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ABSTRACT f = switching frequency in Hz

A continuing rise in the requirement for thermal power N = number of gates switched/clock cycle
dissipation in semiconductor components due to circuit
operation at higher frequencies, higher circuit gate counts

per unit area, and theincreased emphas's in smaller package THERMAL POWER 5V SUPPLY AND 100MHz VS 10
sizes for portable and hand-held end equipment has created COUNT
significant challenges to low cost plagstic packages. 10
PowerPAD™ thermally enhanced package solutions | = o100
patented by Texas Instruments, provide a cost efficient | = | — 200
method of improving traditional plastic package heat g s | |00
transfer from the semiconductor device junction to the | 8 | | m——+—+——+—F —* 400
printed circuit board (PCB) or system level thermal NN 4'—’( ‘ Zgg
management system when compared to conventional heat 1E404 5E+04 1E+05 5E405 1E406 5.E406 700
spreader, heat slug, or metal package body options. The GATE COUNT
improvement in thermal efficiency is accomplished with
minimal impact on PCB design, construction, or component (@)
attachment processes. This paper describes methods use
for PowerPAD™ implementation in SSOP, TSSOP, MSOP, THERMAL POWER 3V SUPPLY AND 100MHz VS 10
LQFP, and TQFP semiconductor package styles as COUNT
examples of the general application of the technique for .
thermal removal. Design considerations for the 35 | =0
implementation of the PowerPAD™ solution to plastic szg | | 200
semiconductor packages, PCB design recommendations,| & = — ——300
measured and modeled results obtained for the packages, § 1‘? I . —_———— 0 ] 400
PCB board assembly, and component re-work guidelines are| 05 |—s——s - — o
addressed' 1.E+04 5.E+04 1.E+05 5.E+05 1.E+06 5.E+06 700
GATE COUNT

PowerPAD™ is a trademark of Texas Instruments,
Incorporated (b)
INDUSTRY TRENDS — THERMAL POWER THERMAL POWER 1.8V SUPPLY AND 100MHz VS
Complementary Metal Oxide Semiconductor (CMOS) 10 COUNT
components have historically operated at low thermal power
— typically less than 1 watt — due to the modest operating i;" o |

K . ——100
voltages, current, gate count, and operating frequency of the| £ 1 — 200
part. The thermal power for a component can be | & gg 0 )
approximated by adding the power for the internal gates of § oa bl = . , __.‘-}L 400
the device to that generated in the input/output (10) 02—+ + - * 500
structures. Using the power approximation of a switched 0 ‘ ‘ ‘ ‘ ‘ 600
gate and knowing that only about 15% to 20% of the total LEOL SE0 1;/::; CZ‘LEJ;T LET00 S.E08 0
gates of a circuit switch in any clock cycle, the internal

power generated in the circuit can be easily determined. (c)

The 10 power uses the same formula, adjusted by theigure 1. The impact of the 10 count and the gate count of
assumption that at least 80% of the 10’s will switch on eacln integrated circuit operating at 100MHz on the thermal

clock cycle. power of candidate circuits is shown with (a) being 5.0 volt
bias supply, (b) at 3.0 volt bias supply, and (c) at 1.8 volt
Switched Gate Power Approximation = [(CV"2)*]*N bias supply.

Where C = capacitance in pF
V = switched voltage (V)
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Results of examples created using 100 to 700 10, 10000 to ~ The general trend in the industry is to reduce the operating
5000000 gates, frequencies from 100MHz to 500MHz, and  bias voltage to get the benefit of reduced thermal and
operating bias supply voltages from 5 volt to 1.8 volt are  electrical power requirements for a given circuit, but in
shown in Figure 1 and Figure 2. The significance of the ~ many cases, this potential saving is used to accommodate
number of operating IO’s on thermal power must be takeenhanced features or higher device operating frequencies.
into account as the major source of heat generated in &tet result of this activity is equal or higher thermal power as
integrated circuit (IC). The switching power of the internalimplemented in the system.
gates of the IC only becomes a dominating factor when a
very large number of gates are used with respect to tHeONVENTIONAL PACKAGES- CONSTRUCTION
number of 10’s required. The semiconductor industry has created a number of
variations in basic plastic packages to serve the various
needs of the components contained within the packages and
THERMAL POWER 5V SUPPLY VS SWITCHING the connection to the printed circuit board (PCB) utilized in
FREQUENCY AND I0 COUNT (SEE LEGEND) L . :
the system application. Relatively simple package cross

sections can be used to understand the principles of the
——1.00E+08 100 construction and the potential for thermal management for
—#—2.50E+08 100 each of the options. The following figures represent the

S:00E+081001| - principles found in the majority of plastic packages ranging

N
(5]

N

POWER (W)
&
[ ]
%

- 1.00E+08 200 . .
10 < ) SOE:OB | from the standard package with only inherent thermal
5 1% K——X - —— : i ;
e o 5.00E+08 200 capability due to the leadframe material, to the case where a
0 ‘ ‘ copper slug is attached to the lead fingers within the
1.E+04 5.E+04 1.E+05 5.E+05 1.E+06 5.E+06 package and exposed to the outside world at the bottom of
GATE COUNT the package.
()
THERMAL POWER 3V SUPPLY VS SWITCHING
FREQUENCY AND I0 COUNT (SEE LEGEND) (a) Conventional Package
10
8 . —o— 1.00E+08 100
s /' —=—2.50E+08 100
x 6 ‘// ] 5.00E+08 100
w .
2 4 e—e—— X 1.00E+08 200 (b) Drop-in Heat Spreader
Q 5 " ?2 —%—2.50E+08 200
R ————
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X %
1.E+04 5.E+04 1.E+05 5.E+05 1.E+06 5.E+06
GATE COUNT

(c) Leadframe Attached Heat Spreader

(b)

THERMAL POWER 1.8V SUPPLY VS SWITCHING
FREQUENCY AND IO COUNT (SEE LEGEND)

w

(d) Drop-in Heat Slug

5
3
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'0 | Ve"‘_" ‘ : * : 1.00E+08 200
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AT MY S LGS S —8—5.00E+08 200 (e) Leadframe Attached Heat Slug
GATE COUNT
(©
Figure 2. The reduction in thermal power at a given gate () PowerPAD™ Deep Downset Leadframe

count and number of IO can result in a large reduction in

system power handling requirements. (a) demonstrates Sfjure 3. Simplified representations (a) through (f) of

volt bias supply, (b) is 3.0 volts, and (c) is 1.8 volts. plastic semiconductor packaging methods for removal of
thermal energy from the silicon chip to the outside world.
The Tl PowerPAD™ concept is shown for comparison.
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Each of the thermally enhanced packages shown in Figure 3 through the package leads by conduction, and the remaining
take heat away from the trangstor junction of the chip with ~ 24% by convection. This would be improved if the package
the efficiency improving as you go from Figure 3(a) the  slug can be soldered to the PCB, but most package slugs do
standard package representation to Figure 3(f), the  not have a solderable surface.

PowerPAD™ representation. The Drop-in Heat Spreader
shown in Figure 3(b) provides improvement by adding

o
& 5 25%

metal within the package to help carry the heat closer to th ** o 77 %- Board (Conduction)

10 % - Leads (Conduction)
8 % - Sides of Package (Convection)
5% - Top of Package(Convection)

lead fingers of the leadframe, with added improvement ir
Figure 3(c) — Leadframe Attached Heat Spreader — with th:
metal of the heat spreader replacing the conventional di
pad of the leadframe and creating a very short distanc y
between the lead fingers and this metal feature. The Drof = . '
in Heat Slug in Figure 3(d) provides improvement by ** i 2
creating a path from the die pad of the leadframe to thc L
external surface of the package with a metal (typically

copper) slug, and the Leadframe Attached Heat Slug Qfigure 6. The advantage of the TI PowerPAD™ package is
Figure 3(e) creates an additional path for heat to the 'e"%@adily shown with 87% of the heat removed from the

fingers of the leadframe. Each of these versions adds ¢ ckage by conduction with the remaining 13% dissipated
and complexity to the package assembly to gain thgough convection from the external surfaces. The die pad
improvement in thermal removal efficiency. of this package is easily soldered to a thermal land on the

™ . surface of the PCB with the heat removal limited only by
The PowerPAD™ concept represented in Figure 3(f) solvege efficiency of the PCB and system level thermal
the problem of heat removal without adding complexity tomanagement process.

the package construction (heat spreaders or heat slugs), or

addlng the cost of the added elements. The thermal path lEFNDERSTANDlNG HEAT REMOVAL PROCESS

the outside world is the shortest possible, and results ifhe heat generated within the semiconductor device results
superior package thermal efficiency with a very simpln |ower operating performance of the circuit (at higher
construction. temperatures, the transistor operation degrades due to
increased resistances in material properties), and can result
in reduced long term reliability of the package/circuit

PowerPAD(tm) Package Configuration

20% . 6% 20%
80% - Leads (Conduction) combination. Thus, it is important to move the heat away
9 % - Package Sides (C i . . . . . .
St Tt oo (oo from the transistor junctions as efficiently as possible for
5%- Convected Elsenhere best operation.

Standard plastic packages use the leads of the package as
the primary heat removal mechanism, with the metal of the

80 % - Col i
w o 20%- Convection leadframe carrying the heat away from the internal sites to
' the outside world by conduction. Figure 4 provides a visual
Standard Package Configuration depiction of the heat removal in this style package. The

Figure 4. Representation of the path followed in removindraditional rule that 80% of the heat is removed through the
heat from a standard package configuration. 80% of thieads with the remaining 20% removed through the package
heat is removed by conduction through the leads of thieody by convection continues to be valid for this package
package while only 20% is removed by convection from théype. Adding external heat spreaders to the package body

body of the package. will only impact the 20% problem, and is usually applied
when only marginal improvement of heat removal is
f/n ' -:9% 76% - Leads (Conduction) reqUIred'

10 % - Package Sides (Convectign)
o ot The thermal efficiency of the package can be significantly
improved by providing a thermal path directly to the surface
of the package. This is shown in Figure 5 by the Leadframe
B o Attached Heat Slug implementation. In this variation, a
. o 76 %- Conduction metal slug is attached to the lead fingers of the leadframe
1o 24.%- Convection internal to the package body with an adhesive tape material.
This replaces the traditional die pad of the leadframe. The
chip is mounted to the metal slug with a thermally
conductive adhesive material. The resulting construction

Figure 5 When a Leadframe Attached Heat Slu§rovides an effective thermal path away from the chip at the

. A o ; ost of added materials within the package, and increased
configuration is employed, 76% of the heat is remove package weight — both of which are undesirable features in a

Leadframe Attached Heat Slug Package Configuration
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semiconductor package solution. Another limitation for this
solution isthein ability to solder the exposed portion of the
metal dug to a PCB thermal land since many of the viable
metal sug versions do not have a solderable surface finish
available for this connection.

B et LT

Employment of the PowerPAD™ solution shown in Figure
6 overcomes the deficiencies of the Heat Spreader or Heat
Slug packaging methodologies and results in a low cost,
thermally efficient package solution. No added components
are required for the implementation resulting in assembly
operations equivalent to the standard package versions, andg
the thermal path length is reduced to a minimum. The
bottom of the die pad is exposed at the package body
surface, and can be easily soldered a thermal land on thq

PCB. Packages created using this methodology cover the “““HH‘H““““H“
spectrum commonly used for semiconductors, with exactly

the same handling characteristics as the standard paCk"’}ﬂﬁure 9. 100 pin TQFP PowerPAD™ implementation
versions that the industry commonly uses (size, weightqying internal and bottom side features. This package
form factor, reliability, and etc.). has been in production since 1996.

LEADFRAME (COPPER ALLOY)

IC (SILICON) ; ;
DIE ATTACH (EPOXY) TABLE 1. Packages available with PowerPAD™

/ﬂ
3
: >
==
~
N

X

PowerPAD™ DEEP DOWNSET/EXPOSED DIE PAD PACKAGE DESIGNATORS
DESIGNATOR | PowerPAD™ PowerPAD™
PACKAGE BODY STANDARD | NORMAL FORM | REVERSE FORM
TYPE | DESCRIPTION PACKAGE CHIP UP CHIP DOWN
MSOP8 3X3mmO0.65P | DGK008 DGNO008 A
MSOP10 | 3 X3mm 0.50P | DGS010 DGQO10 AN
TSSOP 225 MIL0.65P | PWO008 N NIA
TSSOP 225 MIL0.65P_| PWO014 PWP14 PWD14
TSSOP 225 MIL0.65P | PWO016 PWP16 PWD16
TSSOP 225 MIL0.65P | PW020 PWP20 PWD20
LEADFRAME DIE PAD - EXPOSED AT TSSOP 225 MIL0.65P | PW024 PWP24 PWD24
BASE OF THE PACKAGE TSSOP 225 MIL0.65P | PW028 PWP28 PWD28
MOLD COMPOUND (EPOXY) TSSOP 225 MIL0.50P_| DBT28 DCP28 DED28
) i TSSOP 225 MIL0.50P | DBT30 DCP30 DED30
Section View of a PowerPAD(tm) TSSOP 225 MIL0.50P | DBT38 DCP38 DED38
PACKAGE TSSOP 225 MIL0.50P | DBT44 DCP44 DED44
TSSOP 225 MIL0.50P | DBT50 DCP50 DED50
Figure 7. Enlarged pictorial cross-section of a TSSOP | S00MILO5P | DAOSO DAPS0 DADZ0
™ . . TSSOP 300 MIL0.65P | DA032 DAP32 DAD32
PowerPAD package |mplementat|on. TSSOP 300 MIL0.65P | DA038 DAP38 DAD38
TSSOP 300 MIL0.50P | DGG48 DCA48 DFD48
TSSOP 300 MIL0.50P | DGG56 DCA56 DFD56
TSSOP 300 MIL0.50P | DGG64 DCA64 DFD64
20 PIN TSSOP, PowerPAD™ TVSOP 225 MIL0.40P__| DGV14 ™ N/A
]
TVSOP 225 MIL0O.40P__| DGV16 ™ N/A
PACKAGE TVSOP 225 MIL0.40P | DGV20 DGP20 DHD20
TVSOP 225 MIL0.40P__| DGV24 DGP24 DHD24
RELEASED FOR VOLUME TVSOP 225 MIL0.40P | DGV48 DGP48 DHD48
PRODUCTION SEPTEMBER, TVSOP 225 MIL0.40P | DGV56 DGP56 DHD56
1995.
TVSOP 300 MIL0.40P | DBB80 DDP80 DJD8O
TVSOP 300 MIL0.40P | DBB100 DDP100 DJD100
SoP 375 MIL, 127P | DW16 DWP16 DWD16
SoP 375 MIL1.27P | DW20 DWP20 DWD20
SoP 375 MIL1.27P | DW24 DWP24 DWD24
SoP 375 MIL1.27P | DW28 DWP28 DWD28
TQFP 10 X 10mm 0.8P | PGT44 PGMA44 PGS44
TQFP 7X 7mm 05P | PFB48 PHP48 PKD48
TQFP 10 X 10mm 0.65H PAH52 PGP52 PLD52
% TQFP 7X 7mmO0.4P | PEG64 PVP64 PVD64
TQFP 14 X 14mm 0.8P | PBR64 PBP64 PHD64
TQFP 10 X 10mm 0.5P | PAG64 PAP64 PJD64
Figure 8. Top and Bottom section view of the 20 pin TQFP  [12X12mmO0.5P | PFCBO PFP80 PMDSO
™ X . . TQFP 14 X 14mm 0.5P | PZT100 PZP100 PFD100
TSSOP PowerPAD package that was first introduced in TOFP 14 X 14mm 0.4P | PDS120 PQP120 PQD120
: ; ; TQFP 14 X 14mm 0.4P | PDT128 PNP128 PND128
1995. This version has the 4 corner package leads tied t0  [5ee—25xzommosr | PoEis RPim RDias
the die pad for enhanced thermal efficiency (a standard  [FoFP  |24x24mmosP| PGFi7e PTP176 PTD176
. . ™ . . X LQFP 28 X 28mm 0.65F PSF160 PSP160 PSD160
option in PowerPAD™ packages), in addition to the die pad [QFF | 28X28mm05P | PDV208 PYP208 PYD208
LQFP 28 X 28mm 0.4P | PEF256 PFK256 PFL256

exposed at the surface of the package body.
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Package styles and lead counts available for use with  no failures for any test conducted during the qualification
PowerPAD™ features include vidlly all standard leaded cycle.

surface mount package types used in the semiconductor

industry (see Table 1). The newer thin package versiorigable 2. Qualification Results for 80PFP PowerPAD™
(<2.0mm body thickness) such as MSOP (8 and 10 pins),

TSSOP (8 through 100 pins), LQFP (32 through 256 pins),

and TQFP (32 through 256 pins), are readily suited for use

of this technology. Thinner packages in the future —rest/requirerent Condi ti ons Readpoints  Lot#l Lot#2 Lot#3
VSSOP, VQFP (08mm bOdy thickness), and USSOP;:. Steady-State Life 155C 240 Hrs 116/0 116/0 116/0
UQFP (<0.8mm body thickness) will easily employ the:i afeciae 121C 15 P8I G 200 45 700 1910 76/0
PowerPAD™ solution.  Both chip-up and chip-down "¢ &5 ™ S ooiriee s 000 - ag OO MO0
versions are easily implemented to support the thermal o S S v yo
removal requirements of the component, board, and systerfl S ven " cance 00 ™ *° D0 o w10
solutions. New package versions are added as required. & ouitirige’ 0 Semee 20 o0 2910

10 Lead Finish Adnesion a0 im0 18/0
CREATING A PowerPAD™ PACKAGE 13 A1ty het hod A S0 S0 0
Most semiconductor packages in the industry today for . merm smecerce ™" ° ! weso
through hole or surface mount applications start 12 B ectr e ahavacteri zation 5o so 50
construction with a metal (typically copper) leadframe I Frlamee™" e e Tae
consisting of a number of lead fingers continuing from the 35 tarclatP o anitity (varer Fan) vl onsios 0
package external leads to the interior of the package, and @ 25 sut amsprere o™ S0 e e 0™ 2210
die pad that the chip attachesto. Thediepadisdownsettoa 35 5% wcranica 7 " " a0 a2ale 3200

*31. Storage Life 170C 420 Hrs 45/0 45/0 45/0

position within the package to alow for equal mold

compound flow above and below the chip/die pad " SGs0m: sosk fol loved by three pacsbe of VPR ool dering per JEDEC ALL.
H H * | d f h diti d with | f fl

Combl nmlm fafs\’gl szr uﬁgat grertégeogtgtggies were precon itione Wit 3 cycles o ux

The PowerPAD™ package utilizes a downset of the die pa
to the point that the bottom surface of the die pad is exposed
at the bottom surface of the package to create an optim
thermal path from the chip to the outside of the packag
body. Key attention must be paid to the leadframe materi
properties to allow this level of downset without cracking o

CB ASSEMBLY CONSIDERATIONS

sembly of PowerPAD™ components to a PCB was a
griority during the development of the package concept.
Ihe goal was to utilize industry standard practices for the
j‘aoard design, construction, and assembly processes, and

breaking the tie strap that holds the die pad in position pri quiring changes only to incorporate thermal management

; o ; atures. Examples of the PCB layout are shown in Figure
to the molding process. However, this simple extension ﬁ . ;
the die pad to the package surface will generally result in & 0 fc_)r a single layer TSSOP style board anq Figure 11 for a
unreliable package implementation. multi-layer LQFP/TQFP style board. The single layer PCB

board case provides an illustration of the extension of the

Features must be incorporated in the die pad design Eermal land on the surface of the PCB beyond the body

provide a highly reliable package solution. The majo
features include a method to prevent molding material flas
or bleed from covering the exposed die pad during th
molding operation (otherwise, the thermal benefits of thig™
structure will be lost), a method to lock the die pad into the

package (to prevent the chip/die pad from being pushed out °*4-Fin PWF Thernal Layout Singe Loyer

mension of the semiconductor. This provides additional
area for the removal of heat from the PCB by convection
ithout having to add thermal vias within the board, or
plementing features on the backside of the board.

of the package during temperature or power cycling), and a ey o pess
method to assure moisture performance of the molded S rﬁjﬁi“””w
plastic package (prevent popcorn effects and bond pad {2 SR =

A= m Y
N —

=< 027 mn
= —

corrosion within the package). All of these have been e~
included in the PowerPAD™ design to the effect that =
reliability and performance levels continue to meet those -

achieved by the low power standard configurations of the ugfjg u 72 m sta J
same package types.

Il

#UH
(U
N

=

610 mm

24-pin PWP Package Land Pattern

Solder Mask
Bottom View

An example of the reliability testing performed during

package/production qualification is shown in Table 2 for the

80PFP (12.0 x 12.0 x 1.0mm body, 0.5mm lead pitch)

TQFP package. This particular product required a moisturieigure 10. Example of PCB features for use of thermally
sensitivity level 3 for the package qualification with bothenhanced packages such as the TI PowerPAD™ 24 pin
conventional and flux based preconditioning. There werd SSOP package.
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can be performed when needed after assembly using

64-PAP Thermal Layout — Multi-Layer conventional component removal and replacement
P o oy e - 2o V f techniques. It should _be noted that the thermally enhanced
iy " —e= 27 T PCB r_lormally use_d v_th thermally enhanced packages can
E % S wim > \ / sometimes make it difficult to re-solder a component to the
= / e board unless the whole board is reprocessed through the
= % - normal reflow. An alternative to solder attachment in this

‘sz rework case is the use of thermally conductive epoxy

materials (such as used with externally applied heat sinks)
o S Tows St for the attachment of the package thermal pad to the thermal
land on the PCB.

10000

: 3

2

Figure 11. The PCB layout for a 64 pin PowerPAD™
TQFP package is shown indicating the thermal vias requir
in the board construction, and the approximate thermal lal
size with respect to the package body size.

The results obtained using the recommended PCB thermal
Sand pattern on the PCB, and with the part soldered to the

CB are shown in Attachment A. Comparison to a part
mounted to the same thermally enhanced PCB without
attaching the exposed die pad to the thermal land on the
A package such as the 64PAP PowerPAD™ package sho dard is also shown, along with the thermal capability of a

in Figure 11 nor_mally rgquires a r_nulti-layer PCB forstandard family of packages on a conventional PCB. This
thermal removal since device leads exist on all 4 sides of ﬂl:?early demonstrates the advantages of the PowerPAD™
package. The vias connect the surface thermal land to t

o . ) k lution.
ground plane within the PCB which will act as the thermal e age solution
spreader for head removal, or may continue to features ¥ONCL USION

the back side of the PCB for more efficient heat removal torhe PowerPAD™ packages developed at Texas Instruments
other system components. Example PCB thermal lands f%rre low cost, high thermal performance solutions with all of
use with PowerPADT_M or other thermally enhanced packa%e advantages of conventional plastic surface mount
types are shown in Figure 12 below. packages. They demonstrate applicability to most
conventional surface mount types and continue to meet the

7 rosor v ome U me handling and surface mount assembly advantages of their
et TEOET S T AT conventional counterparts:
b B ] - same size, weight, and form factor
s ; B B - same lead configuration
TH AT e - same PCB assembly processes
resor I* e #: - superior thermal performance
TH mm e REFERENCE
TH > Additional information about the Texas Instruments

PowerPAD™ package solution can be found on the TI
internet web page as follows:

223 TVSOP
s aopDP

¥ http://www.ti.com/sc/docs/psheets/app_msp.htm
N

H S Page down to
e i

Audio Power Amplifiers
1. PowerPAD™ Thermally Enhanced Package
slma002.pdf

Figure 12. Typical PCB thermal land and via patterns fopouble click on slma002.pdf to view the application note.

use with thermally enhanced packages. The number of
thermal vias shown is the theoretical maximum for each
land pattern based on 1.5mm via pitch. These vias connect
either to an internal ground plane, or to a plane on the
backside of the PCB for thermal removal.

Component assembly of PowerPAD™ packages to the PCB
follows normal industry practice with no special

considerations for solder paste thickness or reflow profiles
required to achieve high quality attachment. Also, rework
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ATTACHMENT A

Table 3. Thermal data for various PowerPAD™ packages with the Tl recommended PCB having the properties of the
JEDEC high thermal conductivity PCB with a) the die pad soldered to the thermal land on the board (columns 4-6), and b)
the part is attached to the PCB through the leads only (columns 7-9). A standard package attached to a JEDEC low thermal
conductivity board is shown for comparison to the thermally enhanced packages (data columns 10-12).

Power PAD"" Thermal M odeling Data

Package Description Power PAD solder ed to Power PAD not soldered to Standar d Package

T1 Recommended Board Tl Recommended Board JEDEC Low Effect with 1 oz. trace

Pkg Pin Package 0:a Bic Yyr Bin Bic Yyr 634 Bic Yir
Type | Count | Designator cew) | cuwy | caw) | cuw) | o) (erw) (erw) (erw) (Crw)
SSOP 20 DWP 21.46 0.37 1.617 4391 0.37 6.031 92.95 16.58 2.212
24 DWP 20.77 0.27 1.507 38.43 0.27 4.88 80.49 13.49 1.959
28 DWP 19.52 0.22 1.337 33.92 0.22 4.109 69.73 11.24 1641
TVSOP 80 DDP 19.88 0.21 0.196 32.64 0.21 0.359 65.53 4.69 0.353
100 DDP 18.35 0.17 0.182 28.45 0.17 0.313 54.55 3.73 0.297
20 DGP 37.92 2.46 1.074 95.88 2.46 3.318 192.65 28.85 1.054
24 DGP 36.87 2.46 1.056 89.50 2.46 3.176 179.91 2841 0.999

48 DGP 27.35 0.72 0.45 52.82 0.72 1.138 107.49 12.32 0.58
56 DGP 2542 0.58 0.406 46.69 0.58 0.98 95.48 10.40 0.526
TSSOP 48 DCA 22.30 0.32 0.22 40.27 0.32 0.443 84.04 6.63 0.434
56 DCA 21.17 0.27 0.212 36.42 0.27 0.401 75.50 5.81 0.395

64 DCA 19.89 0.21 0.196 32.52 0.21 0.357 65.70 4.69 0.35
28 DAP 25.10 0.45 0.244 51.28 0.45 0.556 110.60 8.96 0.548
30 DAP 24.20 0.45 0.233 48.34 0.45 0.551 103.45 8.73 0.486
32 DAP 2351 0.32 0.233 44,32 0.32 0.468 95.63 7.32 0.478
38 DAP 2241 0.31 0.219 41.18 0.31 0.444 87.32 6.57 0.454
28 DCP 30.62 0.94 0.534 63.99 0.94 1.424 133.67 16.13 0.707
30 DCP 30.55 0.94 0.532 63.32 0.94 1.408 131.23 16.05 0.695
38 DCP 2741 0.72 0.447 52.93 0.72 113 109.55 12.42 0.598
44 DCP 25,57 0.58 0.406 47.18 0.58 0.982 97.13 10.47 0.538

50 DCP 24.10 0.51 0.369 43.76 0.51 0.892 89.53 9.34 0.5
14 PWP 37.47 2.07 0.851 97.65 2.07 2711 195.35 26.86 1.047
16 PWP 36.51 2.07 0.848 90.26 2.07 2.6 182.31 26.56 0.964

20 PWP 32.63 1.40 0.607 74.41 1.40 1.777 151.89 19.90 0.77
24 PWP 30.13 0.92 0.489 62.05 0.92 1.263 128.44 14.83 0.665
28 PWP 27.87 0.72 0.446 56.21 0.72 1.169 115.82 1241 0.623
TQFP 48 PHP 29.11 1.14 0.429 64.42 114 1.262 108.71 18.18 0.511
52 PGP 21.61 0.38 0.192 42.58 0.38 0.391 77.15 7.83 0.353
64 PBP 17.46 0.12 0.155 28.04 0.12 0.252 52.21 312 0.267
64 PAP 21.47 0.38 0.19 42.20 0.38 0.386 75.83 7.80 0.347
80 PFP 19.04 0.17 0.174 31.52 0.17 0.29 57.75 4.20 0.297
100 PZP 17.28 0.12 0.154 27.32 0.12 0.247 49.17 311 0.252
128 PNP 17.17 0.12 0.152 27.07 0.12 0.244 48.39 311 0.248
LQFP 144 PRP 15.68 0.13 0.199 27.52 0.13 0.346 47.34 4.62 0.288
176 PTP 14.52 0.10 0.17 24.46 0.10 0.28 42.95 3.67 0.257
160 PSP 11.14 0.10 0.14 22.40 0.10 0.266 43.93 3.70 0.262
208 PYP 10.96 0.10 0.139 21.48 0.10 0.258 39.18 3.66 0.235

1 2 3 4 5 6 7 8 9 101 12

COLUMN NUMBERS

Firg Presented at SMI Conference, San Jose, Cdlifornia, 25 August, 1998 7
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THERMAL POWER 5V SUPPLY AND 100 MHz
VS 1/O COUNT
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THERMAL POWER 3V SUPPLY AND 100 MHz
VS 1/O COUNT
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THERMAL POWER 5V SUPPLY VS SWITCHING
FREQUENCY AND IO COUNT (SEE LEGEND)
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THERMAL POWER 3V SUPPLY VS SWITCHING
FREQUENCY AND IO COUNT (SEE LEGEND)
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THERMAL POWER 1.8V SUPPLY VS SWITCHING
FREQUENCY AND | O COUNT (SEE LEGEND)
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20 PIN TSSOP
PowerPAD™ PACKAGE

Released for Volume
Production
September 1995
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PowerPADYim) EXPOSED DIE PAD THERMALLY
EMHANCED PACKAGE FOR LOW OOST, HIGH
PERFORMANCE APPLICATIONS

11131113939))33310000018
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TYPE
MSOP8
MSOP10
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TSSOP
TVSOP
TVSOP
TVSOP
TVSOP

PACKAGE

BODY

DESCRIPTION

3 X 3mm 0.65P
3 X 3mm 0.50P
225 MIL 0.65P
225 MIL 0.65P
225 MIL 0.65P
225 MIL 0.65P
225 MIL 0.65P
225 MIL 0.65P
225 MIL 0.50P
225 MIL 0.50P
225 MIL 0.50P
225 MIL 0.50P
225 MIL 0.50P
300 MIL 0.65P
300 MIL 0.65P
300 MIL 0.65P
300 MIL 0.50P
300 MIL 0.50P
300 MIL 0.50P
225 MIL 0.40P
225 MIL 0.40P
225 MIL 0.40P
225 MIL 0.40P

PowerPAD™ DEEP DOWNSET/EXPOSED DIE PAD PACKAGE DESIGNATORS

DESIGNATOR

BODY X BODY Y BODYZ LEADPITCH STANDARD

mm

b -
N

3
3

PP PP R R RpRrRRPRRPRPPRPPRPPREPPRPREER

©So0o90oooo
A DDy,

0.4

PACKAGE
DGKO008
DGS010
PWO008

PWO014
PWO016
PW020
PW024
PW028
DBT28
DBT30
DBT38
DBT44
DBT50
DA030
DA032
DA038
DGG48
DGG56
DGG64
DGV14
DGV16
DGV20
DGV24

PowerPAD™
NORMAL
FORM

CHIP UP
DGNO008
DGQO10

N/A
PWP14
PWP16
PWP20
PWP24
PWP28
DCP28
DCP30
DCP38
DCP44
DCP50
DAP30
DAP32
DAP38
DCA48
DCAS56
DCA64

N/A

N/A
DGP20
DGP24

PowerPAD™
REVERSE
FORM

CHIP DOWN

N/A
N/A
N/A
PWD14
PWD16
PWD20
PWD24
PWD28
DED28
DED30
DED38
DED44
DED50
DAD30
DAD32
DAD38
DFD48
DFD56
DFD64
N/A
N/A
DHD20
DHD24

81043.2-3
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PowerPAD™ DEEP DOWNSET/EXPOSED DIE PAD PACKAGE DESIGNATORS - CONTINUED

DESIGNATOR PowerPAD™ PowerPAD™
PACKAGE BODY BODY X BODY Y BODYZ LEADPITCH STANDARD NORMAL REVERSE
FORM FORM

TYPE DESCRIPTION PACKAGE CHIP UP CHIP DOWN
TVSOP 225 MIL 0.40P . . DGV48 DGP48 DHD48
TVSOP 225 MIL 0.40P DGV56 DGP56 DHD56
TVSOP 300 MIL 0.40P DBB80 DDP80 DJD80
TVSOP 300 MIL 0.40P DBB100 DDP100 DJD100
SOP 375 MIL, 127P DW16 DWP16 DWD16
SOP 375 MIL1.27P DW20 DWP20 DWD20
SOP 375 MIL 1.27P DwW24 DWP24 DWD24
SOP 375 MIL1.27P DwW28 DWP28 DWD28
TQFP 10 X 10mm 0.8P PGT44 PGM44 PGS44
TQFP 7 X 7mm 0.5P PFB48 PHP48 PKD48
TQFP 10 X 10mm 0.65P PAH52 PGP52 PLD52
TQFP 7X 7mm0.4P PEG64 PVP64 PVD64
TQFP 14 X 14mm 0.8P PBR64 PBP64 PHD64
TQFP 10 X 10mm 0.5P PAG64 PAPG64 PJD64
TQFP 12 X 12mm 0.5P PFC80 PFP80 PMDB80
TQFP 14 X 14mm 0.5P PZT100 PZP100 PFD100
TQFP 14 X 14mm 0.4P PDS120 PQP120 PQD120
TQFP 14 X 14mm 0.4P PDT128 PNP128 PND128
LQFP 20 X 20mm 0.5P PGE144 PRP144
LQFP 24 X 24mm 0.5P PGF176 PTP176
LQFP 24 X 24mm 0.4P PDQ216 RBP216 RBD216
LQFP 28 X 28mm 0.65P PSF160 PSP160 PSD16(
LQFP 28 X 28mm 0.5P PDV208 PYP208 PYD208
LQFP 28 X 28mm 0.4P PEF256 PFK256 PFL256
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St eady-State Life
Bi ased HAST 130C, 85%RH
. Autocl ave 121C, 15 PSI G
. Thermal Shock -65/+150C
ESD: 100pF, 1500 Ohms
200pF, 0 Ohms
CDM
Sol der Heat 260C, 10 Sec 2210
Solvent Resistance 12/ 0
Solderability 8 Hr Steam Age 22/ 0
Lead Fatigue 22/ 0
Lead Pull 22/ 0
Lead Finish Adhesion 15/ 0
Physical Dimensions 5/0
FI ammability Met hod A 5/0
Met hod B 5/0
Thermal | mpedance : WRWU 5/ 98
El ectromigrati on : WRWU 5/ 98
El ectrical Characterization 50
Bond Strength 76/ 0
Di e Shear 5/0
Latch- Up 5/0
Manufacturability (Wafer Fab) : D4ANN 5/98
(Assembly Site) : NHUA 1/ 98
Salt Atmosphere 22/ 0
X- Ray Top View Only
Vi sual / Mechani cal
. Storage Life

Samples used for these stresses were preconditioned with 192 hours of
30C/ 60%RH soak followed by three passes of VPR sol dering per JEDEC Al11l3
Samples used for these stresses were preconditioned with 3 cycles of flux
+ solder heat per QSS 009-501.

81043.2-5




24-Pin PWP Thermal Layout Single Layer

Use os much copper

/— area os possible
26 x 209 mm 26 x 509 mm

1.20 mm

c4-pin PWP Package Land Pattern Solder Mask
Bottom View

81043.2-6
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24=Pin PWF Thermal Layout Multi-Layer

Vioo Dioc +0.Imm
vio x 9, 0.33 mm dia

Pockoge Thermal Pad
/ 120 mm
I

N ~_ 7

Pad Area

MM

— 030 mm
019 mm

3
=

? L0 Q]

S

450 mm
4,30 mm

6.70 mm
6.10 mn Lond Pottern Solder Mask

24-pin PWP Pockoge Comp Side Comp Sidle
Bottom View

972 mm 9.72 mm
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Pack age Description 2 0z. Trace and Copper Pad 2 0z. Trace and Copper Pad Standar d Pack age
with Solder without Solder JEDEC Low Effect with 1 oz. trace
Pkg Pin Package Thetada Thetaldc Psi Jt ThetaJa ThetaJc Psi Jt ThetaJa ThetaJc Psi Jt
Type Count Designator  (C/W) (C/w) (C/w) (CIw) (CIW) (CIW) (CIW) (CIW) (CIW)

S0P 20 DWP 21.46 0.37 1.617 43.91 0.37 6.031 92.95 16.58 2.212
24 DWP 20.77 0.27 1.507 38.43 0.27 4.88 80.49 13.49 1.959
DWP 19.52 0.22 1.337 33.92 0.22 4.109 69.73 11.24 1.641
DDP 19.88 0.21 0.196 32.64 0.21 0.359 65.53 4.69 0.353
DDP 18.35 0.17 0.182 28.45 0.17 0.313 54.55 3.73 0.297
DGP 37.92 2.46 1.074 95.88 2.46 3.318 192.65 28.85 1.054
DGP 36.87 2.46 1.056 89.50 2.46 3.176 179.91 28.41 0.999
DGP 27.35 0.72 0.45 52.82 0.72 1.138 107.49 12.32 0.58
DGP 25.42 0.58 0.406 46.69 0.58 0.98 95.48 10.40 0.526
DCA 22.30 0.32 0.22 40.27 0.32 0.443 84.04 6.63 0.434
21.17 0.27 0.212 36.42 0.27 0.401 75.50 581 0.395

19.89 0.21 0.196 32.52 0.21 0.357 65.70 4.69 0.35
25.10 0.45 0.244 51.28 0.45 0.556 110.60 8.96 0.548
24.20 0.45 0.233 48.34 0.45 0.551 103.45 8.73 0.486
23.51 0.32 0.233 44.32 0.32 0.468 95.63 7.32 0.478
22.41 0.31 0.219 41.18 0.31 0.444 87.32 6.57 0.454
30.62 0.94 0.534 63.99 0.94 1.424 133.67 16.13 0.707
30.55 0.94 0.532 63.32 0.94 1.408 131.23 16.05 0.695
27.41 0.72 0.447 52.93 0.72 1.13 109.55 12.42 0.598
25.57 0.58 0.406 47.18 0.58 0.982 97.13 10.47 0.538

24.10 051 0.369 43.76 0.51 0.892 89.53 9.34 0.5
37.47 2.07 0.851 97.65 2.07 2.711 195.35 26.86 1.047
36.51 2.07 0.848 90.26 2.07 2.6 182.31 26.56 0.964
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2 0z. Trace and Copper Pad 2 0z. Trace and Copper Pad Standar d Pack age
with Sol der without Solder JEDEC Low Efect with 1 oz. trace
Pin Package ThetaJa Thetaldc PsiJt Thetada ThetaJc PsiJt Thetada ThetaJc Psi Jt
Count Designator  (C/W) (C/w) (CIw) (CIwW) (CIw) (CIw) (CIW) (CIW) (CIW)

20 PWP 32.63 1.40 0.607 74.41 1.40 1.777 151.89 19.90 0.77
24 PWP 30.13 0.92 0.489 62.05 0.92 1.263 128.44 14.83 0.665
28 PWP 27.87 0.72 0.446 56.21 0.72 1.169 115.82 12.41 0.623
48 PHP 29.11 1.14 0.429 64.42 1.14 1.262 108.71 18.18 0.511
52 PGP 21.61 0.38 0.192 42.58 0.38 0.391 77.15 7.83 0.353
64 PBP 17.46 0.12 0.155 28.04 0.12 0.252 52.21 3.12 0.267
64 PAP 21.47 0.38 0.19 42.20 0.38 0.386 75.83 7.80 0.347
80 PFP 19.04 0.17 0.174 31.52 0.17 0.29 57.75 4.20 0.297
PZP 17.28 0.12 0.154 27.32 0.12 0.247 49.17 3.11 0.252
PNP 17.17 0.12 0.152 27.07 0.12 0.244 48.39 3.11 0.248
PRP 15.68 0.13 0.199 27.52 0.13 0.346 47.34 4.62 0.288
PTP 14.52 0.10 0.17 24.46 0.10 0.28 42.95 3.67 0.257
P 11.14 0.10 0.14 22.40 0.10 0.266 43.93 3.70 0.262
PYP 10.96 0.10 0.139 21.48 0.10 0.258 39.18 3.66 0.235
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
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