
-
Number 6 on your Feedback card

Fast Charger
Recharge NiCd and NiMH batteries in as little as 30 minutes.

by Richard Togashi KN6PK

Why anot her NiCd batte ry rech arging
artic le? Well. Fast Charger will not

only recharge NiCd~. it will fast charge them
to the correct capacity in as linle as 30 min­
utes, After fast charging. the circuit will then
automatically switch 10 trick le charge. Any
number of cells can be recharged. up to a
maximum of 16 cells. Programmi ng jumpers
allow different charging rates and different
cell courus without any circuit modification.
And with a single part replacement. the cir­
cult will charge the new Nickel Metal Hy­
dride (NiMH) batteries.

NiCds are a proven technology in bauer­
les. re latively inexpensive, availab le in all
popular sizes. easy 10 use and easy to abuse.

NiCds. when fully charged. ex hibit a de­
crease in battery outpul voltage . Fast C harg­
er detects this vol tage change during fast
charging to ensure the batteries are at full
charge capaci ty. Afte r a full capacity charge,
Fast Charger will revert to a trickle charge
state. allowing the batteries to be at a fu ll
charge state indefinite ly. .

NiMH batteries are a little different they
are an emerging techn ology. They are simi­
lar 10 NiCds, but they boast higher cu rren t
den sities than NiCds and there is none of the
memory effect NiCds are prone to. There are
some drawbacks to the NiMH , since it is a
new tech nology: T hey arc in short supply,
are avai lable only in limited sizes. are more

expensive. se lf-discharge faster, and have
approximately 80% of the recharging cycles
found in NiCds. For high current demand or
cyclic applications, NiMHs may be a better
choice than NiCds. NiMH batteries requ ire a
different rec harging scheme. They exhibit a
voltage p latea u when they a re fu lly
recharged. By interchanging an inexpensive
IC with a simil ar device, Fast Charger will
be able to detect the NiMH recharging char­
actertsucs. This will also allow the NiM H
batteries to be charged to the full capacity in
a minimum amount oftime.

Normal batt ery charge rs charge the bauer­
ies at OW (where C = capacity) with a con­
stant cu rrent for approximately 16 hours .
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Figul? I. Schematic for the Fast Charger;
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Figure 2. A drilled ami etched PC board fur the Fast Cha rger is available f or $5 plus $1.50
S & H per order[rom Fur Circuits, 18N640 Field Court, Dundee, /L 601/8.

These chargers are simply unregulated con­
stant current supplies. O n the other hand.
Fast Charger is controlled by the Maxiu m
Products MAX712 or MAX7 13 integrated
circuits. allowing a fas t high cu rrent charge
wi t ho ut d am ag e to th e batter ies . The
MAX7 I 2 part is used 10 recharge NiMH
batteries. The MAX713 is used to recharge
NiCd batt eries . The only di fference between
the pans is the way the pan detects the end
of a fast charge cycle. The MAX712 detects
the end of a fast charge cycle when the bat­
tery vo ltage plateaus; the MAX713 detects
the end of a fast charge cycle when the bat­
te ry volt age star ts to decl ine . Wh en the
MAX71 2J3 senses these output voltage be­
haviors, it automatically swi tches to trickle
charge. Trickle charge is also reached when
the MAX71213 determines that a max imum
expected recharge time interval has elapsed.

Circuitry and Pin Programming

My prototype layout uses a hand -drawn
PC board . The o nly cri tical signals are the
c a pac i to rs c onn e cte d to p in I I of t he
M AX7 12/ 3 devi ce . Th e se c o nn ect io ns
sho uld be as short as possible . The other
critical path is the inductor. diodes and tran­
sisto r. which co nstitutes a switching power
supply. The traces to these devices should be
as short as possible to reduce the stray in­
ductance/resistance. which will degrade the
e fficiency of the switching power supply.

The MAX ch ip co ntai ns ci rcui try that
does most of the work. A voltage regu lator
regulates the ou tput voltage 10 recharge the
batteries. a cu rrent-sensing amplifier se nses
the current through the battery and adj usts
the output drive of the pass transistor to con­
trol the current into the battery. A tempera­
ture sensor option is not utilized in this de­
sign. An analog -to -d ig ital circ uit samples
the battery voltage and determines the out­
put vo ltage of the battery over time. A timer
circuit monitors the charge times and issues
a time-out if the expected recharge time has
been reached. Finally. control logic monitors
the fou r program pins of the device and con­
tro ls timing intemal tc the device .

The four program pins of the device set
the battery ce ll cou n t and the expec ted
recharge ti me . Program pins PROMO and
PROMI set the cell co unt . the number of
cells which the recharger is set to recharge.
The cell count j .. made by e ither counting
the cell s o r dividing the expected output

voltage by 1.2 volts. In my applicat ion with
four cell s. PROM I and PRGMO are shorted
to BATT- and V+ respective ly. PROM2 and
PROM3 program pins set the time-out peri­
od for the ex pected recharge time. To deter­
mine the expected recharge time. firs t pick
the recharge rate for the ci rcuit. In my de-

Figure 4. The Slime battery' pack subjected to Fast Charge af ter the
pack has been fully charged. Note the quick switch to trickle charge.

FIgure J. Operating characteristics wh en recharging a typical NtCd
battery'.
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6.27
2 56
0.18
025
0.19
0.19
'.40
0.05
0.05
005
0.11
0.05
0.05
1.11
• .09
0.83

Price ($)
0.24
0.06
0.06
0.53
0.56

Oigl.t<. y '
P5696
P4018
P4024
P6742
1N5818
MAX713CP E
MAX712CPE
TK4355
P303
P300
PN=>­
PN2907A
IRF9530
'000
4700
' KO
-e.7KX
1.5KO
1.00
S2012-o6-NO
S9000-NO
ED3316

may be le ft attached to the Fast Charger
for the batteries to recei ve a trickle charge.
At the end o f the fast charge. the batteries
may feel warm. but they should nOI feel ex­
cess ively hot (greate r than 120 degrees
Fahrenheiu. Jf the batteries become hot. then
the fast charge current is too excessive. In­
creasing: the val ue of R6 will allev iate Ihe
problem.

I ran into the following problems: If Fast
Charger draws excessive current. check Q I
and Q2. they may be swapped causing the
excessive current draw; if Fast Charger will
not go into trickle charge. verify C2 and C3
values .

Inductor, 47 u l-t , 1 amp
Green LED
Red LEO
Transistor, 2N2222A
Transistor.2N2907A
Transistor, P enhancement FET, Rds . 0.3 ohms
Resistor. 200 1/4W
Resistor 470 1/4W
Resistor. 211 1l4W
Resistor. 48.71l. l f4W 1%
Resistor, 1.5k 1f4W
Resistor, as required lor IC
Header,6-p n
Jumper lor neacers
Socket lor 1e1

o.scription
Capacitor, 47 uF 25V
Capacitor. 33 pF
CapaCitor. 100 pF
cecectcr, 1 uF 25V
OiOde.1N5818
c .MAX713 or MAX712

Parts List

L1
LE01
LE02
01
a'
a'
Rl
R2
R3
R4
R'
R'
HORO-HOR3
JMPRG-JMPR3
Sod<of

PRGM 1 aoo PRGM 2 PIn Coonedions PRGM 2 aOO PRGM 3 Coonedioos to Define Time.out to

10 Define CeU Count Trickle Charge and J.ssocia~ed Chllrge Rate

No. of PRGM' PRGMO r _ Chllfge Rille PRGM' PRGM>

cans COOnediOO Connedioo (minutesl 10 C Connectioo COOnectioo

1 V. v· 22 "'" .... v· RE'

a eeee v· 33 "'" .... v· BATT-

a R" V· es 2.OC to 1.SC - R"

• BATT· V. .. 1.4C I0 1.1C ecen BATT-

e V. o~o sc 1.DC 10 O,8C REF REF

• 0 132 O.7C 10 O.SC R" BATT-, REF _0 180 O.4C BATT. REF

• BATT· - ... O.2SC BATT. BATT-, v· REF

10 o~ REF

11 REF REF

" BATT. REF

13 V. BATT-
,. o~o BATT.

" REF BATT.

" BATT- BATT.

• •

.,.
Cl
C'
C3
C4
01 .02
Ie.

(the number of ce lls). The minimum current
required is equ al to the fast charge current. 1
buil t my Fast Charger to run off a car battery
to recharge RC Slope Glider batteries . If
home use is expected. the n a wa ll-mount
transformer with the appropriate DC output
voltage and current is all that is needed.

Operat ing the Fast C harge r is sim ple .
Plug o r switc h the desired program input
pins to match the ce ll cocm and the charg ing
time requi rement. Apply power to the Fast
Charger circuit and install the batteries . Fast
c harging will begin. and the batteries are
charged III the peak capacity when the fast
charging cycle is completed. The batteries

Table I. To control the charge rate. the CI/rrelll sell$ fIIg resistor must be chosen. First pick the
mte 10 recharge the batteries (between 0.25C and 2C). The currenl sensing resistance value
is: R6 = (0.25 ,'OIlS) 1 {(jast charge rate) x (baile r>, capacity)]. I require a rase of ICformy
500 mAlhour batteries. so the resistor value is calculated as follows: R6 = (0.25 volts] 1
{( I e) x (0.5 AIllOursJ] = 0.5 ohms.

sign. the batteries I wan! to recharge are AA
500 mA per hour ce lls. I set Fast Charge r to
recharge the cells at I times the capacity. or
IC. Rechargeable batteries are not 100<k cr­
Ficieru wh en recharged. so the expected
recharge time is approximately 20% higher
th an t he e xpe c ted t ime . he nc e for IC
recharge rate. the expected recharge time is
about one hour and 15 minutes. The closest
time interval avai lable for a one hour and 15
minute time-out is 90 minutes, which is en­
abled by shorting PRGM 2 and PRGM 3 to
the REF voltage pin.

Table I defines the program pin program­
ming to select the desired settings for the
number o f ce lls and for the time period. The
C harge Rate in C is the charge rate as set by
R6. I use jumper blocks with shorting blocks
(like the ones used in Pes to set up the ex­
pansion cards) to set the programmi ng op­
tions. DIP switches or jumpers can also be
used . PRGM J also se ts the tric kle charge
current value. When PRGM 3 is open. the
trickle charge current is the fast charge rate
divided by 32. When PRGM3 is connected
to REF. the trickle charge current is the fast
charge rate divided by 16. When PRGM3 is
connected to BAIT-. the trickle charge cur­
rent is the fast charge rate divided by 8. My
appli cation uses the PRGM 3 pin ti ed to
REF. so my tric kle charge rate is 500 mA di­
vided by 16. or 3 1 mAo

Q I-Q3. t. i. 0 1 and 02 form a DC-DC
switching power su pply which supplies a
current source to the batteries with overvoh­
age protection. 01 and 02 are Schottky Bar­
rier Rect ifiers which have low-forward volt­
age drops and are fast devices (low internal
capacitance ) to keep the DC-DC convener ;11

peak efficiency. 0 1 and 02 boost the drive
to 03. turning 03 o n hard and off hard . 03
was chosen for the low dra in to source resis­
tance of 0.3 ohms. With such a low drain to
source resistance. no heat sink is required
for Q3. i.c . Power Dissipation = (drain cur­
renua x (drain to source resi stance) which is
below 100 milliwatts. LJ is charged by Q3.
When Q3 turns on. curren t is sto red in LJ
and discharges through 02 into the battery.
When Q3 turns off. current will continue to
now through LI from the current stored in
LI and through 01. Ll must be both electri­
cally large to accommodate the large current
now and physically large to prevent sarura­
tinn (saturation is when LJ 's core cannot
ho ld any more magnetic n ux. causing 1.1 10

look like a resistor with a resistance value o f
the inductor wire). For topology buffs. the
to pology used he re is the Posit ive Buck
Convener.

LEDI and LE02 are used for charging in­
dicators. When po wer is applied 10 Fa st
C harge r. LED I illum ina te s . Whe n fas t
charg ing is active. bot h LEDI and LED2 il­
luminate. When fas t charging is complete.
LED2 extingui shes and LEDI remains on.

Po.....er to the Fasl Charge r requires a 1
volt input voltage over the highest battery
voltage. with a minimum voltage o f 7 volts
and a maxim um voltage of 20 volts. T he
maximum battery voltage is: (1.65 volts) x
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All the pans used on this project are ava il­
able from Digi-Key Corporation, (800) 344­
4539.

Schematic
T he schematic in Figure I shows the cir­

cuitry. T he left side of the schematic shows
the programming devices. Shorting jumpers,
headers wit h jumper sho rt ing b locks or
switches can substituted for these devices.
R6 is shown as two resi sto rs. T his allows
custom values of non-standard resistance by
using readily avai lable standard resis tance
values and placin g them in parallel.

Figure 3 shows the ope rat ing characteris­
tics when recharging a battery. A four-cell
500 rnA hour NiCd pack was subjected 10
the Fast Charger. T he chart shows the battery
output voltage verses lime. The start of the
plot is power applied 10 the Fast Charger.
Battery voltage increases with charging and
the n peaks at about 60 mi nutes into the
charge. T he battery voltage peaks and then
begins to fall. Fast Charger detects the drop
in batte ry voltage and shuts off the fast
charge curre nt and enters trickle charge at
approximately 65 minutes into the charge.

F igure 4 shows the same battery pack
subjected to Fast C harger after the pack has
been fully charged . Again the chart shows
battery voltage vers us time. Since the pack is
fully charged , the battery volt age peak s
quickly and then the output voltage begins to
drop. After approximately five minutes and
30 seco nds in to the charge . Fast C ha rge
detects the drop in batte ry output voltage
an d changes from fast c harging to tr ickle
charging.

I hope that Fast Charger recharges your
batteries as easily, quic kly and automatically
as it does mine. Fast Charger allows conve­
nient quick charging of virtually any battery
pack on the market.

I would like to thank Jim Keller KD6JWQ
for setting u p and programming the HP
Chan Recorder used for Figures 3 and 4. and
for building the first "production" unit. iii
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Photo A. A drilled and etched PC board for tile Fast Charger is available from fo r $5 pi lls
$/. 50 S & H per orderf rom Far Circuits. J8N640 Held Ct.. Dundee, IL 60118..

CIRCLE 283 ON REAOER SERVICE CARD

INNOTEK Inc.
P.O. Box 80096, Fort Wayne. IN 46898

(219) 489·1711

Visa ' MasterCard ' Cheek· Money Order· COD
Mone -Back Guarantee

X-BAND TRANSMITIER

Miniature (2%x 334 x
1") GaAs microstrip

.......Jb__d1ltransmilter pro-
vides 10 dBm centered at 10.525 GHz.
Integrated microsfrip patch antenna elimi­
nates the need for an external antenna.
Advanced matching techniques secured
qood temperature stabilitywith lowfrequency
pulli ng.Great for long-rangetestingofradar
detectors, calibration of radar receiving
equipment,and point-la-point communica­
tion links.
Complete Assembled System $39.00
Paris & Instruction Kit $29.00

Plus $2.00 Shipping and Handling

Listen
for them

on the
air !

FLYTECRAFr" Model CFN - $89.95
Scad OICc.kOl S Ordor 10: FLYTECRAFT" P.O. Boll 3141
SI... VlUeJ CA 93093- Add SS.50 0& cootineolal U.S.

VISAIMC PHONE ORDERS Is.u.fac:tiaqOu...·1
800-456-1273 M·F 9A-SP (P1) 805·583-8173

CIRCLE 251 ON READER SERVICE CARD

BUIlt with pride & sold worldWide _ FtVTECllJ\FT"" US A

Low-Angle Radiation and a
Gigahertz of Coverage on VHF/UHF!

T he FLYTECRAFf" Model CFN
• The MoWl e FN II the ultim.k
, ompaet, l\lgged antenna fer SO to
1.3 Ohz 1JIe. (Transmit from 14410
1.3 Ght) • A_erqe SWR _I.S
aetOliS IJln$mit rangL • A.m.teur
rodio licensees operIte all bands _
2M, 220, 4S0. 900. and 1.2 Gltz
• No_lets! 1del1 for open liOll in
220 or 1.2 Ghz band (or ....hidt you
h.l.ve privlleJeI. • Low Yerlical
Ingle radiation • L-ge capture f.IU

• Rated200W • Use indoo.:n or cut
CFN is lightweight, oot loup ­
willtstmds hurricane-face winds.
• 1M1.ant u sembly _~I for
pamaneat, portable. or Field lAy!
• AllJactive, IitrDng design. Unique,
futtlrisIic appearance. 23.25" high.

$36.73
+ $6,00 S&H

(SC RES. 5% SALES TAX)
CHECK IN ADVANCE OR C,O.D.
ALSO AVAILABLE IN 220 & 440

@.

CIRCLE 11 Oft READER SERVICE CARD

Tt ' (600)293·7~ P,O, 110< 3461
VM$: 1-1llIO-722-2I;31 MyrtiI Boac/I ,scrnnModel 9209

. 9db

THE FAMED 2 METER
Also the ultimate lor scanners bc b to 1300 MHz.

A. S. A. 9209
+9 db Co-Linear "Muttfwave" Base
Station Double 5/8 over 1/4 wave
delivers up to +9 db gain. All fiberglass
& sol id aluminum construc tion. Fits
masts up 10 1-1/2", 2 Mete r Base
Station 10' length.
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