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(57) ABSTRACT 
Space-efficient packaging of microelectronic devices per 
mits greater functionality per unit PC board Surface area. In 
certain embodiments, packages having leads of a reverse 
gull wing shape reduce peripheral footprint area occupied by 
the leads, thereby permitting maximum space in the package 
footprint to be allocated to the package body and to the 
enclosed die. Embodiments of packages in accordance with 
the present invention may also reduce the package vertical 
profile by featuring recesses for receiving lead feet ends, 
thereby reducing clearance between the package bottom and 
the PC board. Providing a linear lead foot underlying the 
package and slightly inclined relative to the PC board further 
reduces vertical package profile by eliminating additional 
clearance associated with radiuses of curvature of J-shaped 
leads. 
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SURFACE MOUNT PACKAGE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The instant non-provisional patent application 
claims priority from U.S. provisional patent application No. 
60/291,212, filed May 15, 2001 and entitled “Improved 
Surface Mount Package'. This provisional patent applica 
tion is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates generally to elec 
tronic devices. More particularly, the invention provides an 
improved package, packaging System and method for pack 
aging of electronic devices. Merely by way of example, the 
present invention can be used for producing "Small footprint 
sized packages” for integrated circuit devices and discrete 
devices often used for a variety of digital, analog, Small 
Signal discrete, and power applications, Such as electroni 
cally controlled switches for power on/off control of system 
and Sub-System components, and Switching components in 
DC/DC conversion, especially in mobile and battery pow 
ered applications Such as cellphones, portable and notebook 
computers, personal digital assistants (PDAS), digital cam 
eras, and other computing applications, as well as in non 
mobile applications Such as Set-top boxes, flat panel moni 
tors, motherboards, desktop, Server and main frame 
computers; in automotive electronics, and in cellular base 
Station and in fiber and datacom networkS. 

0003) A class of packages for microelectronic devices are 
“Small footprint sized', low pin count packages. Microelec 
tronic circuits enclosed by these packages are in low-and 
medium integration level devices employing a low pin 
count. Such packages are often very Small as compared to 
more conventional integrated circuit device packages (e.g., 
BGAs, PLCC, QFP, PGA) for conventional large DSPs 
(digital signal processors), ASICs (application specific inte 
grated circuits), memory devices (e.g., Flash, DRAM, 
ROM) for computers, microprocessors (e.g., IntelTM Pen 
tium), and the like, which often use very high pin counts and 
extremely large die Sizes. Unlike Such conventional inte 
grated circuit device packages, Small footprint sized, low pin 
count packages attempt to minimize footprint Size as well as 
provide the minimum required pin count for a given type of 
product. With ever-increasing demands for enhanced per 
formance, new applications for electronics often require 
Such Smaller sized packages and increased package effi 
ciency as measured in performance per unit area of PC 
board. Such increased efficiency may take the form of 
Smaller package footprints for a given performance level, or 
increased performance for an existing footprint. This 
increased need for Space efficiency exists for discrete, power 
and small signal MOSFET and power control circuits, power 
management ICs, power ICS and analog ICS including 
electronic devices used in portable computer products and 
notebooks, portable telecommunication products, and por 
table entertainment products such as handheld games, MP-3 
players, digital cameras (DSCs, camcorders), in lithium ion 
battery-pack protection electronics, and the like. 
0004 Although there has been much development with 
package designs for conventional devices, to date there has 
been little focus on improving the design of packages for the 
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Smaller, low pin count and low integration devices, espe 
cially for power applications. Many conventional Small 
footprint packages still lack efficiency and performance. For 
example, conventional packages have not been configured to 
provide enhanced performance per unit area of PC board 
occupied. In many conventional packages, only 10 percent 
or less of the total available package footprint area on the PC 
board is occupied by an active Semiconductor device. This 
poor area efficiency limits the functionality or performance 
of the Semiconductor component in its application, espe 
cially when the available board space is determined by the 
maximum allowable size and three-dimensional form-factor 
of the end product, Such as a cellphone. In this context, poor 
performance may constitute a lack of desirable features in 
the Semiconductor (features not possible because of a lim 
ited amount of available silicon real estate), or as a higher 
resistance device, transistor, power MOSFET or other 
Switching element leading to increased power losses, Self 
heating, and further increases in resistance as a result of Self 
heating. These increased power losses can be viewed as both 
a potential thermal problem, and as a loSS in efficiency and 
battery life. 
0005 Furthermore, such small, low-pin count packages 
typically lack sufficient ability to remove heat from the 
Semiconductor die and to conduct that heat out of the 
package into the PC board and into the ambient. The high 
thermal resistance characteristic of a package's inability to 
remove heat limits the utility of these conventional type 
Small packages in applications (and in products) where the 
Semiconductor die is forced to dissipate Substantial power, 
even if but for a few Seconds. In high power dissipation 
conditions, unless the power dissipation is limited, the 
Semiconductor die may malfunction, or be damaged, and 
may also damage its own package and even other compo 
nents in its vicinity on the PC board. 
0006. As a further limitation of such conventional pack 
ages, methods used to increase the number of potential pins 
on any given package, may in fact reduce the maximum die 
Size that can fit into the package, and in So doing lead to even 
higher power losses and lower efficiencies. 
0007. It can also be shown, that adjusting the lead frame 
design in a conventional package to maximize the die Size, 
may in fact lead to an inadequate number of pins to connect 
the IC or die, and may also result in the position of Such pins 
and bond pads such that it becomes difficult or impossible to 
facilitate proper or optimal wire bonding. 
0008 Likewise, it can be shown that adjusting the num 
ber of pins for optimum bonding may result in a Smaller die 
and poorer Silicon performance, for example increasing the 
resistance in a power transistor, and in other cases, may 
result in a higher thermal resistance in a package with no 
convenient means to conduct heat out of the Silicon and into 
the printed circuit board (PCB). This tradeoff may force an 
undesirable compromise between the number of pins and the 
thermal resistance and power handling capability of the 
package. 

0009 So in conventional type packages, there is an 
intrinsic tradeoff among factorS Such as the size of the die, 
the number of pins, the location of the pins relative to the 
die, the number of bond wires which may be bonded from 
any given pin and the bond length and the bonding angles 
which result, and the means to directly conduct heat through 
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metal or through one or more leads into the PCB. Any or all 
of these factors make it difficult to achieve optimal perfor 
mance for many IC and discrete devices, especially those 
involved in power applications or carrying high current. 

0.010 AS merely examples, we have provided some illus 
trations of conventional packages and their limitations 
below. For the purposes of the present invention, the term 
“lead frame' refers to electrically conducting portions of a 
package, apart from bond wires, that enable electrical com 
munication with a die enclosed by a package. As a matter of 
terminology, the name “lead frame' includes both the pins 
and the die pad of the package because these elements are 
typically held together into a Single inter-connected piece or 
frame until Such time in the packaging process that the leads 
and the die pad are Secured by the injection of plastic, after 
which the frame holding the leads and the die pad in place 
can be cut or disconnected. The term “die pad” refers to the 
portion of the lead frame in direct physical contact with the 
Semiconductor die. Typically, the Semiconductor die is 
attached to the die pad by a Solder or adhesive material 
interposed between the die and the die pad. 

0011 Referring to FIGS. 1A-1F, illustrations of conven 
tional Six lead packages are shown. FIG. 1A is a Simplified 
perspective view of conventional six-lead package 100 
including package body 102 and exposed leads 104. FIG. 
1B is a simplified plan View of conventional six-lead pack 
age 100 of FIG. 1A. FIG. 1C is a simplified plan view of 
conventional six-lead package 100 of FIG. 1A. FIG. 1C 
shows internal components Such as lead frame 110 including 
die pad 106 and internal portion 104a of leads 104. FIG. 1D 
is a simplified plan View of the conventional six-lead pack 
age of FIG. 1A additionally showing die 108 and bond wires 
110. Bond wires 110 permit electrical communication 
between die 108 and leads 104. Since the package has six 
independent leads 104, it is electrically a six pin package. 
Thermally it is a “Zero’ pin package Since none of the pins 
connect directly to the die pad and So that there is no direct 
path for heat to flow from the die to the PC board. 
0012. As shown in the figures, the die pad occupies a very 
Small region of the entire area of the package, including 
outer portions of the leads. The conventional package occu 
pies less than 10% of the entire package footprint on the PC 
board, which is undesirable for today's high performance 
applications. The conventional package is also not config 
ured in a manner to efficiently draw away thermal energy 
that may dissipate or build up in certain types of power 
integrated circuits and in discrete power devices. Accord 
ingly, conventional Six lead packages have many limitations. 
0013 FIG. 1E is a simplified plan view of a configura 
tion of a conventional six lead package like that shown in 
FIG. 1D having a lead frame modified to (somewhat) reduce 
the thermal resistance of the package. Specifically, package 
120 of FIG. 1E shows five leads 122 connected to die 124 
by bond wires 126, and sixth lead 128 integral to die pad 
130. Because of its greater area of contact with die pad 130, 
integral lead 128 permits a larger quantity of thermal energy 
to be drawn away from operating die 124 through die pad 
130 and then to be dissipated into the external environment. 
The improvement in thermal resistance is Somewhat miti 
gated by the limited croSS-Sectional area of a single package 
lead (through which heat must flow) and on the limited 
contact area and Surface area of the lead where it contacts the 
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PC board. The limited contact area between the board and a 
single lead means the heat enters the PC board in a small 
region, like a thermal "point Source'. The heat Spreading 
into the board from a point Source is redistributed acroSS the 
PC board's Surface less efficiently than if a larger lead or, 
even better, multiple leads were to carry the heat from the 
die to the PC board. Accordingly a single lead, such as 128, 
connected directly to the die pad, while improving thermal 
resistance, results in leSS improvement than expected and 
depends heavily on the PC board layout. Although a larger 
pin (or multiple pins) carrying heat would be less sensitive 
to the influence of the board layout on the resulting thermal 
resistance, Such design features are not available or antici 
pated by conventional packages. Another drawback with this 
configuration of a six-lead package is it still lacks an ability 
to efficiently use package Space. Specifically, only 10% of 
the available footprint area is occupied by die 124. The 
remainder of the footprint area is allocated to other, non 
performance-related considerations, especially to Satisfy all 
the mechanically related design rules. 
0014 FIG.1F shows a simplified cross-sectional view of 
the conventional six-lead package 100 of FIG. 1D, along 
line IF-IF". The cross-sectional view of FIG. 1F shows 
package body 102 enclosing die pad 106 and Semiconductor 
die 108. Leads 104 projecting from package body 102 
include portions 104a internal to package body 102, a 
distance requiring Some minimum dimension to insure that 
the plastic molding of the package is Sufficient to hold the 
lead 104 tightly in place. Lead portions 104b are external to 
package body 102, a dimension requiring Some minimum 
distance needed to facilitate bending the lead without crack 
ing or otherwise damaging the molded plastic package. Foot 
portions 104c of leads 104 are in contact with trace 112 of 
underlying PC board 114, to guarantee Some minimum 
contact area between the foot and the PC board's conductive 
trace. The forming and bending of lead 104 including the 
bent portion of the lead and the minimum sized foot are 
determined by mechanically-related design rules chosen to 
produce repeatable results at rapid manufacturing through 
put rates consistent with the use of industry Standard 
machines commonly used in Semiconductor packaging. 
0015 FIG. 2A shows a simplified cross-sectional view, 
including dimensions, of the conventional six-lead package 
of FIG. 1D, also along line IF-IF". Dimensions indicated in 
FIG. 2A include die width (Wehip) of die 108, package 
body width (Wbody) of plastic body 102, package body 
thickness (Zpkg) of plastic body 102, Vertical package 
profile (Zprofile) of package 100, and lead foot width 
(Wfoot) of lead 104, and clearance (gap) Z1 between the 
bottom of package body 102 and metal trace 112 located on 
PC board 114. 

0016 FIG. 2B shows a simplified plan view, including 
dimensions, of conventional six-lead package 100 of FIG. 
1D. Dimensions indicated in FIG. 2B include the aforemen 
tioned package body width (Wpkg), die width (Wehip), 
length (X3) of internal lead portion 104a, and width (Wfoot) 
of lead foot 104c, along with additional design dimensions 
including distance (X2) between internal lead portion 104a 
and die pad 106 (a gap needed to prevent shorting between 
the pin and the die pad), setback or inset (X1) of die 108 
from edge of die pad 106 (a minimum dimension needed to 
make Sure the die doesn't Substantially hang over or extend 
beyond the die pad), and width (X4) of external lead portion 
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104b (needed to facilitate bending and forming of the lead 
after plastic molding occurs). The package shown in FIG. 
2B further elaborates the rules governing the construction of 
package 100 (shown previously in FIG. 1D), and therefore 
Suffers from the same inefficient use of Space as described 
above in conjunction with FIG. 1D. 
0017 FIG. 2C shows a simplified plan view, including 
dimensions, of conventional six lead package 100 of FIG. 
1D as occupying footprint 110 on PC board 112. In this 
figure, each lead 104 of the package lead includes foot 104c 
Sitting atop and contained within a portion of a PC board 
conductive trace 114 (shown here as a rectangle to represent 
the minimum possible dimension of the conductive trace). In 
practice these traces continue in various different directions, 
connecting to other elements on the PC board. The minimum 
spacing around the lead foot 104c however can be simply 
estimated as a border or "enclosure' rule of dimension X5. 
The intention of this exercise is to relate the physical 
dimensions of the PC board occupied by the package (in 
Cartesian nomenclature as (Wpcb, Vpcb)) to the actual 
semiconductor die dimensions (WChip, Vchip). Dimensions 
labeled in FIG. 2C are Summarized in TABLE 1 below 

TABLE 1. 

DIMENSIONS LABELED IN FIG. 2C 

LABEL DESCRIPTION 

Wpcb width of package footprint 110 
Vpcb length of package footprint 110 
Wehip width of die 108 
Vchip length of die 108 
Wbody width of package body 102 
Vbody length of package body 102 
X5 setback of lead foot 104c from edge of trace 112 
X2 distance between edge of die pad 106 and 

internal portion 104a of lead 104 
Wlead distance between ends of opposite lead feet 104c 
X4 width of external portion 104b of lead 104 
X3 width of internal portion 104a of lead 104 
Wfoot length of lead foot 104c 
X8 setback of die pad 106 within package body 102 

0.018 From the above definitions it can be seen the 
following geometric rules define the package's body dimen 
Sions as a function of the chip dimension as approximately 

0.019 And determines the package footprint on the PC 
board as approximately given by 

0020. The package shown in FIG. 2C exhibits the same 
inefficient use of Space as described above in conjunction 
with FIG. 1D, except that now the wasted space outside the 
package becomes more evident. 
0021 FIG. 3A is a simplified plan view of an alternative 
configuration of a conventional Six-lead package, showing 
internal components of package body 301. Package 300 
includes three leads 302,304, and 306 integral with die pad 
308. Leads 310, 312, and 314 are each connected to die 316 
by bond wires 318. The one-sided orientation and surface 
area provided by integral leads 302, 304, and 306 enables 
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heat flow from operating die 316 and out of package body 
301, to be dissipated in the external environment, thereby 
improving the thermal resistance of the package. The pins 
connected directly to the die pad are herein referred to as 
“thermal pins' because they carry heat away from the die 
and into the PC board. Note that even through leads 302, 
304, and 306 comprise three thermal pins, they represent 
only a single electrical pin Since they are all shorted to a 
Single potential, namely the die pad potential. 

0022. So increasing the number of pins connected 
directly to the die pad improves the package's electrical 
thermal resistance but at the penalty of decreasing the 
number of leads available for distinct electrical connections. 
Furthermore, even with this modified lead frame conven 
tional package configuration shown in FIG. 3A still suffers 
from inefficient utilization of footprint area, as die 316 
occupies only approximately 10 to 15% of the total available 
footprint area. 

0023. Another limitation of this conventional package, is 
its number of electrically independent pins, which as shown 
comprises 4 distinct electrical connections, the three Sepa 
rate pins 310, 312, and 314, and the die pad connected pins 
302, 304, 396 constituting a fourth connection. So this 
modified package is a 4 electrical pin, 3 thermal pin package. 
While a 4 electrical pin package is often applicable for the 
packaging of discrete transistors, many ICS need more pins 
to include various control functions. 

0024 FIG. 3B is a simplified plan view, including 
dimensions, of the package shown in FIG. 3A. Dimensions 
labeled in FIG. 3B are Summarized below in TABLE 2. 

TABLE 2 

DIMENSIONS LABELED IN FIG. 3B 

LABEL, DESCRIPTION 

Wlead width between lead feet ends on opposite 
side of package 300 

Vlead length between lead feet on opposite ends 
of the same side of package 300 

Wchip width of die 316 
Vchip length of die 316 
Wbody width of package body 301 
Vbody length of package body 301 
X7 width of internal portion of integral leads 302, 304,306 
X2 distance between edge of die pad 308 and internal 

portion of non-integral leads 310, 312, 314 
Wlead distance between ends of opposite lead feet 104c 
X4 width of external portion of non-integral leads 310, 312, 314 
X3 width of internal portion of non-integral leads 310, 312, 314 
Wfoot length of lead foot 

0025. The package shown in FIG. 3B exhibits the same 
inefficient use of Space as described above in conjunction 
with FIG. 3A. 

0026 FIG. 3C is a simplified plan view of another 
alternative configuration of a conventional Six lead package. 
Like the package embodiment shown in FIG. 3A, package 
350 includes three leads 352,354, and 356 positioned on the 
same package side that are integral with die pad 358. Two of 
the remaining leads 360 and 362 are integral with one 
another and connected to die 364 through bond wires 366. 
Sixth lead 368 is connected to die 364 by bond wire 369. As 
described above in conjunction with the embodiment shown 
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in FIG. 3A, the three integral leads 352,354, and 356 offer 
the advantage of unidirectional flow and enhanced dissipa 
tion of heat generated by die 364. Formation of leads 360 
and 362 out of a Single piece of metal creates Space for an 
additional third bond wire to connect leads 360 and 362 to 
die 364. The resulting package has 3 electrical pins and 3 
thermal pins. 
0027. The additional bond wire results in a lower resis 
tance electrical contact with die 364. However, the package 
shown in FIG. 3C exhibits the same inefficient use of space 
as described above in conjunction with FIG. 3B, in that die 
364 occupies only 10 to 15% of the total available footprint 
aca. 

0028 FIG. 3D is a simplified plan view of yet another 
configuration of a conventional Six lead package, showing 
internal components of package body 371. Package 370 
includes four leads 372, 374,376, and 378 that are integral 
with die pad 380. One of the remaining leads 382 is 
connected to die 385 through bond wire 384. The other 
remaining lead 384 features a lengthy internal portion 384a 
that is connected to die 385 through multiple bond wires 
387. As described above in conjunction with the package 
embodiment shown in FIG. 3A, leads 372, 374,376, and 
378 integral with die pad 380 offer the advantage of 
enhanced heat dissipation from die 385. Elongated lead 384 
offers the advantage of multiple bond wire connections and 
reduced resistance. However, the package shown in FIG. 3D 
exhibits the same inefficient use of Space as described above, 
in that die 385 occupies only 10% to 15% of the total 
available footprint area. The resulting package has 4 thermal 
pins but only 3 electrical pins. 
0029 FIG. 3E is a simplified plan view of still another 
configuration of a conventional Six lead package, showing 
internal components of package body 391. Package 390 
includes four leads 392,393, 394, and 395 integral with die 
pad 396. The remaining two leads 397a and 397b comprise 
opposite ends of a Single metal piece that is connected to die 
399 through multiple bond wires 398. Unlike the similar, 
previously illustrated embodiments package 390 of FIG.3E 
includes only two contacts to die 399, which can perform the 
function of a simple device such as a diode. Package 390 is 
therefore a six-leaded package with 4 thermal pins but only 
two electrical pins. Furthermore, package 390 shown in 
FIG. 3E exhibits the same inefficient use of space as 
described above, in that die 399 occupies only 10% to 15% 
of the total available footprint area. 
0.030. While the conventional packages described so far 
utilize six leads, other types of conventional packages may 
utilize a different number of leads. For example, FIG. 4A is 
a simplified perspective view of a larger footprint conven 
tional eight lead package. Package 400 includes package 
body 402 and exposed leads 404. Like the previously 
described six lead package, the leads of this package type 
must be bent to connect to the PC board with the foot of each 
lead being Substantially co-planar. 
0031 FIG. 4B is a simplified plan view of the eight lead 
package of FIG. 4A, showing internal components within 
package body 402. Specifically, package 400 includes first 
die 406 positioned on first die pad 408, and second die 410 
positioned on second die pad 412. First die 406 is connected 
to leads 404a-d through bond wires 411, and second die 410 
is connected to leads 404e-h through bond wires 415. 
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Package 400 is therefore a dual die eight lead package 
offering a total of 8 electrical pins but no (Zero) thermal pins. 
Like the conventional six-lead packages described above, 
conventional eight-lead package 400 also suffers from inef 
ficient use of available footprint area, in that even less than 
10% of the total package footprint is occupied by dies 406 
and 408. 

0032 FIG. 4C is a simplified plan view of another 
configuration of a conventional eight-lead dual package, 
showing internal components within package body 421. 
Package 420 includes first die 422 positioned on first die pad 
423, and second die 426 positioned on second die pad 428. 
First die 422 is connected to leads 404a-c through bond 
wires 425, and lead 404d is integral with first die pad 423. 
Second die 426 is connected to leads 404e–g through bond 
wires 429, and lead 404h is integral with second die pad 428. 
Package 420 is therefore a dual die eight lead package 
offering a total of 8 electrical pins with only two thermal 
pins (one per each die). While integral leads 404d and 404h 
offer the advantage of Some degree of enhanced heat dissi 
pation from dies 422 and 426, respectively, package 420 
Suffers from the Same inefficient allocation of footprint area 
as the package of FIG. 4B. 

0033 FIG. 4D is a simplified plan view of another 
configuration of an eight-lead dual package, showing inter 
nal components within package body 431. Package 430 
includes first die 433 positioned on first die pad 432, and 
Second die 435 positioned on Second die pad 436. First die 
433 is connected to leads 434c-d through bond wires 437, 
and leads 404a–b are integral with first die pad 432. Second 
die 435 is connected to leads 404g-h through bond wires 
439, and leads 434d-e are integral with second die pad 436. 
Integral leads 434a–b and 434e-f offer the advantage of 
enhanced heat dissipation (conduction into the PC board) 
from dies 433 and 435, respectively. Package 430 is there 
fore a dual-die eight-lead package offering a total of 6 
electrical pins but with 4 thermal pins (two per die pad). 
However, while dies 433 and 435 are shown as being 
Somewhat larger in area than the dies of FIG. 4C, package 
430 exhibits the inefficient allocation of footprint area as the 
package of FIG. 4C. 
0034 FIG. 4E is a simplified plan view of a configura 
tion of an eight-lead package enclosing a single die, showing 
internal components of package body 441. Package 440 
includes elongated die 442 positioned on die pad 446 and in 
communication with each of leads 444a-h through bond 
wires 448. Like all of the conventional packages described 
above, package 440 suffers from the same inefficient allo 
cation of footprint area. Specifically, die 442 occupies leSS 
than 10% of the total footprint area available to the package. 
Moreover, the aspect ratio (the ratio of length to width) of 
the maximum possible die size to fit in this package may be 
too extreme (over a 3-to-1 ratio of dimensions). High aspect 
ratio die can exhibit poor die attach and increased incidence 
of die cracking and StreSS related failures. Package 440 is a 
Single-die eight-lead package offering a total of 8 electrical 
pins but no (zero) thermal pins. So the number of thermal 
pins is compromised in order to increase the number of 
electrical pins. 

0035 FIG. 4F is a simplified plan view of still another 
configuration of an eight-lead package enclosing a single 
die, showing internal components of package body 451. 
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Package 450 includes elongated die 452 positioned on die 
pad 456 that is integral with leads 454a-d. Three of the 
remaining leads 454e–g are formed from a single piece of 
metal that is connected with die 452 through multiple bond 
wires 457. Remaining lead 454h is connected with die 452 
through bond wire 459. As described above, the four integral 
leads 404a-d offer the advantage of enhanced heat dissipa 
tion (heat conduction into the PC board). Formation of leads 
404e-fout of a single piece of metal offers the advantage of 
multiple bond wire connections offering reduced electrical 
resistance. Package 450 is therefore a Single-die eight lead 
package offering a total of 3 electrical pins with 4 thermal 
pins. Despite these advantages however, package 450 offers 
the same relatively poor utilization of footprint area as the 
conventional package shown in FIG. 4E, as well as exhib 
iting a high aspect ratio of die length to die width. 
0.036 While the above embodiments of a conventional 
package are functional, each Suffers from the disadvantage 
of inefficient utilization of Space afforded by the package 
footprint. Specifically, TABLE 3 shows die area versus 
footprint area for Single-die conventional packages of five 
Standard types: 

TABLE 3 

Lead- Package Package 
Lead Body Footprint Body Die Die 

Package Width Length Area Width Width Length 
Type (mm) (mm) (mm) (mm) (mm) (mm) 
SO-8 6 4.83 28.98 3.81 2.49 3.96 
MSOP-8 4.9 3.0 14.7 3.0 1.69 2.13 3.6 
TSOP-6 2.85 3.05 8.6925 1.65 O.65 1.78 1157 
SOT-23 2.5 3 7.5 1.35 O.35 1.73 
SC-70 2.1 2 4.2 1.25 O.25 1.4 O.35 

0037 TABLE 3 shows that even in the largest package, 
the enclosed die occupies less than 35% of the total footprint 
area. In the two Smaller packages, the die occupies a mere 
8% of the total available area of the package footprint. In 
order to maximize the Space efficiency of the package, it is 
therefore desirable to redesign the package to allocate as 
much space as possible to the die. Likewise, it is desirable 
to redesign the package to offer the lowest possible thermal 
resistance and the maximum number of die-pad connected 
thermal pins without Sacrificing the number of available 
distinct electrical pins. It is also desirable to redesign the 
package to minimize the aspect ratio for any given die area, 
and to maximize the number of available bond wires. Finally 
it is desirable to redesign the package for the most flexible 
and optimum bonding of the wire bonds, and to be able to 
maximize the number of bond wires for a given pin if the pin 
is carrying high current. Accordingly, there is a need for 
improved packaging Systems and methods. 

SUMMARY OF THE INVENTION 

0.038 According to the present invention, techniques for 
packaging electronic devices are provided. More particu 
larly, the invention provides an improved packaging System 
and method for electronic devices. Merely by way of 
example, the present invention can be used for packaging of 
“Small footprint sized packages” for integrated circuit 
devices and discrete devices often used for power and power 
management applications, Such as electronically controlled 

Area 

(mm) 
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Switches for power on/off control of System and Sub-System 
components, and Switching components in DC/DC conver 
Sion, primarily in battery powered applications Such as cell 
phones, portable computers, personal digital assistants 
(PDAS), digital cameras, and other computing applications. 

0039. In certain embodiments, packages having leads of 
a reverse gull wing shape or a curved J-lead Shape allocate 
increased space in the package footprint to the packaged die. 
Use of Such a reverse gull wing shaped or J shaped lead also 
Serves to maximize the portion of the package body width 
(i.e. laterally parallel to the PC board) in order to expand the 
lead frame size and accommodate a larger possible die size 
(herein referred to as a wide-body package). The present 
invention applies to Small footprint packages that are often 
and generally less than 7 mm in dimension, and should not 
be confused with very large and very high pin count pack 
ages often used with memory chips for computers, micro 
processing integrated circuits, and the like. More generally, 
no specific package size per Se determines the maximum 
Size package in accordance with the present invention, as the 

Dief 
Footprint 
Area 

(%) 
34 
24 
13 
8 
8 

methods employed herein can be applied to larger die. 
However, the benefits in efficiency of spacing taper off in 
packages larger than 7 mm. 
0040. In a specific embodiment, the invention provides a 
Small footprint Semiconductor device package. The package 
has a plastic package body for enclosing a die. The plastic 
package body has a top coupled to a bottom through a 
plurality of SideS, which house the die. The package also has 
a lead including a partially enclosed portion by the package 
body and in electrical communication with the die. An 
exposed portion of the lead is also included. The exposed 
portion extends from the Side of the package body. The 
exposed portion also folds back along the Side of the 
package toward the bottom of the package and folds back 
toward a center of the bottom. The portion of the lead along 
the Side of the package and the portion of the lead along the 
bottom of the package form an angle of less than 90 degrees 
from each other and, the lead foot being inclined relative to 
an underlying planar PC board. The inclined surface has 
advantages Such as promoting Solder wetting and the like. 
0041. The present invention has many advantages in 
maximizing the available Silicon real estate or die size for a 
given package footprint on the PC board. In a preferred 
embodiment, the invention includes a package which 
includes metal leads extending out of a plastic body Such 
that the lateral width of the package at its widest point 
including the combined width of the plastic body and the 
protruding leads, is widest in the croSS Sectional plane where 
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the leads protrude from the plastic body. In this present 
invention, the maximum width of the leads (including the 
lead foot) in any cross Sectional plane parallel to the PC 
board is Substantially the Same size or even Smaller in 
dimension than in the plane where the leads protrude or exit 
from the plastic package body. Since the width of the 
package and leads in this Specific preferred embodiment is 
widest in the croSS Sectional parallel plane parallel to the PC 
board where the leads exit the plastic package body, then it 
follows the width is smaller in dimension on the plane where 
the leads contact the PC board. In other words, the package 
leads are Smaller (or Substantially the same dimension) 
where they contact the PC board. A reverse-gull-wing 
shaped or J-shaped lead configuration are shown as one Such 
means to implement this preferred embodiment. 

0042. In another preferred embodiment the maximum 
lateral extent of the leads in the croSS Sectional plane 
contacting the PC board are Smaller than (or not Substan 
tially larger than) elsewhere, in any plane above the PC 
board's Surface. In Such a preferred embodiment, the leads 
of the package have a vertical portion that are Substantially 
perpendicular to the PC board's surface or that tilt outward 
away from the PC board's surface, being wider away from 
Surface of the PC board. 

0043. In another embodiment, the package body is maxi 
mized relative to the PC board Space Such that package 
width including the leads is widest in a plane parallel to the 
PC board where the leads protrude from the package (or in 
any plane other than that where the leads contact the PC 
board) and where the plastic body of the package extends 
over the feet of the package's leads. 
0044) In another embodiment, the package's plastic body 
extends over each and every lead foot of the leads of the 
package. 

0.045. In another embodiment, a semiconductor package 
has conductive leads each with a lead foot where each lead 
foot is mounted to a printed circuit board's conductive traces 
Such that the conductive traces on the PC board where the 
lead foot contacts the board (a PCB pad) has a some 
minimum dimension to facilitate the attachment of the die 
foot to the PCB pad, i.e. a minimum PCB pad and where the 
plastic body of the package laterally extends over the top of 
the minimum PCB pads. 
0.046 Numerous advantages may be achieved utilizing 
the present invention. For example, apparatuses in accor 
dance with embodiments of the present invention produce 
packages that occupy a Smaller lateral area and therefore 
allow for higher packing densities of packaged microelec 
tronic products. 

0047. In addition, embodiments in accordance with the 
present invention result in packages having a reduced Ver 
tical profile, thus further allowing these devices to be 
employed in the confined spaces typical of portable appli 
cations Such as telephones and laptop computers. In Some 
embodiments, the invention also provides a novel Structure 
for dissipating thermal energy in the form of heat. The 
invention also provides a novel lead foot Structure that 
enhances Solderability and electrical contact to an underly 
ing PC board. In other aspects, electrical resistance is also 
reduced using novel pin configurations and packaging 
design, including maximizing the number of available bond 
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wires, improving the location, distribution, length and bond 
ing angles of the bond wires, and maximizing the Silicon die 
area. Furthermore, embodiments in accordance with the 
present invention allow for flexibility of the design of 
Space-efficient packages for a variety of die types and sizes. 
The invention also includes certain novel methods to maxi 
mize the number of die pad connected pins (for improving 
thermal resistance) without Sacrificing the available number 
of distinct electrical connections. Depending upon the 
embodiment, one or more of these benefits may exist. 
0048. An embodiment of a small footprint semiconductor 
device package in accordance with the present invention 
comprises a plastic package body for enclosing one or more 
die, the plastic package body including a top coupled to a 
bottom through a plurality of Sides. A lead includes an 
enclosed portion by the package body and is in electrical 
communication with the die. An exposed portion of the lead 
extends from the Side of the package body, folding back or 
being vertically disposed Substantially perpendicular to the 
PC board along the side of the package toward the bottom 
of the package at a first angle, and folding toward a center 
of the bottom of the package to form a lead foot. The portion 
of the lead along the Side of the package and the portion of 
the lead along the bottom of the package form an angle of 
less than 90 from each other and the lead foot being 
inclined at a Second angle relative to an underlying planar 
PC board to promote solder wetting. 

0049. An embodiment of a small footprint semiconductor 
device package in accordance with the present invention 
comprises a package body enclosing a die having an area, 
and a lead including an enclosed portion by the package 
body and in electrical communication with the die. An 
exposed portion of the lead extends from the side of the 
package body, folding back along the Side of the package 
toward the bottom of the package, and folding toward a 
center of the bottom of the package to form a lead foot. A 
combined width and length of the package body and the 
exposed lead portion defines a lateral footprint area, Such 
that the die area occupies about 40% or more of the footprint 
aca. 

0050. An embodiment of a small footprint semiconductor 
device package in accordance with the present invention 
comprises a package body enclosing a die having an area, 
and a lead. The lead includes an enclosed portion by the 
package body, the enclosed portion integral with a die pad 
Supporting the die, the enclosed portion in electrical com 
munication with the die. The lead also includes an exposed 
portion of the lead extending from the Side of the package 
body, folding back along or being Substantially vertically 
disposed along the Side of the package toward the bottom of 
the package, and folding toward a center of the bottom of the 
package to form a lead foot. A combined width and length 
of the package body and the exposed lead portion defines a 
lateral footprint area. The die area occupies about 40% or 
more of the footprint area and the enclosed lead portion 
draws heat away from the operating die to the exposed lead 
portion, and the exposed lead portion dissipates the heat. 

0051. An embodiment of a small footprint semiconductor 
device package in accordance with the present invention 
comprises a plastic package body for enclosing a die having 
a thickness, the plastic package body including a top coupled 
to a bottom through a plurality of Sides. The package further 
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comprises a lead including an enclosed portion by the 
package body and in electrical communication with the die, 
an exposed portion of the lead extending from the Side of the 
package body, folding back along or being Substantially 
Vertically disposed along the Side of the package toward the 
bottom of the package at a first angle relative to a plane of 
the package, and folding toward a center of the bottom of the 
package to form a Substantially Straight lead foot inclined at 
a Second angle relative to an underlying PC board. A receSS 
formed in a Side of the package body receives an end of the 
lead foot. 

0.052 An embodiment of a small footprint semiconductor 
device package in accordance with the present invention 
comprises a plastic package body for enclosing a die having 
a thickness, the plastic package body including a top coupled 
to a bottom through a plurality of Sides. A lead includes an 
exposed portion of the lead extending from the Side of the 
package body, the exposed portion folding back along or 
being Substantially vertically disposed along the Side of the 
package toward the bottom of the package at a first angle 
relative to a plane of the package, and folding toward a 
center of the bottom of the package to form a Substantially 
Straight lead foot inclined at a Second angle relative to a trace 
on an underlying PC board. Adhesion of the lead foot to the 
Solder is enhanced by the Second angle. 
0.053 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having all 
the pins on one Side of the package directly connected to the 
die pad So that heat may easily flow from the die pad into the 
PC board, where in a preferred embodiment the lead frame 
is composed of copper or another metal with high electrical 
and thermal conductivity. Specific examples of this inven 
tion include but are not limited to a six pin package where 
three pins on the same Side of the package are tied to the die 
pad, an eight pin package where four pins on the same side 
of the package are tied to the die pad, and a twelve (or 
fourteen) pin package where six (or Seven) pins on the same 
Side of the package are directly connected to the die pad. In 
a preferred embodiment of this invention the die pad size can 
be expanded closer to the inside edge of the plastic body (i.e. 
to a Smaller dimension minimum enclosure of the die pad by 
the plastic body) on the side where the pins are tied to the 
die pad than the minimum enclosure of the die pad by the 
plastic body on the opposite side of the package where the 
pins are not connected to the die pad, thereby allowing a 
larger die pad facilitating the maximum possible die Size to 
fit within the package. 
0.054 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having all 
the pins on one Side of the package directly connected to the 
die pad except for one pin So that heat may easily flow from 
the die pad into the PC board, where in a preferred embodi 
ment the lead frame is composed of copper or another metal 
with high electrical and thermal conductivity. Specific 
examples of this invention include but are not limited to a six 
pin package where two pins on the same Side of the package 
are tied to the die pad and one pin on the same Side is not 
connected to the die pad, an eight pin package where three 
pins on the same side of the package are tied to the die pad 
and one pin on the same side is not connected to the die pad, 
and a twelve (or fourteen) pin package where five (or six) 
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pins on the same Side of the package are directly connected 
to the die pad and one pin on the same Side is not connected 
to the die pad. In a preferred embodiment of this invention 
the die pad size can be expanded closer to the inside edge of 
the plastic body (i.e. to a Smaller dimension minimum 
enclosure of the die pad by the plastic body) on the side 
where the pins are tied to the die pad than the minimum 
enclosure of the die pad by the plastic body on the opposite 
Side of the package where the pins are not connected to the 
die pad, thereby allowing a larger die pad facilitating the 
maximum possible die Size to fit within the package. 
0055 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having all 
the pins on one Side of the package directly connected to the 
die pad except for two pins So that heat may easily flow from 
the die pad into the PC board, where in a preferred embodi 
ment the lead frame is composed of copper or another metal 
with high electrical and thermal conductivity. Specific 
examples of this invention include but are not limited to an 
eight pin package where two pins on the same Side of the 
package are tied to the die pad and two pins on the same Side 
are not connected to the die pad, a twelve pin package where 
four pins on the same side of the package are tied to the die 
pad and two pin on the same side are not connected to the 
die pad, and a fourteen pin package where five pins on the 
Same Side of the package are directly connected to the die 
pad and two pins on the same Side are not connected to the 
die pad. In a preferred embodiment of this invention the die 
pad size can be expanded closer to the inside edge of the 
plastic body (i.e. to a smaller dimension minimum enclosure 
of the die pad by the plastic body) on the side where the pins 
are tied to the die pad than the minimum enclosure of the die 
pad by the plastic body on the opposite side of the package 
where the pins are not connected to the die pad, thereby 
allowing a larger die pad facilitating the maximum possible 
die Size to fit within the package. 
0056. Another preferred embodiment of this invention is 
that the two pins not connected to the die pad along the Side 
where the other pins connect to the die pad, are positioned 
on each Side of the die pad, near opposite ends of the 
package. 

0057 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having two 
Separated die pads Such that all the pins (for each die pad) 
on one side of the package are directly connected to the die 
pad So that heat may easily flow from each die pad into the 
PC board, where in a preferred embodiment the lead frame 
is composed of copper or another metal with high electrical 
and thermal conductivity. Specific examples of this inven 
tion include but are not limited to an eight pin package 
where two pins on the same Side of the package are tied to 
each die pad, an twelve pin package where three pins on the 
Same side of the package are tied to each die pad, and a 
fourteen pin package where four pins on the same Side of the 
package are directly connected to one die pad, while three 
pins are tied directly to the other die pad. In a preferred 
embodiment of this invention the die pad size can be 
expanded closer to the inside edge of the plastic body (i.e. 
to a Smaller dimension minimum enclosure of the die pad by 
the plastic body) on the side where the pins are tied to the 
die pad than the minimum enclosure of the die pad by the 
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plastic body on the opposite side of the package where the 
pins are not connected to the die pad, thereby allowing a 
larger die pad facilitating the maximum possible die Size to 
fit within the package. 
0.058 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing Shaped leads containing a lead frame where none 
of the pins are directly connected to the die pad, thereby 
maximizing the number of bond wires and package pins 
available not shorted to other pins. 
0059 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having two 
Separate die pads where none of the pins are directly 
connected to either die pad, thereby maximizing the number 
of bond wires and package pins available not shorted to 
other pins. 
0060 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame where Some 
number of adjacent pins not directly connected to the die pad 
are shorted together inside the package by a Strip of metal, 
facilitating a greater number of bond wires from those pins. 
0061 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame where Some 
of the pins not directly connected to the die pad have a 
T-shape (from a top view) such that the width of the lead 
inside the package is wider than the width of the lead 
external to the package, thereby accommodating more bond 
wires than the normal lead width would otherwise allow. 

0.062 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having a die 
pad where a Semiconductor die is mounted onto Said lead 
frame using a conductive layer of Solder or conductive 
adhesive (e.g. Silver filled epoxy), where the die pad and any 
pins connected to the die pad have Substantially the same 
electrical potential as the back of Semiconductor die or 
Substrate. The die pad potential may typically be "ground' 
in an integrated circuit and may be the "drain” potential in 
a vertical device such as a vertical DMOS (whether of the 
planar or the trench gated variety of device). In a one 
embodiment a bond wire (or wires) attached to a bonding 
pad(s) on the dies top Surface (electrically connected to the 
Substantially the same potential as the Substrate or dies 
backside) is bonded down to the die pad (i.e. a "down 
bond') or bonded onto any pin attached to the die pad, 
thereby Substantially Shorting out the Substrate's Series resis 
tance by the lower parallel resistance of the bond wire(s). 
0.063 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame having a die 
pad where a Semiconductor die is mounted onto Said lead 
frame using an insulating layer adhesive (e.g. epoxy with no 
Silver filling), where the die pad and any pins connected to 
the die pad have Substantially a different electrical potential 
as the back of Semiconductor die or Substrate. In a preferred 
embodiment a bond wire attached to a bonding pad on the 
dies top Surface (and not electrically connected to the 
substrate or backside potential) is bonded down to the die 
pad (i.e. a "down-bond') or bonded onto any pin attached to 
the die pad. 
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0064. Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame where at 
least two leads not connected to the die pad on opposite sides 
of the package are shorted together internally within the 
package by a continuous piece of copper of other conductive 
lead frame material. 

0065. Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame where at 
least two leads not connected to the die pad on the same side 
of the package are shorted together internally within the 
package by a continuous piece of copper of other conductive 
lead frame material. 

0066. Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing Shaped leads containing a lead frame with one or 
two die pads where only one pin is directly connected to 
either die pad. In Such an instance, the pin tied to the die pad 
improves the thermal resistance of the package (compared to 
having no pins tied to the die pad), but it does not provide 
for a larger are die pad or die. 

0067. Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads containing a lead frame where the 
die pad is directly connected to at least two leads on opposite 
Sides of the package, and may by example include two or 
three leads on each of the opposite sides of the package tied 
to the die pad. In this embodiment, the die pad is enlarged 
to the minimum possible enclosure of the die pad by the 
plastic body. 

0068 Another embodiment of the present invention 
includes a Semiconductor package with J-shaped or reverse 
gull-wing shaped leads Soldered to a PC board using con 
ventional Surface mount Solder techniques, whereby the 
wetting and Solder quality of the package's attachment to the 
PC board can be visually inspected on the sides of the 
package along where the leads touch the PC board's con 
ductive traces. 

0069. The invention also includes an algorithm to gen 
erate the maximum possible die pad size (and therefore the 
maximum die size) given any desired or predetermined PC 
board footprint. The resulting die Size will be larger pro 
duced by the algorithm will be larger than the conventional 
gull wing packaged die in Virtually every form factor or 
shaped package. 

0070 These and other embodiments of the present inven 
tion, as well as its advantages and features, are described in 
more detail in conjunction with the text below and attached 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0071 FIG. 1A is a simplified perspective view of a 
conventional Six-lead package. 
0072 FIG. 1B is a simplified plan view of the conven 
tional six-lead package of FIG. 1A. 
0073 FIG. 1C is a simplified plan view of the conven 
tional six-lead package of FIG. 1A showing the lead frame 
within the package body. 
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0074 FIG. 1D is a simplified plan view of the conven 
tional six-lead package of FIG. 1A showing the lead frame, 
die, and bond wires within the package body. 
0075 FIG. 1E is a simplified plan view of an alternative 
configuration of a conventional Six-lead package. 

0076 FIG.1F shows a simplified cross-sectional view of 
the conventional six-lead package of FIG. 1A. 

0.077 FIG. 2A shows a simplified cross-sectional view, 
including dimensions, of the conventional six-lead package 
of FIG. 1A positioned on a PC board. 
0078 FIG. 2B shows a simplified plan view, including 
dimensions, of the conventional Six-lead package of FIG. 
1A. 

007.9 FIG. 2C shows a simplified plan view, including 
dimensions, of the conventional Six-lead package of FIG. 
1A positioned on a PC board. 

0080 FIG. 3A is a simplified plan view of another 
configuration of a conventional Six-lead package. 

0081 FIG. 3B is a simplified plan view, including 
dimensions, of the conventional six-lead package shown in 
FIG. 3A. 

0082 FIG. 3C is a simplified plan view of another 
configuration of a conventional Six-lead package, showing 
the lead frame, die, and bond wires within the package body. 
0083 FIG. 3D is a simplified plan view of yet another 
configuration of a conventional Six-lead package showing 
the lead frame, die, and bond wires within the package body. 
0084 FIG. 3E is a simplified plan view of still another 
configuration of a conventional Six-lead package showing 
the lead frame, die, and bond wires within the package body. 
0085 FIG. 4A is a simplified perspective view of a 
conventional eight lead package. 

0.086 FIG. 4B is a simplified plan view of the eight lead 
dual-die-pad package of FIG. 4A, showing the die, lead 
frame, and bond wires. 

0087 FIG. 4C is a simplified plan view of another 
configuration of an eight-lead dual-die-pad package Show 
ing the dies, lead frame, and bond wires. 
0088 FIG. 4D is a simplified plan view of another 
configuration of an eight-lead dual-die-pad package Show 
ing the dies, lead frame, and bond wires. 
0089 FIG. 4E is a simplified plan view of yet another 
configuration of an eight-lead Single-die-pad package Show 
ing the die, lead frame, and bond wires. 
0090 FIG. 4F is a simplified plan view of still another 
configuration of an eight-lead Single-die-pad package Show 
ing the die, lead frame, and bond wires. 

0.091 FIG. 5A is a cross-sectional view, including 
dimensions, of a conventional package versus an embodi 
ment of a package (both mounted on a PC board) in 
accordance with the present invention. 

0092 FIG. 5B is an enlarged scale view of an embodi 
ment of a package in accordance with the present invention. 
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0093 FIG. 5C shows a schematic view of the flow of 
thermal energy (heat) through the package shown in FIG. 
5A. 

0094 FIG. 6A is a simplified perspective view of one 
embodiment of a six lead package in accordance with an 
embodiment of the present invention. 
0.095 FIG. 6B is a simplified plan view of the six lead 
package shown in FIG. 6A. 
0096 FIG. 6C is a simplified end view of the six lead 
package shown in FIG. 6B. 
0097 FIG. 6D is a simplified edge view of the six lead 
package shown in FIG. 6A. 
0.098 FIG. 6E is a simplified cross-sectional view of 
another embodiment of a six lead package in accordance 
with the present invention. 
0099 FIG. 6F is a simplified end view of still another 
embodiment of a Six lead package in accordance with the 
present invention. 
0100 FIG. 6G is a simplified plan view of an alternative 
embodiment of a Six lead package in accordance with the 
present invention. 
0101 FIG. 6H is a simplified plan view of the six lead 
package of FIG. 6A showing a die, lead frame, and bond 
wires. 

0102 FIG. 61 is a simplified plan view of another 
alternative embodiment of a six lead package in accordance 
with the present invention. 
0103 FIG. 6J is a simplified plan view of another 
alternative embodiment of a six lead package in accordance 
with the present invention. 
0104 FIG. 6K is a simplified plan view of another 
alternative embodiment of a six lead package in accordance 
with the present invention. 
0105 FIG. 6L is a simplified plan view of another 
alternative embodiment of a six lead package in accordance 
with the present invention. 
0106 FIG. 6M is a simplified plan view of another 
alternative embodiment of a six lead package in accordance 
with the present invention. 
0107 FIG. 7A is a simplified perspective view of an 
embodiment of an eight lead package in accordance with the 
present invention. 
0108 FIG. 7B is a simplified plan view of the package of 
FIG. 7A showing a die, lead frame, and bond wires. 
0109 FIG. 7C is a simplified plan view of an alternative 
embodiment of an eight-lead package in accordance with the 
present invention, showing two die, a single-die-pad lead 
frame, and bond wires. 
0110 FIG. 7D is a simplified plan view of another 
alternative embodiment of an eight-lead package in accor 
dance with the present invention, showing two die, a dual 
die pad lead frame, and bond wires. 
0111 FIG. 7E is a simplified plan view of still another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 



US 2005/0145998 A1 

0112 FIG. 7F is a simplified cross-sectional and plan 
View, including dimensions, of an embodiment of an eight 
lead package in accordance with the present invention, 
having no leads connected to the die pad. 
0113 FIG. 7G is a simplified cross-sectional and plan 
View, including dimensions, of an embodiment of an alter 
native embodiment of an eight-lead package in accordance 
with the present invention, having leads directly connected 
to the die pad. 
0114 FIG. 8A is a simplified plan view of another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0115 FIG. 8B is a simplified plan view of another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0116 FIG. 8C is a simplified plan view of another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0117 FIG. 8D is a simplified plan view of another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0118 FIG. 8E is a simplified plan view of another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0119 FIG. 8F is a simplified plan view of another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0120 FIG. 9 is a simplified plan view of still another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0121 FIG. 10 is a simplified plan view of yet another 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0122 FIG. 11 is a simplified plan view of a further 
embodiment of an eight-lead package in accordance with the 
present invention, showing a die, lead frame, and bond 
wires. 

0123 FIG. 12A is a simplified plan view of a further 
embodiment of an eight-lead package in accordance with the 
present invention, showing two die, a dual-die-pad lead 
frame, and bond wires. 

0124 FIG. 12B is a simplified plan view of a further 
embodiment of an eight-lead package in accordance with the 
present invention, showing two die, a dual-die-pad lead 
frame, and bond wires. 

0125 FIG. 13A is a simplified plan view of a further 
embodiment of an eight lead package in accordance with the 
present invention, showing dual die, a dual-die-pad lead 
frame, and bond wires. 
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0126 FIG. 13B is a simplified plan view of a further 
embodiment of an eight-lead package in accordance with the 
present invention, showing dual die, a dual-die-pad lead 
frame, and bond wires. 

0127 FIG. 14 shows a simplified perspective view of a 
number of package types in accordance with embodiments 
of the present invention. 
0128 FIG. 15 is a simplified plan view of an embodi 
ment of a six lead package in accordance with the present 
invention. 

0129 FIGS. 16A-B are simplified plan views of embodi 
ments of asymmetric multi-chip eight lead packages in 
accordance with the present invention. 
0130 FIG. 17 is a simplified cross sectional view of an 
embodiment of a package in accordance with the present 
invention, showing internal components of the package 
body. 

0131 FIG. 18A is a simplified perspective view of still 
another embodiment of a package in accordance with the 
present invention, showing internal components without 
showing the package body. 

0132 FIG. 18B is a schematic diagram of a circuit 
represented by the package of FIG. 18A. 
0133 FIG. 19A is a simplified perspective view of still 
another embodiment of the package in accordance with the 
present invention, showing internal components of Sub 
assembly 1900 without showing the package body. 

0.134 FIG. 19B is a schematic diagram of a circuit 
represented by the package of FIG. 19A. 

0135 FIG. 20A illustrates a simplified perspective view 
of a 6-lead TSOP type package in accordance with an 
embodiment of the present invention. 
0136 FIG. 20B illustrates a simplified perspective view 
of a 8-lead TSOP type package in accordance with an 
embodiment of the present invention. 
0137 FIG.20C illustrates a simplified perspective view 
of a 12-lead TSOP type package in accordance with an 
embodiment of the present invention. 
0138 FIG. 20D illustrates a simplified perspective view 
of a 14-lead TSOP type package in accordance with an 
embodiment of the present invention. 

0139 FIG.20E illustrates a simplified plan view of a first 
embodiment of a lead frame for the package of FIG. 20O. 

0140 FIG. 20F illustrates a simplified plan view of a 
second embodiment of a lead frame for the package of FIG. 
20C. 

0141 FIG. 20G illustrates a simplified plan view of a 
third embodiment of a lead frame for the package of FIG. 
20C. 

0142 FIG. 20H illustrates a simplified plan view of a 
fourth embodiment of a lead frame for the package of FIG. 
20C. 

0143 FIG.20I illustrates a simplified plan view of a fifth 
embodiment of a lead frame for the package of FIG. 20O. 
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014.4 FIG. 20.J illustrates a simplified plan view of a 
sixth embodiment of a lead frame for the package of FIG. 
2OC. 

0145 FIG. 20K illustrates a simplified plan view of a 
seventh embodiment of a lead frame for the package of FIG. 
2OC. 

0146 FIG. 20L illustrates a simplified plan view of a 
eighth embodiment of a lead frame for the package of FIG. 
2OC. 

0147 FIG. 20M illustrates a simplified plan view of a 
ninth embodiment of a lead frame for the package of FIG. 
2OC. 

0148 FIG. 20N illustrates a simplified plan view of a 
tenth embodiment of a lead frame for the package of FIG. 
2OC. 

0149 FIG. 200 illustrates a simplified plan view of an 
eleventh embodiment of a lead frame for the package of 
FIG.20C. 

0150 FIG. 21A illustrates a simplified perspective view 
of an embodiment of an 8-lead MSOP type package in 
accordance with the present invention. 
0151 FIG. 21B illustrates a simplified perspective view 
of an embodiment of a twelve-lead MSOP type package in 
accordance with the present invention. 
0152 FIG. 22A illustrates a simplified perspective view 
of an embodiment of an 8-lead SOP type package in 
accordance with the present invention. 
0153 FIG.22B illustrates a simplified perspective view 
of an embodiment of a twelve-lead SOP type package in 
accordance with the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0154 According to embodiments of the present inven 
tion, apparatuses and techniques for design of Space-efficient 
packaging for microelectronic devices are provided. Pack 
ages in accordance with embodiments of the present inven 
tion allocate increased Space in the package footprint to the 
packaged die, and in Some embodiments offer improved the 
thermal resistance of the package, provide for a greater 
number of bond wires, offer improved bond wire angles and 
positioning, and accommodate both Single and multiple die 
while maintaining a compact vertical profile for the package. 
A more comprehensive discussion of various aspects of the 
present invention is provided in detail below. 
O155 Embodiments of the present invention provide 
Space-efficient package designs for low pin count, Small 
footprint electronic devices as are typically utilized in por 
table applications. In one embodiment in accordance with 
the present invention, the present invention provides for 
Space-efficient packaging design wherein exposed lead feet 
of the package fold back underneath the package and 
thereby allow a packaged die of greater width to occupy the 
peripheral footprint area consumed by laterally-extending 
lead feet of conventional (commonly called “gull wing) 
packages. Recesses in the exterior Surface of the package 
body may receive the ends of the lead feet, thereby permit 
ting a reduced vertical package profile. The present inven 
tion applies to Small footprint packages that are often leSS 
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than 7 millimeters in dimension and should not ordinarily be 
confused with larger high-pin count packages often used 
with memory chips used for computers, microprocessing 
integrated circuits, and the like. Such packages may include 
more than one hundred pins. Many analog and power 
packages have fewer than 24 pins, and generally between 3 
and 8 pins. These and other details of the invention are 
provided throughout the present Specification and more 
particularly below. 
0156 Here, we have provided many drawings and 
descriptions below to further describe these features. In a 
Specific embodiment, the package design offers a larger 
package body for a given PC board footprint thereby accom 
modating a larger Semiconductor die and also has a Smaller 
profile, which is desirable for many mobile computing 
applications. 
O157 As shown, FIG. 5A is a cross-sectional view, 
including lateral and vertical dimensions, of conventional 
package 500 versus package 502 in accordance with one 
embodiment of the present invention. Package 502 includes 
package body 512 formed from an injection-molded com 
pound. One type of Suitable injection molded compounded 
useful for forming package 502 includes epoxy-based com 
pounds such as the 6600CR or 6300H materials manufac 
tured by Sumitomo Chemical Co. The choice of a particular 
injection molded material will of course vary depending 
upon the Specific requirements of a particular packaging 
application. 
0158 Die 513 is in physical contact with die pad 515. Die 
pad 515 is typically part of a patterned lead frame that 
includes electrically conducting leads 514 extending out 
ward from the side of package body 512. Leads are in 
electrical contact with die 513, either through bond wires or 
as integral to die pad 515. The lead frame may be formed 
from various types and thickness of materials that exhibit 
desirable physical characteristics Such as malleability, and 
high electrical and thermal conductivity. Suitable lead mate 
rials for the lead frame include metals and alloys. A metal 
that may be used to form the lead frame is copper. An alloy 
that may be used to form the lead frame is Alloy 42. The 
choice of a particular material for a lead frame is of course 
dictated by the requirements of particular package applica 
tion. The lead frame and leads are typically 5 mils thick (125 
micrometers), much thinner than leads of packages enclos 
ing the large-integration, high pin count devices. 
0159. Because of the space efficient design of package 
502, a larger size die 513 and a larger sized package body 
512 may occupy a footprint of the same size as conventional 
package 500. Specifically, package structure 502 shown in 
FIG. 5A features package body 512 of width (WbodyB) that 
is approximately 1.6xgreater than width (Wbody A) of con 
ventional package body 500. This broader package body 
width in turn encloses die 503 of width (WehipB) approxi 
mately 1.8xgreater than the width (Wehip) of die 501 of 
conventional package 500. 
0160 The package design also has other desirable fea 
tures. For example, the width of the chip relative to the width 
of the body is at a ratio of greater than about 60% and 
preferably greater than about 75%. Additionally, the ratio of 
width (WbodyB) of the package to width (Wpcb) of the 
package footprint is greater than about 90%. 
0.161 The proportions of the package in accordance with 
an embodiment of the present invention is to be contrasted 
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with those of a conventional package. Specifically, the 
conventional package shown in FIG. 5A would have a ratio 
of package body width:enclosed die width (Wbody A:W- 
chip) of about 30% and a ratio of footprint width: package 
body width (Wpcb:WbodyA) of about 50%. Of course, the 
Specific length and width of the package, and the respective 
ratioS of lateral package dimensions, will depend upon the 
application. 
0162 FIG. 5A also shows vertical dimensions of the 
conventional and novel packages. Specifically, conventional 
package 500 exhibits a package body thickness of (Zpkg), a 
die thickness (Zchip), and an overall vertical profile (Zpro 
fileA). Package 502 in accordance with an embodiment of 
the present invention exhibits the Same package body thick 
ness (Zpkg), the same die thickness (Zchip), and the same 
vertical profile (Zprofile B) as the conventional package, and 
thus the increased Space efficiency just described is not 
achieved at the expense of a taller vertical package profile. 
0163 Other important distinctions between a conven 
tional Small footprint package and embodiments of packages 
in accordance with the present invention are shown in FIG. 
5A. For example, external portion 514a of leads 514 projects 
from package body 512, and then turns sharply downward at 
a first angle A, preferably greater than 90 relative to the 
plane of the package body. While the angle A may be 
implemented over a range of angles and Still achieve a die 
area to PC board footprint improvement, e.g. any angle over 
75, the benefit is greatest where angle A is at least 90° (i.e. 
perpendicular to the board) and preferably greater than 90 
degrees. At an angle of between about 90 and 100 a good 
area utilization improvement results. For obtuse angles 
greater than this range the bending (forming) of lead 514 
may become more difficult and even greater angles can force 
the plastic body size WbodyB to be reduced, offsetting any 
die area benefit. 

0164. In the illustration, lead foot 514b folds underneath 
the package body and is Straight and inclined at a Second 
angle B between about 1-8, and preferably 6-2, relative to 
the plane of underlying PC board. As a result of this 
configuration, external portion 514a of lead 514 is oriented 
at an angle of less than 90 relative to lead foot 514b. 
0.165. By contrast, for the conventional package, exterior 
portion 504a of leads 504 projects from package body 503, 
and then eventually turns downward at a first angle A of leSS 
than 90 relative to the plane of the package body. Lead foot 
504b therefore extends outward for a Substantial distance, 
occupying at least a length Wfoot of a peripheral portion of 
the package footprint. This increase in the dimension of the 
periphery has a great influence on the Overall wasted area, 
Since any regular geometric object Such as a rectangle, circle 
or Square has its greatest area at its periphery. In contrast, the 
disclosed invention of package 502, offers two sharp con 
trasts to conventional package 500. 
0166 First, since the conventional package lead bends 
outward (i.e. has an angle less than 90 and typically as low 
as 70° to 80), the area for the lead bend adds to the 
peripheral area of the package. Secondly, Since the lead foot 
504b of conventional package 500 points outward, rather 
than inward (as in the case of lead foot 514b in the disclosed 
package 502), it adds a dimension Wfoot to the periphery of 
the package. In the improved package 502, the lead folds in 
toward the package and therefore does not add peripheral 
area to the package. 
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0167. In relative terms, peripheral area conserved by the 
inward bending lead foot is greater than the obtuse angle A 
design change. Together, these characteristics offer a Sub 
stantial improvement in package body width WbodyB over 
the package body width of the conventional package 
Wbody A for the same PC board dimension Wpcb. 
0168 FIG. 5A also shows that end 5.14c of lead foot 514 
is recessed within notch 516 in the side of package body 512. 
Notch 516 may have a depth of approximately 2/3 the lead 
thickness (Zlead), which is the same for the conventional 
package and the package in accordance with an embodiment 
of the present invention. Notch 516 of package 502 thus 
allows vertical clearance Z2 between package body 512 and 
the PC board to be Smaller than vertical clearance Z1 
between conventional package body and the PC board. This 
further reduces the Vertical profile of a package in accor 
dance with an embodiment of the present invention. While 
the notch may provide for added reduction in the package 
height ZprofileB, its key feature is to enable the inward 
bending lead foot without increasing the profile height to 
one greater than Zprofile A, the height of a conventional 
package. The notch 516 further enables lead foot 514b to 
angle upward relative to the PC board to improve the solder 
wetting during board assembly. A perfectly flat lead foot 
514b is undesirable since it can cause the package to “float” 
atop the molten solder during wave soldering of the PC 
board. 

0169 FIG. 5B is an enlarged scale view of an embodi 
ment of a package in accordance with the present invention. 
Comparison of eight-lead packages 502 and 503 with ruler 
550 reveals the small size of packages 502 and 503, which 
have dimensions on the order of mm. This is to be compared 
With larger-sized packages enclosing large-integration, high 
pin count devices Such as microprocessors and memory 
chips having dimensions on the order of cm. 
0170 FIG.5C shows a schematic view of thermal energy 
flow through package 502. Specifically, operation of die 513 
generates heat which be dissipated from package by one of 
two paths. LeSS than 10% of the generated heat flows along 
first heat flow path 520 out of die 513 directly into the 
Surrounding injection molded plastic package material 522, 
from which the heat is then radiated into the environment. 
The remaining 90% of the heat generated by operating die 
513 flows along second heat flow path 524 to die pad 515. 
This transferred heat then flows from die pad 515 to leads 
514. Leads 514 draw the heat to the external environment 
and to traces 517 and underlying PC board 519, where the 
heat can be dissipated. 
0171 At each stage of this heat transfer process, a 
(thermal) resistance to the flow of heat associated with each 
package element (i.e. the Semiconductor die, the injection 
molded plastic package material, the die pad and the leads) 
dictates the overall efficiency for conduction of energy away 
from the operating die. A lead frame featuring leads integral 
with the die pad substantially improves the flow of heat 
away from the die, Since heat is not required to flow through 
the more thermally-resistive plastic package body material. 
0172 FIG. 6A is a simplified perspective view of one 
embodiment of a six lead package in accordance with an 
embodiment of the present invention. Package 600 includes 
package body 602 and exposed lead portions 604. FIG. 6B 
is a simplified plan view of the package shown in FIG. 6A. 
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FIG. 6C is a simplified end view of the package shown in 
FIG. 6A, illustrating the rounded J-shape of exposed lead 
portions 604. FIG. 6D is a simplified edge view of the six 
lead package shown in FIG. 6A. 
0173 FIG. 6E is a end view showing vertical dimensions 
of the package of FIG. 6A. Package 600 of FIG. 6E features 
J-shaped lead feet 604a that fold back underneath package 
body 602 in a rounded profile exhibiting a radius of curva 
ture R. The package of FIG. 6E thus accomplishes space 
efficient design by freeing up peripheral regions of the 
package footprint formerly occupied by the lead feet to 
instead be occupied by a packaged die of greater width. 
0174 FIGS. 6A-6E have described and illustrated 
embodiments of the present invention in connection with a 
package having lead feet of a J-shape having a uniform 
radius of curvature. While this lead shape is useful for 
allocating maximum Space efficiency to the package, it does 
Serve to slightly raise the vertical profile of the package. 
While a J-shaped lead may be combined with the notch in 
the package to reduce impact on the package profile height, 
it is generally more difficult to control the curvature (and 
hence the height) of a semicircular bend than it is to perform 
a simple L-shaped bend as shown in FIG. 5A using lead 
forming (bending) machines in high Volume production. The 
vertical portion of the lead exhibits an angle Aless than 90, 
which does not improve die-to-board area utilization. 
0175. Accordingly, FIG. 6F is a simplified end view of 
an alternative embodiment of a Six lead package in accor 
dance with the present invention, wherein leads 622 pro 
jecting from package body 624 assume a reverse gull wing 
shape, Such that lead feet 622a fold back underneath pack 
age body 624 at an angle of incline of between about 4-8 
relative to trace 626 of PC board 628. As a result of the 
angular, rather than rounded, shape of the lead foot, package 
620 of FIG. 6F exhibits a vertical profile (Zprofile) that is 
Shorter than that of a package of equivalent body thickneSS 
employing a rounded J-shaped lead foot (Zprofile of FIG. 
6.E.) 
0176 FIG. 6G is a simplified cross-sectional view of yet 
another embodiment of a six lead package in accordance 
with the present invention that further reduces the vertical 
profile of the package. Like the package of FIG. 6F, 
package 630 of FIG. 6G includes leads 632 projecting from 
package body 634 and folding back underneath package 
body 634 in a reverse gull wing shape. However, package 
body 634 of package 630 further includes notches 636 
configured to receive ends 632a of lead feet 632. Providing 
recesses 636 to receive ends 632a of lead feet 632 effectively 
lowers the clearance between the bottom of the package and 
the PC board, and hence reduces the vertical profile (Zpro 
file) offered by package 630 even in relation to the vertical 
profile (Zprofile) of the package of FIG. 6F. In one embodi 
ment of the present invention the notches may accommodate 
a length of an lead foot end equal to /3 the thickness of the 
lead. 

0177. In general, the notched reverse-gull-wing-shaped 
lead and package implementation shown in FIG. 6G is 
preferred over that of the notch-less package of FIG. 6F or 
the true J-shaped lead of FIG. 6C. All three packages 6C, 6F, 
and 6G are inventive variants of a family of packages in 
accordance with the present invention. Because the package 
body overlaps the lead foot of its lead, and because of the 
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Substantially right angle or obtuse angle A of the major lead 
bend, the package in accordance with embodiments of the 
present invention should be considered as exhibiting a 
“widebody” profile, and can be considered a “JW' type 
package. 

0.178 The package design also has other desirable fea 
tures. For example, the ratio of the thickness of the package 
body relative to the overall vertical profile (Zpkg:Zprofile B) 
is greater than about 90% and preferably greater than about 
95%, comparable with conventional package heights and 
larger than the ratioS for an embodiment of a Space-efficient 
package in accordance with an embodiment of the present 
invention which utilize J-shaped and reverse-gull-wing 
shaped leads. 

0179 FIG. 6H is a simplified plan view of the six lead 
package of FIG. 6A, showing by example internal compo 
nents of package body 602. Package 600 includes four leads 
604a-d integral with die pad 606. Since leads 604a-d are 
tied, i.e. electrically shorted, to the die pad, leads 604a-d can 
be considered as one electrical pin but as four thermal pins. 
One remaining lead 604e is connected to die 608 through 
bond wire 610. The other remaining lead 604f features a 
lengthy internal portion that is connected to die 608 through 
bond wires 612. Together the four-shorted leads and the two 
independent leads comprise a three electrical pin, four 
thermal pin package. The package and lead frame shown in 
FIG. 6H offers a number of important advantages. 

0180. One advantage of package 600 is its efficient 
utilization of the available footprint area, such that die 608 
occupies 40% of the footprint. This figure is a considerable 
improvement over the 13% footprint utilization associated 
with the conventional package shown in FIG. 3D. One 
reason for the larger die Size and improved area efficiency is 
a consequence of the basic “JW-type package concept, 
namely the combination of J-lead shaped or reverse-gull 
wing-shaped leads combined with a wide body plastic 
molding results in more uSeable area for a given a board 
Space. 

0181 Another reason for the large die area is the die pad 
606 can be expanded to within distance 605 of the edge of 
plastic body 602. Distance 605 is a significantly smaller 
dimension than in the conventional prior art package of FIG. 
2C, where the enclosure distance of the die pad 106 inset 
from the plastic body edge 102 is the sum of X2 and X3. The 
prior art dimension X2+X3 may be 2 to 3 times that of the 
value of the minimum allowable enclosure dimension 605. 
Dimension 605 is reduced in the package of FIG. 6H 
because the integral nature of leads 604a-d provides 
enhanced physical Strength that Stabilizes the leads against 
movement. Because leads 604a-d are Secured to the package 
by virtue of their integral formation with die pad 606, a 
reduced thickness of encapsulating package body material is 
required to prevent the leads from being accidentally dis 
lodged, and the die pad can be set back a shorter distance 
within the edge of the package, allowing more area to be 
allocated to the die pad and the die. 

0182. The benefit in increased die pad area attributable to 
integral leads is experienced two-fold in the package/lead 
frame configuration shown in FIG. 6H. Specifically, integral 
leads are present on both sides of the package (leads 604a-b 
on one side, and leads 604c-d on the opposite side). The die 
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pad is also extended along the package length to within a 
minimum allowed dimension of the internal portion of leads 
604e and 604f. 
0183) Leads 604a-d integral with die pad 606 also offer 
the advantage of enhanced heat dissipation from die 608. 
Specifically, because of the large lead Surface area in contact 
between die pad 606 and integral leads 604a-d, these leads 
can Successfully conduct large amounts of heat away from 
the operating die through the die pad and out of the package. 
External portions of the integral leads may then permit 
exceSS heat to be dissipated into the environment, and 
especially to be conducted into the printed circuit board 
where the heat can be spread over a larger area and Subse 
quently radiated or drawn by convection into the air. 
0184 Still another advantage of the package shown in 
FIG. 6H is the low resistance electrical contact between 
elongated lead 604f and die 608 that is possible due to the 
greater number of bond wires 612 connected to the die and 
because those bond wires can be distributed along the length 
of die 608 offering more uniform current conduction in and 
along the die Surface. 
0185. In the drawing shown lead 604e is shown to be 
short in comparison to the length of 604f, if for example, the 
lead were used for a low current Signal Such as a gate 
connection to a power MOSFET. If it is necessary to more 
evenly distributed wire bonds from both leads 604e and 
604f, the leads can be of more equivalent length to facilitate 
the best tradeoff in bond wire length and position. 
0186 The internal portion of long lead 604f is stabilized 
during manufacturing by tie lead 609 that remains connected 
to the lead frame up until and during plastic molding. After 
molding when the leads 604a-fare cut from the lead frame, 
tie lead 609 is trimmed to a minimum possible dimension so 
as to not substantially protrude from the plastic body of the 
package. 

0187 FIG. 6 is a simplified plan view of an alternative 
embodiment of a Six lead package in accordance with the 
present invention, showing internal components of package 
body 651. Package 650 includes lead frame 659 including 
die pad 658 and leads 654 including internal portion 654a 
within body 651 and external portion 654b projecting from 
body 651. Because of the Space-efficient layout of package 
650, die pad 650 occupies a considerably greater width than 
the die pad of the conventional package shown in FIG. 1C. 
0188 Specifically, the larger die size and improved area 
efficiency of this package-lead-frame combination is a con 
Sequence of the basic "JW-type package concept, namely 
the combination of J-lead Shaped or reverse-gull-wing 
shaped leads combined with a wide body plastic molding 
results in more uSeable area for a given a board Space. 
0189 Specifically, package 650 does not offer an 
enhanced die size due to die pad connected leads. In this 
package, none of the leads are connected to the die pad. 
Accordingly package 650 can be considered a six-electrical 
pin, Zero-thermal pin package. So while package 650 offers 
advantages over prior art conventional packages in its maxi 
mum die Size, it does not offer a low thermal resistance 
Solution for packages offering six distinct electrical connec 
tions of differing Signals or potentials. In this lead frame 
design, any one or even two leads may be connected to the 
die pad to improve the thermal resistance of the package at 
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the expense of reducing the number of distinct electrical 
connections. However, die pad area remains fixed at a width 
determined by its narrowest portion, and the die pad size of 
FIG. 6 can be modified without changing, or improving, 
the uSable die pad area. Variants include packages with Six 
electrical pins and Zero thermal pins (FIG. 6), six electrical 
pins and 1 thermal pin (FIG. 63), and five electrical pins and 
2 thermal pins (FIG. 6K). 
0.190 Packages having a greater number of thermal pins, 

i.e. leads integral to the die pad, offer improved thermal 
resistance but with leSS flexibility in wire bonding angles 
and configurations. Certain leads in Such packages may be 
Shorted electrically to the die pad and possibly to one 
another. 

0191 FIG. 6J is a simplified plan view of an alternative 
embodiment of a Six lead package in accordance with the 
present invention, showing internal components of package 
body 671. Package 670 includes lead frame 679 including 
die pad 678 and leads 674a–f including electrically indepen 
dent leads 674a-e and die pad connected lead 674f. The die 
pad connected lead improves the ability of the package to 
conduct heat and thereby lower its thermal resistance. 
Because of the Space-efficient layout of package 670, die pad 
678 occupies a considerably greater width than the die pad 
of the conventional package shown in FIG. 1C, but has a 
usable die pad area no larger than package 650 of FIG. 6. 
Specifically, package 670 does not offer an enhanced die size 
due to die pad connected leads. Its larger die Size and 
improved area efficiency is a consequence of the basic 
"JW-type package concept, namely the combination of 
J-lead shaped or reverse-gull-wing-shaped leads combined 
with a wide body plastic molding results in more uSeable 
area for a given a board Space. 

0.192 FIG. 6K is a simplified plan view of an alternative 
embodiment of a Six lead package in accordance with the 
present invention, showing internal components of package 
body 681. Package 680 includes lead frame 689 including 
die pad 688 and leads 684a-fincluding electrically indepen 
dent leads 684a-d and die pad connected leads 684e-f. The 
die pad connected leads improves the ability of the package 
to conduct heat and thereby lower its thermal resistance. 
Because of the Space-efficient layout of package 680, die pad 
688 occupies a considerably greater width than the conven 
tional package shown in FIG. 1C, but has a usable die pad 
area no larger than package 650 of FIG. 61. Specifically, 
package 680 does not offer an enhanced die size due to die 
pad connected leads. Its larger die Size and improved area 
efficiency is a consequence of the basic "JW-type package 
concept, namely the combination of J-lead shaped or 
reverse-gull-wing-shaped leads combined with a wide body 
plastic molding results in more uSeable area for a given a 
board Space. For packages having four electrical pins in a 
six-pin package, other lead frame configurations Such as the 
example shown in FIG. 6L are advantageous. 

0193 FIG. 6L is a simplified plan view of another 
alternative embodiment of a six lead package in accordance 
with the present invention, Sharing internal components of 
package body 661. Package 660 includes lead frame 669 
comprising leads 664a–b integral with die pad 668. Leads 
664c-fare not integral to die pad 668, i.e. not electrically 
shorted through the lead frame. Integral leads 664a–b confer 
the advantage of greater dissipation and conduction of heat 
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from die pad 668 to the PC board and ambient, while the 
Space-efficient design permits die pad 668 to be Substantially 
widened, but only in the lateral extent (i.e. along the length 
of the package) to within a minimum allowable spacing 
from the internal portion of leads 664c-d on one end and to 
within a minimum spacing from the internal portion of leads 
664e-f on the other end of the package. 
0194 Package 660 offers excellent bonding locations and 
angles Since leads are available on all four corners of the die 
pad. For a Single die to benefit from a further expanded die 
and die pad area, at least three pins must be die-pad 
connected in a six lead package. 
0195 FIG. 6M is a simplified plan view of the six lead 
package of FIG. 6A, showing by example internal compo 
nents of package body 692. Package 690 includes three leads 
694a-c integral with die pad 696. Since leads 694a-c are 
tied, i.e. electrically shorted, to the die pad they can be 
considered as one electrical pin but as fourthermal pins. The 
three remaining leads 694d-f are connected to die 698 
through bond wire 696. Together the three-shorted leads and 
the three independent leads comprise a four electrical pin, 
three thermal pin package. The package and lead frame 
shown in FIG. 6M offers a number of important advantages. 
0196. One advantage of package 690 is its efficient 
utilization of the available footprint area, such that die 698 
occupies 40% of the footprint. This figure is a considerable 
improvement over the 13% footprint utilization associated 
with the conventional package shown in FIG. 3D. One 
reason for the larger die size and improved area efficiency is 
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be Smaller Since the pins 694a-C are Stabilized against 
movement by being secured to the die pad 696 and suffer no 
risk of accidentally being pulled out of the plastic body 
during manufacturing, handling, or PC board assembly. 

0198 Leads 694a-c integral with die pad 696 also offer 
the advantage of enhanced heat dissipation from die 698. 
Specifically, because of the large lead Surface area in contact 
between die pad 696 and integral leads 694a-c, these leads 
can Successfully conduct large amounts of heat away from 
the operating die through the die pad and out of the package. 
External portions of the integral leads may then permit 
exceSS heat to be dissipated into the environment, and 
especially to be conducted into the printed circuit board 
where the heat can be spread over a larger area and Subse 
quently radiated or drawn by convection into the air. 

0199 Still another advantage of the package shown in 
FIG. 6M is the low resistance electrical contact due to the 
greater number of bond wires 696 connected to the die and 
leads 694d-e and because those bond wires can be distrib 
uted along the length of die 698 offering more uniform 
current conduction in and along the die Surface. The uSable 
area to bond wires to this leads can be further improved by 
expanding the lead width inside the package body 692 
(forming one or more T-shaped leads) or by connecting the 
two leads with a metal strap thereby shorting the two (or 
three) independent leads. TABLE 4 below compares a 
number of attributes of the packages shown in FIGS. 
6H-6M. 

TABLE 4 

Area Efficiency 

Connections PC Thermal Manufact 

# of Lead # of # of #integral # of Die board Area Refer to Oja Bonding 

total pitch electrical thermal die pad free area area ratio FIG. ID approx Wire # & 
pins mm pins pins leads leads mm mm 76 # # C./W Angles 

6 0.5 6 O O 6 1.5 4.2 36 6 650 2OO Excellent 
6 0.5 6 1. 1. 5 1.5 4.2 36 6. 670 150 Good 
6 0.5 5 2 2 4 1.5 4.2 36 6K 68O 12O Moderate 
6 0.5 5 2 2 4 O.8 4.2 19 6L 660 1OO Excellent 
6 0.5 4 3 3 3 187 4.2 45 6M 690 8O Good 
6 0.5 3 4 4 2 147 4.2 35 6H 6OO 62 Moderate 

Package Footprint: SC70 
Type: JW (reverse gull wing, widebody) 
Number of Die: one 
Number of External Leads: six 

a consequence of the basic “JW-type package concept, 
namely the combination of J-lead shaped or reverse-gull 
wing-shaped leads combined with a wide body plastic 
molding results in more uSeable area for a given a board 
Space. 

0.197 Another reason for the large die area is the die pad 
696 can be expanded to within a distance 695 of plastic body 
692 (a significantly smaller dimension than in the conven 
tional prior art package of FIG. 2C, where the enclosure 
distance of the die pad 106 inset from the plastic body edge 
102 is the sum of X2 and X3). The prior art dimension 
X2+X3 may be 2 to 3 times that of the value of the minimum 
allowable enclosure dimension 695. The dimension 695 can 

0200 While the present invention has been described and 
illustrated So far in connection with a package having Six 
leads, the present invention is not limited to a package 
having this number of leads. Accordingly, FIG. 7A is a 
Simplified perspective view of an embodiment of an eight 
lead package in accordance with the present invention. 
0201 More leads are possible on a package either by 
making the package larger or by reducing the pitch and the 
width of the leads. For example a common lead pitch win the 
prior art is 1 mm, but now 0.65 mm and 0.5 mm are 
manufacturable in high volume PC board assembly. Some 
other combinations of lead pitch, package size, and the 
corresponding number leads are described in TABLE 5 
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below as examples. In this table, the term "package body 
length” is the length of the plastic package's boy on the sides 
of the package where the leads are located. 

TABLE 5 

PACKAGE 
PACKAGE BODY NO. OF 
NAME LENGTH LEAD PITCH LEAD WIDTH LEADS 

SC7OJW-4 20 mm 1 mm 0.35 mm. 4 
SC7OJW-6 20 mm 0.65 mm. 0.3 mm 6 
SC7OJW-8 20 mm 0.5 mm. 0.25 mm. 8 
TSOP8-JW 29.5 mm. 1 mm 0.35 mm. 8 
TSOP10-JW 29.5 mm. 0.65 mm. 0.3 mm 1O 
TSOP12-JW 29.5 mm. 0.5 mm. 0.25 mm. 12 

0202 Package 700 includes reverse gull wing shaped 
leads 704 projecting from package body 702 and extending 
into notch 701. Four leads projecting from the opposite side 
of package 702 are not visible in FIG. 7A. In an alternative 
embodiment, however, the leads 704 could be J-shaped, and 
the plastic body 702 may or may not include notch 701. 

0203 FIG. 7B is a simplified plan view of the package of 
FIG. 7A showing internal components of package body 702. 
Package 700 includes die 706 positioned on die pad 708 and 
in communication with each of leads 704a-h through bond 
wires 710. The orientation of the feet of leads 704a-h, which 
fold back underneath package body 702, allows die pad 708 
to extend into the footprint area formerly occupied by the 
lead feet of conventional package designs, thereby enabling 
die 706 to enjoy a greater width. 

0204 Specifically, package 700 does not offer an 
enhanced die size due to die pad connected leads. In this 
package, none of the leads are connected to the die pad. 
Accordingly package 700 can be considered an eight-elec 
trical pin, Zero-thermal pin package. So while package 700 
offers advantages over prior art conventional packages in its 
maximum die size (due to its use of the JW package 
concept), it does not offer a low thermal resistance Solution 
for packages offering eight distinct electrical connections of 
differing Signals or potentials. In this lead frame design, any 
one, two, or even three leads may be connected to the die pad 
to improve the thermal resistance of the package (at the 
expense of Sacrificing, i.e. reducing, the number of distinct 
electrical connections), but the die pad area remains fixed at 
a width Set by its narrowest portion. 

0205 FIG. 7C is a simplified plan view of an alternative 
embodiment of an eight lead package in accordance with the 
present invention, also showing internal components of 
package body 722. Specifically, package 720 encloses first 
die 723 and second die 727 positioned on a single die pad 
725. First die 723 is connected to leads 724a-d through bond 
wires 721, and second die 727 is connected to leads 724e-h 
through bond wires 729. As described above in connection 
with FIG.7B, dies 723 and 727 may occupy a greater width 
of the package body due to the Space efficient design of the 
package. They also do not necessarily be of the same 
dimension or Same construction or type, So long that bond 
wires 721 and 729 are of reasonable length and bonding 
angles. 

0206. The two die 723 and 727 may both be attached to 
the common die pad 725 using a conductive attach layer 
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Such as Solder or Silver-filled epoxy in which case the 
substrate of both die will share the same electrical potential. 
Alternatively one or both die may be mounted on the die pad 
using an electrically insulating layer (Such as epoxy with no 
silver filling) in which case the two die can be biased to 
differing Substrate potentials. 

0207 Specifically, package 720 does not offer an 
enhanced die size due to die pad connected leads. In this 
package, none of the leads are connected to the die pad. 
Accordingly package 720 can be considered an eight-elec 
trical pin, Zero-thermal pin package. In this embodiment the 
package 720 includes dual die 723 and 727 despite sharing 
a single die pad 725. So while package 720 offers advan 
tages over prior art conventional packages in its maximum 
die size, it does not offer a low thermal resistance Solution 
for packages offering eight distinct electrical connections of 
differing Signals or potentials. In this lead frame design, any 
one, two, or even three leads may be connected to the die pad 
to improve the thermal resistance of the package (at the 
expense of Sacrificing, i.e. reducing, the number of distinct 
electrical connections), but the die pad area remains fixed at 
a width set by its narrowest portion. FIG. 7E is an example 
where one lead is integral to the die pad, but where no 
increase in die pad size is facilitated by inclusion of the 
integral, die-pad connected, lead. 

0208 Additional area may also be available for increas 
ing the die size of either die 723 and/or 727 by placing the 
two die as close as possible on the same die pad. A common 
minimum dimension for the die-to-die Spacing is typically 
no Smaller than 0.1 mm (approximately 4 mils). 
0209 FIG. 7D is a simplified plan view of another 
alternative embodiment of an eight lead package in accor 
dance with the present invention, also showing internal 
components of package body 743. The embodiment of FIG. 
7D is similar to package 720 of FIG. 7C, except that each 
die 742 and 746 is positioned on a separate die pad. 
Specifically, package 740 includes first die 742 positioned 
on first die pad 741, and second die 746 positioned on 
second die pad 747. First die 742 is connected to leads 
744a-d through bond wires 745, and second die 746 is 
connected to leads 744e-h through bond wires 749. Again, 
the Space efficient package design enables each enclosed die 
to occupy a greater width of the package than could be 
accommodated by conventional, Space-inefficient package 
designs. 

0210 Specifically, package 740 does not offer an 
enhanced die size due to die pad connected leads. In this 
package, none of the leads are connected to the die pad. 
Accordingly package 740 can be considered an eight-elec 
trical pin, Zero-thermal pin dual die package. In this embodi 
ment the package 740 includes dual die 742 and 746 
mounted on Separate and distinct die pads. So while package 
740 offers advantages over prior art conventional packages 
in its maximum die sizes (due to its use of the JW package 
concept), it does not offer a low thermal resistance Solution 
for packages offering eight distinct electrical connections of 
differing Signals or potentials. In this lead frame design, any 
one, two, or even three leads per die may be connected to the 
die pad to improve the thermal resistance of the package (at 
the expense of Sacrificing, i.e. reducing, the number of 
distinct electrical connections), but the die pad area remains 
fixed at a width set by its narrowest portion. 
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0211 FIG. 7E is a simplified plan view of still another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 751. Package 750 is similar to package 700 of FIG. 
7B, except that lead 754d is integral with die pad 756, 
offering the advantageous thermal management properties 
described above. Moreover, integral lead 754d is separately 
connected to a terminal of die 758 through bond wire 757. 
Such a configuration may be useful where the die Substrate 
and another terminal of the die are tied to the same Voltage 
level, for example where a MOSFET source and substrate 
are grounded. 

0212 FIG. 7F is a simplified cross-sectional and plan 
View, including dimensions, of an embodiment of an eight 
lead package in accordance with the present invention. 
Package 760 includes die 762 mounted on die pad 766. 
Leads 764 are not in electrical communication with lead 
frame die pad 766 except through connection using a bond 
wire (not shown). Package body 761 encloses die 762 and 
internal portion 764a of leads 764. Feet 764b of leads 764 
are bonded to trace 770 of PC board 769 by solder 772, such 
that package 760 occupies footprint 773. Package dimen 
Sions labeled in FIG. 7F are Summarized below in TABLE 
6: 

TABLE 6 

DIMENSIONS LABELED IN FIG. 7F 

LABEL DESCRIPTION 

Wpcb width of package footprint 
Vpcb length of package footprint 
Wehip width of die 
Vchip length of die 
Wbody width of package body 
Vbody length of package body 
X6 Set back of die from die pad edge 
X2 distance between die pad edge and non-integral lead 
Wlead distance between ends of opposite lead feet 
X3 length of internal portion of lead 
X4 length of lateral extension of external lead portion 

from package body 
Wfoot length of lead foot 

0213 Optimal sizing of the above-referenced dimensions 
can result in a package of maximum space efficiency for a 
given size footprint. 

0214 FIG. 7G is a simplified cross-sectional and plan 
View, including dimensions, of an embodiment of an eight 
lead package in accordance with the present invention. 
Package 780 includes die 782 mounted on die pad 786. 
Leads 784a-d on one side of package 780 are integral with 
die pad 786, and leads 784e-h on the opposite side of 
package 780 are non-integral with (i.e. not attached to) die 
pad 786. Package body 781 encloses die 782 and internal 
portions 785 of leads 784. Feet 787 of leads 784 are bonded 
to trace 789 of PC board 790 by solder 792, such that 
package 780 occupies footprint 793. Package dimensions 
labeled in FIG. 7G are Summarized below in TABLE 7: 
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TABLE 7 

DIMENSIONS LABELED INFIG. 7G 

LABEL DESCRIPTION 

Wpcb width of package footprint 
Vpcb length of package footprint 
Wehip width of die 
Vchip length of die 
Wbody width of package body 
Vbody length of package body 
X6 setback of die from die pad edge 
X7 distance from die edge to end of package body 
X2 distance between die pad edge and non-integral lead 
Wlead distance between ends of opposite lead feed 
X4 length of lateral extension of external lead 

portion from package body 
X3 length of internal portion of non-integral lead 
Wfoot length of lead foot 

0215. The package shown in FIG. 7G retains the space 
efficient design of the embodiment of a package shown in 
FIG. 7F, while permitting Substantial conduction and dis 
Sipation of heat from the enclosed die due to the integral 
leads. Again, optimal sizing of the above-referenced dimen 
Sions can result in a package of maximum space efficiency 
for a given footprint size. Because the leads on one side of 
the package are integral with die pad 786, the area of die pad 
786 can be expanded to a dimension larger than that of die 
pad 766 in FIG. 7F. 
0216 FIG. 8A is a simplified plan view of the eight-lead 
package shown in FIG. 7G, showing internal components of 
package body 781. Package 780 includes four leads 784a-d 
integral with die pad 786, and four leads 784e-h connected 
to die 782 by bond wires 809. The one-sided orientation and 
Surface area of integral leads 784a-d enables thermal energy 
to be drawn from die 782 and dissipated in the external 
environment and for the area of die pad 786 can be expanded 
to a dimension substantially larger than that of die pad 708 
in FIG 7B. 

0217 Area improvements in die pad 786 can exceed 30% 
over conventional packages. Since leads 784a-d are tied, i.e. 
electrically shorted, to the die pad they can be considered as 
one electrical pin but as four thermal pins. The four remain 
ing leads 784e-h are connected to die 782 through bond wire 
809. Together the four-shorted leads and the four indepen 
dent leads comprise a five electrical pin, four thermal pin 
package. 

0218 FIG. 8B is a simplified plan view of another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 821. Package 820 is similar to package 800 shown in 
FIG. 8A, except that leads 824e–g are formed from a single 
piece of metal, thereby permitting the use of multiple bond 
wires 829 to form a low-resistance contact and interconnect 
with die 826 and to allow a more uniform placement of bond 
wires along the length of die 826. 
0219 FIG. 8C is a simplified plan view of another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1011. Package 1010 is similar to package 800 shown 
in FIG. 8A, except that leads 1014a-e not integral to die pad 
1012 are formed from a single piece of metal 1017, thereby 
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permitting the use of multiple bond wires 1015 to form a 
low-resistance contact and interconnect with die 1013 and to 
allow a large number of bond wires 1015 to be connected 
with die 1013. Lead 1014e is connected to die 1013 by 
separate bond wire 1016, and remaining leads 1014f-h are 
integral with die pad 1012. 

0220 FIG. 8D is a simplified plan view of another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 841. Package 840 includes leads 844a-c integral with 
die pad 846 where all the integral leads are positioned on the 
same side of die pad 846. Electronic communication 
between leads 844a-c and die 842 takes place through bond 
wires 847. Of the remaining five non-integral leads of 
package 840, leads 844d-g are located on the opposite side 
of the package from leads 844a-C and are in electrical 
communication with terminals on die 842 through bond 
wires 849. The eighth, non-integral lead 844h is on the same 
Side of the package as integral leads 844c and is connected 
to a separate terminal on die 842 through bond wire 850. The 
package therefore comprises a six-electrical pin, three-ther 
mal pin package. 

0221) The internal portion of the lead connected to 844g 
is in one embodiment is made longer, i.e. extended in the 
proximity of lead frame 846 to facilitate convenient bonding 
locations and manufacturable bonding angles. The internal 
extended portion of 844g is stabilized during manufacture 
by tie lead 851, whose external portion is clipped and 
removed after plastic molding is complete and the die and 
lead frame are Securely held. 

0222. The lead frame and package of FIG. 8D offers a 
number of advantages. For example, the orientation of the 
leads relative to the lead frame permits a total of Six 
independent contacts to be made with die 842, which may be 
a power IC device or a MOSFET. At the same time, the 
one-sided orientation and Surface area of integral leads 
844a-c enables thermal energy to be drawn efficiently from 
die 842 and dissipated in the external environment. In 
addition, the Space-efficient design of package 840 enables 
a Substantial amount of the available footprint area to be 
occupied by die 842, as described in detail above in con 
junction with other novel package designs. Lead 844h also 
includes notch 854 so as to allow the dimension of die pad 
846 to be further expanded in length. Lead frame element 
851 stabilizes the long internal portion of lead 844g during 
manufacturing and wire bonding prior to plastic injection 
molding. Package 840 and its lead frame make a variety of 
bond wire lengths and angles possible, offering great flex 
ibility in the bonding of die 842. Leads 84.4 may be 
expanded in width inside of plastic body 841 to improve the 
number of possible bond wires including an L-shaped lead 
(from a plan view) such as 853 as part of lead 844d or 
T-shaped lead feature 852 of lead 844f 
0223 Specifically, because of the large lead surface area 
in contact between die pad 846 and integral leads 646a-c, 
these leads can Successfully conduct large amounts of heat 
away from the operating die through the die pad and out of 
the package. External portions of the integral leads may then 
permit exceSS heat to be dissipated into the environment, and 
especially to be conducted into the printed circuit board 
where the heat can be spread over a larger area and Subse 
quently radiated or drawn by convection into the air. 
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0224) Still another advantage of the package shown in 
FIG. 8D is the low resistance electrical contact due to the 
greater number of bond wires 849 connected to the die and 
leads 844d-h and because those bond wires can be distrib 
uted along the length and even along the Sides of die 842 
offering more uniform current conduction in and along the 
die Surface. Such a lead frame also facilitates wire bonds to 
be made near the center of the die without employing 
excessively long wires, Since the leads are positioned along 
two sides of the die. 

0225. The usable area to bond wires to this leads can be 
further improved by expanding the lead width inside the 
package body 841, Such as forming one or more T-shaped 
leads like the inner portion of leads 844e-f, or by employing 
an L-shaped lead like the inner portion of the lead 844d. 

0226. The usable portion of the leads available for bond 
ing can be expanded further by connecting two or more leads 
with a metal strap thereby shorting the two (or three) 
independent leads into a Single electrical connection. Such 
an lead strap for bonding is illustrated by example in FIG. 
8E, where leads 864e-fare shorted by strap 872, thereby 
facilitating a greater number of bonds wires 869 than in 
package 840 of the prior figure. In other respects the lead 
frames of FIGS. 8E and 8D are similar. Three leads 864a-C 
form a Single electrical connection and act as three thermal 
pins integral to die pad 866. Leads 864d and 864g-h are 
independent electrical connections. Together package 860 
forms a 5 electrical pin, 3 thermal pin package, offering a the 
benefits of low thermal resistance, large area die, greater 
number of electrical connections, and a large number of wire 
bonds of minimal length or optimum positioning for a low 
resistance package. Down bond 867 from the dies surface 
to the lead frame is also illustrated as means to connect a 
Surface pad connection to the die pad. 
0227 FIG. 8F is a simplified plan view of another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 881. Package 880 includes leads 884b-c integral with 
die pad 886 where all the integral leads are positioned on the 
same side of die pad 886. Electronic communication 
between leads 884b-c and die 882 takes place through 
directly through the chip's backside die attach and/or 
through bond wires 887, down bonded to the die pad from 
the die’s Surface connection. Of the remaining six non 
integral leads of package 880, leads 884d-g are located on 
the opposite side of the package from leads 884b-c and are 
in electrical communication with terminals on die 882 
through bond wires 889 and 890. The remaining two, 
non-integral leads 884a and 884h are on the same side of the 
package as integral leads 884b-c and are connected to a die 
882 through bond wires 888. The package therefore com 
prises a six-electrical pin, two thermal pin package. If leads 
884e and 884fare not shorted (not shown), this package then 
becomes a Seven electrical pin, two thermal pin package. 

0228. The internal portion of the lead connected to 884g 
is in one embodiment is made longer, i.e. extended in the 
proximity of lead frame 886 to facilitate convenient bonding 
locations and manufacturable bonding angles. The internal 
extended portion of long leads 884d and 884g are stabilized 
during manufacture by tie leads 891, whose external portion 
is clipped and removed after plastic molding is complete and 
the die and lead frame are Securely held. 
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0229. The lead frame and package of FIG. 8F offers a 
number of advantages. For example, the orientation of the 
leads relative to the Substantially Symmetric lead frame 
permits a total of Six independent contacts to be made with 
die 882, which may be a power IC device or a MOSFET. At 
the same time, the one-sided orientation and Surface area of 
integral leads 884b-c enables thermal energy to be drawn 
efficiently from die 882 and dissipated in the external 
environment. In addition, the Space-efficient design of pack 
age 880 enables a substantial amount of the available 
footprint area to be occupied by die 882, as described in 
detail above in conjunction with other novel package 
designs. Leads 884a and 884h also includes notch 894 so as 
to allow the dimension of die pad 886 to be further expanded 
in length. 
0230 Lead frame element 891 stabilizes the long internal 
portion of leads 884a and 884g during manufacturing and 
wire bonding prior to plastic injection molding. Package 880 
and its lead frame make a variety of bond wire lengths and 
angles possible, offering flexibility in the bonding of die 
882. Leads 884e-fare strapped together inside body 841 to 
improve the number of possible bond wires including a 
II-shaped lead (from a plan view) such as 892. Since the 
integral leads are Secured by die pad 886, they are not at risk 
of being pulled out of the package during handling, allowing 
the inset 895 of the lead frame inside plastic body 881 to be 
minimal. Inset 896 on the strapped leads 884e-fmay also be 
minimized due to strap 892 forming a TI-shaped lead. 
0231 Specifically, because of the large lead surface area 
in contact between die pad 886 and integral leads 846b-c, 
these leads can Successfully conduct large amounts of heat 
away from the operating die through the die pad and out of 
the package. External portions of the integral leads may then 
permit exceSS heat to be dissipated into the environment, and 
especially to be conducted into the printed circuit board 
where the heat can be spread over a larger area and Subse 
quently radiated or drawn by convection into the air. 
0232 Still another advantage of the package shown in 
FIG. 8F is the low resistance electrical contact due to the 
greater number of bond wires 889 connected to the die and 
leads 884e-halong with 884a, 884d,884g. 884h and because 
those bond wires can be distributed along the length and 
even along the sides of die 882 offering more uniform 
current conduction in and along the die Surface, or more 
independent connections. Such a lead frame also facilitates 
wire bonds to be made near the center of the die without 
employing excessively long wires, Since non-integral leads 
are positioned along three sides of the die. 
0233 FIG. 9 is a simplified plan view of still another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 901. Package 900 includes six leads 904a-f integral to 
die pad 906. One remaining lead 904g is connected to die 
908 through bond wire 907. The other remaining lead 904h 
features an elongated internal portion 910 connected to die 
908 through bond wires 903, and lead frame element 909 
used to Stabilize the elongated lead during the assembly 
proceSS. 

0234. As described above in conjunction with the pack 
age embodiment shown in FIG. 8B, leads 904a-f integral 
with die pad 906 offer the advantage of enhanced heat 
dissipation from die 908, offering a very low thermal resis 
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tance because of 6 integral die pad leads. The die-pad 
connected pins on both sides of the package also provide for 
a larger die Size than a die pad not incorporating integral 
leads. Elongated lead 904th offers the advantage of space for 
multiple bond wires providing a low resistance contact with 
die 908. Package 900 further offers an improved utilization 
of available footprint area (an attribute of the JW-type 
package feature) as compared with a conventional package 
of space-inefficient design. Package 900 therefore comprises 
a three electrical pin, Six thermal pin package. 
0235 FIG. 10 is a simplified plan view of yet another 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1001. Package 1000 is similar to package 900 of FIG. 
9, except that non-integral leads 1004a–b are formed from a 
single piece of metal bearing multiple bond wires 1005. 
Package 1000 thus retains the space-efficiency and enhanced 
thermal management properties of package 900 of FIG. 9, 
and also exhibits a lower electrical resistance contact to die 
1006. Accordingly, package 1000 comprises a 2 thermal pin, 
Six electrical pin package. 
0236 FIG. 11 is a simplified plan view of a further 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1101. Package 1100 includes leads 1104a-d integral 
with die pad 1106 that is in contact with die 1108. Non 
integral leads 1104e-h are connected to die 1108 through 
bond wires 1107. This package also exhibits both space 
efficient design, larger die Size and desirable thermal-man 
agement properties of its integral leads 1104a-d. Accord 
ingly, package 1100 comprises a four thermal pin, five 
electrical pin package. 
0237 FIG. 12A is a simplified plan view of a further 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1201. Package 1200 includes first die 1202 positioned 
on first die pad 1203, and second die 1206 positioned on 
second die pad 1207. First die 1202 is connected to leads 
1204a-d through bond wires 1205, and second die 1206 is 
connected to leads 1204e-h through bond wires 1209. Again, 
the Space efficient package design enables each enclosed die 
to occupy a greater width of the package than could be 
accommodated by conventional, Space-inefficient package 
designs. 

0238 FIG. 12B is a simplified plan view of a further 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1222. Package 1220 is similar to package 740 of FIG. 
7D, except that die pads 1225 and 1227 include integral lead 
1224a and 1224b, respectively. Integral leads 1224a and 
1224b offer the advantage of enhanced heat dissipation from 
dies 1226 and 1228, respectively. 
0239 FIG. 13A is a simplified plan view of a further 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1302. Package 1300 includes leads 1304a–b integral 
with first die pad 1306 Supporting first broadened die 1307. 
Non-integral leads 1304c-d are in contact with first die 1307 
through bond wires 1310. Leads 1304e-fare integral with 
second die pad 1308 in contact with second broadened die 
1309. Non-integral leads 1304g-h are in contact with second 
die 1309 through bond wires 1312. As described above in 
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conjunction with other package embodiments, integral leads 
1304a–b and 1304e-f aid in dissipation of thermal energy 
from dies 1307 and 1309 respectively, while the package 
maximizes utilization of the available footprint area, per 
mitting the enclosure of dies 1307 and 1309 having an 
elongated width. 
0240 FIG. 13B is a simplified plan view of a further 
embodiment of an eight lead package in accordance with the 
present invention, showing internal components of package 
body 1322. Package 1320 includes first elongated die 1326 
positioned on first die pad 1327, and Second elongated die 
1328 positioned on second die pad 1329. First die 1326 is 
connected to leads 1324b-d through bond wires 1325, and 
lead 1324a is integral with first die pad 1327. Second die 
1328 is connected to leads 1324f-h through bond wires 1330, 
and lead 1324f is integral with second die pad 1329. Integral 
leads 1324a and 1324e offer the advantage of enhanced heat 
dissipation from dies 1326 and 1328, respectively, while 
allowing these elongated dies to be accommodated within 
the package. 
0241 The examples and embodiments described herein 
are for illustrative purposes only. Various modifications or 
changes in light thereof will be Suggested to perSons skilled 
in the art and are to be included within the spirit and purview 
of this application and Scope of the appended claims. 
0242. Thus while the invention has been described and 
illustrated above in conjunction with design of a specific 
package type, the present invention is not limited to the 
design of any particular package type. There can be many 
alternatives, variations, and modifications. Certain or all of 
above elements can be separated or combined. 
0243 For example, FIG. 14 shows a simplified perspec 
tive view of a number of a number of well-known package 
types that may feature a space efficient design in accordance 
with embodiments of the present invention. TABLE 6 below 
compares Some of those package types shown in FIG. 14 
with conventional package designs, showing the increased 
Space efficiency achieved by designing Several package 
types illustrated in accordance with the present invention. 
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utilization of Space is achieved. Specifically, Space efficient 
packages in accordance with embodiments of the present 
invention enclose a die that occupies between 67% and 35% 
of the available footprint area. By contrast, conventionally 
designed packages of the same type enclosed a die occupy 
ing only between 34% and 8% of the available package 
footprint. 
0245 Space efficient package design in accordance with 
embodiments of the present invention is not limited to the 
Specific package types listed in TABLE 8. A nonexclusive 
list of package types eligible for Space efficient design is 
given in TABLE 9 below. 

TABLE 9 

LEAD-LEAD PACKAGE 
PACKAGE NO. OF WIDTH LENGTH FOOTPRINT 
TYPE LEADS (mm) (mm) (mm) 

SO-8 8 6 4.83 28.98 
SC-59 3 2.85 3.05 8.6925 
TSOP-6 6 2.85 3.05 8.6925 
TSOP-8 8 2.85 3.05 8.6925 
SOT-23 3 2.5 3.0 7.5 
SC-70 3 2.1 2.O 4.2 
SC-70-8 8 2.1 2.O 4.2 

0246 While the above examples have focused upon 
orientation and placement of the various package compo 
nents to optimize Space efficiency, Structures and methods in 
accordance with embodiments of the present invention are 
not limited to this approach. 
0247 For example, in order to enhance that ability of the 
extremely Small packages of the present invention to dissi 
pate heat, copper may be Substituted for the traditional lead 
frame metal alloy material. Improved thermal conductivity 
of the copper facilitates transfer of heat out of the package 
to the outside environment. 

0248 While many of these packages have been opti 
mized for a single die per package, the present invention can 
be employed to incorporate multiple die inside a single 

TABLE 8 

Lead- Package Package Dief 
Package Lead Body Footprint Die Body Die Die Footprint 
Footprint Width Length Area Length Width Width Area Area 
Type (mm) (mm) (mm) (mm) (mm) (mm) (mm) (%) 
SO-8 6 4.83 28.98 3.96 3.81 2.49 9.86O4 34 
SO-8W: 6 4.83 28.98 3.96 5.5 4.9 19.404 67 
TSOP-6 2.85 3.05 8.6925 1.78 1.65 O.65 1157 13 
TSOP-6JW* 2.85 3.05 8.6925 1.78 2.35 1.95 3.471 40 
SOT-23 2.5 3 7.5 1.73 1.35 O.35 O.6055 8 
SOT23JW* 2.25 3 6.75 1.73 1.25 1.35 2.3355 35 
SC-70 2.1 2 4.2 1.4 1.25 0.25 O.35 8 
SC-7OJW* 2.1 2 4.2 1.4 1.6 1.25 1.75 42 

(JW denotes package featuring reverse gull-wing lead shape) 

0244. The first four columns of TABLE 8 (lead-lead 
width, package body length, footprint area, and die length) 
are the same for conventional packages and packages in 
accordance with embodiments of the present invention. 
However, by allowing the width of the package body and 
hence the width of the enclosed die to increase, greater 

package, including identically sized die mounted on a single 
(common) die pad, different sized die mounted on a single 
(common) die pad, identical sized die mounted on Separated 
die pads, or different sized die mounted on Separated die 
pads. For example a dual die package may be Symmetric or 
asymmetric in its design. 
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0249 FIG. 15 is a simplified plan view of an embodi 
ment of a six lead package in accordance with the present 
invention, showing internal components of package body 
1502. Package 1500 includes lead 1504a integral with first 
die pad 1506 Supporting first die 1507. Non-integral leads 
1504b and 1504d are in contact with first die 1507 through 
bond wires 1511. Lead 1504f is integral with second die pad 
1508 in contact with second die 1509. Non-integral leads 
1504e and 1504C are in contact with Second die 1509 
through bond wires 1511. As described above in conjunction 
with other package embodiments, integral leads 1304a and 
1304f aid in dissipation of thermal energy from dies 1507 
and 1509 respectively, while the package maximizes utili 
Zation of the available footprint area, permitting the enclo 
sure of dies 1307 and 1309 having an elongated width. The 
mirror Symmetry of the package enhance the bonding angles 
of the package design, especially with leads 1504b and 
1504e located in the center of the package and elongated to 
enhanced the available bonding angles and to maximize the 
available number of wire bonds. 

0250 FIG. 16A is a simplified plan view of an asym 
metric multi-chip embodiment of an eight lead package in 
accordance with the present invention, showing internal 
components of package body 1602. Package 1600 includes 
leads 1604a–b integral with first die pad 1606 supporting 
first broadened die 1607. Non-integral leads 1604e-fare in 
contact with first die 1607 through bond wires 1612 and 
1613. Lead 1604h is integral with second die pad 1608 in 
contact with smaller die 1609. Non-integral leads 1604c-d 
and 1604g are in contact with second die 1609 through bond 
wires 1610 and down bond 1611. As described above in 
conjunction with other package embodiments, integral leads 
1304a–b and 1304h aid in dissipation of thermal energy from 
dies 1607 (and to some degree in die 6309), while the 
package maximizes utilization of the available footprint 
area, permitting the enclosure of dies 1607 having an 
elongated width and 1609 having a large number of inter 
COnnectS. 

0251 One embodiment of package 1600 is its ability to 
support electrical interconnects between die 1607 and die 
1609 in an indirect manner, i.e. without requiring any 
chip-to-chip bonds. For example wire bond 1614 connects 
die 1609 to lead 1604f that also connects to die 1607. Wire 
bond 1612 connects die 1607 to lead 1604c that also 
connects to die 1609. Thereby, two interconnects between 
die 1607 and 1609 are achieved without the need for 
chip-to-chip bonds. 

0252) In package 16A, the package asymmetry is opti 
mized for die 1607 to be larger than die 1609, and also to 
have die pad 1606 to conduct heat more efficiently then die 
pad 1608, due to its larger number of integral leads 1604a-b. 
Die pad 1608 is designed to accommodate a larger number 
of interconnects, five in all, namely, one down bond (for lead 
1604.h), 2 independent leads (1604g and 1604d), and two to 
leads capable of also being bonded to die 1607 (leads 1604c 
and 1604g). 

0253) In one preferred embodiment, package 1600 con 
tains two die where die 1609 is an integrated circuit and die 
1607 is a discrete transistor, e.g. a vertical power MOSFET. 
The bond wire 1614 (to pin 1604f) in one case may be a 
control signal output from die 1609 to the input or gate of 
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power MOSFET 1607. Bond 1612 may be a current or 
temperature sense signal from die 1607 to an input on IC 
1609. 

0254 FIG.16B illustrates package 1620, similar to pack 
age 1600, except now that pins 1624g and 1624c are 
independent and chip-to-chip wire bonds 1632 have been 
included, so that die 1629 has seven interconnections in all. 
0255 In the present invention, the die contained within 
the JW-type package may comprise digital, analog or mixed 
signal integrated circuits, diodes, discrete MOSFETs, bipo 
lar transistors, etc. or combinations thereof, without limita 
tion. Each die may be attached to the die pad with 
conductive or insulating epoxy or any other conductive or 
non-conductive die attachment method. 

0256 FIG. 17 is a simplified cross sectional view of an 
embodiment of the package in accordance with the present 
invention, showing internal components of package body 
1702. Package 1700 includes die pad 1703 supporting die 
1706 with attached leads not shown. Non-integral lead 1704 
and others not shown are in contact with first die 1607 
through bond wires 1708. As described above in conjunction 
with other package embodiments, integral leads to die pad 
1703 aid in dissipation of thermal energy from dies 1706 and 
maximize utilization of the available footprint area, permit 
ting the enclosure of a larger die 1706. 
0257). In FIG. 17, bond wire 1707 has been included as 
a down bond from the surface of die 1706 to the die pad 
1703. An attach layer 1705 made of solder, conductive 
epoxy, non conductive epoxy or any other material is present 
between die 1706 and die pad 1703. In the event that layer 
1705 is conductive, the substrate potential of die 1706 can 
be assumed at Substantially the same potential as the back 
side of die 1706. The down bond 1707 then facilitates 
connecting the pad on the die 1706 and the backside of the 
die to Substantially the same potential. In another embodi 
ment, the backside of die 1706 is insulated from die pad 
1703 by a thermally conductive, electrically insulating layer 
1705, in which case the electrical potential of die pad 1703 
will then be substantially equal to the potential of bond wire 
1707, and the bond pad to which bond wire 1707 is attached. 
0258 FIG. 18A is a simplified perspective view of one 
possible embodiment of the package-die combination shown 
in FIG. 17, showing internal components of sub-assembly 
1800 without showing the package body. In sub-assembly 
1800, vertical power MOSFET 1801 is attached to lead 
frame 1805b by conductive die attach material 1806, where 
the backside of die 1801 is the drain of the vertical MOS 
FET. The surface of the vertical power MOSFET 1801 
includes a topside source metal 1803, bonded to lead 1805a 
by bond wire 1804, and gate pad 1802 (wire bond to gate not 
shown). 
0259. The wire bond 1804 is meant to represent more 
than a single wire bond, where the wire bonds are distributed 
across the surface of source metal 1803 to hold the top 
Surface of the Source metal at an equipotential of Voltage 
“A”. With uniform current flow, the backside of die 1801 
(adjacent to the die attach layer 1806) is also at an approxi 
mate equipotential “B”. 
0260. In implementation 1800, the equivalent series 
resistance of the power MOSFET and its package can be 
approximated by the equivalent circuit shown in FIG. 18B, 
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where the total on-state drain resistance is the Sum of the 
MOSFET (silicon), bonding wire, and to a lesser extent lead, 
die attach, and die pad components. The potential at point A 
and point B are labeled for reference, corresponding to the 
same points labeled on FIG. 18A. No down bond is required 
for a discrete vertical power MOSFET. 
0261 FIG. 19A is a simplified perspective view of 
another possible embodiment of the package-die combina 
tion shown in FIG. 17, showing internal components of 
sub-assembly 1900 without showing the package body. In 
sub-assembly 1900, lateral power MOSFET 1901 or power 
integrated circuit 1901 is attached to lead frame 1905b by 
conductive die attach material 1906, where the backside of 
die 1901 is the body of the lateral MOSFET or the ground 
of a power IC. The die surface 1903 of the lateral power 
MOSFET 1901 includes a topside source metal 1902, 
bonded to lead 1905a by bond wire 1904, and drain pad 
1808, down bonded to die pad 1905b by bond wire 1907. 
0262 The wire bond 1904 is meant to represent more 
than a single wire bond, where the wire bonds are distributed 
across the surface of metal 1902 to hold the top surface of 
this metal bus at an equipotential of voltage “A”. The wire 
bond 1907 is meant to represent more than a single wire 
bond, where the wire bonds are distributed across the Surface 
of metal 1908 to hold the top surface of this metal bus at an 
equipotential of voltage “B”. The Substrate potential of die 
1901, labeled by “C”, can be biased at a different potential 
than the potential “D” of die pad 1905b, provided that die 
attach layer 1906 is electrically insulating. 

0263. In one embodiment, for example, metal 1902 might 
be a source (or the positive Vcc of an IC) and metal 1908 
might be a drain, tied to die pad 1905b by bond wire 1907. 
In such an event die pad 1905b must be insulated from the 
die 1901 by an intervening layer of non-conductive die 
attach e.g. epoxy. 
0264. In implementation 1900, the equivalent series 
resistance of the power MOSFET and its package can be 
approximated by the equivalent circuit shown in FIG. 19B, 
where the total on-state drain resistance is the Sum of the 
MOSFET (silicon), two bonding wires, die pad components. 
The potential at point A and point B are labeled for refer 
ence, corresponding to the same points labeled on FIG. 18A. 
Because of down bond 1907, point B and point D are 
essentially at the same potential except for any Voltage drop 
across the down bond 1907. The equivalent circuit of 19B 
labels these representative resistance elements. The advan 
tage of the down bond package 1900 is that it maximizes the 
number of wire bonds available to both source and drain 
terminals to offer the lowest Series resistance package. 
0265 Also, while space savings have been demonstrated 
for Six and eight lead packages, higher pin count packages 
are possible. FIG. 20A illustrates a 6-lead TSOP type 
package. FIG. 20B illustrates a 8-lead TSOP type package. 
FIG. 20O illustrates a 12-lead TSOP type package. FIG. 
20D illustrates a 14-lead TSOP type package, except for the 
fact that the plastic package body must be lengthened 
beyond the normal length of the TSOP body. 
0266 FIG. 20E illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead single-die lead 
frame, where none of the leads are tied to the die pad (a 12 
electrical pin, 0 thermal pin package). FIG. 20F illustrates 
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a simplified plan view of the package of FIG.20C showing 
a 12-lead Single-die lead frame, where Six of the leads are 
tied to the die pad (a 7 electrical pin, 6 thermal pin package). 
FIG. 20G illustrates a simplified plan view of the package 
of FIG.20C showing a 12-lead dual-die lead frame, where 
three of the leads are tied to each die pad (an 8 electrical pin, 
dual die 3-thermal-pin package). 
0267 FIG. 20H illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead dual-die lead 
frame, where four of the leads are tied to one die pad and 
where two leads are tied to the other die pad (an 8 electrical 
pin, 4-thermal-pin die/2-thermal-pin package), where the 
two die are of differing size. FIG.201 illustrates a simplified 
plan view of the package of FIG. 20O showing a 12-lead 
dual-die lead frame, where three of the leads are tied to one 
die pad and where only one lead is tied to the other die pad 
(a 10 electrical pin, 3-thermal-pin/1-thermal-pin package), 
where the two die are of differing size. 
0268 FIG. 20.J illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead dual-die lead 
frame, where four of the leads are tied to one die pad and 
where only one lead is tied to the other die pad (a 9 electrical 
pin, 4-thermal-pin/1-thermal-pin package), where the two 
die are of differing size. 
0269 FIG. 20K illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead triple-die lead 
frame, where two of the leads are tied to each die pad (a 
triple-die 9 electrical pin, 2-thermal-pin per die pad pack 
age), where the three die are of the same size. 
0270 FIG. 20L illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead dual-die lead 
frame, where three of the leads are tied to one die pad and 
where only one lead is tied to the other die pad (a 10 
electrical pin, 3-thermal-pin/I-thermal-pin package), where 
the two die are of differing size. 
0271 FIG. 20M illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead triple-die lead 
frame, where two of the leads are tied to each of two of the 
die pads and where only one lead is tied to the other die pad 
(a 10 electrical pin, 2-thermal-pin/I-thermal-pin package), 
where the three die are of differing size. 
0272 FIG. 20N illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead triple-die lead 
frame, where two of the leads are tied to one of the die pads 
and where only no leads are tied to the other die pad (a II 
electrical pin, 2-thermal-pin/0-thermal-pin package), where 
the three die may be of differing size. 
0273 FIG. 20O illustrates a simplified plan view of the 
package of FIG. 20O showing a 12-lead dual-die lead 
frame, where two of the leads are tied to one of the die pads 
and where only one leads is tied to the other die pad (a 8 
electrical pin, 2-thermal-pin/1-thermal-pin package), where 
the to die are of differing size. 
0274 FIG. 21A illustrates an 8-lead MSOP type pack 
age. FIG.21B illustrates a twelve-lead MSOP type package. 
0275 FIG. 22A illustrates an 8-lead SOP type package. 
FIG. 22B illustrates a twelve-lead SOP type package. 
0276 While the above is a full description of the specific 
embodiments, various modifications, alternative construc 



US 2005/0145998 A1 

tions and equivalents may be used. Therefore, the above 
description and illustrations should not be taken as limiting 
the scope of the present invention which is defined by the 
appended claims. 

1-7. (canceled) 
8. A Small footprint Semiconductor device package com 

prising: 
a package body enclosing a die having an area; and 
a lead including an enclosed portion enclosed by the 

package body and in electrical communication with the 
die, and an exposed portion of the lead extending from 
the Side of the package body and folding back along the 
Side of the package toward the bottom of the package, 
and folding toward a center of the bottom of the 
package to form a lead foot, a combined width and 
length of the package body and the exposed lead 
portion defining a lateral footprint area, Such that the 
die area occupies 40% or more of the footprint area. 

9. The package of claim 8 wherein the exposed portion of 
the lead folds toward a center of the bottom of the package 
to form a rounded lead foot exhibiting a clearance from an 
underlying PC board defined by a radius of curvature of the 
foot. 

10. The package of claim 8 wherein the exposed portion 
of the lead folds toward a center of the bottom of the package 
to form a linear lead foot inclined at a Second angle relative 
to an underlying PC board. 
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11. The package of claim 10 wherein the package body 
exhibits a thickness 90% or greater than a vertical profile of 
the package. 

12. A Small footprint Semiconductor device package com 
prising: 

a package body enclosing a die having an area; and 
a lead including, 
an enclosed portion by the package body, the enclosed 

portion integral with a die pad Supporting the die, the 
enclosed portion in electrical communication with the 
die, and 

an exposed portion of the lead extending from the Side of 
the package body, folding back along the Side of the 
package toward the bottom of the package, and folding 
toward a center of the bottom of the package to form a 
lead foot; a combined width and length of the package 
body and the exposed lead portion defining a lateral 
footprint area, 

such that the die area occupies about 40% or more of the 
footprint area and the enclosed lead portion draws heat 
away from the operating die to the exposed lead 
portion, with the exposed lead portion dissipating the 
heat. 

13-15. (canceled) 


