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(57) ABSTRACT 
A multichip module has a light-emitting device having an 
anode electrode or a cathode electrode thereof connected to 
a supplied voltage or a reference voltage, a control circuit, 
having a substrate of an opposite conductivity type to the 
substrate of the light-emitting device, for controlling the 
electric current that is passed through the light-emitting 
device, a lead frame including an island 4 on Which both the 
light-emitting device and the control circuit are mounted, 
and a package for sealing the light-emitting device and the 
control circuit. Despite being compact, this multichip mod 
ule alloWs a satisfactorily large amount of light to be emitted 
from the light-emitting device. 

l2 3 4 2 

/ 79 

NH H 



Patent Application Publication Jul. 11, 2002 Sheet 1 0f 4 US 2002/0088983 A1 

FIG. 1 

/ 79 

§-—l— L_ 1:: 1:: E |__ 

316- ,2. 



Patent Application Publication Jul. 11, 2002 Sheet 2 0f 4 US 2002/0088983 A1 



Patent Application Publication Jul. 11, 2002 Sheet 3 0f 4 US 2002/0088983 A1 

FIG. 4 

‘2' i" i )1’ l \ l 
l l ' 

5’- I \ \79 

r-)(/ L____J @—F___l 1:] [:I] L__ 

FIG. 5 



Patent Application Publication Jul. 11, 2002 Sheet 4 0f 4 US 2002/0088983 A1 

AAA 
00 

W 

6 

FIG. TVCC 



US 2002/0088983 A1 

MULTICHIP MODULE 

TECHNICAL FIELD 

[0001] The present invention relates to a multichip module 
provided With a light-emitting device such as an LED 
(light-emitting diode) or LD (laser diode) and an integrated 
circuit and designed for use in an electronic appliance or the 
like that exchanges data by infrared communication such as 
a PC (personal computer), PDA (personal digital assistant), 
DSC (digital still camera), or DVC (digital video cassette 
recorder). 

BACKGROUND ART 

[0002] A conventional multichip module provided With an 
LED and an LSI (large-scale integration) Will be described. 
In FIG. 7, at (a) is shoWn a schematic vieW of a conventional 
multichip module provided With an LED 12 and an LSI 13, 
and at (b) is shoWn an equivalent circuit diagram thereof. 
The LED 12, When a voltage is applied thereto, emits 
near-visible light such as infrared rays. 

[0003] The LSI 13 is a monolithic integrated circuit hav 
ing a circuit formed only on one side of a Wafer. In the circuit 
diagram shoWn at (b) in FIG. 7, the monoithic LSI 13 is 
represented by a frame of broken lines. Within the frame of 
broken lines, only an output transistor, among other com 
ponents incorporated in the monolithic LSI 13, is shoWn. 
This output transistor is an NPN-type bipolar transistor 
having a high driving capacity, and is inserted betWeen the 
LED 12 and a reference potential. Here, the monolithic LSI 
13 serves to control the amount of light emitted from the 
LED 12 by controlling the current ?owing through the LED 
12. 

[0004] A metal lead frame 19 is constituted of island 
portions 14a and 14b for bonding chips such as the LED 12 
and lead terminal portions 16 for eXternal connection. Here, 
as shoWn at (b) in FIG. 7, neither of the cathode and the 
anode of the LED 12 is connected to a reference potential or 
a supplied voltage, and therefore the potential of the sub 
strate thereof cannot be made equal to the potential of the 
substrate of the monolithic LSI 13. Thus, the LED 12 cannot 
be mounted on the same island portion as the monolithic LSI 
13, and this is the reason that, as shoWn at (a) in FIG. 7, they 
are mounted on separate island portions 14a and 14b. 

[0005] The LED 12 and the monolithic LSI 13 are together 
sealed in a package 15 made of resin. In the circuit diagram 
shoWn at (b) in FIG. 7, reference numeral 17 represents a 
current limiting resistor that is either mounted externally via 
the lead terminal portions 16 of the lead frame or formed 
Within the LSI 3. 

[0006] When this multichip module 11 having the above 
described structure is energiZed, the LED 12 emits light and 
simultaneously generates heat. This heat is ?rst absorbed by 
the island portion 14a, Which has a loW heat resistance, and 
is then dissipated into air through the package 15. 

[0007] In this multichip module 11 having the above 
described structure, the monolithic LSI 13 is larger than the 
LED 12, and accordingly the island portion 14b for the 
monolithic LSI 13 is so formed as to be larger than the island 
portion 14a for the LED 12. Since the island portions 14a 
and 14b need to be formed Within the package 15 having a 
limited siZe, it is inevitably impossible to secure a suffi 
ciently large area for the island portion 14a for the LED 12. 

[0008] As described above, the island portion 14a for the 
LED 12 ?rst absorbs the heat of the LED 12 and then 
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dissipates the heat into air through the package 15. HoWever, 
the island portion 14a, Which is thus smaller than is desired, 
cannot absorb suf?ciently the heat of the LED 12, and 
accordingly the multichip module offers an unduly loW 
package poWer (poWer dissipation capacity); that is, the 
LED 12 offers an unduly loW heat capacity. This requires 
that the current ?oWing through the LED 12 be limited so as 
to restrict the amount of heat generated, and thus the amount 
of light emitted. 

[0009] To achieve satisfactory dissipation of the heat of 
the LED 12, it is possible to form, for eXample, a heat 
dissipation ?n on the island portion 14a. FIG. 8 is a 
schematic vieW of a multichip module as is realiZed by 
additionally forming heat dissipation ?ns 18a and 18b in the 
multichip module 11 described above. The heat dissipation 
?ns 18a and 18b are formed integrally With the island 
portion 14a, With parts thereof protruding from the package 
15. The heat dissipation ?n 18a dissipates heat into air, and 
the heat dissipation ?n 18b, Which is so formed as to make 
contact With the printed circuit board (not shoWn) on Which 
the multichip module 11 is mounted, dissipates heat through 
this printed circuit board. 

[0010] Instead of providing heat dissipation ?ns 18a and 
18b, it is also possible to make the package 15 itself larger 
so as to enlarge the island portion 14a for the LED 12 and 
thereby increase the heat capacity of the island portion 14a. 

[0011] HoWever, forming a heat dissipation ?n 18a or 18b 
or enlarging the package 15 inevitably makes the multichip 
module as a Whole larger. This imposes eXtra limitations on 
the above-mentioned printed circuit board, or hinders min 
iaturiZation of electric appliances in Which the multichip 
module is incorporated. 

DISCLOSURE OF THE INVENTION 

[0012] An object of the present invention is to provide a 
compact multichip module that offers a higher package 
poWer and that alloWs a satisfactorily large amount of light 
to be emitted from a light-emitting device. 

[0013] To achieve the above object, according to the 
present invention, a multichip module is provided With: a 
light-emitting device having an anode electrode or a cathode 
electrode thereof connected to a supplied voltage or a 
reference voltage; a control circuit, having a substrate of an 
opposite conductivity type to the substrate of the light 
emitting device, for controlling the electric current that is 
passed through the light-emitting device; a lead frame 
including an island on Which both the light-emitting device 
and the control circuit are mounted; and a package for 
sealing the light-emitting device and the control circuit. In 
this structure, the heat that the light-emitting device gener 
ates as it emits light is absorbed by the lead frame, and is 
then dissipated therefrom into air through the package. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIG. 1 is a schematic vieW of the multichip module 
of a ?rst embodiment of the present invention, 

[0015] FIG. 2 is an equivalent circuit diagram thereof, and 

[0016] 
thereof. 

[0017] FIG. 4 is a schematic vieW of the multichip module 
of a second embodiment of the present invention, 

[0018] 

FIG. 3 is a structure diagram of a principal portion 

FIG. 5 is an equivalent circuit diagram thereof, and 
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[0019] 
thereof. 

[0020] FIG. 7 shows a conventional multichip module, 
With a schematic vieW thereof shoWn at (a) and an equivalent 
circuit diagram thereof shoWn at 

[0021] FIG. 8 is a schematic vieW of another conventional 
multichip module. 

FIG. 6 is a structure diagram of a principal portion 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0022] Hereinafter, embodiments of the present invention 
Will be described With reference to the accompanying draW 
ings. FIG. 1 is a schematic vieW of the multichip module, 
provided With an LED and an LSI, of a ?rst embodiment of 
the present invention, and FIG. 2 is an equivalent circuit 
diagram thereof. The LED 2 is a light-emitting diode having 
an N-type substrate (a substrate of N-type conductivity, i.e. 
a substrate of an N-type semiconductor). The LED 2, When 
a voltage is applied thereto, emits near-visible light such as 
infrared rays. 

[0023] The LSI 3 is a monolithic integrated circuit having 
a P-type substrate (a substrate of a P-type semiconductor) 
and having a circuit formed only on one side of a Wafer. In 
the circuit diagram shoWn in FIG. 2, the monoithic LSI 3 is 
represented by a frame of broken lines. Within the frame of 
broken lines, only a P-channel MOS transistor serving as an 
output transistor, among other components incorporated in 
the monolithic LSI 3, is shoWn. 

[0024] A metal lead frame 9 is constituted of an island 
portion 4 for mounting chips such as the LED 2 and lead 
terminal portions 6 for eXternal connection. Here, as shoWn 
in FIG. 2, connecting the cathode of the LED 2 to a 
reference potential, using an N-type substrate for the LED 2, 
and using a P-type substrate for the monolithic LSI 3 make 
it possible to mount the LED 2 and the monolithic LSI 3 on 
the same island portion 4. This point Will be described beloW 
With reference to the structure diagram shoWn in FIG. 3. 

[0025] The LED 2 uses its N-type substrate as its cathode, 
and this N-type substrate is connected by Way of the island 
portion 4 to ground. On the other hand, the LSI 3 is mounted 
on the same island portion 4, and its P-type substrate 30 is 
kept in contact With the island portion 4. In the P-type 
substrate 30, an N Well 31 is formed, and, in this N Well 31, 
a source 32 and a drain 33 are formed. Reference numeral 
34 represents a gate electrode. Thus, the N Well 31, the 
source 32, the drain 33, and the gate electrode 34 constitute 
a P-channel MOS transistor 35, of Which the source 32 is, 
together With the N Well 31, connected to a direct-current 
supplied voltage Vcc. 

[0026] In the P-type substrate 30, many MOS transistors 
are formed in addition to the above-mentioned P-channel 
MOS transistor 35. Of those MOS transistors, P-channel 
MOS transistors are formed in other N Wells formed in the 
P-type substrate 30, and N-channel MOS transistors are 
formed directly in the P-type substrate 30. 

[0027] For example, as shoWn in FIG. 3, in another part 
of the P-type substrate 30, an N-channel MOS transistor 40 
is formed that has a source 36, a drain 37, and a gate 
electrode 38. In this case, the substrate 30 is customarily 
connected to ground by Way of a P region 39. This means 
that it is alloWed to keep the P-type substrate 30 in contact 
With the island portion 4, Which is connected to ground. 
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Therefore, it is possible to mount the LSI 3 and the LED 2 
together on the same island portion 4. 

[0028] The monolithic LSI 3 controls the current ?oWing 
through the LED 2, and thereby controls the amount of light 
emitted from the LED 2. It is to be noted that the output 
transistor may be a bipolar transistor as is used convention 
ally, as long as the relationship betWeen the LED 2 and the 
monolithic LSI 3 in terms of the conductivity type of their 
substrates is kept the same as in the embodiment under 
discussion. 

[0029] The LED 2 and the monolithic LSI 3 are sealed in 
a package 5 made of resin. In FIG. 2, reference numeral 7 
represents a current limiting resistor that is mounted exter 
nally via the lead terminal portions 6. 

[0030] When this multichip module 1 having the above 
described structure is energiZed, the LED 2 emits light and 
simultaneously generates heat. The generated heat is ?rst 
absorbed by the island portion 4, Which has a loW heat 
resistance, and is then dissipated therefrom into air through 
the package 5. In this embodiment, both the LED 2 and the 
monolithic LSI 3 are mounted on the island portion 4. 
Accordingly, the island portion 4 is larger, and thus absorbs 
more heat, than the island portion 14a (see FIG. 7) of the 
conventional multichip module 11. As a result, it is possible 
to attain a higher package poWer. 

[0031] This makes it possible to ease the limit on the 
current that is passed through the LED 2 and thereby 
increase the amount of light emitted therefrom. In addition, 
there is no need to adopt a special structure as by addition 
ally providing a heat dissipation ?n, and therefore it is 
possible to cope satisfactorily With miniaturization of elec 
tronic appliances in Which the multichip module is incor 
porated. Moreover, it is possible to achieve satisfactory 
dissipation of not only the heat generated by the LED 2 but 
also the heat generated by the monolithic LSI 3, and 
therefore there is no need to limit the current that is passed 
through the monolithic LSI 3. 

[0032] In the ?rst embodiment, the multichip module is 
provided With an LED 2 having an N-type substrate and a 
monolithic LSI 3 having a P-type substrate. HoWever, it is 
also possible to achieve a similarly functioning structure by 
the use of an LED having a P-type substrate and a mono 
lithic LSI having an N-type substrate. A multichip module 
having such a structure is shoWn in FIGS. 4 to 6 as a second 
embodiment of the present invention. FIG. 4 is a schematic 
vieW of this multichip module 1‘, FIG. 5 is an equivalent 
circuit diagram thereof, and FIG. 6 is a structure diagram of 
a principal portion thereof. Reference numeral 2‘ represents 
an LED having a P-type substrate, and reference numeral 3‘ 
represents a monolithic LSI having an N-type substrate. In 
this case, the transistor 35‘ is an N-channel MOS transistor. 

[0033] In FIG. 6, the LED 2‘ has a P-type substrate as its 
anode, and this P-type substrate is connected by Way of the 
island portion 4 to a direct-current supplied voltage Vcc. The 
LSI 3‘ has an N-type substrate 30‘, and this N-type substrate 
30‘ is customarily connected to the direct-current supplied 
voltage Vcc by Way of an n region 39‘. Therefore, it is 
possible to mount the LSI 3‘, together With the LED 2‘, on 
the island portion 4, Which is directly connected to the 
supplied voltage Vcc. Reference numeral 31‘ represents a P 
Well, and reference numeral 40‘ represents a P-channel MOS 
transistor. 

INDUSTRIAL APPLICABILITY 

[0034] As described above, according to the present 
invention, in a multichip module, an LED and a monolithic 
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LSI are mounted on one continuous island portion of a lead 
frame, and thus the island portion can be given a maximum 
of area Within a package. As a result, the heat generated is 
fully absorbed by the lead frame and is then dissipated into 
air through the package. This makes it possible to attain a 
signi?cantly higher package poWer While keeping the mul 
tichip module compact, and thereby increase the amount of 
light emitted. Offering these advantages, the present inven 
tion is highly useful in a multichip module provided With a 
light-emitting device such as a light-emitting diode or laser 
diode and an integrated circuit and designed for use in an 
electronic appliance or the like that exchanges data by 
infrared communication such as a personal computer, per 
sonal digital assistant, digital still camera, or digital video 
cassette recorder. 

1. A multichip module comprising: 

a light-emitting device having an anode electrode or a 
cathode electrode thereof connected to a supplied volt 
age or a reference voltage; 
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a control circuit, having a substrate of an opposite con 
ductivity type to a substrate of the light-emitting 
device, for controlling an electric current that is passed 
through the light-emitting device; 

a lead frame including an island on Which both the 
light-emitting device and the control circuit are 
mounted; and 

a package for sealing the light-emitting device and the 
control circuit. 

2. A multichip module as claimed in claim 1, 

Wherein the control circuit is an LSI having a MOS 
transistor. 

3. An infrared communication device incorporating a 
multichip module as claimed in claim 1. 

4. An optical communication device incorporating a mul 
tichip module as claimed in claim 1. 

* * * * * 


