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SPECIFICATIONS *

Dimensions (H x W x D) 5.66" x 9.16" x 16.4"
(14.4 cm x 23.3 ecm x 41.7 cm)

Weight 15 pounds
(6.8 Kilograms)

Capacity 6 Charging Inserts

Indicators Amber CHARGING
Green READY

Charge Time (<100%) ~1 hour (1200 mAh battery pack)

Charging Temperature Range 5°C to 45°C

SNOILVNIGWOD
AIOAVHI-LLINW JNOH 1L

Typical Charge Current
High Rate 1200 Milliamps

Trickle Rate 85 Milliamps

.‘v;

*These specifications are intended primarily for the use of the serviceman. Refer to the appropriate Specification Sheet for the complete specifications.
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DESCRIPTION

General Electric Rapid 1 Multi-Charger
combinations will recharge both 750 mAh and
1200 mAh battery packs used with MPR Person-
al Series, FM, two-way radios. A fully dis-
charged 1200 mAh battery pack will recharge
in 1 hour at a 1200 milliamp charge rate.

The 750 mAh battery will also charge at 1200
milliamp charge rate, but will fully recharge
in less than one hour.

When a battery pack is inserted into
any one of six charging inserts, of the
multi-charger, an amber LED indicator label-
ed "CHARGING'", will light, indicating contact
has been made and the battery pack is ready
to be charged. When the battery pack 1is
fully charged, a green LED indicator labeled
"READY", will light and the charging circuit
will automatically switch to a safe trickle
charge rate.

The multi-charger uses heat sensors to
constantly monitor ambient temperature, tem-
perature of cells in the battery pack and
temperature of the power transformer. When
a battery pack is inserted into a charging
insert, and contact is made, the amber LED
lights and the trickle charge begins. The
charging circuit looks at the ambient tem-
perature, transformer temperature and bat-
tery temperature. If the battery is cold,
the charger will wait until the battery pack
warms up, then automatically apply the high
charge rate on a variable duty cycle.

The variable duty cycle reduces the
"gassing' risk which occurs when cold cells
are charged. The duty cycle varies from 0%
charge rate at 0°C to 100% charge rate at
20°C battery pack temperature.

If the battery pack is hot, the charger
checks its memory to see if it had ever
charged that battery pack. Since the memory
had been reset, the charger waits until the
battery pack cools down below the trip tem-
perature then automatically begins the high
charge rate. The memory is reset by remov-
ing the battery pack from the charging in-
sert or a loss of AC power for more than 0.5
seconds. During the high charge rate, when
the battery pack overcharges enough to heat
the cells to 10°C greater than ambient, the
charger chuts off the high charge rate and
lights the green LED READY indicator. The
memory is also set so the charger will not
recharge the battery pack again until the
memory has been reset.

If the amblent temperature is outside
the rated range (5°C to 45°C) all charging
stops until a safe temperature exist.

If the temperature of a battery pack
inserted into a charging insert is not
within safe limits, the green READY indi-
cator will blink until a safe temperature
exist. The battery pack will then be
treated normally.
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A microprocessor controller continuous-
ly monitors the transformer temperature and
prevents the transformer from overheating by
sharing the available current between the
battery packs currently being charged.

A multi-charger equipped with a Battery
Tester/Discharger option allows a fully
charged battery pack to be discharged to 6.0
Volts at a switch selectable rate of 750
milliamps or 1200 milliamps. While being
discharged a display module will indicate
DC (discharge). On completion of discharge
the display indicates percentage of charge
from 0 to 99%.

For chargers operating on an AC line
frequency of 60 Hz only, minutes rather than
percent may be selected as the display unit.

Internal jumpers are present on the cir-
cuit board to allow use of the charger at
50 Hz power line frequency.

The display will also indicate CO, if
the ambient temperature is cold or "EA" for
excessive ambient when the charger refuses
to operate in an unsafe environment.

A multi-charger combination consists of
a metal cabinet with six charging inserts
and a power supply. The base of the cabinet
has rubber feet so it can be used as a desk,
top charger and key hole slots are provided
for wall mounting.

OPERATION

Temperature characteristics of nickel-
cadmium batteries, prevent a full charge at
temperature extremes. For a maximum charge,
recharge the battery pack at room tempera-
tures of 65° to 85° Fahrenheit whenever pos-
sible.

WARNING

In this Maintenance Manual, General
Electric Chargers are designed for
charging GE 750 mAh battery pack
19D429763Gl and 120C mAh battery pack
19D429777Gl only. Charging any other
battery pack or batteries may result
in damage to equipment, leakage or ex-
plosion.

To use the multi-charger, plug the power
cable into the applicable AC, 50/60 Hz source
(See Figure 1). Place the radio to be re-
charged into a charging insert with the
speaker facing away from the power supply or
place the battery pack into the insert with
the arrow on the yellow label pointing toward
the power supply. The amber LED indicator
labeled '"CHARGING'" will light, indicating
the battery is being charged. To charge the
battery to maximum capacity, let the battery
pack charge for at least one hour or until
the "READY" indicator is on.
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Figure 1 - Multi-Charger

A battery pack is removed from the
charger by simply reaching into the cut outs
provided in the sides of the charging insert,
and lifting the battery pack out.

The radio is not useful while being
charged in the charger and it is recommended
that the unit be turned off prior to charge.

Battery Discharge Option

To use the battery discharge option,
place the DISCHARGE RATE switch, S1, in the
correct position corresponding the capacity
of the battery pack to be discharged. Con-
nect the charged battery pack to battery
pack connector J1. The digital display will
read "DC" indicating the discharge has begun.
When the discharge is complete, the actual
battery pack capacity will be displayed by
the digital display as a percentage (0-99%)
of the~time required to discharge a fully
charged battery pack to six Volts.

If the AC line frequency is 60 Hz, in-
ternal strapping will permit minutes rather

OPERATION

than a percentage to be displayed by the di-

gital display. This time display is the time
required to discharge a charged battery pack.
to six Volts.

SYSTEM ANALYSIS

The hardware of the one hour multi-
charger controls charging current for six
battery packs and one LED READY indicator,
associated with each battery pack. If equip-
ped with a battery discharge option, a seventh
battery pack may be discharged to a fixed
voltage while the time required for the dis-
charge is recorded and displayed, either as
percentage of the time or as actual minutes
required to discharge the battery pack from
full charge to 6 Volts. Control for the
multi-charger hardware is provided by micro-
processor U2,

Microprocessor U2 determines the correct
and safe charging cycle by multiplexing vol-
tage and temperature data from each battery
pack to a single comparator circuit, AR3.

Comparator circuit AR3 checks the battery
pack voltage against a reference voltage,
generated by digital to analog converter U5.
U5 is also controlled by the microprocessor.
The results on the output of Comparator AR3
are returned to a single input (PB7), of the
I/0 portion of Ul, for analysis. The input
to PB7 is either a logical "1" or a logical
llOll .

All communication with charger hardware,
by the microprocessor is carried out through
the 16-bit, I/0 port of Ul and the interrupt
line (IRQ) of microprocessor U2.

Initially, when the AC power cord is
plugged into an electrical outlet, capacitor
C2 charges up and resets or clears all cir-
cuit devices. Microprocessor U2 then, on
the first clock pulse, addresses the memory
portion of device Ul for the first instruc-
tion. All instructions are programmed in
Ul. Refer to Figure 2.

The clock pulse is generated between U2
and NOT circuits U3A and U3B.

When the R/W control line is a logical
"1" instructions are ''read" from memory into
the microprocessor through an eight conductor
Data Bus. The microprocessor in turn "writes"
output instructions back through the Data Bus
through the I/0 ports of Ul to an eight con-
ductor Output Bus. The R/W control line is
a logical "0" during the "write" mode.

The output bus is connected to the in-
puts of octal dual flip-flops U6 and the di-
gital inputs of da converter U5. Octal dual
flip-flop U6 outputs instructions through
two, four conductor address lines to the in-
puts of eight-bit address latch circuits U7
and U8, Level shifter circuits U9 and optional
display units DS1 and DS2.
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DA converter U5 converts the digital
output data of Ul to an analog current. The
current from U5 is further converted by I to
E converter circuit ARl-A to a voltage. This
voltage is connected to an input of compara-
tor circuit AR3 and compared to the output
of multi-plexer circuits Ul0 and Ull.

The first series of tests, the micro-
processor makes, is to check the ambient tem-
perature. The output from level shifter cir-
cuits U9 to the inputs of 8-channel multi-
plexer circuit Ull, connects ambient temper-
ature thermistor RT1 into the circuit. The
first ambient temperature test is for ex-
cessive ambient. TIf the ambient temperature
is excessive (above 45°C), the resistance of
RTL is low enough to pull the COM control
line low. This low voltage or an input of
comparator AR3 is comparated to a reference
voltage generated by DA converter U5. The
reference voltage is the analog equalivent
of the digital input from the microprocessor
to the da converter, and represents the max-
imum ambient temperature at which the charger
will charge. If the temperature is excessive
the microprocess will not allow any charging
circuits to charge. A multiple charger
equipped with the battery discharge option,
will write on the display unit "EA", for ex-
cessive ambient. "EA" will continue to be
displayed until a safe charging condition
exist. When a safe condition is present the
microprocessor continues its test.

The second ambient temperature test is
for a cold ambient. If the ambient tempera-
ture is too cold for a safe charge (below
5°C), RT1 is a high resistance. The high
value of RT1 causes the COM control line to
be high. The high voltage on the COM control
line is compared to a reference voltage
equivalent to the digital input from the
microprocessor to the DA converter. The ref-
erence voltage this time, represents the min-
imum safe temperature at which the charger
will charge. 1If the ambient temperature is
too cold for safely charging a battery pack,
the microprocessor will not allow any charg-
ing circuits to charge. A multiple-charger
equipped with the battery discharge option
will write on the display unit '"CO", for
cold. '"CO" will continue to be displayed
until a safe charging condition exist. "When,
as before, a safe charging condition is pre-
sent, the microprocessor continues its test.

If an excessive ambient condition or a
cold ambient condition does not exist, the
microprocessor will then check the tempera-
ture of power transformer T801. Inputs to
8-channel multiplexer UlO0 connects power sup-
ply thermister RT801 into the circuit. The
resulting voltage on the COM control line is
compared to the reference voltage programmed
into the da converter by the microprocessor.
The first reference voltage corresponds to
60°C. If the temperature of the transformer
is less than 60°C, the charger charges as it
would normally. If the temperature is higher
than 60°C, the microprocessor programs into

the DA converter a reference voltage

4
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corresponding to 70°C. If the temperature
of the transformer is less than 70°C, the
microprocessor limits the charger to a 50%
duty cycle. If the temperature is higher
than 70°C the duty cycle is limited to 25%.

Before initiating the charge, the micro-
processor executes a temperature and absoclute
voltage check on each battery pack to be
charged. The temperature check is accom-
plished by connecting the thermistor of each
battery pack, one at a time, into the cir-
cuit. Voltage on the COM control line is to
be compared to a reference voltage generated
by the microprocessor and DA converter. The
first temperature check is for excessive cell
temperature. If the cell temperature 1is
higher than 10°C above ambient, the charger
will not charge that particular battery pack.
The microprocessor will initiate a signal to
8-bit addressable latch U8 to cause the green
"READY" indicator to blink until the hot bat-
tery pack cools down. If the cell tempera-
ture is below 5°C, the charger will not charge
that particular battery pack until it has
warmed up. The green "READY" indicator will
blink the same as with a hot battery pack.

The absolute voltage measurement 1s ac-
complished by addressing Ull to connect a
high value resistor, 10 meg ohms, into the
circuit to form a voltage divider with the
battery pack thermistor. This is to measure
the open circuit battery voltage. The un-
known battery voltage on the COM control line
is compared by successive approximation to
a known voltage from the microprocessor and
da converter, If the unknown voltage is less
than the known voltage the seventh bit input,
PB7 of the microprocessor, receives a nega-
tive sign (0). If the unknown voltage is
larger than the known voltage, the seventh
bit receives a positive sign (1). Equality
is not valid.

After the absolute battery voltage has
been established the microprocessor addresses
8-bit addressable latch U7 to open the gate
in Ul2 and start the charge current flowing
to the battery pack. The charge current fre-
quency is controlled by oscillator ARZ2-A & B.
This frequency is adjustable from approxi-
mately 2000 Hz to 3000 Hz. As the battery
pack is charging the voltage and cell tem-
perature checks continue. When a battery
pack voltage reaches 9.3 volts or the cell
temperature reaches 10°C above ambient, 8-bit
addressable latch U8 is addressed to light
the green LED READY indicator corresponding
to the battery pack being charged. U7 is
addressed to stop the high rate of charge.
The battery pack then goes to trickle charge.

Timer Board A10l1 is mounted on the
back of the charger board (A801).

When the output sequence of A801-U7 is
correct, the output at U2-3 on Al0l is low.
This keeps A101-Ql1 turned off. 1If the
output of U7 should stop, Ul-3 goes high
and turns on Ql. Turning on Ql resets
microprocessor A801-Ul.
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Optional Battery Discharger

The optional battery discharger cir-
cuit is a controlled current sink for a 750
mAh or 1200 mAh, MPR battery pack. Its
function is to discharge a fully charged
battery pack to 6 volts and display the
percentage of an hour required.

As an slternative to displaying the
percentage of time, the battery discharge
can be modified to display the actual time.
Time display is available in 60 Hz units
only.

The fully charged battery pack is
connected to battery discharge connector
J1. When the microprocessor has completed
all other checks on battery packs being
charged, it then checks to see if a battery
pack is present at Jl1. 1If a battery pack
is present and the output of comparator
AR1-D is high, the battery pack voltage is
larger than 6 volts and has not been dis-
charged. The discharge will not start if
the battery pack voltage is less than 6
volts. If a battery pack is not present at
J1, the output of comparator AR1-C will be
high indicating the voltage at J1 less than
3 volts or missing. The microprocessor
will then continue its normal routine.

With the fully charged battery pack
present at J1, and the 5th bit (PB5)
high, the microprocessor addresses U7 to
initiate the discharger circuit. The dis-
play unit displays DC. Current sink tran-
sistors Ql and Q801 conducts at a control-
led rate determined by S1 and AR1-A (750/
1200 mA). As the battery pack is discharg-
ing the battery voltage 1s compared by
comparator AR1-C to a ten volt reference
generated by voltage regulator UR3. The
reference voltage is dropped to 6 volts on
the negative input terminal of AR1-C. When
the battery pack voltage drops to 6 volts
the output of AR1-C goes low. The low on
the 6th bit (PB6), of the microprocessor
stops the discharge. The microprocessor
then displays on the display unit the per-
centage of time or time required for the
discharge.

The 120 Hz pulse generator AR1-B, in-
verter U3-C, Counter Ul6, and interrupt
flip-flop U4-A, provide from the power line
frequency, the time base for recording the
duration of the battery discharge test.

The interrupt service routine clears the
interrupt flip-flop at the end of execu-
tion.

Power Supply

The power supply for the MPR one hour
multi-charger can be powered from a 121 VAC
(50/60 Hz) source or a 250 VAC (50/60 Hz)
source. The component difference between
the AC power requirements is the power
transformer. For 121 VAC domestic require-
ments, the power supply uses transformer
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T801. For 240 VAC domestic requirements
and 105 VAC through 240 VAC international
requirements the power supply uses trans-
former T802.

Both transformers T801 and T802 are
step down transformers from the primary
voltage to 10 volts +0.5 volts at 4 amps.

The secondary of the power transformer
is connected across a diode bridge recti-
fier circuit consisting of CR801,CR802, CR1
and CR2. The transformer secondary is also
connected. across a half-wave rectifier cir-
cuit consisting of diodes CR3 and CR4.

The output of diodes CR801 and CR802
at H1l is connected to the inputs of volt-
age regulator circuits VR801 and VR802.
VR801 provides a regulated +12 VDC at H4 of
circuit board A801. VR802 provides a regu-
lated +5 VDC at H5 of circuit board A801.

The output of diodes CR3 and CR4 pro-
vide a +16 to a +22 VAC at H3 of A801.
This AC voltage source provides the timing
for the 120 Hz pulse generator as well as
being the charging voltage.

The output of diodes CR1 and CR2 at
H24 is connected to the input of voltage
regulator circuit VR803. VR803 provides a
-12 VDC at H7 of A801. The -12 VDC is used
to power DA converter U5.

INSTALLATION
(ON WALL)

Multi-chargers should be mounted on a
wall close to the applicable AC (50/60 Hz)
source. Care should be taken when mounting
to insure proper top and bottom ventila-
tion. A minimum air space of two inches is
required between the bottom of a multi-
charger and other surfaces.

MAINTENANCE
Access

To gain access to the circuitry of the
charger combination, first remove the AC
power to the charger, then remove the ten
screws holding the panel in the base. Lift
the panel from the base. The charger panel
must be removed to replace any LED indica-
tors. To replace a fuse it is necessary
only to remove the fuse from the fuse
holder on power supply.

Troubleshooting

Should a difficult service problem
arise, a Troubleshooting Procedure is
provided to assist the service technician
(see Table of Contents). Also, voltages
are provided on the Schematic Diagram to
further assist the service technician to
isolate any problen.
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PARTS LIST

MPR 1-HOUR MULTI-CHARGER

19D430514G1 120 V DISCHARGE OPTION
19D430514G2 120 V
19D430514G3 240 V DISCHARGE OPTION
19D430514G4 240 V

ISSUE 4

A801 CHARGER BOARD
19D430348G1
REV E
A101 TIMER BOARD
19C331977G1
---------- CAPACITORS = = = = = = = = =
c1 19A116192P1 Ceramic: 0.01 uF #20%, 50 VDCW; sim to Erie 8121
Special.
cz2 T644ACP210K Polyester: .0010 uF +10%, 50 VDCW.
---------- TRANSISTORS = = = = = = = = =
Q1 194A700023P1 Silicon, NPN; sim to Type 2N3904.
—————————— RESISTORS - - - — — = = = = =
R1 H212CRP310C Deposited carbon: 10K ohms +5%, 1/4 w.
R2 H212CRP347C Deposited carbon: 47K ohms +5%, 1/4 w.
and
R3
R4 H212CRP410C Deposited carbon: O0.1M ohms +5%, 1/4 w.
———————— INTEGRATED CIRCUITS - - = = = — -~
Ul 19A700029P49 CMOS. 14-STAGE COUNTER/DIVIDER & OSCILLATOR.
-------- INTEGRATED CIRCUITS - - - = ~ — =
AR1 19A134511P1 Linear: QUAD OP AMP; sim to LM224J.
and
AR2
AR3 19A4134379P1 Linear: sim to RCA CA3130T.
---------- CAPACITORS = - = = = = = = -
Cc1 19A116656P10J8 Ceramic disc: 10 pF *5%, 500 VDCW; temp coef
-80 PPM.
c2 5496267P10 Tantalum: 22 uF +20%, 15 VDCW; sim to Sprague
Type 150D.
Cc3 194116080P107 Polyester: 0.1 uF +10%, 50 VDCW.
Cc4 19A700005P6 Polyester: 6800 pF +10%, 50 VDCW.
Cc5 5496267P10 Tantalum: 22 uF 1-20%, 15 VDCW; sim to Sprague
Type 150D.
cé 5496267P14 Tantalum: 15 uF :20%, 20 VDCW; sim to Sprague
Type 150D.
c7 315A6047P685U Tantalum: 6.8 uF +20%, 35 VDCW.
——————— DIODES AND RECTIFIERS - - - - - - -
CR1 19A115845P1 Silicon, rectifier: sim to 1H4004
thru
CR6
CR7 19A115250P1 Silicon, fast recovery, 225 mA, 50 PIV.
thru
CR13
——————— JACKS AND RECEPTACLES - - - = - - =
J1 19A116659P183 Connector, printed wiring: 8 contacts; sim to
thru . Molex 09-75-1086.
J6
J7 19A116659P110 Connector, printed wiring: 11 contacts; sim to
Molex 09-60-1111.
J8 194116659P177 Printed wire: 5 contacts rated @ 5 amps; sim to
Molex 09-75-1051.
---------- INDUCTORS = = =~ = = = = = = =
L1 19B233305G1 Coil.
thru
Le

—————————— TRANSISTORS -~ - — = — = = = = R56 19A116430P3 Variable, cermet: 200 ohms *10%, 0.75 w; sim to
Helitrim Model 79P.
Q1 194116742P1 S8ilicon, NPN.
thru R58 3R77P361J Composition: 360 ohms +5%, 1/2 w.
Q8 thru
N R63
Q7 19A134960P1 Silicon, PNP; sim to Type 2N4403.
thru R84 19A700111P51 Composition: 330 ohms +5%, 2 w.
Q12 thru
R69Q
—————————— RESISTORS =~ - = — - = = = —- -
R70 19A700106P63 Composition: 1K ohms +5%, 1/4 w.
R1 19A700106P63 Composition: 1K ohms +5%, 1/4 w. thru
R75
R2 3R152P302J Composition: 3K ohms +5%, 1/4 w.
R76 H212CRP268C Deposited carbon: 6.8K ohms +5%, 1/4 w.
R3 3R152P303J Composition: 30K ohms +5%, 1/4 w. thru
R81
R4 19A700106P87 Composition: 10K ohms +5%, 1/4 w.
R82 19A700113P39 Composition: 100 ohms +5%, 1/2 w.
RS 3R152P202J Composition: 2K ohms #+5%, 1/4 w. thru
R87
R6 19A700106P63 Composition: 1K ohms +5%, 1/4 w.
R88 1941165599104 Variable cermet: 2500 ohms +20%, 1/2 w; sim to
R7 19A700106P67 Composition: 1.5K ohms #5%, 1/4 w. CT3 Series 360.
R8 19A700106P63 Composition: 1K obhms +5%, 1/4 w.
—————————— THERMISTORS - - - - = — = = -
RO 19A700106P67 Composition: 1.5K ohms #5%, 1/4 w.
RT1 19C300048P6 Disc: 50K ohms le%; sim to NL Ind. 4D 103.
R10 19A700106P63 Composition: 1K ohms +5%, 1/4 w.
R11 19A701250P259 Metal film: 4.02K ohms +1%, 1/4w. L}V | ] - - - - - -- TERMINAL BOARDS — — — — — — — —
R12 19A701250P247 Metal film: 3.01K ohms +1%, 1/4 w. TB1 7487424P10 Miniature, phen: 2 terminals.
and
R13
———————— INTEGRATED CIRCUITS - - - - - - -
R14 19A700108P63 Composition: 1K ohms +5%, 1/4 w.
U1 19A134782P1 Digital: Outline for 40 Pin Plastic Dip Case.
R15 3R152P302J Composition: 3K ohms +5%, 1/4 w.
and u2 19A134714P2 Digital: Outline for 28 Pin Dip Case: 6505
R16 microprocessor, plastic package with tin leads.
R17 19A700106P67 Composition: 1.5K ohms +5%, 1/4 w. U3 19A700037P313 Digital: HEX SCHMITT-TRIGGER INVERTER.
R18 19A700105P63 Composition: 1K ohms t5%, 1/4 w. U4 19A700037P335 Digital: DUAL D~TYPE POSITIVE-EDGE~TRIGGERED
FLIP-FLOP WITH PRESENT & CLEAR.
R19 19A701250p268 Metal film: 4.99K ohms +1%, 1/4 w.
us 19A4134826P1 S8ilicon, Outline for 16~Pin Dip Case; sim to
R20 19A701250P267 Metal film: 4.87K ohms +1%. 1/4 w. MC1408L8.
R21 19A701250P268 Metal film: 4,99K ohms +1%, 1/4 w. ue 19A700037P411 Digital: DF-F WITH CLEAR.
R22 18A700106P63 Composition: 1K ohms #5%, 1/4 w. u7 194700037P410 Digital: 8-BIT ADDRESSABLE LATCH.
and
R23 19A700106P81 Composition: 5.6K ohms +5%, 1/4 w. Us
R24 H212CRP310C Deposited carbon: 10K ohms *5%, 1/4 w. U9 19A116180P56 Digital: HEX BUFFERS/DRIVERS WITH OPEN-COLLECTOR
HIGH VOLTAGE OUTPUT.
R25 H212CRP410C Deposited carbon: O0.1M ohms #5%, 1/4 w.
and Ul10 19A700029G36 Digital: SINGLE 8-CHANNEL MULTIPLEXER.
R26 and
U111
R27 19A701250P368 Metal film: 49.9K ohms +1%, 1/4 w.
U12 19A700037P301 Digital: QUAD 2-INPUT POSITIVE-NAND GATE.
R28 18A701250P317 Metal film: 14.7K ohms +1%, 250 VDCW, 1/4 w. and
U13
R29 19A701250P226 Metal film: 1.82K ohms +1%, 1/4 w.
U14 194116180P56 Digital: HEX BUFFERS/DRIVERS WITH OPEN-COLLECTOR
R30 19A700106P47 Composition: 220 ohms +5%, 1/4 w. HIGH VOLTAGE OUTPUT.
R31 3R152P302J Composition: 3K ohms #5%, 1/4 w. U15 19A116180P33 Digital: HEX INVERTER BUFFER/DRIVER (OPEN
thru COLLECTOR) .
R36
Ule 19A116180P48 Digital: SYNCHRONOUS 4-BIT UP/DOWN COUNTER.
R37 181700106P45 Composition: 180 ohms +5%, 1/4 w.
thru
R42 ¢ 0 r ] VOLTAGE REGULATORS - - - = - - -
R43 19A701250P368 Metal film: 49.9K ohms +1%, 1/4 w. VR1 4036887P6 Zener: 500 m¥W, 6.5 v. nominal.
and
R44 3R152P106J Composition: 10.0 megohms +5%, 1/2 w. VR2
R45 194701250P301 Metal film: 10K ohms +1%, 1/4 w. VR3 19A134936P1 Integrated circuit, linear: sim to T1 TL430C.
R46 19A700106P63 Composition: 1K ohms #5%, 1/4 w.
——————————— SOCKETS - = = - = - — = = =
R47 18A701250P379 Metal film: 64.9K ohms +1%, 1/4 w.
XUl 19A700156P5 Socket, integrated circuit: 40 contacts; sim to
R48 19A701250P390 Metal f£ilm: 84.5K ohms *1%, 1/4 w. Augat 340-AG39D.
R49 19A4701250P405 Metal film: 110K ohms *1%, 1/4 w. Xu2 19A700156P3 Integrated circuit: 28 contacts; sim to AMP
640362P3.
R50 19A701250P417 Metal film: 147K ohms +1%, 1/4 w.
Xu3 10A116384P6 Integrated circuit: 16 contacts; sim to Aries
R51 19A700043P8 Variable, ceremet: 10K ohms tlo%, 200 VDCW, 3/4 16-501-20.
watt.
R52 19A700106P51 Composition: 330 ohms 15%, 1/4 w. A802 BATTERY DISCHARGE BOARD
19C330184G1
R53 19A700106P91 Composition: 15K ohms +5%, 1/4 w.
R54 19A700106P63 Composition: 1K ohms +5%, 1/4 w. | ¢ } -=-=---=-- INTEGRATED CIRCUITS - - - = =~ = =
and
R55 AR1 19A134379P1 Linear: sim to RCA CA3130T.

*COMPONENTS ADDED, DELETED OR CHANGED BY PRODUCTION CHANGES
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SYMBOL | GE PART NO. DESCRIPTION SYMBOL | GE PART NO. DESCRIPTION SYMBOL | GE PART NO. DESCRIPTION SYMBOL | GE PART NO. DESCRIPTION
30 19C330308G1 Chassis. (Discharge option).
—————————— CAPACITORS - - - - - - = - - - ~ - — — = = = — - TERMINALS - -~ - = = = = = - -~ - — - - - - - - VOLTAGE REGULATORS - - - - = - -
31 19€328758G2 Chassis. (Without Discharge option).
Cc1 19A700105P28 Mica: 56 pF +5%, 500 VDCW. E1l Contact. Includes: VR801 19A4134717P2 Integrated circuit, linear: POSITIVE VOLTAGE
thru REGULATOR; sim to UA7812U. 32 19A134403P4 Cable clip. (Quantity 2).
E4
——————— DIODES AND RECTIFIERS - - - - - = - 19C327044P1 Spring contact. VR802 194134717P1 Integrated circuit, linear: 4K PROGRAMMED MEMORY 33 NP280762 Nameplate. (DISCHARGE RATE).
CR1 19A115250P1 Silicon, fast recovery, 225 mA, 50 PIV. N136P503C Tap screw, phillips head: No. 2-32 x 3/16. VR803 19A134718P2 Integrated circuit, linear: NEGATIVE VOLTAGE 34 N84P5007C6 Machine screw, phillips head: No. 2-56 x 7/16.
REGULATOR; sim to uA 79120.
35 19D413467P1 Fastener.
——————— JACKS AND RECEPTACLES - - - - - - - D e e & m e & = = = — CABLES ~ - = = = = = = = -
——————————— SOCKETS - - = - - - = - - — 36 19A142573P1 Window.
Ji Connector. Includes:
Wi CABLE ASSEMBLY XF801 4037402P1 Fuseholder: 15 amps at 250 v; sim to Littelfuse 37 7150186P4 Spacer, sleeve.
19D413467P1 Fastener. 19B233104G1 341001.
38 NP280667P1 Nameplate. (CHARGING).
19B233782G1 Spring. XF802 19A134796p2 Fuseholder; sim to Schurter 031.1677.
———————— INDICATING DEVICES - - — — — — - 39 19A134521P3 Lens: amber.
N84P5006C6 Machine screw, phillips, flathead: No. 2-56 x 3/8
DS1 194134354P2 Diode, optoelectronic: yellow; sim to Hew. 40 19A134521p2 Lens: green.
N210P5C6 Hex nut: No. 2-56. Packard 5082-4555. ASSOCIATED PARTS
41 NP280667P4 Nameplate. (RAPID ONE).
N404P8CE Lockwasher. DS2 19A134354P3 Diode, optoelectronic: Green; sim to Hew.
Packard 5082-49%5. 4t " 1--"""7==7""" "= CABLES - - - - - - - = = = 42 19B209572P2 Identification plate. (GENERAL ELECTRIC).
——————————— PLUGS - - = = = - - = = = - w801 19A134713p1 power: 3 wire, rated 10 amps @ 125 volts, 7-1/2 43 19C307038P7 Nut, push on. (Secures GE identification
__________ PLUGS - = = = = = = = = — - foot long; sim to Belden 17250. plate).
P8 Connector. Includes:
Pl Connector. Includes: w802 18A134713pP2 Power: 3 wirc, rated 10 amps @ 125 volts, 6-1/2
19A116659P18 Shell. foot long.
19A116659P20 Shell.
19A116781P6 Contact, electrical: wire range No. 22-26 AWG;
sim to Molex 08-50-0108. 194116781P6 Contact, electrical: wire range No. 22-26 AWG; MECHANICAL PARTS
sim to Molex 08-50-0108, (SEE RC3837)
—————————— TRANSISTORS - - - - - — = ~ -
—————————— TRANSISTORS - - - - - ~ - = = 1 19A700068P1 Insulator, bushing. (Used with Q1-Q8 on A80L).
Q1 19A115300P2 Silicon, NPN; sim to Type 2N3053.
Q801 19A116118P1 Silicon, NPN. 2 19A116023P1 Insulator, plate. (Used with Q8010.
---------- RESISTORS - - - - - = - - - -~ 3 N80PY007C6 Machine screw, phillips: No. 4-40 x 7/16.
(Secures Q801).
R1 19A700106P87 Composition: 10K ohms +5%, 1/4 w. POWER SUPPLY
19D430705G1 120 VOLT 4 7141225P2 Hex nut: No. 4-40. (Secures Q1-Q6 on A801 &
R2 19A116430P5 Variable, cermet: 1000 ohms +10%, 0.75 w; sim to 19D430705G2 240 VOLT Q801).
and Helitrim Model 79P.
R3 5 N404P11C6 Lockwasher, internal: No. 4. (Secures Q1-Q6 on
A810 POWER SUPPLY BOARD A801 & Q801).
R4 19A700106P63 Composition: 1K ohms +5%, 1/4 w. 19C330393G1
and 6 N402P35C6 Washer, steel: No. 4. (Secures Q1-Q6 on AR01 &
R5 Q801).
—————————— CAPACITORS - - = - - -~ ~ - -
R6 18A700050P6 Wirewound: 0.27 ohms *+10%, 2 w. 7 19A701332P4 Insulator, washer: nylon. (Used with Ql on
c1 19A115680P10 Electrolytic: 200 uF +150-10%, 18 VDCW; sim to A802).
Mallory Type TTX.
—————————— SWITCHES - - - - - - - - - - 8 198233062G1 Base assembly.
c2 5496267P14 Tantalum: 15 uF +20%, 20 VDCW; sim to Sprague
S1 19A116648P6 Toggle: SPDT, contacts rated 5 amps at 28 VDC or thru Type 150D. 9 7150188P107 Spacer: No. 6 x 1/4.
115 VAC; sim. to C & K 71018DG. c4
10 19B233413G1 Heat sink.
——————— DIODES AND RECTIFIERS — - - - - - -
—————————— TEST POINTS - - = -~ - = - - -~ 11 19B201074P306 Tap screw, Phillips POZIDRIV®: No. 6-32 x 3/8.
CR1 4037822P1 Silicon, 1000 mA, 400 PIV.
TP1 19B211379P1 Spring (Test Point). and 12 194134796P4 Fuscholder: sim to Schurter 031.1663.
CR2
13 19A134796P5 Nut: sim to Schurter 583.0016.
___________ CABLES - - - - = = = - — = CR3 19A115250P1 S8ilicon, fast recovery, 225 mA, 50 PIV.
and 14 189A701863P27 Clip, loop.
CR4
w1 CABLE ASSEMBLY 15 19C330295G1 Cover.
1ec33o184G¢2z {4 ! X -7 ==-=--- CAPACITORS - - - = - = - - —
(Includes J1, P8, & S1) 16 194142819P1 Insulator.
c801 5496520P21 Electrolytic: 12900 pF -10 + 100%, 40 VDCW,
43F86F159M. 17 19B209268P106 Terminal, solderless: sim to AMP 41184.
A803 DISPLAY OPTION BOARD (NOT USED).
19B233309G1
——————— DIODES AND RECTIFIERS - - — — — — — 18 19B800914P2 Contact: rated 15 amps @ 125 VAC; sim to Molex
16-02-1103. (Quantity 3 - located on J801).
——————— INDICATING DEVICES - - - - = - - - CR8O1 194115202p1 Silicon; sim to Type IN1613.
and 19 19B233255P1 Support. (C801).
DS1 19A134818P1 Display, optoelectronic: red; sim to T1 L311. CR802
and 20 19J706152P9 Retaining strap; sim to Dennison BAR-LOK 08471.
Y25 N N S S T FUSES - - = = = = - = = = = (c801).
----------- PLUGS - - — = - - — - = - - F801 7487942P5 Cartridge, slow blow: 1 amps at 250 v; sim to 21 19A134141P1 Rubber grommet. (Used with L1-L6).
Bussmann MDL 1.
7 Connector. Includes: 22 19A700115P3 Insulator, plate. (Used with Q1-Q6 on A8010.
F802 19A134961P10 Cartridge: 1/2 amp @ 250 volts; sim to
19A116659P124 Shell. Littlefuse 213.500 23 N80OPO008C6 Machine screw: No. 4-40 x 1/2. (Secures Ql1-Q6
on A801).
19A116781P6 Contact, electrical: wire range No. 22-26 AWG; )
sim to Molex 08-50-0108. (¢t |-=-=-=-=-=-- JACKS AND RECEPTACLES - - - — - - - 24 19B201074P305 Tap screw, Phillips POZIDRIV: No. 6-32 x 5/16.
{Secures A801).
J801 19B800914P1 Power receptacle housing; sim to Molex
________ CABLES - ~ = = - - - ~ - - 15-04-0703. 25 N80OP9004C6 Machine screw: No. 4-40 x 1/4.
Wi 19B233309G2 Display Option Component Board. (Includes P7). 26 7142162P20 Spacer, hex: ©No. 4-40. (Secures TB1).
—————————— THERMISTORS - - = =~ = - - - -
27 4037559P9 Rubber bumper.
AB04 SLEEVE ASSEMBLY RT801 19A142671G1 Thermistor.
thru 19C328838G3 28 N210P15C6 Nut, hex: No. 8-32. (Secures rubber bumpers,
AB09 item 1).
————————— THANSFORMERS - - - - - - - - -
29 N403P16C6 Lockwasher, internal tooth: ©No. 8. (Secures
—————————— CAPACITORS =~ =~ ~ - - = = - - T8O1 19A116218P4 Power, stepdown: Pri: 117 VRMS; rubber bumpers).
Sec: 15.25 VRMS each side of CT (no load).
Cc1 5494481P26 Ceramic disc: 5000 pF #10%, 1000 VDCW; sim to RMC
Type JF Discap. T802 19A116218P6 Power, stepdown: Pri:

105/120/210/240;
Sec: 18 VDC.
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POWER SUPPLY

AS SHOWN FOR 19D4307056G2

OTHERWISE SAME AS G1)

SEE APPLICABLE PRODUCTIQON CHANGE
SHEETS IN INSTRUCTION BOGK SECTIGN
DEALING WITH THIS UNIT,FOR DECRIPTION
OF CHANGES UNDER EACH REVION LETTER.

THIS ELEM DIAG APPLIES TO

MODEL NO.

REV. LETTER

PL19D430348G1

F
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CONNETTION CHART
10

v20-BK T802
veoz fj:“ ié°' . Feoz 3 V208K Bk . o CR802
8 1 e Ig(.l!ég‘e XFea2 BK;;} ;,; o CREO1
¥ Ln | ne
— L BK-W
10 BR
A810 H19 S &4 3
PL19C330393G1 wigd HI3HIE HISHIG | H9
H17 H20
WIRED FOR 240V AS SHOWN
(190430570, Sh. 3, Rev. 7)
ALL RESISTORS ARE 1/4 WATT UNLESS
OTHERWISE SPECIFIED AND RESISTOR
6ND  +5V VALUES IN OHMS UNLESS FOLLOWED BY
K=1000 OHMS OR MEG=1,000,000 OHMS.
He 16 17 CAPACITOR VALUES IN PICOFARADS (EQUAL
TO MICROMICROFARADS) UNLESS FOLLOWED
BY UF~MICROFARADS.INDUCTANCE VALUES
c2 16 R3 IN MICROHENRYS UNLESS FOLLOWED BRY
6. 001 A7k o1 MH-MILLIHENRYS OR H-HENRYS.
| 12 3
O ] U1
H1

o
C
-n
1]

(19B234292, Rev. 0)

MODEL NO. REV. LETTER

PL19C331977

INPUT FROM VWIRE FUSE
YOLIS AcC
PART OF
T802-BK AB10-H1? 1802
103 T802-BK/R A810-H22 reg
r8602-BR AB1Q-H18 1802
1802-BR/R AB1Q0-H1S 1802
F802-2 AB10-H17 vV20-BK
JB8CT-N AB10-H20 vZ20-W
PART OF
T8Q2-BK/V¥W A810-H13 02
1802-BR/W AB10-H4 g2
PART OF
120 1802-BK A81Q-H1? 1802
1802-BR AB10-Ht8 T80
02-BK/W AB10-H22 780
G2-BR/W AB10-H1S 180
802-BK/R A810-H13 1802
T802-BR/R AB10-H14 1802
FB802-2 A810-H17 vV20-BK
JBOT-N 0810-H20Q ¥20-¥
PART _OF
210 16802-BK/R AB10-HIS 1802
1802-BR AB10-H16 16802
7802-BK AB10-H19 7802
T802-BR/R AB10-H22 1802
T802-BK/W AB10-H!I 7802
1602-BR/W ABI0~H1S 1802
Feg2-2 AB1Q-H17 vV20-BK
J801~N AB1Q-H20 vag-¥
PART OF
240 T802-BK AB10-H19 1802
7802-BK/R AB10-H13 1802
16802-BX/W AB10-H14& 1802
1602~BR AB10-H1S 1802
T802-BR/R AB10-H14 1802
T1802-BR/W AB10-H22 1802
F802-2 A810-H17 v20-BK
J801-N AB10~H20 V20-¥

SCHEMATIC DIAGRAM

RAPID 1 MULTI-CHARGER
(Sheet 3)

ISSUE 4

13



LB130862 PRODUCTION CHANGES

Changes in the equipment to improve performance or to simpiify circuits are identified by a “Revision
Letter,” which is stamped after the model number of the unit. The revision stamped on the unitincludes all
previous revisions. Refer to the Parts List for descriptions of parts affected by these revisions.

REV. A - Charger Board 19D430348Gl

To incorporate more stable resistors. Changed

R24, R25 and R26.

R24 - 3R152P103J Composition, 10K ohms *5%, 1/4W,
R25 - 3R152P104J Composition,lQ0K ohms +5%, 1/4W,
and

R26

REV. B - To improve performance. Added Timer Board
19C331923G1,

REV. C - To incoporate improved timer. Changed timer board
Al0l,
Timer Board was: 19C331923Gl.

REV. D - To incorporate new Schematic Diagram, Added
Schematic Diagram 19B234292,

REV. E - To decrease the trickle charge from 120 mA to 50 mA, and to
improve heat dissipation. Changed R64-R69, R76-R81, added C7,
changed test spec. and changed Q7-Q12.

R64-R69: 190A700111P51; R76-R81: 19A700019P47;
C7: 19A701534P16; Q7-Q12: 19A134960P1

T 12,13 14 |5
3 4 5 6 8 REV. F - To prevent latch-up in some charge modes. Moved ambient sensor
T vy 7 RT1 to a cooler location. Move to component side of board and
|6 mount with existing screw near Ul6.
[
42 43 T = [0 T == 17
; > 12— J e i
\\\\\\\ = ‘——ES— \> |8
a - | GENERAL @D ELECTRIC - 19
T RAFID ONE 7T
9 | _—20
[ -

—32

A Fn g
1
o
f
/
/
(@]
| E
= '>/(/;:"

24
3 27 1
28 -
29
397 » 34 33
RC3937
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TROU BLES HOOTING PROCEDURE 3. No sleeve functions and all sleeves act similarly
It is probably true that one or more of the following sections are at fault since
their operation is essential and a failure would affect all sleeves alike.

A, CHARGER COMPLETELY DEAD: a. Power supplies +22, + and -12 and +5V.
1. Check fuse F801 b. Voltage Reference AR3 must be 10.00 volts.
2. Check line voltage c. D-A Convertor U5 and associated AR1-A, AR3, VRl, VR2 and associated components.
3. Known good battery pack d. Temperature sensor RTl, 801 and standard resistors R43-R50.

e. Analog multiplexers Ul0 and UlL.
B. CHARGER MALFUNCTIONS

f. Oscillator AR2 and associated components.

1. No sleeve functions properly

a. Check power supplies:
+22V source at H6
+12V source at H4
+5 V source at H5
-12V source at H7
If any supply voltage is wrong, (+22 is unreg) disconnect the load and retry.
The regulators UR801-803 are designed to shut down on overcurrent or over-
temperature so if normal supply voltage returns with no load, the problem may
well be on main board A80l. Notwithstanding direct shorts, the offending
component will likely be quite hot.
If supplies are OK:

b. Check the 10.00 volt reference at VR3(K). Must be accurately w/R5L.

¢. Check the microprocessor clock at Ul pin 3. Must be a near square-wave at
0.7-1.0 MHz, TTL LEVEL. Frequency is not critical but should not exceed

g. Microprocessor section Ul-U4.

Addressable latches U7 or U8 although U8 only affects the GREEN LED's.
i, Level shifter U9.
No sleeve functions and failures are not similar

This unlikely mode may result from multiple failures or the inability of the micro-
processor to individually address each sleeve.

a. The circuit from U6, all Q outputs, including U7 thru 11 and R31-36, should be
free of floating, stuck or indeterminate nodes.

b. One or more oscillating or noisy power supplies may contribute to such illogi-
cal failures.

¢. A noisy, oscillating or poorly adjusted 10.00 volt reference may cause this
also.

C. SPECIFIC PROBLEM TYPES AND THE COMPONENT GROUPS WHICH CAUSE THEM

1.0 MHz. 1. Yellow LED should light whenever a battery is placed in a sleeve.
1f bad, remove Ul and retest. a. If a single sleeve fails, the components R64, R65, DS1, J1/Pl or the battery
Check U2, U3, R3, CI. may be at fault.
d. If the clock is OK, perform a cursory test of the microprocessor by observing b. If all sleeves are defective, then the +22 volt power supply is at fault.
the INTERRUPT SERVICE FLIP-FLOP U4a.
2. On inserting a battery, after a short delay charging should commence. You may use

U4a pin 3 should have a low frequency TTL pulse whose leading edge 5 causes
pin 5 to go low supplying an IRQ signal to U2 pin 4.

The microprocessor should reply to this input by driving U2 pin 21 low and
then high, which in turn sets U4a to its original state.

While this test does not completely confirm that Ul and U2 are good, the
probability is high, since in order for this to succeed, a lot of things have
to happen right!

e. If this test fails, observe the 20 address and data leads between Ul and U2,
using an oscilloscope.

None should be stuck high or low and none should have voltages other than
normal TTL levels, i.e., <0.4V or >2.4V.
Watch for identical patterns on adjacent runs. They may indicate shorts.

f. Check the System Reset pulse on U2 pin 1, Ul pin 16, U8 and U7 pin 15. It
must go low when power is applied and return high several milliseconds later.

a charger calibrator to measure the current or simply listen for a squeal from the
pot-cores in the current limit circuit.

If charging fails to start, one of the following may have occurred:

a. The battery is defective and the trickle charge current cannot bring the volt-
age above 7.2V.

b. The temperature at RT1 inside the charger is below 6°C or above 55°C and the
microprocessor will not allow charging.
c¢c. The transformer temperature of 7801 is beyond allowable limits and the micro-

processor will not allow charging.

d. The oscillator AR2 is not functional.
pin 7 for a TTL level pulse.

Check AR2 pin 5 for a triangle wave and

D. DISCHARGE OPTION MALFUNCTIONS

g. Check U3, R4, C2 if not. 1. If al% othgr functions work, it is probable that the microprocessor and associated
cireuitry is okay.
One or more sleeves function properly while others do not i X
i | . . 2. Check connections in P7 and 8.
It is probably true that the following sections are not at fault since the proper
operation of at least one sleeve indicates they are operating properly. 3. AB02 H7 should be 0.189V for 700 mA setting and 0.324 for 1200 mA.
a. Microprocessor section Ul thru U4. 4. P8-3 should be a logical 1.
b. Voltage Reference VR3. 5. Check ARl, Ql and Q801.
¢. D-A convertor U5 and associated AR1-A, AR3, and VR1, VR2. 6. If the display does not function and all connections are good, replace DSl or DS2

d. Temperature sensor RT1l, 80l and standard resistors R43-R50.
e. Analog multiplexer ULl but not UIlO.
£. Oscillator AR2 and associated components.

g. Power supplies

that is defective.

TROUBLESHOOTING PROCEDURE

Issue 1
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APPENDIX

*************************$**$$********************************************

* *
* USER DOCUMENT: MPR ONE HOUR MULTI-CHARGER 86 JUN 79 R.J.MARTIN *
* *

*******************************************************************$******

I'.  HARDWARE DESCRIFPTION
R. GENERAL

HARDWARRE CONTROLLED BY THE MICROPROCESSOR 1S USED TO CONTROL
THE CHARGING CURRENT FOR SIX BRATTERIES. ONE L.E.D. INDICATOR IS
ASSOCIATED WITH ERCH. A SEVENTH BRTTERY MAY BE DISCHARGED TO A
FIXED YOLTAGE WHILE THE TIME REQUIRED TQ SO IS RECORDED
AND DISPLAYED EITHER AS PERCENTAGE OF FULL CHARGE OR RS MINUTES.

TO DETERMINE THE CORRECT AND SAFE CHARGING CYCLE. HRARDNARE
IS CONTROLLED BY THE MICROPROCESSOR TO MULTIPLEX YOLTRGE AND
TEMPERATURE DRTR FROM EACH BRTTERY TO A SINGLE COMPARATOR WHICH
TESTS THE BATTERY DATA AGARINST A SINGLE TEST YOLTAGE GENERATED
BY AN A TO D CONVERTER RLSQO DRIVEN BY THE MICROFROCESSOR. RESULTS
ARE RETURNED TO A SINGLE INPUT FOR ANALYSIS. TWO OTHER INFPUTS AND
COMPARATORS ARE USED TO DETERMINE THE STATE OF THE BRATTERY DISCHARGING
SOCKET. THE RECTIFIED POWER LINE FREQUENCY IS5 USED TO INTERRUPT THE
MICROFROCESSOR FOR THE FURPOSE OF TIME-KEEPING.

EB. MICROPROCESSOR CONFIGURATION

THE PROCESSOR IS A ROCKWELL OR MOS TECHNOLOGY 6585 DEVICE USED
IN A SIMPFLE TWO CHIP CONFIGURATION ALONG WITH R 6538 MASKED ROM.
RAM, TIMER, AND INPUT/OUTPUT DEVICE. ALL COMMUNICTION WITH THE
CHARGER HARDWARE 15 CARRIED OUT THROUGH THE 16 BIT 10 PORT OF
THE 6538 AND THE INTERRUFT LINE OF THE PROCESSOR. AT NO POINT ARE
THE DATA. APDRESS. OR CONTROL SIGNALS USED IN THE CHARGER. THUS
ALLOWING ERSY RE-CONFIGURATION RS A SINGLE CHIP COMPUTER SYSTEM
IN THE FUTURE.

C. INPUT SIGNAL DESCRIPTIONS

FOUR SIGNALS ARE SUPPLIED TO THE PROCESSOR FROM
THE CHARGER CIRCUITS.

I. INTERRUFPT

IN ORDER TO USE THE POWER LINE FREQUENCY TO PROVIDE AN ACCURATE
TIME BASE TO RECORD THE DURATION OF A BRTTERY DISCHARGE TEST., THE
RECTIFIED FOWER IS DIVIDED FIRST BY R CONSTANT ¢OPTIONS) AND THEN
APFLIED TO AN INTERRUFPT RERUEST FLIP-FLOP. THE INTERRUPT SERVICE
FOUTINE WILL CLEAR THIS FLIF-FLOP AT THE END OF ERCH ENECUTION IT
IS REQUIRED DUE TO THE LEVYEL SENSITIYE NATURE OF THE IRQ LINE.

17
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nd

.

-

J.

COMPARATOR RESULTS ---- PERIPHERAL DATA REGISTER B. BIT 7

ALL ANALOG INFUTS RARE READ BY THE PROCESSOR INTO BIT 7 OF
PORT B. SINCE THIS IS THE SIGN BIT. AND THE NEGARTIVE FLAG IN THE
FROCESSOR STATUS WORD IS SET OR CLERRED RUTOMATICALLY ON EACH RERD
OFERARTION ERANCHES MRY BE MAPE ACCORDING TO THE VALUE OF THIS BIT
WITHOUT FURTHER INSTRUCTIONS. ALL ANALOG MERSUREMENTS RRE MADE
USING THIS INFUT. BY SENDING A VALUE TO THE DIGITAL TO ANALOG
CONVERTER. FRODUCING R KNOWW VOLTAGE. ADDRESSING THE ANALOG
MULTIFLEXERS TO CONNECT THE DESIRED SIGNMAL. AND RERDING THE
RESULTING DEFFIERNCE FROM THE COMPARATOR. RABSOLUTE VOLTAGE
READINGS ARE MADE EY SUCCESSIVE RAPFRONIMATION IN SOFTWARE
USING THE SAME INPUT.

F. DISCHARGE BATTERY < 3.8 Y. ---- PERIFHERAL DATA REGISTER B, BIT &

THIS INFUT WILL BE HIGH WHEN THE BATTERY YOLTRGE AT THE
OFTIONRL DISCHARGE SOCKET IS BELOW 3.8 4 NR MISSING.

DISCHARGE BATTERY > 6.8 V. ——-- FERIPHERAL DATA REGISTER B, BIT §

THIS INPUT WILL BE HIGH WHEN THE BATTERY VOLTAGE AT THE
OFTIONAL DISCHARGE SOCKET IS RBOVE &€.8 V. OR NOT YET DISCHARGED.

D. OUTPUT SIGNAL DESCRIPTIONS

/

18

Py

ALL EIGHT BITS OF FERIFHERAL DATAR REGISTER A AND THE LOW ORDER
FIVE BITS OF PERIFHERAL DATA REGISTER B RRE PROGRAMMED RS QUTPUTS.

TYPICALLY R VALUE OR BIT PATTERN IS WRITTEN TO PORT A AND ONE
UR MORE OF THE PORT B BITS IS5 USED TO STROBE THAT YALUE OR PATTERN
INTO ONE OR MORE OF THE DEYICES CONNECTED TO PORT A. THE DIGITAL
TO ANALOG CONVERTER IS ALWAYS RCTIVE AND PRODUCES A VYOLTAGE FROM
g T0 18 YOLTS FOR VALUES OF $80 TO $FF.

DIGITAL TQ ﬁNHLDG CUNVERTER

FORT R BIT @ Lse
FORT A EIT | :
PORT R BIT 2

FORT AR BIT 3

FORT R BIT 4

FORT A BIT §

FORT A BIT & :
FORT R BIT 7 MSE

EIGHT EIT TEMFORARY LRTCH

FORT A BIT 8 LSE
FORT A BIT | :
FORT A BIT 2

FORT R BIT X

FORT A BIT ¢

FORT R BIT §.

FORT R BIT 6 : :
FORT A BIT 7 MSE
FORT B BIT CLOCK
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3. EIGHT BIT RRPDRESSABLE LATCH FOR CURRENT SWITCH CONTROL

LATCH BIT @
LATCH BIT |
LATCH 8IT 2

PORT B BIT |

LATCH EIT &

RPDPRESS LSB  C(BRATTERY NUMEER »

RDRPRESS MSB
CLOCK
DATA  (ONE FOR ON -- ZERQ FOR OFF

4. EIGHT BIT RDPDRESSRBLE LATCH FOR LED INDICATOR CONTROL

LATCH BIT &
LATCH BIT |
LATCH BIT 2
FORT B EIT 2
LRTCH BIT 7

RDDRESS LSB  {BRTTERY NUMEER)

ADDRESS MSE
CLOCK
LRATA CONE FOR ON —-- ZERQ FOR OFF)

S. ANALOG MULTIFLEXER CONTROLLING BATTERY SELECTION AND RT-2

LATCH EIT 8
LATCH BIT |
LATCH BIT 2

RDDRESS LSR ¢ BATTERY NUMBER OR RT-2)
RDDRESS M5B

&. ANALOG MULTIFLEXER CONTROLLING RESISTOR SELECTION OR RT-I

LRTCH BIT 3
LATCH BIT 4
LATCH BIT 5§

ADDRESS LSE
RDORESS MSE

7. OPTIONAL DISPLAY INRICATOR. 2 DIGITS 8-F

LATCH
LATCH
LATCH
LATCH
LATCH
LATCH
LATCH
LATCH

FORT B EIT

EIT
BIT
EIT
BIT
EIT
BIT
EIT
BIT

3 Xy Y e G P~

7
-
-

LSB RIGHT DIGIT

MSE RIGHT DIGIT
LSE LEFT DIGIT

MSB LEFT DIGIT
cLock

&. INTERRUFPT SERVICE RERUEST FLIFP-FLOF

FORT B EBIT 4

DRIYEN LOW TO SET THE FLIF-FLOP
{CLEARING THE REQUEST?)

D, ARDRESSING CONSIDERATIONS

I. RERD 0ONLY MEMORRY
ROM IS ADLRESSED FROM @U@l HEX TO 8FFF HEN. SINCE THE RADDRESS BITS
REOYE BIT |1 RRE NOT CONNECTED THE INTERRUFT AND RESET VECTORS AT THE
TOF OF MEMORY FUNCTION TO SELECT THE TOR SIN BYTES IN THE LIMITED RANGE
OF THE SYSTEM RONM.

19
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2. RANDOM RCCESS MEMORY

RAM IS ARDRESSED FROM @088 HEX THROUGH 883F HEX FOR DATA OPERATIONS
AND FROM 81FF HEX DOWNWARD TO &1883 HEN FOR STACK OFERATIONS. SINCE
RDPDRESS BITS & THROUGH SARE NOT INCLUDED IN THE RAM DECODE. IT RESPONDS
TO ALL RDDRESSES FROM 6883 HEX TO QIFF HEX WHICH RRE NOT ESPLICITY
DECODED AS I-0. THEREFORE STACK RCCESSES ARE MADE FROM @1FF HEX
DOWNWRRD RND DATA RCCESSES ARE MADE FROM 98938 HEX LPMARD. SHARING THE
SAME &4 BYTES. (NON-OVERLRPPING )

3. INPUT-OUTPUT

SHARING THE RAM ADDRESS SFACE IN ZERO-FAGE 1S 18 BYTES
OF SFRCE ASSIGNED TO I-0 AS FOLLONS:

Ha48  RERD FER. DATR REG A WRITE FER. DRTR REG R
v84] REARD DATA DIRECTION A WRITE DATA DIRECTION A
Bg4:  RERD FER. DATA FEG R WRITE FPER. DPRTR REG B

084 READ DATA DIRECTION B WRITE DATAR DIRECTION B

8845  RERD TIMER FLRAG

aaq7 WRITE TIMER DATA. DISABRLE INT.
OTHER 1.0 ADDRESS ENIST BUT RRE NOT USED.

2. SOFTWARE DESCRIPTION

SOFTWARE OFERATES IN THREE PRIMARY MODES. PONER RPFLIED RESET.
MAIN LOOF. AND INTERRUFT SERVICE .

R. POWER RPFLIED RESET

POWER AFPLIED RESET PRSSES CONTROL INDIRECTLY THROUGH THE RESET
VECTOR TO LAREL -“RESET~. :

RESET : '
STACK POINTER IS PRESET TO TOF OF RAM
I1-0 INITIRLIZATION IS ACCOMPLISHED BY COFYING T*TABL !
INTO THE 1.0 COMPONENT USING AN INDEXED LOOF.

RESZ:
ALL BATTERY CURRENT SWITCHES AND LEDS ARE TURNED OFF 8Y
CALLING SUBROUTINES -“SWIOFF< AND “LEDOFF- IN AN INDENED LOOP
THEN THE TEST BRTTERY CLRRENT DRAIN IS DISABLED BY A CALL TO “TSTOFF -
CONTROL IS5 UNCONDITIONALLY PASSED TO “SYSTSTY WHICH WILL RETURN
CONTROL HERE ONLY IF HARDWARE TESTS RARE SLCESSFUL .

FESET! :
ON SUCCESSFUL COMPLETION OF HARDWARE TESTS. THE PROCESSOR REGISTERS
ARE AGRIN INITIRLIZED,THE OPTIONAL CISPLAY DATA IS SET TO <98+,
AND ALL YARIABLES RRE INITIALIZED BY COPYING “TRBLZ" INTO RAM
USING AN INDENED LODP.

20
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B. MRIN LOOF

THIS LOOF WNILL BE REFERATED FOREYER, AND ON EACH PRSS. A DIFFERENT
BATTERY IS ENAMINED. TWO MAJOR CALLS TO EXTERNAL ROUTINES RRE MADE.

LOOP:
THE SUBROUTINE “TEST IS CALLED TO SERVICE THE OFTIONAL BRATTERY
DISCHARGER ANL DISFLAY. IN THE EVENT NO OPTION IS INSTALLED. IT WILL
BE A USELESS CALL EBUT WILL RLWAYS RETURN CONTROL . (

INTERRUFTS RRE RLLOMWED

THE RAMBIENT TEMFERATURE IS5 TESTED. IF IT IS GREATER THAMN “TMAX® THEN
"ER" CEXCESSIVE RAMBIENT ) 15 SENT TD THE DISFLRY YARIARBLE ‘DISPNO’ AND
“MASKAR” IS NRITTEN T THE YARIABLE “MDUTY” THEREBY FREVENTING ANY
CHRRGING TO QLCUR.

THE RMEIENT TEMFERATURE IS5 AGRIN TESTED. IF IT IS LESS THAN “TMIN®
THEN "C8" (COLDY IS SENT Ti0 THE DISPLAY VARIRBLE -“DISPND® AND “MDUTY
IS ALS0O SET TO “MRSK8a- .

LOOF3:
IF THE AMBIENT TEMPERRTURE IS FOUND WITHIN THE LIMITS “TMIN® TO “TMAN-
THEN THE POWER TRANSFORMER TEMPERATURE RISE IS TESTED. AN ABSOLUTE
YOLTAGE MERASUREMENT IS5 MADE BY CALLING THE SUBROUTINE “RDCONY- .
THE RESULT IS COMPARED WITH “TST6@- . “TST7@°. ETC IDENTIFYING THE
TRANSFORMER AS BEING BETWEEN €&t AND 78 DEGREES . BETWEEN 7@ AND 38
DEGREES [ AND SO ON. RCCORDINGLY. ONE OF THE CONSTANTS “MSK1@@<.
TMASKSEC, ETC WILL BE WRITTEN INTQ THE VARIARBLE “MDUTY* WHICH
I5 USEDR BY THE SUBROUTINE -“CHARGE- TO LIMIT THE DUTY CYCLE AT WHICH
HLL ERTTERIES MAY BE CHRARGED.
FINALLY A CALL TO SUBROUTINE <“CHARGE- IS MADE TO SERVICE THE N“TH
BATTERY .

ON RETURN, THE VARIABLE “BATNUM’ WHICH IDENTIFIES THE CURRENTLY ACTIVE
ERTTERY IS INCREMENTED. TESTED FOR QVERFLOW RND CONTRAL IS PRSSED
BACK TO THE LABEL “LOOF~ RESTARTING THE SERUENCE FOR THE

NEXT BRTTERY.

DISPLA: (SUEBRDUTINE X
TRANSFERS THE CONTENTS 0OF THE RCCUMULARTOR TQ THE OPTIONAL DISPLRAY

CLEL: (SUBROLUTINE ?
TRANSFERS THE CONTENTS OF PER. DATA REG R TO THE TEMPORARY DATA LATCH

CLKS: (SUBROUTINE >
TRANSFERS THE TEMFORARY LATCH T THE EIGHT BIT APDRESSABLE LATCH
CONTROLLING THE CURRENT SWITCHES FNOR THE RATTERIES ¢@8-5) AS
FOLLOWS :
EITS 8.1.2 CONTAIN THE BATTERY ADDRESS
EIT & CONTARINS | FOR ON - 8 FOR ODFF
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CLES: (SUEROUTINE)
TRANSFERS THE TEMFORARY LATCH TQ THE EIGHT BIT ARDPRESSABLE LRTCH
CONTROLLING THE LED INDICARTORS FOR THE BATTERIES (8-5) RS
FOLLOWS :
BITS 8.1.2 CONTAIN THE BRTTERY ADDRESS
BIT 7 CONTRINS | FOR ON - 8 FOR OFF

MISNG: ¢ SUBROUTINE
CETERMINES IF THE ERTTERY ADDPRESSEDR BY THE X REG IS STILL IN THE SOCKET.
THE OPEN CIRCUIT VOLTAGE AT THE THERMISTOR TERMINAL IS COMPARED WITH
WINGS (3.8V). TWO IDENTICRL RESULTS ARE REQUIRED SEFRRATED BY
A 58 MILLISECOND DELRY INDRDER TO RETUREN R "MISSING" INDICATION.
RESULTS RETURNED IN THE SIGN BIT OF THE FROCESSOR STATUS BYTE. NEGARTIVE
IF BATTERY IS5 MISSING.

ARCONY . (SUBROUTINE >
THE REGISTER X IS TRKEN RS ADDRESSFS FOR THE ANALOG MULTIPLENERS
AND AN RABRSOLUTE YOLTRGE MERSUREMEMT [5 MADE 0ON THE REQUESTED VOLTRAGE
BY SOFTWARE SLUCESSIVE APFREONIMATION. RESULTS ARE RETURNED IN THE
RCCUMULRTOR .

COMFPAR: ¢ SUBROUTINE >
CMPDAC: (SUBROUTINE Y '
THE REGISTER X (FOR CMPDRAC) OR THE ACCUMUILATOR (FNR COMFARY IS TAKEN
RS RDDRESSES FOR THE RNRLOG MULTIFLEXFRS. RND THE REGISTER ¥ RS THE
KNOQWN VACUE. THE VOLTRGE RDDRESSED BY THE MULTIPLENERS 1S COMFPARED
TO THE KNOWN YALUE AND RESULTS EETURNED RS FOLLONWS:
SIGN = NEG TF YXUNENOWN
FOs IF YSUNKNOWN
EQUARLITY IS NOT YALID. RS SOME DECISION MUST BE MACE.

DLY: (SUBROUTINE
A SHORT DELRY LOOF USED FOR ANARLOG SETTLING TIME WAITS.

SNIOFF: (SUEBROUTINE?
TURNS OFF THE CURRENT TO THE BRTTERY RDDRESSED BY THE 3 LERST
SIGNIFICANT EBITS OF THE X REG.

SWION: (SUBROUTINE?
TURNS ON THE CURRENT TO THE BRTTERY RDDRESSED BY THE 3 LEAST
SIGNIFICANT BITS OF THE X REG.

LEROFF: ¢ SUBROUTINE ?
TURNS OFF THE INDICATOR ADDRESSED BRY THE 3 LERST SIGNIFICANT
EITS 0OF THE ¥ REG.

LEDON: (SUBROUTINE ?
TURNS ON THE INDICATOR ARDDRESSED BY THE Z LEAST SIGNIFICANT
EITS OF THE X REG.

TESTON: (SUBROUTINE
TURNS ON THE CUREENT DRAIN FOR THE OFTIONAL BATTERY TEST CIRCUIT
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TESTOFF: <SUBRQUTINE }
TURNS OFF THE CURRENT DRAIN FOR THE OPTIONAL BATTERY TEST CJRCIUT.

TEST: (SUBROUTINE?
TESTS THE LEAST SIGNIFICANT THREE BITS OF “TESTATY TO DETERMINE
THE CURRENT STRTUS OF THE BRTTERY UNDER TEST. AND TRANSFERS
CONTROL TO “FREE<. “DUMFP-.0NR “DERD" ACCORDINGLY BY EXECUTING
R COMFUTED INDIRECT JUMP TO THE N“TH ENTRY IN “TTAEL-
NOTE: THE ONLY MODIFICATINN NF THE DISPLAY IS IN THESE THREE
SUBROUTINES. THEREFORE THE FPROIORITY OF THE DISPLRY IS DETERMINED
TO BE: FIRST DISCHARGE FUNCTIONS

SECOND OYER-LINDER TEMP

FREE: (CASE & OF “TEST")

IT I5 ASSUMED THAT MO BRTTERY IS INSERTED IN THE DISCHARGE
CONNECTUOR .

THE CONTENTS OF “DISPNO ARRE SENT TO THE DISPLRY.

EIT 5 OF FORT E I5 TESTED T DFTERMINE IF A BATTERY OF GRERTER

THAN &.8 YOLTS HRS BREEN INSERTED. AMD IF NOT. CONTROL IS TRANSFERRED
TO "DEL". WNHICH RETURNS CONTROL TO THE CRLLING ROUTINE.

OTHERWISE. “TESTAT IS5 CHANGED TQ |. POINTING TO “DUMP- AND -

THE VALUE OF “MINS- IS INITIRLIZED TO “88° TO BEGIN

TIMING THE DISCHARGE CYCLE.

CONTROL FASSES THROUGH “DELT TO THE CALLING ROUTINE.

DUMP: CCRSE | OF “TEST X
IT IS ASSUMED THRT R FRTTERY IS BREING DISCHRRGED.
TRANSFERS “DC* (DISCHARGEY TO THE DISFLAY. RATHER THAN THE
YALUE SAYED IN “DISFNO-. AND CALLS “TESTON” TO ENABILE THE
CONSTANT CURRENT DISCHARGE OF THE TEST BATTERY. TESTS BIT 5 OF
FORT B TO DETERMINE IF THE BATTERY HRS FINISHED DISCHARGING
AND TRANSFERS CONTREOL TO “DREL- IF NOT. OTHERWISE. TURNS OFF THE
DISCHARGE CURRENT SINK AND COFIES THE RCCUMULRTED VALUE FROM “MINS
FOR DISFLRY.
“TESTATS IS5 CHANGED TQ 2. POINTING TQ “DERADR- AND CONTROL
FRZSES THREOUGH “DEL- BRCK TO THE CALLING ROUTINE.

CEARD: (CRSE .3 OF "TEST™ X

IT IS ASSUMED THRT THE EBATTERY HRS BEEN DISCHRRGED BELONW &.8 VOLTS
“BATIME-. THE ACCUMULATED DISCHARGE TIME. IS5 TRANSFERRED TO THE
DISFLAY.

BIT 7 OF PORT B IS TESTED TO 5FE IF THE BARTTERY IS BELOW 3.8 VOLTS.
INDICATING REMOVAL. IF THE EBATTERY HAS NOT BEEN REMOVED. THEN

CONTROL FASSES THROUGH “DEL BRCK TO THE CALLING ROUTINE.

IF THE BARTTERY HRS BEEN REMOVED. THEN “TESTAT® IS SET TO “87. POINTING
TO CASE “FREE- AGAIN. AND CONTROL IS5 FPARSSED THROUGH “DEL- BRCK TO

THE CALLING EOUTINE.
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CHARGE : [ SUBROUTINE >

THIS IS THE MARIN BATTERY SERVICE ROUTINE. IT 15 ENTERED WITH
"ERTNUM~ CONTRINIMNG A POINTER TQ THE BATTERY TO BE SERVICED.
AND “STAT- INDEXFD BY BATNUM INDICATES THE CURRENT STATUS OF THAT

ERTTERY .

DEPENDING ON THE CONTENTS OF -%
INDIRECT JUMP IS5 MADE TQ QNE OF
“UNSAFE ", “CHRG . DR ~DONE - .

TAT ¢ “BATNLIN -
N 5T

Ao A COMPUTED
POSSIBLE CASES.

“NOBRTT . “RDY ",

NOBATT: ¢CRSE 8 OF *CHARGE ™)

IT IS ASSUMED THAT NO EATTERY IS INSTALLED IN THE N“TH CHARGING
SOCKET. TWD CONSECUTIVE TESTS ARE MADE. SEPARATEDR BY S8 MS. To
DETERMINE IF THE SOCKET YOLTAGE IS > 7.2 ¥ IF EITHER FRILS.
NO BARTTERY FRESENT 15 RSSUMED. AND CONTROL IS RETLURNED TO TE
CALLING ROUTINE WITHOUT CHANGE. IF BOTH FPRSS. THEN “STAT

IS5 S5ET TO |, PQINTIHG TO “RDY- FOR THIS BATTERY AND CONTROL IS

RETLIRNED |
RDY: CCRASE | OF ~CHARGE)

IT IS5 RSSUMED THAT A BRTTERY GREATER THAM 7.2 VOLTS HAS BFEN FOUND
IN THE SOCKET. R CALL I5 MADE TO “SETDTY" TO DETERMINE THE MAXIMUM
CHRRGE RATE FOR THIS BATTERY. IF “SETDTYS RETLIPNS A NNN-SAFE
RESULT., {(ZERI FLAG SETX THEN STAT FNR THIS BRITERY IS SET TO 2.
FOINTING TO “UNSAFE ", AND CONTRIL IS5 RETURNED. IF “SETDTY RETURNS
R SAFE CONDITION ¢ZERC FLAG CLRY THEN THE OPEN CIRCUIT BATTERY
VOLTAGE 1S5 MERSURED EY CALLING “ADCONYS AMD MULTIPLIED BY 8.612.
THE RESULT IS COMPARRED WITH THE YOLTRGE FROM THE BATTERY WITH

THE AMBIENT THERMISTOR CONNECTEDR. AND IF THE RESULT IS TOO HIGH.
"STAT” IS SET TO 2 (UNSAFE. THE BRTTERY I5 ALRERDY TO HOT) AND
CONTROL IS5 RETURNEDR. IF THE VNILTAGE 15 LOWER. THEN “STAT” IS SET
TO 3 CCHREGY AND CONTROL RETURNED IN THIS EVENT THE LED FOR THIS
ERTTERY IS TURNED OFF UNCONDITIONALLY. SINCE IT MAY HAVE HAS BEEN
ON OR BLINKING.

LUNSRFE: (CASE 2 0OF “CHARRGE - )

IT IS ASSUMED THAT A BATTERY IS IN THE SOCKET. BUT IT HRS BEEN MARKED
RS UNSAFE TO CHARGE. DUE T TEMFERRTURE OF THE CELLS. FIRST R TEST

IS MRDE TO DETERMINE IF THE BATTERY HAS BEEN REMOVED BY CALLING “MISNG-.
IF IT IS FOUND TO HRVE BEEN REMOVED. THEN -“STATS IS SET TO 8 ¢ “NOBATT 3
AND THE INDICATOR IS5 UNCONDITIONALLY TURNED OFF. CONTROL IS5 RETURNED

TO THE CALLING ROUTINE.

IF IT IS STILL THERE. A CALL 15 MADE TO THE CASE | ROUTINE. WHICH
ORIGINALLY DETERMINED THE STATUS 0OF THE BATTERY. FOR A RE-TEST.

IF “RDY" FINDS THE BRTTERY ACCEFTARELE TQ CHARGE. THE YALIE OF

“STAT" WILL HRAVE EEEN CHANGED IN THAT ROUTINE TN 3. IF

NOT IT WILL AGARIN RE RETURNED AS 2 -UNSRFE-. WHEN THE UNSAFE

INCICATION IS RETURNED. THE VALUE OF -“ELINK® I5 INCREMENTED ONCE

FOR EACH ESECUTION. AND DEFENDING 0N THE RESULTING STATE NF BIT &

THE INDICATOR WILL BE TURNER OW OR OFF. CRUSING IT TO BLINK AFPROX-
IMATELY THREE TIMES FPER SECOND AS LONG RS THE BRATTERY REMAING

IN THIS STRTE.

CONTROL IS5 RETURNED T0 THE CALLING ROUTINE.
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CHRG: (CRSE 3 NF “CHARGE- »

IT IS ASSUMED THRT THE BRTTERY IS NOW REING CHARGED.

FIRST R CALL TO "SWIOFF- S5TOFS THE CHRRGING CURRENT DLURING THESE
TESTS. A 18 NS, DELRY IS EXECUTED TO ALLOW THE CELL YOLTRGE TQ
STRBALIZE. THE ARSOLUTE BATTERY YOLTAGE IS MERSURED BY CALLING
"ARCONV . IF THE VOLTAGE IS5 GRERTER THAN 2.15 ¥. THEN “STAT” IS
MARKED ~“DONE- BY SETTING IT TO 4. AND CONTROL IS RETLURNED TO

THE CALLING ROUTINE. OTHERWISE. THE CELL YOLTRGE TIMES 8.6325

IS COMFARRED T THE BATTERY YOLTAGE WITH THE AMBIENT THERMISTOR
CONNECTED BY CALLING “COMFAR”. IF THE CELL TEMPERATURE IS HIGHER
THAN 18 DEG. C. RBOYE AMBIENT, THEN “STAT- IS LIKEWISE MARKED
“PONE” DUE TO TEMPERATURE SHUTOFF. AND CONTROL IS RETURNED TO
THE CRLLING ROUTINE. OTHERWISE. R CALL IS MADE TO “MISNG~ IN THE
EVENT THE BATTERY HRS BEEN REMOVED. RND IF S5Q0. IT IS IMMEDIATELY
MRRKED @ AND CONTROL IS RETURNED.

IF THE BATTERY I5 NOT MISSING. NOT OVERYOLTAGE. AND NNT OVER-
TEMFERRTURE THEN CHRRGING CONTINUES :

THE VALUE NF “DUTY" SAVED FOR EACH RATTERY IS PRESET WITH

ONES IN THE MOST SIGNIFICANT BITS. SUCH THAT ALL ONES INDICRTES
1887 CHARGE. AND I.LESS ONES INDICATES A LOWER FPERCENTAGE CHRRGE
CUTY CYCLE. IT IS ROTATED RIGHT FOR EACH EXECUTION OF “UHRG BND
IF THE LSE IS R ONE. CURRENT IS SUPPLIFED TO THE BARATTERY FIR

THIS CYCLE. ALL ZEROFS INDICRTES THRT EITHER RAI.L ONES HAVE BFEN
SHIFTED QUT TO THE RIGHT. 0OR THE REQUIRED DUTY CYCILE WRS aX. IN
EITHER CRSE. R CALL IS MADE T “SETDRTYS T REFRESH THE VALUE.
CONTROL I5 RETURNED TO THE CRLLING ROUTINE.

PONE: (CASE 4 0F “CHARGE )

IT IS ASSUMED THAT THE BRATTERY HRS BREEN CHARGED. AMND IS WAITING
TO BE REMOYED.

A CALL TO “MISWNG” DETERMINES IF THE BATTERY IS STILL THERE. [F IT IS
THE LED IS TURNED ON (REFEARATEDLY Y RAND CONTRM. IS RETURNED. IF IT IS
NOT STILL THERE. THE INDICARTIOR AND CHRRGE CUREENT ARE TLRNED OFF
AN THE “STAT” MARKED “MOBRTTY FOR A NFW CYCOLE. CONTROL IS
RETURNED TO THE CARLLING ROUTINE.

SETLTY: CSUEBROUTINE &

THE BRTTERY TEMPERATURE IS5 FILACED IN OME 0OF SEVERAL CATFGNARIES

BY COMFARING ONE HALF THE OFEN CTRECUIT VOLTRGE WITH THE VOLTARGE
OBTAINED NITH VARIONS FIXED REZISTORS CONMWECTED TN PLAUCE 0F THE
RAMETENT THEREMISTOR. R “MASK" YALUE IS WEITTEN IN THE “DUTY< LOCATION
FOR A BEATTERY WHICH INCLIDES THE EFFECTIVE LURKEMT VYALUE 0OF “MDUTY”
OF THE MASTER OUTY CYCLE WHICH IS DETERMINED FROM TRANSFORMER AND
AMEIENT TEMFEREATURES.

EARATT TEMF ocuTy CYCLE

>=28 DEG 186 %
»=15 DFG 75 X
=18 DEG S8 %
= 5 DEG 25 ¥
< 5 DEG Ha
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DEL : (SUBROUTINE)

THIS SUBROUTINE DELAYS 48 MILLISECONDS BEFORE RETURNING CONTROL
TO THE CRLLER.

SYSTST: (MARINLINE SYSTEM TEST ROUTINE)

THIS ROQUTINE IS5 NOT CALLED RS A SUBROUTINE. SINCE IT DESTROYS THE
CONTENTS OF THE STACK AND IT*S RETURN ADDRESS.

USING THE POLYNOMIAL X18 + X115 + Xt3 + | . THE CYCLIC REDUNDENCY
CHECK WORD IS CALCULATED FOR THE CONTENTS OF RLL READ ONLY MEMORY
FRIOR TO THIS ADDRESS. IT IS COMPARED TO 500D, WHICH HAS BEEN
INDEPENDENTLY CALCULATED AND SUPPLIED TO THE PROGRAM AS AN EQUATE
STRTEMENT. ON FRILURE CONTROL IS PASSED TO ‘FRILED. WHERE THE
FROGRAMN BECOMES TRAFFED, AND NO CHRRGING OCCURS.

IF THE READ ONLY MEMORY HAS NO ERRORS. THEN THE RAM IS TESTED
BY WRITING THE ADPDRESS OF EACH CELL UPWARD THROUGH MEMORY. RERDING
THEM BACKWARD AND TESTING EACH ONE. THEN INYERTING. WRITING BACK. END
TESTING ERCH CELL . THIS INSURES THRT EACH LOCATION CAN BE LUNIQUELY
ADCRESSED AND THRT EACH BIT OF EACH CELL CAN BE WRITTEN AND REARD .
THIS IS5 NOT A FOOLFROOF TEST t1tt:

IF RAM AND ROM RARE BOTH ACCEPTED THEN CONTROL IS PRASSES TO
“LOOF” WHICH IS THE MAIN BODY OF THE PROGRAM. OTHERWISE CONTROL
IS PASSED TO “FRILED® WHERE “"FR" IS5 DISPLAYED RMD NO CHARGING
CAN OCCUR.

C. INTERRURPT SERVILE
IR@: (THE INTERRUFT SERVICE ROUTINE)

THE INTERRUPT SERVICE FLIP-FLOP IS RESET CACTIVE) BY A TRANSISTION OF THE
BORROW OQUTPUT 0F THE COUNTER CONNECTED TO THE RECTIFIED

FOWHER TRANSFORMER OQUTFPUT.

IT WILL REMAIN IN THAT STATE UNTIL SET BY R NEGATIVYE PULSE

FROM PORT B BIT 4., WHICH IS5 GENERRTED WITHIN THE INTERRLIFT

SERVICE ROUTINE. -

THE FPURFOSE OF THE INTERRUFT SERVICE ROUTINE IS To COUNT POWER LINE
TRANSISTIONS AND RCCUMULATE R VYALUE “MINS-. WHICH MAY BE USED TO
INPICATE THE NUMBER OF MINUTES THAT WERE FEQUIRED TO DISCHRRGE

THE TEST BATTERY., OR ALTERNATELY THE FERCENT 0OF FULL CHARGE
UONTRINED IN THAT BATTERY. 720 INTERRUPTS ARE REQUIRED T ADYANCE
THE CONTENTS OF “MINS* ONE COUNT. THE FOWER LINE SIGNAL 1S
FULLWARYE RECTIFIED PROVIDING 128 PULSES PER SECOND RT &0 HZ ..

AND 188 PULSES PER SECOND AT 58 HZ.

OPTIONAL TRACE CUTTING 0N THE CIRCUIT BORRD ALLONS THE FOLLOWING :
PIVIDER MODULO = 1@ FOWER LINE FREQ = €8 HZ.

PROVIDES |2 INTERRIUPTS PER SECOND DR 72@ PER COUNT CARUSING THE
UPTION DISPLRY T REAR “MINUTES® OF DISCHARGE. Bi-33

26



LBI30862

DIVIDER MODULO = 6 POWER LINF FREQ = &a H7Z.

FROVIDES 20 INTERRUPTS PER SECOND OR 728 PER COUNT CRUSING THE
OFTION DISPLARY TO RERD ~"FERCENT” NF ONE HOUR DISCHARGE. BR-29

DIVIDER MODULO = 5 PONER LINE FREQR = 5@

PROVIDES 2@ INTERRUPTS PER SECOMD OR 728 FER COUNT CAUSING THE
OPTION DISPLRY TO READ “FERCENT- OF ONE HOUR DISITHARGE. 8A-99

** NO PROVISION IS MADE TO INDICATE MINUTES AT 56 H?.
EOF '
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LINE
a9as

asa3
aao4g
a8aas
agpe
aaar
aaeg
aaRse
a8
aall
aale
[al s
IETE NN ]
AaLs
aRlE
palv
asis
aals
aazae
aaz|
aazs
aaz23
8824
aa:s
aR-ce
auzr
apse
Baza
Baza
aaz|
anze
pR3z
BHR34
aRzs
UA3IE
aazr
aazs
aRa9
nada
aaq )
aidE
a843
ai44

]

[}

# LOC
anna

aaas
aaae
ejaje]s]
aaga
asan
gana
aeas
aaas
o068
aaan
aea8
aae8
nage
aeaa
aane
Baan
aeaa
anaa
aaaa
aneg
anEaa
asea
poRa
geaa
aaee
apng
saae
aaan
a6
aRan
aea6
aRag
aann
aaaa
aeea
ReRe
aeen
agaa
aoa8e
aaee
nAGe
Basg
AR
BRAA
#3008
a8ga
aae8
aeoe
aaaa

0a&aa .

aanE
8o
a8a8/n

aeaR

CODE

LINE

LBI130862

SOFTWARE LISTING

AR N e o o o o o e e e e ok e b e e ke sk e ke e e o e e e e

J*

i+ MPR | HR MULTI CHARGER CONTROLLER VYZ..

.#

7 A3 MARY 73 -

+$*ﬁ#**#*%$ﬁi?'*f#ﬁ?*#**#*?**************Y******#**

HHPDHHRE DEFENDANT RDDRESSES

RAMBAS = $A0A@ ;BEGIN RAM
FANSIZ = &4 iNR BYTES RAM
STACK = RAMBAS+RAMSIZ-|
ROMEAS = $000 i PERMANENT
ROMSIZ = 1824
NMI = IRQ
IOBASE = £40
PRA = IOBRSE+A
FRE = IOBASE+Z |
SETIME = IDBASE+7 ;1824 X TIMER NO INTRPT
RDTINE = I0BASE+S
CUNHTRNTL
TIME = 1@ : DELRY IN LOOP
THAX = $23 iHIGHEST AMBIENT TEMP
THIN = $64 ;LOWEST AMBIENT TEMFP
OFF = 1Al iSWITCH OFF MASK
ON = 01606000 JSHITCH ON MASK
LOFF = Xa011111] ;LED OFF MASK
LON = 10000800 ;LED ON MASK
ATEMP = Xaall1118 :RTI AND R43 TO MUY
ETEMP = xoall|@aeq :RTI AND BRTT
BTENZ2@ = xa0al|oag iR47 AND BATT TO MUX
BTEMIS = XB0100608 ;R4S AND BATT TO MUX
BTEMI@ = XGA|@[860 ;R4 AND BATT TO MUY
RTEMAS = X00] 6080 :R5@ AND BATT TO MUK
KTEMF = X@pea| 1] | iRTZ AND R4S 0 MUN
75720 = 85 180 DEG C VALUE
TSTPE = 74 i7a
TSTER = E2 B
MSKIB@ = XI1I1111] £18@ % DUTY CYCLE
MASKFS = X11111188
MASKS@. = X1 115808 T
MASK2S = X1 |08900a i25 X
MASKAO = XAOAARaAE T
WrNE = 184 SOTLES 18256
yiva = 77 (03.8718)+256
Vel o= 232 P09 121824258
CLRMSK = 11181111 :BIT 4 RESETS FF
= XA900089 :BIT 4 ALLOWS FF

IRAMSEK

i TERD PAGE ASSIGNMENTS
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LINE # LOC

aasv
8858
aas9
aasp
aaes|
Ree:>
aas3
aasd
pasS
aare
aasr
anse
BAsS
aarsg
aay7
agrz
an-s
ae:-4
aars
AaRcs
eusF
8878
apge
ages
aas|
ans:
anes
aas 4
uaoﬁ

pol o)
by
N
"GO0 D
—

ool

[y

LTI
PN IDO Y I I I RV

T
SISV VR R Y VIS YRS Y+

RYRAAR VR TRV ILGV R W PR, I OR Y O

TR Rl

[
'l

-~
x]
ARV IO R M ROV JLAY )

'_‘:. I‘D i_‘:‘ l'£' l.o [}
VNG DG D

¥ BLUCY
!

@I D
Dhoy’

Doy

Do
——~

30

aaea
agaa
aaaa
nang
apas
aaac
aalz2
aals
aald
aals
Al e
[y
aagl s
aarse
aalR
anic
asip
8alE
aalE
aalE
aalE
A3 E
aceoa
arag
aras
pca3

acas

acaz
aces
ares
gcaz
aees
aced
aCas
aces
acar
aces
acag
acas
acas
ares
I INSE)
acas
areA
arag
acac
acep
BCaE
acar
acla
aciti
aci|z
aciz
aclg
acils

ao
FF

IF
el

aa
A
an
aa
8
a0
aa
aa
aa
a8
a8
ne
e
g

$=

$=%+g
w=ktE

=kt G
=g+

=%+
EEL T

vzt |
w=w+ |

w4 |
0 k=t |

wzN+ |

N T E
=t |

Fzpt |

.BYTE
.BYTE
BYTE
.BYTE
.BYTE

H e L L eEp———

EEGINNINb OF ROM

*=RIOMBRS
JMF RESET
INITIHLI“HTIDN TABLE

—— s — - o s > ——— S0 e i o

:.~ 1”0 SETUP IMAGE

L Ba08ea80
sHrrirnid
soealella
=eaallll]

~O00e9a |

'.- JERD PRAGE IMAGE

;s CURRENT STRTUS WORD
iCURRENT DUTY CYCLE

i TRANSFORMER TEMP

iFRAC SECOND

i SECOND

iMINUTES C(DECIMAL » 8-99
s INDEX TO RRTIVE BRTT

i TEST ERTTERY STATUS
iNUMBEE T0O DISPLAY
JYARIABLE MASK FOR A~D CONY
iJMP IND HERE TO CRSECN?
JREGISTER FOR SETDRTY
sTIME TG DISPLRY

iPRRA
iDORA
i PRB
iDORE
s TIMER IX NO INT

CBYTE 0.8.8.8.8.8 INITIAL STATUS

EYTE 8.0.8,8.8.8 ;INITIAL DUTY CYCLE

BYTE B.,8.8.9.8.8 ;INITIAL EBILINK BIT



LINE

glae
ola6
alas
aloa
aial

alaz
alaz
araz
alras
alo4
aras
alos
alar
aleg
gras
alla
ari

ariz
arz
alrg
alls
alle
aliv
arg
alre
alze
arzi

al122
al123
8124
8125
8126
BI27
arze
alrze
alze
2131

al3z
B33
8134
8135
8138
8137
a138
alze
a/48
arqi

ar4z2
81432
alq4

0145
a/48
al4rv
alr4g
ga149

# LOC

acle
aciv
acis
acis
acin
acie
acic
acip
aCIE
acirF
acze
aczl

acez2
aca2
acaz
acz2
acaz
acaz
aczaz
acaz2
aca4q
acz25s
aras
aces
aczs
acer
acer
a8cen
aczc
acap
aceF
acaF
gcaF
aczF
BC2F
acsi

ae3|

ac34q
acar
ac3s
ac3n
ac3p
acdg
ac4a
ac48
ac4e
acq4e
ac4i

ar42
ac44
ac4s
ac4v
ac4s
acqs
Bl4B

G
D3
A2

RS
a5

CODE

3F

2 a3
D 83

48
F8

2 a5

33
45

F?
5C
40

ty
2

18
19

ac

ap

ap

abp
8F

LBI30862

LINE

.BYTE & sINITIRL MRSTER DUTY CYCLE
BYTE 12.68.8 INITIAL TIME

.BYTE @ JINITIAL BATT NO.
.BYTE @ ;INITIAL TEST BATT STAT
.BYTE @ JINITIRL DISP NUM

.BYTE X11888888 ;INITIAL MASK
;COLD START VECTORS HERE TO INITIALIZE
éESET
;SET LIF STRCK POINTER

Pl

LDX #RAMSIZ-|

TNS
;i THEN THE 1.0 MUST BE SETUP
LDN #3 iNO. OF LOCS

RES|
LPA TABLI.X ;GET BYTE FROM TRBLE
5TR I0BASE.X  WRITE IT TO PIA
DEX iNEXT
BPL RES| iLOOFP UNTIL DONE

;THEN BATTERIES MUST BE MADE SAFE
iAND INDICRTORS TURNED OFF

?

LDX #5 51X FPORTS ON 74LS259
RES3
JSR SWIOFF i TURN OFF SWITCH
JSR LEDOFF i TURN OFF LED
DEX iNENT
BPL RES3 iLOOFP UNTIL DONE
JSR TSTOFF iTHE TEST BRTT TOO
JMP SYSTST iCHECK THE HARDWARE YALIDITY
iRETURN HERE IF HARDWRARE IS 0K
RESET| '
SEI iDISABLE INTS
CLD ;CLEAR DECIMAL MODE
LDX #STACK :
TXS JINITIRLIZE STACK POINTER s+
LDR #83 DEFRULT DISPLAY VALUE
5TR DISFNO
LDX #MASK iMOVE ZERQ PG VAR
RESZ2
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LINE

g15a
alsi
als2
a1s3
8154
al55
a5
atsr
a153
g159
gl
flel
alsz
alsz
aired
ales
alss
8lev
8168
ale9
alFa
aiIFl
8l1r2
alrz
al74
8175
alre
0177
alr-8
Bir3
ai8e
a1l

B2en
820/
azpzr
a2uz
a204

32

# LOC

AC4rR
BCYE
acse
Aacs|
acss
aCcs3
acs3
aCss
ars=2
aes3
acss
acs?
acse
Aacse
acsE
acsa
ace2
aced
aced
areg
aces
aces
acsr
8reE
acre
ACrE
acr4
acer
acry
acer
acrrw
a""‘?
acr

80?9
acre
acrp
acse
aees
aced
aces
aces
arss
BCS8A
acsc
arsE
acan
Qacee
pee2
acsy
aces
acs|s
gaese
acsen
acen
acsac

BD
35
CR
a

] O
58
R

2
-

20
39
A9
85

R9
4C

RO
20
a
R
85
4C

.9
Ba

CODE

a8 ac
[£]t]

&1 B0
23

IE ap
as
ER
18

ae
SR

o
[y

&9
IB 8D
ar
ca
]
&4 ac

LINE

J

LDR
STR
DEX
BFL

TRBLZ. X

RAMBRS . X

FESZ

JGET YRLIE
JPUT VRLUE
s COUNT

Jdkkpkkkdk MAIN LOOP $kdppgrs

Laar

LOOF4

LOOPI

JSR
cLr
LbY
LD
JSR
BMmI
LDR
STR

LDR
JMP

LY
JSR
BFL
LDA
STR
JMFP

; DETERMINE

LOOP3

LOOFS

LOOF?

LOOFS
Laori2

LDRA
STAR
LDX
JSR
cmp
BCS
LOA
ENE

CHF
BCS
LDR
ENE

CMF
BCS
LDAR
ENE

LDR

TEST

#TMAN
#RTEMFP
CMPDARC
LOOP!
#FER
DISFNO

#MASKGA
Loori2

#TMIN
CMPDRAC
LOOFPZ
#£C0
DISFNO
LOOFRS

iSERVICE THE TEST BATT AND DISFP
JALLOW TNTERRUPTS NOW
JRAME TEMF LIMIT CHOT )

¢ADDRESS THE AMB THERM

iMAKE TEST

sBRANCH IF 0K
: "ENCESS AMETENT "
FSHOW IT

JKILL RLL BRTTS
iSKIFP SFHR TST

JRMB TEMF LIMIT CCOLD >
iMRKE TEST

iBRANCH IF 0K

sreaLpr

THE XFMR TEMF AND
fLIMIT DUTY CYCLE ACCORDINGLY

#a
DISFNO
#XTEMP
ADCONY
#7570
LOOFs
#MSK 188
LOORI2

#¥TST70
LOOFF
#MASKSH
LoarPiI2

#T5T88
LOOPS
#MASK2S
Loori1z2
#MRSKBE

MDUTY

iSHOW SAFE IN DISP
iXFMR TEMP MERS
iRERD KFWR TEMFP

iBR IF T>&8

JBRIF T27@

JBR IF TX&8

JSTORE LIMIT MRSK



LINE

azas
azee
azey7
o208
az09
vz1a
az11
a212
gz13
8214
B215
azle
a2y
az21e
8219
0228
az21

£ e ded
[y

9223
22
225

a226

a227
a228

8229

8230

8231

A232

9233

1234

8235

1236

8237

a238

A239

az4a

8241

az4z

A243

8244

8245

0246

8247

a248

8249

8256

825]

8252

0253

az54

8255
256

8257

a253

8259

# LOC

aCac
acsc
acsc
acsac
BC3F
araF
aCsF
BCSF
HCSF
acrl

BLAs
arAs
8CAr
acAs
acRe
@CAB
8CRE
8CRE
8CARE
BCRE
8CARE
@CARE
BCAE
8CARE
aces
aces
aces
acer
aces
8CER
acep
acBE
8CBE
8CBF
acer
aceF
8CeF
8CceF
8CBF
acer
BCEF
BCBF
8CeF
acc!

BCC3
Becd
accd
accd
acc4
accd
acC4
acc4
acc4d
accd
acc4

Ee
A2
cs
B

A9 ¢

35

85

85

Ee

Ce -

&

CODE

co ap

-

&
as
&
a4

40
BF ac
a3
42
42
a8
42

42
e

LINE

LB130862

;CHARGE THE BATTERY APDRESSED BY THE

JCONTENTS 0OF BRTNUM

JSR CHARGE

S INDEX TO THE NEXT BATT AND
;TEST FOR FINISHED

LOORS

INC BATNUM
LDA #5

CMF BRTNUM
BCS LOOPS

LDA #4

STR BATNUM

JMP LOOP

iNEXT BATT
iTEST VAL
iDONE 7

JRESTART AT FIRST BRTT

iAND CONTINUE

 wokdsasonsk SUBROUTINE DISPLA  #okskkokskobsk

#STORE THE R REG INTO THE OPTION DISPLARY

iR.F,LATCH MODIFIED

DISPLA

STR PRA
JSR CLKL

iPUT IN PORT
iSHIFT TQ LRTCH

LDA #X0@é@loae ;70 SET BIT 3

ORA FPRB
STA FRB

iCOMBINE WITH PORT

EOR #Xpop61088 :CLERR SAME BIT

STRA FRE
RTS

RTS

;sAND RESTORE PORT

P SUBTOUTINE CLKL Sexsdesktedeskok

Ed

i==FOR ALL FUNCTIONS EXCEFT D-A CONY-~
sCLOCK THE CONTENTS OF PRA INTO THE LRATCH
iP MODIFIED

CLKL

INC FPRB
DEC FPRE
RTS

r~r-
by
mm
hn
non
o~

i dekpdkkrt SUBROUTINE CLKS okt

i==FOR THE SWITCHES--

sCLOCK THE DARTA ON LHATCH BIT & TO THE
J0UTPUT PIN ADDRESSED BY THE 3 LSE OF
iTHE LATCH

iR.F MODIFIED

33
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LINE # LOC

260
8zel
262
8263
8264
82835
268
8287
aze8
a2s59
n2r
az2r1
a2r2
a2r3
827
a2rs
a2re
azr7
1278
az2r9
a286
azgl
8282
283
284
8285
aze
3287
a2a8
289
8290
az9|
az92
8233
8294
peas
a235
8297
8298
a299
a3ne
83al
a3a2
a383
asad
8365
azas
B83ar
aza8
a3aga
azie
a3l
a3z
8313
8314

34

acc4
accy
accs
accs
acch
acce
acce
0CCF
accF
accr
accrF
accr
accF
accF
accr
BCcCcF
accr
accF
accF
acopl
acb3
acps
acpr
acopg
acbn
acbR
acpn
acpA
acoR
acobR
acbR
8cPbR
acen
acpbRA
acpc
acpE
acel
8CE3
aces
8cEer
acer
BCES
8CER
acep
8CEF
acrz
acrz
acr3
8CcF3
acF3
acr3
acrF3
acr3
acF3
acrF3

R9
25
85
a9
835
6@

R9
23
85

85
68

Re
RS
28
389
RS
85

24
18

R

20

CODE

FD
42
42
a2

42

FB
42
42
a4
42

4D
16

IR ab

32
47

45
FC
&

IA

48

ap

LINE

CLKS
LDAR #X11111181 iMASK TO CLR BIT |
AND FPREB iPRESERYE OLD
STR FRB iSTORE NENW
ORA #:0800B6BI8 ;RESTORE BIT
S5TA FRB iAND REPLRCE IT
RTS

Pkkkdkkkr SUBROUTINE CLET sx¥wsksoksk
i==FOR THE LEDS--

CLOCK THE DATA ON LATCH BIT 7 TO THE
;0UTPUT PIN RDDRESSED BY THE 3 LSB OF
i THE LATCH

iA.F MORIFIED

CLKI

LDR #X11111811 ;MASK TO CLR BIT 2
AND FRB iPRESERVE OLD

STA PRB iSTORE NEW

ORR #:00888188 ;RESTORE BIT

STR FRR iAND REPLRCE IT
RTS

Jdkkekkknkk SUBROQUTINE MISNG sookdedkok ek

iCOMPARE THE BRATTERY YOLTS WITH 3.8 TO
JSEE IF IT IS STILL IN THE SOCKET
sRETURN SIGN NEG IF STILL THERE

MISNG
LDY #Y3x@ i3 VOLTS
LDA BRTNUM JGET BARTT NO.
JSR COMFAR iCOMPRRE R, YOLTS
BMI MISs@l iSTILL THERE
LDA #50 ;50 MS. WAIT
STA SETIME iSETUF TIMER
MI1ss82
BIT RDTINE
BPL MISSB2
LDAR BATNUM

iTEST FOR TIMEQUT
iGET NO. BACK

LDY #V3XN0O iRESTORE TEST VAL
JSR COMPAR iRETEST IT

mIssal
RTS

i detksksor s SUBROUTINE ADCONY sk

;STORE X IN LATCHES AND RETURN THE
JRESULTING MEASUREMENT IN ACC

RDCIONY
STN PRA iSTORE &
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LINE # LOC CODE LINE

843!5 BCFS 29 BF oC JSR CLKL JLRTCH IT

azls @CcrF8 A9 Co LDR #%CO iSET UP MRSK

a3y BCFA 85 19 STA MRSK ;IN ZERD FRGE

@A318 @8CFC oA ASL A JACC == $88

8318 OCFD 85 48 STR PRA JDRIVE THE DRARC

a328 BACcFF ADPTEST

B3zl @CFF 28 2F ap J5R DLY JANARLOG SETTLE TINE

a3z22 apaz: 24 42 BIT FRRB ;TEST MSB FOR COMPRRATOR STATE
8323 abpg4 39 a9 EMI RDINCR JBRANCH IF V(DRC)> < VYCUNKN2
A324 ©BDAE6 A5 19 LDAR MARSK iGET CURRENT MARSK

8325 apae 45 48 EOR PRA ;CLERR CURRENT BIT

8326 BDOA 85 48 STA PRA JAND SET THE NEXT LOWER ONE
8327 8pBC 4C 1S5 8D JMP ADEND

A328 @DaF RADINCR

B3223 @pBF A5 |19 LDA MASK ;GET CURRENT MRSK

6338 apll 65 48 ORA PRA JLERYE CURRENT BIT SET
833! 8pI3 85 4@ S5TH FRA iAND SET THE NEXT LOWER ONE
@A332 apis ARDEND

8333 8DIS 46 19 LSR MASK ;SHIFT MRSK FOR LOWER BIT
B334 ODI7 DO E& BNE RDTEST iBRANCH IF NOT DONE

B335 8pIs &0 RTS iRETURN WHEN MRASK IS EMPTY
8336 BDIRA i

8337 @DIR jddokskkkkk SUBROUTINE CMPDRAC wskskskdknkk

a33g abIA i dededokoksek sk SURROUTINE COMFAR  setekeskesk ek

8339 OpIR ;

83486 opIR ;COMPRRE THE CONTENTS OF THE ¥ REG WITH

034! BDIA s THE ANALOG INPUT RDDRESSED BY THE X F£G

8342 @DIA iALTERNRTE ENTRY COMPAR IF RACC=RDDR

8343 @8DIRA ;

a344 apiInA JRETURN: SIGN=1] IF ¥ > UNKN

a345 @apln i S5IGN=8 IF % < UNEN

A346 BDIAR i

8347 BDIA iR.P.Y,LATCH MODIFIED

8348 @DIA i '

8348 abIRn COMPAR

8358 BDIAR AA : TAX

a3s! aDlIe CMPOAC

8352 @bIB R9 Is LDA #%X0@618118 ;70 PURGE LEAKAGE

G353 @DID 85 48 STR PRA

B354 BDIF 28 BF @C JSR CLKL

8355 822 86 48 5TX FRRA ;OQUTPUT THE RDDRESS

8356 aD24 20 BF aC JSR CLKL JAND LRTCH IT

8357 8p27 84 48 STY PRA iOUTPUT THE TEST VAL

8358 @p2e 20 2F ap JSR DLY JWRIT FOR SETTLING

B339 8D2C 24 42 BIT PRB i TEST THE RESULT

A368 @D2E 60 RTS

8361 BD2F ;

A3E2 BD2F i

B363 OD2F i ¥kdkkskky SUBROUTINE DLY ks

8364 BD2F i

8388 BD2F JEXECUTES R DEAD LOOFP FOR < TIME) COUNTS

B3se aD2F i¥Y.P MODIFIED

8357 BDEF i

8388 8D2F LY

8368 AD2F RA B8R LDY #TIME iGET VALUE OF DELRY

35
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LINE

azra
a3rl
asr2
B373
a3vd
8373
a3re
8a3re
a3re
a3ra

1386
B38|

382

[y w s

0383
9334
a38s
a3g6
azar
azae
9389
a39a
a3al

azazr
a393
A394
a3as
a396
8397
a398
a399
A48
a4a/

@482
8403
8404
0405
a406
p4a7
2408
8409
a4/
a4

a412
8413
044
0415
a416
417
A418
a419
2420
a4z

0422
2423
a424

36

# LOC

ap3i
ap3i
ap3sz2
ap3g
ap3s
aDn3s
ap3s
8035
ap3s
BD35
ap3s
ap3s
apss
ap3s
ap3é
ap3s
ap3g
ap3nR
apap
ap4a
ang |
ap4 |
ap4|
ap4 |
ap41i
op4 |
ap4|
o041
ap4|
ap4 |
ap4z
044
apde
ab4e
apde
ap46
apde
apde
apde
D46
ap4s
abde
ap4r
ap49
ap49
ap4e
ap4aE
aps |
apse
aps2
apsz2
apss
apsz
apsz
aps2

KV R
' D

RO R VR ]
LR R Rd ]

SR
as
La

28 7

85
26
20
50

CODE

FD

? BF

48
BF acC
C4 ac

4@
F2

48
BF 8C
CF AC

LINE
DLy
DEY
BNE DLY!
RTS

Jdkkkorkksk SUBROUTINE SWIOFF stk
}TURN OFF THE CURRENT TO THE BRTTERY
iADORESSED BY THE (X)) REG

iA:P MODIFIED

SWIOFF

TXR iFETCH THE BRTT NO.
AND #OFF iCLEAR BIT &

SWII
STA PRA
JSR CLKL iSHIFT TO LATCH
gSR CLKS JSHIFT TO OQUTRPUT
TS

Jkkskkskkk SUBROUTINE SHWION ssodokskkokon

iTURN ON THE CURRENT TQ THE BARTTERY
iRDDRESSED THE THE (X REG
iA.FP MODIFIED

SWION
TNR iFETCH THE BRTT NO.
ORA #ON iSET BIT &
ENE SWII iBRANCH RLNRYS

i wdkswtk SUBROUTINE LEDOFF sk sokodobok

iTURN OFF THE LED ADDRESSED BY
iTHE (N> REG
iR:P MODIFIED

LEDOFF
TXR iFETCH THE BRTT NO.
AND #LOFF iCLEAR BIT v
OFF |
STA PRA iTO PORT
J5R CLKL iTO LATCH
JSR CLKI iTO LEDS
RT=

;

Jdkesdeckskk SUBROUTINE LEDON de:bskdekdksk

;TURN ON THE LED RADDRESSED BY
;THE ¢X) REG
;A.P MODIFIED



LBI30862

LINE # LOC CopE LINE

8425 aps2 i

0426 @psz2 LEDON

8427  8Ds52 S8R TXA JFETCH THE BRTT NO.
a428 aps3 a9 8e ORA #LON iSET BIT 7

8429 @pPss D@ F2 ENE OFF| iBRANCH RLUWRYS
8438 @Ds57 i :

8431 8Ds? stk SUBROUTINE TESTON s#kded sk
8432 apsv i

8433 8psv iTURN ON THE TEST BATTERY DRRIN

0434 apsv . iR.P MODIFIED

8435 8aDps7 i

0435 aps? TESTON

0437 B8DS7 R 47 LDA #x@1868111 ;BIT 7 SW LATCH ON
6438 8Dse 4C 38 6D JMP SWII iCLOCK RAND EXIT
2439  B8p5C i

8448 apsc J¥kkksksoks SUBROUTINE TSTOFF stk
Q44! apsc i

8442 @DSC i TURN OFF THE TEST BATT DRRIN

8443  apsc iR.F MODIFIED

g444  apsc i

8445 8Dp5sC TSTOFF

8446 @DSC RS o7 LDR #:00668111 ;BIT 7 SW LATCH
8447 ADSE 4C 38 8D JMFP SNII sCLOCK AND EXIT
a448 aps| i

8449  aps| idkkkkk SUBROUTINE TOQ SERVICE THE TEST BATTERY sskssons
8456 aps| i

8451 apeg| sTEST VOLTAGE AND HISTORY AND DO INDICATED JOB
8452 ape| i

8453 8pé1| TEST

8454 @ps! AS I7 LDR TESTAT iGET HISTORY

8455 6063 29 A3 AND #3 iMASK JUST IN CRSE
8456 8pES oA RSL A sTIMES 2

8457 BDES AR TAX iTO INDEX

8458 @D67 BD 74 ap LDAR TTARBL. N iPUT VECTOR IN IND JUMP LOC
8439 BDSA 85 IR STR JmMPLOC

8468 @DsC BD 75 @D LDR TTABL+/!.N

B4l BD5F 85 IR 5TR JMPLOCH!

b462 @DFI 6L IR BA JMP CJIMPLOC > iGO DO IT

8463  8D74 TTREL

8464  @8D0r4  FC 8D .WORD FREE.DUMP,DERD.DERD

8454 BDFs 92 4D

8464 @p78 RAE @D

8454 8DFR  RE 8D

g465  apre i

84e6 807 iCASE FREE ---— NO BATT IN TEST SOCKET
a4&7  80r7C i :

8468  8Dp7C FREE

8469 GDFC RS I8 . LDAR DISFPNO

B478  BDFE 29 RE ac JSR DISFLRA

8471  @pgl A9 26 LDA #%X08|00000

8472 B8DE3I 25 42 AND FRE

8473 @DB5 F@ 8S BEQ FRE1 iBRANCH TF NO BRTT
ad4r74 8087 A9 @l LDAR #1

8475 @p3% 85 |7 STA TESTAT

B47E  BDPBB RS 8B LDR #8

37
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LINE # LOC CODE LINE

a47°7 apap 83 1S STR MIN iSET CLOCK

8478 BDEF FREI

8479 @DSF 4C 37 6F JMP DEL ;EXIT THRQUGH DELRY ROUTINE
g488 aps2 i

aq42l  abs32 iCRSE DUMP —---- FOUND BRTT IN SOCKET

a482  Ab3I2 i

0483  aps2 pumpP

8484  aps2 A9 DC LDR #3DC i “DISCHARGE *

0435 8024 2B RE @C J5R DISPLR

g486 B0LIF7 28 57 aD J5R TESTON iDISCHARGE IT

8487 @8DSA RS 2 LDA #X00]1860008

84838 aPSC 25 42 AND PEE

8482 @aDPSE DB 6B BNE DUMI iBRANCH IF NOT DEAD YET
0428 8DbRe AY 83 LDAR #3

8421 abrR2 85 I7 STA TESTRT

8432 B8DR4 28 S5C a0 JSR TSTOFF ,

8493 ODAF AS 1S LPR MIN iGET ELRFSED TIME
g434 BpPRY 85 ID STR BATIME iFOR DISPLAY

0495 ADAR bUMI

84288 B0RB  4C 37 BF JMP DEL JEXIT THROUGH DELRY -
a497  B8DRE i

8438  aDRE ;CASE DERD ---- RAN IT DOWN. WRIT REMOVAL
g492 @DRE i

a308  8bRE DERD

a5a! @DRE RS ID LDR BATIME

8382 @8DBB 28 RE BC J5R DISPLR iSHOW IT

563 apB3 A9 48 LDA #%01068066A

85684 apeS 25 42 RAND FRB

B85 @abe7 FO 64 BEQ DEADI iBRANCH IF NOT REMOVED
ga30e BDBR RS 88 LDA #8

asa7 apBe 85 IV STA TESTAT

3568 BDED DERD |

a5a9 @DpBD 4L 37 @F JMP DEL

asla spce i

asll  apce Pdekdkksdkksx SUBROUTIMNE TO CHARGE ONE BATT ksckdekdeskok
as12  vbLe i FOR ONE CYCLE

as13 ebra i

asl4  apca iBRATNLIM CONTRINS THE NUMBER OF THE BRATTERY TO BE

8515 apcoe iSERVICED ON THIS PASS

B3l& BpCca sSTAT CBATNUM)> CONTRINS THE LAST KNOWN STRTUS OF
as|y  apcae iTHRT BATTERY

as5/g opce i

8519 apce - JTHERE RRE FIVE POSSIBILITIES:

8528 opce

a521  apcae @ NO BATT IN SOCKET: GOTO NOBRTT
as522  opce I UNKM.BRTT IN SOCKET  GOTO RDY

a523 apce i 2 BAD BATT IN SOCKET GOTQ UNSARFE
a524 apce i 3 00D BATT IN SOCKET  GOTO CHRG

asz25 apca i 4 FINISHED GOTO DONE

H52e  apca i

R327 apce CHARGE

a328 apcte Ré 16 LDX BRTNUM iGET THE NEXT BRTT NO.
a529 epc2 BS 88 LDA STAT. X sGET STAT FOR THAT BATT
8538 apc4 29 &7 AND #7 JSTRIP T 3 BITS

833!  aprte  BA ASL R sTIMES 2

38
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LINE # LOC CODE LINE

8332 apcv AR TAX iX=STAT*2

BA533 8DCe BD DS ar LDAR JTABL.X JGET LO PC FRM TBL
8534 OPCR 85 IR STR JMPLOC

8535 apcb BD Ds ap LDR JTRBL+I1.N iGET HI PC FRM TBL
n536 P 85 1B STR JMPLOC+!

AS37 B8DPE &C 1A @@ JMFP < JIMPLOC ) DO CARSE (STRT)
A538 oapLs i

as392 apDhs :

B348 apps s JUMP TRELE FOR DO CRSE ¢STATCBATNUM))
as41  oapps i

as542 opps JTAEL

as43 8pbs DF ap .WORD NOBRTT JCRASE B

8544  apprF  FF ap .HORD RDY sCASE |

8545 @8ppe 2D 8E .HORD UNSAFE iCASE 2

H545  @ppE 58 BE .HWORD CHRG iCRSE 3

as547 oppD  BE QE . WORD DONE ;CARSE 4

8548 BpOF ; -

8549 BADDF ;

B558 OpDF i==== LASE 8 -- NOBATT -——-

85351 @DpDF i

B552 ODDF iSEE IF A BRATT HAS BEEN INSERTED

A553 OpDF JIF V27,2 THEN SET STRTCN)Y=RDY

A354 ODDF JELSE DO NOTHING

a555 aDppF i

558 appF NOBRTT

BS57 @DDF RO BS LDY #YFN2

8558 @PE! RS |8 LDAR EATNUM iFOR BRTT VOLTS
RASS3 BDEZ AR TAN

0568 aPE4 298 |IB ap JSR CMPDARC iMRKE TEST

ass! BDEF 1@ IS BPL NORI| JJMFOIF WCBATTY < 7.2
BSs2 BPES A9 32 LDR #508

G553 ODEB 85 47 STR SETIME iSTART TIMER FOR 58 MS.
83584 @QDED NOB2

BA555 ODED 24 45 BIT RDTIME sDONE 7?2

asee  BDEF 18 FC , EFL NOB2

8367 @DF! ARG BS LDY #Y7PXE iRESTORE ¥

as62 BOFI 28 |18 8b JSR CMPDRAC JRE-TEST TD DEBODUNCE
AS59 @DFE 18 #g BFL NOBI

8578 apFe A9 Al LDAR #1 iMAKE STRAT RDY
asr7l 9bFR RS I8 LDY BRATNUM

B572 AapFr 95 a8 STA STAT.XN sUPDARTE STRAT

a573 ODFE NOB |

A574 GQDFE &8 RTS FINISHED

AS7S  BDFF H

A87TE BDFF i==== CRSE | ~— RDY ——w-

8577 BDFF i

8578 ODFF iR BRTT IS IN SOCKET

8578  BDFF iDETERMINE THE TEMP RMD SETUP R DUTY
538  ODFF JOYCLE LIMIT

asg!  BDFF +IF DUTY CYL IS @ THEN MAKE STAT UNSAFE
BE82 ADFF JELSE TURN OFF LED RND MRKE STAT CHRG
@as383  ODFF i

A584  ADFF kDY

0585 BDFF 28 Bs OE J5R SETDTY sDETERMINE DUTY CYCLE FROM TENP
BS88 wpER2 FB 22 BER RDYI sRESULT UMSAFE
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LINE # LOC

BEB4
PBEQS
REAS
BEOR
BEBRC
BEAR
OEVE
BERF
BEIB
AE 2
BE|3
BEIS
BEI7
BEIAR
8EIC
BEIE
BAEZ]
AE23
AE2S
BERS
OEZ2S
BE2S
BEZA
BEZC
8aEZ2D
BE2D
asl3 BE2D
Bsld4  BE2D
7015 8eE2D
BEX2D
BE2D
BE2D
Bae2D
BEZD
PRE3@
BEZZ2
BE34Y
PE3S
HE3S
BE3A
BE3R
HEZD
BE3F
aE4 1
BE43
HE4S
BE4E
BE4S
BE4R
RE4E
BE4L
BE4C
BE4F
8ESH
8ESH

DR R ror AoV R Aoy RV
) Qn Oy Ch O oh n oh

s,

o
‘GO0 WO O D DS 0w

4T ) T~ 50 0y

D
n

a338
n533
as84
asal
515 Ry
He03
gebd
gs8s5
SLY5 1)
asar
neas
aea9
aela
aell
aele

OWQ*

L4

5 E
S 7
N

rr, | |J'l

0_“{:,('*“
y 0y Oy Oy

B:IB
aeln
aszl
ae22
Be23
as:4

o]
ASTN SEn 20a ST M 20

] ol Vaf Tag Cad Caf Pug Iv;

SRR JORAT SRy -k v

DTOHD D DD DD S
Ty Ty Fy 3 Oy 2y 1y 1

Fa P Dag Gag g )L

-~ 50 1:1:,

40

b@

&8

za
38
A9
R&

63
20

£
D@

CODE

le
3 ac

c

/&
38
IR ap
DH
/e
45 8D
a3
an

16
a2
a0

LR o
OH

Q@
46 &b

FF ap
az
8Aa
ac
ac

a4
46 ap

S22 ap

LINE

ROY I

i

i—-—=- CRSE 2

LpX
JSR
LSR
&TR
LSR
LSR
LSE
cLe
RLC
TRY
LDA
ORR
JSR
EMI
LDN
J5R
LDA
STR
RTS

LDX
LDR
STR
RTS

BRTNUM
ADRCONY
R

REDG

R

R

A

REG

BATNUM
#BTEMP
COMFAR
RDY!
BATNUM
LEDOFF
#3
STAT. X

BATNUM
#2
STAT. X

sGET BATT NO.
iRERD BRTT VOLTS

TS
o ‘l'l' -

iveq
VI8
ivSle

iNOW = 8. 612 * VOLTS

i THURN OFF THIS LED
iCASE CHRG -
iENABLE THIS BRTT TO CHRRGE

i CASE UNSAFE
iMARRK THIS BRTT UNSAFE

~- UNSAFE ----

iR BATTERY IS IN THE SOCKET WHICH
iHRS NQT BEEN PROVEN SAFE TO CHARGE
iTEST TEMP UNTIL OK AND BLINK

i THE LED

LNSAFE

=
P~ed
1 Ly
0

J5R
BMI
LDR
STR
JSR
RTS

J5R
CMFP
BNE
INC
LDR
LSR
BCC
JER

RTS

MISNG
UNS3
#8
START. X
LEDOFF

RDY
#2
UNS

BLINK, X

BLINK.X
A

UNSZ

LEDOFF

. LEDON

i REMOVED 2?7
iBR IF STILL THERE
iMARK IT GONE

iCHECK TEMP
sSTILL UNSAFE 7?
iRETURN IF NOT

;0DDAEVEN

3 -~ CHRG ~=~--
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LINE & LOC CODE LINE

8642 BOESA iTHE BRTTERY IN THE SOCKET IS NOW

8643 BESA iBEING CHARGED. WATCH TEMP AND

Be44  BESE SVOLTS AND QUIT WHEN DONE

8645 BQESA i

gsd4e  BESA CHRG

8647 B@ES8 RAE 185 LDX BATNUM

8548 BESZ2 28 35 ap JSR SWIOFF sMEASURE WITH NO CURRENT
8549 QESS A9 B8R LDR #18 ' iAFTER 18 MS DELRY
8558 BJES7 85 47 5TR SETIME

8851 BESS CHRGE |

A552 BES? 24 45 EIT RDTIME

PES3 BESE 18 FC BFL CHRG@O| iLOOFP FOR 18 MS

H634 BESP 20 F3 ac JSR ADCONY iMERSURE THE BRTTERY
Be35 BE&B (9 ESQ CMP #Y3X5]

8656 BES? 98 @87 ECC CHRGO2 iBRANCH IF ¥<9.3
8e57  BE&Y CHRGBZ

8638 BEE4 A9 B9y LDA #4 sCUTOFF QN VOLTS MARK
B89 BEEE RE 16 LDX BATNUM sTHIS BRATT

B8 GEES 95 94 STA STAT.X i DONE

BEs!  BEER 5@ RTS

Hens  PBEeR CHRGAZ -

8663 OEER 4R LSR R ia.5 Y

Beed  BEEC 85 IC STR REG iSRVE 8.5 ¢

8665 BESE 4R L5R A g2 ¢

Be&e  BESF 4R LSR A i@ 125 v

vée7 BQEF8 |8 cLe

8668 BEFI &5 IC ADC REG P8 E25%Y

Be69 BEFZ A8 TRY

B&r@ BEF4 RS 16 LDA BATNLUM

8671 BEPE 09 38 ORA #BTEMP iADPDRESS RAMB THERM AND BRTT
8672 B@ETE 20 IR ap JSR COMFAR iCOMPRRE Y. TEMF
06,73 BEFR 3@ EV BMI CHRGB3Z iBRE IF TEMP CUTOFF
Be74  BEFD 20 DR aC JER MISNG iSEE IF BATT REMOVED
8675 BESAG 35 OA ' BMI CHRGA4 iSTILL THERE

Bore  BERZ As 16 LDX BRTNUM

vsr7  BER4 28 48 ap JSR LEDOFF

U578 BEST R 88 - LDR #8 iMARK NO BARTT

Be73  QESS 95 pa STR STAT.X

Be88  BERR sa RTS

868/ BESC CHRGB4 iNOW CHARGE ACCORDING TO DUTY
Be82 BESC RE I8 LDX BARATNUM J0ET BATT NQO.

Be83 BERE BRS 86 LDAR DUTY. ¥ iTHIS BRTT DUTY CYC
Besd  QESE DA 83 ENE CHRGBS iBR IF DONE

B85 BES2 208 BS BE JSR SETDTY iRESET TO NENW VAL
A68¢ BESS CHRGaAs

B587  BESS 4R LSR R iBIT @ THIS CYCLE
Bs88  BESs 95 g6 STR DUTY. N iFOR NEXT PRSS

Be8s BE3S 99 az BCC CHRGAS iLERVE OFF IF @
Beoe  BESR 28 41 ap JSR SNION iTURN ON IF |

BEI| BESD CHRGas

8632 BESD &8 RTS

8633 RAESE i

8634 B8EQSE i==== CRSE 4 -- DONE --—-—-

HERS  BESE i

HEQE  BESE ¢ THE BRTTERY IN THE SOCKET HAS EEEN

41
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LINE

ae’7
8693
as99
aroe
aral
aras
ara3
874
aras
aroe
arar
aras
oras
aria
arill
arlz
as13
arild
asls
arls
arilz
arsle
871
Broe
ara
arz2
ar23
a7y
aras
8rae
arar
arz2e
ar29
8r3a
ar3!
Br32
ar33
6734
0735
aras
BF3F
H738
ar39
B748
ard
ar4z

8747
br48
ar4a
as58
arsil

42

# LOC

BESE
OESE
BESE
BESE
BESE
BERI
BEA3
BERS
8EAS
BERE
8ERD
BERF
OER|
HEEZ
BEBZ
BERS
vERE
HEBS
BEBs
BER&
8EBE
BEBRE
BERS
BERE
BEBS
OEBE
BERC
BERE
BEBF
BEC!
BECI
BECS
BeECe
BECA
BECH
BECL
BECE
BEDS
8EDZ
BEDZI
8EDI
BEDS
BED7
BEDS
BEDRC
BEDE
BEER
HEEZ
BEEZ2
BEE4
BEES
BEES
8EER
BEED
GEEF

20

Re
28

85
A8
RS
a9
20
1a
RY

RE
29
5
&a

A4

a9 z

20
T

Da

A4
RS

as 2

28
a
RS9
()

COPE

IR ab

LINE

:CHARGED AND IS REING_WATCHED FOR
;REMOVAL . WHEN GONE TURN OFF THE gp

DONE
JER
EMI
Loy
JSR
JSR
LDR
STR
STAR
RTS

DONB2
JSR
RTS

MISNG
DONG2
BATNUM
SWIOFF
LEDOFF
#eé
STAT. X
puTY. N

LEDON

iBR IF STILL THERE

i TURN OFF
iAND TURN OFF LED

iMARK BRTT GONE
iMARK, FOR NEW DUTY
sNEW MODE = NOBRTT

iGREEN LED ON

JFSPR—— SUEROUTINE SETDTY #sksooksooksor

 MEASURE THE TEMF OF BATT ¢BRTNUM) AND
JSETUP DUTY CYCLECBRTNUM) ACCORDINGLY

SETDTY
LoX
JSR
L5k
5TR
TAY
LDA
ORR
JSR
BPL
LR
SETY
‘ LDY
AND
5Th
LDR
RTS
SETAI
Loy
LDR
OrRA
JS5R
ERPL
LOR
EMNE

Loy
LDR
ORA
JSR
BPL
LDR
BNE

ERTNUM
RDCONY
H

REG

ERTNUM
#BTEMZE
COMFPAR
SETE|

#MSK 188

BRTNUM
MouTY
puTY. X
DUTY. X

REG
ERTNUM
#BTEMIS
CoMPRAR
SETB2
#MASKFS
SETX

REG
ERTNUM
HETEMIGO
COMFPAR
SETB3
#MASKSH
SETY

iGET BATT NO.

iGET THE BATT YOLTRGE
iHALF IT

iSAVE TO REUSE

iTEST YAL = ¥-2

iGET BAT NO.

iADPDR R47 AND BRTT

i1eps DuUTY CYC oK
iGET BATT NOS

i INCLUDE XFMR TEMP
JASSIGN T BATT
JRCL TO SET 2 FLG
iRECRLL YOLTSA2

iAPDRESS R43 AND BATT

iRDDRESS R43 AND BRTT

P 3BE PUTY CYCLE
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075y
07585
STy
G757
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areq
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T
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G752
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)
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R

“
iy
Xu Ay

oS

00 =g Oy L a0y T

R R R (R I S R O RV

e,
%
=
Py
5

# LOC

BEF |
AEF |
PEF3
BEFS
BEF7
BEFR
BEFC
BEFE
BF0oR

aFag

aFaz
aFa4
BF A4
8F o4
aFa4
OFRY
aF 64
aFad
AFad
LEad
DFad
0F a4
BFad
HFad4
AF a4
8Fag
HFa4
BFES
aras
aFay
BFPR
aFasg
OGFGe
aFan
arFarF
ar ||
BFI3
BFI5
BFI7
AF |3
bFIE
BFID
BFIF
aF2a
BF21
AF23
BF25
BF25
BF25
BF25
BF:S
BFz7
UF:P
HFZE
BF20

A4
AS
a9
26
18
R3
0o

[Re
Fi

T fa L0 O
Dy O3 000 05 ;D

no

af s = T

r~

.‘}l:gll\lf'. a

[Ex e VIR
[ RGERT P

AN Ry R
W D0

0y~
g

A2
<o
85
H9
as

CopE

c
l&
2a
IR
a4
ca
A

ag

L5

Y F DD 3 ) T 05

0~ ~
RS ]

-
L I

EF
42
42

'a
4;

Bap

LINE

SETA3

Loy
LbR
OER
J5R
EFL
LoR
ENE

SETa4

LbA
BEQ

- INTERRUFT

i 1 2¥ER=T20

REG

ERTNUM

#ETEMBS iRDORESS R
COMFAR

SETA4

#MASKZS J28N DUTY CYCLE
SETX

#MASKAO % DUTY CYOLE
SETH

SERVICE ROUTINE

——— — e s S i e e o s

INTRPTS PER COUMT N DISFLAY

iFOR DISPLRY TO RERD SFCONDS

DIYIDE

120 HZ LINE CLKE BY 18& I12-5EC)

‘FOR DISPLRY TO READ FERCENT OF OHE HOUR

‘ DIVIDE
FOR 58 HE
DIVIDE

IRG
FHA
TXA
FPHR
TYR
FHR
DEC
EBFL
LDRA
5TR
DEC
BFL
LOA
STA
LDRA
CMP
BER
SED
cLC
ROLC
=TR

JRESET THE

IR
LDA
AND
sTR
LDA
ORA

128 HE LINE CLE EBY & (20-5EC)
FONER AND FLCT EFHDUUT
180 HE LINE CLE BY 5 (20-°SEC)

LBI30862

n
@
-
%
[22]
o o
-~
-~

iSRYE RCC
JSAVE X REG
"R“F Y REG
TIC S1ETH SEC
IRRI -PET”EN [F NO DVFLN
#11 JRESTORE
TIiC
SECS il SECOND
IRRI JRETUKMN [F NO OVFLH
#59
SECS iRESTORE
MIN JGET MINUTES
#$39 SOVERFLOWED 72
IRRI JYES STOFP COUNTING
iDECIMAL MODE FNR MINS
iNQ CARRY
#1 i INCREMENT MINS
MIN

EXTERNAL INTERRUFT FLIP-FILOF

#CLREMSE
FEE
FRE
# IRGMSK
FRE

43
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LINE

ga2a9

=

% 03
Ry
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O e U

o

)l Tag Y ) g i W Tl Taa e Pl Pl P T

o Ry
oM U Ty Ty R L T~ TG e Ty

Pl
o 00 UG 0 U U G O

R
o Gy L

HE
aa42

&
+a
—

9344
as845
Ba4s
837
7348
iS48
R TCT G
1-_“?5
: oq‘ o
83
; ,"I:";
L2858
L3SE
BREF
BRs8
aes9
pesa
a8s|
ass2
REEZ

44

# LOC

BF2F
HFZ]
BF3Z
BF37
aF 34
arF3s
BF 3
BF37
BFI7
arF3ry
BF37
BF37
arFay
ar3;
BF37
BF3%9
AF 3B
AF 3k
BF3D
arF3F
ar4e
8F 48
BFY8
ar4a
8F4a
ar4e
aFqe
arFqa
aFqa
AF4e
BF48
bFq8
aFsa
aFqa
HF4a
ar4a
8F48
aF4@
aF42
BF44
GF4s
aF48
BF4R
ar4c
BFYE
arsa
BF5a
8F5a
BFs52
8F53
BF35
BF5e
8F 35
BFSs
BFSe

DT
LRl |

o

&
43

CopE LINE
32 STA FRE i INT FF NOW RESET
FPLRA JRESTORE ¥
TAY
FLR JRESTORF X
TRY
FL.R JRESTOK:. 11
(AR JEND OF INTERRLFT
SJDECIMAL MODE DID NOT NEED T BE RESFT (RTID)
JIDLE WAITING LOGP MRINLY FOR ELIMNK RRTE
DEL
3 483 LDA #3485
d7 STA SETIME
DELI
45 BIT ROTIME
FC BRL DELI
rRTS
sTHIS ROUTINE TESTS THE ROM CYCLIC
JREDUNDANCY COLE TO INSURE THE rROM
‘LDNTENTb ARE CNRRECT
JSCRATCH RARERS IH FAM DEFINED HERE
FTR = 4
END = 2
THMASK = 4
CrRC = 5
FPOLY = ¥£94 QNTE o+ MNTH o+ NP3+ |
Goap = $£24
ENDROM = *
5YSTST
aa LR #CROMBRS SPOINT T ARER TO TEST
aa STR FTR
ac LDAR #>ROMEFRS
58} STA FTR+1
48 LDR #SENDRONM JEOINT TO EMD OF TEST RREAR
a:z S5TR END
ar LDA #2ENDEREOM
B3 STA END+
JBEGIN TST LOOF
an LDY #4 JINITIRL ITHLEXR
TYR JCopy
as 5TR CRC JZERO THE CRC RESULT
cLe JZERD CARRY INITIARLLY

;BEGIN TEST. LOOF FER EIT AND
JLOOF FER EYTE



LINE

a864
8565
ases
agsyv
a8ss8
a8s9
aara
o871

a8s88
agee
BR38
aga|
asa2
a8a3
8894
aa9s
nase
aear
o898
a8
aLpa
asal
aqaz
asas
8204
aLas
aLas
asar
a9[ag
aLas
a3la
811
a212
a913
a21/4
8915
aale
agirv
a8

# LOC

8F5e
BF5e
BFs8
8F5R
arsA
BF5C
aFSE
BFeQ
8Fs2

aF&d

AF66
OFEE
aF&R
OF63
GFER
AFEC
8F6E
AF6E
GF 7o
aF72
aF 72
AF 72
aFF2
AF 74
aF 76
aFra
arra
AF 7R
OF 78
aF 78
arvA
8F P
8F 7E
arsa
aFa?2
AF34
aFa4
AFS4
OF 24
8F 86
aFaa
8FSA
aFaD
BFSD
AF 8D
OF&D
8FsD
AFED
AFaD
AF&D
AF3F
gFE

aFaa
AF92
aFa3

25

Ba

RS
Ccs
pa

RS

C5

RS
ce
Fa
4C

R2 .

SR
85
CR
a

Cope

)
a4

as

ES

oa
az
al

al
a3
D8

ag
>

[

02

as
24
az
AF BF

)
n

a0

FR

LB130862

LINE
CrRCOG
LDAR ##30 iMSE SET
STAR TMRSK iSAVE IN RAM
CrCal
RASL CRC iMSE OF CRC TD CARRY 8 TO LSRR
LDR (PTRI. ¥ iGET R BYTE T TEST
AND TMASK iSTRIP RLL BUT MRSK BIT
BEQ CRCB2 iBRANCH IF BIT IS ZEROQ
BCS NOCHR +NQ CHANGE IF BIT=| AND C¥=|
BCC CHANG i CHANGE IF BIT=1 AND C¥=9
CrRCaZ2
BCC NOCHR iNO CHANGE IF BIT=8 AND CY¥=@
CHANG
LDA #POLY iFETCH THE FOLYNOMIRAL
EOR CRC iXOR WITH THE RESULT
S5TR CRC JSAVE IT
NOCHRA *
LSR TMARSK iMOVE TO NEXT BIT
ENE CRrRC@I iUNLESS FINISHED R RYTE

iMOVE POINTER TO NEXT BYTE UNTIL DONE

’ INC PTR
BNE CRCE3
INC PTR+]

iTEST FOR FINISHED

CrCAz
LDAR FTR+1
CMP END+1
ENE CRCE8 iMSB IS DIFFERENT.CONTINUE
LDA PTR
CMP END
BNE CRCa8 iLSB IS DIFFERENT. CONTINUE

s0UT OF BYTES: IS CRC QK 222779

4

LDR CRC

CMFP #5000

BER RAMCHK iROM CRC IS OK. TST RAM

JMF FAILED iROM IS BAD ~- DIE GRACEFULLY

iTHIS ROUTINE TESTS THE YALIDITY OF
i THE SYSTEM RAM BY INVERTING AND
iWRITING ERCK THE CONTENTS OF ERCH
iLOCATION AND TESTING RESULTS

RAMCHK

LDX #RAMSIZ-1  SETUF INDEX
FARMI
TNA iFETCH INDEX
S5TR 8.% JNEITE IT IN THE RAM
DEN iNEST
BPL RAMI iLOOF UNTIL DONE

45



LBI308

LINE #

ag19a
as:2a
asz|
as2z2
a3:23
8324
8925
a2
asas
a3:28
gaz29
as3ag
883
aR32
H333
a334
ae35
g23e
8937
a93e
pe39
a4a
as34 |
asqz2
g943
82944
a945
a34e
as47
8248
a942
a25a
ass/
as52
a953
8354
a9ss
a35e
a5y
a9358
g859

ERRORS
END OF

46

62

Laoc

AF395
aF 95
AF95
AF95
aF a5
AF g
aF97
arag
aF 9B
aF 9D
AFSF
AFSF
AF9F
AFaF
AFSF
aFA|
AFAZ
AFAS
aFA7
AFAS
8FAR
AFAC
@FAC
@FAC
aFAC
AFAF
AFAF
AFAF
AFAF
AFAF
are|
AFB4
AFE7
AFB7
aFFRA
arFFRA
AFFC
aFFC
AFFE
AFFE
1008

e

E8
8A
DS
ba

pa

BS5
49
95
DS

CR

R2
2a
iCc

a4

1Y)

CODRE

48

FR
RE
AF

ar

aF

ac
aF

= guag <{apea>
RSSEMBLY

LINE

;HERE THE RAM HAS BEEN WRITTEN WITH IT’S OWN RADDRESS

RAMZ

INN i RETURN X TO @&
TXA iFETCH INDEX

CHMP 8. X iWAS IT WRITTEN 0K
EBNE FAILED iNQ

CPN #RAMSIZ-1 i NENT

BNE RAMZ iLOOF UNTIL DONE

;ADDRESS DECODES OK. NOW TRY INVERTS

RAMI

LbR a.¥§ iGET THE BYTE
EOR #¥FF s INYERT IT

STR 8.X iWRITE IT BACK
CMF 8. X iDID IT WRITE 7
ENE FRILED iNO

DEXN iNEXT

BFL RAM3 ;LOOP UNTIL DONE

;HERE THE RAM HAS BEEN PROVEN FUNCTIONAL

JMP RESETI iRAM AND ROM OK. CONT

;HERE THE RAM HAS BEEN PROVEN DEFECTIVE

FRILED

NMIVEL
RESVEC
IRRVEC

iGET HERE IF ANY RESET TESTS FRIL
LDR #%FR
JSR DISPLA
JMP FRILED iDERD LOOFP --- STAY HERE
*=ROMBAS+ROMSIZ-¢&
.WORD NMI
.HORL KESET

.WORD IRQ
.END



FASS |
PRSS2

ERRORS =

apga {opea>

SYMEOL TRBLE

SYMBOL

RDCONY
RTEMP
BTEMAS
BTEMF
CHRGE
CHRGES
CLKS
CRC
CrRCE3
CELI
pLY
DUMP
FRILED
- I0BARSE
IRQVEC
LEDON
LOOPI
LOORS
MASK
MASKFS
MISs@al
NMIVEC
NOCHRA
FoLY
kRMI
RRMCHK
RDYI
RES3
ROMBRS
SETBZ
SETIME
SNII
TRBL |
TESTON
THMARN
TST88
LNS2

IV
S P

VYALUE

8CF3  RDEND
BOIE  BATIME
aa38  BTEMIS
8838  CHANG
BESS  CHRGB2
BESS  CHRGae
accd CLRMSK
8eas  CRCoQ
8F78  DERD

BF3B  DISPLA

apz| DONGZ
apsz2  puTY
8FAF  FRE|
ae48 IRQ
8FFE  JMPLOC
ap52  LOFF
aces®  LOORP|2
8CAB  LOOFs
aal1e  MAsKaa
garFc - mMpuTYy
8crF2  MISsaz2
8FFA  NOR|

BFeE  OFF
0a9g FER
8F8F  RAMZ2

8F8Dd  RAMSIZ
BE2e  REG
Bczl RESET
acea  ROMSIZ
QEEZ  SETA3
8647  SETX
8032 SNIOFF
aces TRBLZ
aps? TIC
ae23 TMIN
0855 TSTOFF
BE4C  UNS3
aaes VX

END OF RSSEMELY

ap|s
aaip
an2g
BF&s
BESR
aESD
GBEF
aF5e
BDAE
acAc
BER2
apas
apsF
aFag
aalR
aarF
acen
acss
apap
aal:
ACE?
ADFE
8aBF
aada
aF9s
anda
aalc
acazs
o480
BEF |
BECH
ap3s
acag
aals
a0e ¢
ansc
8BE3R
AeESR

RDINCR
ERTNUM
BTEMIS
CHARGE
CHRGAZ
CLKT
CMPDAC
CRCA|
DERD I
DISFNO
DONE
END
FREE
IR
JTAREL
LON
LOOPZ
LOORPV
MASK23
MIN
MSK 1 8g

STACK
SWION
TEST
TIME
TSTea
TTRBL
LUNSAFE
XTEMP

apoF
aale
an2a
apra
QEs4
BCCF
aplge
BF5R
8DRD
egls
HESE
aap2
aprqe
8F25s
apps
ansa
@acrr
acss
aoca
ae1s
BOFF
apep
ap43
8042
OF SF
aa4s
arae
ac4dn
aal 4
arag
fazF
ab4a |
aps|
BevAR
BA3E
apvd
B8EZ2D
abaF

ADTEST
BLINK
BTEMZB
CHRG
CHRGA4
CLKL
COMPAR
CrRCAZ
DEL
oLy
DUM |
ENDROM
Goop
IRAMSK
LEDOFF
LOor
LOOP4
LODFB
MASKSH
MISNG
NMI
NOBRATT
ON

FTR
RAMBARS
ROY
RES2
RESVEC
SET@I
SETDTY
STAT
SYSTST
TESTAT
TMASK
TST78
UNS|
V3xea

acFF
apac
aals
BESH
BESC
ACerF
abiIn
OF&s
BF37
anaF
abAR
8F40
2324
aalg
aD4s
8rss
aces
aces
gBFa
acon
aras
apDF
a64n
éoen
aean
8DFF
ar4e
BFFC
AED3
BEBS
anag
aF49
aaiv
aeag
a84R
BE4B
ae4pn

LB130862

47






