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(59 METHOD OF MAKING ELECTRONIC ENGINE
CONTROL UNITS

(71) We, CHRYSLER CORPORATION, a
corporation of the State of Delaware, of
12000 Lynn Townsend Drive, Highland
Park, Michigan, 48288 United States of
America, do hereby declare the invention
for which we pray that a patent may be
granted to us, and the method by which it
is to be performed, to be particularly de-
scribed in and by the following statement:
10 The present invention relates to elec-
tronic engine control units and is concerned
specifically with a method of producing
such control units having a central micro-
Processor.

The application of electronic controls to
engine control systems can accomplish sub-
stantial improvements in engine perfor-
mance as demonstrated by the Chrysler
electronic lean burn engine the control sys-
tem of which moenitors, via input sensors,
various engine operating conditions pre-
cisely to control the timing of spark igni-
tion. This engine achieves reduced exhaust
emissions and improved fuel economy
without the use of other devices (such as
catalytic converters and exhaust gas recir-
culation} which had heretofore been re-
quired on internal combustion engines to
meet United States Federal emission stan-
30 dards and which lowered fuel economy.

The current Chrysler electronic lean burn

engine utilizes several analogue sensors and

analogue circuits for converting the sensor

information into analogue electrical signals
35 utilized in controlling spark timing.

The desirability of utilizing digital, as
opposed to analogue circuits, has hereto-
fore been recognised in engine control sys-
tems. In particular, recent advances in

40 microprocessor technology render the in-
corporation of a central digital micropro-
cessor in an engine control system especi-
ally advantageous. In a system embodying
such a device, the microprocessor carries

45 out calculations utilized in controliing an
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event associated with operation of the en-
gine, the calculations being established ac-
cording to a programme electronically con-
tained in programme circuitry operatively
associated with the central microprocessor.

The present invention is concerned with
the manufacture of a microprocessor en-
gine control system whereby manufacturing
complexities, associated with mass produc-
tion of such systems, are considerably sim-
plified. The present invention envisions
the fabrication of a basic electronic control
unit containing the microprocessor engine
control circuitry at an electronics manufac-
turing plant. The elecironic control unit,
at the time of shipment from the electronics
manufacturing plant, has the potential for
use with any of various different engine
models, each having its own unique require-
ments for an electronic control unit. When
either the engine manufacturing plant or
the vehicle assembly plant determine on
what model engine a given electronic con-
trol will be used, that control unit is elec-
tronically tailored for use with the given
engine. Therefore, only one basic elec-
tronic control unit need be manufactured
by the electronics manufacturing plant and
stocked in a subsequent facility (such as an
engine plant, assembly plant, or parts supply
depot); yet the unique requirements of dif-
ferent engines can be readily accommodated.

According to the present invention there
is provided a mass production method of
producing electrontic control units of elec-
tronic engine control systems for a variety
of engine models wherein each engine model
requires a corresponding model of elec-
tronic control unit which is unique to that
engine model, said method comprising the
steps of: first, making a plurality of elec-
tronic control units wherein each control
unit comprises in assembly a central micro-
processor integrated circuit which is adapt-
ed to carry out, according to a programme, 90
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calculations used by a control system in
controlling an event associated with opera-
tion of the engine, a programme memory
integrated circuit which is programmed with
a programme adapted to be executed by
said central microprocessor integrated cir-
cuit in carrying out said calculations and
representing a general control equation
potentially suitable for any of said variety
of engine models, and an unprogrammed
programmable read only memory inte-
grated circuit adapted, when programmed,
to convert the programme of said pro-
gramme memory integrated circuit from a
general control equation into a specific
control equation which is unique to a speci-
fic engine model; and then, once the speci-
fic engine model with which each assem-
bled electronic control unit with its un-
programmed programmable read only
memory integrated circuit is to be used
has been determined, programming the
programmable read only memory integrated
circuit thereof by means of external pro-
gramming equipment, preferably operating
in part through the microprocessor inte-
grated circuit, with specific data unique to
the specific engine model with which the
electronic control unit is to be used so as

30 to adapt the programme of said programme
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memory integrated circuit thereof from a
general control equation into a specific
control equation unique to the specific en-
gine model with which the electronic con-
trol unit is to be used whereby each elec-
tronic control unit is rendered unique to a
specific engine model.

The present invention, will be further
described by way of example, with refer-
ence to the accompanying drawings, in
which :

Figure 1 illustrates an electronic sche-
matic diagram - of engine control system
having a control unit made by the method
of the present invention;

Figure 2 illustrates a more detailed sche-
matic diagram of a portion of Figure 1; and

Figures 3 and 4 are waveform timing
diagrams useful in explaining the system.

The drawings disclose an illustrative pre-
ferred emobidment of engine control sys-
tem 10 which is an engine spark timing
control system wherein the time of spark
ignition in the cylinders of the engine is
controlled in accordance with selected in-
rut signals which are representative of the
values of selected operating conditions.
Briefly, a conventional pick-up coil assem-
bly 12 is operatively coupled with the
crankshaft of the engine to provide trigger
pulses at predetermined angular positions
of the crankshaft. The trigger pulses are
supplied successively through a filter cir-
cuit 14 and a clipper circuit 16 to an input/
output integrated circuit 18. Imput/output

integrated circuit 18 is a microcircuit de-
vice comprising a plurality of individual
circuits which provide an interface, or buf-
fer, between a micro-processor integrated
circuit 20, a programme memory integrated
circuit 22, and a programmable read only
memory integrated circuit 23 (hereinafter
referred to as a PROM) on the one hand,
and a number of discrete circuits on the
other hand. Details of input/output in-
tegrated circuit 18 are disclosed in the Speci-
fication of copending Patent Application
No. 18131/77. Included among the dis-
crete circuits referred to above are the pre-
viously described pick-up -circuit, a plura-
lity of input circuits supplying signals re-
presentative of selected operating conditions.
and an ignition circuit via which spark
firing in the cylinders of the engine is ac-
complished. The ignition circuit comprises
a predriver stage 24 followed by an output
stage 26 which is operatively coupled with
a conventional ignition coil 28 having pri-
mary and secondary windings. The second-
ary winding is connected via the usual dis-
tributor 30 with the spark plugs 32 of the
engine. The primary winding is operatively
connected with output stage 26. The pri-
mary winding is operatively connected with
output stage 26. The overall operation of
the system is such that in response to each
trigger pulse from pick-up coil assembly
12, a selected one of the spark plugs is
fired. The timing of ignition firing is con-
trolled by microprocessor integrated circuit
20 which calculates from the selected input
signals the correct duration of a time delay
and then gives a firing signal to predriver
stage 24 which is time delayed from the
pick-up trigger signal by the calculated de-
lay. Calculations for establishing the time
of spark ignition are made by microproces-
sor integrated circuit 20 which acts upon
a programme defined by programme
memory integrated circuit 22 and PROM
23. Electrical power for the system is de-
rived from the usual vehicle battery 34. In
order to provide a regulated voltage poten-
tial of 4V volts for the microelectronics,
a conventional power supply circuit 36 is
operatively connected as illustrated via the
vehicle ignition switch 38 to be energized
from battery 34 when the ignition switch
is actuated to the on position. In addition
to providing the regulated potential of +V
volts, power supply 36 also provides a
CLEAR signal used to clear microproces-
sor integrated circuit 20 when the ignition
switch is first turned on to operate the en-
gine.

Microprocessor integrated circuit 20 is a
conventional device (for example, RCA
Corporation CDP 1802D microprocessor)
which carries out calculations used in com-
puting the delay of spark firing in relation
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to each pulse from pick-up coil assembly
12. The amount of the delay is a function
of the several selected conditions which are
sensed by the control circuit such as,
5 throttle position by a throttle position trans-
ducer 40, intake manifold vacuum via a
vacuum transducer 42, and temperature of
ambient air entering the engine for com-
bustion as sensed by an air temperature
10 thermistor 44. Details of the sensor cir-
cuits are disclosed in the abovementioned
copending patent Application. Programme
memory integrated circuit 22 is a conven-
tional read only memory, (for example,
15 RCA Corporation CDP 1832D, ROM).
Programme memory integrated circuit 22 is
programmed to provide a predetermined
basic spark timing programme which is
executed by microprocessor integrated cir-
20 cuit 20. The programme is established ac-
cording to conventional programming tech-
niques to carry out the desired spark timing
delay calculations, based on the values of
the selected input conditions which are
25 monijtored. However, PROM 23 tailers
the basic programme contained in pro-
gramme memory integrated circuit 22 for
use with the particular engine with which
the control system is utilized.

30 A detailed schematic diagram illustrating
one possible implementation of PROM 23

from several standard, commercially avail--

able components is shown in Figure 2; it
is contemplated that in mass-production of
35 the illustrated control system these (or
equivalents thereof) would be integrated
into a single chip. Figure 2 contains an
address latch 50, a flip-flop 52, a decoder
54, a PROM 56, a tristate latch 58, and
40 an output buffer drive 60. Address latch
50 can comprise two RCA CD4042’s con-
nected to receive an address from micro-
processor 20 via bits A0, Al, A2, A3, A4,
A5, A6, and A7 of an address bus and to
45 supply same to PROM 56. Operation of
latch 50 is controlled by the level of a sig-
nal X2 supplied from flip-flop 52 to the
“enable” terminal of the latch. PROM 356,
an INTEL 2704, has data terminals DO,
50 D1, D2, D3, D4, D5, D6, and D7 via which
8-bit data words are entered into and read
from memory. The data terminals of
PROM 56 are linked with microprocessor
20 via a bi-directional data bus containing
55 tristate latch 58 and output buffer drive 60.
Tristate latch 58 can be an RCA CD4508,
and output buffer drive 60, a pair of Fair-
child 340097°s. The “enable” and “clock™
terminals of tristate latch 58 are connected
60 with flip-flop 52 to receive control signals
X2 and X1 respectively; the “enable” ter-
minal of output buffer drive 60 is connected
with decoder 54 to receive control signal X3.
The PROGRAMME VOLTAGE signal is
65 supplied directly to the “programme volt-

age” terminal of PROM 56, and an atten-
tuation thereof is supplied by the voltage
dividing resistors 62, 64 to the “chip select”
terminal thereof. The attentuated PRO-
GRAMME VOLTAGE signal at the “chip 70
select” terminal can be grounded out by
transistor Q1, which is connected with flip-
flop 52. Decoder 54 can be an RCA
CD14555 and is connected to decode the
signals Al4, A15 supplied from micropro- 75

cessor 20. A MEMORY TIMING signal
is also supplied to decoder 54 from micro-
processor 20.

Data is entered into the memory of
PROM 56 as follows. The address of the 80
data word which is to be stored is received
from microprocessor 20 and latched in ad-
dress latch 50. The data word is received
from microprocessor 20 and latched in tri-
state latch 58. The control signal causing 85
the address and data word information to
be latched is from flip-flop 52 which is set
when address bits A14 and Al5 are both
high. Al4 and AI15 are both high only
when new data is to be entered into the 90
memory. With the address and data word
both latched, the PROGRAMME VOLT-
AGE pulse is applied to cause the latched
data word to be permanently stored in the
PROM at the address location designated 95
by the latched address. The address latch
50 is reset when Al4 is low and A15 high,
and when it is so reset, the mictoprocessor
is directly enabled to PROM 56. With
address latch 50 reset, signal X3 is high so
that stored data from PROM 56 can be
output to microprocessor 20 via output buf-
fer drive 60. Transistor Q1 enables reading
the memory by grounding the “chip select”
terminal; when transistor Q1 is not conduct-
ing, data can be entered into the memory.

Figures 3 and 4 illustrate respective tim-
ing diagrams of the various signals
for storing (i.e. writing) data in the PROM
and for reading data from the PROM re-

spectively. The MEMORY TIMING sig-
nal is generated by the microprocessor and
prevents data from being entered when an
improper address is entered. It is to be
understood that suitable power supplied
are provided for the circuitry even though
they are not shown on the drawing.

The inter-relationship between circuits 22
and 23 is illustrated by considering an illu-
strative spark timing equation which may
be utilized in calculating the spark timing
delay from the occurrence of each pick-up
coil assembly trigger pulse.

DELAY= AF, (RPM) +BF, (VACUUM)
+}C33F3 (THROTTLE) +DF, (AIRTEMP)
+
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and
RPM, VACUUM, THROTTLE,
and AIRTEMP are selected signal
variables.
5 The RPM signal is derived from the fre-
" quency of the trigger signals from the pick-
up coil assembly. The vacuum signal is
derived from vacuum transducer 42. The
throttle signal is derived from throttle posi-
10 tion transducer 40, and the AIRTEMP sig-
nal, from air temperature thermistor 44.
This equation may be considered as a basic
spark timing equation applicable to all en-
gine models with which the electronic con-
15 trol system is potentially applicable. How-
ever, because of unique characteristics of
each engine model, the various individual
terms of the equation such as AF, BE,
etc., may be different for each engine model.
20 The advantage of PROM 23 can now be
explained. By programming programme
memory integrated circuit 22 with a pro-
gramme to execute the basic spark timing
equation, the system is potentially useful
25 with any engine model (assuming no data
has yet been entered in PROM 23). This
means that the complete control electronics
can be fabricated and packaged as a single
electronic control unit at the electromics
30 manufacturing plant without regard to the
engine model with which the unit will ulti-
mately be used. Hence, the -electronics
manufacturing plant makes and ships only
one model of electronic control unit. Once
35 the particular engine model on which a
given electronic control unit is to be used
has been established, PROM 23
is programmed with  data  repre-
senting specific scale factors, offset, and/or
40 functions which are unique to the engine
and which have been previously defined to
secure optimum performance.
PROM 23 is programmed in the follow-
ing fashion, using conventional equipment
45 and techniques. Three externally connect-
ible terminals are utilized to programme
PROM 23. These are the data clock and
programme data terminals of microproces-
sor 20, and the programme voltage terminal
50 of PROM 56. The data clock terminal and
programme data terminal receive respec-
tively DATA CLOCK signals and PRO-
GRAMME DATA signals from external
equipment. A programming command in-
55 struction is first serially entered at the
programme data terminal, and this is re-
cognized by the microprocessor as meaning
that data is to be programmed into the
PROM. Next the address in the PROM
60 at which the data word is to be stored is
serially entered at the programme data ter-
minal. Finally, the data word itself is en-
tered at the programme data terminal. The
circuit acts upon these inputs in the man-
65 ner described above so that the data is

stored in the PROM at the desired address.
The process is repeated for each item of
data which is to be stored. Once stored,
the data can be read at the appropriate
time in the manner set forth above. It 70
should be pointed out that the INTEL
PROM 56 utilizes MNOS memory tech-
nology so that the data stored therein is
permanently retained even when the D.C.
power is turned off. While it is possible 75
to erase the memory by exposure of PROM

56 to ultraviolet light, the emvironment of
the present invention should preclude that
possibility so that data storage is indeed
truly permanent. The specific programme 80
data may be any or all of the following:
scale factor(s), offset, and function(s).
Moreover, linear and non-linear functions
may be programmed. Zero values for
specific scale factors may be programmed 85
so that corresponding terms of the basic
equation are in effect omitted. One sig-
nificant advantage is therefore the versa-
tility of the arrangement. Once the pro-
gramme data has been entered in PROM 90
23, it is truly permanent and, therefore, the
electronic control unit is now unique to a
particular engine. Another significant ad-
vantage is that insofar as the electronic
manufacturing facility is concerned, it pro- 95
duces only a single electronic control unit
model. Thus, inventory and parts com-
plexity is greatly simplified since multiple
unique control units for individual engines
are not required.

WHAT WE CLAIM IS:

1. A mass production method of produc-
ing the electronic control units of electronic
engine control systems for a variety of en-
gine models wherein each engine model re-
quires a corresponding model of electronic
control unit which is unique to that engine
model, said method comprising the steps
of: first, making a plurality of electronic
control units wherein each control unit
comprises in assembly a central micropro-
cessor integrated circuit which is adapted
to carry out, according to a programme,
calculations used by a control system in
controlling an event associated with opera-
tion of the engine, a programme memory
integrated circuit which is programmed
with a programme adapted to be executed
by said central microprocessor integrated
circuit in carrying out said calculations and
representing a general control equation
potentially suitable for any of said variety
of engine models, and an unprogrammed
programmable read only memory integrated
circuit adapted, when programmed, to con-
vert the programme of said programme
memory integrated circuit from a general
control equation into a specific control equa-
tion which is unique to a specific engine
model; and then, once the specific engine
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model with which each assembled elec-
tronic control unit with its unprogrammed
programmable read only memory integrated
circuit is fo be used has been determined,
§ programming the programmable read only
memory integrated circuit thereof by means
of external programming equipment with
specific data unique to the specific engine
model with which the electronic control
10 unit is to be used so as to adapt the pro-
gramme of said programme memory inte-
grated circuit thereof from a general con-
trol equation into a specific control equa-
tion unique to the specific engine model
15 with which the electronic control unit is to
be used whereby each electronic control
unit is rendered unique to a specific engine
model.
2. A method as claimed in claim 1, where-
20 in the programmable read-only memory is
programmed by means of the external pro-

gramming equipment operating in part
through the microprocessor integrated - cir-
cuit,

3. A method as claimed in claim 1 or 2, 25
wherein the event to be controlled by the
control unit is engine spark timing.

4. A method of producing an electronic
engine confrol unit substantially as herein
described with reference to the accompany- 30
ing drawings.

5. An electronic engine control unit when
produced by the method of any preceding
claim.

6. An internal combustion engine having 35
an electronic control unit as claimed in

claim 5.
J. A. KEMP & CO.,
Chartered Patent Agents,
14 South Square,
Gray’s Inn,
London WCI1R 5EU.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd.,
Published at the Patent Office, 25 Southampton Buildings, London, WC2A
may be obtained

Berwick-upon-Tweed, 1980.
1AY, from which copies
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