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SWNOPSIS

The Project 'EICRGCONTROLLER BASED YE2 CLUSTER
TBST JIG* is based on the 8748 Microcontroller. This project
is to check the performance of the Cluster for i{its operation
of the Lamps, Temperature Guages ,Fuel Guages, Speedometer etc.

The projegt involves thg swliching of lamps in 4
programmed sequence to check the intensity of lamps, sllowing
different currents through the coils of the Temperature arid
the Fuel Guagee to c¢heck their performance. In addition 1o
the above, this test Jig also  testy the Speadone | ol

performance.

The project is a low cost version and ig provided
with necessary provisions for interfa o Improvemeni s for

future calibration ang testing of the clusters,
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INTRODUCTION

Present day automobiles extensively employ
electronic iﬁdicating devices. Not only fuel level, oil
level etc.  are indicated but . various other sophisticated
parameters are also displayed with the help of an  integrated
panel meter. There was a long felt need of the automobile
industry to have a sophisticated automatic testing equipment
for euch panel meters.

Our project is a pioneering attempt in satisfying
their need. The ever increasing desire of the customer to
have a high quality product and the pressure of the
industry -to produce such products in large quantities in
quick time has necessiated an accurate and fast test
equipments. Our test JIG has successfully met these
Challenges by providing as quick and accurate means to test
lamps in the cluster, fuel level indication, oil temperature
indication etc.

It is a pride that this test JIG is being used by
& leading automobile cluster manufacturer M/s. PRICOL for

testing the clusters which are exported to Japan.



TEST JIG HARDWARE

2.1. INTRODUCTIGN

The hardwure ls based on a Microcontroller, Intel's
single component 8-bit microcontroller 8748, equipped with
powerful instruction set and other versatile functions is
used. This will serve as a controlling element to ail the
other chips .provided in the unit. It mainly controis the
sequence of timing and sends various data through the buses
and ports depending on the seqguence timing. These datas
signify the necessary outputs.

The other units of the syatem like decoders, and
the DAC efficiently utilise and modify the outputs according

to the requirement.



2.2. DESCRIPTION OF TEST IG:

The hardware is based on microcontroller based 1/0
interface. The microcontroller used is the 8748 Version of
the MCS 8048 System. ie. EPROM Version of BO48. The system
block diagram is shown in Fig. 1.

The hardware study can be divided into the
following categories.
| 1. Micro Controller

2. Decoders

3. Outlput section

4, Digital to Analog Converter
5. Isolation Clrcuit for the Dac
6. Brive Section

2.2.1. MICROCONTROLLER

The heart of the test Jig is the Microcontroller
and the operation of it is fully controlled by the sGitware.

The Ports of the controller are alil programmed as
the outputs and these outputs will conirol the operation of
the relays and function of the Guates.  The ports  of the
controller are connected to the I/0 thorough buffers,

The bidirectional bus i.¢ DBo to DB7 of the
controller 1is wused to drive the Relays which are in turn

connected to the lamps. The driving circuit congists of the



WYAOYIG MO0 DI L:DId

3IDVND T3Nd HOod

NOILD3S 104100 RIS
. . dWIL ¥4
SRR -, NOILD5S
YE¥4W3L 30¢7D TENd Lnd1N0
, ..f.\l..r.\.v/ ' b Ty
VSRR VY
2 IS RE——
¥313.,003343 N S¥300034 NOTLDHS
£ | IAINA
N oy M
. 35 .
0l 6.
LIRS [
o, L, &
B4, fa 8 | Sdwv ¥od . N e SR
- 43 T0ULNODGIS I
Tr L}: u NOILD3S v/n
o I - o e & _ LNdLNO )
—k
¥37dN0D
Aanf 0Ld0
¥ 1
AZX AN

13534 dOl1S




NPN transistors for switching. The data on the bus wili
switch ON/OFF the transisiors and hence the relay outputs are
also changed. The software loaded inside the chip will
control the action of the output ie. the way of switching
ON/OFF the lamps in cluster.

The Port 1 of the controller is connecled to the
decoder and the outputs of the latter is used for driving the
relays for the Guages.

The Port 2 is fully used for the checking of  the
REEDSWITCH of the SPEEDOMETER of the clustier. The pins  P2.0
to P2.7 of Port 2 is used as the digital input for the DAC.
The outputs of Port 2 are connected tc an isolator circuit
before given to the DAC, to avoid roise robham,

A crystal of 6.00 MHz is uscd 1o derive tne clock
of the processor. Noise filtering circuits are provided at
each of the input signals. The built in timer ic used for
the time delay.

The Rest pin of the processor 1s connected
through a micro switch, which  when pressed, reseis the
complete system and the jlg starts functioning from the
beginning.

The interrupt pin of Microcontroller is connected
to another microswitch, which when pressed, stops the
operation of the processor and the giop function is

accomplished and the processor waits for the start key to be

-6



pressed. Skilp funcilon fu also senscd by the start hkev,

2.2.2. DBECODERS:

The main crileria for aading the decoder loyic i
that the number ol port ping, can be saved  for {uturce
expansion.

There are two decoders used in Lhis Clrour, They
are

a) 2-4 line decoder

1) d-8 1lne deeoder
2.2.2(a) FUNCTIONS OF THE 2~-4 LINE DBCODER-

The main function of the 2-4 line decoder is
indicating the status of operation of the jig. The
indication is through the LED's. The wvardous atatus of
vpGral bon that LED's Tndteatle o e

d) Lamp check

) Faual Guage ook

) Tampsnr b ur e Gotsgo o fees &

d) Spark check

The input to this decoder is from Port 1 ol Lhe
contreoller. The output of the decoder are connected to the
indication LED's, The 2-4 line decoder type T74L5139 is
uged. 74LS139 decoder is an active nigh decoder in whilchy the
outputs are wired to the indication LED's, for status

indication. The first LED indicaters Lamp check operation,



$econd LED indicates Temp check Operation, Third LED
indicates Fuel check operdation, Fourth LED indicates Reed
8witch Check operation.

2.2.2(b) PUNCTIONS OF THE 3-8 LINE DECODER:

The function of this decoder i3 in the checking of
the Fuel and temperature Guages. The inputs are derived from
the Poft 1 of the controller.‘ The first five outputs ie. Yo
to Y4 are connected to the temperature Suage stages and the
next three ie. Y to Y- are wired for checking the fuel
guage .

The outputs of the decoder are connected to relays
and s&ach relay's NO (Normally open contact) is Connected to
different values of resistances, which control the current
through the coi} of the guagea. The Port 2 drives o buffer
wh;ch dcte as 8 protective device,

The 3-8 1line decoder type used is 74L5138. The
74LS138 is @ active low 3-8 1ine decoder. The outpus are
divided into two parta.

aj Fuel check outputs

b} Temperature check outpute
In fuel check outputs, the delay between the switching over
of outputs are very high (8 minutes) because of the high
damping values of the fuel dauges

The fuel chieck has 80t three stages namely empty



Half and Full. For the temperature check the delav- is low
(15 seconds) because of low damping value of the temperature
guages. The temperature check has five stages and eacﬁ stage
switches on a particular relay and the relay, in turn
connects itself to a particular resistance which changes the
current through the coil of the gauge accordingly. The
various values of currenis and reéiatances are given in the
specification lists. |

2.2.3. OUTPUT SECTION:

The ocutput section mainiy consists of the Relayy
and the protection circuit for the Belays. The relays cannot
be driven directly from the port ping,as the current is
insqfficient from the port pins. Hence transistors are used
for driving the relays. When a trigger is given to the
transistor, the relay gets energised. The diodes are used
across the relays for avolding the chattering of the relay.
The base of the transistor is provided with a resistance to
avoid over base current. The miniman current requitad to
energize a relay is around 80 mA. One end of the relay coil
is provided with 12 V IX and the oihec end is connected to
the collector of the driver transistor.

The relay used here is 12V DC/75/1/C/0. The NO
(Normally Open) cornitacts are used as the outputs. The
outputs are givgn tc the cluster to giow the lamps. and

activate the guages. The pole of the relay 1is given the



(R4,

ground potential. The hysterisis from these relays are
Neglected as it jg of 1u¢ss importance t¢ our project.
2.2.4, ISOLATION CIRCUILTY:

The compiete digital ground and circuit are
isolated by using an opto-isolintor, An opto-isolator is used
to avoid 1line noise and acts ae & prolentive device, in saving
the controller {er) the 1ow Veltage Port. The opto isolators
used here are MCT 2§ (data sheets are provided in appendix).
The output of the isolator circuit is from the buffer
74LS244., The output of the isolator, act as  the input to
the Digital to analog converter.Thus the analog and digital
ground are clearly isolated.

The output of the isolaters are pulled high je. at
'0' analog input the DAC outnuts are Bian,

The opto isolator Clreouit wonelists of  the photo
diode ang a transistor. Whenever g pulse is given to the
diode, the diode conducrts and the transister due to photo

effect gets oON and the collector output is at logic '@
12

When the input to diode is ‘(@ the transistor is OFF ana
hence the output is at logic 1. This acts 48  an
inverted isolator. an opto-isolator ig shcwn in figure 2.
2.2.5. DIGITAL TO AlALOG CONVERTER

The digital to  analog converior is  used to

Senerate a ramp voltage for the LC drive., The output of the
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bAC 18 varied from 0OV to 12V depending on the data outputs
of Port 2 of the Microcontroller. This output of the DAC
causes the speed of DC shunt motor to vary. The reference to
the DAC is derived from the potential divider cut. The 8 bit
DAC 0800 is used{Data Sheets in Appendix). The DAC 0800
series are monolithic 8&-bit high speed current output digital

to analog converters, featuring typical settling time of

100ns. When ugsed as a Multiplying DAC, monotyonic
performance over a Multiplying DAC., monotonic performance
over a 40 to ! reference current rang: i+s possibie. The DAC

0860 series alsc features high compliance complimentary
current outputs to allow differential cutput voltages of 20V
P.P with simple resistor loads. The reference to full-scale
current matching of better than + LSB eiiminates the need for
full-scale trims in most applications while the non-
linearities of better than + 0.11% over iemperature minimizes
system error accumulaticn.

The performance and charactzristics of 1ihe device
are essentiaily unchianged over the fuil + 4.5V to + 18 Vv
power supply range;, power dissipation i1s oniv 33 mw wiih + 5V
supplies and is independent of the lonic input states. Tt.e

DAC 0800 is an R-22 iadder digital to sanuliog converter.



2.2.6. DRIVE SECTION

The output of the DAC is used to drive the motor.
The motor used 1is a DC shunt moior. The motor can be
armature controlled {or; field controlled. In armature
controllied tupe tyhe armature flux 15 varied and field flux
is Kkept constant. In the case of iizid control it is vice-
versa.

A ramp voltage is used for speed control of motor,
This ramp voltage is generated using comparator as shown inm
the schematic diagram. The speed control of a motor visa
thyristor bridge is achieved from a techogenerator
{alternately isolated armature voliage) with a DC reference
voltage.

In this application, the figid fiux of the dc motor
is Kkept constant and the armature voliage is contrciled by
single phase fully controlled thyristor bridge, A 240 V, 50
Hz main supply iss rectified by a bridge rectifier made up of
diodes to obtain a constant field voliage. A speed sensor is
attached to the shaft of the motor. According to the speed
of the motor and with respect to reference ramp, &n error
voltage is produced. The rawmp voltage 1is used for
synchronization and is compared with & differentiai voltag
to produce pulse width modulation. The pulse width modulated

signal is applied to the emitter of UIT which inturn 1is
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applied te a pulse ilransformsier. The  output of the
transformer is used to (rigger an SCE bridge which in turn
controls the armature voltage accordingily and hence lhe speed
of the motfor varies. Thus the speedomeicr of the cldster carn
be checked for varicus readings {KMPH) by changing tne R¢M of

type motor accordingly.
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2.3. WORKING AND DESIGN

The working of hardware can be studied under the
following categories.

1. Testing of Lamps

2, Testing of Fuel Guage

3. Testing of Temperature Guage

q. Testing of Reed Switch(Spark check)

2.3.1. LAMP CHECK:

This mainly checks all the lamps in the cluster.
The main point considered is the checking of the intenslty of
lamps,cof various parameters.

The lamps are commected in the cluster in such a
way that there is a common terminal from all the lamps.
This common terminal is given to +12V supply. The sequence
of the lamps are known and programmed in the chip. Whenever
the détas from microcontroller are put through the bus the
corresponding transistor gets ON and their respective relays
set_ energized. Hence the ground path is cobtained and the
lamp glows, and intensity is checked. The lamp cieck is
initiated by the srtart button and thz lamp check LED glows
indicating the lamp check. The sequence of lamp check is
programmed earlier. The delay between the lamp outputs are

also programmable through software. At present the sequence

of lamp check is as follows.
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i) Parking lamp

ii) Check engine
iii) 0il check
iv) Battery
v} Brake
vi} Left turn
vii} Righli turn and
viii) Radiunm glow

ix) High beam

The delay now provided in the software is about
'2' seconds. Suppose 1if the lamp check for an individual
output is desired for a long time, HOLD facility is provided
(ref. Art 2.36}), If lamp check is to L& by passed the
function can be skipped (ref. Art 2.35).

2.3.2. FUBL GUAGE CHECK:

This checks the power stability a2nd accuracy of
the fuel Gauge. The fuel guage deflection is preportional to
the current flowing through the coil of the guage. The
current through the coll is controfled by the resistance
value. At different stages diffzrent resistanc? are

selected and hence we get the different deflections.

For the f[irst stage(Empty to Full)a resistance
value of 6 ohms is selected and the deflection will be

maximum. The second stage {Full 1o Half) has a resistance of



18
32.5 ohms and the deflection of the coil reaches half. in

the third stage (Half to Empty) the deflection reaches zero

point and its resistance 97 ohms.

A delay of 8 minutes is provided between each

stage.

The various stages, the resistances, deflections

and typical gradations are shown below:

————-_.-_——__.-.-.-u-————-..-_..___..,...--—.-.q-.»....-.—--—....._...__.._—..._..4.--._._—._..._—---—-__.—_..__—

ANGLE WITH
GRADATION RESISTANCE TOLERANCE TIMINGS
FULL 6 Ohms 80 + 2.5° 8 MINUTES
HALF 2.5 Ohwa 40 + 5°* 8 MINUTES
EMPTY 97 Ohms 0+ 2.5°* 8 MINUTES

———————-—;-———-———-—*-_—---—._—-...-——-...—;—..—.....——._-_..._.—_.‘_..._-..___._.__—..._-._.-.-._—-..

2.3.3. TEMPERATURE GUAGE CHECK

This checks the deflection of fhe temperature
guage. This 1is done in five stages. The principle of
working is same as the fuel guage. Here the notable change
is that there should be no deflection between the second and
third stage.

bamping provided for this guage is low compared to
that hof fuel guage. Hence the delay between the stages is

programmed for 15 seconds.

The various stages, the resistances, deflections

and gradations are shown below.
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Speed, REPM and tolerance levels are shown below:
CALIBRATION OF SPEEDOMETER

— T b S s e
- Ml T S RS Rl A o WL L L A L A 8o bk . AT W o i A -
e St e i —— -

TOLERANCE LEVELS
STANDARD SPEED REM (KMPH)
INKMPH e

S ML San e e M L MR S < e e T M e W b e . - ——
I NI ) % M0 WS S Pe G ke bl T A e YR e e |y A L R S ke

20 212 18.5 22.4
a9 425 38.2  43.7
60 537 58.2 64.1
80 &50 79.4 84.3

100 1062 99.5 104.7

120 1274 119.8 125.1
140 1486 139.7 145.4

——-.-......—._—-._—._.—-.-.--.--.—._——.—---——_—..-.-..-....-.‘....-.-.—...-..—..--.-,-..--......-—_—--_-_—...-.....

2.3.5. SKIP FUNCTION:

Suppose a function is nci needed for operation, a
faciiity 1is provided in the software tc skip tﬁe complete
function. When the start huttop is pressead cnce, the
function in operation is skipped and the next function ig
resumed, During temperature check pressing the reset will
8Kip the temperature check.

2.3.6. HOLD FUNCTION:

Pressing the start kev and not releasing it will

effect the hold facility. Tre rholag tacility is released only

after the release of the Holgy Kay.



2.4. CLUSTER SPECIFICATION

COMBIMETER ILLUMINATION

___—......._-...—..-..-....,..._..._..._..,.-...._.........__......,..........................._...._........_.._........,...._._-.._.._..._.._._._._.._

_-———...——-——-..-————.-—--.—_-.-__-.-._-.-_—_-_......_-._....,.._-..._—...—...-_-..—..._—..__-_....._...._...___

PARKING
CHECK ENGINE
BATTERY

OIL CHECK
BRAKE

LEFT TURN
RIGHT TURN
RADIUM GLOW

HIGH BEAM

i2

12

12

12

12

21
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CALIBRATION OF SPEEDO SYSTEMS:

OO S ey A o e T ] . S L e e e v S T S T . W - i . TP e e R (. S S i . o e P e

STANDARD SPEED IN RPM —memrc e
KMPH MINIMUM MAXIUM
20 212 18.5 23.4
40 425 38,2 43.7
60 637 58.2 64. 1
80 850 79.4 84.3
100 1062 99.5 104.7%
120 1274 119.8 125.:
140 1486 135.7 145. 4

————-.-......-—————.—--.—....——_——-.-.-——...._._——....—.._.._-__—u.—........_-—_—....._—_.-—_._._..____.__



TEMPERATURE GUAGE;

T NS S A LU AL i e e e M e AL RS et e . e o M T VAR S L A AR i e e R Y At M . MR Ak it e e - P R R . R i R e ot e e o o

ANGLE WITH
GRADATION RESISTANCE TOLERANCE DELAY TIME
50°C 181.4 ohms 0 + 8.5° 15 Secs
83°C 48.8 chms 32° + 5° 15 secs
105°C 26.7 ohms 32° + 5° 15 secs
120°C 17.9 ohms 64° + 2.5° 15 secs
130°C 14.2 chms FOR REFERENCE 15 secs
FUEL GUAGE:
ALONG WITH .

GRADATION RESISTANCE TOLERANCE DELAY TIME
FULL 6 ohms BO° + Z.5° 8 MINUTES
HALF 32.5 ohms 4G 5° 8 MINUTES
EMPTY 97 ohms 0 « 2.5° 8 MINUTES

S L kS . N L T I B 7 S W bl 1o m ot e Aaks A ke e W s £ e e o e o e e e o o e ot o —



DESIGN OF HARDWARE

Selection of Transistors(?l - Te):

The selection of transistors is based on the
amount of current that can be allowed to flow through the
collector. The collector current should be able to drive the
relay. The relay rating is as follows:

12v DC, 75 Ohms, 1 C/0O

A minimum of 80 mA current is required for driving
a relay. BC 547 type is best suited for our purpose, since
it can sink a maximum collector current of 400 mA.

Selection of Base Resistance:
We know that
Rg 2 (Veo/Ig) = Vpp(sat)
Since Veg (sat) ™ 0.2 V when transistor is ON it

can be neglected.

Therefore,
RB - Vcc / IC
Let Ic - 20 mA (minimum)

Rp - 12 /7 20 mA = Q.6K

(or) Rg ~ 1 K
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Criteria for Selecting Inver ting Buffers:

U2 in the Schematic is used as un inverting buffer 1o
drive the transistor. It also acts as & protecting device
ﬁhen there is high Sinking of Current.

Criteria for Selection of Diodes (D, - Dg)

Diodes (D1 - DB) across the relay coils C1 to (:8 are
used to avoid chattering of ther relays during swiich over
from one stage to other. If also bypasses negative spikes,
if any during the operation of the relays. Diode type 1N407
is used(Data sheets in Appendix}. The DAC 0800 series are
monolithic 8-bit high speed currents output digital to analog
converters, featuring typical settling time of 100 nS. When
used as a Multiplying DAC, monotonic performance over a 40 to
1 reference current range is possible. The DAC 0B0OC series
alsa features high compliance complimentary current outputs
to allow differential output voltages of 20V P-P with simple
resistor loads. The reference to full-scale current matching
of better than + LSB eliminates the need for full-scale trims
iﬁ most applications while the non-linearities of better than
+ 0.1% over temperature minimizes system error accumulation.

The performance and characteriatics of the device are
essentially wunchanged over the fuli *+ 4.5V to + 18 V power
supply range; power dissipation is only 33 mu with + 5V
supplies and is independent of the logic input state. The

DAC 0800 is an R-22 ladder digital to analog converter.



MICROCONTHULLER 8748

3.1 INTRODUCTION

The heart of the test jig is the system controller.
In order to provide room for flexibility and versatiiity, the
use of such a system controller becomes essential. -Lnstead
of opting for a microprocessor which requires the use of
additional peripheral devices 1ike program memory, data
memory, 8255 PPI etc, choice of a microcontroller is more
suitable.

Microcontrollers are microcomputers used for
dedicated applications incorporating clock, CPU, RAM koM, I/0
ports and interrupt capability all within a single chip.
Hence, the use of microcontrollers increases the efficiency,
reduces overall cost, occupies 1less space and is more
advantageous. Some of the benefits which arise from having a
one-chip micromputer are:

1. Small size and power for the controlier

portion of an instrument.

2. The opportunity to identify one chip as a

"*Kernel* for the digital portion of an

instrument for seli-test purposes.

28
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3. The defiaition of an especially effificient
instruction set, with mostly o1& byte
instructions,

3.2. SELECTION OF PROCCESSOR

Selection of a microcontroliler well suited 1o our
application requires a wide range of asanlysis of ithe existing
microcontrollers. Intel 8048 and 8051 series, Motorolas
M6801 series, the MOS Technology 370, Texas Instruments TMS
1000 Z2ilog's 2B and Toshiba's OKI series are some of the
microcontrollers available.

Most of these microcomputers are 8-bit micromputers
except TMS 1000 which has a word length of 4 bits. The Intel
8748, which 1is also very popular is a member of Intel 8048
series, The Intel 8051 is the latest single chip B8-bit
micro- computers which has a very powerful instruction set
and operates with 12 MHz ciock. Intel 80696 series of
miérocomputer are 16-bit single chip microcomputers. Ol Llicse
microcontrollers available, the final bid was made on 8748.
This microncontroller has a prodgram memory of 1K bytes and a
data memory of 64 bytes. It has 2 ports of 8 pins each and a
bidirectional databus (8 pins). It has an inbuilt timer/
counter also. All these options suit our requirements very
well. In terms of cost alsc 8748 is the most econoical

processor of all other controllers aund hence choser:.
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3.3, ARCHITECTURE OF 8748

Intel's single chip microcontruller 8748 1is pin
compatible with 8048 which is considered o be the head of
intel's-MCS~-48 family of microcontirocllers., e inslruction
set for both of them are same.

Microconiroller 8748 is provided with a &-bit CPU,
1 K X 8 ROM programe mnemory, 64 x 8 RAM data mewmory, 27 I/0
lines and an 8~-bit timer / event counter. The main advantage
is that either the capacity of program memory or data memory

or even both can be expanded by connecting mamory chips

externally.
ARCHITECTURE:
ARITHMETIC SECTION:
The arithmetic section of the processor contains the
basic data manipulation function of itne 37448 anu  can bLe

divided into the following blocks:

1. Arithmetic Logic unit
2. Accunmulator

3. Carry flag

4, Instruction decoder

Inétruction Decoder:

The operation code portion of each DUOGY
instruction is stored in the instruction decoder and
converted to outputs which conirel the function of each of

the blocks of the Aritlhumetic sectior.. There 1.ines conirol
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the source of data and the destination register as well  as
the function performed in the ALU.
ALU:

The ALU accepts B~vit data words from oiie or lwo
sources and generally an 8-bit result ..oder control ol ihe
instruction decoder. The ALU can perform functions like Add
with or without carry, AND, OR, EX-OR, Increment / Decrement ,
Bit complement, Rotate left, righnt, swap nibbles BCD decimal
adjust etc. If the operation performed by the ALU reéults isg
a value represented by more than 8-bits, & carry flay is set
in the program status word.

ACCUMULATOR :

Accumulator is the singic wost TmpPor tant data
register in the processor, being one of the sources of input
to the ALU and often the destination of the result of
operations performed in ithe ALU. Data io and from [,/0 orty

and memory also normally passes through the accumulaior.
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PROGRAM MEMORY

Resident progranm memory consists of 1024, 2043 and
4096 words eight bits wide which are addressed by the prograni
counter. In the B748 this memory is user Programmable and
erasable EPROM. There are three locations in Program mewmory
of speciail importance. They are
1. Location O : Activatling the rest line of the processor
Causes the first instruction to be fetched from location .
2. Location 3 : Activating the interruprt input line of the
Processor causes g jump to subroutine at lcoation 3.

3. Location 7: a4 timer /counter interrupt resulting {rom
timer / counter overflow causes g JuBp  to subrout ine at
location 7,

Therefore the first instruction to be executed after
initialization is stored isg location 0, the first word or the
interrupt 8ervice subroutine is stored in location 3 ang the
first word of a timer / counte- service routine ig stored  in
location 7.

Program emory can also be used to store constants
as well ag Program insiructions. The program HEBOTY mup hLias
been shown in Appendix B.

Data Memory:
Resident data MeMmory is organiscd as 64 words 8-bit

wide. All locations are indirectly addressable through
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either of RAM the pointer registers which reside at address O
and 1 of the register array. In addition as shown in the
diagram the first eight locations of thc redgister array  are
designated as the working register and are airectly
addressable by several instructions. Since these registers
are easily addressed they are used aostly 1o store more
frequently accessed intermediate results.

By executing a register bank switch instruction (SEL
RB) loc 24- 31 over designated as working registers in place
of 1loc 0-7 and are then directly addressable. This second
bank of registers may be used as an extension of the first
bank or unserved for use during interrupt service subroutiaus
allowing the registers of bank 0 used in the main program to
be instantly '‘saved’ by a bank swiicl,. degisters KO ound ki
are a part of the working reqilsier array,  bank ew:tching
effectively used Lo access uplo {our saparate WOrKing areas
in RAM at a time.

BAM locations {&~23) 510 seirve a dual role i hat
they  conlain Lhe brogram countey stack.  These local ions YRS
addresscd Gy the stack pointer as well as by the poiniwrs KO
and R1. The data nemory map has been shown in Appendix .

Input / Output :

1t has got 27 linus which con Laroused for inpuil o

output tunctions. These iLinesg are grouaped 6s 5 oports of A

lines. These serve ag clither T/9, 070 o GidtreCtivingl ooris
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and 3 test I'/Ps which can altor it Chadran scqucie ey wiicii
listed by conditional jump inatruction.

Ports 1  ang 2 are  each - bBit  wide i have
identical Characteristics. As input porig these  are 1041+
'latching le., inputs must be pragent unt il pead by Pragait
'instruction. The 1lines of port 1 and 2 are called  quasj-
directional because of 4 Special Ouiput  circuii structures
which allows €ach lines (o Serve as an 1/p, O/P cr borh, Cuern
though O/Ps are Slatically latcheq. Each lines is
continuously Pulled up to Vece through a resistive device of
relativeiy high impedance.

It ia imporiant {o note thatl (e ORL and apj. re
read/write Ooperations, When CRecuted, 1the Controler *readse
tne. port, modifies the duty acCording (o the in;—;t‘.ructlona,
then "“Writes* the data back into the port, The writing®
enables the low impedance pull-up wosientarijy again even |f
the data was unchanged from a “j»_ This specificalily appiies
to configuration that have inputs and I outpurs Wixed
together on the same pori .

BUS:

Bus 1s  alse an 83D Post whiion i LiGic
bidirectional port with a8s0ciated IiNDuUt and Gutput stirohes,
D the bidivact juna Pentnre pu gy Heedid, buy e DUV gy

either 5 statically latched CUIDUT Dort or non-latcnin it



port. I/P and O/FP lines on this port cannot be mixed
howaver,

An  atatlc pori, data fo wirttten and  latcleed tit g
the OUTL instruction and inputted using the INS inst. The
INS and OUTL unit generate pulses on the corresponding éé and
EE output strobe lines, however, in the staiic port mode they
are generally not used. As a bidirectional port the MOVX
instructions are used to read and wriic port. A write to
the port generates a pulse on the Qg outpul line and ouiput
data generates a pulsc¢ on the EEroutput Tine and ingpe:.  Jata
must be valid at the trailing edue of ﬁﬁ‘ When not buing
written or read, the BUS lines are :n a high impeedance
state.

Test and Int. Inputs:

Three plns serve as inputs and are testable wirh the

conditional jump inst. Theze are TG, T and  INT. Thesc
pins allow inputs {0 cause Progiaa Hronches  widlhou! e
necessity to load an input port into ine accunmulator. The

TO, T! and INT pins have oiher possitle functions as waii.
Program Counter and Stack

The program counter is an ndependent  counter  and

the program counter stack is implemenied using pairs o3
registers in the data meEmROry array. The program counler  is

initlatized to zero LY zciivat rig thiv BESET inoc.

4
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Ary interrupt o CALL to g subroutine causes the
contents of the Prosram Counter tq be stored in one of  the
8~register‘pairﬂ of the Program Counter stack as sihown .

Thz aitr te Le usaed ig determined by & 3 bit stack

1

3

pointer which T4 mar! oy the program ﬂfﬁ!ﬂﬂ WOra (TSWY data
BAM  lacat [y B 28 g Bt istole e BTl e gl - HTITS TR
used to etyre thie Current Program Counter value andg q bits or
PSW as showr,

Nesting of subroutines within subroutines can
contimire up o oeight timeg without over flowing the atack.
The  end of a subrnutine, which ig signaililed huy A return
instfuction Cauges the stack Pointer to pe decrementeq and
the contents of ine resuiting register pajr to he ransferred
to the Prograim counter,

Program status gorg

An 8~biy status word witich can be loades -~ and from
the accumziator enietc called the Program Status  worg. The
PSW ig 3 collection of flip-fiop which can we read or written
A% a whole. “The abiiity to Write to psw Allows  fer fasy
treloral fog, Ly S Y N T AR B LY B PR PRI MM B ety e

Bl sy Fovii it ol 1w g e i {rie F'OOgr oun
Counter stack with 2very call to subroutine or interrupt
vector and are Optionailiy restored upon returns with the RETR

Inatruct inn, Trhoe EnT inateoct fon does oy updat e poy



PSW:

Bits 0 - 2 - Stack polnteri bits {(sDo, 51, s2;

Bit 3 - Not used ('1' level when read 1)

Bit 4 - Working register back switch bit(BS)
0 ~ Bank O
1 = Bank 1

Rit 6 - Flago  drit Lif0r) ey comtbr e b e | oy
whitody any b Craap tementod G Teag e o et
tested with thie condit lonal Jump

instruction JFo,

Bit.ﬁ - Auxillary carry {AC) bit generated by an
ADD instruction and used by the decimal
adjust instruction DaA.

Bit 7 - Carry (CY) carry Flag which  ihdicates
that the previous operation has resulted
in overflow of the accumulator.

Conditional branch logic:

The  conditiona! hraneh togic within  tiw [reccnin,s
enables several conditional Sranches internal and eXtlernal to
the processor to e tested by the user's LIOSrain.

Interrupt:

An  interrupt sequence 1s initiated bY zpplyving a
low '0' l1cvel input to the INT pin.  The Interrunt |ine i
sampled every instruction the interrupt line is saliplaed  in
the 2nd cycle only. The Eﬁ? must be held iow for atbicast 5
machine cycles to ensure proper interrupt Goerations. AS i
any CALL to subroutines, the program  caunter and Lroara
status word are saved i the siack., ne tilerrupt svsion g

single level in that Ofite &y Inderrupt  is  gete



44

further interrupt requests are ignored until execution of  an
RETR enables the interrupt input logic. This occurs at
the beginning of the second cycle of the RETR instruction.
This sequence holds lrue aisc ltor an internai interrupt
generated by timer, overfiow. It an internail txmer/couiier
generated interrupt and an internail Interrupt are Coiocted it
the same time, the external source will be recognized,
Timer / Counter:

The 8748 contains a counter 1o aid the user inp
counting external events und gencratling accurat e tlae dolays

without placing a burden on the processor for these  unctions.

Counter:
The 8-bit vinary counter is presettable and readabr i

with two MOV instructionsg which transter 1w Cofituntys o thic

accumulater to  the counter and vice versa. The  counter

content may be affected Y RESET and should be Inittalized Ly

software. The counter is stopped by a RESE; or STOP  Teny

instruction and is started by a START T instruction or as ap
event counter by START CNT insiruction. Unce  gtarted  thse
counter will increment to this maximum count {(FF}  and
overflow to zero continueing its count until stoped by a

STOP TCNT instruction, The increment from max imum Lt Loy

Z2ero results in the setting of an cuerfinw flan Filip~-1iop

and in the generation of an Interrun: fenguest . Thi

the overflow tlag 3i8 testable with

¢ conditions JLED
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instruction JI¥. ‘The flag is reset DYy executing a4 JIF or Ly

RESE%. The timer interrupt may be enabled or disabicd
independently of exteinal interrupt by the ENT CNT1 and DIS
CNT1 instruction. It enabled, the counter overflow will
cause a subroutine call to location 7 where the timer or
counter service routine may be stored. If the timer and
external interupt occur simultaneously, the external source
will be recognized and the call will be to location 3. Since
the\ timer interrupt is lalched it wiiy remain pending untijl
the externail device is serviced ang timediately te recognid e
upon return from the services routine. The pending b jmer
interrupt is reset by the cull to iccation 7  or may be
removed by executing a DISCNT1 instruction.

Event Counter:

The counter input is connected with the 71 I/P pin
as  START CNT instruction js €xecuted and the ccunter iks
enabled. The T1 input isg Samipled at the beginning of Sltate
3.' Subsequent higin to low transition on Ti will <Cause the
tounter to incremeni 7} musl be helid for aticast Oiiz T cycie
to ensure that it won't be missed. The WE&RAIMUN rate g wiifon
the counter may be incremented i$ once per three instruction

cycles. There is no minimum frequency T1 input must remdain

high atieast 1/5 of a T cycile after transition.



Timer:

Exoout lop w5 SER R O E‘«ua UMM ], carz
internai Clock to the counter PGl g ennbles the Count gy,
The internai clock is derives Dy Basaing the basic wachine
Cycle clocyk through & 32 nregscaler. The brescalar jg rase
during START instruction. The FeSUILInG Cloek incrementg the
counter every 3o Bmaching SYC e, Va0 Jelay from i O 244
Countter  can Le Shtalney Dy bresetyinng fhe Coumnter e

EERNTI FOiE v f low, AL IS S AVE IS TN Ly 5 MOt Con oy, W e

external Clock, Very smaiy Getage of ‘fine timing' of
larger dvlays cap be easily SCCompiishen by Softwaie deiay
loops.,

3.4, Programming the B748

The following chapier Gilves g Lrjef dQvervicw or tie
System Controlier {8748) architeciyre il jitg design aspects.

Tha: MC&~-48 inmiruci!uu ETER B TR OUNSive fop waching
of irg 8ize and has becy Vi iopre 10, VU sy gl forwarg ed
very e€fficiear in jte UEE  of Lrograg memory ALl
instructions are either ane of tyn DYies ir tength and ISIOFERE
80% arc only one byte long. AX80, o insfructions €Xecuty
in either ClE or two “VCles ang Ve S0% oy alt jnstrucrinns
exedute in a ginglie Cycie. Doukbie Yol insfructlons Inclade

ALL fmed i g4 5, R A I P v SR R RIS I PO

Yhe  aton . b omiy MR O g Listiry CUB L g e

handie arithmetipe operations R R PR

I S FTEY § (Y e Y



BCD as well as handle the single~nhi wperations regquired  in
control appiications. Special insiractions have AI50 been
included to eimplify loon COUNLars, taoie took~up routines,
and N-way branch roulines,

Data transfera;

The By R Ty R N I T HEREE RN I Y SV S R et
data transfers within the 8044, Dala  ceann  be lransterred
between the § reglsters of cach Workeng tegister Bale Ll
the accumilator directly, .., the 8ource or destination
register ig specified by the insvruction. The remaining
locations of the internal RAM arrvay ars referred to ws  Daty
Memory and are addresaed indirec&iy vis an address siored  inp
elther RO and R} are slsc used to wndivesily address externnd
data memory when it ig present Trarsfers (o andg From;
;nternal RAM require on cycie, while transfers  to exXternai
RAM requiure two., Constants stored in Program Memory carn  re

ivaded directly to the acCumulaior wiad to the E wOrkisng
registers. bata can also be transterrcd Girceully beiween {he
accumulator and the on--board timer Souniter or the accumulator
and the Program Status worg {PSWy ., Weidting to the PSW nifoyrg
mactiine ataing oo an Bbesy vy w0 L i Laygg g M)
pointery §r necegsary,

Accumulator Cperations:

Inmrediate date, asta TIPS E G the

WO R
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regloaters can be  added  with  or withouli  carry o thia
accumulator. These sources can alsc be ANbed, Uled, or
Exclusive ORed to the accumulator. Lata may be moved to  or
from +the accumulator and working registers or data menory .
The two values can aliso be exchanged in a single operation.

In addition, the lower 4 bits of the accumulator can
be exchanged with (he lower 4- 4 ool oany ot the dnterpal Bam
locationo.  Thils Ynetiact i iy atony wWith an bnstiuct fon wl bich
swaps the upper and lower 4-bit halves of the accumulator,
provides for easy handling of 4-bit quantities, including BCD
numbers. To facilitate BCD aritnmetic, a Decimal Adjusi
instruction is included. This instruction is used to correct
the result of the binary addition of two 2-digit BCD numbers.
Performing a decimai adiust on the resuii in the e ity
producces the reqqlred BCL result.

Finally, the accumulator can be incremented,
decremented, cleared, or cumplemented and can e rotated
ieft or right I bit at a time with or without carry.

Although (hire (s no subiracl instruction  jn RSt
8048AH, this operation can be easily lmplemenied witr threco
s8ingle byte single~cycle instruction.

A value moy be sublracted {rom {he accwmulator wiig
the result in the accumulator by :

Complementing the accumulator

Adding the value to tnhe accumulator



Complementing the accumulaior
Register operations:

The worklng registers can be accessed via the
accumulator as explained above, or ran be  loaded immediate
with constants fron PDrograin memory ., T eddd tion, (hwy can be
incremented or decremented or used as 1loop counters using the
decrement and  jump, if ﬁoi “ero instruction, as cAplained
under branch instructions.

All Data Mewmory including working registers can  bhe
accessed with indirect instructions vie RO and E! and can be
incremented.

Flags:

There are four Lser-accessible {ings in the 8048AL;;
Carty, Misilimry Canry, Foo agal Frotorvy Indiviloes wvel b low
of the accumulator, andg Auxiliary Carry is used to  indicate
overflow between BCD digits and is used during deCimal-adjust
operation. Boih Carry and Auxiliury Carry ure accessible asg
part of the program status word and are stored ¢n the stack
during subroutines. FO and Fl1  are vindedicated  general-
purpoge flags to be used as ine progreamyer  desires . Bceth
flégs can be cleared or complemented and tested by
conditional juwp instruct lons. FO is also accessible

Program Status word and 1s stored on the stauck with ihe CAarry

flags.

iry



Branch Instructions:

The uncondl fionad Joamgs dinaresi tion Ta bwo boagten gl
allows  jumps  anywhere o the flrst 2K words ot program
memory . Jumps  to  the second 2K of memory  {(AK words ooy
directly addressable} are made first by cxecuting a sclect
memory bank instraction, then esecut bon ke Jomap T e Lo
The ZK boundary can only be croessed via o jump or  subrout jne
call instruction, ji.e., the bank swiich dues not occur until
a jump is executed. Once a memory bank has been selected all

subsequent  jumps will be to the selected bank until another

select memory instruction is executed. A subroutine in  the

opposile bank  can Le accesoed Ly a0 e Lo TR ST I VRN FYRTRTIY

instruction followed vy a call instruction. Upon completion
OF the subrout lneg, execul Ton wit! atomiet seally syoturn io il
original bank; however, unriess ihe original Lank is

reselected, the next jump instruction encnuntered wili again

trénsfer execution to the opposite vpank.

Conditional juwps can tesi the Tollowing inputs  ang

macnine status.

To Input pin

Tl Input pin

INI Inpuut Pin
Accumulator Zero

Any bit of Accumulator
Carry Flag

FO Filag

F1 Flag
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Conditional jumps allow a branch to any address
within the current page (256 words) of  execution. The
conditions tested are the instantaneous values at the time
the conditional jump is executed. For instance, the jump on
accumulator zero instruction tests the accumulator iiself not
an intermediate zero [lag.

The decrement register and jump if not Zero
instruction combines a decrement and a branch instructions to
create an instruction very usefu) implementing a loop
‘counter. This instruction c¢an design any one of the
working registers as a counter and can elect a branch to any
address wlithin the current page of exccut ton.

A single-byte indirect jump instruction allows the
program to be vectored to any one of several different
locations bagsed on the contents of the accumulator. The
contents of the accumulate points to a location to prograim
memory which contains the jump address. The 8-bit jump
address refers to the current page of execution. This
instruction could be used. For instance, to vector to any
one of several routines based cn an ASC II character which
has been loaded in the accumulator to this way ASCII key
key inputs can be used to initiate various routine.

Subroutines:

Subroutines are entered by executing a cail

instruction. Calls can be made like unconditional jumps  to

1
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any addresg in a 2K word bank, and jumps across the 2K

boundary are executed ip the same manner, Two 8€parate

The return and restore gtaftus instruction also
signails the end of a0 interrupt gervice routine irf one  has
been in Progress .

Timer Instructions:

The 8-bit On doard tipmer counter can be loaded of
read Qia the accumulator while the Counter jg Stopped or
while counting, The counter can te Started ag a timer With
an externaj clock applied to the TI input pjn. The
instruction exXecuted determings which clock source is ugeqy.
A _single instruction 8tops  the Counter whether it is
Operating with an internat or an €Xternal Clock Source, In
addition, two instructions allow the timer interrupt to be
énabled or digableq,

Control Instructions:

to deaignate the active working registor bank and twe, Lo
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control designate the actiye Working Yegleter bank and two (o
control progranp Memory banks., The working register bank
Bwitch instructions allow the Programmer to immédiately
8ubstityte second 8 - register werking reglster bang for the
one is yse, Thisg effectively Provides 16 Working registers
Or it can be uyseq a3 a meang of Quickly saving the Ccontents
of the registers in response, to ap interrupt. The user has
the option to switeh or not to switch banks on interrupt,

However, if the banks are switched, the originail bank wi1] be

status instruction at the enqg of the interrupt s8ervice

pin _TO. This clock can be uged ag & general Purpocae ¢lock
in the user's systen. The instruction should be ygeq only to
iniﬁialize the systep since the Clock output Can be disableq
only by application of System reset,
Input/Output Instructiong:

Ports | and 2 are B-bit static 1/0 ports which can
be loaded to and from the accumulstor, Outputs are
8tatically latched byt inputs are no& latched and must pe

read whije inpute arg present. i1p addition, immediate daty
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allows *magkg® stored in Program memory to selectiveiy set or
reset individuay bits 1of ihe 170 ports. Ports 1  ang 2
configured to allows input on a given pip by first writing g
‘I* out to the pin.

An  8-bit port Called BUS can 2180 be accesseq via
"the Accumultor ang can have statically latched outputs iy,
well., 71t too can have Immediate data AND gqg ORed direc!ly to
ite Outputg, however, unlike portg j and 2, a1l eight lineg
of BUs nust be treated uy ¢iiher inpat or output gt any  one
time, In additiong to being n static port, BuUs can be ygeq
88 a trye 8yncrhonous bi-directional port using the Move
External 1nstructions Used to accaegy ¢xternal datga memory .

When these instructiona are €xecuted, » corresponding READ

impedance state. Note that the OuTL., ANL, ang the BRL
instructiong for the Bus are for use witn internaj memory
only,

The basic three on-board I/0 Ports can be eXpaned
via a 4-bit exXpander bug using hajg ol  port 2.1/0 €Xpander
devices gp this bysg coneist of four ¢-pjt borts which are
addregged as portsg 4 througn 7. Theae ports have their own
AND  and oRr instructions like the en-board ports ag well. as

mnove 1nstructions to transfer datas in Cr cut., The €Xpander



AND  ang OR inatructions, nowever, Cotibine the Contentg of

a8 is done with the on~-board ports. 1,0 deviceg can also pe
added externally Using the BUS port 48 the expansion bus.
In thig case the 1,0 Port become “mamory mappéd'. foe., they

are addregsed in the Same way ag external data lemory anqg

pointer register Rro or RKi,

The instruction et has heen Yiven ip the Appendix

(d).
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SYSTEM SOFTWARE

4.1. INTRODUCTION

The $9guence ajyj tha Liming ;,p the teat ing of the

EPROM of the chip, The goftware 14 hasad o Agsemt) 1y
language of Intel's B748 chip, The croyg agaembler ygeg
here jg X8748, The linker used is link 18, The crogg-
assembler wiil convert ithg S8eembly isngunge to objuct file,
The linker will Convert the object code to Hey Code. The
Complete pProgram js first tested on an emulator, Once the
program is working, it 1s down loaded into micrucontro]ler
EPROM through an BPROM Programmer. The Procedure of EPROM
Programming ig explained in the nexi section.
4.2, EPROM PROGRAHMING:

The Procedure for BPROM Programming jg given
below ;

v Hramg HPROM {8740 1y UV BRABIR Far o

minutes

2. Switch on p¢

3. Wait for FROMPT (C;\» TEXCOM

4, TYPE XT1pp

5. Switch on Programmer

6. Press Space bar twice



10.

11,

12,

13.

14,

57

TYPE Mq

Insert Blank BPROM FROM ERASER INTO

'ELSE PROCERp

Wait for Prompt »

Press ‘ctry: ‘D', Then Answer meny
Wait for Lpp IN Programmer to blink ang-
and stop

Take out EPROM for Uuse ,



4.3, SOFTWARRE OVBRVIEW:

8748 SOFTWARE CHARACTERY 57

ICS
1. DATa MANIPULATION INSTRUCTIONS:
a) Arithmatic and  logije data manipulation
instructiona.
b) Bit set anc  praogyeq data Manipulation
inatructions.
2. DATA MOVEMENT INSTRUCTIONB:

Roth lrnterngg arid LS ETRITY HAM Bty fuagty
accessible by 1nstruction 8set, Indirect and  direct datg
fetches are also POBsibie,

3. PROGRAM-MANIPULATION INSTRUCTIONS:
Decrement and skip iy zZero, Oover twenty
Conditionaz brancheg 8-leve: Stack with €Xpansion
Capability, ao-

arazmabie flag bit under

4. PROGRAM-STATUS MANIPULATION IHSTFUCTIONS
Statuys word ig fully Gccesgipie and jis 8tored ip
the 8tack,
SPBCIFICATION SUMMARY ;
8048 8ystems haye 8plit emory architectyre with
1K to gk bytes of Program Rom {or) EPROM op chip ang 64 g
256 bytes in 8eperate zpace

“y W180 on S0lg.,



space and instructicns to operate direcily on 1s0 ports. A11
8paces are eXpandzble, Rrogram BEemory to gk bytes, data
memory to 256 bytes, 1/0 1o uniimiteq amounts. 1/0 can use
8085/85 peripherél&. Devices have 8-~levetl stack for
gubrouting testing ana interrupt Fasponse., Duyay banks of
wofking registars, aloow rapig content switching, 80448
famiiy membery 8xXecuUty thair g nd 2 cycig inatructione at |-
Cycle times raning fronm 1.36 to 18 ugec. It 4ig. NMOS 5 vy
technology in 40 pip and 44-paq chiip Carriers,

UV~erasabie ROMS (EPROMS)  ang windowless PROM
parts are available. cwmos Versjion aveilable with jigje and

power down feature and optional tlaipack Dackages,

59



60
4.4, SOFTWAKE BDESCRIPTON

The operaijon QI thas Jig ig COnitrolled
80ftwnre

by the
loadad into

{ hig BPROM o5 ths coutro]lar.

I'er Hey kot
thing ag 8asy,

the B0 Ty Neaded . Lroken lnto Maiy
8eparate routineg. These are:
i) Lamp s Routine
i1) Fuel Scan Routine
111)

Temperature Scan Routine

iv) DAC Routing

v) Spark Teut Routing
vi) Counter/Timer Interrupt Rout ine and
vii) Delay Routineg
viii)

Skip and Holg Routines

The lamp 8cCan iouti;e Startg first, according

to
the Programped 8equence.

First the break and oi] indication
lamps are 8witcheq ON, then the other lamps are

8Witched
eequentially.

The s8equence is Programpme

d as Needed by
The

manufacturer. corresponding data of a

the

Sequence are
Outputted on

the

interrupt Foutine,

Curs the Procesgor
VeCtorigeg and Jumpsg to g Particujar 1ocation S8ay 03y for
INT. In the interrupt 3ubroutjne the Drocegs



Gi

The skip routidne just Junipe to the next Tuniction
fo be performed. Thig {ig sensed by the start key,

During tne temperatyure and the fuel chicck  the
datas gre QULpUl ted oy, Yhie e Gi Pontrol top SLILE I EITET
the output of tns decoderg wisy 8Uiivale the proper relos,
The Proper datae are foken frenm Yhe Qoo lable whiep, will
bé Programmed earlier ip the ofon These data aCtivate the
proner relay contacts. Hera e s g table . Ot Iy

the thirg Page of the COTIYGhier j s Lrom 300K to 38k,

M

[

Reed Switch or Spark tesgt checking op Speedometer
Checking (g done by nutpuf%ing digitsg Ants for ar Piirator
Kim ini'tm;!h Fory o Than 1y Gty thida gy, Lemaves Feat gy,
Analog VL This WHEL prun the motor at g Barticgige S0
according to the aatg inpee TaVin fig sReedome t o walile g
coupled 1o the motar it YOtaies. i€ preed sWitch aiso
rotaigg and Droduceg Puines Trie il sutput af the  reed
Swlich jg connected to TJ inpar or the controlier. The
counter startg counting the pulseg, The Sparx LED - g made o
Blink wiifie BUAIK (en) gy Worrres
CALCULATION OF DgI Ay TIME:

The numbey of machine C¥Cioes  fop a Darticuiysy

instruction i3 fixeqa, 50 g COMDIng i iy, Gf many ln&.ru%tions
wili Provide gz Particulay delay . This jg ine brinciple used

in the Calculation of deiag Virs fey VT LG Clcvaticns . i
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if a loaded Counter is decremented itselt to zero it takes a
particular time. Thus by adjusting the vaiue of the Delay
counter, it will be Possible to get different delays. The
timing diagrame for various scana g ahown in figures 8 an

9.
Let a 10 MH:z crystal bhe provided for the
controller. Then the ALE frequency je given by 10 MHz + 15

{as shown in figure 7). For the timer to increment by

63

one, it takes frequency divided by « pPrescaler value of 32,

Thus for one increment of tigep of @ 10 iz crystal it takes,
1/Time = Freguency /{15 x 32)
- 10 MHz /{15 x 32)
- 208343, 353
Therefore the time required for iacrement of timer

of & 10 MHz crystal ig 48 microeeconds

For a timer Counter with vajus: Fp it takes -
48 x 255 « 12 mil1li-seconds.
for the timer Counter to overfleow,
Thus by counting the number of overflows and
comparing it with the setvaiue of t e w; <an have different

delay timings.

BEXAMPLH ; H proactioni G | g Fovpe hiawv fg

approximatelv 1 &econd delay is shown Leiow,

Let Crystai selecten = 10 MHz



6y
1 timegr count

e 48 microseconds
Por 0 to 205 ¢

tounte of | {poy “r for ] Qverflow e
have,
= 48x255microseconds
= 1.224 x 19~2 seconds
Therefore for 1 secong we have
1/(1.229 x 102, “  81.69 Counts
or
- 52H Counts,
Therefore, e value of 52, has to pe put as 4 software
€Xternay Prescalar ip the nemory lecation,
The timing changes for different ¢rystal
frequencies. |
The above-method is mogt widely useq in Software
pfograms. This

is Called ag Real tipe delay or

Rea; time
timer interrupt.



4.4 FLOW CHARTS

MAIN FLOM

[ STaRT )

!
z
I

CHFISURE EUS [N
CUTPUT
HibE

]
]
i

!

CONFIGURE PORT By
RRD P2 OIN QUTRYT

nube

|

J

|
!

CLEAR ALL TimER:

]
|

!

|

[ISRELE
ALL
{HTERRUFTS

punl TS

i

'

CLEAR ALL
RAf
LOCAT]oKS

=




I$
STOP KEy
PRESSED 7

Is
SKIF Ky
PRESSED?

FLEL 54ak
ROUT]KE

i
|
i

*HIJ

LANF 504
ROUT ke




GLOW BRAKE LianF
AND OIL kP

AR

(ALL Lagp
DELARY fiF
THG SECOND:

f

#HG

SLO THE HExT
LanF




[&)]
(48]

FUEL SCAN RGUTINE

GLOW FUEL
SCAN
INDICATOR

1§ ™
STOP KEY ™~ YES
PRESSED 7

N0 N 7

15 ™
SKEP N\ ¥kS N
KEY
PRESSED 7

FOINT ¥yLL
LOOX F
TRBLE

F—-—...._-...

L

INTIALISE
COUNTER
AS 3 STAGES

Y R

QUTPUT THE LOCK
UP TABLE
POINTER




DECRENENT
COUNTER

YES
¥

INCREMENT
POINTER

TEMP 5CaN
ROUTINE

&






N1

e~

Ao

]
'

u

; .
tea




- DAC DELAY ROUTING

LOAD_DRcpLY
I0 DRCCTR




LAKP SCAN DELAY ROUTING

LGAD LDLY OF 25EC
: 10 LCTR

i

CLEAR LCTR FLAG

44
N

DECRENENT LCTR

f
a1l

" e
1

SET LOTR FLAG
|

RETURN

74
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FUEL SCRN DELRY ROUTINE

LOAD FUEL DELRY
OF & MINUTES
T0 FCTR

!
!

¥
RESET FILY FLas

b

DECRENERT FetR

ST FOLY FLAG

7¢



iBoftware for test jig of yg2
i FOR NIPPENDENSO

77

combimeter
JAPAN.

ideveloped by THE HIUDENTE O KCt,
istarted on 31 dec 93 14.00 hrg
file =jig.asm

B again Modified for the indication of the 8min dly

Ithiy le dung oll Lliw taguesLion ¢f Mj KAMEBYH, DY MANAGEW i

i BYBYEM EQUATES;

i look up

-FULKTBI, :

TMLKTBL:

icounter
LAMPSTG:
FUELSTG:
TEMPSTG :
DEBNCTR:

‘Misc equates

INIT:

BLINKON;
BLINKOF;
DIODECK:
FLAG:

:NOW THE

ORG 00h

JMP INIT

ORG 03H

table equates

EQU 10H ilook up tabla starey from hera tor fuci(igo
EQU 14H ;lookﬁup table Btarts from here for Temp (314
eJuatep

EQU 08H iElght lamps to pe BCanned firgst upng One nex
EQU 03H : THREE relays of fuel gscan

EQU 0SH FIVE relays of the temp scan

EQU 93N  DEBOUNCE COUNTER

EQU 001100008
EQU 110011118
EQU 111011108
EQU 254

iBLink the Bpark led

PROGRAM BEGINS NESEREE

iRESBET LOC oF THE PROCESSOR

JMP INITR

DIs

DIS TCNTI
ORL BUS,#1111111158
ANL Pl,#11110001B

iDenergise all lamp relays
iswitch OFfF all indicators and ON gpa

ORL P2,#1111111158

ANL P2,%11111101B

rde energise a]) temp ang fuel relayg



e

BEQIN]:

BEGIN2:

BEGIN:

ENTFUEL;
LNTIEME ;

LAMPSCN:;

LMLOOP] ;

TEMP:

LOOPY;

JNLO BEGIN]
JMP 8TART

ANL P2,8#111111

MOV R6, #DEBNCTR

DJINZ R6,BEGIN2

JT0 BEGIN
JMP BEGIN]
EN T

ANL P1,#0100111)
CALL LAMPSCN
ORL  P2,%0000001
CALL FUEL

LALL rimy

JMP . gTART

sthis r'outine wijy]

8 BTARTYRY PRESSED? - 78
Pt one wair thure i1t

op
iDEBounce for S5ome time "Tl0msec "

B ilight on the YPART led

OB

BCan 9 lampg

/the intesity 1s tested Ly the usey fanuvally, je viaually
iR6 will nave the data to be put ep the lamps

MOV A, ¥EEH
OUTL BUg,aA

CALL pLY ;
MOV R6,#111111)
MOV R7, #LAMPSTG
MOV A,Ré

OUTL BUS,a

RL 2

MOV R6,A

CALL pLY

DINZ  R7,LMLOOP]
ORL BUS, #FFH

;break.oil indication on

check for the diode of barking
0B sfirst QUtput of the lamp

idelay of appox 2 S5econds

ANI, Pl,#lllllllOB iswitch opn lamp 9111y
- CALL pLY
RET

FLemp BUang
;datag are
:the lookup

MOV R7, %05y
MOV Rl,#TMLKTBL
MOV A,R]

MOVP3 aA,ea

OUTL P],a

wWill he for the » Biagan
taken from the Lookyp thle

table iy from the thinrd Page of the Remory

iNo of 8tager are five
iboint to the lookup tabler

;thirg Page entry



DLYTEMP;
BACK3T:

BACK2T:
BACK17:

DLYPUEL
BACK4r;
BACKIF

BACK2F:
DACKI

WARNHIM:

BITSET:

FUELSKP:
WAITZ:

+CHECK THE CONTENTS oF INT BFR

8EL RB1 .

MOV R7,#¥18H
MOV R6, #FFH
MOV RS, #FFH
NoP

DJNZ R5,BACKI1T
DJINZ R6, BACK2T
DINZ R7,BACKsT

- S8EL RBO

RET
ORG 200H _

HEL Rb1
MOV R4, #03H
MOV R7, #¥rH
MOV Ré, #rrH
MOV K5, #FFy
JNTTO rurLaKp
HINE RS, BAUK ) ¢
DJUNZ ko, BACKZ4K
DINZ R7,BAcK3F
DJINZ R4,BACK4F

ANL P2,#111111108
ORL Pl,#BLINKON
CALL BLNKDLY

ORL P2,#0000000138
CALL BLNKDLY

MOV RO, #FLAG

MOV A,@Ro

JB0 BITSET

JMP  WARNHIM

MOV RO, #FLAG

MOV @RO, 00K

ANL P2;#lllllllOB
JMP coMoup

MOV R6, ¥DEBNCTR JDEBgung

DINZ R6,WAITZ

& {or some tima

75
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wallJd,

COMOUT':

BLNKDLY :
BLKLOOP2:
BLKLOOP1 ;

STGSKIP:
WAIT4:
WAITSH:

S3KIPOUT:

WAITDLY:

WAITY;
WAIT3:;
WAIT2:
WAIT1:

JTO  CoMOouT
JMP WAIT3
BEL KBIQ

RET

;Rlnse ThE FALLING edge

MOV R5, #994

MOV R6,#FFH

JNTO 8TGBKIP
DJINZ R6,BLKLOOP1
DJNZ RS, BLKILOOP2
RET

MOV R6, #DEBNCTR
DJNZ R6,WAIT4

;DEBounce for s8ome time

JTQ  BKIPOUT s BEnge THE FALLINg edge

JMP WAITS

MOV RO, #FLAG

MOV @RO, #01H

RET

ORG 310H

DB 6FH,60H,63H,

ORG 314H

DB 51H,53H,55H,5?H,59H,
BEL - RB1
MOV R4,4#01H
MOV R7, #FFH
MOV R6,#FFB
MOV RS, #FFH
JT0 SKIP_wp
DINZ R5,WAIT1
DJINZ R6,WATT:
NE R7,WarT
DJNZ e, WAl
BEL RBO
MOV RO, #CURRAM
CALL ADD_03
MOV RO, #TEARAM

40

""10msec”



CALL ADD 03
SKIP WT: SBL RBG
RET ‘
REPWR: JT0 BEGINPD
ANL P2 811t 000k
ORYL, P2 0000060
IR, P2 Hooaonnnn
ANIT, frd AR NE RTINS
MOy RI L H1GUL0000Y
MOV R2 ,#03
CALL WRITE
MOV R3 SALLIC000008
MOV R2 ,L#0s
CALL WRITE
AN PZ,#ll}IUL}OB
ORI, P2,3#0]
Moy R3 ,#101600008
MOV R2 %05
CALL Wi
. A ' RY
e 23, A
MOy RZ , 8¢
CALL WP
MOV A, ui]
MOV R3 ,a
MOV R2 48
CALL WRITE
INC R1
MY A ,@Ri
MOV R3 ,A
MOy RZ2 ki
CALL WRITE
ANT, P2, #1i1103i0n
CALL DYlomy
INC R1
MoV A k5
ADD A, #4
MOV KBS x4
DANE R4 | REPWK |
RET
REPWR1 : JME REPWR

SUEEL if required for

ihelay oy 1y Mmooy,

CaliBration ol

TCLKL,CS, DI low
R hiah
st Thsinee 1y,

Pl LeshH, 1a
ERERE L TR R I T R !
PErOGLam BNabs e (1)

iwWrite only Shits, from

LR

vhrdgs o

ik

L

FRPEN - 2nd Dyie wr o

PNV O RAM' g

Ehxlu»\”-

fntbart BYOos sy o P

4L bit adidten s

et data Lo i RSN

TEkoring jur Dy Lo

CBLtoring Zng byt
;ﬁxxﬁmikzﬁﬁxt

iWwalit for 10ms/crneok FUSY

;increment RAM pointer

Sincremeni Che Msii, ., 5y

raddresy

IWrite aj) Dy ey

...........

Up Code 1.

N



FUEL;

LOnPR,

INITR:

DLY:

BACK3:
BACK2:
BACK] ;

INDEFWT:
BEGINZ0:

CALL DLYTEmp iy Fop oy, A BEugyly
INU gy

DUNZ K7, Logp g POBUGE w00 = {

MOy A fcin

QUL Pl,A

RET

tFUEL, BCAN FOR 13 RELAYE
‘thisg cheks the Stages for the ftye) Juagesg

MOV A, ¥FFy

ouTL BUg, A
Mov R7,#03H
MoV R],#FULKTBL

MOV A, |
MOVPy A WA
QUL Py, A
CALL bLYrugy,
INC g

DJaNz R7, Loops
RET

i1F INT Hag OCCURED RESET «8TOP & WATT

ANL Pl,#lGllllllB
JNTO BEGIN]

JMP INITR

iDELAY FOR SCAN

S8EL RB]

Mov R7,#03y
MOV RS, #FFH
MOV RS, #FFH
JNTO INDEFwD
DJNZ R5,BAck)
DJINZ, R6,BACKk?
DJINZ R7,Back3
SEL RBo

RET

- MOV R6, #rep

DJiNz RG,BBUINBO
JNTQ INDEPWT
SEL RBO

RET

82
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sy MANUIA)

The Utility value of the Jig is enhanced to 4 great
extent if it could be Operated by an ordinary worker .

One of the things wWhich Puzzles ang confuses many
peépie when they first CoMe acrogs automatjc testing B8ystem
is the ®perating Procedure for 8uch syeteps. This section
wiil bé very helpfyl to overcome thijg handicap.

5.1, PROCEDURE FOR OPERATING Tup JIG
1. Getting Started:

Before switchlng ON the power supply, Insey thi
Connector of the Jig into the socket found in the back of the
Cluster. Ensure that they fit jin Properily.

2. Switch on the power 8Supply. Now the Power ON LED will

stary 8lowing,

J, Wher) vou'want to start the checking of the Cluster,

Press the Start switch,

NOTE: vyour start switch i8 also the Sensing

element for SKIP FUNCTION, which Provides
tfacilitieg like skipping of any stage of the
check or tne stage itselr, 80, ensure that
the start gey 18 pressgeq ;nly once. Pressing
Gl the Blart Key twice op more pay lead 1y,
skippins of lamp ana fuel Check S8tages. Thig

may not pe the intention Of the user
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the bosition of the needieg at varicue i ime intervalg, The
bressing of atart kay thrice wiil sKin the fuel Ccheck and,
'temperature check is Btarted. 71y any fault g observed stop

the chack and switch opp powar aupply, haforae removing the

Cluster,
6. Tenperatqre Check:

- The temperature Check ig the 1iagt check ang the
Observer 8hould monitor carefully tne Needle pogition at the
given tjipe intervaig. The time intgrygy is very short ang
hence 1t calls for greater care during monitoring of
temperature check., Luring tumperature Cligck the r'esel Key
acts ag @ sensing element for the stop funciton (i.e.} the

8Vsten is brought to initiay Conditionsg when reget Key isg

7. Spark test, if Neceseary g done after the temperature

Chegh, The Spark L.nn Slows when the Working condit teny oy { hier



5.2, Keys AND THEIR FUNCTIONS:

————-—-—m—.-—-—-—---—-u—-

KBYS WHEN PRESSED
START KRy ONCE
START Kiy Twiol
START Kgy FIVE TIMEs
STOP Kgy ONCE
STOP KRy PRESSING ONCE

AND

i} Nort RELEASING

ii) WHEN RELEASED

RESET Kpy

i)

ONCE DURING ANY
CHECK

ONCE DURING

'J'MMI‘I':IU\’I'UHH CHUCK,

87

-—n—-——n—.--—-.-.—-——m—--—-—-——.—-.

STARTS 1THg OPERATION oy

THE ayaipm

. BRiPD LAMp CHRGCK

SKIPS LaAMP AND TEMPERATURE
WILL sToOP THE OPERATION
OF THE SYSTEM

WILL SERVE HOLD FUNCTION

HOLD Is DISCONTINUED AND
NORMAL SEQUENCE OF
OPERATION IS CONTINUED

WILL RESET THE SysSTeM

WILL sKrp TEMPERATURY

UNEFRTIS Y

lan.-muu--—-.m—-ﬂ-__--'—-'-w\-qu-o‘v-u-..m—.--u

While monitoring the lamp check 8witch Qffp

the lights jp the room ang make the room
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dark, 4o 1hnt :n#mnu::v of 1nmpe can by
Wrobes 1y negay,,

ii} Lur Lng tempIrature apn fueli chéck, swi tch UN
the iights and ventiiate the room, go that
the uger can comiortabiy Obeerve the nogdlg

dcflections.

114} Use high qQuality ang Precision function stop



By

5. concLusion:

The project was carried oyt at Pricoy, Coimbatore
aucceenorully. All Recessary .pecificationl for checking of
the Cluster, ag Previded by tne Ranufactarer were 8uccessfully
met,

There were 86ome minor problems, during the chécking
of lamps. g found that the felava used to switchp ON and Off
itseir intcrnuciatelv. When analysed we found that the retay
Qa- chntterina. By tomecting g diodu across l'ulay
coll, we overcame thje prowlea .

Stray iead Capacitance effects Caused changeg in
Urysint rrsquauey_unu the Procenscr way made tq hany . Tw
overcome this, we added ga very low-capacitance °f 20 pico-
farads betwgen 8round and crygtay pointsg,

This Project wasg very much helpful in automatic
Cchecking of the clusters at a faster rate. It employs a wjige
ransé of user friendly operation Procedures like Bkipping
facilitien of any stage of the check OF the stagy itecir, |4
a136 brovides g hold function. with the help of Which the
Operator Bay monitor 2 specific Operation to his fullegt
satisfaction and may agayy, Gontinug wij), the norpa) fequetice
of Checking,

The Project has wide application nct only in

checking of cluetera, but can also be uzed ag timers,
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ntal 8748H/8035H/8749H/8039H PRELIMINARY
Table 2. Instruction Set
Accumulator Registers
Mnemaonic Description Bytes Cycles Mnemonic DRescription Bytes Cycles
ADD A R Add register to A 1 1 INC R Increment register : 1 1
ADD A, @R Add data memory lo A 1 i INC @R Increment data memory 1 1
ADD A #data  Add immediate to A 2 2 DECR Decrement register 1 1
ADDC A, R Add register with carry 1 1
ADRDDC A, @R AdJd data memory 1 1
with carry Branch
ADDC A, # data Qﬂﬁ ;’2;’,‘;""3“" ? 2 Mnemonic Description Bytes Cycies
ANL A R And register to A 1 1 JMP addr Jump unconditionai 2 2
ANL A, @R And data memory to A 1 1 JMPP @A Jump indirect 1 z
ANL A #data  And immediate to A 2 2 DJNZR. addr  Decrement register 2 ‘
CRL A, R Qr register to A 1 1 and skip .
ORL A @A Or data memory to A 1 1 JC adar Jump on carry = 1 e £
ORL A, # data Or immediate to A 2 2 jgg;:_dr j:'nr:s z: .:azr;):o: c ; 2
XRLA R ti\x:&lusme or register 1 1 INZ addr Jump on A not zero N 5
XAL A, @R Exclusive or data 1 1 JTQ addr Jump on TO = 1 2 2
memory to A JNTO addr JumponTO=0 2 2
XRL, A #data Exclusive or 2 2 JT1 adar Jumpon T1=1 2 2
immediate to A JNTT adar JumponTi =0 2 2
INC A Increrment A 1 1 JFO addr Jumpon FQ = 1 2 2
DEC A Decrement A 1 1 JF1 addr Jumpon F1 =1 2 2
CLR A Clear A 1 1 JTF adar Jump on timer flag 2 2
CPL A Complemant A 1 ! JNI addr Jumpon INT = ¢ 2 2
DA A Decimal adjust A ! ! JBb adar Jump on accumulator 2 2
SWAP A Swap nibbles of A 1 1 bit
RL A Rotate A left 1 1
RLC A Rotate A iaft 1 1
through carry Subroutine
RA A Rotate A right 1 1
RRC A Rotate A right 4 1 Mnemonic Description Bytes Cyclea
through carry CALL addr Jump to subroutine 2 2
RET Return H 2
RETR Return and restore 1 2
input/Qutput status
Mnemonic Description Bytes Cycles
INA, P Input portto A 1 -2 Flags
CUTLP A Qutput A to port 1 2 .
ANL P, # data And immediate to port 2 2 Mnemonic Description Bytes Cycles
ORL P #data  Orimmediate to port 2 2 CLRC Clear carry ! !
INS A, BUS input BUS 1o A 1 2 cPLC Compiement carry ! !
OUTLBUS. A Output A to BUS 1 2 CLA FO Clear flag 0 ! !
ANL BUS, # data And immediate to BUS 2 2 CPLFO Compiement flag 0 ! !
ORL BUS, # data Or immediate to BUS 2 2 CLRF Giear flag 1 ) !
MOVD A P Input expander pont 1 2 CPL 1 Complement flag 1 ! :
to A
MOVD P, A Oultput A to expander 1 2z
port
ANLD P, A Anrd A to expander port 1 2
QRLDP. A Or A to expander port 1 2
15-20



8748H/8035H/8749H/B039H

PRELIMINARY

Table 2. Instruction Set {Continued)

Dala Moves
Mnemonic
MOV A R
MOV A, @R

MOV A, # data
MOV R, A
MOV @R, A

MOV R, # data
MOV @R, # data
MOV A, PSW
MOV PSW, A
XCHA, R

XCH A, @R
XCHD A, @R
MOVX A, @R
MOVX @R, A
MOVP A, @A

MOVP3 A, @A

L

Description

Move register to A
Move data memaory
to A

Move immediate to A
Move A to register
Move A to data
memaory

Move immediate
1o register

Move immediate to
data memory
Move PSW 1o A
Move A to PSW
Exchange A and
register

Exchange A and
data memory

Exchange nibble of A
and register

Move external data
memory to A

Move A to external
data memory

Move 10 A from
current page

Move to A from page 3

Bytes Cycles
1 1
1 1
2 2
1 1
1 1
2 2
2 2
1 1
1 1
1 1
1 1
1 1
1 2
1 2
1 2
1 2

Timer/Counter
Mnemonic Description Bytes Cycles
MOV A T Read timer/counter 1 - )
MOV T, A Load timer/counter 1 i
STRT T Start timer 1 i E
STRT CNT Start counter t i ;
STOP TCNT Stop timer/counter | i ’
EN TCNTI Enable timer/counter 1 .
interrupt i
DIS TCNTI Disabie timer/counter 1 ;
interrupt II
Control l
Mnemonic Description . Bytes Cycles ;
ENI Enable external 1 !
interrupt ;
SIS Disabte externat 1 1 i
interrupt i
SEL RB0 Select register bank 0 1 :
SEL ABt Select register bank 1
SEL MBC Select memory bank 0
SEL MBI Select memory bank 1

LENTO CLK

Enable clock output
on TO

Mnemonic
NOP

Description
No operation

Bytes Cycles ’

15-21



63
(127) _1
{{(258))
USER RAM
32 x8
| (96 ~ 8) 1
f {(224 ~ 8)) 1
32
i BANK 1
WORKING DIRECTLY
REGISTERS ADDRESSABLE
8 ~8 WHEN BANK 1
C T T T ®RT -~~~ 1S SELECTED
24 RO’ !
23
8 LEVEL STACK HDODRESSED
OR INDIRECTLY
USER RAM THROUGH
16 x 8 R1 OR RO
(RO OR RYY)
8
7 BANK 0
WORKING DIRECTLY ;
REGISTERS ADDRESSABLE 3
8x8 WHEN BANK 0
T TR T T T IS SELECTED !
o X |

IN ADDITION RO OR R1 (R0’ OR R1')
MAY BE USED TO ADDRESS 256 { ) BO4ASAH, B749H,
WORDS OF EXTERNAL RAM. {(()) BOS0AM




ON CHIP BOSOAH

_ON CHIP BO49AH
ON CHIP 8048AH

! SEL MB1

2047

1024

Ty SEL MBO

1023

LOCATION 7 —

—1_TIMER INTERRUPT

VECTORS

PROGRAM HERE

LOCATION 3 —
EXTERNAL

-

— INTERRUPT

- A WU

VECTORS
PROGRAM HERE

o[7le]s[4]3]2]1]0

= RESET YECTORS

"ADDRESS

PROGRAM HERE




GENERAL INSTRUMENT

Optoelectronics

-

PRODUCT DESCRIFTION
The MCT2E is a NPN silicon planar
six-lead plastic DIP package.

phototransistor opticaliy coupied to a galitum

arsenide diode. it is mountad in a

PACKAGE DIMENSIONS

P A_,‘q‘
Yo u 4 i

T ANCDE

3 CATHODE

R
SYMBOL, MaX | MAX NOTES

A G ' a2
ST e

£
F
2|
S
| 5
o4
o !
.
N
-
PACKAGE MATFHIALS NOTES
Leads  Tianed woth 604G o0 lemd T salled potion ol imeed e o,
Bty Saligone plane 2 Rourulacer

3 Overall astalley sos ton
3 Thaw Messarements are fade from
the: seateng tane

-
BASH
1. J{D COLLIC TN
S—

AFFLICATIONS

Utility/fecanomy isolator

AL line/digital iogic isolator
Oigria! logic/digital iogic isolator
Telephore/telegraph tine receiver
Twisted pair line receiver

iigh freqguency power suppiy
‘eedback control

Relay contact monito:

¥ Power supply monitor

UL Approved Procuc! File

50151

MR

L3 I - )

]

ABSOLUTE MAXIMUM RATINGS

Inpyt Diode
VRorward current .. L L &0 mA
Reversevoltage. . . ... .. ... . .. .. . . 3.0V
Peak forward current
{1 4spulse, 300pps). .. ..... ... .. . 3.0A
Power dissipation at 25°C ambient 200 mw
Derate tinearly from 25°C . . .. .. . 2.6 mw/oC
Qutput Transistor
Power dissipation at 25°C ambient . . . . . 200 mw

Starage temperature -557C 10 150°C
Operating temperature —55°¢
Lead temperature (Soldering, 10

1w 100°¢
sy 260°C

Derate tinearly fram 25°C . . 2.6 mwW/C
isolation rating . . . .. ... ... . ... . 3550 VioC
Total package power dissipation at

257C ambient (LED plus detecior) 250 mw
Derate linearly from 25°C . . . J3.3mw/e

Cottector Eratter Tirrent “cr—"‘ 50 mA

ELECTRO-OPTICAL CHARACTERISTICS {25°C Free Air Temperature Uniogs Otherwise Spec:fied)

CHARACTERISTIC SYMBOL MIN.
flnpm Diode
Forward Voltage Ve
“"Reverse Breakdown Voltage BV 4 5.0
Junction Capacitance C;
Reverse Leakage Current [
Output Transistor
DC Forward Current Gain R g 100
Collector To Emitter Bieak
down Voit, HV ey HE
Collector To 'Base Braak-
down Voltage BVeuo U
Emitter to Collector Break-
down Voltage BVeeo 7
Collector To Emitter, Leak-
age Current lce o
Coltector To Base Leak-
age Current e

TY

[ KA x WML TEST COND I TIONS
) W t 20
v PR N T
Ve N
it LA w20y
S B RN
[UTIN
& o 1 e
W ve = 100 uAL e
s Sop 1OV
‘ o Vet v, e



r

(25°C Free Air Temperature Uniess Otherwise Specified)
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7 a0
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=

1y = 20 A —
I e e
ST A

le COLLECTOR CURRENT DETECTOR {mA)
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H
F] 10 i5 2! 25 S0

Ver COLLECTOR vOLTAGE DETECTORH (w1 TS

Fig. 1 Collector Current vs. ¢
Collector Voltage
{for Typical CTR 30%)
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bIGH CURRENT THANSFER RATI
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Fig, 4 Current Transfer Ratio vs.

Temperature
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Fig. 7 Switching Time vs. Base
Resistance
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TYPICAL ELECTRO-QPTICALCHARACTERISTIC CURVES
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Fig. 2 Current Transfer Ratio vs.
Farward Current
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Fig. 5 Coilector Current vs,
Frequency
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Fig. & Coltector — Emitter Breakdown

Valtage vs. Base Resistance

PSRRI

Fig. 10 Circuit for Figure 7

VL EAGE

SWITCHENG TINE

Fig. 3 Dark Currorne ve,
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Fig. 8 Saitching 7
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Fig. 3 Saturation Voltage vs.
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171 Waveforms for Figure 7



"*MCT2E

ELECTRO-OPTICAL THARACTERISTICS (25°C Free Air Temperature Unless Otherwise Specified)

CHARACTERISTIC

Capacitarce Colled to
Emittus

Capacitarce Cottecth
Base

Capacitonce Emictor

Couplea

OC Collectar Curre: -

Ratie
O fase Current Trae

Surge isolation

Steady state lsotation

Isalation Voltage

isolation Resistanc:
Iselation Capncitan.

Collector-Eminter, S

Voitage

Bandwidih (see rote

SWITCHING TiME ]

Non-Saturatey

Coltectar Lo

Non-5aturated
Cotlecor

Saturated
ton [from 5V ty
Loff (fram SAT t-

Saturated
ton{from 5Vt
tolff (trom SAT 1,

Non-Saturated
Base

SYMBOL
! .
£
Tha
K 1
i
st ‘["fll,
2 ' .
A,
e
Yise
By ()
bt
oy hat]
.,
INNITE )
e !
SRNGHT '
e :
(NS ER L.
¢ i,
RO T T
1 t,
iy .
i
o RSy
R L 54T
) LinaT
N U 15T
e 1
Ny t,

CGUAR

Voout

MEr

2250
2500
3500

104!

YR CSUAR

MA X,

1047

.31 0.4

IRSTH

UMNITS

vC

VAL rms
e le

VAC-rms
Vams
vDC

1
pE
W

Kt

UNITS

M5

%
ny

TESTCONDITIONS

Ve o

Veg- 10wV

Vpr 0

V- 10, 1g7 10 mA, Note ]

Vep: 10V, g 10 mA
Relative humidity < 50%
Ta=+25"C. 0o < 10 uA
1 second

Relative humidity < 50%,
Ta=+257C. 0o < lopuA
1 minute

560 Hz
Vo500 v
f= LMK,

o= 20mA, lg = 6 mA

IL_ 2 A V(:t 0V, R -100§2

{(Circuit ho. 1)

TEST CONDITIONS

Ry 1008 le2 mA, Ve 10V
{Crreuit Mo, 1Y
Re- 1T REL I -2 mA, Vee 10V

{Corcurt Nl 1)

A TR oS R P B R L S - Y]

Ry open {Crreut No. 2}

R -2 KEL IE 20 mA, Ve =5V
Rg# 00 K2 {Cirvurt No. 2)
R 1 #E Veg-i0 WV
Voo
Ry
Voaut
Cireiat 2



w TYPICAL ELECTRO-OPTICAL CH
' (25° C Free Air Temperature Unles

Veesan — SATURATION VOLTAGE — v

0102030605060708090100

Ta ~ AMBIENT TEMPERATURE C ce2t
Fig. 12, Saturation Voitage vs,
Temperature
i
- 1T i %1 t
50 T
NS | IS
g I
£ L L1
a ”I
: fin—
5 10 e E S
g 1 i —
5 AT
O
x
;3
- L l Ta ¢
1 1Lt !
‘ 100 1000 10.000 100.0o;
CB2a

TIME - HOURS

Fig, 15, Lifetime vs, Forward Current
{Mote 4/

ARACTERISTIC CURVES

s Otherwise Specified)

TURATICN

Veeisat COLLECTOR SA

VOLTAGE VOLTS)

. B 1 ? 5 s
e~ COLLECTOR CUPRENT{-EA] cgz

Fig. 13. Saturation Voltage vs.
Collector Current

RELATHVE CURRENT TRANSFE R RATIO - 5

Aye - BASE HESISTANCE

cary

Fig. 16. Sensitivity vs. Base Resistance

It mA

Ve - FORWARD VOLTAGE vOLTS

MCTZ FORWARD vOLTACE ve
FORWARD CURAENT (v, vs Iy )

20
Ie FORWARD CURAENT - ma

g2z

Fig. 14. Forwarg Voltage vs.
Forward Current

Fig.

. 17, Detector Typicar hfe Curves

OPERATING SCHEMATICS

Modulation Circuit Used to Obtain Output vs

MODYLATION CONSTANT " .
eyt WE 4 CURRENT Voo - 10vOLTS PULSE 47
INPUT < INPUT

QUTPUT

R =100y

= CRar

Freguency Plot

Vo = 10VOLTS

PULSE
OUTPUT
Fi\ * 300
- B2y

Circuit Used to Cbtain Switching Time vs Collector Current Plot

NoTEs

1. The current transter ratio oAl is the ratio of rhe detect
2 The frequency at which ic is 3 dB down from the 1 kHz
3. Rise time (1] is the time required for the collector current to increase from 10%

Fall time ftg) is the time required for the collectar current to decrease from 90% of its initigl

_ CTAR, -
4. Normalized CTR degradstion = — CTR;

value.

Or collector current to the LED in

PUT CUurrent witha Vog at 10 vores,

of its final value, 1o 50%.
value, to 10%.




’@ SSI ' DM54/DM74LS240, 5240, LS241, 5241, LS244, $244, 5940, 941

General Description

These buffers/line drivers are designed to improve both
the performance and PC board density of TRI-STATE®
butfers/drivers employed as memory-address drivers,
~iclock drivers, and bus-criented transmitters/receivers.
Featuring 400 mV of hysteresis at each low current PNP
data line input, they provide improved noise rajection and
-high fanout cutputs, and can be used to drive terminated
. irines down 1o 133 Q.
I

Features

® TRI-STATE outputs drive bus lings dicectly
B PNP inputs reduce DC loading on bus ines
B Hysteresis at inpuls improves noise marains

Octal TRI-STATE® Buffers/Line Drivers/Line Receivers

Typical Typical Typical Propagation  Typlcal Typlcsi Fower
ioL 10K Delay Timas Enable Disgipation
[Sink  (Source Disabla (Enabled)
Current) Current) Inverting Noniaverting  Times  snvurting Noni

cling

CALS PmA . —1Z2mA 10 5es Dt a0 mw W
FILG S 24 mA L -15mA 1d 50y R won 133 135 mwW
45 45 mA —12 mA 45 rs [ s 45D myy 235 oW
Tag B4 ma -5 oA 45 ns B 4 1T mw 53R mit

Connection Diagrams

i Yeo 2G 1¥1 244 1¥Z 2A3 1Y3 242 1Y4 241
P j20 J1s 8 |17 |16 |is J1e 13 |1z 1

Voo 2G 1Y1 244 1Y2 243 Y3 242 iY4

251

o O
Sw
| N / *
! -
i -
Q Q Q

. A VA IVAS

¥
f20 ]9 s |17 e [15 Jsa J1a [12 ine
|

| Y_jf’

17

[v ]2 Ts [« s [s |7 [e [s Jwo vl s o T T T e T T
16 1A1 2Y4 182 273 1A3 2Y2 A4 2Y1 GND 1 tA1 2v4 a2 2va 123 Y2 car 2v: Gap
| 54L5241 (J) 74L5241 (N}
i 545240 (J) 745240 (N) 545241 (J) 745241 (N)

: ‘ 54L5240 (J) 7415240 (N}
i
|
I

vee 26 1Y1 248 1¥2 2A3 1¥3  2AZ 1Ya 241
[20 |15 lue 117 15 |15 |1a 13 [s2 o

1

5415244 (J)
545244 (J)

5 rs 7 Js ¢ Tro
16 1A1 2Y4 1A2 2¥3 A3 2Y2 1A4 2¥1 GND

74L5244 (N)
745244 (N)
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4 ss DM54/DM74L5240, 5240, LS241, S241, LS244, 5244, 5940, sgﬂ

Connection Diagrams (Continued)

——

Vee 26 1Yt 288 Y2 243 1v3 287 1va 241

20 19 18 17 16 l15 14 13 12 11

Al

R R

|1
1G A1 2Y4  1A2  2Y3 1Az 2Y2Z  1ad4 2y GND i

S48940 (J); 745940 (N)

Voo 26 1Y1 284 1vz 243 1va 242 ¥4 281

i) 19 18 17 16 15 14 13 12 IH

Y

T FFFrT

11
16 TA1 2¥Y4 1A 2Y3 1A3 2v2  1a4 o¥d GMND

548941 (J); 745941 (M)

e
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' ﬁ SsI - DMS54/DM74L.5240, S240, L5241, S241, LS244, S244, §940, 89411
|
|

Electrical Characteristics over recommended operating free-air temperature range {unless otherwise noled;

' DM54:74 DM54/74
- —_— | ——s |
. L5240, L5241 5240, S241, 5244 .
i Parameter | Conditions : L5244 ! $940. 594 1 Units [

| Min [Typ (T)‘rMax E Min JTypH)\ Max .

' Vig |High Level input voltage ]

VIL ]Low Level input Voltage

v Input Clamp Voltage B !VCE- Fm \, _-— 178,;/3_\_ T )
— ' — e SR A
| Hysteresis (V14 — V1= |Yco —ern
[ 'OH ‘Hngh Level Output Current . IEMS‘I :
[ . :DM74 ‘ ‘
|— — e s Ahihin Rt S S |
| YoM Hrgh Level Oulpul Vo!tage —TVCC = 4 ?5 V V;H = 2 V Do 2
, qu_fOBV,IOH"f!mA P : 7 !
‘ | S st P AN T P
! i ‘Vcc‘—*Mm_VJH:?V 54 34

! 2.4 3.4 Y
| ! V= 8 \,f = - A . . | | - i
: }_"— 0BV IoH==3mAa R N S T 1
| VCE = Min Vi = 2 v i

e ML=O0S VO T Mex 2 o
oL ‘Low Level Qutput Currem J i '

. L, - [ V-
,‘ VoL .Low Level Output Vonage +

i
|

|

—

| IOZH[OH-SMte Output Current
‘High Level Voltage Applied

- Vi = oy oIV

| lozL:OM-State Output Current, vin=2v Yo
Low Level Voltage App!led | —
|‘..._._..._,_..;_ —— ... YO
) |lnpul Current at ' i
i \Maxnmum Input Vultage iVCc = Max !VJ Z
-jinl_rjuqh l.evir_l_n_;zyl Currenl J_VCC Max V'i
‘ L ‘Low Level Input Current 'Vr =04V
! Voo = Max | Any A
; i ‘vl =05y — ety
_ | o ! ) A Any G N
'f 'OS lShort Cm:uut Outpu! Currenl IVCC = Marx (”) l
‘lcc |Supp\y Wee = Max Oulpuls ‘LSQdO 241 244 .
Current Cutputs High T i
|Cpen : |S240 .o Dhasa .
' i 8940 : OM7T4 i
‘ , s
i : | ‘S241, 244 | DMss
| ! b S omTe
‘ : [Outputs Lsz4n
| Low Ls2ar, 244 )
! ! is240 . DMse B ;100 145
| | ' 5940 : DMT74 1 ‘ l'ioa 150 2 ma
| Saarzae . DMSC L L 2 a0
; 5847 DM7 2 ‘ | [ | L 20 ug
‘ i i . . i PR eI
! ! Outputs LS2a0 ) 29 . 80
| ; [Drsebled 1 0o 00 2aa ' T .
. . C$4A0 DME4 . ) . IQC‘ 45
; : : - 5940 DMT4 ‘ C oo
8231 2as DMSe ‘ ‘ _ o
i 5941 [IM74 . 126 ian
Note 1 Al Tyl vatues Atk dt Vep n W Ta o ph.

Note 2: Not more 1nan aee oulpa? shou'd be SNOMEg al o e and oo Pan b ulld ngt et e e g

1 556



24 ss DM54/DM74LS240, S240, LS241, $241, L5244, $244, $940, SO4!

Switching Characteristics vcc =5v.7a=25°c _ i

DM54 T4 DM54.74 :
L5240, (5241 | 5240, 5241, 5244 |
LS244 . 5940, 5941

' Min [Typ (1)) Max . Min Typ (1) Max & .

Parameter Conditions Uniuf'

1
|
|
i

tpLH | Propagation Delay Time I o 24@ .
Low to High Leve} Qutput RL =BE7 D oaha
i GL=45pF = = | 5240, 940
RL =904 [gady, 242, 941'7' )
tort aR st Lol S .
| o= sspr | el tSEAn e [
; | \ , L 5240.840
] ; o S241 244 941
tpZL | Output Enable Time ‘ | T L8240
to Low Level ! T
‘r ‘ ‘CL=459FF” o7, L8z, 244
! . §2a0, qm
BU= 8 R L e ’ T
tpIm Output Enatie Tme o T sl = s T oaa T ’ -
i‘ to anh Level R = ¢&ar - N B .
| CL =48R - ""'890910 ’ ’ ’ n8
| i _\fL“ 904 8241, 244 9471, ‘ i :
I Wi - S
i [ L= 887 2 e, zas | 8 | 15 25
i ;CL =8pF 75240 940 I PR
RL=9010 s s s T T e
lpHZ!OUtpul Disable Time B ; Ls2a0 | o T
‘from High Leve! Ry =687 “J [Sz47 oad
CL=s5pF 5240, 940
; FL = 804 "S04T, 244, g4
!pLH|Propagation Delay Time Ls240 |
Low to High Level Cutput Ry =667 4 LSEd_I- i
. 'CL =150 pF S240, 940
' _____mi‘-_z__?f f [s241, 244, 941
Lo e v Lovel Outp ——
! put R =8871 . LS2a1 244
| el :93], _ sa0.e0 [ R
8241 244, 941 4 2] 12
IpzL | Cutput Enable Time | S L“t’:‘_;:’:‘tﬂ_o 12 22 rsa — T
to Low Level RL-GU'H[ (5247 paa T2 22 a3 - -
CL=150pF "} - ’ S?AO,éJO ! ! o a. NS
o ETErCR .
lpZHISUg;:‘ELneavbe\le Time | A = o5 0 L2406 | 18 T
| oL - 150 DFJ, B T B I T
: » $240. 940 a 5 e
| | AL =908 5541 5as. 94 ) e
|
i
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National Operational Amplifiers/Buffers

A

) ?
4 Semiconductor B
; . | Fﬁ
1741/LM741A/LM741C/ILM741E Operational Amplif; i
‘ \ perational Amplifier | 8
. ae -
General Description L
hm?41 series are general purpose operational tection an the input and cutput, no latch-up when J a
l‘difiers which feature improved performanca ) the commen mode range is exceeded, as well as- [ il
' soer industry standards like the LM709. They are freedom from oscillatians. g
diroct, plug-in replacements for the 709C, LM201, 2 g
MC1438 and 748 in most applications. The LMT4IC/LMP41E are identical 1o the | N
LM741/LM74TA except that the LM7410/ | wab
b LM741E have their performance guaranteed over 0
P smplifiers offer many features which make 3 0°C 10 +70°C terperature range, instead of ;ﬁ:
e application nearly foolproof: overload pro- ~55°C to +125°C. i =
Schematic and Connection Diagrams top views) N
. e
L14]
o [, i
rORNVERTIND ] . o T :::5:”"

ouTsyT

R 12 A
s we .
; ; o

Metal Can Package
“r

I

T ey ' e

Yon At et %/,:‘j .

v

Order Number LM741H, LM741AH,
LM741CH or LM74TEM
Ses NS Paciage HOBC

Dual-In-Line Pack age

]
!
£ Dual-In-Line Package
! oty o .
: A
: PVARTING mPut mely v
/J on nernimg 1 parru
vty o1 rsEy AUy
s !
Order Number L M741CHN or LM7‘]1EN Orelor Number LM741CN. 14 j
Sea NS Package NOSE i N See NS Packags N14 4 :
Order Number LM?41CJ Order Number LM741J-14 LM74142 14 i
See NS Package JOBA or LM741CJ-14 |

Sae NS Package J14A

.. 3257



DAC0800, DAC0801, DAC0O802

National
Semiconductor

AtoD,Dto

DAC0800, DAC0801, DAC0802 8-Bit

Digital-to-Analog Converters

General Description

The DACOSOO serigs are menaolithic 8B-bit high-speed
current-output digital-to-analeg converters [DAC) featur-
ing typical settling timas of 100 nts. When used as a3 mul-
tiplying DAC, monotenic performance over 3 40 to ?
refergnee current range is possible. The DACO800 series
also features high compliance complementary current
outputs te allow differential eutput voltages of 20 Vp-p
viith simpte resistor loads as shown in Figure 1. The
reference-to-full-scate current matching of better than
31 LSB eliminates the need for full-scaie trims in
most applications while the nonlinearities of better
than 20.1% over temperature minimizes system error
accumulations,

The neise immune inputs of the DACOBOO seriss will
accept TTL levels with the logic threshoid pin, Vig pin 1
grounded. Simpie adjustments of the Vi potential
allow direct interface to all |

ranga; power dissipation is only 33
plies and is independent of the logic i

mW with 15y sup-
nput states.

The DAC08B0D, DACOBOZ, DACOS00C, DACOS0IC o
DACO802C are a direct replacement for the DAC.D

DAC-QBA, DAC-08C, DAC-08E and  DAC.ggt

respectivaly,

Featuyres

® Fast settiing output current 1001

® Full scale errar *1L8

" Nonlinearity over tamperature 0.

® Full scale current drift 10 ppm,©

® High output compliance 10V 1o +13

¥ Complementary current outputs

® Interface directiy with TTL, CMOS. PMOS an
others

¥ 2 quadrant wide range multiplyng capability

" Wide powar supply range 4.5V to * 1Ry

® ! ow power consymption 33 mW at 15y

* Low cosr

Typical Applications

1w

CIGITAL INPUTS

Mss 158
91 B2 BI B4 95 85 87 g3

IROR A

i LR BTN T

10

h
ouT

Yoyt T0 205 5

FIGURE 1. :20 Ve-p Dutput Digitli-to"-Amlog Converter

Ordering Information

Connection: Diagram

Dual-In-Line Package

THRESHOLD 4 LJ 15
CONTRCL. v o™ @ COMPENSATH
2 15
QUT ~=—d |—VAcr-,
14
v EE varen,
1,
b~y
1
L b s
i1
e £ 7
30
8 e 3
g 1
aa—‘ b= 28

TOP VIEW

CRDER NUMBERS®

“Note. Devices may be ordered by using either order numter.

TEMPERATURE
NON “NEAR'TYJ RANGE D PACKAGE [DI6C)
0% F§ 55°C < Ta € +125°C DACOBOZLD | DAC.OSAQ
0 1% F§ 0°C < Ta <+ 70ve
*0.18% F$ ~55°C < Ta <+ 125°C DACO800LD | DAC-08C
=0.19% FS 0°C < Ty < +70°C
10.39% F§ 0°C<T,a < +70°C

J PACK AGE (J16A) N PACKAGE (N16A)

i DacogozLcy DAC-08HQ DACOB0ZLON

DACD800LSS DAC-08EQ
DACO80TLGY DAC-08CQ

DACO800LCN
DACOBOTLCN

8-118




- ¢0800Va ‘10802Va ‘00800VQ

| AT umeuuAa ARALNG - ey - -{I-.-I;E..-

LR 2=

EIRIND

11

17

Block Diagram
Equivalent Circuit
i
—
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‘wolute Maximum Ratings

Operating Conditions

Voitage 218V or 36V MIN MAaX UNITS
Dimipation (Note 1) 500 mwW Temperature (Tl
ke input Differential Voitage (V1410 VIS) v o v* DACOS02L 55 «175 e
0 tnpulgommon-Mode Range (V14, V15 v~ o v+ DACEOOL .55 128 oe
b nt ) B
Input Curre _ ... f&ma DACGSO0OLT 0 +70 g
puts V™ to V7 plus 36V 0pn
3 DACO8O1LC 8] +70 C
Corrent Outpuzs Figure 24 DACOB02LC 0 +70 °c
Tamperatura —£5°C 10 +150°C
Reaperature (So!dering, 10 seconds) 300°C
| Chafacterlstlcs (Vg = 218V, IREF = 2 mA, TN < Ta < TMAX unless otherwise specified,
eharacteristics refer to both louT and layT.)
I Dacoso2e/ DACO800L/
PARAMETER CONDITIONS | DACOBOZLC DAC0800LEC pacosotLe UNITS
[ MIN [ TYF T MaX | MIN] TYP | MaX | *in 1 TYP T max
Resclution e g 8 g | & 8 e |3 8 Bits -
i
Monatonicity T B a B & 8 8 & ] 8 aits
Konlinesrity ! g =018 ! Q.38 %FS
Senthing Time To =12 LSB. Al Bt Switches | | oe | s | ‘o ‘ 150 l ne
TONT or "OEF™, Ta - 2570 ‘ i ;
DACDA0OL | 190 138 ‘ ; J s
DACOBOOLC | 100 150 I i i rs
Propagation Delay Tar25°C , i i | |
Each Brt I 25 -t 35 50 B ee m
All Bits Switehed | [ 35 1o 5 60 6 60 | s
Full Scsle Tempco “ag | esg [ 1o =50 [ 80 lppmre
t
Output Voltage Compliance | Full Scale Current Change H] 18 -10 -] —WOJ | p:| v
< 142 LSB. RouT 2* 20 MIT Ty ’ ]
Full Seale Current YREF < 10.000v. R14 - 5,000kt | 1984 1992 | 2000 | 194 199 | 204 | 54| 289 , 204 A
1
. Ri5= 5000 k{2, ¥4 = 25°C ’ |
I
Full Stala Symmetry IFS4 ~ IFs? | *G5 |40 1 +80 2 Pt T
- Zero Scale Current | o1 1C 0.2 70 02 s ! ey
Qutput Cutrent Range VT By o 20 H [ 2.0 2.1 f - A [ ma
VT BViro 18y - ‘ 2 4.2 o 2.0 2 jc 20 €2 0 ma
Logic Input Levels | | | |
Legic 0" Vig s ov ‘ oe 0.8 i T i %
Logic "1 2.0 { 2.0 20, ! v
| N
(] Login: Input Current Vg~ ov | |
Logic “0" 10V £ Wy 0.8V : ‘—z.c- 10 =20 -ie 20 |- wh
Logic "1™ 2V L VN < +1BV ‘ 0.002 10 0.002 10 | 0.002 ik A
Logic Inout Swing v o1gy =g w o feto 18 |- gy
'+ Logic Thresholo Range Vg e 215V l-m 136 | =10 135 [ -1 | 138 ! W
‘Reference Bias Current i 1o |-a0 -0 | -36 i 2.0 Py
g ﬂéhrlh_{:e Input Slew Rate fFigura 24) .40 8.0 40 8.0 mASus
Powar Supply Sensitivity a5V < vt g ey i 0.0001{ 0.0t o000 gor | [ aco01| o m %%,
" . —45V < v T gy 2.0001) Q.01 0.0001 oo 1 0.0001 3.0 %%
IREF * 1 mA - I : !
Power Supply Current Vg = 25V, lpge » 1 ma ¢ i- :
| 2.3 ey 23 g | P23 3 A
i <3 ese -3 | -58 | J 4z -ss ma
V5= 5V, - 15V, IgEr 2 maA ‘ : ; . |
. X 18 24 El: 76 A
‘ [ ] 64 -73 ‘ l 6a i | ma
Vgr ~TSV, IRgF - 7 mA | i : [ !
2.5 je 25 38 | ‘ 25 L2 ma
| 65 |-rg | o5 1-rg | lgs Tro1 0 mA
: i
Powar Disnipation 5V IgEF - 1mA 33 Y] | 33 a8 j 32 [ %8 J miv
5V, — 159, IREF = 2mA 108 136 ‘08 136 108 | i3g ™
LTSV, IREF = 2 mA 125 174 135 174 135 [ 17e I e

The maximum junction temperature of the DACOB00, DACO801 and DACOSBOZ is 125°C. For operating at elevated tempera
Hndine J or D racksge must be derated based on a thermal resistance of 100° C/W, junction to ambient, 175°C/W far the

tures, devices
moided dusi-

!

e
>
8
:
2
5
5

&119




JE 5]

7 it Scabe Current
" wiidwrence Current
it
Yy= Tt T Thrax}
Mz atimen
ry W - LIMIT FOR
g : ve-tsvinL
oA W S LIMIT FOR T
A Vb ]
o . L 1 E
. L1
g 1 2 ] 1 5

Ty - BESERENCE CURRENT (mA)

& ™ " paURES

L Pubpranes Amp
A Cammmon-Mods Aange

Ta* Tom 70 Tuax
ALy TS 08"

;.iiiuglin-.

R TETR R
IREF =1 mA

T
Iggp = 1 A o
I

| LI
} IReg « 0.2 mA —|
™1 —r
w4 -2 2 8 W 11N

Potitive common-mode range is
Wy (V+) - 1.6V,

FIGURE B
Onw‘t'cun.nnt vs Qutput

i Wetage (Output Voltage
Compliance}

"W TRT O Ta - Taan 10 Thax
e
NEL v = 5 I

IREF =2 mA

0 |R£F-1mn

|

" ! 1
- {REF = 02 mA
. T L [ 1

o4 -2 2 6 10 1l

¥ - DUTPUT VOLTAGE )]

FIGURE 9

- SEFERENCE COMMON-MODE VOLTAGE (VI

Vgt - OUTPUT YOLTAGE (V)

Py —PROPAGATIDN DELAY tm)

1; — LOGLC INPUT CURRENT (.A)

performance Characteristics :

1.5B Propagation Delay va lgg

i
1
r

T
¢
T
|

il
1L3B -

! 1 1 {

it aa

| I

P
a

]
00102 00561002 05 1 2 5 10
1pg - DUTPUT FULL SCALE CURRENT imA)
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~

1

FIGURE 4

Logic input Current
vi Input Voltage

! 1[!1 ‘_[_

| !

~12-10-8-E~4-202 4 & 81012141878

¥, - LOGIC INPUT VOLTAGE (V)

FIGURE 7

Output Voltage Compliance
vy Tamperature

|
X R N
AR RNAN
SHADED AREA INDICATESY
PE £ QUTPUT

VOLTAGE RANGE FOR
|-y -V = -15V, Iggg £ 2 mA.

|3 roR OTHER -V OR Inge. —+

o \SEE FIGURE
P \ W
DRSS
N NN
~50 L] Eo) 1 150

Ta - TEMPERATURE ["C!

FIGLIRE 10

Rafarence Input
Frequancy Fesponse

12 ——r

1 [Rsmis- 1 pb—3 1]
b AL < 500 - et

b aLt errs ~gn

b vRige v -

i

[

M oa

-6

-t

-16 1

-1 1

~14

i 02 08 1 2 50
FREQUENCY {MHM:]

Curve 1z Cg = 15PF, VN = 2 VPP
centered at 1V,

Curva 2: Co = 15 pF, VN = B0 MVp-p
centered at 200 mV.

Curva 3: Cp=0pF. VN = 100 mVp-p
at OV and apgiied through 50 1T con-
nected to pin 14. 2V applied 10 A14,

RELATIVE OUTFUT [8B)

FISURE 5

vy — Vg vs Tempareture

Yy~ Vg ¥

5o s 1 18
T4 - TEMPERATURE * T

FIGURE E

Bit Tranefer Characteristics
14 T

12 !gg';iz'mh.;... R "I i
; i] "'7'*51 ;"‘;"“

g

E

—_ 1 L 1

= i I

= :

E oA I, e g

= [ |
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- =5\ gt
82 TN ] Motk
o WA t

12-10-0-6-4-20 2 4 b 0 TH1214181%
Vi - LOGICINPUT YOLTAGE (V]

MNote. B1—B8 thave idenucal  tansfer
charagierist Bt are fully switchad
with less than 1/2 LSB errar, at iess than
£100 m¥ from sctual threshotd, These
switching points Ire guaranteed to iie
between O.B and 2V over thr operating
termperature range Vy & - v

FIGURE 11
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Tas

|General Description

| These Schottky-clamped circuits are designed 1o be used
‘:in high-perlormance memary-decoding or data-routing ap-
'olications, requiring very short propagation delay times. in
Eh\gh~performance memory systems these decoders can be
(used to minimize the effacts of system decoding. When
Iused with high-speed mermories, the delay times of these
idecoders are usually less than the typical access tme of
the memory. This means that the effective system delay ir.-
ifroduced by the decoder is negligible.

i The LS138 and 5138 decode one-of-gight lines, oased
rupon the conditions at the three tinary seicct inputs and

the three enable inputs. Two active-low and one active-high
!enable inputs redute the need for external gates or invert-
"ers when ¢xpanding. A 24-line decoder can bo implemented
lwith no external inverters, and a 32-line decoder requires
l'only one inverter, An enable input can be vsed as a data
‘ nput for demu!xiplemg applications,

v

The LS139 and 5139 comprise wo separate two-line-to-
lour-line decoders in a single package The aclive-low
ienable gt can be used as a data line demintiplesing
:applicmims

I»ﬂul of these decoders demultiplexers fealurs fully butfered

nputs, preserting only one normalized 'oad 15 s driving

‘Connection Diagrams

DATA OUTPUTS

vee YO YT v2 o v3 w4 vs ve
16 115 1!4 I\J |]2 |l| ||U l‘)
1 2 3 | 4 ;s o J7 s
a u €G24 GZB G1  v7  GND
e — oty
SeLECT

74LS138 (N) '
745138 (N)

5415138 (J,wy
545138 (J.w)

Ty

DM54/DM74LS138, S138, LS1309, 81397

—ad

circuit. All mputs are clamped wiin hegh performance

|
Decoders/Demultiplexers |

Schottky diedes to suppress line-ringing ang simpiify sys- |

i
|
|
t
|
i
|
. |
tem design. |

Features

& Designed specifically for high-spes: J
Memery decoders
Oata ransmission systems
B 5138 and L5138 3-10-8mne decoders INCOTpGTale 3 i
enable inpuls to simplity cascading 4ndor oata
receplicn ;
@ 51359 3nd LS139 contain two fully ingopencen® 2.to-4 tire ;
decoders/demuttiplexers f
B Schottky clamped for high pericrmatr f

Typical ,

Type Propagation Delay p T{:‘P‘C‘?E . i
(3 Levels of Logic) ower Dissipaticn i
LS15a 21 ns Se W i
S48 8 ns 245 mvy ;
LS 140 21 ns EE Y i
S139 78 as 10 mw |
_ o
SELECT DATA QUTPUTS
ENABLE —m——
Yoo o G2 AZ B2 2Y0 2YT  2¥r avs
|
lwe ‘15 14 13 Iwz |1- l"‘“ 15
T
N
-
|
j !
e ¥
I A
i 3 3 |4 ! 5 [s | RF: :
S NALE 1 i 1¥C Kl 1 ‘- aTend !
G ———

DATA QUTPUTS

7ALS139 (N,
748135 (N

54L5139 (4, W)
545139 (J.W)




A wmsi

DM54/DM74LS138, S138, LS139, S138}

l.ogic Diagrams

ENABLE
INPUTS

SELECT
INPUTS

138, 51238, L5138

T 115)
{ v
1
T (14)
r
Gt &
m Yz
4
4:32;\l ) !
5 1
Gza( ! — {2) Y3
[ DATA
T (1) QUTPUTS
)
F
1 (10)
a o LS T
(2) b& | o Y6
1 {7}
3) ] Y7
e (
139. 5139, L5139
4
) 1Yo
(1)
ENABLE G1 15)
6
| (5 172
{2)
A!——4| O ]
SELECT a | Ies
INPUTS ) o 13
DATA
OUTPUTS

15
ENABLE G2 uc{}

{14)
SELECT

'
ﬁﬂzvo

11
—,DJ—;TH

A
nPUTS | oo (1) D o |
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A msi DM54/DM74LS138, S138, LS139, $139
Electrical Characteristics over cecommended nperating lree-air lemperaiure range (unless otherwise noted) |
o S oMse 74 | DMsa7a o
Paramater | Conditions D Ls138, L,Sffg__j__s'ﬂé‘?;sff%ﬂ iUnits !
[ Min Typ (1) Max : Min Typ (1} Max '
Vih_Mign Level Input oliage | o 2 B v |
ViL ‘Low Leve! Input Voltage [B] S oS o8
i 3 oMt ‘ ‘ o . 08 !
Vi linput Clamp veltage L vee = Min s - 18 mA ' ' o I
o™ Trae Level Suipat Gurrent - ’ -o63: |
Vo vl Cave Gt Voene Tvan < M. vay = 2y e » |
! ;VIL = Max. lon = Max a7 I ! : 77 77374 ‘
for " ltowLevel Output Current O omss L ' oo
| . A L T
voL }TLOv;_L;veJ Output Voltage ;Vcc S M oL = e DME4 0es . o4 _os :
1 ey ST om0 e ios 1TV Tas
L _____.____.._K,,,,,,,,.!,,'L,‘ ax JoL = ama DMI4 ' o oa ' )
I }:npuf Sulrrem at Maximum chc _ Max: L v=ssv o o v
Lo g T =y , _ Lo
e _Hgnbevelngut Current Ve = Max, Mi-2rvy L B0 A
Iy "Low Level Input Current V= 0ay o -
}VCC = Max ! \j‘l :_05_/ . — . 72 mA
o5 Ysnont Grcat _T_ ’ "‘bﬁéa ‘ ) T e
Outputl Current Ve = Max (2) s T ‘ool —aa . s !DOJ A
e ISupon Curent lyew = Max Lsisesiae s 4_5—4 e
‘ ; Outputs Enabled ana Open Leiae 5o Ve T Lo
Note 1 A Iopo At 5v T,
Note 2. Mol mosp vy 1 Tutati. wilne ' v I
4
:
|
i
]
|
|
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DM54/DM74LS138, S138, 15139, $138

LS138, 138
I Inputs
: Outputs
|Enable Select
161G2* € B A (YO Y1 Y2 Y3.Y4 Y5 ¥6
XHXXX!HHHHHHH
L x!x x X|H H H H H H H
[ L]L L LiL H H H H H H
W LiL L H|H L H H K H H
‘HoL|L H L|H H L-H H K H
‘H L|L H HlIH H K L H K H
MW L|H L LiH H H H L H H
H LIH L HiWH H H = H L H
K LIH H LiK H H H H H
H L|H H H{H H H H H H H
"G2re GrA 4 GZR
Hoe High lirvel L= 'ow Iewel Xo= 200 Care
i
H
r
|
|
|
|
|
i
: - S

[
=~

T IITIITICT

L5139, 5139

Iinputs
e e o 2 Outputs
Enable Selecl
G B A Yo y1 oyz Y3
’ X X H H b 2
L L L L H " o
L 3 H [~ L = o
1 N H L H H - H
L H H H H = -
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