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SEMICONDUCTOR DEVICE AND
SEMICONDUCTOR DEVICE PACKAGING SYSTEM

Background of the present invention

Industrial Field of Use

The present invention relates to a semiconductor device and
a semiconductor packaging system of computer systems and
more particularly to structures that allow some flexibility
in computer architectures so that program and command word-
lengths can be easily adjusted.

D.es.cnnﬂm_.nL.ths_l’.HQL_Art
Central processing umts (CPUs) axe conventionally compnsed of
a basic control unit, an anthmeuc logic Wnit. (ALU), and several
general/special purpose registers. All of which elements are now
routinely integrated om a single monolithic semiconductor substrate
: as a direct result of advancements in sémiconductor processing
technplogy. The control unit, ALU, aod :registers are usually
interconnected by various proprictary Kinds of intra-chip buses
(sometimes called micro-buses). Prograin commands and J/O data
- flow over these buses. The internal colinections between the
elements dramatically reduce the number of extermal connections
that would otherwise be necessary. Quility and reliability experts
have a rule-of-thumb that says a reduction in the number of
external pins and their PC board connections will be directly
reflected in an improvement in a system's reliability. Individual
device reliability is often computed on the basis of how many pins

the IC's in a system have. But high levéls of integration reduce the



a basic control unit, an arithnmetic logic unit. (ALU), and several

gener al / speci al purpose registers. Al of which elenents are now routinely

i ntegrated on a single nonolithic sem conductor substrate as a direct
kesult of advancements in sem conductor processing technology. The control
unit, ALU, and registers are usually interconnected by various proprietary
kinds of intra-chip buses (sonetinmes called m cro-buses). Program conmands
and I/O data flow over these buses. The _pnternal connections between the

el enents dramatically reduce the nunber of external connections that would

ot herw se gssary | s
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the basis gfe hife aeaassablbs tbhBoifd unidn sgstenss Jesipmess. BSo hhese | evczers of

i nt egr at iron reduce t he
engineers are- stuck with whatever the chip deslgner decided fo offer

as a_general -compromise between conﬂictmg apphcanons that were
'; envisioned at the time the clup was specxfied
Each section and interconnect of 4 monohtluc semxconductor
CPU, quite natuxally, has a fixed composigon. g__ach CPU must
therefore havé a standardized fixed comfnaﬁ_d ';(ififstrucﬁon) set. But
non-inonolithié implementations, -even though th_:ey allow relatively
mixing and matcixing each of the elemeiits.of a central i:rocessing‘

" unit, have serious disadvantages. For exa_mple; the required complex
interconnectiogs invite high failure rates. Being able to select a
syst‘e'm optimal to its application is very compelling and can tip the
scales in that direction. S |

" A major advantage of semiconduttor integrated circuit _
technology is that | many electronic. elerdents are microminiaturized at
the same time in a single array. However, central processing units
rarely have flat, non-hierarchical structures.  For exaraple, a
command registcr receives program commands from program
memory and then sends these commahdgf to a command decoder.
The :command decoder #ie¢ deciphers the_pmgram commands and
sends out micro-commands (also called microcode). More complex
and Jlarger instructions can make use of ‘wider microcodes, and do
more in parallel.  Fewer instructions ate néeded to implement each
step in a program. A reduction in power consumption is possible if

the number of elements in a command that must be fetched can be



flexibility a system designer has with custom zing the architecture for
particul ar applications. Since the interconnects are on-chip, they are not
accessible to board and systens designers. So these engi neers are stuck
wi th whatever the chip designer decided to offer as a general - -conprom se
bet ween conflicting applications that were envisioned at the tinme the chip
was specified. Each .section and i nterconnect of a nonolithic

seni conductor CPU, quite naturally, has a fixed conposition. Each CPU nust
therefore have a standardi zed fixed commnd (instruction) set. But
non-nonol i thic i npl ementations, even though they allow relatively m xing
and mat ching each of the elements of a central processing ynit, have
serious disesticed: agConverselyxifithe, length rofy ai- centmand, veord A8 smgdenect i ons
invite high failure rates. Bein ble to sel,ect systemqpt,j mal to its
appl i cat i oshomexiethe Prasessingg ofn fcé??‘?ﬂﬂnfihﬁa@gh‘l‘ e%ediq?eahmuﬁﬁcm%'n.
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of wi der mcrocodes, "and do nmore in paral l el .  Fewer Instructions are

needed to swappedrin escnd oap from: the eesnof 2ATRULCThin makewieeasy to

consunption i's possible if ' e
change command and instruction sets.

Summary of the present invention
Accordii:g to the preseﬁt invention; a command generator , a
decoder, and a timing generator are integrated into a first chip. A
" control section and an arithmetic logic unit (ALU) are integrated into
a second, "general purpose” chip.  The two chips together conmstitute
a familiar CPU. Both chips are disposed within a single device
package to eliminate interconnect cénceths, dnd they are coupled to a
common leadframe. The first chip is stacked face down on the top of
second chip to keep interconmects short. The active surfaces of both
chiﬁs are in contact with one another.

. An advantage of the present inveiition is that varibus program
command woigi lengths can be accommidated by swapping in
different first chips. '

Another advantage of the present invention is that if the word
lengths of commands in a program memory are long enough,
arithmetic operations can be executed in one command fetch. This

reduces the overail program fetch time used:.



t he. nunber of elenments in a command that nust be fetched can be

-3-e reduced. Conversely, if the length of a conmand word is nmade shorter,

t he processing of the conmand can be reduced, because the decoding is | ess
eonplicated, and timng generators can be S|an|f|ed Hi. gh- speed processing
I s possi bl e because faster cl ocks can be used. Therefore, the present
I nvention al'lows a chip having a command regi ster, a command decoder, and a
timng generator to be swapped in to and out fromthe rest of a CPU This
makes it easy to change conmand and instfuction sets.

Sunmmary of the present invention According to the present invention,

a command gener a\Yoth

afirst chip. A corﬂ rof é&e:‘giﬁgg a%qg% Wﬁgei%?g gg??:s f}??g{:'tﬂkﬁ%;&gfg e
i nt egr at echd n§ Csjgnificant reduction in power corfumption and consequently a
longér battery life. | -

" Another advantage of the present invention is that if the
command word lengths in program mesgiory are short, high speed
processing is 'possible because of a simpler timing gemerator can be
iml;lemented:.

Anothex;; advantage of the present invention is that the word
lengths in program memory can be easily increased.

Another advantage of the present invention is that a variety of
first ‘chips can be produced each in small lots, and the second chip
can- be produced in one version and in quantity. Depending on how
they are combined, a low cost and-diveisified computer can be
offered by tailoring the product to the dpplication in which it will be
used. :

Another advantage of the present invention is that the two-
chip comstruction solves the heat gemerdtion problem, and higher
speeds, compared to single-chip devices, are possible.

" Other objects and attainments together with a fuller
understanding ' of the present invention ‘will become apparent and
appreciated by referring to the following description and claims

taken in comjumnction with the accompanying drawings.

Brief Description ¢f the Drawings .
" Fig. 1 is a functional block diagrai_no variable word length
comiputer system, according to a first embodiment of the present

mmvéntion;



a second, "general purpose” chip. The two chips together constitute a
faniliar CPU. Both chips are disposed within a single device package to

el i'm nate interconnect concerns, and they are coupled to a common
Leadfrane. The first chip is stacked face down .on the-top of -.second chip to
keep interconnects short. The active surfaces of both chips are in contact

w th one anot her. An advant age of the present invention is that
vari ous program comand word | engths cass-be accommdat ed by swapping in
different first- chips. Anot her advantage of the present invention is

that if the word | engths of commands |rf a program nenory are | ong enough,
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-4- @iﬁﬁg@f 1he present invention is that there can be
a significan e uctsﬁn I'n pomg consurrptlon and -consequently a
Fig. 3 is a timing chart of various system clocks generated by

the timing generator of the ALUlregister chip of the computer
system of Fig. 1; :

Fig. 4A is a cross section of a wire-fonded chip-on-board type
of package for the compuner system of Fig. 1;

- Fig. 4B is a view of the active surface of chip 100 showing pads
(contacts) arranged in two concentric squares about the periphery.
The clockwise arrow represents the direttion of increasing pin
numbers;

Fig. 4C is a view of the active surface of chip 200 showing pads
(contacts) arranged in a square about the periphery. The counter-
clockwise arrow represents the direction of increasing pin numbers

- and inatches that of Fig. 4B when chips 100 and 200 are assembled
face-to-face as in Fig. 4A ;
Fig. 5 is a cross section of a package similar to that of Fig. 44,
but with an anistropic layer connecting chip 100 to chip 200;

Fig, 6A is a top view of a tape automated bonded (TAB) type
chip-on-board type of package for the computer. system of Fig. 1;

Fig. 6B is a cross sectional diagram of the package of Fig. 6A
taken along the line 6B-6B. This crossssection intersects certain
printed wires connecting chip 100 to chip 200;

Fig. 6C is a cross sectional diagram of the package of Fig. 6A
taken along the line 6C-6C. This cross-section intersects certain

printed wires comnecting the substrate and chip 100;



| onger battery life. Anot her advantage of the present invention is
that if the command word |l engths in programnenory are short, high speed
processing i s possible because of a sinpler timng generator can be

t mpl ement ed. Anot her advant age of the present invention is that the
word lengths in program nenory can be easily increased. Anot her
advant age of the present invention is that a variety of first chips can be
produced each in small lots, and the secgnd chip can be produced in one
version and in quantity. Depending on how they are conbi ned, a | ow cost and
diversified conputer can be offered by tailoring the product he
application i nngig.c'h ista vevoss sectional diagram &f o pair 94\$Ae. e

present invention |s ﬁﬂgt t he tvvo- ch £ stryction solves the heat
gener atlorpﬁﬂkmé ot hle QABPHtes H S¥RHE Meel#i t 0 single-chip devices, are
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by referrla%O t he foIIOW| ng description and clains taken in conjunction
with the n‘?ranyl ng "dr awi ngs. Brief Description of

e i 10 o FigEO%is b Lok bl 809 sBifek dlodtt D6 or QR pilikagecr ¢
i nventionimounted on a PGA type package, the pair containing chips 100 and
200 for the computer system of Fig. 1; and
Fig. 10'is three dimensional perspective view of the packages
of ¥ig. 9.

Description of the Preferred Embodiments
In Fig. 1, a first embodiment of the present invention is a
variable word length computer system, ¢omprised of two major
paits, a 4-bit "general purpose” chip 100 and am ALU/register chip
200.  Preferably, chips 100 and 200 aré sealed together in the same
device package. General purpose chip 100 has an arithmetic logic
unit (ALU) 102; registers 104, 106, 110, and 112; a program counter
114; index registers 116 and 118; a stack pointer 120; a register
pointer 122; and an interrupt controller 124. ALU 102 performs
arithmetic operations between (4-bit) data stored in temporary
registers 104 and 106. ALU 102 can do addition with carry (ADD),
addition without carry (ADC), subtraction with borrow (SUB),
. subtraction without borrow (SBC), logical AND (AND), logical OR (OR),
| exclusive logicsal OR (XOR) comparison (CP), bit test (FAN), right
rotation with carry (RRC), left rotation with caxy (RLC), inversion
| (NOT), and miore. When the arithmetic operation results of ALU 102
. are all zero, a "Z" flag 108b (zero flag) will be set When an addition



-5-. of Fig. 2 is a block diagramof a
‘program counter block in the conputer systemof Fig. 1; Fig. 3is a
timng chart of various system clocks generated by the tinmning generator of
the ALU register chip of the conputer systemof Fig- 1; -Fig. "4A i's- a
cross section of a wire-bonded chi p-on-board type of package for the
conputer systemof Fig. 1; Fig. 4Bis a view of the active surface of
chip 100 showi ng pads (contacts) arranged in two concentric squares about

t he periphery. The cl ockwi se arrow repregents the direction of increasing
pi n nunbers; Fig. 4Cis a view of the active surface of chip 200

show ng pads cont ts arran d | u ou ry. The
counter- c® a‘ at q’d ?@&ﬂfi %r‘???éam g pin nunbers
and mat che f 0 r "y
il faggﬁggi 4 @ﬁg%%a GARP () @ G0%ee"” B SRetHRg % "D
flag 108c (dxgital flag), for decimal arithmetic operations mode,
addition and subtraction will be BCD, Registers 110 and 112 are each
4-bit general imrposc registers and function -as accumulators.  Chip
decocler
200 is comprised of a command register 202, a command Fegister
204, and a timing generator 206. A program imemory 302 supplies

macrocode to-command register 202. An oscillator 306 clocks timing

generator 206.
In Fig. 2, .program counter 114 compfises two registers and

three counteré that address for command register 202 the various

" methory areas of program memory 302, described below. A
program counter bank (PCB) 114a is a 1-bit counter that designates a
program memory bank area. A program counter page (PCP) 114b is
a 4-bit countér of the program memory page area. A program
counter step (PCS) 114c is an 8-bit couﬁter that designates the
memory word step area. The program.memory address therefore

' comprises 13 bits. A new bank potater (NBP) 114d is a 1-bit register
used for a branch destination bank address. When a branch
command has been executed, the value of new fpgﬁg pointer (N%P)
114e is Ioade& into program counter bank I14a. New page pointer
(NPP) 114c is used for a_page section register. When a branch
command is executed, a value for the new page pointer 114e is
loaded into program counter page 114b. Index register 116 is
comprised of a 4-bit page section register and an 8-bit pre.settable
counter. A maximum of 4,096 words can be specified. Index

registers 118 ;and 116 are similar, and eich has a 4-bit page section



Fig. 5is a cross section of a package simlar to that of Fig. 4A but with

an ani stropic |ayer connecting chip. 100 to chip 200; Fig. 6Ais a
top view of a tape autonated bonded (TAB) type chip-on-board type of
package for the conputer systemof Fig. 1; Fig. 6B is a cross

sectional diagram of the package of Fig. 6A taken along the |ine 6B-6B.
This cross-section intersects certain printed wres connecting chip 100 to
chip 200; Fig. 6Cis a cross sectional diagramof the package of Fig.
6A taken along the line 6C6C. This cros8=section intersects certal n
printed wires connecting the substrate and chip 100;
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package, thgegighatesodatd Nmetncrlyl Rtack)@ddress. ‘Register pointer 122 is a 4-
bit register for the data memory register address. Interrupt
controller 124 can generate a maximum- of 15 interrupt vectors for
various interrupt requests from peripherals and internal elements,
An interrupt enable/disable is specified by means of interrupt flag
"I" 108d. When the "I" flag 108d is sef, interrupts are enabled.
When it is reset, interrupts are disabled. A bus 126 is a 4-bit data
bus and a bus 128 is an 8-bit address Bus.
Command register 202 receives féiches of commands from
program memory 302. Command decoder 204 then decodes the
(macro) comumand codes and generates corresponding microcode
. comprised of many different basic contrgl signals- Among the control
signals are a program counter control signal; a system control signal,
an arithmetic operation control signal, a register control signal, a
memory control signal, a flag control signal, a stack pointer control '
signal, 2 RAM expansion index register control signal, et cetera.
Timing generator 206 produces a numbér of different system clocks
that respond to commands that have different numbers of command -
cycles. For example, in Fig. 3, the first through fourth system clocks
depend on particular system control signals that are then in éfféct.
The program instruction set (command repertory) influence:
the makeup of control signals from cominand decoder 204, the bit
length of command register 202, and the bit length of the system
clock of timing generator 206, all of which ire on the ALU/register
chip 200. The internal composition of ‘general purpose chip 100



200 ‘for the conputer systemof Fig. 1; and Fig. 10 is three

di nensi onal perspective view of the packages of Fig. 9.

Description of the Preferred Enbodi nents In Fig. 1, a first

enbodi ment of the present invention is a variable word | ength conputer
system conprised of two najor parts, a 4-bit "general purpose" chip 100
and an ALU register chip 200. Preferably, chips 100 and 200 are seal ed
together in the same device package. CGen@ral purpose chip 100 has an
arithnmetic logic unit (ALU) 102; registers 104, 106, 110, and 112; a
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be set. en an addition

" command fetch. In reducing the numbeér of command fetches, a
reduction in power consumption and a longer battery life results.

Conversely, when a high speed system is formed that requires
only a limited amount of processing, the command words can be
shortened, and ALUfregister chip 200, which corresponds to the, is
combined with general purpose chip 100, Higher speed processing

" can be accomplished by means of the simplification of timing
generator 206 and the simplification of command decoder 204 in
terms of ALU/register chip 200 in the case.

In a 4-bit CPU, thexe are typically 70 control signals that must
be output from command decoder 204, and 40 system clock lines

| output from timing generator 206.

Fig. 4A shows a cross sectiom of a package 1 comprising general
purpose chip 100, which is’ mounted to substrate 4, Chip 200 is
stacked on top of genmeral purpose chip 100. In Fig. 4B, pads on the

 surface of chip 100 make external connéctions to pads 130a through
130x. In Fig. 4C, pads 232a through 232p are located on ome surface

. of chip 200. Pads 232a to 232p are laid out such that they line up
with inter-chip connecting pads 132a to 132p. Pads 130a to 130x
are comnected to a plurality of printed circuits 6 through a plurality

- of bonding wires 5. Within printed circuit 6 are x data bus 126 and
an address bus 128. Chip 200 has its attive surface facing the active



-7-, carry result is generated and when a subtraction borrom1|s gener at ed,
‘a "€C' flag 108a (carry flag) will be set. By setting a "D' flag 108c
(dlgltal flag), for decimal arithnetic operations node, addition and
subtraction will be BCD. Registers 110 and 112 are each 4-bit -general

pur pose registers and function as accunul ators. Chip 200 is conprised of
a command register 202, a command decoder 204, and a tim ng generator 206.
A program nenmory 302 supplies macrocode_f{g command register 202. An
oscillator 306 clocks timng generator 206. In Fig. 2, program
counter 114 conprises two registers and three counters that address for

descr bed FURASE SLacHFOL0G %éﬁ&%&ﬁé%%f%&i@%fﬁeﬁ L
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114b is It counter program nenory page priogram
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word step area. The program nenory address therefore conprises 13 bits.

A new bankpasteniseusédBP)Cdrittol isigmals -from rohip 200 thats ade fwot asdd h
desti nati on bank. address. When a branch corrmand has been execute t he

val ue of nehipb190k (pg.ntrocmanprrontrol signals) simply pass throngh to the
bonding wires and the printed circuits. A clock from oscillator 306
-(Fig. 1) passes through the printed circuits, bonding wires, the pads,

the wiring within chip 100, the inter-chip commecting pads and chip
200. In order to protect chips 100 and 200 and to protect bonding
wires 5, they are covered with a resin molding material 3.

Fig. 5 shows an anisotropic conduétive material 9 being used in
place of silver paste 2 bot':rnn the gap between chip 100 and Chip
200. Material 9 conducts only across the film thickness in one
direction, - and only corresponding pads will be interconnected
connected,

Operating speed will be reduced if the 51gnslaﬁ:;fg+t'1:ubetween
chip 100 and chip 200 is too long, because the line resistance and
line capacitance will increase. But in the present invention, the two
chips have their active surfaces facksdtoward each other and the

. corresponding pads are connected. This mdkes for an extremely.
short connection length. So, line resistance and line capacitance will
be insignificant. | |

With the above comstruction, a ‘quick respomse to new

~ applications is possible. The is possible by starting with a
- uncompleted product, having only chip 100 on substrate 4, and

choosing a mew ALUfregister chip from amo:ig a series of chips.



114e is | oaded into program counter bank 114a. New page pointer (NPP) 114e
is used for a page section register. Wien a branch conmand i s executed, a
val ue for the new page pointer 1l14e is |oaded into program counter page
114b. Index register 116 is conprised of a 4-bit page section register-and
an 8-bit pre-settable counter. A Maxi mum of 4,096 words can be specified.

I ndex registers 118 and 116 are simlar, and each has a 4-bit page section
-8- register and an 8-bit presettable enaunter. A maxi num of 4,096 words
can be specified. Stack pointer 120 is an 8-bit register that designates

data nmenory stack address. Register pointer 122 is a 4- bit register for
the data nmenoryHigs SAOC Ehose A seeenrd rvay toopackagee pars40f ghegenerate a

eri pher al SORBARER YIRS gndls Ak Tpeihl Brcush b bav ik dmo wWisos Kot 1| e
T errupt o mAbsc theP Beoe Gy cohféctions Betwien, the, oRide And oS 100,
126 is a 4384268 Gustead of bonding wires). Fig. 6B is a cross-section that
shows how wires 9’ interconnect chips 100 and 200 and are carried
by a film portion 8a attached to substrate 4 via circuit 6. Fig. 6C is a
cross-section that shows how wires 9' interconnect chip 100 with the
outside. A plurality of pads 140; through 14023 are posiﬁdned in a

squire pattern at a predetermined pitch (lead spacing) along the
perimeter of chip 100. Pads 2401 to 24019 are also grouped in a
square on chip 200, which is smaller than its counmterpart on chip
100. The latter are set at a second predetermined pitch, which may
or may not be the same as the first pitch, In Fig. 6C, a connection is
made between the pads on chip 100 and printed circuit 6 by flexible
circuit 8. The one end of each of wires 9’ connect to the pads via
bumps 10. In Fig. 6B, bumps 11 connect the pads of chip 200 to
printed circuit wires 9' which then connect with bumps 12.  Printed
wires 9' are supported by flexible film 84. Chip 200 is initially

- supported in its mid-air position above chip 100 during the
packaging process by wires 9. Then, in order to add strength and .
protectioﬁ from the environment, chips 100 and 200 are
encapsulated in a resin molding material 3 (e.g., epoxy).

In the packaging process, chip 100 has flexible circuit 8 aligned
on top. Inner-edges of printed wires 9'are gang bonded to the pads
on chip 100. Prdor to soldering, bumps 11 are formed on the pads of
chip 200. Chip 200 is then aligned with flexible circuit 8, and the
pads of chip 200 ‘are reflow soldered to wires 9 The outer edges of



bus and a bus 128 is an 8-bit address bus. Conmand regi ster 202
:receives fetches of comuands from program nenory 302. Conmmand decoder 204
t hen decodes the (macro) command codes and generates correspondi ng

‘m crocode conprised of many different basic control signals Anobng the
‘control signals are a. program counter control signal, a systemcontro
signal, an arithnmetic operation control signal, a register control signal,
a nenory control signal, a flag controtl2signal, a stack pointer control
signal, a RAM expansion i ndex register control signal, et cetera. Timng
generator 206 produces a nunber of different systemclocks that respond to
conmands phiattedawiresi ©f andnprimted @ircuit G arsaconmecteds. Then resinpBeis i n
Fi.g. 3, the first through fourth system ¢l ocks depend on particul ar system

control simplded toacover amsefortifyeithecdelicats chips prdgtheir i cnnestionsa” set
o D o) ot 3 B A SRR (B PR SEveGRaE,
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pin grid array package (PGA) 20 is stackea onto a PGA 13, which has
three ceramic layers 16a, 16b and 16c. A plurality of pins 18a to
18x are assembled into layer 16c. A cavity 14a allows chip 100 to be
fixed in the middle. Center ceramic layer 16b and upper ceramic
layer 16 have wiring patterns 14b and 14c formed in gold, and are
connected to with bonding wires 15a and 15b. Ope end of gold wire
pa;ctem 14b connects to a through-hole Plated wire 172 and to the
base of pin 18b, Pin 18b is therefore €lectrically connected to chip
100. A lid 19 covers chip 100. PGA 20 also has three ceramic layers,
these are layers 22, 24 and 26. Pins 282 to 28n are assembled into
Jowei ceramic layer 22. Chip 200 is mounted in chip cavity 24a near
the middle of ceramic layer 24. Gold wiring patterns 24b and 24c
are'.muted between Iaycfs‘ 24 and 26. Bonding wires 25a and 25b
connect the pads on chip 200 with gold wiring patterns 24b and 24c.
Gold wiring pattern 24b conpects to pin 282 by a through-hole plated
wire 27a. And, gold wiring pattern 24c is connected to pin 28n by a.
through-hole plated wire 27b. A plurality of sockets 30a to 30n are
assembled in -upper ceramic layer 16. Pins 28a to 28n are such that
thej ‘will fit in-'lto sockets 30a to 30n. For example, chip 200 connects
to pin 18a via wire 27a, pin 28a, socket 30a and through-hole plated
wir¢ .17b. Chip 100 can be interconnected with chip 200, for
cxample, by bonding wire 25b, plated wire 24c, through-hole wire



-9-, does not change, even if different instruction sets are being used. If
the:word I ength of the commands in the programnenory is long, a savings in
battery power consunption can be realized. ALU register chip 200 is

conbi ned with general purpose chip 100. As such, it is possible to execute
several arithnmetic logic operations with one conmand fetch. In reducing the
nunber of conmand fetches, a reduction in power consunption and a | onger
battery life results. : Cbnversely,ﬂghen a high speed systemis forned

that requires only a linmted anount of Pprocessing, the conmand words can be

shortened, and ALU register chip 200, which corresponds to the, is conbined
wi'th gener p 0 hj 0 i )6 RLOcessin . aceonpli gshed
by neans o?bphgsi@l ?pﬁ@f#ca |or?0(§1 %ﬁ%%@%e@oiaﬁo%é% Bﬁ’é.g iac ana

si nplificabpgafigy WwREESH. de9ae20604s | CoverbdThw i register chip 200 in
t he case. bbﬁﬂniﬁn a 4-bit CPLJs %%(Zrzeisa‘?%‘;typi@gllﬁé% control signals that

must be out put Rigs orandd Olaepssyent O fotitth “BYGHREAIC 0ECkhd iPiRsemtt PUL

fromtimng generator 206. Fig. 4A shows a cross section®f a package
1 conpri si irgregetion awhich dsse phckaged Ghavivaghhorsegpuit cof tthe acompatért € 4.
Chip 200 is stacked on top of general purpose chip 100. In Fig. 4B, pads on
t he surf acsystenc lofpFig0lmKigeiOcshow 2 adirgonaloexplodedaviewt Jfather ough
130x. In Fig. 4C, pads 232a through 232p are | ocated on one surface of chip
200. Pads mzberoogabp same gtryctge. sk iquadhdlat pyckagee (QFR) 50 isnt er - chi p

PUrar |ty ettred Taachs i Hh copfkagto bl APIR 16He ie Sadees
ceramic layers 42, 44 and 46, similar to PGA.13. Pins 48a to 48x are
assembled in lower layer 42. Chip 100 is mounted face down in chip
cavity 44a, near the middle of ceramic layexr 44. A predetermined
wiring pattern is placed between the ceramic layers for interconnect.
Gold wiring patterns 44b and 44c are positioned between lower and
middle 'layers. The pads and the gold wiring patterns are connected
by bonding wires 45a and 45b. For example, gold wiring pattern 44b

~ is connected to pin 48¢c by through-hole plated wire 47a. Gold wiring

. pattern 44c is connected to gold wiring pattern 49a of upper layer
through though -hole plated wire 47b. Gold wiring pattern 49b is
connected to pin 48a by through-hole plited wire 47c. QFP package
50 houses ALUfregister chip 200. A plurality of outer leads S50a

+ tatch up with respecﬁye wiring patterns (e.g., patterns 49a and

" 49b) on the top of ceramic layer 46, Bonding of QFP 50 to PGA 40
can be done with a conventional solder reflow method. Chip 100 is
mounted upside down in cavity 44a and is covered by lid 43. The
length of the outer leads 50a are shorter than those of PGA 20 (Fig.
7). So the interconnect of chips 100 and 200 is shorter. As a result,

even though there are two discrete packages, the wiring



of bonding wires 5. Wthin printed circuit 6 are the data bus 126 and an
‘addf ess bus 128. Chip 200 has its active surface facing the active
surface of chip 100. Pads 232a to 234 of chip 200 and the inter- chip
connection pads 132a to 132p are coupled by a silver paste 2 that can-have
sufficient bonding strength, if a heat hardened silver paste is used.
Control signals fromchip 200 that are not used by chip 100 (e.g., nenory
control signals) sinply pass through to . .the bonding wires and the printed
circuits. A clock fromoscillator 306'ﬂﬁTg. 1) passes through the printed
circuits, bonding wires, the pads, the wiring within chip 100, the
i nt er - chi gapacitdnde NEnd arbsinatcs bowilda: chip®' 1N iﬁupm?]eﬁe chips 100 and
200 and to protect .bonding wires 5, they are covered wth a resin nolding
materi al gignificantly gedacedofromnwiniseiouldi otlisradvet exfgt.aterial 9 being
used in place of silver paste 2 in the gap between chip 100 and Chip 200.
Material 9 condVhile ¢he¢ypresentsinveation thashbesmedescribehdndiconfnction and
only corregpondingafads will be interconnected

with several specific embodiments, it is evident to those skilled in

the art that many further alternatives, modifications and variations
will be apparent in light of the forgoing description. Thus, the
present inveantion described herein is imvended to embrace all such
alternatives, modifications, applications dnd variations as may fall
within the spirit and scope of the appended claims.



connect ed perating speed will be reduced if they signal connection
‘I ength betmeen Chlp 100 and Chlp 200 is too |ong, because the line

re5|stance1hn @%nce will increase. But in the present
dnvention, ave their active surfaces facing toward each
ot her and th g pads are connected. This nakes for .an

extrenely. short connectlon | ength. So, line resistance and |ine
capacitance will be insignificant. -1sWth the above construction, a
qui ck response to new applications is pOSSIb|e The is possible by starting
with a unconpl eted product, having only chip 100 on substrate 4, and
choosing a newEAEEMEégister chip fromanong a series of chips.

Figs. 6A-6C show a second way to package parts of the conputer system of
Fig. 1. Aflexible circuit 8 having flex wires 9° nakes the necessary
connections between the outside and chips 100 and 200 (instead of bonding
wires). Fig. 6Bis a1crassegecmmdnctnatdev1ce. comprising:

a substrate (4, 4a);

a printed circuit (6) on the substrate;

a first semiconductor chip (100) having pads (130a-
130x) for wire bonding and contacts (132a-132p) for chip-
to-chip interconnection; and

a second semiconductor chip (200) having contacts
(232a-232p) for chip-to-chip interconnection, the first and
second semiconductor chips coupled together via respective

contacts.

2. The device sf claim 1, wherein:
said coupling of the first and second semiconductor chips
is accomplished with a heat-hardened silver paste (2).

3. The device of claim 1, wherein:

respective contacts (132a-132p, 232a-232p) on the
first and second semiconductor chips (100, 200) are coupled
together via an anisotropic conductive material (9).

4. A semiconductor device, comprising:

a substrate (4);

a printed circuit (6) on the substrate;

a first semiconductor chip (100) having pads (140,-
140,g) for bonding; and

a second semiconductor chip (200) having pads (2404-
24044) for bonding; and

a flexible circuit (8) having a first plurality of
printed wires (9') that electrically couple pads on the
first semiconductor chip with pads on the second semicon-
ductor chip, the flexible circuit having a second plurality

of printed wires (9') that electrically couple pads on the

* < L M H *



shows how-wires 9'jnterconnect chips 100 and 200 and are carried by a film
portlon 8a attached to substrate 4 via circuit 6. Fig. 6Cis a

Cross- sect H%IEBD labgw Wi res 9' interconnect chip 100 with the

out si de. ads 140[ err] through 140[err] are positioned in a
square patt ernined pitch (|l ead spacing) along the perineter
of chip 100. Pads to 240[err] are also grouped in a square on
chip 200, which is snaller than its counterpart on chip 100. The latter
are set at a second predeterm ned pitch, which nmay or may not be the sane
as the first pitch. In Fig. 6C, a conneetéon is nade between the pads on
chip 100 and printed circuit 6 by flexible <circuit 8. The one end of each
of wires 9° connect to the pads via bunps 10. In Fig. 6B, bunps 11
connect the pads of chip 200 to printed circuit wires 9° which then
connect with beepeni? senfirdaridrbton robsipd widihe thep printddbgitbuiithion fhitien
8a. Chip 200 i gyhRichladld.y supported in its md-air position above chip 100
during the packaging process by wires 9° Then, in order to add strength
and protection fromthe environment, chips 100 and 200 are encapsul ated

in a resin nolding metemind ddvitelor GRYXBE the pretBdihg e2&Kas, "ghere-
process, chip 100 has flexible circuit al i gned on top. Inner edges of

printed wires 8*are gang bonded to the pads on chip 100. Prior to
sol dering, bunps 11 &he ffdwstd amd skeeopddsenficohdpcf6H. chlips 2000, S 2009n

aligned with féﬁé'ghﬁdﬁﬁﬁﬁéég in ggesggﬁgadzsgk chip 200 are refl ow

sol dered to wires

6. The device of any of the preceding claims, where-

the first and second semiconductor chips (100, 200)
each have active surfaces the face one another.

7. A semiconductor device packaging system, compri-
sing:

a first package (13) having;

first, second, and third ceramic layers (16c, 16b,
le6a);

a plurality of connector pins (18a-18x) in the first
ceramic layer (16c);

a plurality of sockets (30a-30n) in the third ceramic
layer (16a); '

a first semiconductor chip (100) mounted in a cavity

- (14a) in the second and third ceramic layers;

a first 1lid (19) that covers the first semiconductor
chip; '

a first connection means for electrically connecting
the first semiconductor chib to respective sockets, the
connection means comprising bonding wires (15b), plated
through-holes (17c) in the third ceramic layer (16a), and
printed circuits (14c);

a second connection means for electrically connecting
the first semiconductor chip to respective connector pins,
the connection means comprising bonding wires (15a), plated

ixes (152), plated
| A I



-12- printed wires 9' and printed circuit 6 are connected. Then resin 3 is
mol ded to cover and fortify the delicate chips and their connections.

Figs. 7 and 8 show a third enbodi nent of the present invention that can be
used to package part of the conputer systemof Fig. 1. Apin grid array
package (PGA) 20 is stacked onto a PGA 13, which has three ceram c |ayers
16a, 16b and 16c. A plurality of pins 18a to 18x are assenbled into | ayer
16c. A cavity 14a allows chip 100 to be fixed in the mddle. Center ceramc
| ayer 16b and upper ceramic |ayer 16 have wiring patterns 14b and 1l4c
formed in gold, and are connected to wi th bonding wires 15a and 15b. One
end of gold wire pattern 14b connects to a through-hole plated wire 17a and
to the base of pin 18b. Pin 18b is therefore electrically connected to chip
100. A lid 19 Hweughchebeso§l7pcAL?D) alnothesfinstcandrgpFend sGeramichese

are layers 22,3 3fewdd(26c, PLEB) 28and Op2BRtad e psseiks erdpf p | ovwer ceramic
| ayer 22. Chip 200 is nnunt&d |%ﬁchip C vit%.24a.near the mddle of ceramc
| ayer 24. Gold wirify FREPRANRASKRIGNEIUNAY Y but ed bet ween | ayers 24 and

26. Bonding wires 25gourith25Pbicthipeshd tdix e dseramidi ayéis W22, gpé ¢ 26)i;ng
Phrough- hol o pl at od it okt bl 8 PEbMELRoF AT CES- 0P th s clolen,
pin 28n by a ceramic layer (22) such that they mate with the plurality

of sockets (30a-30n) in the third ceramic layer (16a) of

the first package (13); '

a second semiconductor chip (200) mounted in a cavity
(24a) in the fifth and sixth ceramic layers (24, 26); '

a second 1lid (29) that covers the second semiconduc-
tor chip; '

a third connection means for electrically connecting
the second semiconductor chip to respective connector pins
in the fourth ceramic layer, the connection means compri-
sing bonding wires (25a, 25b), plated through-holes (27a,
27b) in the fourth and fifth ceramic layers, and printed
circuits (24b, 24c).

8. A semiconductor device packaging system, compri-
sing: '

a first package having;

first, second, and third ceramic layers;

a plurality of connector pins in the first ceramic
layer; .

a plurality of sockets in the third ceramic layer;

. a first semiconductor chip mounted in a cavity in the

second and third ceramic layers;

a first 1lid that covers the first semiconductor chip;

a first connection means for electrically connecting
the first semiconductor chip to respective sockets, the
connection means comprising bonding wires, plated through-
holes in the third ceramic layer, and printed circuits;

a second connection means for electrically connecting

the first semiconductor chip to respective_connector pinsr

* C L M s *



t hrough-hol e plated wire 27b. A plurality of sockets 30a to 30n are
-assenbled in upper ceramc |layer 16. Pins 28a to 28n are such that they
will fit into sockets 30a to 30n. For exanple, chip 200 connects to pin 18a
via wire 27a, pin 28a, socket 30a and through-hole plated wire 17b. Chip
100 can be interconnected with chip 200, for exanple, by bonding wre 25b,
plated wire 24c, through-hole wre

- 13- 27b, pin 28n, socket 30n, through-hole wire 17c, plated wire 14c and
bonding wire 15b. Chip 200 is covered bygdid 29. Figs. 9 and 10
represent a fourth enbodi nent of the present invention which is a package
that can house part of the conputer systemof Fig. 1. Fig. 10 show a

di agonal expl oded view of the nunmber of the sane structure. A quad fl at
package (QFP) €ifei sonaettidoadmeantheomppisiing PoAdpeg kwigedp. pkabed0 has

t hree stacked ] C. | r§,.42, 44, k@i 0 i nELAS to
48x are asse ﬁgéagh S%é% ﬁgygpe4§}ﬁggh?§r?§68}gé%%%htgga}%ﬁénggaMC?%a
chip cavity 4¢aitsear the mddle of ceramc |ayer 44. A predeterm ned

a second package having;

fourth, fifth, and sixth ceramic layers;

a plurality of connector pins in the fourth ceramic
layer such that they mate with the plurality of sockets in
the third ceramic layer of the first package;

a second semiconductor chip mounted in a cavity in
the fifth and sixth ceramic layers;

a second lid that covers the second semiconductor
chip;

a third connection means for electrically connecting
the second semiconductor chip to respective connector pins
in the fourth ceramic layer, the connection means compri-
sing bonding wires, plated through-holes in the fourth
ceramic layer, and printed circuits.

9. The device of any of the preceding claims,
wherein:

the first semiconductor chip (100) comprises an
arithmetic logic unit (102), at least one register (110,
112), a stack pointer (120); a program counter (114), and
an index register (116, 118); and

the second semiconductor chip (200) comprises a com-
mand register (202), a command decoder (204), and a timing
generator (206), said command decoder in communication with
the first semiconductor chip, said command register respon-
sive to a program memory (302) located outside the device.

10. The device of claim 9, wherein:

said program counter (114) comprises a program coun-
ter bank (ll4a), a program counter page (114b), a program
counter step (1l4c), a new bank pointer (114d), and a new

* (4 L M - *

page pointer (1ll4e).



wiring pattern is placed between the ceramc |ayers for interconnect. Gold
"W ring patterns 44b and 44c are positioned between | ower and mddle

| ayers. The pads and the gold wiring patterns are connected by bonding

M res 45a and 45b. For exanple, gold wiring pattern 44b is connected to
pin 48c by through-hole plated wire 47a. Gold wiring pattern 44c is
connected to gold wiring pattern 49a of upper |ayer through though hol e
plated wire 47b. Gold wiring pattern 49b is connected to pin 48a by

t hrough-hole plated wire 47c. QFP packaa 50 houses ALU/ register chip 200.

A plurality of outer |eads 50a match up”with respective wiring patterns

(e.g., patterns 49a and 49b) on the top of ceramc |ayer 46. Bondi ng of
QFP 50 to PGA 40 can be done with a conventional sol der reflow nethod.

Chip 100 is napstedctpsifdehdopiscliosaret YFiga any is covered by lid 43.
The length of the outer | eads 50a are shorter than those of PGA 20 (Fig.

7). So the interconnect of chips 100 and 200 is shorter. As a result, even
t hough there are two di screte packages, the wiring

- 14- SEMICONDUCTOR DEVICE AND
SEMICONDUCTOR DEVICE PACKAGING SYSTEM

One embodiment of the present invention is a semiconductor
device having a substrate (4) with a printed circuit (6), a
first semiconductor chip (100) with pads for wire bonding )
and contacts for chip-to-chip interconnection, and a second
semiconductor chip (200) also with contacts for chip-to-
chip interconnection. The first and second chips are cou-
pled together via respective contacts. The two chips to-
gether are tightly-coupled pair having low interconnect
capacitances and resistances. The first chip comprises an
arithmetic logic unit (ALU), at least one register, a stack
pointer, a program counter, and an index register. The se-
cond chip comprises a command register, a command decoder,
and a timing generator, the command decoder in communica-
tion with the first semiconductor chip, the command regi-
ster responsive to a program memory located outside the de-

vice.



capaci tance and resi stance between chips 100 and 200 are significantly
feddced from what woul d ot herw se exi st. Wil e the present invention
has been described in conjunction with several specific enbodinents, it is
evident to those skilled in the art that many further alternatives,

nodi fications and variations will be apparent in |light of the forgoing
description. Thus, the present invention described hereinis intended to
enbrace all such alternatives, nodifications, applications and variations
as may fall within the spirit and scope Igf7 the appended cl ai ns.

1. A sem conduct or device, conprising a substrate (4, 4a); a
printed circuit (6) on the substrate; a first sem conductor chip
(100) having pads ( 136a—3+36x)—Fer—w+e
| —304

= RAM/PERIPHERAL

A INPUT DEVICE

\

v

\

' 306

\ PROGRAM ‘ C

X MEMORY (ROM) i OSCILLATOR

\

| _—128 302 /7200

\ Y 1

\ COMMAND REGISTER  |= \ 206

N

N . . TIMING

5 204 202 GENERATOR

\ COMMAND DECODER 4 J

v : ~100

: N 7— e

\ < 7 INTERRUPT '

? CONTROLLER

—724

\ iy REGISTER A || REGISTER 8

\ -

. - || -125 110 112

\ PROGRAM COUNTER BLOCKK—

N

S H 1 | 104 i 106

A /‘722 11 TEMPORARY | | TEMPORARY

q | {{ REGISTER A || REGISTER B

\ 5% REGISTER POINTER 1k

X _ y Y

N 120 I V¥

NSS STACK POINTER = . ALU

N E

\ 116 | \ it 102

\ INDEXREGISTER X kK=t (7069 § §

' ” tjofzlc

E - \ 108a

=x! INDEXREGISTER Y Lk

j 108c 7 “ogb

FiG._1




bondi ng and contacts (232a-232p) for chip-to-chip interconnection; and

- a second sem conductor chip (200) having contacts (232a-232p) for
chip-to-chip interconnection, the first and second sem conductor chips
coupl ed together via respective contacts and each have active surfaces the

"face one another. 2. The device of claim1, wherein: said
coupling of the first and second sem conductor chips is acconplished with
a heat - hardened silver paste (2). 3. The device of claim1, wherein

respective contacts (132a-132p, 232a-2324Y on the first and second
sem conductor chips (100, 200) are coupl ed together via an ani sotropic
conductive material (9). 4. A sem conductor device, conprising:
substrate (4);

PROGRAM MEMORY (ROM)

ADDRESS DECODER

) |
S — — —
[
G PCP  Je—u! PCS i
{ (1) (4) . (8) I 114
| 1 M14a 1 \ra \i1e 1/
1 [nepP NPP {
I (1) (4) ,
b .k ______________ o
114d 114e
b)1
SYSTEM CONTROL SIGNAL ~ —__} " .
1 .
SYSTEM CLOCK 1 2
1
SYSTEM CLOCK 2 2
1
SYSTEM CLOCK 3 ] » 1

SYSTEMCLOCK 4 _ [ 1 ”

L$4

FIG._3



a printer circuit (6) on the substrate; a first sem conductor chip
+(100) having pads (140[err]-140[err]) for bonding;, and a second
semt conductor chip (200) having pads (240[err]-240[err]) for bonding; and
a fléexible circuit (8) having a first plurality of printed wires (9) that
electrlcally coupl e pads on the first sem conductor chip with pads on the
second sem conductor chip, the flexible circuit having a second plurality
of 16 printed wires (9') that
el ectrically coupled pads on the second3£Eni conduct or

FIG._4A
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chipwith the printed circuit on the substrate. 5. The device of any of

fhe precedi ng clains, wherein: the first and second sem conduct or
chi ps (100, 200) are encapsulated in an epoxy resin. 6. The devi ce of
any of the claim4 or claimb5, wherein: the first and second

sem conductor chips (100, 200) each have active surfaces the face one

anot her. 7. A sem conductor devi ce packagi ng systens, conpri sing:

a first package (13) having: first, second, and third ceramc |ayers
(16c, 16b, 16a); a plurality of cgppector pins (18a-18x) in the
first ceramc |ayer (16c¢); a plurality of sockets (30a-30n) in the
third ceramc | ayer (16a); a first sem conductor chip (100) nounted

in a cavity (14a) in the second and thirdgceranigggl ayers;

FiG._5
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afirst lid (19) that covers the first sem conductor chip; a first
sconnection neans for electrically connecting the first sem conductor chip
to respective sockets, the connection means conprising bonding wres
.(15b), plated through-holes (17c) in the third ceramc layer (16a), and
printed circuits (1l4c); a second connection nmeans for electrically
connecting the first sem conductor chip to respective connector pins, the
connection means conprising bonding wires (15a), plated
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-17- t hrough-hol es (17a, 17b) in the first and second ceram c |ayers
+«(16c, 16b), and printed circuits (14b); a second package (20) having;
fourth, fifth, and sixth ceramc |layers (22, 24, 26); a plurality of
.connector pins (28a-28n) in the fourth ceramc |layer (22) such that they
mate with the plurality of sockets (30a-30n) in the third ceramc |ayer

(16a) of the first package (13); a second sem conductor chip (200)
nounted in a cavity (24a) in the fifth and sixth ceramc |ayers (24, 26);
a second lid (29) that covers the second sem.conduc- tor chip; a

third connection neans for electricallygmonnecting the second sem conduct or
chip to respective connector pins in the fourth ceramc |ayer, the
connection means conpri- sing bonding wires (25a, 25b), plated

t hrough- hol es (27a, 27b) in the fourth and fifth ceramc |ayers, and
printed circuits (24b, 24c). 8. A sem conductor device packagi ng
system conpri - sing:zg a first package havi ng;

' FIG._8




first, second, and third ceranic |ayers; a plurality of connector =7

pins in the first ceramc |ayer; a plurality of sockets in the third
ceram c | ayer; a first sem conductor chip nounted in a cavity in the
second and third ceram c |ayers; a first lid that covers the first
sem conduct or chi p; a first connection neans for electrically

connecting the first sem conductor chip to respective sockets, the
connection means conprising bonding wires, plated through- holes in the

third ceramc layer, and printed circuits; a second connection neans
for electrically connecting the first s%ﬁ#conductor chip to respective
connector pins, - 18-
49a 50a 47a 50
470 [ ~ 49b
' ' 47c
\ 5
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t he conneg I sing bonding wires, plated through-holes in the
“first cer lﬁnmﬂmiﬂ@m” nted cir- cuits; a second package havi ng;
fourth, eram c | ayers; ; a plurality of connector

pins in the fourth ceranic |layer such @Rat [t heREPER J -H rality-of
sockets in the third ceramc |ayer of the IH?DCS “
sem conduatDAIMSI p nounted in a cavity in

| ayers; a second |lid that covers the s_*e

a third connectA gemi®aiuciér d&ies; icogaididgiC CNAG
- sem conductor chip to respective connectonf pi ns |r‘f theM@drt‘h*ocgééa.

| ayer, the connegibapatee@naagonpri- sing W res, plated
through-holes in the fourth ceramc |ayer! nREﬂ:ELpTCG‘/a %
The devi ce of a%?nﬁ‘]te‘i RECRItdeleen He §‘F‘é§tﬁ%te: wher ei n Fop
sem conduct or chi 100) conprises an arithnetic logic unit (102), at |east
one register (1al irs ﬁermcan@lﬂ%t@k Spntid0) (harang padsy §3Canl88hder "(’-134)
and an i ndex reglster (116, 118); and

bonding and contacts (232a—232p) for chip-to-chip 1nterconnectlon, and

§ tﬁég@ec.oaﬂ aced .....

a second semiconductor chip (200) having contacts (232a—232p) for
chip-to-chip interconnection, the first and second semiconductor chips

- coupled together via respective contacts and each have active surfaces the

face one another.

2. The device of claim 1, whe_rein: :

said coupling of the first and second semiconductor chips is
accomplished with a heat-hardened silver paste (2). |
3. The device of claim 1, wheréin: :

respective contacts (132a-132p, 232a-232p) on the first and second

semiconductor chips (100, 200) are coupled together via an anisotropic
conductive fnaterial 9).
4, A semiconductor device, comprising:

a substrate (4);

a printer circuit (6) on the substrate; _

a first semiconductor chip (100) having pads (1401-140.s) for bonding;
and | |

a second semiconductor chip (200) having pads (240:-24010) for
bonding; and |

a flexible circuit (8) having a first plurality of prin'ted_ wires (9’ that
electrically couple pads on the first semiconductor chip with pads on the

second semiconductor chip, the flexible circuit having ‘a second plurality of
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t he second: s (200) conprises a com mand register (202), a
conmand decoﬁnm)l WW timng generator (206), said command decoder
i n comruni cat koncw krst sem conductor chip, said command register

respon- sive to a program menory (302) R6cated outside the device.
10. The device of claim9, wherein: sai d program counter (114)

conpri ses @printedrvwires (2N thdtesleaivhally tddpled pady ogrtheseoond sempagriuctdrib) , a
program counter step (114c), a new bank pointer (114d), and a new page
poi nt er ( 1khep with the printed circuit on the substrate.
5. The device of any of the preceding claims; wherein:
the first and second semiconductor chips (100, 200) are encapsulated

in an epoxy resin.

6. The device of any of the claim 4 or claim 5, wherein:

_ the first and second _semiconductor chips (100, 200) each have active
surfaces the face one another. |
7. A semiconductor device packaging systems, comprising:
a first package (13) having:

- first, second, and third ceramic layers (16¢c, 16b, 16a);

a plurality of connector pins (18a-18x) in the first ceramic layer (16c); |

a plurality of sockets (30a-30n) in the third ceramic layer (16a);

a first semiconductor chip (100) mounted in a cavity (14a) in the
.. second and third ceramic layers;

a first lid (19) that covers the first semiconductor chip;

a first connection means for electrically connecting the first
semiconductor chip to respective sockets, the connection means comprising
bonding wires (15b), plated through-holes (17¢) in the third ceramic layer
(16a), and printed circuits_(14c);

a second connection means for electrically connecting thé first

semiconductor chip to respective connector pins, the connection means

_comprising bonding wires (15a), plated
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