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UNITED STATES DISTRICT COURT. 55 7~ UHER M ¢
EASTERN DISTRICT OF TEXAS
LUFKIN DIVISION GRTERE N SR T B Y

T4 E'.*“”“ 5 [/LFKHI

MOTOROLA, INC,,
Plaintiff, CIVIL ACTION NO.
, O3V 1O
JURY TRIAL DEMANDED
WINBOND ELECTRONICS
CORPORATION, and WINBOND
ELECTRONICS CORPORATION ] .
AMERICA, Sarimn Fonnegn
oy s W 5 W ¥
Defendants.

COMPLAINT FOR DAMAGES AND INJUNCTIVE RELIEF
DEMAND FOR JURY TRIAL
Plaintiff Motorola, Inc., by its attorneys, complains against Winbond Electronics

Corporation and Winbond Electronics Corporation America, and alleges as follows:

Parties

1. Plaintiff Motorola, Inc. (“Motorola™), is a corporation organized under the
laws of the State of Delaware with its principal place of business at 1303 East Algonquin
Road, Schaumburg, Illinois 60196. Motorola markets and sells semiconductor products
throughout the United States, including within this District.

2. On information and belief, Defendant Winbond Electronics Corporation
(“Winbond”) is a corporation organized under the laws of Taiwan, the Republic of China,
with its principal place of business at No. 4, Creation Road 3, Science-Based Industrial

Park, Hsinchu, 300, Taiwan, R.0.C. Winbond manufactures semiconductor products in
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Taiwan, imports its products into the United States and sells and/or offers for sale its
products for importation into the United States. In addition, Winbond’s semiconductor
products are marketed, sold, and/or offered for sale throughout the United States, including
within this District.

3. On information and belief, Defendant Winbond Electronics Corporation
America (“Winbond America”) is a corporation organized under the laws of the State of
Delaware with its principal place of business at 2727 North First Street, San Jose, CA
95134. Winbond America imports, sells and/or offers for sale its products in the United
States. In addition, Winbond America’s semiconductor products are marketed, sold,
and/or offered for sale throughout the United States, including within this District.

Jurisdiction and Venue

4 This is an action arising under the patent laws of the United States, 35
U.S.C. § 101 et seq. This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331
and 1338(a).

5. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(b), (c) and
(d) and 1400(b).

The Patents

6. United States Patent No. 4,758,945, invented by James J. Remedi, entitled
“Method for Reducing Power Consumed by a Static Microprocessor” (the “'945 Remedi
Patent”), was duly and legally issued by the United States Patent and Trademark Office on
July 19, 1988. A copy of the '945 Remedi Patent is attached hereto as Exhibit A.

7. United States Patent No. 4,468 411, invented by James W. Sloan, Truoc T.
Tran, and Frank T. Jones, 111, entitled “Method for Providing Alpha Particle Protection for
an Integrated Circuit Die” (the “Sloan Patent”), was duly and legally issued by the United
States Patent and Trademark Office on August 28, 1984. A copy of the Sloan Patent is

attached hereto as Exhibit B.
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8. United States Patent No. 4,446,194, invented by Jon Candelaria and Kurt S.
Heidinger, entitled “Dual Layer Passivation” (the “Candelaria Patent”), was duly and
legally issued by the United States Patent and Trademark Office on May 1, 1984. A copy
of the Candelaria Patent is attached hereto as Exhibit C.

9. United States Patent No. 4,279,947, invented by Jon C. Goldman, Larry D.
McMillan, and James B. Price, entitled “Deposition of Silicon Nitride” (the “Goldman
Patent”), was duly and legally issued by the United States Patent and Trademark Office on
July 21, 1981. A copy of the Goldman Patent is attached hereto as Exhibit D.

10. United States Patent No. 5,367,494, invented by Michael C. Shebanow,
Mitchell K. Alsup, Hunter L. Scales, and George P. Hoekstra, entitled “Randomly
Accessible Memory Having Time Overlapping Memory Accesses” (the “Shebanow
Patent”), was duly and legally issued by the United States Patent and Trademark Office on
November 22, 1994. A copy of the Shebanow Patent is attached hereto as Exhibit E.

11. United States Patent No. 4,794,434, invented by Perry H. Pelley, 111,
entitled “Trench Cell for a DRAM” (the “Pelley Patent”), was duly and legally issued by
the United States Patent and Trademark Office on December 27, 1988. A copy of the
Pelley Patent is attached hereto as Exhibit F.

12. United States Patent No. 4,511,914, invented by James J. Remedi, Don G.
Reid, and Lynette Ure, entitled “Power Bus Routing for Providing Noise Isolation in Gate
Arrays” (the “'914 Remedi Patent”), was duly and legally issued by the United States
Patent and Trademark Office on April 16, 1985. A copy of the '914 Remedi Patent is
attached hereto as Exhibit G.

13. Motorola is the owner of all rights, title and interest in and to the '945
Remedi Patent, the Sloan Patent, the Candelaria Patent, the Goldman Patent, the Shebanow
Patent, the Pelley Patent, and the '914 Remedi Patent (collectively, the “Motorola Patents”)

and is entitled to sue for past and future infringement.
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Background

14.  The Motorola Patents cover inventions relating to semiconductor processing
and semiconductor chip design.

15. The Defendants have imported into the United States, marketed, sold and/or
offered for sale in the United States, products covered by the Motorola Patents.

16. The Defendants have had actual and/or constructive notice and knowledge
of the Motorola Patents. The filing of this Complaint also constitutes notice in accordance
with 35 U.S.C. § 287. Despite such notice, the Defendants continue to import into and sell
in the United States products covered by the Motorola Patents.

Count 1

17.  Motorola repeats and realleges the allegations in paragraphs 1-16.

18. On information and belief, the Defendants have infringed, and/or induced
infringement of, the '945 Remedi Patent by importing into, offering for sale, or selling in
the United States, or by intending that others import into, offer for sale, or sell in the
United States, products that incorporate the invention of, and/or were made using the
methods claimed in, the '945 Remedi Patent.

19. On information and belief, the Defendants’ infringement of the '945 Remedi
Patent has been willful. Defendants’ continued infringement of the '945 Remedi Patent has
damaged and will continue to damage Motorola.

20. On information and belief, the Defendants’ infringement of the '945 Remedi
Patent has caused and will continue to cause Motorola irreparable harm unless enjoined by

the Court. Motorola has no adequate remedy at law.

Count II
21. Motorola repeats and realleges the allegations in paragraphs 1-16.
22. On information and belief, the Defendants have infringed, and/or induced

infringement of, the Sloan Patent by importing into, offering for sale, or selling in the

United States, or by intending that others import into, offer for sale, or sell in the United
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States, products that incorporate the invention of, and/or were made using the methods
claimed in, the Sloan Patent.

23. On information and belief, the Defendants’ infringement of the Sloan Patent
has been willful. The Defendants’ continued infringement of the Sloan Patent has
damaged and will continue to damage Motorola.

24, On information and belief, the Defendants’ infringement of the Sloan Patent
has caused and will continue to cause Motorola irreparable harm unless enjoined by the

Court. Motorola has no adequate remedy at law.

Count III
25. Motorola repeats and realleges the allegations in paragraphs 1-16.
26. On information and belief, the Defendants have infringed, and/or induced

infringement of, the Candelaria Patent by importing into, offering for sale, or selling in the
United States, or by intending that others import into, offer for sale, or sell in the United
States, products that incorporate the invention of, and/or were made using the methods
claimed in, the Candelaria Patent.

27. On information and belief, the Defendants’ infringement of the Candelaria
Patent has been willful. The Defendants’ continued infringement of the Candelaria Patent
has damaged and will continue to damage Motorola.

28. On information and belief, the Defendants’ infringement of the Candelaria
Patent has caused and will continue to cause Motorola irreparable harm unless enjoined by

the Court. Motorola has no adequate remedy at law.

Count IV
29. Motorola repeats and realleges the allegations in paragraphs 1-16.
30. On information and belief, the Defendants have infringed, and/or induced

infringement of, the Goldman Patent by importing into, offering for sale, or selling in the

United States, or by intending that others import into, offer for sale, or sell in the United
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States, products that incorporate the invention of, and/or were made using the methods
claimed in, the Goldman Patent.

31 On information and belief, the Defendants’ infringement of the Goldman
Patent has been willful. The Defendants’ continued infringement of the Goldman Patent
has damaged and will continue to damage Motorola.

32. On information and belief, the Defendants’ infringement of the Goldman
Patent has caused and will continue to cause Motorola irreparable harm unless enjoined by

the Court. Motorola has no adequate remedy at law.

Count V
33.  Motorola repeats and realleges the allegations in paragraphs 1-16.
34. On information and belief, the Defendants have infringed, and/or induced

infringement of, the Shebanow Patent by importing into, offering for sale, or selling in the
United States, or by intending that others import into, offer for sale, or sell in the United
States, products that incorporate the invention of, and/or were made using the methods
claimed in, the Shebanow Patent.

35. On information and belief, the Defendants’ infringement of the Shebanow
Patent has been willful. The Defendants’ continued infringement of the Shebanow Patent
has damaged and will continue to damage Motorola.

36. On information and belief, the Defendants’ infringement of the Shebanow
Patent has caused and will continue to cause Motorola irreparable harm unless enjoined by

the Court. Motorola has no adequate remedy at law.

Count VI
37. Motorola repeats and realleges the allegations in paragraphs 1-16.
38. On information and belief, the Defendants have infringed, and/or induced

infringement of, the Pelley Patent by importing into, offering for sale, or selling in the

United States, or by intending that others import into, offer for sale, or sell in the United
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States, products that incorporate the invention of, and/or were made using the methods
claimed in, the Pelley Patent.

39.  On information and belief, the Defendants’ infringement of the Pelley
Patent has been willful. The Defendants’ continued infringement of the Pelley Patent has
damaged and will continue to damage Motorola.

40.  On information and belief, the Defendants’ infringement of the Pelley
Patent has caused and will continue to cause Motorola irreparable harm unless enjoined by

the Court. Motorola has no adequate remedy at law.

Count VII
41.  Motorola repeats and realleges the allegations in paragraphs 1-16.
42.  On information and belief, the Defendants have infringed, and/or induced

infringement of, the '914 Remedi Patent by importing into, offering for sale, or selling in
the United States, or by intending that others import into, offer for sale, or sell in the
United States, products that incorporate the invention of, and/or were made using the
methods claimed in, the '914 Remedi Patent.

43. On information and belief, the Defendants’ infringement of the '914 Remedi
Patent has been willful. The Defendants’ continued infringement of the '914 Remedi
Patent has damaged and will continue to damage Motorola.

44. On information and belief, the Defendants’ infringement of the '914 Remedi
Patent has caused and will continue to cause Motorola irreparable harm unless enjoined by
the Court. Motorola has no adequate remedy at law.

Prayer for Relief

WHEREFORE, Motorola, Inc., respectfully requests that this Court enter judgment
in its favor and grant the following relief:

A Adjudge that the Defendants are infringing the Motorola Patents;

B. Adjudge that the Defendants’ infringement of the Motorola Patents was

willful, and that Defendants’ continued infringement of the Motorola Patents is willful;
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C. Enter an order preliminarily and permanently enjoining the Defendants
from any further acts of infringement of the Motorola Patents;

D. Award Motorola damages in an amount adequate to compensate Motorola
for the Defendants’ infringement of the Motorola Patents, but in no event less than a
reasonable royalty under 35 U.S.C. § 284;

E. Enter an order trebling any and all damages awarded to Motorola by reason
of the Defendants’ willful infringement of the Motorola Patents, pursuant to 35 U.S.C. §
284,

F. Enter an order awarding Motorola interest on the damages awarded and its
costs pursuant to 35 U.S.C. § 284,

G Enter an order finding that this is an exceptional case and award Motorola

its reasonable attorneys’ fees pursuant to 35 U.S.C. § 285; and

H. Award such other relief as the Court may deem appropriate and just under

the circumstances.

DATED: January / 2 2002 HEARTFIELD & McGINNIS LLP

By:

“THAD HEARTFIEL
Attorney-in-Charge
for Plaintiff MOTOROLA, INC.
State Bar No. 09346800

2196 Dowlen Road

Beaumont, TX 77706
Telephone: 409-866-3318
Facsimile: 409-866-5789

/17
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OF COUNSEL:

Fay E. Morisseau (Texas State Bar No. 14460750)
Michael R. O’ Neill

McDERMOTT, WILL & EMERY

18191 Von Karman Avenue, Suite 500

Irvine, CA 92612-0187

Telephone: (949) 851-0633

Facsimile: (949) 851-9348

Terrence P. McMahon

David L. Larson

McDERMOTT, WILL & EMERY
2700 Sand Hill Road

Menlo Park, CA 94025

Telephone: (650) 233-5500
Facsimile: (650) 233-5599
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METHOD FOR REDUCING POWER CONSUMED
BY A STATIC MICROPROCESSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

(1) U.S. patent application Ser. No. 065,293 filed of
even date herewith entitled “Apparatus for Reducing
Power Consumed by a Static Microprocessor” and
assigned to the assignee of the present invention.

(2) U.S. patent application Ser. No. 065,294 filed of
even date herewith entitled “CMOS Microprocessor
Architecture” and assigned to the assignee of the pres-
ent invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to microcomputers
and, more particularly, to a method for reducing the
power consumed by static microprocessors.

2. Description of the Prior Art

Microcomputers are sophisticated, general purpose
logic devices which can be programmed to perform a
wide variety of useful control functions in industrial and
communications equipment, large scale and medium
scale computer peripheral and terminal hardware, auto-
mobiles and other transportation media, amusement and
educational devices, household appliances and other
consumer goods, and the like. Generally, an entire spec-
trum of microcomputers is presently available in the
commercial marketplace. As the speed of operation
increases, the more valuable and more versatile the
microcomputer becomes since it is capable of control-
ling the given operation more efficiently and more ac-
curately, of controlling a greater number of operations
simultaneously, and of controlling operations requiring
relatively fast response times.

The throughput of amy given microcomputer is a
function of, among other things, the number of machine
cycles required to execute a given set of instructions. In
the course of designing any computer system, and in
particular a microcomputer, a set of instructions is se-
lected which will provide the anticipated program re-
quirements for the projected market in which the com-
puter system is to be used. The microprocessor, or pro-
cessor component of a single chip microcomputer, exe-
cutes each instruction as a sequence of machine cycles,
with the more complex instructions consuming a
greater number of machine cycles.

The operation of the internal circuitry of the micro-
processor is synchronized by means of a master clock
signal applied to the microprocessor. The master clock
signal may actually comprise two or even four clock
components; ie., the microprocessor clock may be two
phase or four phase. During the basic clock cycle
known as the machine cycle, a number of internal pro-
cessor related operations may take place simultaneously
including the transfer of digital information from a bus
to a register or vice versa, between certain registers,
from an address or data buffer to a bus or vice versa,
and so forth. Additionaily, the individual conductors of
a bus may each be set to a predetermined logic level, or
the contents of a register may be set to a predetermined
logic level.

It is also desirable, particularly with respect to mi-

crocomputers intended for marketing in the middle to
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low end of the price scale, to minimize the computer
chip size as much as possible.

Static microprocessors implemented with comple-
mentary MOS technology (CMOS) exhibits low DC
current drain. Such systems are thus considered to con-
sume less power and little power when operating. To
further reduce power consumption, one known system
utilizes a HALT instruction which inhibits processor
execution. However, all clock signals utilized by the
Pprocessor continue to be generated. Since a static mi-
croprocessor will maintain its state even in the absence
of clock signals, it would be desirable to provide a
method for disabling clock signals in an intelligent man-
ner until further processor operations become neces-
sary.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
method for reducing the power consumed by a static
microprocessor.

It is a further object of the present invention to re-
duce power consumed by static microprocessor by
utilizing software instructions which place the micro-
processor in a very low current state.

It is yet another object of the present invention to
provide a method for reducing power consumed by a
CMOS static microprocessor by inhibiting the clock
pulses generated until processor operation is required as
indicated by some external stimulus.

According to a broad aspect of the invention there is
provided a method for reducing, in response to at least
one software instruction, energy consumed by a digital
system of the type which includes a master oscillator
having at least one signal output for producing a clock
signal, said method comprising the steps of: decoding
said at least one software instruction; and inhibiting said
clock signal in response to said software instruction.

The above and other objects, features and advantages
of the present invention will be more clearly understood
from the following detailed description taken in con-
junction with the accompany drawings; in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a microprocessor in
which the present invention may be embodied;

FIG.-2 is a flow diagram illustrating the sequence of
operation produced by a WAIT instruction in accor-
dance with the present invention;

FIG. 3 is a flow diagram illustrating the sequence of
operation produced by a STOP instruction in accor-
dance with the present invention; and

FIG. 4 is a logic diagram illustrating an apparatus for
inhibiting clock signal in response to the WAIT or
STOP instructions of FIGS. 2 and 3 to reduce power
consumption in the processor.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is shown a block diagram
of a microprocessor of a type which may embody the
present invention. The microprocessor includes a
RAM, timer, and input/output (I1/0). The microproces-
sor has an ALU 11 having an input A, an input B, and
a summation output. The summation output is coupled
to an 8 bit data bus 12. Data bus 12 couples information
to input A. Information is carried to input B by an 8 bit
transfer bus 18. An accumulator 14 is coupled to both
transfer bus 18 and data bus 12. Accumulator 14 is an 8
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bit general purpose register used for arithmetic calcula-
tions and data manipulations. An 8 bit index register 16
is coupled between transfer bus 18 and data bus 12.
Index register 16 is used during an index mode of ad-
dressing and provides an 8 bit address which may be
added as an offset to create a new effective address.
Index register 16 is also used for calculations and data
manipulation during read/modify/write instructions,
and as a temporary storage register when not in use for
addressing purposes. A transmission gate 17 is used to
couple data bus 12 to transfer bus 18. A condition code
register 13 is coupled to internal data bus 50 and re-
ceives an input from ALU 11. Condition code register
13 s a 5 bit register and contains flags which reflects the
results of ALU 11 operations. A first bit contained in
condition code register 13 is a carry bit and is set when
a carry or a borrow out of ALU 11 occurs during an
arithmetic operation. The carry bit can also be modified
by certain branch instructions. A second bit in condition
code register 13 is a zero bit and is set whenever the
result of the last arithmetic, logical, or data manipula-
tion is zero. A third bit is a negative bit which indicates
that the result of the last arithmetic, logical, or data
manipulation is negative. A fourth bit is a mask inter-
rupt bit and when set, disables both external and timer
interrupts. Clearing the interrupt mask bit enables both
of the interrupts. Both the timer and external interrupts
are latched so that no interrupts are lost because of the
interrupt mask bit being set. A fifth bit is a half carry bit,
and is set if a carry occurs between bits 3 and 4 of the
ALU during an add or an add with carry instruction.

An 8 bit address bus 19 is coupled to data bus 12 by
transmission gate 26. Address bus 19 carries the lower 8
bits of an address. The microprocessor of FIG. 1 is
capable of addressing up to 8K bytes of external mem-
ory with a multiplexed address/data bus. Address bus
19 is coupled to an output buffer 29 and to an incre-
menter 21. Buffer 29 provides buffered outputs on line
31 which is the 8 bit lower order output address bus.
Incrementer 21 is an 8 bit incrementer which can decre-
ment as well as increment. Incrementer 21 is coupled to
three registers by line 28. The three registers are an
address store register 22, a program counter register 23,
and a stack pointer 24. Address store 22 is an 8 bit regis-
ter which is used to store a lower order effective ad-
dress such as generated from a branch instruction. Pro~
gram counter 23 is an 8 bit register which contains the
lower 8 bits of a thirteen bit word which is used to point

to the next instruction to be executed by the micro-

processor. Stack pointer 24 is a 6 bit stack pointer which
contains the address of the next free location on a push
down/pop up stack. The stack pointer 24 decrements
during pushs and increments during pulls. Stack pointer
24 is used to store the location of the return address on
subroutine calls and to store the location of the machine
state during interrupts. In a preferred embodiment stack
pointer 24 is an 8 bit register with the two most signifi-
cant bits permanently set to a predetermined state.
The outputs of registers 22, 23, and 24 are connected
to address bus 19. Program counter 23 also provides an
output to data bus 12 via line 27. When one of register
22, 23, or 24 is desired to be modified its contents are
transferred by address bus 19 to incrementer 21, where
incrementer 21 can increment or decrement the con-
tents, and the contents are then carried by line 28 back
to any desired register. This arrangement of incre-
menter 21 with registers 22, 23 and 24 permit one com-
mon incrementer/decrementer for three registers with

20

25

30

35

45

50

55

65

4
one of the registers, the program counter 23, also being
directly coupled to data bus 12. As mentioned hereinbe-
fore, address bus 19 is coupled to data bus 12 by trans-
mission gate 26.

It should be noted that although the buses are illus-
trated by one line that they are mulitiple lines with each
different line carrying a different data bit.

The higher five bits of the address word is provided
on line 42 by output buffer 41. Output buffer 41 is cou-
pled to a 5 bit address bus 37. It should be noted that in
a preferred embodiment, the lower eight bits of the
address are multiplexed to external devices while the
upper five bits are directly provided on interface pins.
Address bus 37 is also coupled to an incrementer/decre-
menter 38 which is similar to incrementer 21 but only
handles five bits. An address store register 32 is coupled
from the output of incrementer 38 to address bus 37.
Address store 32 contains the high bits of the address
while address store 22 contains the lower eight bits of
the address. A 5 bit program counter 33 is coupled
between the output of incrementer 38 and address bus
37. A 5 bit temporary register 34 is coupled from the
output of incrementer 38 to address bus 37. Program
counter 33 also provides an output 36 to temporary
register 34, which allows the contents of program
counter 33 to be directly transferred into temporary
register 34. This transfer between registers of course
results in faster operation. The output of incrementer 38
is carried by a 5 bit bus or line 39 to registers 32, 33, and
34. Temporary register 34 is directly coupled to data
bus 12 by interconnect bus 43. A bit code generator 44
is also connected to data bus 12 which allows any one of
the bit lines of data bus 12 to be set or reset under in-
struction control.

An 8 bit internal data bus 50 is coupled by transmis-
sion gate 57 to data bus 12, by a transmission gate 58 to
transfer bus 18, and receives information from data bus
12 by buffer/driver 55 and transmission gate 59. Buf-
fer/driver 55 and transmission gate 59 are connected in
series. As will be seen hereinafter, the registers are com-
pact, fully static, and are not required to provide static
current drive since the drive is provided by buffer 55.
By having buffers/drivers 29, 41, and 55 the registers do
not require large current drivers and therefore the en-
tire microprocessor can be made smaller in size. An 8 bit
1/0 port 47 and an 8 bit 1/0 port 48 are coupled to inter-
nal data bus 50. I/0 ports 47 and 48 contain data direc-
tion registers which control whether the individual
interface pins associated with the I/0 ports are serving
as an input or an output for the microprocessor. Also
coupled to internal data bus 50 is a random access mem-
ory (RAM) 49 which stores 8 bit words. In a preferred
embodiment, RAM 49 stores 112 bytes. RAM 49 could
be used for, among other things, a stack to store the
contents of the registers during an interrupt.

Timer 51 is coupled to internal data bus 50 and has a
single 8 bit counter with a 7 bit prescaler as its timer.
The 8 bit counter is preset under program control and
then decrements towards zero. When a zero crossing is
detected the timer interrupt request bit of timer 51 is set,
then, if a timer interrupt mask and the interrupt mask bit
of condition code register 13 are both cleared the mi-
croprocessor receives an interrupt. The microprocessor
now stores the appropriate registers on the stack, which
is located in RAM 49, and then fetches the interrupt
address vectors and begins servicing the interrupt. The
prescaler of timer 51 is a 7 bit counter used to extend the
maximuni length of the timer. Timer 51 also provides an
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output to input/output logic 53. Input/output logic 53
provides an output to instruction decode and control
logic 54. Input/output logic 53 receives and processes a

reset and an interrupt request input. An 8 bit instruction.

register 52 is coupled from internal data bus 50 to in-
struction decode and control logic 54. Control logic 54
provides decoded instruction outputs and the necessary
controls on output lines 56. The outputs on line 56 are
used throughout the microprocessor to control the
functioning and operation of the microprocessor, a few
of such being transmission gates 17, 57, 58, and 59 and
bit code generator 44. It is possible for the microproces-
sor to be a microcomputer simply by the addition of a
read only memory (ROM) coupled to internal data bus
50.

A detailed description of the microprocessor shown
in FIG. 1 can be found in U.S. patent application Ser.
No. 065,294 filed of even date herewith entitled
“CMOS Microprocessor Architecture” and assigned to
the assignee of the present invention.

As stated previously, a static CMOS microprocessor
will maintain its state even in the absence of clock sig-
nals. Therefore, to reduce the amount of power con-
sumed, it is desirable to inhibit clock pulses when the
processor need not be functioning. This, according to
the present invention, is accomplished in two ways.
First, a WAIT instruction is added to the instruction
repertoire. When executed, the master clock oscillator
continues to function as does the timer 51 shown in
FIG. 1. However, all other internal processor clocks
are inhibited. Thus, the WAIT instruction places the
processor in a low power state. The processor may be
again rendered operational by (1) activating an external
reset, or (2) the presence of an interrupt signal.

A second approach to inhibiting the clocks when the
processor need not function is to provide a STOP in-
struction to the instruction repertoire. When a STOP
instruction is executed, both the master clock oscillator
and the internal clocks are inhibited. The processor is
now in a very low current state; i.e., only leakage cur-
rent is present. The processor is then restarted as a
result of an external reset or interrupt signal; however,
it is necessary to provide some period of delay to allow
the oscillator to become stable.

FIG. 2 is a flow diagram which illustrates the execu-
tion of a WAIT instruction. After a WAIT instruction
has been decoded, a latch is set which inhibits the pro-
cessor clocks. Thus, the processor is placed in a low
current mode and awaits either a reset signal or an
interrupt signal. If a reset signal is received, the proces-
sor will execute a reset routine. If, on the other hand, an
interrupt is received, the above referred to latch is reset
to enable the processor clocks to commence and an
interrupt routine to be executed.

FIG. 3 is a flow diagram illustrating the use of the
STOP instruction. After the STOP instruction has been
decoded, a second latch is set which turns off the master
oscillator. This places the processor in a very low cur-
rent mode until either a reset or an interrupt signal is
received. If an interrupt or a reset signal is received, the
second latch is reset to enable the master oscillator. In
order to assure that the oscillator is functioning with
sufficient logic swing and has settled with respect to
frequency, a predetermined amount of delay is provided
before the processor executes an interrupt or reset rou-
tine.

FIG. 4is a logic diagram illustrating the apparatus for
inhibiting the clocks or master clock oscillator in re-
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sponse to a WAIT or STOP instruction respectively,
The instruction is decoded in decode and control logic
54 (FIG. 1), and the individual decoded instruction bits
or the complements thereof are applied to gates 92, 94
and 96. The output of NOR gate 92 will be high when
signals 10, 12, T4, T5, 16 and 17 are at a logical “1” level.
The output of NOR gate 94 will be high when signals
10, 12, 14, 15, 16 and 17 are at a logical “1” level. A
logical “1” at the output of NOR gate 92 will occur
when a WAIT instruction has been decoded, and a
logical “1” will appear at the output of NOR gate 94
when a STOP instruction has been decoded. D- type
flip-flops 98 and 100 are employed to latch the WAIT
and STOP commands respectively. Both flip-flops 98
and 100 are clocked by the output of NOR gate 106
which is applied to the C inputs of flip-flops 98 and 100
directly and which is applied to the C inputs of flip-flops
98 and 100 via inverters 102 and 104 respectively. The
clocking of these flip-flops occurs at the trailing edge of
a load instruction register (LIR) signal which is applied
to inverter 108 the output of which is applied to a first
input of NOR gate 106. As will be discussed below, the
second input of NOR gate 106 is normally low thus
permitting flip-flops 98 and 100 to be clocked at the
trailing edge of the LIR signal.

The operation of the circuit shown in FIG. 4 will first
be described with reference.to a WAIT instruction; i.e.
a logical “1” appearing at the D input of flip-flop 98. At
the trailing edge of the load instruction register signal,
flip-flop 98 will be clocked thus latching the WAIT
instruction and producing a logical “1” at the Q output
of flip-flop 98. This output is coupled to a first input of
NOR gate 110 and, as a result thereof, a logical “0”
appears at the output of NOR gate 110 and the D input
of flip-flop 112.

The master clock oscillator 114 produces outputs 116,
118, 120 and 122 which after propagation through
NAND gates 124, 126, 128 and 130 respectively and
through inverters 132, 134, 136 and 138 respectively
form first and second clock signals (C1 and C2), an
address strobe (AS) and a data strobe (DS). Output 116
from master clock 114 is applied directly to the C input
of flip-flop 112 and to the C input of flip-flop 112 via
inverter 140. Therefore, after a logical “0” has been
placed at the D input of flip-flop 112 in response to the
latching of a WAIT instruction, the Q output of flip-
flop 112 will become a logical “0” at the leading edge of
the next clock pulse appearing at output 116. The Q
output of flip-flop 112 is applied to inputs of NAND
gates 124 and 126. Thus, when flip-flop 112 is in the zero
state, NAND gates 124 and 126 do not permit passage
of the signals appearing on master clock oscillator out-
puts 116 and 118. As a result, the outputs of inverters
132 and 134 remain a logical “0”, and the processor
clock pulses C1 and C2 are disabled.

The output of WAIT flip-flop 98 is also applied di-
rectly to the D input of flip-flop 142 which is clocked by
the output of inverter 113. Thus, when a WAIT instruc-
tion is latched, flip-flop 142 is set at the next leading
edge of the signal appearing on output 116. The Q out-
put of flip-flop 142 is applied to inputs of NAND gates
128 and 130. Since the flip-flop 142 is now set, the Q
output is a logical “0” thus inhibiting the passage of
signals appearing on outputs 120 and 122 of the master
clock oscillator. This produces a logical “0” at the out-
put of inverters 136 and 138 thus disabling both the
address strobe (AS) and the data strobe (DS) signals.
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This is done to prevent the AS and DS lines from charg-
ing and discharging unnecessarily during the wait state.

The clock signals and address and data strobe signals
will remain inhibited until either a reset signal (RST) or
an interrupt signal (INT) is received. The reset signal
RST is applied to a first input of NOR gate 146. The
output.of flip-flop 148 after inversion in inverter 150 is
applied to the second input of NOR gate 146. Since
flip-flop 148 is normally on, the output of inverter 150
will be a logical *0”. Thus, when the reset signal (RST)
goes high, a logical “0” will appear at the output of
NOR gate 146. This is applied to a first input of NOR
gate 152. Clock pulse C2 is applied to a second input of
NOR gate 152, and since this clock signal has been
disabled as a result of the WAIT instruction, a logical
“0" i3 applied to the second input of NOR gate 152. This
results in the production of a logical “1” at the output of
NOR gate 152 and at the reset input of WAIT flip-flop
98. With flip-flop 98 now reset, a logical “0” is applied
to the D input of flip-flop 142 and a logical “1” is ap-
plied to the D input of flip-flop 112. The next clock
signal appearing on output 116 of master clock oscilla-
tor 114 will cause flip-flop 112 to set and flip-flop 142 to
reset. This will enable NAND gates 124, 126, 128 and
130 resulting in the renewed production of clock signals
C1 and C2, and address and data strobe signals AS and
DS.

If, instead, an interrupt signal (INT), is applied to a
first input of NAND gate 154. A mask interrupt signal
(MASKI) is applied to inverter 156 the output of which
is coupled to a second input of NAND gate 154. Thus,
in the presence of an interrupt signal and in the absence
of a mask interrupt signal, a logical ““0” is applied to the
D input of flip-flop 148. Flip-flop 148 is clocked by the
output of NOR gate 158 which is applied directly to the
C input of flip-flop 148 and to the C input of flip-flop
148 via inverter 160. The load instruction register signal
(LIR) is applied to a first input of NOR gate 158 and the
output of inverter 113 is applied to the second input.
Thus, with a zero appearing at the D input of flip-flop
148, the flip-flop is clocked by the next trailing edge of
clock 116 resulting in a logical “0” at its Q output. This
produces a logical “1” at the output of inverter 150 and
a logical “0” at the output of NOR gate 146 since no
reset signal is present. With logical “0’s” at both inputs
of NOR gate 152, a logical “1” is applied to the reset
input of WAIT flip-flop 98. Clock signals C1 and C2
and address and data strobe signals AS and DS are again
enabled as was described above in the case of a reset
signal. It should be apparent that the primary purpose of
flip-flop 148 is to synchronize the interrupt sigoal with
the signal appearing on output 116 of the master clock
oscillator 114.

When a STOP instruction is decoded, a logical one is
placed at the D input of STOP flip-flop 100. This condi-
tion is latched by flip-flop 100 at the trailing edge of the
load instruction register (LIR) signal as was described
previously. The Q output of the STOP flip-flop 100 is
applied to a first input of NAND gate 162 and a first
input of NOR gate 164. Clack signal C2 is inverted in
inverter 166 and applied to a second input of NAND
gate 162, This synchronizes the output of NAND gate
162 with processor clock C2. When both of the Q out-
put of STOP flip-flop 100 and the inverted processor
clock C2 (i.e. are high, a logical “1” appears at the
output of inverter 168. This output is applied to a reset
input of master clock oscillator 114 and to the reset
input of flip-flop 112. By resetting the master clock
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8
oscillator in this manner, outputs 116, 118, 120 and 122
are totally disabled.

The logical “1” at the output of STOP flip-flop 100 is
also applied to one input of cross-coupled NOR gates
164 and 170. A logical “0” will be produced at the
output of NOR gate 164, and a logical *“1” will be pro-
duced at the output of inverter 172. This produces a
logicat “0” at the D input of flip-flop 112.

If a reset signal (RST) is received, a logical “1” will
appear at the output of NOR gate 152 as was described
previously. This output is coupled to the reset input of
STOP flip-flop 100. When flip-flop 100 becomes reset, a
logical “0” will be applied to the reset input of master
clock oscillator 114 thus enabling outputs 116, 118, 120
and 122. However, flip-flop 112 has not yet been set and
therefore clock signals C1 and C2 remain disabled.
Since output 116 has been enabled, flip-flop 142 is
clocked to a reset state thus enabling AS and DS.

Flip-flop 112 becomes set as follows. When the
STOP flip-flop 100 was set, a logical “1” appeared at
the output of inverter 172 which was applied via line
174 to timer 176. This signal applied to timer 176 ena-
bles the timer to count clock pulses received from out-
put 116 of master clock oscillator 114 over line 178.
Thus, when the STOP flip-flop 100 is reset, timer 176
begins counting pulses received over line 178. When the
counter in the timer reaches a predetermined state, an
end of count (EOC) signal is applied to the input of
NOR gate 170. The EOC signal is a logical “1” which
causes a logical “0” to appear at the output of gate 170
which is in turn applied to an input of NOR gate 164.
The output of STOP flip-flop 100 is likewise applied to
an input of NOR gate 164. Since the inputs to NOR gate
164 are both zero, the output of NOR gate 164 will be
a logical “1” thus producing a logical “0” at the output
of inverter 172. With the zeros at both inputs of NOR
gate 110, a logical *1” is applied to the D input of flip-
flop 112. When the next pulse occurs on output 116 of
master clock oscillator 114, flip-flop 112 is clocked
producing 2 logical “1” at its Q output. This now ena-
bles gates 124 and 126 to pass the signals appearing on
outputs 116 and 118 to produce clock pulses C1 and C2.

Timer 176 may be employed to provide a delay of for
example 2 milliseconds. Such timers are well known
and a further discussion at this time is not deemed neces-
sary. For example, the timer of U.S. Pat. No. 4,222,103
entitled “Real Time Capture Registers For Data Pro-
cessor” and assigned to the assignee of the present in-
vention would be suitable.

If instead of a reset signal, an interrupt signal should
occur, it is still necessary to reset flip-flop 148. How-
ever, since the master clock oscillator 114 has been
disabled, no clock pulses can be applied to the C and C
inputs of flip-flop 148. Therefore, flip-flop 148 must be
reset asynchronously. This is accomplished as follows, a
logical “1” on the interrupt input is applied to a first
input of NAND gate 180. Since clock signal C2 is at 2
logical “0”, a logical “1” is applied to a second input of
NAND gate 180 via inverter 182. Finally, a third input
of NAND gate 182 is coupled to the output of STOP
flip-flop 100 which, after execution of the STOP in- .
struction, is at a logical *“1” level. Therefore, the output
of NAND gate 180 is at a logical “0” level. This output
is inverted by inverter 184 and applied to the R input of
flip-flop 148. After flip-flop 148 is reset, the process is
the same as above described resulting in the resetting of
STOP flip-flop 100.
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One additional group of logic comprises NAND
gates 186, 188 and 190. The first input of NAND gate
186 is coupled to the load instruction register (LIR)
signal, and a second input is coupled to the output of
inverter 150. A first input of NAND gate 188 is coupled
to the reset signal (RST) and a second input is coupled
to the output of NOR gate 110 which is a logical “0”
during 2 WAIT or STOP condition. The outputs of
NAND gates 186 and 188 are respectively coupled to
first and second inputs of NAND gate 190. A third
input of NAND gate 190 is coupled to the output of
NOR gate 110. The purpose of the output 192 of
NAND gate 190 is to load the instruction register with
a hardware interrupt thus making the system ready to
receive an interrupt.

‘What is claimed is:

1. In a digital computing system which executes soft-
ware instructions in synchronization with clock signals
generated by a master clock oscillator in an enabled
condition thereof, a method for reducing the energy
consumed by the digital system, comprising the steps of:

decoding a predetermined software instruction se-

lected for execution by said digital computing sys-
tem;

inhibiting passage of said clock signals from said mas-

ter clock oscillator to said digital computing sys-
tem in response to the decoding of said predeter-
mined software instruction, and continuing to in-
hibit passage of said clock signals for a predeter-
mined Iength of time after said master clock oscilla-
tor has been enabled;

disabling the generation of said clock signals by said

master clock oscillator in response to the decoding
of said predetermined software instruction; and
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10
enabling the generation of said clock signals by said
master clock oscillator in response to a control
signal.

2. A method according to claim 1 wherein said con-
trol signal comprises an externally produced reset sig-
nal.

3. A method according to claim 1 wherein said con-
trol signal comprises an interrupt signal.

4. In a digital computing system which executes soft-
ware instructions in synchronization with clock signals
generated by a master clock oscillator in an enabled
condition thereof, a method for reducing the energy
consumed by the digital system, comprising the steps of:

executing a predetermined software instruction se-

lected for execution by said digital computing sys-
tem;
inhibiting passage of said clock signals from said mas-
ter clock oscillator to said digital computing sys-
tem in response to the execution of said predeter-
mined software instruction, and continuing to in-
hibit passage of said clock signals for a predeter-
mined length of time after said master clock oscilla-
tor has been enabled; .

disabling the generation of said clock signals by said
master clock oscillator in response to the decoding
of said predetermined software instruction; and

enabling the generation of said clock signals by said
master clock oscillator in response to a control
signal.

5. A method according to claim 1 wherein said con-
tr:Il signal comprises an externally produced reset sig-
nal.

6. A method according to claim 1 wherein said con-
trol signal comprises an interrupt signal.

* x * ® *
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METHOD FOR PROVIDING ALPHA PARTICLE
PROTECTION FOR AN INTEGRATED CIRCUIT
DIE

BACKGROUND OF THE INVENTION .

1. Field of the Invention

The subject invention relates generally to methods
for providing alpha particle protection for integrated
circuit die, and, in particular, to a method for providing
alpha particle protection for an integrated circuit die
prior to the plastic encapsulation thereof.

2. Description of the Prior Art

The phenomenon of charge carrier generation as a
result of the passage of an alpha particle through the
active surface of an integrated circuit die has been
known for many years. However, the effects were gen-
erally considered to be laboratory curiosities prior to
the advent of high density, dynamic MOS memories
wherein the stored data is represented by the presence
or absence of quantities of charge stored on capacitor
portions of the storage cells. As improvemeats in fabri-

~ cation processes allowed the shrinkage of the storage
cells, the quantity of charge distinguishing a “zero™
from a “one” shrank relative to the number of charge
carriers generated by a typical alpha particle impact. In
April of 1978, T. C. Mays and M. H. Woods with the
physical analysis laboratory of Intel Corporation first
reported the protection of “soft” errors induced by
alpha particles in such dynamic memories. (Proceedings
of the 1978 Iniernational Reliability Physics Symposium;
see also “Alpha-Particle-Induced Soft Errors in Dy-
namic Memories,” LE.E.E. Transactions on EIectron
Devices, Vol. EE-26, January 1979).

Since 1978, efforts to prevent alpha particle mduced
errors in integrated circuits have focused on three ap-
proaches: (1) to design the circuitry, particularly charge
storage cells, with sufficiently high operating margins
to ensure that the quantity of charge carriers generated
by even very energetic alpha particles will be insuffi-
cient to effect the logic state; (2) packaging the inte-
grated circuit using materials having very low levels of
radioactive impurities such as uranium and thorium; and
(3) protecting the active surface of the integrated circuit
with a material which absorbs the alpha particles before
they reach the surface. A fourth alternative, not avail-
able to the integrated circuit manufacturer, is to provide
an error detection and correction in the system in which
the sensitive circuit is used. Since alternative 1 typically

requires an increased charge storage capability, the:

resulting increase in die size will often be prohibitive.
Alternative 2, while appearing to be the most advanta-
geous, is very difficult to achieve and, with respect to
plastic encapsulation, is presently unavailable due to the
lack of any suitable filler material with sufficiently low
levels of contaminants. As a result of these and other
limitations, attention has been focused upon alternative
3 in an effort to identify one or more techniques for
shielding the surface of the integrated circuit from the
alpha particles generated within the package material
itself.

In general, surface shielding has taken one of two
forms: (1) a preformed tape of a suitably dense flexible
material, such as polyimide, which can be adhered to
the active surface of the integrated circuit prior to pack-
aging; and (2) a liquid material, such as a liquid poly-
imide precursor compound, which is dispensed upon
the active surface of the die and allowed to spread over
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the critical area and then cured prior to packaging.
Development of the tape process has been severely
impacted by the difficulty in physically attaching the
tape to the integrated circuit die without damaging
either the die, the tape or the wire bonds connecting the
circuit to the adjacent portions of the lead frame, and by
difficulty in achieving consistant adhesion between the
tape and the die so as to preclude separation during and
after packaging. With respect to the liquid coating pro-

. cess, problems include poor coating to die surface adhe-

sion as a result of improper formulation or contami-
nated die surfaces, insufficiently thick coating after
curing to intercept alpha particles, and excessively thick
coatings after curing resulted in shrink-induced separa-

- tion or damage to the wire bonds or to die itself. How-

ever, at least one manufacturer, Hitachi Semiconductor
Division of Japan, is currently marketing 64 K memory
devices having a polyimide coating applied by a propri-
etary process using a liquid polyimide precursor com-
pound currently marketed by the Hitachi Chemical
Company of Japan. However, the Hitachi Chemical
Company polyimide compound, while generally suit-
able for use in side braze packages, is generally unsuit-
able for use in hermetic cerdip packaging due to the
intolerance of the required seal temperatures and the
tendency to generate intolerable levels of internal cav-
ity moisture. In addition, Hitachi Chemical Company
offers no polyimide compound suitable for use of an
integrated circuit die to be plastic encapsulated.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a method for providing alpha particle pro-
tection for an integrated circuit die to be encapsulated
in side braze, cerdip or plastic, as desired.

Another object of the present invention is to provide
a method for dispensing a selected quantity of a liquid
polyimide compound to provide alpha particle protec-
tion for an integrated circuit die.

These and other objects of the present invention are
achieved in a method for providing alpha particle pro-
tection for an integrated circuit die which has been
mounted on and electrically connected to a suitable lead
frame, comprising the steps of: depositing a selected
quantity of a liquid polyimide precursor compound
having a predetermined solids content and viscosity on
the active surface of the die to form a liquid polyimide
precursor coating thereon; curing the coating for a first
time period at a temperature selected to reduce the
volatile content thereof below a predetermined level,
and then for a second time period at a temperature
selected to substantially complete the imidization
thereof and the removal of the remaining volatile con-
tent thereof; and, substantially immediately prior to
encapsulating the coated die and selected adjacent por-
tions of the lead frame, dehydrating the coating for a
third time period at a temperature selected to remove
moisture absorbed by the coating since the curing
thereof if a significant period of time has elapsed since
the curing of the coating.

To achieve a coating of consistent thickness, a
method is provided for dispensing a selected quantity of
the liquid coating material onto the active surface of the
integrated circuit die, comprising the steps of: subject-
ing to a substantially constant, predetermined pressure a
quantity of a liquid polyimide precursor compound
having a predetermined solids content and viscosity;
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and then directing for a predetermined length of time a
portion of said compound through a conduit of prede-
termined cross-sectional area onto said surface.

DESCRIPTION OF THE DRAWING

The single FIGURE illustrates the several steps com-
prising the method of the subject invention.

DESCRIPTION OF THE PREFERRED METHOD

In the development of the preferred method of the
subject invention, considerable testing was done in
order to determine the minimum thickness below which
protection against the alpha particle radiation is insuffi-
cient to ensure that alpha particle induced soft errors
during operation of the protected integrated circuit
remained below a specified limit. In general, this mini-
mum thickness is a function of the sensitivity of the
integrated circuit to be protected, the selected soft error
tolerance limit, the flux density and energy distribution
of the alpha particle radiation emanating from the pack-
aging materials, and the resistivity of the selected coat-
ing material after curing to the passage of alpha parti-
cles therethrough. For example, using the 64 K dy-
namic RAM integrated circuit commercially available
from Motorola in a plastic package as part no.
MCMG6665AP, the Dupont polyimide precursor com-
mercially available as Pyralin PI2562 satisfies a soft
error tolerance limit of 1 failure in 10,000 hours with a
minimum thickness of 1 mil. However, testing of cured
coatings of other polyimide precursor compounds have
been shown to exhibit similar alpha radiation shielding
properties. While in general, coatings thicker than the
minimum thickness provide extra insurance against
alpha particle induced soft errors, shrinkage of the coat-
ing during the curing process may exert sufficient stress
upon the die to cause wire bond separation or, under
extreme circumstances, die shear or coating separation.
Tests have shown that a maximum thickness of the
cured coating of the order of about 10 mils should pre-
clude such damage.

Having established a minimum and a maximum thick-
ness goal for the cured coating appropriate for provid-
ing the desired level of alpha particle protection’ for a
particular integrated circuit die, the viscosity and solids
contents of an appropriate liquid polyimide precursor
compound must be selected, since each affects the vol-
ume of compound necessary to produce the desired
coating. In general, the viscosity of the selected liquid
polyimide precursor compound must be low enough so
that, when dispersed on the active surface of the inte-
grated circuit die, it will flow outward to the die edges
and completely cover the active surface. On the other
hand, the viscosity must not be so high that the poly-
imide precursor compound will flow over the edges of
the die, possibly contaminating other portions of the die
assembly. Within these broad guidelines, a viscosity of
the order of between about 75 and 200 centipoise has
been found to be acceptable, although viscosities out-
side of this range may be acceptable from a functional
standpoint in particular circumstances. While viscosity
affects the surface coverage characteristic of the liquid
polyimide precursor compound, the solids content or
percent of solids in the compound tends to affect the
cross sectional configuration of the final cured coating.
For example, liquid polyimide precursor compounds
containing less than about 15 percent solids have been
found to produce a cured coating having a concave
profile, thus undesirably thinning the cured coating
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over the central portions of the integrated circuit die.
On the other hand, a liquid polyimide precursor com-
pound having a solids content above about 30 to 37
percent tends to a viscosity higher than desired, thus
requiring such a large amount of liquid material to com-
pletely cover the die that the resulting coating is exces-
sively thick. As a result, the mismatch of the coefficients
of thermal expansion between the die and the coating
often generates shear stress between the die and the
coating sufficient to cause delamination or die fracture.
Thus, a suitable liquid polyimide precursor compound
will have a percents solids between about 20 and 30
percent and, preferably, between about 24 and 27 per-
cent.

An initial estimate of the volume of the selected liquid
polyimide precursor compound required to provide the
desired cured coating thickness may be computed in a
conventional manner using the solids/solvents ratio of
the selected compound and the active surface area of
the integrated circuit die to be protected. Using this
estimate as the starting point, more accurate determina-
tions of the required volume can be empirically deter-
mined using the actual die and curing process. Recali-
bration for the particular die should thereafter be neces-
sary only if the composition of the selected compound
varies or if the curing process is modified.

In the preferred process for practicing the present
integrated circuit protection method shown in the FIG-
URE, a precision fluid dispensing system 10 of the
pneumatic type is employed. In the system 190, a control-
ler 12 is coupled in a conventional manner to a com-
pressed air source (not shown) and to an alternating
current source (not shown). In operation, the controller
12 applies a substantially constant pressure selected via
a pressure control knob 14 to a reservoir 16 containing
a quantity of the selected liquid polyimide precursor
compound. In response to the actuation of an operator

footswitch 18, the controller 12 enables a metering head

20 to pass the pressurized polyimide precursor com-

.pound from the reservoir 16 to a hand-held dispenser 22

for a period of time determined by a cycle time control
knob 24. One such precision fluid dispensing system 10

_suitable for practicing the present method is the model
:280J commercially available from the Tridak Division

of Indicon Inc., Secor Road, Brookfield Center, Conn.

06805.

To calibrate the selected dispensing system 10, the
pressure control knob 14 is set within the operating
range of the controller 12 to suit the viscosity of the

.selected liquid polyimide precursor compound. The

cycle time control knob 24 is then varied until the re-
quired volume is dispensed via the metering head 20.
Periodically, the accuracy of the volume dispensed by
the dispensing system 10 can be quickly verified by
inserting the dispensing needle portion of the dispenser

.22 into a short section of tubing 26 having substantially

the same inner diameter as the outer diameter of the
dispensing needle. The resulting length of the column of
liquid polyimide precursor injected into the tubing 26
will then be equal to the polyimide precursor actually
dispensed divided by the cross-sectional area of the
tubing 26. This “gauge” length can be quickly verified
using a ruler 28 or the like.

The present method is preferably performed after a
given integrated circuit die 30 has been mounted for
packaging, such as on the flag 32 of a conventional lead
frame 34, and electrically connected to the appropriate
conductor leads 36 via bonding wires 38. The dispens-
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ing system 10 can then be selectively actuated via the
operator footswitch 18 to deposit the selected quantity
of the liquid polyimide precursor compound on the
active surface of the die 30 to form a liquid polyimide
precursor coating 402 thereon. The die assembly is then
placed in an oven 42z and heated to a temperature se-
lected to reduce the solvent content of the coating 40a
sufficiently slowly to preclude the formation of signifi-
cant gas bubbles therein. For example, an upper temper-
ature limit for this “low temperature cure” suitable for
the PI2562 polyimide precursor has been found to be
between. about 100° C. and 150° C. However, it is
deemed preferable to operate the oven 42a somewhat
below the particular upper temperature limit to mini-
mize the likelihood of bubble generation, even though
to do so may extend slightly the low temperature curing
time. This low temperature cure should be continued
until at least about 95% of the solvent content of the
coating 40a has been driven off, typically between
about 1 and 4 hours. It has been discovered that the
temperature of the oven 424 should be ramped from
about ambient up to the selected low cure temperature,
in order to minimize the likelihood of delamination of
the coating 40a during the subsequent high temperature
cure thereof. This can be accomplished directly by
using a suitably equipped oven 42a or indirectly by
simply overloading an oven 424 capable of bringing the
overload up to the desired temperature within about 15
to 30 minutes of loading. One oven found particularly
well suited for performing the low temperature cure
using the latter indirect ramping technique is the Model
5851 commercially available from the National Appli-
ance Company of Portland, Oreg.

After the low temperature cure, the partially cured
coating 405 is then raised to a temperature selected to
substantially complete the imidization thereof and the
removal of the remaining solvent content thereof and
the water molecules released during the imidization
process. The lower temperature limit for this “high
temperature cure” should be sufficient to sustain the
imidization process, while the upper temperature limit
is generally dictated by the tolerance of the die assem-
bly. A suitable temperature for performing this high
temperature cure for the PI2562 polyimide precursor is
between about 250° C. and 450° C., and preferably be-
tween about 300° C. and 350° C, A curing time between
about 1 and 4 hours has been found suitable when using
the latter preferred temperature range. Although the
oven 42b used to perform the high temperature cure
may be the same as the oven 42a used to perform the
low temperature cure, the time consumed in tempera-
ture ramping may be saved by using different ovens. An
oven found suitable for performing the high tempera-
ture cure is the model POM256-B.1 commercially avail-
able from the Blue M Electric Company of Blue Island,
I

To facilitate the removal of all of the solvents from
the coating 40a-40b, each of the ovens 42a and 42b
should be plumbed with nitrogen (N2) so that a flow of
dry nitrogen can be maintained therethrough during
both the low temperature cure and the high tempera-
ture cure. However, if the die assembly is of the ceramic
type and the selected high cure temperature exceeds the
melting point of the glass material in the package, dry
filtered air is preferred rather than nitrogen in order to
minimize migration of the lead plating material.

After the high temperature cure, the die 30 and par-
ticularly the coating 40c thereon, should be inspected to
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identify any significant mechanical defects in the die 30
or the coating 40c. Those die assemblies which exhibit
die sheer ar fracture, wire bond separation or shorting,
or similar defects should be eliminated from further
processing to minimize expense. Such an inspection
should preferably be conducted under a laminar flow
hood using a suitable microscope (not shown).
Although it is known that the cured polyimide coat-
ing 40c is hygroscopic, it has been discovered that the
rate of moisture absorption following the high tempera-
ture cure proceeds surprisingly rapidly. Tests have
shown that after only 2 hours following the high tem-
perature cure, the coating 40c may absorb a sufficient
amount of moisture from the ambient atmosphere to
adversely affect the environment around the integrated
circuit die 30 once packaged. Accordingly, in the pre-
ferred method, the coating 40c is dehydrated in an oven
42c at a temperature selected to remove any moisture
absorbed by the coating 40c since the curing thereof,
substantially immediately prior to the packaging of the
coated integrated circuit die 30 whether in plastic as
shown in the FIGURE, or in ceramic. For the P12562
polyimide precursor, a dehydration temperature be-
tween about 280° C. and 450° C. has been found suit-
able, so long as the drying time is at least about 10 min-
utes. The oven model POM256-B.1 commercially avail-
able from the Blue M Electric Company has been found
suitable for performing the pre-packaging dehydration
of this coating 40c. As in the low temperature cure and
the high temperature cure, it is preferred to provide a
continuous flow of dry nitrogen, or air in the case of a
ceramic package, through the oven 42¢ during the de-
hydration to insure rapid removal of the moisture
driven out of the coating 40c.
Since many changes and modifications may be made
to the several steps of the methods disclosed herein
without departing from the spirit and scope of the pres-
ent inveantion, it is therefore intended that the following
claims cover all such changes and modifications.
I claim:
1. A method for providing alpha particle protection
for an integrated circuit die which has been mounted for
packaging and electrically connected to conductor
leads integral with such packaging, comprising the steps
of:
depositing a selected quantity of a liquid polyimide
precursor compound having a predetermined
solids content and viscosity on the active surface of
the die to form a liquid polyimide precursor coat-
ing thereon;
curing the coating for a first time period at a first
temperature selected to reduce the volatile content
thereof below a predetermined level, and for a
second time period at a second temperature se-
lected to substantially complete the imidization
thereof and the removal of the remaining volatile
content thereof: and N

substantially immediately prior to packaging the
coated die, dehydrating the coating for a third time
period at a third temperature selected to remove
moisture absorbed by the coating since the curing
thereof.

2. The method of claim 1 wherein the step of curing
the coating for a first time period is performed at a first
temperature selected to reduce the volatile content
thereof below said predetermined level sufficiently
slowly to preclude the formation of significant gas bub-
bles therein.
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3. The method of claim 2 wherein said first time per-
iod comprises until at least about 95% of the solvent
content of said coating has been driven off.

4. The method of claim 1 or 2 further including the
step of:

inspecting the die and the coating thereon after the

curing thereof to identify any significant mechani-

cal defects in the die and coating; and
wherein the step of dehydrating the coating.is per-

5

formed- after the inspection of the die and the coating -

thereon.

5. The method of claim 1 or 2 wherein the step of
depositing said selected quantity of said liquid poly-
imide precursor compound comprises the steps of:

subjecting to a substantially constant, predetermined

pressure a quantity of said liquid polyimide precur-
sor compound; and '

directing for a fourth predetermined length of time a

portion of said compound through a conduit of

predetermined cross-sectional area onto said sur-
face.
6. The method of claim 5 including the further step
of: : ‘
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periodically dispensing one of said portions of said
compound into a length of tubing of predetermined
cross-sectional area and verifying that the resulting
“length of the column of said compound in said
tubing is substartially equal to a predetermined

gauge length,
- 1. The method of claim 1 or 2 wherein said first tem-
perature is selected between about 100° C. and 150° C.

8. The method of claim 1 or 2 wherein said second
temperature is selected between about 250° C. and 450°
C., and preferably, between about 300° C. and 350° C.

9. The method of claim 1 or 2 wherein the step of
curing the coating is performed in a flow of dry nitro-
gen.

10. The method of claim 1 or 2 wherein the step of
dehydrating the coating is performed in a flow of dry
nitrogen.

11. The method of claim 1 or 2 wherein the liquid
polyimide precursor compound has a solids content
between about 20 and 30 percent, and preferably be-
tween about 24 and 27 percent.

12. The method of claim 1 or 2 wherein the liquid
polyimide precursor compound has a viscosity of the

order of between about 75 and 200 centipoise.
* =x * s %
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DUAL LAYER PASSIVATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates, in general, to means and meth-
ods for improved electronic devices, especially semi-
conductor devices and integrated circuits, and more
particularly, to an improved manufacturing process for
structures involving passivated metal layers or multiple
passivated metal layers on nitride passivated substrates,
and to structures, devices, and circuits made thereby.

2. Background Art

It is common practice in the manufacture of semicon-
ductor devices and integrated circuits, and other elec-
tronic devices as well, to protect the semiconductor
surface and the metal surface layers with a covering
dielectric. This dielectric is referred to as the passiv-
ation layer or the metal passivation layer, and is often
the outermost layer of the device. Openings are pro-
vided in the passivation layer through which external
connections to the device may be made. As used herein,
the word “device” is intended to include both individ-
ual devices, portions of devices, and collections of de-
vices, as for example in integrated circuits and the like.

Frequently, a device will require multiple metal lay-
ers, one crossing over the other and separated by an
interlayer dielectric. In this case the interlayer dielectric
serves to passivate the first metal layer as well as insu-
late and separate it from the overlying second metal
layer. Interlayer connection points are provided
through openings formed for that purpose in the passiv-
ation layer serving as the interlayer dielectric.

With semiconductor and other devices having con-
ductive substrates, a primary dielectric layer is also
required between the substrate and any metal layers.
This dielectric serves to passivate the substrate surface
as well as insulate it from the metal layer or layers.
Again, openings may be provided for connection
points. When structures involving one or more metal
layers superimposed on a dielectric layer and covered
by a passivation layer are heated during subsequent
manufacturing stages, as for example during assembly
die bonding, it is found that voids frequently form in the
metal layer or layers. These voids can be of appreciable
size relative to the thickness and width of the metal
conductor paths. The voids create weaknesses in the
conductor paths which lead to reduced manufacturing
vield and poorer reliability. This phenomenon is partic-
ularly severe when an aluminum alloy is used for the
metal layer or layers and one of the several dielectric
layers includes a nitride material. Thus, a need exists for
a system of materials and manufacturing methods which
reduces or eliminate the formation of voids in layered
structures wherein one or more metal layers are sand-
wiched between dielectric layers. Because of their
widespread use, there is a particular need for reducing
or eliminating void formation in silicon oxide—ni-
tride—aluminum alloy—doped oxide layer structures.

Accordingly, it is an object of this invention to pro-
vide an improved manufacturing method for the forma-
tion of metal—passivation layer structures wherein void
formation in the metal layer is reduced or eliminated.

It is a further object of this invention to provide an
improved manufacturing method for the formation of
dielectric—first  metal—first  passivation—second
metal—second passivation layer structures wherein
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void formation in one or both metal layers is reduced or
eliminated.

It is an additional object of this invention to provide
an improved process for the manufacture of dielec-
tric—metal—passivation layer structures and/or dielec-
tric—first metal—first passivation layer—second
metal—second passivation layer structure, wherein the
passivation layer or layers comprise a double layer.

It is a further object of this invention to provide the
double layer by means of a first layer portion of a
plasma formed oxide in contact with the underlying
metal, and a second layer portion of a doped oxide
overlying the first layer portion.

It is an additional object of this invention to provide

- the first layer portion by means of plasma enhanced

chemical vapor deposition.

It is an additional object of this invention to provide
the double layer by means of a first layer portion of an
oxide which is in compressive stress and a second layer
portion of an oxide which is not in compressive stress.

It is a further object of this invention to provide im-
proved electronic devices made by the methods of this
invention.

SUMMARY OF THE INVENTION

In a first embodiment of the invention, a substrate is
first coated with a primary passivation (dielectric)
layer. It is desirable that this primary passivation layer
have an outer surface comprising a nitride. A metal
layer is next formed on the outer surface and then over-
coated with a metal passivation layer comprising a first
portion of a plasma formed oxide, and a second portion
of a doped oxide formed by other means. Optional
contacts between the substrate and the metal layer are
provided by openings cut for that purpose in the pri-
mary passivation layer. The plasma formed oxide is
conveniently created by plasma enhanced chemical
vapor deposition.

In a second embadiment of the invention, a substrate
is first coated with a primary passivation layer. A metal
layer is next formed on the outer surface and then over-
coated with a first metal passivation layer comprising a
first portion of an oxide which is in compressive stress
and a second portion of an oxide which is not in com-
pressive stress. Optional contacts between the substrate
and the metal layer are provided by openings cut for
that purpose in the primary passivation layer.

In a third embodiment, a multilayer metal structure is
obtained by taking the structure formed in the first or
second embodiment and thereafter coating the first
metal passivation layer with a second metal layer. It is
desirable that the second metal be further coated with a
second metal passivation layer of the same composition
as the first metal passivation layer to inhibit void forma-
tion in the second metal layer. Optional contacts be-
tween metal layers are provided by openings cut for
that purpose in the first metal layer passivation.

Devices made using the process are substantially
more resistant to void formation in the metal layer or
layers during heating of the devices, and have lower
manufacturing cost and improved reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a top view of a portion of a prior art
device having two layers of metal conductors, one
crossing over the other, and showing voids formed in
the metal layers.
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FIG. 1B is a cross sectional view in simplified form of
a crossover portion of the prior art device of FIG. 1A
showing a typical arrangement of layers.

FIG. 2A is a top view of a portion of a device accord-
ing to the present invention, having two layers of metal
conductors, one crossing over the other and without
voids.

FIG. 2B is a cross sectional view in simplified form of
a crossover portion of the device of FIG. 2A showing
the arrangement of layers.

DETAILED DESCRIPTION OF THE
DRAWINGS

In the description which follows, the structure and
materials are illustrated for the case of a silicon semi-
conductor substrate on which are formed various sili-
con oxide and nitride layers. It will be readily apparent
to those of skill in the art that other substrate materials
could be employed. As will be subsequently discussed,
various other oxide and nitrides, as well as other dielec-
tric materials, are believed to be useful.

FIGS. 1A-B show a portion of prior art device 100
comprising substrate 101, covered by primary passiv-
ation layer 102 made up, for example, of buffer oxide
layer 102z and nitride layer 1025. First metal layer 104
is formed on nitride layer 1026 and overcoated by first
passivation layer 105. In single metal layer devices, first
passivation layer 105 forms the outermost layer of the
device and layers 106-107 are not present. In multilayer
metal devices, first passivation layer 105 serves as the
interlayer dielectric and is overcoated by second metal
layer 106 and second passivation layer 107. Methods for
forming layers 102-107 are well known in the art. For
example, passivation layers 105 and 107 are conve-
niently formed by chemical vapor deposition (CVD) of
silicon oxide at temperatures in the range 350°-550° C.,
450° C. being typical.

FIG. 1A illustrates the situation in which first metal
layer 104 has been formed into vertical conductor 104a,
and second metal layer 106 has been formed into two
horizontal conductors 106a-b. Interconnections (not
shown) between conductors 104z and 106a-b are op-
tionally provided by means of openings (*vias”) in first
passivation layer 105 at the appropriate crossing points.
Optional interconnections (not shown) between sub-
strate 101 and conductors 104q and/or 106a-b are pro-
vided by means of other vias in layer 102 and 105 at
desired locations. Methods for delineating conductor
paths and forming vias are well known in the art.

FIG. 1A further illustrates the formation of voids 108
in conductors 104a and/or 106a-b as a result of heating
the device (e.g. to temperatures above 450° C.) subse-
quent to the formation of metal layer 104 and passiv-
ation layer 105, or alternatively, after the formation of
metal layers 104 and 106 and passivation layers 105 and
107. Voids 108, shown pictorially in FIG. 1A, typically
penetrate through the thickness of conductors 1042
and/or 1062-b. They often occupy a substantial portion
of the lateral cross-section of conductor 1044, conduc-
tors 106a-b, or both. Voids 108 can completely rupture
conductors 104a and/or 106a-b causing the finished
device to be inoperative. Even if the voids do not ini-
tially break conductors 104a and/or 106a-b, when the
device is energized, the current density in conductor
1044 and/or 106a-b is increased above the design value.
This accelerates electro-migration effects which cause
further enlargement of voids 108, or growth:of new
voids, until conductors 104a and/or 106a-b are finally

\
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interrupted. Thus, not only will the initial manufactur-
ing yield be lower, but those devices which may ini-
tially function will have reduced reliability and shorter
useful lives.

FIG. 2A is a top view of device portion 200 accord-
ing to the present invention, and FIG. 2B is a schematic
cross sectional view of a crossover portion of the same
device, showing the arrangement of layers. In FIG. 24,
first metal layer 204 has been formed into vertical con-
ductor 2042, and second metal layer 206 has been
formed into horizontal conductors 206a-b. As with the
prior art device portion of FIGS. 1A-B, optional inter-
connections (not shown) between the metal layers and
between the metal layers and the substrate can be pro-
vided by vias placed in passivation layers 205 and/or
202 at the appropriate locations. The lateral geometry

- of the conductor pathways in FIG. 2A is the same as in
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FIG. 1A, but there are no voids.

In FIG. 2B, substrate 201 is covered by primary pas-
sivation layer 202 comprising, typically, buffer oxide
layer 2022 and nitride layer 202b. Buffer oxide layer
202a is desirable when substrate 201 is 2 semiconductor
such as silicon, but it is not necessary. Substrate 201 may
be any suitable material, such as, ceramic, glass, semi-
conductor, metal, plastic, or a combination thereof, and
may be single crystal, polycrystalline, amorphous or a
combination thereof. It is desirable that the surface
which receives the metal layers be reasonably smooth
compared to the thickness of the metal layers.

First metal layer 204 is formed on nitride layer 2025
and overcoated with first passivation layer 205. In sin-
gle metal layer-devices, first passivation layer 205 forms
the outermost layer of the device and layers 206-207 are
not present. In multilayer metal devices, first passiv-
ation layer 205 serves as the interlayer dielectric and is
overcoated by second metal layer 206 and second pas-
sivation layer 207. Layer 207 passivates and protects
layer 206 as well as the underlying layers exposed
where portions of metal layer 206 have been removed in
creating conductor paths 206a-b. Layer 207 is desirable
but not mandatory.

It has been discovered that void formation associated
with the prior art device structure of FIGS. 1A~B can
be avoided by forming passivation layer 205 and desir-
ably also layer 207 as double layers. The exact mecha-
nism by which the use of a double layer inhibits void
formation is not known. There is believed to be a large
residual tensile stress present in metal layer 104. The
stress comes about as a result of the differential thermal
contraction or expansion of the metal and dielectric
layers which are formed at different temperatures. As
additional layers are added on top of metal 104 (e.g.
layer 105 and, optionally, layers 106 and 107), the stress
may be frozen in. It is believed that the doped or un-
doped oxides prepared by sputtering or chemical vapor
deposition which are normally used as interlayer passiv-
ation dielectric 105 do not contribute to relieving this
stress, so that when the devices are subsequently heated
the residual stress accelerates void formation in the
metal layer or layers.

Frequently, interlayer dielectric passivation 105 is
prepared by chemical vapor deposition (CVD) of a
substantially pure silicon oxide, or a silicon oxide doped
with phosphorous, boron or other elements which assist
in stabilizing the materials. Void formation is observed
when “aluminum -or aluminum alloy metal layers are
used in conjunction with these materials. It has been
discovered that void formation in metal layer 104 is
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inhibited by replacing passivation layer 105 with double
layer 205, in which first portion 205a is formed by
plasma assisted .chemical vapor deposition (PACVD)
and second portion 2055 is formed by other means, such
as ordinary CVD. Similarly, void formation in layer 106
is inhibited by replacing passivation layer 107 with dou-
ble layer 207 in a like manner. : '

The physical properties of the PACVD passivation
material used for layer portion 2054 are belicved to be
different than the physical properties of the CVD pas-
sivation material used for layer 105 or layer portion
2055 In “Plasma Deposition of Silicon Dioxide and
Silicon Nitride”, Solid State Technology, page 167, April
1981, by E. van de Ven, it is reported that PACVD
$iO; shows intrinsic compressive stress on silicon, while
conventional CVD SiO2 shows intrinsic tensile stress. It
is also known that addition of dopants such as phospho-
rus can reduce the intrinsic tensile stress of ordinary
CVD oxides so as to produce doped oxide layers having
little or no tensile stress relative to silicon substrate. It is
not clear how these and other characteristics of the
different passivation oxides interact with the metal layer
to reduce void formation, but the different intrinsic
stress characteristics are believed to be important, that
is, void formation is reduced when layer portion 205a is
formed from a material having intrinsic compressive

stress relative to the substrate when combined with®

layer portion 2056 which does not have intrinsic com-
pressive stress relative to the substrate.

It is not practicable to use the PACVD oxide alone,
that is, to make layer 205 entirely of PACVD oxide.
This is because there are local variations in the etchi rate
which result in a loss of definition in the interconnect
vias. Additionally, the etch rate and apparent porosity
of the PACVD oxide is different depending on whether
it rests on metal or nitride. The apparent porosity is
greater over the nitride. Thus a via which extends be-

_'yond the edge of a metal stripe onto the nitride surface
has very ragged edges over the nitride. Poor via defini-
tion reduces manufacturing yield. This problem is
avoided by the double layer structure since definition of
the vias is controlled by the relatively thicker outer
CVD material, while the buffering or stress relief func-

' tion to inhibit void formation in the underlying metal is
provided by the comparatively thinner PACVD mate-
rial placed in contact with the underlying metal layer.

The following example of a preferred structure and
method of manufacture is illustrated for a silicon based
semiconductor device having two metal layers. It will
be readily apparent io one of skill in the art that the

_method and structure so described apply to a wide
choice of substrate material§ and device configurations,
particularly those which utilize a nitride passivation
layer or other dielectric materials underlying the metal
layer which can produce a high stress condition in the

~ metal. o ' ‘

~_ Silicon wafer substrate 201 is preferably but not es-
sentially, coated with thin buffer layer 202a of silicon

_oxide of a thickness in the range of 10-200 nm, with 100

nm being convenieiit, and then coated with nitride layer

,202b, preferably of silicon nitride, of a thickness in the

range 10-1000 nm, with .90-110 nm being convenient.

First metal layer 204 of aluminuh, or (96% Al):(4% Si)

or (94% Al):(1.5% Si):(1.5% Cu) alloy is formed on
layer 202b. First metal layer 204 has a thickness in the
range 20-2000 nm with 600-800 nm being convenient.

Methods for forming metal layers of these and other

materials are well known in the art. Sputtering was
Ad
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6
found to be convenient. Buffer oxide 202q is typically
thermally grown and. nitride layer 202b is typically
deposited by vacuum CVD techniques. Such tech-
niques are well known in the art. Other methods such as
sputtering and PACVD are also useful.

Passivation layer 205 is formed as a double layer by
depositing, in contact. with metal layer 204, first layer
portion 2052 of a substantially pure PACVD silicon
oxide of thickness in the range 10-500 nm, with 90-110
nm being convenient. Second layer portion 2055 is then
deposited over first layer portion 205a. Second layer
portion 2056 comprises, typically, 2 5% to 6.5% phos-
phorous doped CVD silicon oxide of thickness in the
range 500-2000 nm, with 5.75% phosphorous and
810-990 nm thickness being preferred. While the thick-
ness of layer portions 205a and 2055 can be varied over
a wide range, it is desirable that portion 2054 be thicker
than portion 205z in order to facilitate preparation of
vias by chemical etching. ’

PACVD of silicon oxide for layer 2052 has been
carried out in a commercial reactor, model 3000 PLAS-
MA-II reactor manufactured by Applied Materials Cor-
poration, 3050 Bowers Avenue, Santa Clara, Calif,
using silane and nitrous oxide as source gases. Other
silicon bearing gases and oxidant gases will also serve,
and a wide range of source to oxidant ratios can be used
so long as there is an excess of oxidant. Pressures in the
range 100-500 microns (13.3-66.5 Pa), temperatures in
the range 250°-500° C., silane flow rates in the range
6-600 ml per minute, silane to oxidant ratios in the range
1:2-1:100, and reactor power levels above 10 watts are
useful. The deposition rate increases as power level and
reactant flow rate are increased. A deposition rate of
approximately 40 nm thickness per minute was obtained
when the reactor was operated at a pressure of 250
microns (33.3 Pa), a power level of 150 watts, a silane
flow rate of 60 ml per minute, a temperature of 300° C.
and a silane to oxidant ratio of 1:15. These settings were
found to be convenient. The index of refraction of
PACVD silicon oxide layers was in the range 1.57-1.61,
as compared to 1.45 for the phosphorous doped or sub-
stantially pure CVD silicon oxide layers. PACVD sili-
con oxide layers as used herein were found to be in
compressive stress relative to [100] silicon substrates.
Phosphorous doped CVD oxide layers as used herein,
were found not to be in compressive stress relative to
[100] silicon substrates. '

The phosphorous doped CVD silicon oxide was pre-
pared by methods well known in the art using 2 stan--
dard hot walled CVD reactor operating at temperatures
in the range 350 to 550 degrees C., with 400 to 500
degrees C. being preferred and 450° C. being conve-
nient. Conventional photoresist and etching steps were
used, when desired, to open vias in layer 205 to permit
contact to metal layer 204 and in layer 202 to permit
connections between layer 204 and substrate 201. In a
single metal layer device, layer 205 serves as the final
passivation layer and is typically the outermost layer of
the device.

For a multilayer metal dévice, second metal layer 206
is formed on first passivation layer 205 which then
serves as the interlayer dielectric. Metal layer 205 -may
be of any suitable material. The same materials and
range of thicknesses as in first metal layer 204 are con-
veniently used for second metal layer 206. Second metal
passivation layer 207 is formed on second metal layer
206. Layer 207 may be of the same or different dielec-
tric materials as in layer 205. It is convenient to use the
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'same materials and range of thicknesses, and to form
layer 207 with the same double layer structure as in
layer 205 in order to inhibit void formation in second
metal layer 206. In a two layer metal device, passivation
layer 207 is often the outermost layer of the device.
Openings (vias) are cut in layer 207 by means well
known in the art to permit external connections to metal
layer 206 and/or to permit interconnections between
layers 206 and 204. Sometimes, an organic coating is
applied over layer 207 for further protection from the
ambient.

Devices prepared according to the methods de-
scribed above and without an.organic overcoat were
subjected to extended heating at temperatures exceed-
ing 500° C. Prior art devices having similar layer thick-
nesses and prepared by substantially similar techniques,
but using ordinary CVD oxides for passivation layers
and lacking the double layer passivation structure of the
present invention, were used as controls and similarly
tested. The prior art devices showed significant void
formation in the first and/or second metal layers while
the devices prepared according to the present invention
had no voids. The manufacturing yield and reliability of
the devices prepared according to the present invention
were thereby improved.

The invention has been illustrated for the situation
wherein double layer portions 205a, 2056 (and option-
ally 207a, 207b) were prepared by, respectively,
PACVD of substantially pure silicon oxide, and CVD
of phosphorous doped silicon oxide. It is believed that
other preparation methods and materials will also serve,
provided that the resulting films have properties similar
to those obtained by these methods, in particular, that
layer 205a exhibit intrinsic compressive stress and layer
2055 not exhibit intrinsic compressive stress relative to
substrate 201. As used herein, the words “plasma de-
rived” or “‘plasma assisted” refer to formation methods
for dielectric passivation layers which use gas plasma

and/or gas discharge reactions to form dielectric films,

such as, but not limited to, plasma assisted chemical
vapor deposition (PACVD).

The invention has further been illustrated for the
situation where an aluminum alloy was used as the met-
allization. It will be readily apparent to those of skill in
the art, that other metals can also be used. Accordingly
it is intended to include these and other variations that
are within the scope and spirit of the present invention.

We claim:

1. In a process for fabricating electronic devices
wherein a first metal layer is formed on a first dielectric
layer on a substrate, an interlayer dielectric is formed on
said first metal layer, and a second metal layer is formed
on said interlayer dielectric, the improvement compris-
ing, forming said interlayer dielectric by depositing on
said first metal layer a plasma derived oxide and overly-
ing said plasma derived oxide with an other oxide
formed by other means.

2. The process of claim 1 wherein said depositing step
comprises depositing said plasma derived oxide by
plasma enhanced chemical vapor deposition and
wherein said other oxide is formed by chemical vapor
deposition.
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3. The process of claim 2 wherein said first dielectric
layer comprises silicon nitride, said plasma derived
oxide comprises silicon oxide, and said other oxide com-
prises a phosphorous doped silicon oxide.

4. In a process for fabricating electronic devices
wherein a first metal layer is formed on a first dielectric
layer on a substrate, an interlayer dielectric is formed on
said first metal layer, and a second metal layer is formed
on said interlayer dielectric, the improvement compris-
ing, forming said interlayer dielectric by depositing on
said first metal layer a first oxide exhibiting intrinsic
compressive stress relative to said substrate, and cover-
ing said first layer by a second layer not exhibiting
substantial intrinsic compressive stress relative to said
substrate and formed by a different process than said
first oxide layer.

5. The process of claim 4 wherein said depositing step
comprises depositing said first oxide by plasma en-
hanced chemical vapor deposition.

6. The process of claim 5 wherein said first dielectric
layer comprises silicon nitride, said first oxide com-
prises silicon oxide, and said second oxide comprises a
phosphorous doped silicon oxide.

7. A process for fabricating electronic devices on a
substrate comprising:

forming on said substrate a first dielectric layer;

forming on said first dielectric layer a first metal

layer;
forming on said first metal layer a second dielectric
layer having a predetermined compressive stress;

forming on said second dielectric layer a third dielec-
tric layer substantially free of compressive stress;
and

forming on said second dielectric layer a second

metal layer.

8. The process of claim 7 wherein said first forming
step comprises forming a first dielectric layer having an
outer surface of silicon nitride, and said third forming
step comprises forming said second dielectric layer by
plasma assisted deposition of silicon oxide.

9. The process of claim 8 wherein said second form-
ing step comprises forming said first metal from an
aluminum alloy.

10. A process for fabricating electronic devices on a
substrate comprising:

forming on said substrate a first dielectric layer;

forming on said first dielectric layer a first metal

" layer;

forming on said first metal layer a substantially pure

oxide layer by plasma assisted chemical vapor de-

- position;

forming on said -substantially pure oxide layer a

doped oxide layer by chemical vapor deposition;
and

forming on said doped oxide layer a second metal

layer.

11. The process of claim 8 or 10 further comprising
forming on said second metal layer a passivation layer
comprising a first portion formed by plasma assisted
deposition of silicon oxide and a second portion formed
by chemical vapor deposition of silicon oxide.

12. An electronic device fabricated according to the

process of claim 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10.
% * * * %
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1
DEPOSITION OF SILICON NITRIDE

This is a continuation of application Ser. No. 635,012,
filed Nov. 25, 1975, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to the pyrolytic deposition of
silicon nitride onto a heated substrate and to substrates
having uniform films of silicon nitride deposited
thereon. More particularly, this invention relates to the
deposition of silicon nitride by reacting a halosilane
with ammonia in an evacuated system.

Silicon nitride (Si3N4) is a dense, chemically inert,
dielectric material of extreme hardness, low thermal
conductivity and high resistance to molecular diffusion.
These properties have made silicon nitride an attractive
and valuable material for a wide range of applications.
For example, it is useful in the fabrication of semicon-
ductor devices as oxidation masks, capacitor dielectrics
for bit storage, masking layers, polish retarders, etc.

Various methods for depositing silicon nitride are
known, but while the processes described in the prior
art are functional in certain applications, they present
drawbacks in other areas. For example, it has been
found to be extremely difficult to deposit silicon nitride
onto semiconductor substrates in a manner that will

allow a good growth rate, uniform deposition, and a'

high quality coating in an economical process.

Thus, the deposition of silicon nitride by the reaction
of either silane or dichlorosilane with ammonia at a
pressure of about 1 atmosphere is conventional. How-
ever, the aforementioned processes are not completely
satisfactory for depositing silicon nitride on semicon-
ductor substrates because of the high cost of the equip-

10

25

35

ment, over-all processing costs including the necessity

of employing a carrier gas, and low throughput. Fur-
thermore, these. processes result in poor thickness uni-
formity on individual wafers and from wafer-to-wafer.

Accordingly, E. Tanikawa et al in “Chemical Vapor
Deposition In An Evacuated System”, C.V.D. 4th In-
ternational Conference, ECS, G. F. Wakefield and J. M.
Blocher, ed., 261-273 (1973) describe the reaction of
silane and ammonia in an evacuated system to deposit
silicon nitride on silicon wafers. However, wafers
treated according to this process have been found to
have a thicker ring of silicon nitride around the edge of
the wafer together with silicon or silicon nitride dust
and boat marks on the wafers. Furthermore, for best
results, wafer size and spacing in the furnace must be
uniform in carrying out the deposition.

It has now been found in accordance with this inven-
tion that silicon nitride can be deposited to provide
surprisingly unexpected results by employing a halosi-
lane as a reactant and carrying out the process in a
vacuum.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an im-
proved method for the pyrolytic deposition: of silicon
nitride.

It is a further object of this invention to provide an
economical process for the deposition of silicon nitride
characterized by high through-put.

It is another object of this invention to provide uni-

- form and continuous coatings of silicon nitride which

are free from defects. \
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It is still another object of this invention to provide
improved yields of semiconductor devices made from
silicon wafers having silicon nitride deposited thereon.

In accordance with this invention, silicon nitride is
pyrolytically deposited upon a substrate by contacting a
mixture of a halosilane and ammonia with a substrate in
a vacuum at an elevated temperature.. s

The process of this invention will be better under-
stood by reference to.the following description of the
invention and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:

FIG. 1 is a schematic view of an apparatus for use in
the process of this invention. )
. FIG. 2 is an isometric view, partly broken away, of a
furnace tube loaded with wafers and suitable for use in
the practice of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to the Figures, there is shown a furnace
tube 10 heated by resistance heat coils 12 adjusted to
give the desired temperature as described in detail be-

Jow. . -

. A gas panel generally referred to as 14 leads to the
inlet end of furnace tube 10. This gas panel contains a -
source of halosilane 16, nitrogen 18 and ammonia 20,
which are admitted to the furnace tube by opening
valves 22, 24, 26 and 28. The halosilane is any monohal-
ogenated or polyhalogenated silane, including the chio-
rosilanes, fluorosilanes, bromosilanes and iodosilanes.
Preferably chlorosilanes such as chlorosilane, di-
chlorosilane, trichlorosilane and silicon tetrachloride
are employed. The flow of gases is controlled by flow
meter valves 30, 32 and 34. An end cap 36 is in engage-
ment with furnace tube 10 to provide a vacuum seal
within the tube, and the pressure is read by vacuum
gauge 38. Exhaust 40 serves to. vent by-products and
unreacted starting materials from the tube. As shown,
the furnace tube holds a quartz boat 42 loaded with a
plurality of silicon wafers 44, which are positioned with
their broad surfaces perpendicular to the cylindrical
axis of the tube. The wafer positioning is clearer in FIG.
2. Preferably, a spacing of 50 to 500 mils between wafer
surfaces is employed, with as many wafers as can be
accommodated by the tube being processed at one time.
While the type of wafer positioning shown in the draw-
ings provides for maximum utilization of the tube, other
means of positioning the wafers are contemplated. Fur-
thermore, the process can be carried out in different
types of vacuum apparatus. .

In carrying out the process of this invention, the
furnace tube is heated to the appropriate temperature
for the particular halosilane and purged with nitrogen.
Then the boat containing silicon wafers is loaded into
the tube. The selected temperature should be high
enough to give an acceptable growth rate while mini-
mizing the competitive thermal decomposition of the
halosilane to produce silicon. Generally a temperature
between about 650° C. and 1000° C. is employed.

Another feature of this invention is that 2 temperature
ramp can be established within the furnace tube. Thus,
there can be a temperature variation along the tube, up
to 100° C., and preferably from 10° C. to 50° C., with
the lowest temperature being near the gas inlet end of
the tube and the highest temperature near the opposite
end of the tube. It has been found that utilizing a tem-
perature ramp allows more flexibility in optimizing
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down-the-boat uniformity and deposition rate. Higher
temperatures increase both the deposition rate and the
source gas depletion. Source gas depletion decreases
wafer uniformity down the boat. Since higher deposi-
tion rates are desirable to.increase throughput, one
compensates for source gas depletion by temperature
ramping, with the more depleted end at the highest
temperature.

After the boat has been loaded into the tube and the
desired temperature achieved, a vacuum less than 50p is

established. Then, ammonia and halosilane are admitted

to the tube, bringing the pressure to from about 300

millitor to about 10 torr. The flow is regulated so that
the mole ratio of ammonia to halosilane is from about |
to 500:1. Furthermore, the ammonia is metered into the
furnace tube at a rate between about 0.01 and 10 cc/sec,
while the halosilane is metered into the tube at a rate
between about 0.01 and about 0.5 cc/sec. It has been
found that the growth of silicon nitride under these
conditions is about 5 to 100 A°/minute; the process is
continued until the desired thickness is deposited on the
wafers. For most semiconductor applications, 200~2000
A° thick layers are desired, but the process of the inven-
tion is suitable to deposit layers of any thickness.

The silicon nitride layers produced according to this
process have been found to have many advantages over
those produced by prior art processes. Thus, the periph-
eral ring of thicker nitride found on wafers treated with
silane and ammonia under vacuum is eliminated. Fur-
thermore; silicon or silicon nitride dust formation and
boats marks found in the aforementioned silane process
were reduced to an insignificant level. Since the silicon
nitride layers are uniform, more devices can be made
from semiconductor wafers treated in accordance with

’
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this .invention, further enhancing the attractiveness of 35

the process.
The following example will serve to illustrate the
practice of this invention.

EXAMPLE 1

One hundred fifteen precleaned 3-inch diameter sili-
con wafers were loaded into a three-rail quartz boat 16
inches long with 3/32 inch wafer spacing; in accor-
dance with standard diffusion techniques, five dummy
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wafers were placed at each end of the boat. Then the
boat was placed in a 10! mm outside diameter quartz
tube in a thermco furnace. The temperature profile of
the furnace was ramped so that thermocouple measure-
ments at three equidistant points covering the center 20
inches of the furnace gave readings of 730° C., 750° C.
and 770° C. respectively, with the lowest temperature at
the end adjacent to the gas inlet. The furnace was evac-
uated to less than 50u and purged with nitrogen for ten
minutes at a pressure of 2 torr. Then the nitrogen was
turned off and the system pumped down to a pressure
less than 50u. Ammonia was injected at a flow rate of
0.24 cc/sec for one minute. Then dichlorosilane was
injected at a flow rate of 0.02 cc/sec while continuing
the injection of ammonia. After 60 minutes, the di--
chlorosilane flow was terminated and the ammonia flow
was terminated one minute later. These flow rates cor-
respond to a molar ratio of ammonia to dichlorosilane
of about 12 to 1. Then the furnace was pumped to a
pressure of less than 50p and purged with nitrogen for
five minutes at a pressure of 2 torr. The vacuum valve
was closed and the system back-filled with nitrogen.
The boat was unloaded and the wafers evaluated. They
were found to have a 1000A° thick layer of silicon ni-
tride which was uniform from wafer to wafer +10%,
and around the wafer +1%; the wafers exhibited no
haziness and no boat marks.

What is claimed is:

1. A method for the pyrolytic deposition of silicon
nitride upon a plurality of substrates which comprises
placing said plurality of substrates in a reactor tube with
their broad faces perpendicular to the flow of a mixture
of dichlorosilane and ammonia at a temperature of from
about 650° C. to about 1000° C. in a vacuum of about
300 millitorr to about 10 Torr.

2. The method of claim 1 where said temperature is
from about 770° C. to about 780° C. _

3. The method of claim 1 wherein the temperature is
ramped up to about 100° C. along the direction of said
flow.

4. The method of claim 1 wherein the temperature is
ramped up from 10° C..to 50° C. along the direction of

said flow.
L ] 3 L ] ] L J
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RANDOMLY ACCESSIBLE MEMORY HAVING
TIME OVERLAPPING MEMORY ACCESSES

This application is a continuation of prior application
Ser. No. 07/702,880, filed May 20, 1991, now aban-
doned.

FIELD OF THE INVENTION

This invention relates generally to memories and
more particularly, to a randomly accessible memory.

BACKGROUND OF THE INVENTION

As data processing systems operate at faster speeds,
associated peripheral memory devices must be able to
function at compatible frequencies. However, as semi-
conductor technologies improve performance, the fre-
quency at which a data processing system operates has
increased to equal or even surpass the operating fre-
quency of peripheral memory devices. In the latter case,
the data processing system must often wait several
clock cycles for information to be received from periph-
eral memory devices. Consequently, several techniques
have been introduced to alleviate or shorten the latency
between the performance of peripheral memory devices
and the performance of the data processing system.

In one technique, a fast memory device called a
“cache” is placed between the data processing system
and a peripheral memory device. In this example, a
peripheral memory device typically stores the bulk of
information needed or provided by the data processing
system. However, the peripheral memory device is not
able to provide information in a single clock cycle and
the data processing system must wait for several clock
cycles before beginning to process another instruction.
In comparison, the fast memory device provides infor-
mation very quickly. Therefore, if the fast memory
device is used to store the information values which are
most often accessed by the data processing system, the
period of time which the data processing system waits
to receive information is generally shortened. By using
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this technique, the bulk of the information is still stored .

in the peripheral devices, but the information most fre-
quently used is stored in the fast memory device.

The fast memory device may be integrated within the
structure of the data processing system or implemented
externally between the data processing system and the
peripheral memory device. In either case, the fast mem-
ory device is an expensive solution. If the fast memory
device is integrated within the structure of the data
processing system as a portion of the semiconductor
device, the fast memory device consumes a substantial
amount of circuit area. Rather than providing other
circuitry to further enhance the functionality of the data
processing system, a fast memory device must be inte-
grated in the data processing system to maintain the
highest operating frequency. If one or more fast mem-
ory devices are implemented externally to the data
processing system, the additional external fast memory
devices result in a higher system overhead cost.

In a second technique, a memory subsystem compen-
sates for the difference in the operation frequencies of
the memory subsystem and the data processing system
by allowing multiple concurrent accesses of different
addresses. The multiple concurrent accesses are accom-
plished by providing a plurality of memory banks
wherein each of the memory banks is independently and
distinctly addressed and controlled. When the addresses
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of the memory banks are arranged such that the consec-
utive addresses are provided by n different memory
banks, where n is an integer, the memory subsystem is
n-way interleaved.

When the data processing system accesses the periph-
eral memory devices in an interleaved manner, a first
address of a first memory bank is accessed and then a
first address of a second memory bank is concurrently
accessed. Similarly, a plurality of other memory banks
may be accessed while the first and the second memory
banks continue to process a respective memory access.
During an interleaved memory access, the data process-
ing system may access any predetermined number of
addresses concurrently.

‘When the data processing system provides an address
to access one of a plurality of contiguous information
values, the address is decoded and indicates which one
of the plurality of memory banks contains the informa-
tion value. To access the memory banks in an inter-
leaved manner, addresses must be decoded such that the

"plurality of contiguous information values are con-

tained in different memory banks and, therefore, may be
accessed concurrently.

In a standard memory device, an access time is de-
fined as the time from the start of execution of an opera-
tion to the end of operation execution. For example, in
a read operation in the standard memory device, the
access time is defined as the time from the start of exe-
cution of the read operation until the data read during
the read operation is ready for use in a subsequent oper-
ation. The time from the start of execution of an opera-
tion until the device may execute another operation is
referred to as the “cycle time.”

In an interleaved memory access, the cycle time nec-
essary to execute a first access of the first memory de-
vice is dependent on the cycle time of the first memory
device. However, the time necessary to begin execution
of subsequent operations is shortened, since the subse-
quent operations are executed concurrently with the
first memory access. Although the cycle time of each of
the peripheral memory devices remains the same, the
data processing system is able to overlap the accesses of
each of the peripheral memory devices and, therefore,
increases the number of operations executed in a given
amount of time.

Although interleaved addressing allows the data pro-
cessing system to concurrently access peripheral mem-
ory devices, the overhead cost is expensive. For exam-
ple, a predetermined number of external peripheral
memory devices is necessary to implement interleaved
addressing and, therefore, results in higher system over-
head costs.

Both the fast memory device implementation and the
interleaved addressing method result in an increased
system overhead cost. Additionally, if the fast memory
device is integrated within the structure of the data
processing system, the designer of the data processing
system must compromise between system functionality
and system cost.

SUMMARY OF THE INVENTION

The previously mentioned needs are fulfilled with the
present invention. Accordingly, there is provided, in
one form, a randomly accessible memory having time
overlapping memory accesses. The randomly accessible
memory is comprised of a plurality of storage banks.
Each storage bank is independently addressable and
comprises an address port for receiving an input ad-
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dress, a data port for communicating data, an array of
memory storage elements, and a storage means coupled
to the array of memory storage elements for storing
address information, and either input data or output
data in response to the input address. The storage banks
are implemented in a single integrated circuit and 2
plurality of the storage banks are accessed during a
plurality of multiple overlapping time periods.

These and other features, and advantages, will be
more clearly understood from the following detailed
description taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) illustrates in block diagram form a known
data processing system having 2 plurality of randomly
accessed memory portions;

FIG. 1(B) illustrates in timing diagram form a com-
mon timing diagram of a memory access in one embodi-
ment of the data processing system of FIG. 1(A);

FIG. 2 illustrates in block diagram form a data pro-
cessing system having a randomly accessible memory in
accordance with the present invention;

FIG. 3 illustrates in partial block diagram form a
Memory Device as shown in FIG. 2; and

FIG. 4 illustrates in timing diagram form a timing
diagram of the system of FIG. 2.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Dlustrated in FIG. 1(A) is 2 known data processing
system 10 having a plurality of randomly accessed
memory portions. Memory portions which are ran-
domly accessed allow a user of the system to access
information based solely on address or data values, and
not on sequential ordering. Any address or data value
may be accessed regardless of the address or data values
previously accessed.

The data processing system 10 is generally comprised
of a Data Processor 12 and a plurality of randomly
accessed memory portions, Memory 14, Memory 16,
Memory 18, and Memory 20.

The Data Processor 12 provides information to and
receives information from the plurality of randomly
accessed memory portions via an Address Bus 15and a
Data Bus 13, respectively. The Address Bus 15 is m bits
wide and the Data Bus 13 is n bits wide, where both m
and n are integers. If the Data Processor 12 requests a
predetermined information value to be retrieved from
the memories 14, 16, 18, and 20, an address signal corre-
sponding to an associated storage location of the infor-
mation value is transferred to the appropriate randomly
accessed memory portion via Address Bus 15. Assume
in this example that Memory 14 contains the predeter-
mined information value. Memory 14 then decodes the
address signal to enable the associated storage location
to provide the predetermined information value to the
Data Processor 12 via the Data Bus 13.

In general, a memory cycle reflects the length of time
necessary to accomplish a read or write access of a
memory portion in a data processing system. The time
necessary to perform a memory access is determined by
a cycle time of the memories 14, 16, 18, and 20.

A memory cycle of the data processing system 10 is
illustrated in FIG. 1(B). In this example, a first informa-
tion value is labelled “A” and a second information
value is labelled “B.” The information value A is ac-
cessed by transferring a first corresponding address
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value to a first predetermined one of the plurality of
randomly accessed memories 14, 16, 18, and 20 via the
Address Bus 15. The data processing system 10 must
wait until the first predetermined memory portion de-
codes the corresponding address value to output the
information value A via the Data Bus 13. After the
information vaine A is output, the information value B
is accessed by transferring a second corresponding ad-
dress value to a second predetermined one of the plural-
ity of randomly accessed memories 14, 16, 18, and 20 by
the Address Bus 15. The data processing system 10 must
again wait until the second predetermined memory
decodes the second corresponding address value to
provide the information value B via the Data Bus 13.
When accessing both the information value A and the
information value B, the memory cycle time is deter-
mined by the mount of time necessary to access and
retrieve the information values from the corresponding
memory portions.

If the cycle time of the plurality of the randomly
accessed memories 14, 16, 18, and 20 is slower than the
operation frequency of the Data Processor 12, the Data
Processor 12 typically waits during a memory access.
Generally, in a data processing system in which a data
Pprocessor operates at a frequency which is substantially
faster than the cycle time of an associated peripheral
memory device, the productivity of the system is no-
ticeably degraded. Assume that the Data Processor 12
operates at a frequency which is faster than the cycle
time of the plurality of peripheral memory devices.
During the period of time in which one of the plurality
of peripheral memory device provides information, the
Data Processor 12 typically waits without providing
any other useful function. Therefore, even if the Data
Processor 12 operates at a high frequency, the perfor-
mance and efficiency of the entire data processing sys-
tem is partially dependent on the cycle time of the pe-
ripheral memory devices. The performance and effi-
ciency is also partially dependent on the number of
peripheral memory devices which can concurrently
perform memory access operations and the frequency
with which information can be transferred between the
peripheral memory devices and the data processing
system.

The invention described herein provides a randomly
accessible memory with time overlapping memory ac-
cesses which allows the data processing system to per-
form concurrent memory access operations in a fixed
amount of time. The randomly accessible memory be-
gins to process a new memory access operation at the
start of each clock cycle. Therefore, more memory
access operations are begun and subsequently com-
pleted in a shorter average amount of time. A plurality
of other memory devices may be accessed while the
first and the second devices process a respective first
and a second memory access operation. During the
memory access operations, the randomly accessible
memory processes a plurality of memory access opera-
tions of one or all of the peripheral memory devices
concurrently.

Illustrated in FIG. 2 is a data processing system 22 in
accordance with the present invention which enhances
and maximizes the efficiency with which memory ac-
cess operations are performed. The data processing
system 22 has a Data Processor 24, an Address Control-
ler 26, and a Memory Device 28. )

The Data Processor 24 provides a plurality of address
control and information signals necessary to perform a
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memory access of the Memory Device 28. A multi-bit
address information signal is transferred to an input of
the Address Controller 26 via an Address Bus 23 and
indicates the storage location of an information value in
the Memory Device 28. The information value is stored
in the Memory Device 28 in one of a plurality of mem-
ory banks.

The Data Processor 24 transfers the plurality of ad-
dress control signals to a plurality of address control
inputs of the Address Controller 26 via 2 Control Bus
25. The plurality of address control signals provides
control information necessary to enable the Address
Controller 26 to perform 2 memory access operation.

The Address Controller 26 is comprised of a conven-
tional standard logic circuit (not shown) which pro-
vides address control and information signals to a plu-
rality of address inputs of the Memory Device 28. The
Address Controller 26 determines the address of a pre-
determined memory storage location and a correspond-
ing one of a plurality of memory banks which is enabled
during a read or write operation of the Memory Device
28. The Address Controller 26 provides a multi-bit
signal labelled “Address” to indicate the address of the
memory storage location of the predetermined informa-
tion value requested by the Data Processor 24. The
Address Controller 26 also provides a plurality of ad-
dress control signals to enable one of a plurality of
memory banks (not shown) via a bus labelled “Address
Control”. In the preferred embodiment, the Address
Control bus is comprised of three signals respectively
labelled “Address Strobe,” “R/W,” and . “Address
Bank.”

The Address Strobe signal enables the Memory De-
vice 28 to provide a memory storage location for an
information value. The R/W (Read/Write) signal pro-
vides control information to enable the Memory Device
28 to either read an information value from or write an
information value to a predetermined memory storage
location. The multi-bit Address Bank signal enables a
predetermined one of the plurality of memory banks to
participate in a memory access operation.

The Data Processor 24 also provides a plurality of
data control and information signals necessary to either
read an information value from or write an information
value to a predetermined memory storage location. To
obtain the information value read from the predeter-
mined memory storage location, a first data control
signal is transferred to a first data control input of the
Memory Device 28 illustrated in further detail in FIG.
3. The first data control signal is labelled “Data Out
Strobe” and is transferred via a bus labelled “Data Out
Control” which is illustrated in FIG. 2. When the Data

Out Strobe signal is a logic high value, the Memory -

Device 28 is enabled to output an information value to
a multi-bit bus labelled “Data Out.” A second data
control input is labelled “Data Out Bank Address” and
is also transferred by the Data Out Control bus. The
Data Out Bank Address signal also enables a predeter-
mined one of the memory banks to provide an informa-
tion value to the Data Qut bus.

To write (ie. store) the information value to a prede-
termined memory storage location, a third data control
signal is transferred from the Data Processor 24 to a
third data control input of the Memory Device 28. The
third data control signal is labelled “Data In Strobe”
and is transferred via-a bus labelled “Data In Control.”
The Data In Strobe signal enables the Mémory Device
28 to latch an information value to be written to a pre-

—
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determined memory storage location. A fourth data
control signal is transferred from the Data Processor 24
to a fourth control input of the Memory Device 28. The
fourth data control signal is labelled “Data In Bank
Address” and is also transferred via the Data In Control
bus. The Data In Bank Address signal enables a prede-
termined one of the plurality of memory banks to write
an information value to a predetermined memory stor-
age location. The information value to be stored in the
Memory Device 28 is transferred from the Data Proces-
sor 24 to an input of Memory Device 28 via a multi-bit
signal labelled “Data In.”

Memory Device 28 maximizes the efficiency with
which the data processing system 22 performs a mem-
ory access operation. As illustrated in FIG. 3, the Mem-
ory Device 28 is generally comprised of an Address
Bank Decoder logic circuit 30, a Data In Bank Address
Decode logic circuit 32, a Data Out Bank Address
Decode logic circuit 56, and a plurality of K memory
banks, such as memory bank 34 and memory bank 52,
where K is an integer.

Each one of the plurality of memory banks is com-
prised of an inverter 35, an AND gate 36, an AND gate
37, an AND gate 38, a latch circuit 39, a latch circuit 40,
a driver circuit 41, a latch circuit 42, an Access Delay
circuit 43, a decoder 44, a memory element 46, an AND
gate 48, a latch circuit 50, and a driver circuit 51. The
memory element 46 is a sub-block of memory within the
Memory Device 28.

An encoded Data In Bank Address signal provides a
multi-bit input to the Data In Bank Address Decode
logic circuit 32 to enable a predetermined one of the
plurality of memory banks to store an information
value.

If the first memory bank 34 is enabled, the Data In
Bank Address Decoder logic circuit 32 provides a con-
trol signal to a first input of AND gate 38. The Data In
Strobe signal provides a second input to the AND gate
38. The output of the second AND gate 38 is a signal
labelled “DILE,” where DILE is an abbreviation for
Data In Latch Enable. The DILE signal provides a
control input to latch circuit 40.

The Data Processor 24 provides the multi-bit Data In
signal to an input of each one of the plurality of memory
banks. In memory bank 34, the Data In signal is con-
nected to latch circuit 40 and provides an information
value which is subsequently stored in a predetermined
memory storage location during a write operation. The
output of latch circuit 40 is connected to the driver
circuit 41. The driver circuit provides a plurality of
input signals to the memory element 46. Information
output from the memory element 46 is connected to
latch circuit 50. The latch circuit 50 provides a plurality
of information inputs to driver circuit 51. A plurality of
output signals of driver circuit 51 is transferred to the
Data Processor 24 via the Data Out signal.

The Address Controller 26 provides the multi-bit
Address signal to an address input to of each one of the
plurality of memory banks. In memory bank 34, the
Address signal is connected a plurality of information
inputs of latch circuit 42. The output signals of latch
circuit 42 are connected to decoder 44. The decoder 44
decodes the address location to determine the appropri-
ate memory storage location of a predetermined infor-
mation value within the memory element 46.

The Address Controller 26 also provides the multi-bit

"Address Bank signal to a plurality of control inputs of

the Address Bank Decode logic circuit 30. The Address
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Bank Decoder logic circuit 30 provides a signal to en-
able a predetermined one of .the plurality of memory
banks in response to the encoded Address Bank signal.

If the signal enables the memory bank 34, the de-
coded Address Bank signal provides a first input to
AND gate 37. The Address Strobe signal provides a
second input to AND gate 37 and an output of AND
gate 37 is a signal labelled “ALE,” where ALE is an
abbreviation for Address Latch Enable. The ALE sig-
nal provides a control signal to both latch circuit 39 and
latch circuit 42, and a first input to AND gate 36.

The R/W signal provides a second input to AND
gate 36 and an input to latch circuit 39. The R/W signal
indicates whether the data processing system 22 is exe-
cuting an operation to read an information value from
or write an information value to a predetermined mem-
ory storage location in the Memory Device 28. An
output of latch circuit 39 provides an input to inverter
3s.

An output of inverter 35 is a signal labelled “DIOE.”
DIOE is an abbreviation for Data In Output Enable.
The DIOE signal provides a control input to driver
circuit 41.

An output of AND gate 36 provides a delay control
signal to enable the Access Delay circuit 43. The delay
control signal enables the Access Delay circuit 43 to
wait a predetermined amount of time before providing
a control signal labelled “DOLE” to a control input of
latch circuit S0. The DOLE signal controls a transfer of
an information value from memory element 46 to latch
circuit 50. .

The Data Out Bank Address Decode logic circuit 56
decodes each one of the Data Out Bank Address signals
to enable a predetermined one of the plurality of mem-
ory banks. If the Data Out Bank Address Decode logic
circuit 56 decodes the Data Out Bank Address signal to
provide an input to memory bank 34, the decoded Data
Out Bank Address signal provides a first input to AND
gate 48.
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The Data Out Strobe signal provides a second input 40

to the AND gate 48 and an output of AND gate 48
provides a signal to enable driver circuit 51. When
driver circuit 51 is enabled, an information value stored
therein is transferred to the Data Processor 24 via the
Data Out signal.

MEMORY READ OPERATION

When an information value is read from the Memory
Device 28, the Data Processor 24 provides the plurality
of address control and information signals to the Ad-
dress Controller 26 and the plurality of data control and
information signals to the Memory Device 28.

During a memory read operation, the Address Bank
signal provides an encoded input signal to the Address
Bank Decode logic circuit 30. The Address Bank De-
coder logic circuit 30 decodes the Address Bank signal
to enable a predetermined one of the plurality of mem-
ory banks. Assume in this example that the encoded
Address Bank signal signifies that the information value
to be read is stored in memory bank 34. Therefore, the
Address Decoder logic circuit 30 provides a decoded
Address Array signal with a high logic value to the first
input of AND gate 37.

The Address Strobe signal provides a second input to
AND gate 37 and is a logic high value to indicate that
the Data Processor 24 is addressing a portion of the
Memory Device 28. The output of AND gate 37, the
ALE signal, is a2 logic high value to indicate that a
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8
memory access of memory bank 34 is implemented. The
ALE signal is connected to the first input of AND gate
36 and a control input of both latch circuit 39 and latch
circuit 42.

The Address Controller 26 provides an address of a
predetermined memory storage location in the Memory
Device 28 to the plurality of inputs of latch circuit 42
via the Address signal. The address of the predeter-
mined memory storage location is temporarily stored in
the latch circuit 42 when the ALE signal is asserted
with a logic one value. The contents of latch circuit 42
subsequently provide inputs to decoder 44. Decoder 44
decodes the Address signal to enable a memory storage
location in the memory element 46 which corresponds
to the address location transferred via the Address sig-
nal.

The R/W signal provides an input to latch circuit 39.
The R/W signal indicates whether the data processing
system 22 is executing an operation to read an informa-
tion value from or write an information value to a pre-
determined memory storage location in the Memory
Device 28. During a read operation of a memory stor-
age location, the R/W signal provides a logic high value
to both latch circuit 39 and the second input of AND
gate 36.

Because the ALE signal is a logic high value during
a memory access operation, latch circuit 39 is enabled to
store the value of the R/W signal. The latch circuit 39
subsequently provides the value of the R/W signal to
the input of inverter 35.

Therefore, the output of inverter 35, the DIOE sig-
nal, is a logic low value. Consequently, driver circuit 41
is not enabled to transfer an information value to the
memory element 46.

The R/W signal also provides a logic high value to
the second input of AND gate 36. As previously de-
scribed, the ALE signal provides a logic high value to
the first input of AND gate 36. Subsequently,the AND
gate 36 provides a logic high value as a control input to
the Access Delay circuit 43. When the output of AND
gate 36 has a logic high value, the Access Delay circuit
43 is enabled to wait for a predetermined amount of
time and then to provide the DOLE signal to enable
latch circuit 50 in the illustrated form. The predeter-
mined amount of time corresponds to the amount of
time necessary for the memory element 46 to output an
information value.

Therefore, during a read operation, the output of
AND gate 36 has a logic high value and subsequently
enables the Access Delay circuit 43 to provide the
DOLE signal. When the DOLE signal has a logic high
value, the latch circuit 50 is enabled to temporarily store
an information value from the predetermined memory
storage location in the memory element 46. The con-
tents of latch circuit 50 are subsequently transferred to
a plurality of inputs of driver circuit 51.

Additionally, when the information value is trans-
ferred from the Memory Device 28, the Data Processor
24 provides the plurality of data control and informa-
tion signals to the Memory Device 28 to control the
transfer of the information value. The data control sig-
nals are comprised of the Data In Strobe, the Data In
Bank Address, the Data Out Strobe and the Data Out
Bank Address signals.

The Data In Strobe signal provides the first input to
AND gate 38 and is a logic low value to indicate that
the Data Processor 24 is reading, and not writing, a
portion of the Memory Device 28. As well, when the
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information value is being read from, and not written to
the Memory Device 28, the Data In Bank Address
signal is not asserted. Therefore, the decoded Data In
Bank Address signal provides a logic low value to the
second input of AND gate 38.

Because both the Data In Strobe and the decoded
Data In Array signals are a logic low value, the output
of AND gate 38, the DILE signal, is also a logic low
value. Thus, the DILE signal is not asserted and an
information value is not transferred to the latch circuit
40.

The Data Out Strobe signal provides the first input to
AND gate 48 and is a logic high value to indicate that
the Data Processor 24 is performing a read operation of
the Memory Device 28.

The Data Out Bank Address signal provides an input
to the Data Out Bank Address Decode logic circuit 56.
The Data Out Bank Address Decode logic circuit 56
decodes the Data Qut Bank Address signal to identify a
predetermined one of the plurality of memory banks
which should be accessed. In this case, the encoded
Data Out Bank Address signal signifies that the infor-
mation value to be read is stored in memory bank 34.
Therefore, the Data Out Bank Address Decode logic
circuit 56 provides a2 decoded Data Out Bank Address
signal with a logic high value to the second input of
AND gate 48.

Because both the Data Qut Strobe and the decoded
Data Out Bank Address signals have a logic high value,
the output of AND gate 48, the DOOE signal, is a logic
high value. Driver circuit 51 is, therefore, enabled to
provide the information value transferred therein by the
latch circuit 50 to the Data Processor 28. The informa-
tion value is transferred to the Data Processor 28 via the
Data Out signal.

MEMORY WRITE OPERATION

Similarly, when an information value is transferred to
and subsequently written to memory bank 34 of the
Memory Device 28, the Data Processor 24 provides the
plurality of address control and information signals to
the Address Controller 26 and the plurality of data
control and information signals to the Memory Device
28.

During the write operation to a predetermined mem-
ory storage location, the Address Bank signal provides
an input signal to the Address Bank Decode logic cir-
cuit 30. The input signal subsequently provides a de-
coded Address Bank signal to identify one of the plural-
ity of memory banks which should be accessed. Assume
in this case, that the encoded Address Bank signal indi-
cates the information value to be read is stored in mem-
ory bank 34. The Address Bank Decode logic circuit 30
then provides a decoded Address Bank signal with a
logic high value to the first input of AND gate 37.

The Address Strobe provides a second input to AND

gate 37 and is a logic high value to indicate that Data

Processor 24 is accessing the Memory Device 28. Be-
cause both inputs to AND gate 37 have a logi¢ high
value, the output of AND gate 37, the ALE signal, also
has a logic high value. The ALE signal provides the
first input to AND gate 36 and a control input to both
latch circuit 39 and latch circuit 42.

The Address signal transfers an address of a predeter-
mined memory storage location to the latch circuit 42.
Again, the address of the memory storage location is
transferred to and temporarily stored in the latch circuit
42 when the ALE signal is a logic high value.
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During an operation in which an information value is
written to the memory element 46, the R/W signal has
a logic low value. Because the ALE signal is a logic
high value during a memory access operation, the latch
circuit 39 is enabled to store the value of the R/W sig-
nal. The latch circuit 39 subsequently provides the
value of the R/W signal to the input of inverter 35. The
output of inverter 35, the DIOE signal, has a high logic
value and provides a control input to driver circuit 41.
Because the DIOE signal is a logic high value, the
driver circuit 41 is enabled to transfer an information
value stored therein to the memory element 46.

“The R/W signal also provides a logic low value as the
second input of AND gate 36. The AND gate 36 subse-
quently provides a logic zero value as a control input to
the Access Delay circuit 43. Therefore, the Access
Delay circuit 43 is not enabled to provide the DOLE
signal to enable latch circuit 50 after a predetermined
amount of time during a write operation.

The information value to be written to the memory
element 46 is transferred to the latch circuit 40 via the
Data In signal. Data control signals which are com-
prised of the Data Out Strobe, the Data Out Bank Ad-
dress, the Data In Strobe and the Data In Bank Address
signals enable the memory bank 34 to write the informa-
tion value to the memory element 46.

The Data Out Strobe provides the first input to the
AND gate 48 and is a logic low value to indicate that
the Data Processor 24 is writing an information value to
the Memory Device 28. Since the information value is
written to the Memory Device 28, the Data Qut Bank
Address signal is not asserted. Therefore, the decoded
Data Out Bank Address signal is not asserted and a
logic low value is provided as the second input to AND
gate 48. The output of AND gate 48, the DOOE signal,
is then a logic low value and driver circuit 51 is not
enabled to provide an output signal to Data Processor
24

The Data In Strobe signal provides the first input to
AND gate 38 and is a logic high value to indicate that
the Data Processor 24 is writing a portion of Memory
Device 28.

The Data In Bank Address signal provides an input to
the Data In Bank Address Decode logic circuit 32. The
Data In Bank Address Decode logic circuit 32 subse-
quently provides a decoded Data In Array signal to
identify a predetermined one of the plurality of memory
banks which should be accessed. In this case the en-
coded Data In Bank Address signal signifies that the
information value to be written is stored in memory
bank 34. Therefore, the Data In Bank Address Decode
logic circuit 32 provides a decoded Data In Bank Ad-
dress signal with 2 high logic value to the second input
of AND gate 38.

Consequently, the output of AND gate 38, the DILE
signal, has a high logic value and latch circuit 49 is
enabled to store an information value to be written to
the memory element 46. Likewise, because the output
of AND gate 36 is a logic high value, the driver circuit
41 is enabled to write the information value stored in
latch circuit 40 to the Memory element 46.

Latch circuit 40 stores and driver circuit 41 subse-
quently transfers the information value to the corre-
sponding storage location in memory element 46 when
the DILE and the DIOE signals are respectively a logic
high value. The information value stored in latch circuit
40 is then written by the driver circuit 41 to the address
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location in memory element 46 determined by the data
processing system 22,

TIMING EXAMPLE

A timing example of the data processing system 22 is 5
illustrated in FIG. 4. Assume that the user of the data
processing system 22 executes a first instruction which
reads an information value labelled “A” from the Mem-
ory Device 28. The information value A is stored in the
memory bank 34. A second instruction is executed by 10
the data processing system 22 writes an information
value labelled “B” to the Memory Device 28. The infor-
mation value B is stored in the memory bank 52. The
data processing system 22 may then continue to execute
a plurality of instructions to perform a respective plural- 15
ity of memory access functions. For example, the data
processing system 22 may request that an information
value labelled “C” be read from Memory Device 28. In
the known data processing system 10, the system must
wait for the information value A to be accessed and 20
retrieved from a first one of the plurality of randomly
accessible memory portions before the information
value B is accessed from a second one of the plurality of
the randomly accessible memory portions. In the imple-
mentation of the data processing system 22, however, 25
the system begins execution of the instruction to write
the information value B immediately after beginning
execution of the instruction to read the information
value A as a result of the independent control and subse-
quent overlapped timing of the array of memory banks. 30

Assume that the clock signal illustrated in FIG. 4
represents the operating frequency of the Data Proces-
sor 24 in the data processing system 22. When the data
processing system 22 reads an information value A, an
instruction is executed to provide the appropriate infor- 35
mation and control signals. The appropriate information
and control signals are entered through an Address
Port. Therefore, on a first clock cycle, the information
and control signals associated with the read operation of
information A are provided. On a second clock cycle, 40
the Memory Device 28 begins to manipulate the infor-
mation and control signals to execute the read operation
in memory bank 34. The first step in the manipulation of
the information and control signals is to write each
pertinent signal value in the plurality of latch circuits 45
40, 42, and 50, illustrated in FIG. 3. The conductors
used to transfer the control and information signals are
then free to transfer another set of information and
control signals associated with a different memory ac-
cess operation. 50

After a predetermined number of clock cycles, the
manipulation of the information and control signals
necessary to read the information value A is fully exe-
cuted, and the information value A is available to the
Data Out Port. 55

While the read operation of information value A is
being executed, a write operation of information value
B to memory bank 52 is executed concurrently. During
the first clock cycle, the information and control signals
associated with reading information value A are pro- 60
vided by the Address Port and the system 22 also pro-
vides the information value B to a Data In Port. On the
second clock cycle, when the Memory Device 28 be-
gins to manipulate the information and control signals
associated with the read operation of information value 65
A, the data processing system 22 provides the informa-
tion and control signals associated with the write opera-
tion of information value B to the Address Port. On a

12

third clock cycle, the system 22 begins to manipulate
the information and control signals necessary to execute
the write operation in the memory bank 52. Again, the
first step in the manipulation of the information is to
store the pertinent signal values in the plurality of latch
circuits (not shown) associated with the memory bank
52.

While information value A is being read and informa-
tion value B is being written, an operation to read infor-
mation value C from a memory bank (not shown) is
executed concurrently. When the data processing sys-
tem 22 reads an information value C, an instruction is
implemented to provide the appropriate information
and control signals via the Address Port. Therefore, on
the third clock cycle, the information and control sig-

‘nals associated with the read operation of information C

are provided to the Address Port. On a fourth clock
cycle, the Memory Device 28 begins to manipulate the
information and control signals to execute the read
operation in the memory bank (not shown). The first
step in the manipulation of the information and control
signals is to write each pertinent signal value in the
plurality of latch circuits 40, 42, and 50, illustrated in
FIG. 3. Again, the conductors used to transfer the con-
trol and information signals are then free to transfer
another set of information and control signals associated
with a different memory access operation.

After a predetermined number of clock cycles, the
manipulation of the information and control signals
necessary to read the information value C is fully exe-
cuted, and the information value C is available to the
Data Out Port.

By utilizing the plurality of latch circuits such as 40,

42, and 50, associated with each one of the plurality of
memory banks, several read or write operations of dif-
ferent memory arrays comprising the same memory
device may be concurrently processed by-the data pro-
cessing system 22. The plurality of latch circuits effec-
tively stores the information necessary to complete
memOory access operations in each one of the plurality of
memory banks concurrently, thereby allowing each one
of the plurality of memory banks to function indepen-
dently of other memory banks. Therefore, a plurality of
conductors connected between the Data Processor 24,
the Address Controller 26 and the Memory Device 28
transfer signals associated with a current memory oper-
ation before a previous memory operation is fully exe-
cuted.
" The randomly accessible memory with time overlap-
ping memory accesses allows the data processing sys-
tem 22 to perform more memory access operations in a
fixed amount of time. Because the Memory Device 28
may start to process a new memory access operation at
the start of each clock cycle, more memory access oper-
ations are begun and subsequently completed in a fixed
amount of time. As previously discussed, when a data
processing system accesses a plurality of peripheral
memory devices in an interleaved manner, a first ad-
dress of a first peripheral memory device is accessed
and then a first address of a second peripheral memory
device is concurrently accessed. Similarly, a plurality of
other memory devices may be accessed while the first
and the second devices process a respective first and a
second memory access operation. During the memory
access operations, the randomly accessible memory
processes a plurality of memory access operations of
one or all of the peripheral memory devices concur-
rently.




Case 9:02-cv-00010-JH Document 1 Filed 01/15/02 Page 52 of 69 PagelD #: 52

5,367,494

13

In the data processing system 22, the Memory Device
28 is especially useful when implementing an inter-
leaved memory access. The plurality of latch circuits,
40, 42, and 50, provide a means to store data and address
information values of a first memory access. As the first
memory access is being executed, the plurality of Ad-
dress, Address Control, Data Qut Control, Data Out,
Data In Control, and Data In signals are free to begin
execution of a second memory access. In the data pro-
cessing system 22, a plurality of memory accesses may
be executed concurrently. The address decode opera-
tion necessary to execute a plurality of interleaved
memory accesses is controlled by the Address Control-
ler 26.

There has been provided herein, a data processing
system having a randomly accessible memory with time
overlapping memory accesses. The randomly accessible
memory is comprised of a plurality of memory arrays
each of which has a plurality of latch circuits to store a
first information value associated with 2 memory opera-
tion. Therefore, after the first information and control
signals associated with a first memory operation are
stored in the appropriate plurality of latch circuits, the
conductors transfer a second information signal associ-
ated with a second memory operation. While one mem-
Ory access operation is initiated in the Data Processor
24, one or more memory access operations may also be
concurrently executed in the Memory Device 28.

It should be well understood that the randomly acces-
sible memory with time overlapping memory accesses
described herein provides an effective and unique solu-
tion to shorten the latency between the performance of
peripheral memory devices and the performance of data
processing system. By enabling the memory device
associated with the data processing system to execute
memory operations concurrently, the efficiency of the
data processing system is noticeably improved. The
circuitry used to enable the memory device to execute
memory access operations concurrently does not oc-
cupy a large amount of circuit area, and is, therefore,
relatively inexpensive to implement on a semiconductor
device.

By now it should be apparent that there has been
provided a data processor with a randomly accessible
memory having time overlapping memory accesses.
The implementation of the invention described herein is
provided by way of example only. Many other imple-
mentatiops may exist for executing the function de-
scribed herein. For example, in the data processing
system 22, both the Data Processor 24 and the Address
Controller 26 could be implemented using a variety of
standard logic circuitry.

Additionally, the configuration of the Memory De-
vice 28 might be modified in many ways. For example,
the Address Bank Decode logic circuit 30, the Data In
Bank Address Decode logic circuit 32, and the Data
Out Bank Address Decode logic circuit 56 could be
implemented in any form of standard logic circuitry
which provides a decoding function. Any number of
memory banks, such as 34 and 52, may comprise the
Memory Device 28. The function described herein
would continue to operate adequately with a plurality
of memory banks, but the cost effectiveness of the num-
ber of memory banks must be determined by the user of
the system. The described invention might also be mod-
ified by the manner in which the plurality of latch cir-
cuits is implemented. Again, numerous standard logic
implementations might be used. As well, the random
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logic circuitry, such as AND gate 36, AND gate 37,
AND gate 38, and AND gate 48, might be implemented
as another form or logic gate. Likewise the decoder 44
functions to decode information values and may be
implemented in a manner determined to be most effi-
cient by the user of the data processing system 22. The
memory element 46 may be implemented as any mem-
ory device. For example, the memory element 46 may
be implemented as either a ROM (Read Only Memory),
a RAM (Random Access Memory) or a DRAM (Dy-
namic RAM).

The memory device described herein provides a ver-
satile and efficient circuit and method to implement a
randomly accessible memory which execute memory
operations concurrently. The memory device may be
implemented in a variety of logic circuits as determined
by a designer of a data processing system. The memory
device will, however, increase the performance and
efficiency of any system in which it is implemented.

While there have been described herein the principles
of the invention, it is to be clearly understood to those
skilled in the art that this description is made only by
way of example and not as a limitation to the scope of
the invention. Accordingly, it is intended, by the ap-
pended claims, to cover all modifications of the inven-
tion which fall within the true spirit and scope of the
invention.

We claim:

1. An integrated circuit, comprising:

an address bank decoder for decoding an address

bank signal to provide a first one of a plurality of
bank enable signals, the address bank decoder hav-
ing an input for receiving the address bank signal
and a plurality of outputs wherein each of the plu-
rality of outputs provides a respective one of the
plurality of bank enable signals;

an input data decoder for decoding an input data bank

signal to provide a first one of a plurality of input
enable signals, the input data decoder having an
input for receiving the input data bank signal and a
plurality of outputs wherein each of the plurality of
outputs provides a respective one of the input en-
able signals;

an output data decoder for decoding an output data
bank signal to provide a first one of a plurality of
output enable signals, the output data decoder hav-
ing an input for receiving the output data bank
signal and a plurality of outputs wherein each of
the plurality of outputs provides a respective one of
the output enable signals; and
plurality of memory banks wherein each of the
plurality of memory banks is concurrently accessi-
ble, each of the plurality of memory banks, com-
prising:

a first latch for selectively storing a first address
value in response to a first enable signal;

a second latch for selectively storing a first data
value in response to a second enable signal;

a third latch for selectively storing a second data
value in response to a third enable signal;

a fourth latch for selectively storing a first control
value in response to a fourth enable signal;

logic means for selectively asserting the first enable
signal, the second enable signal, the third enable
signal, and the fourth enable signal when a corre-
sponding one of the plurality of bank enable
signals is in a predetermined logic state, the logic
means being coupled to each of the first latch,
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the second latch, the third latch, and the fourth

latch; and
an array of memory storage elements for selec-

tively communicating a digital information

value, the array of memory storage elements 3

being coupled to each of the first latch, the sec-

ond latch, the third latch, and the fourth latch;

wherein a first one of the plurality of memory banks

executes a first data communication operation sub-
sequent to latching the first address value, the first 1°
control value, and one of the first and second data
values and a second one of the plurality of memory
banks executes a second data communication oper-
ation subsequent to latching a second address 15
value, a second control value, and a third data
value, the second one of the plurality of memory
banks executing the second data communication
operation concurrently with the first one of the
plurality of memory banks executing the first data 5
communication operation.

2. The integrated circuit of claim 1 wherein the first
control signal indicates that the first one of the plurality
of memory banks should perform one of a read and a
write data operation and the second control signal indi- 25
cates that the second one of the plurality of memory
banks perform one of the read and the write data opera-
ton.

3. The integrated circuit of claim 1 wherein the first
address value stored in the first latch of a first one of the 30
plurality of memory banks corresponds to a first mem-
ory storage element in the array of memory storage
elements.

4. The integrated circuit of claim 3 wherein when the
first control signal is in a first logic state, the first mem- 35
ory storage element is enabled to perform a memory
read operation and when the first control signal is in a
second logic state, the first memory storage element to
perform a memory write operation.

5. The integrated circuit of claim 1 wherein the logic 40
means logically combines the corresponding one of the
plurality of bank enable signals and an address strobe
signal to provide the first latch signal.

6. The integrated circuit of claim 1 wherein the logic
means logically combines a corresponding one of the
plurality of data input bank enable signals and a data
input strobe signal to provide the second latch signal.

7. The integrated circuit of claim 1 wherein the logic
means logically combines a corresponding one of the 0
plurality of data output bank enable signals and a data
output strobe signal to provide the third latch signal.

8. The integrated circuit of claim 1 wherein the logic
means logically combines the corresponding one of the
plurality of bank enable signals and an address strobe s
signal to provide the fourth latch signal.

9. A method for accessing a memory in an integrated
circuit, comprising the steps of:

receiving a first instruction for executing a first mem-

ory operation, the first instruction indicating a first 6g
memory location;

decoding the first instruction to indicate a first one of

a plurality of memory banks to be accessed during
execution of the first memory operation;
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storing a first address value in a first latch circuit in
the first one of the plurality of memory banks, the
first address value corresponding to a first memory
location in the first one of the plurality of memory
banks;

storing a first control value in a second latch circuit in
the first one of the plurality of memory banks, the
first control value indicating a type of memory
operation to be executed, the type of memory oper-
ation being one of 2 read memory operation and a
write memory operation;

receiving a second instruction for executing a second
memory operation, the second instruction indicat-
ing a second memory location to be accessed;

decoding the second instruction to indicate a second
one of the plurality of memory banks to be ac-
cessed during execution of the second memory
operation;

storing a second address value in a first latch circuit
in the second one of the plurality of memory banks,
the second address value corresponding to a sec-
ond memory location in the second one of the
plurality of memory banks;

storing a second control value in a second latch cir-
cuit in the second one of the plurality of memory
banks, the second control information value indi-
cating the type of memory operation to be exe-
cuted; and

concurrently executing the first memory operation in
the first one of the plurality of memory banks and
the second memory operation in the second one of
the plurality of memory banks.

10. The method of claim 9 further comprising the

steps of:

storing a first data value in a third latch circuit of the
first one of the plurality of memory banks;

enabling the third latch circuit to output the first data
value to a driver circuit when the first control
information indicates that the first memory opera-
tion is the write memory operation;

enabling the first latch circuit to output the first ad-
dress value stored therein;

accessing the first memory location in the first one of
the plurality of memory banks in response to the
first address value; and

writing the first data value in the first memory loca-
tion.

11. The method of claim 10 further comprising the

steps of:

enabling the first latch circuit to output the first ad-
dress value stored therein;

accessing a stored data value from the first memory
location in the first one of the plurality of memory
banks in response to the first address value;

storing the stored data value in a fourth latch circuit
when the first control information indicates that
the first memory operation is the read memory
operation;

enabling the fourth latch circuit to providing the
stored data value to an output driver circuit; and

enabling the output driver circuit to provide the
stored data value in response to an external data

output control value.
*x x % % %
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TRENCH CELL FOR A DRAM

FIELD OF THE INVENTION

The present invention relates to dynamic random
access memory (DRAM) cells, and more particularly,
to DRAM cells which are formed using a trench.

BACKGROUND OF THE INVENTION

A DRAM cell, formed of a transistor and a capacitor,
is widely known. It has further become known to use a
trench formed in the substrate as the capacitor of the
DRAM cell. The advantage of a trench DRAM cell is
an increase in area of the plates of the capacitor for a
given surface area of the substrate. In constructing an
array or subarray of DRAM cells, trench or otherwise,
it is common for each of the capacitors in the array or
subarray to have a common plate which is in common
with the other cells in the array or subarray and have an
individual plate which is connected to the transistor of
the cell. In a trench DRAM cell, the individual plate
can be either inside the trench or outside the trench. If
it is outside the trench, there is a difficulty in keeping
the individual plates of adjoining cells from diffusing
together. If the individual plate is on the inside, there
are also problems most of which are common to either
approach. )

Even with the increased plate area of a trench capaci-
tor, it is still desirable to have more capacitance in the
cell capacitor. One way to increase capacitance is to
increase the doping level of the area outside the trench.
This has the potential disadvantage of adversely affect-
ing the transistors formed in the substrate. The transis-
tors have better performance characteristics if the dop-
ing level is lower than that which is optimum for in-
creasing the capacitance of the capacitor. An example
in the prior art of addressing this problem is shown in
FIG. 1 which shows a portion of a trench cell 10 formed
in a substrate 11 which includes an epitaxial layer 12.
This approach uses a P channel array formed in an N
well 13 with P channel starting material. Epitaxial layer
12 is grown over substrate 11 which began as highly
doped P+ silicon. The resulting epitaxial layer 12 of
silicon is a lesser doped P silicon which is used for the
formation of N channel transistors in the circuits which
are peripheral to the array. N well 13 is then formed in
a portion of epitaxial layer 12 doped to only N— for
improved transistor performance. Well 13 is coupled to
a positive voltage, such as 5 volts, which is shown as
VDD in FIG. 1. Substrate 11 is coupled to a negative
supply terminal such as ground shown in FIG. 1. Well
13 can be pumped to a voltage-higher than the positive
power supply VDD and, similarly, substrate 11 can be
pumped to a more negative voltage as desired for cir-
cuit performance. A trench capacitor 14 is formed
through N well 13 and epitaxial layer 12 and into sub-
strate 11. Formed in well 13 is a source 16 and a drain
17. Source 16 and drain 17 are the source and drain of
the transistor which, along with capacitor 14 form
DRAM cell 10. Capacitor 14 is filled with P+ polysili-
con 18 which is dielectrically separated from substrate
11, epitaxial layer 12, and well 13 by an oxide layer 19.
Alternatively, layer 19 could be an oxide-nitride-oxide
sandwich instead of just oxide. In either case, layer 19
forms a dielectric for capacitor 14. One plate of capaci-
tor 14 is polysilicon 18 which is connected to source 16.
This connection to source 16 is not shown in FIG. 1 but
is generally accomplished with a conductive strap but
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can also be accomplished by etching down layer 19
prior to filling the trench with polysilicon 18 so that
polysilicon 18 is in direct contact with source 16. The
other plate is a combination of substrate 11, epitaxial
layer 12, and well 13. Most of the contribution to the
capacitance of capacitor 14 is from the substrate be-
cause it has a much higher doping concentration than
epitaxial layer 12. Well 13 will provide very little con-
tribution because it is lightly doped for transistor per-
formance reasons.

Even though well 13 is lightly doped, there is a limit
to how lightly it can be doped because of a parasitic
MOS transistor formed between epitaxial layer 12 and
source 16. Well 13 acts as the channel, polysilicon 18
acts as the gate, and layer 19 acts as the insulator be-
tween the gate and channel. Even a leakage current as
low as ! picoamp will remove the charge stored in
capacitor 14 before it can be read and refresned. If well
13 is too lightly doped, the threshold voltage of this
parasitic transistor is sufficiently low that it will be at
least partially conductive and leak at the 1 picoamp rate
which ensures loss of data. This lower concentration is
desirable because the regular MOS transistors in well
have their threshold adjusted by an implant. If the dop-
ing level in well 13 is high enough to ensure that the
parasitic transistor will not leak off charge from capaci-
tor 14, the threshold adjust implant will not be opti-
mum. The threshold adjust implant is advantageous
because, for a given threshold voltage, the body effect is
less on a transistor which has had its threshold increased
to that give threshold voltage by an implant than on 2
transistor whose threshold voltage is at the given
threshold voltage by virtue of the doping concentration
of the well or substrate in which it is formed. The opti-
mum concentration of well 13 is sufficiently low that
there would be leakage through the parasitic transistor
of sufficient magnitude to destroy cell data, especially
when doping variations due to manufacturing variations
are taken into account. Process variations during the
fabrication of the integrated circuit will result in even
lower doping concentrations for some devices. This is
handled by raising the target concentration which will
thus raise the nominal doping concentration even fur-
ther beyond the optimum concentration for well 13.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
improved DRAM.

Another object of the present invention is to provide
an improved DRAM memory cell.

Yet another object of the invention is to provide
improved trench DRAM memory cell.

These and other-objects are achieved in a semicon-
ductor body including a substrate doped to a first con-
centration and a buried layer of a second concentration
greater than said first concentration formed below a
surface of said substrate. The semiconductor body has a
memory cell comprises a transistor and a trench capaci-
tor. The transistor has a gate and a conduction path.
The trench capacitor is coupled to one side of the con-
duction path and is formed of a trench which penetrates
the surface and into said buried layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section of a portion of a trench
DRAM cell device according to the prior art; and
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FIG. 2 is a cross-section of a substrate at an early
stage in processing according to the prior art;

FIG. 3 is a cross-section of the substrate in FIG. 2 at
a later stage in processing showing a buried layer ac-
cording to the prior art;

FI1G. 4 is a cross-section of a substrate at an early
stage in processing according to the prior art;

FIG. § is a cross-section of the substrate in FIG. 4 at
a later stage in processing showing two buried layers
according to the prior art;

FIG. 6 is a cross-section of a DRAM well according
to a first embodiment of the invention;

FIG. 7 is a cross-section of a DRAM cell according
to a second embodiment of the inventinn;

FIG. 8 is a cross-section of a trench used in the
DRAM cell of FIG. 7 at a stage in processing;

FIG. 9 is a cross-section of the trench of FIG. 8 at a
subsequent stage in processing; and

FIG. 10 is a cross-section of the trench of FIG. 9 ata
subsequent stage in processing.

DESCRIPTION OF THE INVENTION

As shown in FIG. 1, the use of an epitaxial layer for
manufacturing a DRAM is in the prior art. Another
feature available in prior art processing is a buried layer.
The invention uses a buried layer as an important part of
a trench DRAM cell. Shown in FIG. 2 is portion 19 of
an integrated circuit having a P— substrate 20 and an
N+ + region 21 formed in the surface of substrate 20.
Shown in FIG. 3 is substrate 20 after an epitaxial layer
22 has been grown. A dotted line is shown between
substrate 20 and epitaxial layer 22. After processing the
integrated circuit, doped portion 21 in FIG. 2 expands
to an N+ buried layer 23 which is in both substrate 20
and epitaxial layer 22. Epitaxial layer 22 is P-type but
can be any desired concentration for optimum circuit
performance. A buried layer such as buried layer 23 is
commonly found in integrated circuits which have bi-
polar transistors including integrated circuits which
have both bipolar transistors and MOS transistors. The
buried layer is for collectors of bipolar transistors. Such
integrated circuits which have both bipolar and MOS
transistors are often referred to as being “BiMOS.”
BiMOS appears to be increasing in popularity for inte-
grated circuits, particularly memories, including
Drams.

Shown in FIG. 4 is a cross-section of a portion of an
integrated circuit 25 having a substrate 16, a P+ +
region 28, and an N+ + region 28 at a stage in a BIMOS
process for forming a pair of adjoining buried layers.
Shown in FIG. § is the portion of integrated circuit 25
of FIG. 4 after growing an epitaxial layer 29 and after
other processing. This resuits in the formation of a P+
buried layer 30 and an N+ buried layer. Because re-
gions 27 and 28 of FIG. 1 are adjoining, the resulting
buried layers 30 and 31 are also adjoining. The location
of regions 27 and 28 determine the location of buried
layers 30 and 31. Thus a buried layer can be either the
same or the opposite conductivity type as the substrate.
Buried layers are typically biased to some desired volt-
age. Buried layers of the same conductivity type as the
substrate are, of course, biased to the same voltage as
the substrate. Buried layers of the opposite conductivity
of the substrate can be electrically isolated from the
substrate if the PN junction between the buried layer
and the substrate i3 not forward biased.

Shown in FIG. 6 is a cross-section of 2, memory cell
33 comprised of a substrate 34, an epitaxial layer 35, an
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N— well 36, a trench capacitor 37, a P+ source 38, a
P+ drain 39, a gate 41, a P+ contact 42, an oxide isola-
tion region 46, a gate insulator 44, and a N+ buried
layer 45. Substrate 34 and epitaxial layer 35 are known
as separated by a dotted line. Source 38, drain 39 and a
portion of well 36 therebetween forms a conventional
conduction path controlled by gate 41. This conduction
path, which is on one side of capacitor 37, is connected
to capacitor 37 via source 38. Buried layer 45 is in both
the epitaxial layer 35 and substrate 34. Trench capacitor
37 is formed from a trench etched into the semiconduc-
tor body comprised of epitaxial layer 35 and substrate
34. Trench capacitor 37 is filled with a P+ polysilicon
47. Polysilicon 47 is dielectrically insulated from buried
layer 45 and well 36 by an insulating layer shown as
dielectric 48. A bottom portion of dielectric 48 is inten-
tionally enlarged. This is achieved by an oxygen im-
plant. The oxygen reacts with the silicon of substrate 34
to form an enlarged area of oxide. It has been found, in
the prior art, that this bottom area of the trench is more
vulnerable to punchthrough so that the increased thick-
ness in this area is desirable. Polysilicon 47 is in contact
with source 38 by virtue of dielectric 48 having been
etched down. This etching down of the dielectric of the
trench capacitor is known. A P channel transistor 51 is
formed of source 38, drain 39, and gate 41. Transistor 51
and capacitor 37 form memory cell 33. Region 42 is
formed during the formation of source 38 and is present
for alignment tolerance. Polysilicon 47 is one plate on
capacitor 37. Buried layer 55 has a portion adjacent to
dielectric 48. Well 36 also has a portion adjacent to
dielectric 48. These portions of well 36 and buried layer
45 which are adjacent to dielectric 48 form a second
plate of capacitor 37. The primary contribution to the
capacitance of capacitor 37 is from buried layer 45
which is of a high concentration of N-type dopant.
Thus, except for the contribution from well 36, the
capacitance of capacitor 37 is all from a high doping
concentration. This advantage of increasing the capaci-
tance with a high doping concentration does not cause
a decline in performance of transistors because the bur-
ied layer, as its name suggests, does not reach the sur-
face. By having N well 36 extend down to buried layer
445, there is no parasitic MOS transistor between source
38 and the region which contributes to the capacitance
of capacitor 37. The portion of substrate 34 which is
P— is separated from source 38 by buried layer 45.
There is thus no danger of fomming even a marginally
eonductive MOS transistor between substrate 34 and
source 38. Memory cell 33 thus offers an advantage
over that shown in FIG. 1. Additionally, in the case in
which the DRAM is to be BIMOS, there is no increased
process complexity because buried laeers are part of the
typical BIMOS process.

Shown in FIG. 7 is a memory cell 55 formed with a
P —substrate as starting material and comprised gener-
ally of a transistor 57 and a trench capacitor 5. An epi-
taxial layer 59 is grown on substrate 56. Substrate 56 is
below the dotted line and epitaxial layer 59 is above the
dotted line. An N+ buried layer is formed in both epi-
taxial layer 59 and substrate 56. Trench capacitor 58 is
filled with N+ polysilicon 60 to form a first plate of
capacitor 58. Transistor 57 is formed in 2 P— well 62.
Well 62, although of the same conductivity type as the
P— portion of substrate 34, is separately doped. Both
the P channel transistors and the N channel transistors
are formed nn wells. This is known as a twin well pro-
cess which is typical for MOS integrated circuits which
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have an epitaxial layer. The wells which are of the same
conductivity type astthe starting material of the sub-
strate are at the same voltage. In the present case the
starting material of the substrate, substrate 56, is P-type
conductivity so that the P wells will be biased to the
same potential as substrate 56. Well 62 will then be
biased to the same voltage as the P— portion of sub-
strate 56, which may be, for example, ground potential.
Transistor 57 includes a source region 63, a drain region
64, and a polysilicon gate 65. A gate insulator 66 insu-
lates gate 65 from well 62. Trench capacitor 58 includes
a dielectric 67 is the dielectric for capacitor 58. Buried
layer 61 has a portion which adjoins dielectric 67. Well
62 also has a portion which adjoins dielectric 67. The
portions of well 62 and buried layer 61 form a second
plate of capacitor 58. Dielectric 67 includes a thicker
portion 68 and a thicker portion 69. As shown in FIG.
7, trench capacitor 58 is formed from a trench etched
into a semiconductor body in which one plate is the
semiconductor body adjacent to the trench and the
other plate is conductive material which fills the trench.
These two plates are separated by an insulating layer
which lines the trench.

Dielectric 67 is formed as a thin laver which may be,
for example, 170 Angstroms. Dielectric is then etched
down from the surface. Subsequent thicker dielectric is
then formed between the etched back portion and the
surface. The thicker portion is then etched back to
allow contact between polysilicon. These steps to form
thicker portions 68 and 69 are depicted in more detail in
FIGS. 8-10. Shown in FIG. 8 is a trench 70 with a
dielectric 71 coating the surface thereof but etched
down to a line 72 to which trench 70 is filled with P+
polysilicon 73. Shown in FIG. 9 is trench 70 with addi-
tional thicker dielectric portions 74 and 75. Shown in
FIG. 10 is trench 70 with dielectric portions 74 and 75
etched back and P+ polysilicon 76 fills the remainder
of trench 70 from line 72 to the surface. Portions 68 and
69 in FIG. 7 are analogous to portions 74 and 75 of FIG.
10. P+ polysilicon 60 of FIG. 7 is analogous to polysili-
con 73 and polysilicon 76 combined.

One reason for thicker portions 68 and 69 is to in-
crease the threshold voltage of a parasitic MOS transis-
tor 78. The portion of well 62 between source 63 and
buried layer 61 acts as a channel for parasitic transistor
78. Buried layer 61 and source 63 act as source and
drain and polysilicon 60 acts as a gate of transistor 78.
Portion 68 of dielectric 67 acts as the insulator between
the gate and the channel of parasitic transistor 78. The
thickness of portion 68 and the doping of well 62 com-
bine to ensure that parasitic transistor 62 is not conduc-
tive. Another reason for thicker portions 68 and 69 is to
ensure there is no dielectric breakdown or punchtrough
between well 62 and polysilicon 60 inside the trench.
There will be times when the full power supply voltage
differential will be applied between well 62 and polysili-
con 60. The reason for having the trench penetrate a
buried layer which is biased to only } Vcc is to be able
to reduce the dielectric thickness and thus increase
capacitance. .

Memory cell 55 has nn advantage over that of FIG. 1
because buried layer 61 can be electrically isolated from
the P— portion of substrate 56 as well as other N' wells.
Buried layer 61 can thus be biased to a voltage which is,
for examle, one half of the power supply voltage. This
is shown as 4 Vce in FIG. 7. This reduces the maximum
voltage which will be developed acrogs dielectric 67.
With the reduction in maximum voltage, d;electric 67
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can be made thinner which increases the capacitance of
capacitor 58. Memory cell §5 of FIG. 7 then is an im-
provement over that of FIG. 1 at least by providing
increased capacitance by being able to reduce the di-
electric thickness of the trench capacitor. Memory cell
33 of FIG. 6 is thus an improvement over that of FIG.
1 at least because it eliminates the parasitie MOS transis-
tor. These advantages are a direct result of having the
primary part of one of the plates of the trench capacitor
of a DRAM cell be a buried layer. This is achieved by
having the trench of the trench capacitor peneirate a
buried layer.

In both embodiments, FIG. 6 and FIG. 7, the trench
of the trench capacitor penetrates a buried layer. The
buried layer, as used herein, is a region in a semiconduc-
tor body which is below the surface of the semiconduc-
tor body and which is greater in concentration than the
doping concentration of the starting material. As shown
as being available from prior art processing, the buried
layer may be either the same type of conductivity or
opposite type conductivity of the starting material The
method shown uses epitaxial growth to develop a bur-
ied layer This approach to forming a buried layer has
been commonly done in forming bipolar transistors in
integrated circuits. This approach has also been used in
BiMOS processes. Another approach to forming a bur-
ied layer is to implant through the surface of the semi-
conductor body with sufficient energy so that the re-
sulting doped region is sufficiently below the surface for
the memory cell purpose. This approach may prove to
be better. One reason it may prove to be better is that it
may result in not needing to grow the epitaxial layer. In
any event, the present invention is directed to a memory
cell which has a trench capacitor which penetrates a
buried layer not to how a buried layer is formed.

I claim:

1. In a semiconductor body including a substrate of a
first conductivity and doped to a first concentration, an
epitaxial layer grown on the substrate to form a surface
of the semiconductor body, and a buried layer of a
second conductivity and of a second concentration
greater than said first concentration formed below said
surface in a region overlapping the substrate and the
epitaxial layer, a memory cell comprising:

a transistor having a gate and a conduction path; and

a trench capacitor coupled to one side of the conduc-

tion path, said trench capacitor formed of a trench
which penetrates the surface and said buried layer,
said trench capacitor characterized as having a first
plate formed of conductive material inside the
trench coupled to the conduction path, and a sec-
ond plate, said second plate being substantially a
portion of the buried layer adjacent to the trench.
2. In the semiconductor body of claim 1 wherein the. .

memory receives a power supply voltage provided . - .

externally from the memory, the capacitor further char-
acterized as having its second plate biased to a voltage
which is between 30% and 70% of the power supply
voltage.

3. In the semiconductor body of claim 2 wherein a
well of the first conductivity type is formed in the epi-
taxial layer between the surface and the buried layer,
the transistor further characterized as having a source, a
drain, and a channel formed in the well and the well
further characterized as having a.portion adjacent to a ..
portion of the trench above the buried layer.

4. In the semiconductor body of claim 3, the capaci-
tor further characterized as having an insulating layer
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between the first plate and the portions of the well and
the buried layer which are adjacent to the trench.

5. In the semiconductor body of claim 4, the insulat-
ing layer further characterized as having a first thick-
ness along portions between the buried layer and the
trench and a second thickness between the well and the
trench, said second thickness being greater than said
first thickness.

6. In the semiconductor body of claim 1 wherein a
well of the first conductivity type is formed in the epi-
taxial layer between the suraace and the buried layer,
the transistor further characterized as having a source, a
drain, and a channel formed in the well and the well
further characterized as having a portion adjacent to a
portion of the trench above the buried layer.

7. In the semiconductor body of claim 6, the capaci-
tor further characterized as having an insulating layer
between the first plate and the portions of the well and
the buried layer which are adjacent to the trench.

8. In a semiconductor body including a substrate, an
epitaxial layer grown on the substrate to form a surface
of the semiconductor body, and a well of a of a first
conductivity type formed in said epitaxial layer, said
epitaxial layer and said substrate having at least a region
of a second conductivity type, a memory cell compris-
ing;

a transistor having a gate and a conduction path

formed in said well; and

a trench capacitor coupled to one side of the conduc-

tion path, said capacitor formed of a trench which
penetrates the well and said region of the second
conductivity type; said capacitor having a first
plate formed of conductive material inside the
trench coupled to the conduction path, and a sec-
ond plate being substantially a portion of said re-
gion adjacent to the trench; and said capacitor
having an insulating layer between the first plate
and the well and between the first plate and said
region, said insulating layer having a first thickness
along portions between said region and the first
plate and a second thickness between the well and
the first plate, said second thickness being greater
than said first thickness.

9. In a semiconductor body including a substrate of a
first conductivity and doped to a first concentration and
a buried layer of a second conductivity and of a second
concentration greater than said first concentration
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formed below a surface of said substrate, a memory cell
comprising;

a transistor having a gate and a conduction path; and

a trench capacitor coupled to one side of the conduc-

tion path, said trench capacitor formed of a trench
which penetrates the surface and said buried layer,
said trench capacitor characterized as having a first
plate formed of conductive material inside the
trench coupled to the conduction path, and a sec-
ond plate, said second plate being substantially a
portion of the buried layer adjacent to the trench.

10. In the semiconductor body of claim 9 wherein the
memory receives a power supply voltage provided
externally from the memory, the capacitor further char-
acterized as having its second plate biased to a voltage
which is between 30% and 70% of the power supply
voltage.

11. In the semiconductor body of claim 10 wherein a
well of the first conductivity type is formed in the sur-
face of the substrate above the buried layer, the transis-
tor further characterized as having a source, a drain,
and a channel formed in the well and the well further
characterized as having a portion adjacent to a portion
of the trench above the buried layer.

12. In the semiconductor body of claim 11, the capac-
itor further characterized as having an insulating layer
between the first plate and the portions of the well and
the buried layer which are adjacent to the trench.

13. In the semiconductor body of claim 12, the insu-
lating layer further characterized as having a first thick-
ness along portions betwee the buried layer and the
trench and a second thickness between the well and the
trench, said second thickness being greater than said
first thickness.

14. In the semiconductor body of claim 9 wherein a
well of the first conductivity type is formed in the sur-
face of the substrate above the buried layer, the transis-
tor further characterized as having a source, a drain,
and a channel formed in the well and the well further
characterized as having a portion adjacent to a portion
of the trench above the buried layer.

15. In the semiconductor body of claim 14, the capac-
itor further characterized as having an insulating layer
between the first plate and the portions of the well and

the buried layer which ar adjacent to the trench.
* * £l * *
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POWER BUS ROUTING FOR PROVIDING NOISE
ISOLATION IN GATE ARRAYS

TECHNICAL FIELD

This invention relates generally to gate arrays, and,
more particularly, to power bus routing for gate arrays.

BACKGROUND ART

Gate arrays are uniform patterns of hundreds or thou-
sands of unconnected transistor-level gate cells. Due to
the availability to a designer of means to connect the
cells via interlevel contacts and interlevel routing per-
formed at a late stage in processing, many custom cir-
cuits may be created from a basic gate array. A basic
design objective of gate arrays is to make the gate cells
easily accessible to power and ground busses since the
gate cells are typically placed on a level different from
the power and ground busses. However, when hun-
dreds or thousands of transistors are connected in an
array, very large current spikes may develop in certain
locations of the array when the transistors switch at the
same time. When power busses are not routed closely to,
the transistors, noise may exist on internal nodes and
create logic errors in the gate array cells. When current
spikes exist at the inputs of the gate array, these spikes
may also create logic errors in the internal portion of
the gate array. Some gate arrays utilize separate digital
and analog power and ground distribution busses to
minimize analog circuit noise from digital circuitry as
noted on page 166 of “CMOS Uncommitted Logic
Arrays Are Part-Digital, Part-Analog”, by Yoder, Elec-
tronics, Jan. 13, 1981. However, when such gate arrays
have a large plurality of input/output cells per side of
the array, large current spikes at the output may still
generate noise errors in the internal digital circuitry.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
gate array having improved power bus routing.

Another object of the present invention is to increase
current availability to transistor cells in a gate array

without substantially modifying existing power bus’

routing.

Another object of the present invention is to provide
an improved gate array which reduces noise present in
internal circuitry and which reduces the presence of
current spikes from transistor switching,

Yet another object of the present invention is to pro-
vide an improved gate array which isolates noise at the
input/output cells from the internal circuitry.

In carrying out the above and other objects and ad-
vantages of the present invention, there is provided, in
one form, a gate array having n parallel columns of a
plurality of transistor cells, where n is an integer. Each
column, in the preferred form, has first and second
power busses which extend from end to end of the
column and which provide power to the transistor cells.
The first and second power busses are coupled to first
and second voltage potential lines. A pair of output
power busses are positioned parallel to an outer side of
both a first and an nth column of the n columns. Each
pair of output power busses is substantially parallel to
said n columns and coupled to the first and second
voltage potential lines. Separate power busses in the
form of first and second input/internal logic power
busses extend substantially around the perimeter of said
n columns and between the n columns and the output

2

power busses. Additionally, at least one power strip
extends substantially perpendicular to said n columns to
connect input/internal power busses with the first and
second power busses of each column to provide in-
creased current availability to the transistor cells. The
above and other objects, features and advantages of the
present invention will be more clearly understood from
the following detailed description taken in conjunction
with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING
The single FIGURE illustrates in graphic form a gate

" array constructed in accordance with a preferred em-
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bodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Shown in the single drawing is a gate array 10 having
n columns of transistor cells, such as column 12 having

- cells 14 and 16, where n is an integer. Although in a

preferred form eighteen columns of transistor cells are
shown, any number of columns and celis may be used to
practise the invention. If gate array 10 is viewed from
the left or right side of the drawing, the columns can be
considered as rows. Extending the entire length of each
of the n columns are first and second power busses, such
as power bus 18 and power bus 20 in column 12. The
first and second busses in the n columns are coupled to
a first and a second voltage potential line, respectively,
by coupling each power bus to either an input/internal
logic power bus 22 or an input/internal logic power bus
24. 1t should be noted that not all gate arrays have a
plurality of continuous columns of transistor cells, but
rather may have columns of cells divided into two or
more sections. For gate arrays having sectioned col-
umns of transistor cells, power busses, such as power
busses 18 and 20 may not extend the entire length of
each column across the plural sections. However, this
invention may be practised for gate arrays having any
variety of structural organization of transistor cells. In a
preferred form, input/internal logic power bus 22 is at a
Vss potential and extends substantially around the pe-
rimeter of the n columns. Input/internal logic power
bus 24 is at a Vpp potential and also extends substan-
tially around the perimeter of the n columns in a pre-
ferred form. Conventionally, the Vpp potential is a
positive voltage potential and the Vgs potential is more
negative than Vpp although Vpp is not necessarily a
positive voltage potential. Although input/internal
logic power busses 22 and 24 encircle the n columns for
noise reduction purposes, the input/internal logic
power busses need only to be long enough to be physi-
cally connected to each pair of power busses of the n
columns. On the outer sides of & first column 26 and an
nth column 28 are output power busses 30 and 32, re-
spectively, which are coupled to voltage potential Vpp.
Extending around the outside perimeter of gate array 10
is an output power bus 34 which is coupled to Vs
potential. The output power busses are so designated
because they primarily supply power to output circuits.
Output power busses 30 and 34 form a first pair of out-
put busses which, in a preferred form, extend substan-
tially parallel to and along the outside edge of first
column 26. Similarly, output power busses 32 and 34
form a second pair of output busses which extend sub-
stantially parallel to and along the outside edge of nth
column 28 in a preferred form. In yet another form of
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the invention, output power busses 30 and 32 may be
extended in part, or substantially around the perimeter
of the n columns. Further, output power busses 30 and
32 may extend substantially parallel to output power
bus 34 and be connected to function as a single output
power bus. Power strips 36, 38 and 40 extend substan-
tially perpendicular to the n columns and are coupled to
busses 22 and 24 at each end at the outside edge of
columns 26 and 28. Power strips 36, 38 and 40 each
comprise first and second conductive busses, the first of
which is connected to input/internal logic power bus 22
at the outside edge of columns 26 and 28. The second
conductive bus of power strips 36, 38 and 40 is con-
nected to input/internal logic power bus 24 at the out-
side edge of columns 26 and 28. In the preferred form,
the power busses in the n columns, such as power busses
18 and 20, are routed on a first layer of metal which is
covered by an insulating dielectric layer. Power strips
36, 38 and 40 are routed on a second layer of metal so
that power strips 36, 38 and 40 do not electrically short
circuit the transistor cells of the n columns. The con-
ductive busses of strips 36, 38 and 40 which are con-
nected to input/internal logic power bus 22 are also
connected to the first power bus of each column, such
as power bus 18 in column 12. This connection is made
by cutting a hole, or a via, through the dielectric sepa-
rating the n columns from power strips 36, 38 and 40.
The conductive busses of strips 36, 38 and 40 which are
connected to internal logic power bus 24 are connected
to the second power bus of each column, such as power
bus 20 in column 12. In the preferred form, three power
strips are utilized and the first and second conductive
busses of power strip 38 are made twice as large as the
conductive busses of power strips 36 and 40. However,
the invention may be practised with one or any plurality
of power strips. It should also be noted that power strips
36, 38 and 40 need not necessarily extend across all the
columns of gate array 10. Current availability may be
increased by using some or all power strips across only
a portion of the n columns.

In operation, a gate array, regardless of what type of
process is used to manufacture the array, will usually
develop very large current spikes when the transistors
in the transistor cells switch. An entire column of tran-
sistors may switch at the same time and generate cur-
rent in the hundreds of milliamperes range. Such cur-
rent spikes can change the internal logic circuitry and
create erroneous data. Conventional power bus routing
is not sufficient to keep voltage drops in the cells associ-
ated with the current spikes from becoming excessive.
Furthermore, 1n gate arrays there are typically a large
number of output cells such as output cell 42 on one or
more sides of the gate array with each cell having a

.- .contact pad. With a large number of output cells exist-

ing, the possibility for large AC and DC loads to be
applied thereto exists. Therefore to keep current spikes
from entering the array matrix, power busses, such as
busses 30, 32 and 34, which are separate from the power
busses of the internal logic circuitry and input pads,
such as busses 22 and 24, may be used for the output
circuits.

To substantially reduce the size of current spikes in
each column, the effective ohmic length of the power
busses of the n columns is reduced by adding power
strips 36, 38 and 40 and connecting them to the power
busses of the n columns. If power strips 36, 38 and 40 are
routed on a different layer of metal and separated from
the power busses of the n columns by a dietl)ectric layer,
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4
the logic routing of a conventional gate array has not
been disrupted. By now it should be appreciated that a
gate array having power routing which separates cur-
rent spikes in the output cells from internal digital logic
and input pins and which minimizes current spikes in
the digital logic has been provided. _

By having input/internal logic power busses which
are separate from output power busses, noise external to
gate array 10 is effectively isolated. Furthermore, when
separate power busses are used in this manner, the bus-
ses may be coupled to different leads in an integrated
circuit package and different voltage levels applied
thereto.

"While the invention has been described in the context
of a preferred embodiment, it will be apparent to those
skilled in the art that the present invention may be modi-
fied in numerous ways and may assume many embodi-
ments other than that specifically set out and described
above. Accordingly, it is intended by the appended
claims to cover all modifications of the invention which
fall within the true spirit and scope of the invention.

We claim:

1. A gate array having power bus routing for provid-
ing noise isolation, comprising:

n columns of a plurality of transistor cells, where n is
an integer, each of said n columns of transistor cells
having first and second power busses extending
substantially along each of the n columns and cou-
pled to predetermined ones of the transistor cells;

first and second input/internal power busses coupled
to said first and second power busses of each col-
umn, respectively, and extending substantially
around the perimeter of said n columns, for provid-
ing power to each transistor cell of said n columns;

at least one power strip extending substantially per-
pendicular to said n columns of transistor cells,
coupling each of said pair of input/internal power
busses to a predetermined one of said first and
second power busses of one or more columns, for
providing increased current to said plurality of
transistor cells; and

output power busses positioned along the outer pe-
rimeter of said gate array, for providing power
busses for output cells along one or more sides of
the gate array which are separate from the internal
power busses to keep external current spikes from
being coupled into the array.

. 2. The gate array of claim 1 wherein said output
power busses further comprise:

a first output power bus positioned completely
around the perimeter of the gate array; and

second and third output power busses positioned
parallel to and between the first output power bus
and said first and nth columns, respectively,
wherein the first output power bus provides a first
voltage potential and said second and third output
power busses each provide a second voltage poten-
tial.

3. The gate array of claim 1 wherein said first and
second power busses of each of said n columns are
routed on a first conductive layer and said at least one
power strip is routed on a second conductive layer
which is separated from said first conductive layer by a
dielectric layer.

4. The gate array of claim 1 wherein said at least one
power strip comprises three power strips extending
substantially perpendicular to said n columns and
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spaced apart to divide said gate array into four sections
of substantially equal area.

§. A gate array having n columns of a plurality of
transistor cells, where n is an integer, and a plurality of
output cells along one or more sides of the gate array,
each of said n columns of transistor cells having first
and second power busses coupled to first and second
voltage potential lines, respectively, and extending sub-
stantially along each of the columns, comprising:

a power strip extending substantially perpendicular
to said n columns, and coupling said first and sec-
ond power busses to said first and second voltage
potential lines, respectively, for providing in-
creased current capability to said plurality of tran-
sistor cells; and S :

output power busses positioned along an outer perim-
eter of the gate array, for providing power busses
for the output cells which are separate from the
first and second voltage potential lines used to
provide power to the transistor cells, said output
power busses keeping external current spikes from
being coupled into the array.

6. The gate array of claim 5 further comprising three
power strips extending substantially perpendicular to
said n columns from the first to the nth column and
spaced a substantially equal distance apart, said second
power strip located between said first and third power
strips, wherein the width of said second power strip is
substantially larger than the width of said first and third
power strips.

7. A gate array having improved noise isolation, com-
prising:

n columns of a plurality of transistor cells, where n is

an integer, each of said n columns of transistor cells
having first and second power busses extending
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substantially along the columns and coupled to first
and second voltage potential lines, respectively;

a plurality of output cells alang one or more sides of
the gate array, for interfacing between the transis-
tor cells and external circuitry;

a pair of output power busses positioned on each side
of said n columns and extending substantially paral-
lel to said n columns, each pair of output power
busses providing power only to the output cells;
and

first and second input/internal power busses coupled
to said first and second voltage potentials, respec-
tively, and extending substantially around the pe-
rimeter of said n columns and extending between
said n columns and said output power busses, for
-providing power only to the n columns of transis-
tor cells.

8. The gate array of claim 7 wherein one output
power bus of both pairs of output power busses which
are positioned on each side of said n columns further
extends substantially around the perimeter of said n
columns.

9. A method of isolating noise from an external
source in a gate array having a plurality of transistor
cells arranged in n columns, where n is an integer, and
having a plurality of output cells along one or more
sides of the gate array, each column having first and
second power busses extending substantially along each
of said columns, comprising the steps of:

providing a plurality of internal power strips along
both ends of said n columns and electrically cou-
pled to the first and second power busses of said n
columns, to provide power for only the n columns
of transistor cells; and

providing a plurality of output power strips along the
perimeter of the gate array, to provide power for

only the output cells.
* * * * *




