D2PAK 114 x 114 2.89x2.89 91.38 min 2.19
Rectifier Silicon/Schottky D2PAK 114 x 114 2.89x2.89 52.29 1", SS
MOSFET Silicon D2PAK 115 x 102 2.92x2.59 50 min 1.86
Rectifier Silicon/Schottky D2PAK 128 x 128 3.25x3.25 90.19 min 4
Rectifier Silicon/Schottky D2PAK 128 x 128 3.25x3.25 59.74 1", SS
MOSFET Silicon D2PAK 145 x 145 3.68 x 3.68 50 min 1.29
Rectifier Silicon/Schottky D2PAK 170x 170 4.31x4.31 88.02 min 1.26
Rectifier Silicon/Schottky D2PAK 170x 170 4.31x4.31 54.46 1", SS
MOSFET Silicon D2PAK 171 x 227 4.34x5.77 76.73 min 0.61
MOSFET Silicon D2PAK 171 x 227 4.34x5.77 53.04 1", SS
MOSFET Silicon D2PAK 180 x 175 4.57 x 4.44 50 min 1
Rectifier Silicon/Schottky D2PAK 180 x 180 4.57 x 4.57 88.26 min 1.02
Rectifier Silicon/Schottky D2PAK 180 x 180 4.57 x 4.57 56.67 1", SS
MOSFET Silicon D2PAK 186 x 190 4.72 x 4.82 50 min 0.93
Rectifier GaAs D2PAK 80 x 80 2.03x2.03 76.8 Air 3.77
Rectifier Silicon/Schottky DPAK 100 x 100 2.54x2.54 134.17 min 112.21
Rectifier Silicon/Schottky DPAK 100 x 100 2.54x2.54 67.53 1", SS 2.43
MOSFET Silicon DPAK 102 x 102 2.59 x 2.59 118.12 min 1.72
MOSFET Silicon DPAK 115 x 102 2.92x2.59 71.4 min 1.86
Rectifier Silicon/Schottky DPAK 62 X 62 1.57 x 1.57 131.67 min 3.22
Rectifier Silicon/Schottky DPAK 62 x 62 1.57 x1.57 63.95 1", SS
MOSFET Silicon DPAK 75X 75 1.91x1.91 3.43
Rectifier Silicon/Schottky DPAK 80 x 80 2.03 x2.03 123.34 min 25
Rectifier Silicon/Schottky DPAK 80 x 80 2.03x2.03 62.09 1", SS
MOSFET Silicon DPAK 89 x 89 2.26 x2.26 71.4 min 2.38
MOSFET Silicon DPAK 89 x 89 2.26 x 2.26 92.29 2.61
MOSFET Silicon Micro80 35x 70 0.89x1.78 239.36 min 21.37
MOSFET Silicon Micro80 35x70 0.89x1.78 121 1", SS 26.66
MOSFET Silicon Micro80 70 x 85 1.78x2.16 199.24 min
MOSFET Silicon Micro80 70 x 85 1.78 x 2.16 94.67 1", SS
MOSFET Silicon Micro80 70 x 85 1.78x2.16 107.67 0.5”, min
Rectifier Silicon Powermite[d 40 x 40 1.01x1.01 247.2 min 19.5
Rectifier Silicon/Schottky Powermite[d 40 x 40 1.01x1.01 254.9 min
Rectifier Silicon/Schottky Powermite[d 40 x 40 1.01x1.01 83.1 1", SS
Rectifier Silicon/Schottky SMA 39 x 39 0.99 x 0.99 243.95 min
Rectifier Silicon/Schottky SMA 39x39 0.99 x 0.99 85.74 1", SS
Rectifier Silicon/Schottky SMA 39 x 39 0.99 x 0.99 250.57 min
Rectifier Silicon/Schottky SMA 39x39 0.99 x 0.99 104.47 0.7", SS
Rectifier Silicon/Schottky SMA 39x39 0.99 x 0.99 87.53 1", SS
NOTES:

1. Derating applied to all numbers
Rojx < 20: #*1.25
20 < Rgjx < 100 #*(1+)0.25-0.15*((#-20)/80)))
Regjx > 100 #*1.1

2. Rgya is on min pad unless noted

3. DXPAK Rgja is on min pad unless noted
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Appendix A Thermal Data on Power Surface Mount Packages
Device Rea Rea
Type Technology Package Die Size (mils) Die Size (mm) (°C/W) Notes (°C/W)

Rectifier Silicon/Schottky SMA 45 x 45 1.14x1.14 253.76 min
Rectifier Silicon/Schottky SMA 45 x 45 1.14x1.14 101.53 0.7", SS
Rectifier Silicon/Schottky SMA 45 x 45 1.14x1.14 86.4 1", SS
Rectifier Silicon/Schottky SMA 49 x 49 1.24x1.24 251.1 min
Rectifier Silicon/Schottky SMA 49 x 49 1.24x1.24 86.7 1", SS
Rectifier Silicon SMA 52 x 52 1.32x1.32 88.3 1", SS
Rectifier Silicon SMA 52 x 52 1.32x1.32 240.7 min
Rectifier Silicon SMA 52 x 52 1.32x1.32 247.5 min
Rectifier Silicon/Schottky SMA 52 x 52 1.32x1.32 250.01 min
Rectifier Silicon/Schottky SMA 52 x 52 1.32x1.32 103.97 0.7", SS
Rectifier Silicon/Schottky SMA 52 x 52 1.32x1.32 85.57 1", SS
Rectifier Silicon/Schottky SMB 39x39 0.99 x 0.99 219.07 min
Rectifier Silicon/Schottky SMB 39x39 0.99 x 0.99 80.82 1", SS
Rectifier Silicon/Schottky SMB 39x39 0.99 x 0.99 208.1 min
Rectifier Silicon/Schottky SMB 39x39 0.99 x 0.99 78.1 1", SS
Rectifier Silicon SMB 46 x 46 1.16x1.16 79.26 1", SS
Rectifier Silicon SMB 46 x 46 1.16x1.16 234.41 min
Rectifier Silicon SMB 60 x 60 1.52 x1.52 75.44 1", SS
Rectifier Silicon SMB 60 x 60 1.52x1.52 231.63 min
Rectifier Silicon/Schottky SMB 62 x 62 1.57 x 1.57 225.65 min
Rectifier Silicon/Schottky SMB 62 x 62 1.57 x1.57 77.38 1", SS
Rectifier Silicon/Schottky SMC 62 x 62 1.57 x1.57 164 min
Rectifier Silicon/Schottky SMC 62 x 62 1.57 x 1.57 70.7 1", SS
Rectifier Silicon/Schottky SMC 62 x 62 157 x1.57 71.6 1", SS
Rectifier Silicon/Schottky SMC 62 x 62 1.57 x 1.57 164.4 min
Rectifier Silicon SMC 71x71 1.80x1.80 74.7 1", SS
MOSFET Silicon SO-8 34 x 68 0.86x 1.73 176.6 min
MOSFET Silicon SO-8 34 x 68 0.86 x1.73 105.4 1", SS
MOSFET Silicon SO-8 34 x 68 0.86x 1.73 66.33 17, 10S
BIPOLAR Silicon SO-8 51 x 54 1.3x1.37 186.6 min
BIPOLAR Silicon SO-8 51 x 54 1.3x1.37 126.3 0.7", SS
BIPOLAR Silicon SO-8 51 x 54 1.3x1.37 108.4 1", SS
BIPOLAR Silicon SO-8 56 x 84 1.42x2.13 185.7 min
BIPOLAR Silicon SO-8 56 x 84 1.42x2.13 116.2 0.7", SS
BIPOLAR Silicon SO-8 56 x 84 1.42x2.13 99.6 1", SS
MOSFET Silicon SO-8 57 x 99 1.45x 251 166.1 min
MOSFET Silicon SO-8 57 x99 1.45x2.51 97.8 1", SS
MOSFET Silicon SO-8 57 x99 1.45x2.51 61.7 17, 10S
MOSFET Silicon SO-8 57 x99 1.45x2.51 85.6 1", SS
MOSFET Silicon SO-8 57 x99 1.45x 2.51 49.33 17, 10S
MOSFET Silicon SO-8 58 x 99 1.47x2.51 160.8 min
MOSFET Silicon SO-8 89 x 150 2.26x3.81 145.13 min
Rectifier Silicon/Schottky SO-8 90 x 90 2.29x2.29 138.5 min

NOTES:

1. Derating applied to all numbers 2. Rgja is on min pad unless noted

Rgjx < 20: #*1.25 3. DXPAK Rgja is on min pad unless noted
20 < Rgyx < 100 #+(1+)0.25-0.15*((#-20)/80)))

Rejx > 100 #+1.1
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Appendix A Thermal Data on Power Surface Mount Packages
Device Rea Rea
Type Technology Package Die Size (mils) Die Size (mm) (°C/W) Notes (°C/W)
MOSFET Silicon SO-8 98 x 120 2.49x3.04 133.2 min
MOSFET Silicon SO-8 98 x 120 2.49x3.04 81.5 1", SS
MOSFET Silicon SO-8 98 x 120 2.49x3.04 129 min
MOSFET Silicon SO-8 98 x 120 2.49x3.04 80.9 1", SS
MOSFET Silicon SO-8 98 x 120 2.49x3.04 44.5 17, 10S
Rectifier Silicon/Schottky SOD-123 35x35 0.89 x0.89 205.7 1", SS
Rectifier Silicon/Schottky SOD-123 35x35 0.89x 0.89 429.2 min
MOSFET Silicon SOT-223 35x70 0.89x1.78 167.49 min
MOSFET Silicon SOT-223 35x70 0.89x1.78 75.49 1", SS
MOSFET Silicon SOT-223 55 x 90 1.40x2.29 159.8 min
MOSFET Silicon SOT-223 55 x 90 1.40 x 2.29 88.5 0.7, SS
MOSFET Silicon SOT-223 55 x 90 1.40x2.29 71.8 1", SS
NOTES:

1. Derating applied to all numbers
Rgjx < 20: #*1.25
20 < Rgjx < 100 #*(1+)0.25-0.15*((#—20)/80)))
Rgjx > 100 #*1.1

2. Rgja is on min pad unless noted

3. DXPAK Rgja is on min pad unless noted
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Thermal Comparison and Summary of
Low Voltage Surface Mount Packages

05" Sq. 0.5” Sq. 17 5q. 17 8q.
Time in Minimum Pad Minimum Pad Pad Size Pad Size Pad Size Pad Size Die Size Die Size
Seconds Size (°C/W) Size (watts) (°CIw) (watts) (°CIw) (watts) (mils) (mm) Packages
5 245 5.10 — — 15 8.33
10 385 325 — — 21 5.95 100x100 2.54x2.54 %
SS 134 0.93 — — 67.5 1.85 DPAK
5 55 2.27 — — 30 4.17
10 75 1.67 — — 35 357 35x70 0.889x1.77
SS 167 0.75 — — 75.94 1.65 SOT-223
5 50.5 2.48 44 2.84 375 3.33
10 64 1.95 515 243 44 2.84 96x120 2.438x3.04
SS 128.9 0.97 102 123 80.9 1.55
5 975 1.28 52 2.40 46 2.72
10 122 1.02 56 2.23 51 2.45 7085 1.77x2.159
SS 199 0.63 107.6 1.16 94.7 1.32
5 137 0.91 62 2.02 58.3 2.14
10 160 0.78 68.3 1.83 615 2.03 40x70 1.016x1.77
SS 241 0.52 125.8 0.99 102.3 1.22

NOTES: These apply to all of the measurements
SS = Steady State

Thermal measurements are Rgja in °C/Watt
Measurements have been derated

All devices are single die
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Appendix B Footprints for Soldering

Surface mount board layout is a critical portion of the interface between the board and the package. With the cor-
total design. The footprint for the semiconductor packagesrect pad geometry the packages will self align when sub-
must be the correct size to insure proper solder connectionected to a solder reflow process.
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Appendix B Footprints for Soldering (continued)
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Appendix B Footprints for Soldering (continued)
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Package Outline Drawings

Thermal Modeling Brochure
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Appendix C

Package Outline Drawings (continued)
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PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT
K [—B—] EXCEED 0.15 (0.006) PER SIDE.
4. DIMENSION B DOES NOT INCLUDE INTERLEAD
i FLASH OR PROTRUSION. INTERLEAD FLASH OR
m PROTRUSION SHALL NOT EXCEED 0.25 (0.010)
A PER SIDE.
PIN 1 |D_; _»I L_ MILLIMETERS INCHES
G | DIM[ MIN | MAX | MIN | MAX
DspL A | 290 | 310 | 0114 [ 0122
|$| 0.08 (0,003)@| T| B @| A @| B | 290 | 310 | 0114 | 0122
c| — [ 110 — [0043
D | 025 | 040 | 0,010 | 0.016
G 0.65 BSC 0.026 BSC
SEATING H | 005 015 | 0002 | 0.006
{ J | 013 | 023 | 0.005 | 0.009
—T—| PLANE K | 475 | 505 | 0187 | 0.199
(] 0.038 (0.0015) _{ c L L | 040 | 070 0016 | 0028
H] ]L_J _’I |<_ L STYLE L: STYLE 2: STYLE 3:
PIN 1. SOURCE PIN 1. SOURCE 1 PIN 1. N-SOURCE
2. SOURCE 2. GATEL 2. N-GATE
3. SOURCE 3. SOURCE 2 3. P-SOURCE
4. GATE 4. GATE2 4. P-GATE
5. DRAIN 5. DRAIN 2 5. P-DRAIN
6. DRAIN 6. DRAIN 2 6. P-DRAIN
7. DRAIN 7. DRAIN 1 7. N-DRAIN
8. DRAIN 8. DRAIN 1 8. N-DRAIN
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(continued)

Powermite

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.

F
h‘;| 008(0003)®[T[B ®[c®] 2

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT
EXCEED 0.15 (0.006) PER SIDE.

CASE 318D-04
ISSUE F

MILLIMETERS | INCHES
TERM. 1 DIM[ MIN_ | WMAX | MIN | MAX
Al 175 | 205 | 0069 | 0.081
B | 175 | 218 | 0069 | 0086
C | 085 | 115 [ 0033 | 0045
TERM. 2 D | 040 | 069 | 0016 | 0027
F | 070 | 100 | 0.028 | 0039
A \ H | 005 | +0.10 [-0.002 |+0.004
R J | 010 | 025 | 0004 | 0010
L K | 360 | 390 | 0142 | 054
v L | 050 | 080 | 0020 [ 0031
R | 120 | 150 | 0047 | 0059
7] e s | 0s0REF 0.019 REF
H —>i<— D
— [©]0080003®@[T[8 O[c )]
CASE 457-04
ISSUE C
SC-59
le— A —> NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
— L f= Y145M, 1982,
r—m * 2. CONTROLLING DIMENSION: MILLIMETER.
; MILLIMETERS | INCHES
S B DIM[ MIN | MAX | MIN | MAX
2 1 A | 270 | 310 [01063 [01220
* ' ' B | 130 | 170 [00512 [0.0669
|_I_| T C | 100 | 1.30 [003%4 0051
! ! D | 035 | 050 [00138 [0.019
—4 |<—D G | 170 | 210 [00670 [0.0826
L_ _J H | 0013 | 0.100 [0.0005 |0.0040
G J | 009 | 0.8 [00034 [0.0070
K | 020 | 0,60 [0.0079 [0.0236
¢ L | 125 | 165 [0.0493 [0.0649
5 S | 250 | 300 [00985 [0.181
1M © 1
L } K= b1
H
STYLE L STYLE2: STYLE3:
PIN 1. EMITTER PINL NC. PIN 1, ANODE
2 BASE 2. ANODE 2. ANODE
3. COLLECTOR 3. CATHODE 3. CATHODE
STYLE & STYLES: STYLE 6:
PINL NC. PIN 1. CATHODE PIN 1. CATHODE
2. CATHODE 2. CATHODE 2. ANODE
3. ANODE 3. ANODE 3. ANODE/CATHODE
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Appendix C Package Outline Drawings (continued)
A SC-70/SOT-323
—» L |t
NOTES:
T 1. DIMENSIONING AND TOLERANCING PER ANSI
3) | T Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
S B
L ) * INCHES | MILLIMETERS
| DIM[ MIN_| MAX | MIN | MAX
LLI L_' A | 0071 [ 0087 | 1.80 | 2.20
s B | 0045 | 0053 | 115 | 135
V — e 3l |l«—D C | 0035 | 0.049 | 090 | 125
D | 0012 | 0.016 | 030 | 0.40
G—= G | 0047 [ 0.055 | 120 | 140
H | 0000 | 0.004 | 000 | 0.0
J_ ¢ | J [ 0004 | 0010 | 010 [ 0.25
Y K | 00L7REF 0.425 REF
R N J L | 0.026BSC 0.650 BSC
L C r N | 0.028REF 0.700 REF
T T R | 003L [ 0.039 | 080 | 100
S [ 0079 | 0.087 | 200 | 220
O 0.05(0.002) LH _>| K |<_ v | 0012 [ 0.016 | 030 | 0.40
STYLE L: STYLE 2: STYLE 3: STYLE 4: STYLES:
CANCELLED PIN 1. ANODE PIN 1. BASE PIN 1. CATHODE PIN 1. ANODE
2. N.C. 2. EMITTER 2. CATHODE 2. ANODE
3. CATHODE 3. COLLECTOR 3. ANODE 3. CATHODE
STYLE6: STYLET: STYLE8: STYLEO: STYLE 10:
PIN 1. EMITTER PIN 1. BASE PIN L GATE PIN 1. ANODE PIN 1. CATHODE
2. BASE 2. EMITTER 2. SOURCE 2. CATHODE 2. ANODE
3. COLLECTOR 3. COLLECTOR 3. DRAIN 3. CATHODE-ANODE 3. ANODE-CATHODE
CASE 419-02
ISSUE J
SMA
< s >
le—— A —»‘ NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
) INCHES | MILLIMETERS
:> D B | DM MIN | MAX | MIN | MAX
A | 0160 | 0.180 | 406 | 457
| N 2 B | 0000 | 0115 | 229 | 292
l C [ 0075 | 0105 | 191 | 267
D | 0050 | 0.064 | 127 | 163
H | 0004 | 0.008 | 010 | 020
J | 0.006 | 0016 | 0.5 | 041
K | 0030 | 0.060 | 076 | 152
[ .. ) ] S [ 0190 | 0220 | 483 | 559

— = C
by T

CASE 403B-01
ISSUE O
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Package Outline Drawings (continued)

SMB

CASE 403A-03
ISSUE D

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. D DIMENSION SHALL BE MEASURED WITHIN
DIMENSION P.

INCHES MILLIMETERS
MIN | MAX [ MIN | MAX
0160 | 0.180 | 4.06 | 457
0130 | 0150 | 330 [ 381
0075 | 0.095 | 1.90 [ 241
0077 | 0083 | 1.96 | 211
0.0020 [0.0060 | 0.051 | 0.152
0006 | 0012 | 015 [ 030
0030 | 0050 | 0.76 | 127
0.020 REF 051 REF
0205 [ 0220 | 521 [ 559

SMC

CASE 403-03
ISSUE B

NOTES:

1

2.
3.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.

D DIMENSION SHALL BE MEASURED WITHIN
DIMENSION P.

INCHES MILLIMETERS
MIN MAX MIN | MAX
0.260 | 0.280 6.60 7.11

0.220 | 0.240 5.59 6.10

0.075 | 0.095 1.90 241

0.115 | 0.121 2.92 3.07

0.0020 |0.0060 | 0.051 | 0.152

0.006 | 0.012 0.15 0.30

0.030 | 0.050 0.76 127

0.020 REF 0.51 REF

m-uquUOm)>|§

0305 | 0320 | 7.75 | 813
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Appendix C

Package Outline Drawings (continued)

A SEATING

B0 T

ol

PLANE

B

/ 0010

[@]025 @[c[B ®[AO]

STYLE 1.
PIN 1.
2.

o NG~ W

STYLE5:
PIN 1.

o N O~ w

STYLEO:
PIN 1.

i o

STYLE 13:
PIN 1.
2.

NG AW

STYLE 17:
PIN 1.
2.

o NG AW

EMITTER
COLLECTOR
COLLECTOR
EMITTER
EMITTER
BASE

BASE
EMITTER

DRAIN
DRAIN
DRAIN
DRAIN
GATE
GATE
SOURCE
SOURCE

EMITTER, COMMON
COLLECTOR, DIE #1
COLLECTOR, DIE #2
EMITTER, COMMON
EMITTER, COMMON
BASE, DIE #2

BASE, DIE #1

EMITTER, COMMON

N.C.
SOURCE
SOURCE
GATE
DRAIN
DRAIN
DRAIN
DRAIN

vce
V20UT
ViouT
TXE
RXE
VEE
GND
ACC

STYLE 2:
PIN 1.

COLLECTOR, DIE, #1

SO-8

\
S —

|<—

] ﬁ

ol

~~c

STYLE 3:

2. COLLECTOR, #1

O NG

STYLE 6:
PIN 1.

SOURCE

COLLECTOR, #2
COLLECTOR, #2
BASE, #2
EMITTER, #2
BASE, #1
EMITTER, #1

PIN 1.

2.

3
4.
5.
6
7
8

STYLET:

2. DRAIN

O NG R

STYLE 10:
PIN 1.

GROUND

DRAIN
SOURCE
SOURCE
GATE
GATE
SOURCE

STYLE 11:
PIN 1.

2. BIAS1

O NG

STYLE 14:
PIN 1.

N-SOURCE

OUTPUT
GROUND
GROUND
BIAS 2
INPUT
GROUND

STYLE 15:
PIN 1.

2. N-GATE

3
4
5.
6.
7
8

P-SOURCE
P-GATE
P-DRAIN
P-DRAIN
N-DRAIN
N-DRAIN

CASE 751-06
ISSUE T

PIN 1.

2.

3.
4.
5.
6.
7.
8.

2.

O NG AW

2.

O NSO AW

NOT
1

w N

DRAIN, DIE #1
DRAIN, #1
DRAIN, #2
DRAIN, #2
GATE, #2
SOURCE, #2
GATE, #1
SOURCE, #1

INPUT
EXTERNAL BYPASS

THIRD STAGE SOURCE

GROUND

DRAIN

GATE 3

SECOND STAGE Vd
FIRST STAGE Vd

SOURCE 1
GATE 1
SOURCE 2
GATE 2
DRAIN 2
DRAIN 2
DRAIN 1
DRAIN 1

ANODE 1
ANODE 1
ANODE 1
ANODE 1
CATHODE, COMMON
CATHODE, COMMON
CATHODE, COMMON
CATHODE, COMMON

ES:
. DIMENSIONING AND TOLERANCING PER ASME

Y14.5M, 1994.

. DIMENSIONS ARE IN MILLIMETER.
. DIMENSION D AND E DO NOT INCLUDE MOLD

PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
. DIMENSION B DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

MILLIMETERS
| DIM[ MIN_ | MAX
Al 135 [ 175
AL 010 | 025
B | 035 | 049
c| 019 02
D | 480 | 500
E | 380 [ 400
e 1.27 BSC
H | 580 | 620
h | 025 | 050
L | 040 [ 125
0 0°] 7°
STYLE 4:
PIN1. ANODE
2. ANODE
3. ANODE
4. ANODE
5. ANODE
6. ANODE
7. ANODE
8. COMMON CATHODE
STYLE 8:
PIN1. COLLECTOR, DIE #1
2. BASE #1
3. BASE,#2
4. COLLECTOR, #2
5. COLLECTOR, #2
6. EMITTER, #2
7. EMITTER, #1
8. COLLECTOR, #1
STYLE 12:
PIN1. SOURCE
2. SOURCE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. DRAN
8. DRAIN
STYLE 16:
PIN1. EMITTER, DIE #1
2. BASE, DIE#1
3. EMITTER, DIE #2
4. BASE, DIE #2
5. COLLECTOR, DIE #2
6. COLLECTOR, DIE #2
7. COLLECTOR, DIE #1
8. COLLECTOR, DIE #1
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Package Outline Drawings (continued)

SOD-123

e— C—>

l<— H

.

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

@
(@]

o>

AP

N

STYLE1THRUS: STYLE 6: STYLET:
CANCELLED PIN1. BASE PIN1. EMITTER
2. EMITTER 2. BASE
3. COLLECTOR 3. COLLECTOR
STYLE 10: STYLE 11: STYLE 12:
PIN1. DRAIN PIN1. ANODE PIN1. CATHODE
2. SOURCE 2. CATHODE 2. CATHODE
3. GATE 3. CATHODE-ANODE 3. ANODE
STYLE 15: STYLE 16: STYLE17:
PIN1. GATE PIN1. ANODE PIN1. NO CONNECTION
2. CATHODE 2. CATHODE 2. ANODE
3. ANODE 3. CATHODE 3. CATHODE
STYLE 20: STYLE 21: STYLE 22:
PIN1. CATHODE PIN1. GATE PIN1. RETURN
2. ANODE 2. SOURCE 2. OUTPUT
3. GATE 3. DRAIN 3. INPUT
CASE 318-08
ISSUE AF

¥ — INCHES | MILLIMETERS
DIM[ MIN | MAX |_MIN | WAX
A | 0055 | 0.071 | 140 | 180
B | 0100 | 0.112 | 255 | 285
C 1 0037 | 0053 | 095 | 135
K B D | 0.020 | 0028 | 050 | 0.0
E 0004 | — | 025
H | 0000 | 0.004 | 0.00 | 010
3 — o006 | — ois
L K | 0140 | 0.152 | 355 | 385
L2 ) E
STYLE L.
f PIN 1. CATHODE
5 ; 2. ANODE
CASE 425-04
ISSUE C
SOT-23 NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. MAXIMUM LEAD THICKNESS INCLUDES LEAD
FINISH THICKNESS. MINIMUM LEAD THICKNESS
IS THE MINIMUM THICKNESS OF BASE

MATERIAL.
INCHES MILLIMETERS
[DIM[ MIN | MAX | MIN | MAX
A 01102 [0.1197 | 2.80 | 3.04
B [0.0472 [0.0551 | 120 | 1.40
C 00350 [0.0440 | 089 | 1.11
D [0.0150 [0.0200 | 037 | 050
G 00701 [0.0807 | 1.78 | 2.04
H [0.0005 [0.0040 | 0.013 | 0.100
J ]0.0034 |0.0070 | 0.085 | 0.177
K ]0.0140 [0.0285 | 035 | 0.69
L |0.0350 |0.0401 | 089 | 1.02
S 100830 [0.1039 | 210 | 264
V00177 00236 | 045 | 0.60
STYLE 8 STYLE 9:
PIN1. ANODE PIN1. ANODE
2. NO CONNECTION 2. ANODE
3. CATHODE 3. CATHODE
STYLE 13: STYLE 14:
PIN1. SOURCE PIN1. CATHODE
2. DRAIN 2. GATE
3. GATE 3. ANODE
STYLE 18: STYLE 19:
PIN 1. NO CONNECTION PIN1. CATHODE
2. CATHODE 2. ANODE
3. ANODE 3. CATHODE-ANODE
STYLE 23: STYLE 24:
PIN1. ANODE PIN 1. GATE
2. ANODE 2. DRAIN
3. CATHODE 3. SOURCE
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A SOT-223
F NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS
¢ Y14.5M, 1982.
: 2. CONTROLLING DIMENSION: INCH,
S ! B INCHES | MILLIMETERS
A DM MIN | MAX | MIN | MAX
! ‘ A | 0249 | 0263 | 630 | 670
1 B | 0130 | 0.145 | 330 | 370
C | 0.060 | 0.068 | 150 | 175
D | 0.024 | 0.035 | 060 | 089
1 1
o D F | 0415 [ 0126 | 200 | 3.20
L —> G | 0.087 | 0.004 | 220 | 240
G H_[0.0008 [0.0040 | 0.020 | 0.100
l 3 J | 0009 | 0.014 | 024 [ 035
c f; K | 0.0s0 | 0.078 | 150 | 2.0
i =\ l L [ 0033 [ 0041 | 085 | 108
% M1 o0°] 10°] o0°] 10°
(| 0.08(0003) L H M s | 0264 | 0287 | 670 | 730
— K
STYLE L STYLE2: STYLE3: STYLE 4 STYLES: STYLEG:
PIN 1. BASE PIN 1. ANODE PIN1. GATE PIN 1. SOURCE PIN 1. DRAIN PIN L. RETURN
2. COLLECTOR 2. CATHODE 2. DRAIN 2. DRAIN 2. GATE 2. INPUT
3. EMITTER 3 NC 3. SOURCE 3. GATE 3. SOURCE 3. QUTPUT
4 COLLECTOR 4. CATHODE 4 DRAN 4 DRAN 4 GATE 4 INPUT
STYLET: STYLES: STYLE®: STYLE 10: STYLE 11: STYLE12:
PIN 1. ANODE 1 CANCELLED PINL. INPUT PIN 1. CATHODE PINL MT1 PIN 1. INPUT
2. CATHODE 2. GROUND 2. ANODE 2 MT2 2. QUTPUT
3. ANODE 2 3 LOGIC 3 GATE 3. GATE 3 NC
4 CATHODE 4. GROUND 4, ANODE 4 MT2 4 OUTPUT
CASE 318E-04
ISSUE J
TSOP 6
A
NOTES:
LI 1. DIMENSIONING AND TOLERANCING PER ANS
] M i Y14.5M, 1982,
| 2. CONTROLLING DIMENSION: MILLIVETER.
6 5 4 3. MAXIMUM LEAD THICKNESS INCLUDES LEAD
s B FINISH THICKNESS. MINIMUM LEAD THICKNESS

®L 2 3 IS THE MINIMUM THICKNESS OF BASE
t LU |_| * MATERIAL.
1

MILLIMETERS INCHES
! ‘ I._ D | DIM[ MIN [ MAX [ MIN [ MAX
_»I A | 290 | 310 | 01142 | 01220
G B | 130 [ 1.70 [0.0512 [ 0.0669
Cc | 090 | 110 [0.03540.0433
D | 025 [ 050 |0.0098 [ 00197
¢ M G | 085 | 105 [0.0335]0.0413
c | H [ 0013 [ 0.100 | 0.0005 [ 0.0040
l J | 010 [ 0.26 |0.0040 [ 0.0102
©]0.05(0.002) l —I:I—I:I—I:L :U K | 020 [ 060 [0.0079 [ 0.0236
f L [ 125 [ 155 [0.0493 [ 0.0610
L H K e M 0°| 10° 0°| 10°
S | 250 [ 3.00 |0.0985 [ 0.1181
STYLE I:
PIN 1. DRAIN
2. DRAIN
3. GATE
4. SOURCE
5. DRAIN
6. DRAIN

CASE 318G-02
ISSUE D
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ALABAMA

Huntsville .................. (256)464-6800
CALIFORNIA

Irvine ...l (949)753-7360

SanJose ... (408)749-0510
COLORADO

DENVEr .....oovveeen... (303)337-3434
FLORIDA

St. Petersberg .............. (813)524-4177
GEORGIA

Atlanta .................... (770)729-7100
ILLINOIS

Chicago ................... (847)413-2500
MASSACHUSETTS

BOStON ... (781)932-9700
MICHIGAN

Detroit .. ...oeeeeea (248)347-6800
MINNESOTA

Minnetonka ................ (612)932-1500
NORTH CAROLINA

Raleigh .................... (919)870-4355
PENNSYLVANIA

Philadelphia/Horsham ....... (215)957-4100
TEXAS

Dallas ..................... (972)516-5100

CANADA

ONTARIO

ottawa .......ovvviveni.n. (613)226-3491
QUEBEC

Montreal ................... (514)333-3300

INTERNATIONAL

BRAZIL

SaoPaulo ............. 55(011)3030-5244
CHINA

Beijing ...........oL 86-10-65642288

Guangzhou .. .. 86—20-87537888

Shanghai ................ 86-21-63747668
FRANCE

Paris ...............oo 33134 635900
GERMANY

Munich ............. ... ..., 4989 92103-0
HONG KONG

HongKong ............... 852-2-610-6888
INDIA

Bangalore ................. 91-80-5598615
ISRAEL

TelAviv ...t 972-9-9522333
ITALY

Milan ... 39(2)82201
JAPAN

Tokyo ................... 81-3-5487-8345
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ON SEMICONDUCTOR WORLDWIDE SALES OFFICES

KOREA

Seoul ...
MALAYSIA

Penang ..................
MEXICO

Guadalajara ..............
PHILIPPINES

Manila ...................
PUERTO RICO

SanJuan ................
SINGAPORE

Singapore . ...............
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.. 34(1)457-8254
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886(2)27058000
.. 66(2)254-4910

441 (296)395252



Thermal Modeling Brochure

ON SEMICONDUCTOR STANDARD DOCUMENT TYPE DEFINITIONS

REFERENCE MANUAL

A Reference Manual is a publication that contains a comprehensive system or device—specific description of the struntii@rand fu
(operation) of a particular part/system; used overwhelmingly to describe the functionality of a microprocessor, micrqcursatier
other sub—micron sized device. Procedural information in a Reference Manual is limited to less than 40 percent (usuas).much le

USER'’S GUIDE

A User’s Guide contains procedural, task—oriented instructions for using or running a device or product. A User’s Guidendiffers
a Reference Manual in the following respects:
* Majority of information (> 60%) is procedural, not functional, in nature
* Volume of information is typically less than for Reference Manuals
* Usually written more in active voice, using second—person singular (you) than is found in Reference Manuals
* May contain photographs and detailed line drawings rather than simple illustrations that are often found in Reference Manuals

POCKET GUIDE

A Pocket Guide is a pocket—sized document that contains technical reference information. Types of information commonly found in
pocket guides include block diagrams, pinouts, alphabetized instruction set, alphabetized registers, alphabetized teindepmegmd/
their products, etc.

ADDENDUM

A documentation Addendum is a supplemental publication that contains missing information or replaces preliminary infothmation in
primary publication it supports. Individual addendum items are published cumulatively. Addendums end with the next rekision of
primary document.

APPLICATION NOTE

An Application Note is a document that contains real-world application information about how a specific ON Semiconductor
device/product is used with other ON Semiconductor or vendor parts/software to address a particular technical issuer Baftwaired/
must already exist and be available.

A document called “Application—Specific Information” is not the same as an Application Note.

SELECTOR GUIDE

A Selector Guide is a tri—fold (or larger) document published on a regular basis (usually quarterly) by many, if notaal, dhas
contains key line—item, device—specific information for particular product families. Some Selector Guides are publishefimabok
and contain previously published information.

PRODUCT PREVIEW

A Product Preview is a summary document for a product/device under consideration or in the early stages of developméunttThe Pro
Preview exists only until an “Advance Information” document is published that replaces it. The Product Preview is oftethei$iest as
section or chapter in a corresponding reference manual. The Product Preview displays the following disclaimer at theHh®firsh of
page: “ON Semiconductor reserves the right to change or discontinue this product without notice.”

ADVANCE INFORMATION

The Advance Information document is for a device that is NOT fully MC—qualified. The Advance Information document is replaced
with the Technical Data document once the device/part becomes fully MC—qualified. The Advance Information document displays the
following disclaimer at the bottom of the first page: “This document contains information on a new product. Specificatiémsreatibn
herein are subject to change without notice.”

TECHNICAL DATA

The Technical Data document is for a product/device that is in full production (i.e., fully released). It replaces thel Afdvaraton
document and represents a part that is M, X, XC, or MC qualified. The Technical Data document is virtually the same ddtiement as
Product Preview and the Advance Information document with the exception that it provides information that is unavailpigddor a
in the early phases of development (such as complete parametric characterization data). The Technical Data documerdre also a m
comprehensive document that either of its earlier incarnations. This document displays no disclaimer, and while it meyalbg infor
referred to as a “data sheet,” it is not labeled as such.

ENGINEERING BULLETIN

An Engineering Bulletin is a writeup that typically focuses on a single specific solution for a particular engineeringuonpiagissue
involving one or several devices.
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