1 L PULSED BATTERY CHARGER CIRCUI T

. Background of the Invention 5 The present invention relates, in
general, to battery charger circuits, and nore particularly to out put
stage circuits. One type of battery charger-is a pu%g@%3g%btery
charger. A - pul sed battery charger prowides charge to a baftery on an 10
intermttent or periodic basis. In general, this type of charger

i ncorporates voltage sense circuitry, control circuitry, and ~ drive
circuitry. The voltage sense circuitry senses the voltage of the
battery. The control circuitry determ nes how t he battery is charged

based on the sensed battery I h b L guitry provides the
required current to charge t@éﬁ?ﬁﬁﬁrgy%kgﬁlgﬂ&ﬁl ntermttent
charging is achieved with a swi t chabl e current source. An
application where a pul sed battery charger is needed I's in charging
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require precise charging to a pre erm ne ge in order to attain
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char gi ng Currentin@prppﬁ@tqgatvpgage sense circuitry, control circuitry, and
drive circuitry. The voltage sense circuitry senses the voltage
of the battery. The control circuitry determines how the
battery is charged based on the sensed battery voltage. The
15 driver circuitry provides the required current to charge the
battery. Periodic or intermittent charging is achieved with a
switchable current source.
An application where a pulsed battery charger-is needed
is in charging redhargeable alkaline batteries. Rechargeable
20 alkaline batteries require precise charging to a predetermined
voltage in order to attain maximum use between chargings.
Overcharging this type of battery by more than a few millivolts
may cause battery damage. The rechargeable alkaline batteries
have a high series resistance that produces a voltage drop in
25 series with the battery voltage. Sensing the battery voltage
when charging Is not easily accomplished. Pulse charging
provides an accurate way of sensing battery voltage. The
voltage is sensed between pulses when the battery is not being
charged thereby providing an accurate measurement of the
30 Dbattery voltage. The average charging current of the battery
charger can be cantrolled by the duty cycle of the pulse
charging system.
‘Most battery chargers are manufactured for simplicity
and to reduce costs. Standard battery chargers do not provide




charger can be controlled by the duty cycle of the pulse char gi ng
system Most battery chargers are manufactured for sinplicity
and to reduce costs. Standard battery chargers do not provide

2 the precise control needed to charge a rechargeabl e .al kal i ne
battery without damage or shortening the rfunber of times it can be
charged. It would be of great benefit, if a battery charger out put
stage circuit is provided that could charge a b5 battery to a precise
vol t age. Brief Description of the Drawings 10
FIG 1 is a block diagramof a pul sed battery charger circuit in
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3; and baflery 19 asprecise pliage. di agram of a battery charger out put
20 stage circuit in accordance with the present invention.

Brief Description of the Drawings

10 FIG. 1 is a block diagram of a pulsed battery charger
circuit in accordance with the present invention;
FIG. 2 is a block diagram of a sense circuit and a control
circuit .in accordance with the present invention;
FIG. 3 is a cross section of epitaxial islands
15 demonstrating substrate injection that could affect
performance of the pulsed battery charger circuit;
FIG. 4 is a symbolic representation of a parasitic lateral
npn transistor as shown in FIG. 3; and
FIG. § is a schematic diagram of a battery charger output
20 stage circuit in accordance with the present invention.

Detailed Description of the Drawings

25 FIG. 1 is a block diagram of a pulsed battery charger
circuit 11. Pulsed battery charger circuit 11 is formed as an
integrated circuit and includes, a drive output 12 and a sense
input 13. In the preferred embodiment, an external drive
circuit is wsed to increase current drive of puised battery

30 charger circuit 11. The external drive circuit comprises a
transistor 26 and a resistor 27. Discrete components
(transistor 26 and resistor 27) are used to reduce
manufacturing costs. An alternative approach would be to
integrate transistor 26 and resistor 27 to minimize



Det ai1 ed Description of the Drawi ngs 25 FIG 1 is a block diagram
of a pulsed battery charger circuit 11. Pulsed battery charger circuit
11 is forned as an integrated circuit and includes, a drive output 12
and a sense input 13. In the preferred enbodi nent, an external drive
circuit is used to increase current drivé of pulsed battery 30 charger
circuit 11. The external drive circuit conprises a transistor 26 and a
resistor 27. Discrete conponents (transistor 26 and resistor 27) are
used to reduce manuf acturing costs. An alternative approach would be to
integrate transistor 26 and resistor 27 to mnimze
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10 is reduced.

Pulsed battery charger circuit 11 comprises a sense
circuit 16, control circuit 17, amplifier 14, current sources 15,
20, and 25, resistors 21 and 22, sense load 18, and leakage
circuit 19. Amplifier 14 is an operational amplifier including a

15 positive or non-inverting input coupled to a node 23, a negative
or inverting input coupled to a node 24, and an oufput coupled to
drive output 12. Resistor 21 is coupled between drive output
12 and node 24. Resistor 22 is coupled between sense input 13
and node 23.

20 Sense circuit 16 includes an input coupled to sense input
13, a first output, and a second output. Control circuit 17
inciudes first and second inputs coupled respectively to the
first and second outputs of sense circuit 16, a clock input 29,
and first and second outputs. Current source 15 couples to node

25 24 and includes a control input coupled to the second output of
control circuit 17. Current source 20 couples to node 23 and
includes a control input coupled to the first output of control
circuit 17. Current source 25 couples to node 23 and includes a
control input coupled to the second output of control circuit 17.

30 Leakage circuit 19 couples to drive output 12. Sense load
18 couples to sense input 13. Transistor 26 of the external
drive circuit is in a voltage follower configuration. Transistor

- 26 is an npn transistor having a collector, base, and emitter
corresponding respectively to a first electrode, control



circuit 19. Anplifier 14 is an operational anplifier including a 15
positive or non-inverting input coupled to a node 23, a negative or
i nverting input coupled to a node 24, and an output coupled to drive
output 12. Resistor 21 is coupled between drive output.- 12 and node 24.
Resistor 22 is coupl ed between sense input413 and node 23. 20
Sense circuit 16 includes an input coupled to sense input 13, a first
output, and a second output. Control circuit 17 i ncl udes first and
second inputs coupled respectively to the first and second out puts of
sense circuit 16, a clock input 29, and first and second out puts.
Current source 15 couples to node 2 24 _and_i ncl udes a control input
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the vol tage on t bhattent weltage is below the undervoitage level, the battery is
charged at a reduced rate until its voltage reaches the level for
the normal charge rate. If the battery voltage is above the
predetermined level or if a battery is not present in the
15 charger, the charge current will be prevented for occurring.
Operation of pulsed battery charger circuit 11 is
described hereinafter. Sense circuit 16 monitors the voltage on
battery 28 to determine the mode of operation of pulsed battery
charger circuit 11. In a normal charge mode, the voltage on
20 battery 28 is within a prescribed window. The prescribed
window has a lower threshold voitage and an upper threshold
voltage. Sense circuit 16 directs control circuit 17 via its
first output to charge battery 28 with a normal charge current.
In the preferred embodiment, the voltage of battery 28 is
25 sensed by sense circuit 16 during a non-charging portion of a
charge cycle. A first reason for measuring battery voltage
during the non-charging cycle is that some battery types have a
high internal resistance. A resistance from 0.5 ohms to 3.0
ohms is not uncommon. Sense circuit 16 could generate a false
30 reading of battery 28 charge level if battery voltage is sensed
while charging due to the additional voltage drop caused by the
internal battery resistance. The electrochemical state of
battery 28 is related to the open circuit voltage of the battery



to determine the node for the charging function. The battery is char ged
when the battery voltage is bel ow a predeterm ned level. If the battery
voltage |s | ow, but not bel ow a defined undervol tage | evel, the sense
circuit directs the control circuit 10 17 to charge the battery with a
normal charge current. If the battery5voltage is bel ow the undervol t age
| evel , the battery is charged at a reduced rate until its voltage
reaches the |evel for the normal charge rate. If the battery voltage is
above the predetermned level or if a battery is not present in the 15
charger, the charge current will be prevented for occurring.
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Sense circuit 16 directs control circuit 17 via its first and

15 second outputs to charge battery 28 with a charge current
having a magnitude less than the normal charge current.
Battery 28 is charged at this reduced charge current until the
voltage of battery 28 is greater than the lower threshoid
voltage.

20 Battery 28 is fully charged when the voltage of battery
28 is greater than the upper threshold voltage. Sense circuit
16 detects when the voltage of battery 28 is greater than the
upper threshold voltage and directs control circuit 17 via its
first and second outputs to stop charging battery 28.

25 Control circuit 17 controls switchable current sources
15, 20, and 25 via its first and second outputs. Control
circuit 17 also sets the duty cycle for current sources 15, 20,
and 25 based upon the magnitude of supply voltage VCC. Each
current source 15, 20, and 25 operates at predetermined and

30 constant levels for the duration of their operation within each
duty cycle.

Operational amplifier 14 provides a constant voltage
between drive output 12 and sense input 13 when pulsing
current to battery 28. The magnitude of the constant voltage is



28. Thus a nore accurate conparison is generated by sense circuit 16
during the non-charging portion of the charge cycle. A second
reason for conparing the voltage during the non- chargi ng portion of
the charge cycle is to detect when no 5 battery is coupled to sense input
13. For this case, sense |oad 18 pulles sense input 13 to ground.
During the charge portion of the charge cycle the voltage at sense
input is driven to a vol tage substantially larger than ground. The
difference in vol tage at sense input 13 during the charging cycle is
detected |0 and used to determne that a battery is not coupled to sense
| nput 13. I'n an undervol tage charge node, sense circuit 16
detects t hedetermingd By qufent,sourges s%eﬁbvmdwast olBe eensiantl d
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Oper ati onal anpldrives outputy 18y the: voltagenappearing |ataif® non-investing dnpyt i ve
output 12 and sqWsg. i Meus, YBe Wier-idudringdand invettifid (VL) igplat 6pry 28. The
magni tude ofy t Ng, CONGLAR akilfdPCi4 Sand drive output 12 (V12) are at
approximately the same voltage. The voltage magnitude at the
non-inverting input is described by equation 1. A first
predetermined voltage (VF1) generated across drive output 12
and sense input 13 is described by equation 2.

20
V+ = (120 = R22) + Vbattery = V- = V(12) (1)
VF1 = V(12) - Vbattery = (120 * R22) (2)
25 Transistor 26 is in a voltage follower configuration. The

voltage at the emitter of transistor 26 is approximately the
voltage a drive ouiput 12 minus a base-emitter voltage drop
(Vbe). A first predetermined current (lout1) provided to
battery 28 is determined by the voltage drop across resistor 27
30 (R27) and the magnitude of resistor 27. The first
predetermined current is described by equation 3.

loutl = ((120 * R22) - Vbe) / R27 (3)
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problem is eliminated by level shifting the inputs of
operational amplifier 14 via source 15 and resistor 21. Current
sources 20 and 25 provide currents (120 and 125 respectively)
to generate a voltage drop across resistor 22 (R22). Current
source 15 provides a current (I115) to generate a voltage drop
across resistor 21 (R21). In this situation, the voltages at the
non-inverting and inverting inputs are equal. This is described
by equation 4. A second predetermined voltage (VF2) generated
across drive output 12 and sense input 13 is described by
equation §. The second predetermined current (lout2) which
charges battery 28 is described by equation 6.

= V- = ((120 + 125) * R22) + Vbattery (4)
VF2 = (20 + 125) * R22)) - (115 * R21) (5)

fout2 = {{(120 + 125) * R22) - (115 * R21) -
Vbe(transistor 26)) / R27 (6)

Note that the voltage at the non-inverting and inverting
inputs of operational amplifier 14 are at an increased voltage
even though battery 28 is charged with a current of reduced
magnitude from normal operation. Current sources 15, 20
and 25 are turned off when the voltage of battery 28 exceeds

rovided to



30 (R27) and the magni tude of resistor 27. The first pr edet er m ned
current is described by equation 3. loutl = ((120 * R22) - Vbe)
| R27 (3) 7
Current sources 15, 20, and 25 are enabl ed by control eircuit 17 when
the voltage on battery 28 is bel ow the | ofer t hreshol d vol tage (under
vol tage condition) Battery 28 is charged with a second predeterm ned
current (lout2) whichis 5 less than the first predeterm ned current. A
reduced volt age across drive output 12 and sense input 13 is required
to generate the second predeternined current. Reduci ng t he

vol tage at drivg output .12 ca r es...at € non-
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equation 6. 10 by and acted upon by the sense circuit 16. When battery 28 is
present, the loading current due to sense load 18 is
- insignificant relative to the first or second predetermined
currents (for charging). Sense load 18 does not continue to
draw current from baftery 28 (draining the battery) if power is
15 removed from puised battery charger circuit 11. This allows
batteries to be stored in an unplugged charger without
degrading battery shelf life.
The current sink circuit 19 is low level active current
source load which sinks operational amplifier 14 output
20 leakage current away from the power transistor 26 to ensure
that it remains off when operational amplifier 14 is turned off.
FIG. 2 is a block diagram of a sense circuit 31 and a
control circuit 32 in accordance with the present invention.
Sense circuit 31 and control circuit 32 correspond respectively
2s to sense circuit 16 and control circuit 17 of FIG. 1. Sense
circuit 31 comprises comparators 41 and 42. Control circuit
32 comprises flip flops 43 and 44 and AND gates 46 and 47.
Comparator 41 includes a negative or inverting input
coupled to an input 33, a positive or non-inverting input coupled
30 fo input 34 for receiving a reference voltage VREF1, and an
output. Comparator 42 includes an inverting input coupled to
input 33, a non-inverting input coupled to input 36 for receiving
a reference voltage VREF2, and an output. Input 33 is a sense



V+ = V- = ((120 + 125) * R22) + Vbattery (4) 25 VF2 = (((20

+_125) * R22)) - (115 R21) | (5) loul2 (((120 + 125) *

R22) - (115 * R21) - Vbe(transistor 26)) / R27

(6) 30 Note that the voltage at the non-inverting and inverting

i nputs of operational anplifier 14 are at %n increased voltage even

t hough battery 28 is charged with a current of reduced magni t ude from
~normal operation. Current sources 15, 20 and 25 are turned off when

the voltage of battery 28 exceeds t he upper threshold

voltage. In this condition, there is no vol tage drop across resistor

22 to develop a .voltage across I ve output 12 and sense_input 13,
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and an output coupled to an output 38. AND gate 47 includes a
10 first input coupled fo the Q-output of flip flop 44, a second
input coupled to clock input 37, and an output coupled to output
39.
Operation of sense circuit 31 and control circuit 32 is
described hereinafter. Sense circuit 31 of Fig. 2 compares a
15 voltage applied to input 33 to the reference voltages VREF1 and
VREF2 (inputs 34 and 36 respectively). The applied voltage to
input 33 is a battery voltage similar to that applied to the
input of sense circuit 16 of FIG. 1. [In the preferred
embodiment, VREF1 has a voltage magnitude greater than
20 VREF2.

Comparator 41 compares VREF1 {o the voitage applied to
input 33 and provides an output signal to flip flop 43 of control
circuit 32. Similarly, comparator 42 compares VREF2 to input
33 and provides an output signal to flip flop 44. |

25 Flip flops 43 and 44 are clocked by a clock signal applied
to input 37 and store the resulis provided by sense circuit 31.
The Q outputs of flip flops 43 and 44 are coupled respectively
to clocked AND gates 46 and 47. AND gates 46 and 47 provide
the logic fevels at the Q-output of flip flops 43 and 44 during a
30 high phase of the clock signal.

In the preferred embodiment, sense circuit 31 and control
circuit 32 correspond respectively to sense circuit 16 and
control circuit 17 of FIG. 1. VREF1 corresponds to the upper



15 renoved from pul sed battery charger circuit 11. This all ows

batteries to be stored in an unplugged charger w thout degr adi ng
battery shelf life. The current sink circuit 19 is low | eve
active current source | oad whi ch sinks operational anplifier 14 output
20 | eakage current away fromthe power tr@ansistor 26 to ensure that it
remai ns of f when operational anplifier 14 is turned off. FIG 2
is a block diagramof a sense circuit 31 and a control circuit 32 in
accordance with the present invention. Sense circuit 31 and control

circuit 32 correspond respectively 25 to- sense circuit 16 and control
Control o roui t trestink aliaoesand YREFR) GESspinatsaior 1 [WAREN ARGl 26, and
47. Cotltaget v thiel desctiptiers of Fi€yat.i ve or inverting input
coupled to an input et tREditae &piieRNtd MR 33 IdRUinarOVRIERD SO L0
~input 34 for re e%vuggna 'S erg?.e g%ta e , .an ap .. output.
Conpar at or 42 i At BR3Pt | phfovids, highy of pne logig Jevelsato 5
non-inverting i rqomirod aeipguiid 320 iTiisitcoBesponds coethe mgdervoliageethamyece
vol tage VREF2, 3Rédén AHEdescripfBH lofF1E.51.2 'ﬁ%“%ﬁe logic levels are
9 i nput tf%.cg‘}re%o g ér?dte&ealngpuﬁ'fto ~se fe ﬁl_rcylt 16 of FIG
1 for sensiiefasai? dip fAARs ée. shifted; out; fq, $haig | | udes a
D-i nput coupl ed respettiveo-putputs. AND gatep4tiiaod 4 pravideoatie ilogiat coupl ed
coupl 6d 1o Lho copos neufbuts 3B 3 38 dufihglh hidtp phidse Ul e Celodk ' 1o el ock
[ ant 37, ah‘g a%lérpatf. QT(S\.iﬁ éﬁﬁ".’esﬂﬁgaég‘f’e{% CPH&tiﬁﬂeg’Egrq %“&eq?ngut coupled
to the Q sources 15, 20, and 25 are enabled by control circuit 17 as
described in the description FIG. 1. During a low phase of the
clock signal both AND gates 46 and 47 provide zero logic levels
at outputs 38 and 38. This carresponds to a condition where a
15  battery is not being charged.
When the voltage applied to input 33 is greater than
VREF2 but less than VREF1, comparator 41 provides a one logic
level and comparator 42 provides a zero logic level. This
corresponds to the normal charge mode in the description of
20 FIG. 1. The one and zero logic levels are stored respectively in
flip flops 43 and 44 and shifted out to their respective Q-
outputs. AND gates 46 and 47 respectively provide a one logic
level and a zero logic level at outputs 38 and 39 during a high
phase of the clock signal. This corresponds to the condition
25 where current source 20 is enabled by control circuit 17 as
described in the description of FIG. 1. During a low phase of the
clock signal both AND gates 46 and 47 provide zero logic levels
at outputs 38 and 39.
When the voltage applied to input 33 is greater than
30 VREF1 and VREF2, comparators 41 and 42 both output zero logic
states. The zero logic states stored in flip flops 43 and 44 are
shifted out to their respective Q-outputs. AND gates 46 and 47
will provide zero logic levels at outputs 38 and 39 during the
high and low phase of the clock signal. This corresponds to



output of flip flop 43, a second input coupled to clock input 37, and
an out put coupled to an output 38. AND gate 47 includes a o first input

coupled to the Qoutput of flip flop 44, a second i nput coupled to

cl ock input 37, and an out put coupled to output 39. )

Qperation of sense circuit 31 and control 1&ircuit 32 is descri bed
hereinafter. Sense circuit 31 of Fig. 2 conpares a 15 voltage applied to

i nput 33 to the reference voltages VREF1 and VREF2 (inputs 34 and 36
respectively). The applied voltage to input 33 is a battery vol tage
simlar to that applied to the I nput of sense circuit 16 of FIG 1. In

the preferred N enboﬂ‘iwrrent, VﬁEEl has a vol tage magni tude greater than
20 VREF2. either g,{ylly, gharges baligpy aLsa \ebatiesy qandidinn Wergpplied to
i nput 33 and pr courderst sourcespll, 20gaald 25 drei tarded pfi tholchargihgplas

circuit 32. Sim m . s{VREF2 to input 33 and
provi des an out p%%d%?d; t.o ﬁet%ﬂéﬁ?)g%éfg‘gﬁ .. Fl ig flggs 43 and 44
are clocked by a clo si%ﬁ%laaﬁﬁgﬁ &ection of gpitaxal igdands SLPdre the

resul ts provisdedddmonstratingi sobstratel injectionTheNQypeit gpitaxiaf islaingsf | ops 43

d 44 | ' D 47. AND
gates 46 and 47 ﬁ?%"fﬁ?%*”‘éﬁ" 7 ftybh SUBREEt: U St 00 ) ops

e | ogi : .
43 and 44 durindYRicely eeypledhi dther lQwest: cifewit spefeatial, in this casen ¢ he
preferred enbodisubstrate s dscéaupled t31grauhd. orSubstrate injedtiotLiotci

cor respond 1 esPSghdd A deftaXRll 1T Bibbmbl RMtard biadéd!th theC! FoUIt 17 of
FIG 1. VREFl carresponds to.the u?rper . o .
10 10 integrated circuit substrate in which it is formed.
in the preferred embodiment, pulsed battery charger
circuit 11 {FIG. 1) has a2 p-type substrate and n-type epitaxial
islands. An n-type epitaxial island corresponds to a collector
of an npn transistor. A negative voltage applied to an epitaxial
15 island will forward bias the epitaxial island in relation to the
substrate. This situation can occur when a battery is coupled
in an opposite (or reverse) fashion from normal battery
coupling.
Substrate injection from epitaxial island 51 to collecting
20 epitaxial islands 52 and 53 is illustrated in FIG. 3. A negative
voltage applied to epitaxial island 51 forward biases the pn
junction comprising substrate 50 and epitaxial island 51. This
creates the condition referred to as “subsirate injection".
initial observation of substirate injection would show the pn
25 junction being forward biased limiting the negative excursion
of epitaxial island 51 to no more than a diode drop below the
potential (ground) of substrate §0. However, further '
examination shows that the forward biasing of the pn junction
will activate .a parasitic lateral npn transistor. Electrons 54
30 (shown as dots) are injected from epitaxial island 51 into
substrate 50 (indicated by arrows) similar to an emitter
injecting electrons into a base. Electrons 54 that do not
recombine in the substrate are collected by neighbaring
epitaxial islands 52 and 53. Epitaxial islands 52 and 53



t hreshol d vol tage and VREF2 corresponds to the | ower threshold vol t age
in the description of FIG 1. When the voltage applied to input
33 is less than VREF2 bot h conparators 41 and 42 provide high or one
logic levels to 5 control circuit 32. This corresponds to the undervoltage
char ge node in the description of FIGz 1. The one logic |levels are
stored in flip flops 43 and 44 and shifted out to their respective

Q out puts. AND gates 46 and 47 provide one |ogic | evel s at” outputs 38
and 39 during a high phase of the clock 10 signal. This corresponds to the
condi ti on where current sources 15, 20, and 25 are enabl ed by control
circuit 17 as described in the description FIG 1. During a | ow phase
of the cl ockogegpand bist icollsCtayat of the patasitic daterald pnetransisfor. | evel s

at outputs 38 ang #@ chhésting dptenmldE|dits? (S2dhd isé!fid\’@ebénﬁeééd Rattery

' bei h d. h | 33 i
oreater than e apwer sypply YOE IR Fs SRR PRI, WOR buBNC Cne

| ogi c | evel flawdor datchupt may4ocpounyi The circuiino df oplsed chatteryThi s
corresponds to taearpewabwmﬁg IERUP i) de3fyrises &6 idlintiRate” anyOpedative 1. The
one and zero | ogi Ctef@‘éflz are._s (gred r.es ect'liveL i AR f]tlp flops 43 and
44 and shifted obPt&ngals,dpat c ?'\'}QGQPO ep pinds\ Wit SReCials ang 47
respectivel y proGarge takemdor dhe coutput |sfage whithais, described chereinaftert
outputs 38 and 3@ H.iZg a high phase of the clock signal. This

corresponds to the c jtjan 25 .e curren ource 20 is.enahled by
control circuit 17 a e: Ad@s%rﬂ{\éﬁgﬁﬁ rFRéeﬂé%ﬁqrbtq?oﬁ Qﬁfaﬂt@\ f‘a%gr ring a
| ow phase of1@ henpn transisier S4ghavingocollevtmrsghtand 26 aahase,7apdaan de zero
Log! C Itevglgs_ efﬁit}éwt f@éwecgérsagdaga-z corresF%nd\PE étﬁ?ly%z age 3'02'2' gdth
o inpu is greater an a C arators a o]
out put zero Iogi%p' ax:als %’5’? gg‘tﬂ'ﬁfé%ocf'gﬁt sty'géb F@H""?W’?q% flops 43
and 44 are sstibsteateod® ofoFiGeB: riduep emitter coresppnds .toAppitaxiaks 46 and
47 wi || provismdZst ©f Pg.c3] evel s at outputs 38 and 39 during the

high and Tow phase ofg e G O Schbfafic of ' Saltsry’ HAGEF duldut stage
circuit 61 in accordance with the present invention. Battery
charger output stage circuit 61 comprises a level shift current
source circuit 62, an on/off control circuit 63, a current
generator circuit 64, a current mirror circuit 66, an operational

20 amplifier 67, a leakage circuit 68, a sense load 69, a power
transistor 124, and a resistor 126. All pnp transistars and npn
transistors of battery charger output stage circuit 61 have a
collector, base, and emitter, corresponding respectively to a
first electrode, control electrode, and second electrode.

25 Level shift current source circuit 62 comprises pnp
transistors 71, 72, and 74, diodes 73, 81, and 82, npn
transistors, 76, 77, and 83, resistors 78 and 79, and current
source 84. Pnp transistor 71 includes an emitter coupled for
receiving a supply voltage VCC, a base coupled to a node 128,

30 and a collector. Diode 73 includes a first terminal coupled to
the collector of pnp transistor 71 and a second terminal
coupled to a2 node 129. Pnp transistor 72 includes an emitter
coupled for receiving the supply voltage VCC, and a base and
emitter coupled to node 128. Pnp transistor 74 includes an



either a fully charged battery or a no battery condition where current
sources 15, 20. and 25 are turned off (no charging) as described in

t he description of FIG 1. FIG 3 is a cross section of epitaxia
i sl ands 51-53 5 denonstrating substrate injection. N-type epitaxial

I sl ands 51-53 are forned in a p-typeisubstrate 50. Substrate 50 is
typically coupled to the lowest circuit potential, in this case

substrate 50 is coupled to ground. Substrate injection occurs when an
epi taxi al island beconmes forward biased to the 10 integrated circuit
Substrate in which it is forned. In the preferred enbodi nent,

pul sed battery charger circuit 11 (FIG 1) has a p-type substrate and
n-type epitaxi alemitter qoupledito nadent28;pa hase: esupleditol node d@9; apdoands to a

col Itec_t olr 5 CB‘oIléBtd?Pthdméd'StbSé Q’f)qdeMBEgaprfu’aﬁhilfsQ&e?Bpigbhﬂéstiﬁn?_” t
the '™ supst r avbitermncbasd QHBbEA"IRR hal i, B, BNy bBubBey| oo
in an opposite (tBrnedectah) Agesister 78oinciudemia Brstt tarinal coypled| fong.
sl ande 52 and Sh i SP PR transistur 6 BAq|& seeona terfiinal oLl ol | ed
{3 Zgi taxial i sﬁéﬁ&agé'bk#\%a%}(a@éég?hxé& ﬂﬁﬁ%ﬂ?ﬁ"&r‘?%%?&% ngpp
substrate 50 and@regmilier,a bhaseaeeupled tohnede 131, @nshaceoliastor: caupledon
refer [ _ednt 3/0 3i5d"téuég)sﬁddﬁ q320) FIsistor -7_90 incéud_lé% ta% «ﬁrkstoﬁﬁﬁri{ﬂt bgurplieﬁ_ @:Jgst [ ﬁte e
Ingjg:tc i {/g excur sitga %E&Eogpéﬂﬁ}'t g?“ﬁﬁ‘*rs?gngﬁ@% ts%c\#ﬁdrﬁl}g‘ﬁﬂaﬁ&épmﬁ%odg dr op
below the 10 [fof aeeiving theosupplyovoltages MEk.c Gurrepbwoutee 8duist her
ex?_rri nflte i 02 sggwdp_l&u td {mrdeonwﬁr tﬁraeidsrig @f chhgn?@héﬂsm.z i ledessmo Wi | gs
ggt Is;/aar e i anectaaZ{é} P?o%&e%?ﬁé@gp‘ %éﬁgﬁd ?f‘;q%gé ﬁ"cli'?c&fogt ﬁéqete&ﬂn"a
(indicated by arqosmisd e modgr13band asecosd terminal. Diode 82 includes a
first terminal coupled to the second terminal of diode 81 and a
15 second terminal coupled for receiving the supply voltage VEE.
Transistor 83 includes an emitter coupled for receiving the
supply voltage VEE, a base coupled to an input 152, and a
collector coupled to node 131.
On/off control circuit 63 comprises npn transistors 86
20 and 88, and diode 63. Npn transistor 86 includes an emitter
coupled for receiving the supply voltage VEE, a base coupled fo
an input 153, and a collector coupled to a node 134. Diode 63
includes a first terminal coupled to a node 136 and a second
terminal coupled to node 134. Npn transistor 88 includes an
25 emitter coupled to node 134, a base coupled to node 136, and a
collector coupled to a node 139.
Current generator circuit 64 comprises a npn transistor
92, diodes 89, 90, and 91, and resistor 93. Npn transistor 92
includes an emitter, a base coupled to node 136, and a collector
30 coupled to node 132. Diodes 89-91 are coupled in series. Diode
90 includes a first terminal coupled to node 136 and a second
terminal. Diode 91 includes a first terminal coupled to the
second terminal of diode 90 and a second terminal. Diode 89
includes a first terminal coupled to the second terminal of



I njecting electrons into a base. Electrons 54 that do not reconbi ne in

the substrate are collected by neighboring- epi taxial islands 52 and 53.
Epitaxial islands 52 and 53 12
correspond to collectors of the parasitic |lateral npn transistor. | f
the collecting epitaxial islands (52 and33) are connected to t he
power supply through | ow resistance paths, high current fl ow or

| at chup may occur. The circuitry of pulsed battery 5 <charger circuit 11
(FIG 1) is designed to elimnate any negative potentials that could
couple to epitaxial .islands with special care taken for the output

Symbol 16 repr estite: PArand &SPl erminal calmied dor receivingnthe, sBPPYL havi ng
col l ectors 1 anvoltage, ViEEe, Resistan 93 includes & firsicterminalocguplednto 2
base corr espondan o er ] non UEREF 9 ard ¥ Seopl ABHmINE] CoudIe pands o
epi t axi al P fcsrl '?ﬁ?&igﬁgg‘ﬁeé@plg.é@?ge I\:')E% FIG 5is a schenaticpof a
battery charger out pAdtcwrenfesource &0 biasesson/aff Lontnoll piitvE8hantde present
i nvention. Battgiient genehdtod ircuitl B4l TuténtCiodree! 86 lisCesipledctp a | evel
shift current S e circult 62, an off .control circuit 63, a
current - geﬂg?%tﬁ#ggpf cﬂfPY'délg, aacb'(frelng%emartr or circuit 66, an
operational 20 anplGatrent amirrar cisauil €6 cincludes e8p tragsisters 84d 98, a
{O?\g/ﬁgi St or St r?nahatsnir, dnd diedeél SOB.r Pas tRinsictor rsﬁl IncRitest gﬁgériniﬁé?r s and npn
col | ector, Jo‘gs e@%g&é’fgﬂ} ?é%s{n@oﬁegghgﬁlgﬁ%sggg’l% ;% §85§ and
collector coupled to a node 137. Pnp transistor 98 includes an
emitter coupled for receiving the supply voltage VCC, a base
coupled to node 137, and a collector. Pnp transistor 97
includes an emitter coupled to node 137, a base coupled to node
15 132, and a collector coupled to a node 133. Diode 98 includes a
first terminal coupled to the collector of pnp transistor 96 and
a second terminal coupled to node 132.
Operational amplifier 67 comprises pnp transistors 103,
104, and 106, npn transistors 99, 101, 102, and 109, resistors
20 108 and 111, a current source 100, and a capacitor 107. Npn
transistor 99 includes an emitter coupled to node 133, a base
coupled to node 138, and a collector coupled to a node 139. Npn
transistors 101 and 102 form an input differential pair. Npn
transistor 101 includes an emitter coupled to a node 141, a
25 bése coupled to a node 138, and a collector coupled to a node
139. Npn fransistor 102 includes an emitter coupled to node
141, a base coupled to node 133, and a collector coupled to a
node 142. Current source 100 couples to node 141 for biasing
the input differential pair. Pnp transistor 103 is a split
30 collector transistor. Pnp transistor 103 includes an emitter .
coupled for receiving the supply voltage VCC, a base coupled to
node 138, a first collector coupled to node 138, and a second
collector coupled to node 142. Pnp transistor 104 includes an
emitter coupled for receiving the supply voliage VCC, a base



first- el ectrode, control electrode, and second el ectrode. 25 Level

shift current source circuit 62 conprises pnp transistors 71, 72, and
74, diodes 73, 81, and 82, npn transistors, 76, 77, and 83, resistors
78 and 79, and current source 84. Pnp.transistor 71 includes an emtter
coupl ed for receiving a supply voltagée VCC, a base coupled to a node
128, 30 and a collector. Diode 73 includes a first termnal coupled to

the collector of pnp transistor 71 and a second termninal coupled to a
node 129. Pnp transistor 72 includes an emtter coupl ed for receiving
the supply voltage VCC, and a base and emtter coupled to node 128. Pnp
transi stor 74 ingousied t8hnode 142, and a collector coupled to a node 143. 13

ol | ect o?°38LS?e§9P§9‘§&né@@' 6 P REIHEH, bapASES, i pp@he
enitter, a base 2®pfifiet 6% aCapaeltquﬂOTam!ud%wa drsbterningl sepupled to node
129. A resistor %Bnoaélmteanadsé&éna%mml c6apleded hdde A43helgnhét er of

npn transistqr 7 C n suppl y
oo hoa Ver: RprPredited SRBBHInCAY BapBicittP 1075 %rﬁt'}‘%ﬁy' oBoBlate hel, ou"F,

node 131, and a &dle¢pitaxial isand @ a botiem Eaﬂi@de Fopthisreenfigwiative the:| udes

a first term nal metaiplopdplate should e coupled'toohioder43 eoirevent 77 and a

dt | | t
Souree g %3&%9 el 55 GeerEas I FIBLRE YoNg ) i%%ﬁ%t*?ﬁ'eqéej;{re”
Di odes 81 aihglugies, ap §6u§§¢feG°Nﬁ‘%|fWe§e°W'@§eﬂﬁ supply eltages  r st

t er m nal 10 COVEI0; h basa Gstuplat! tk adneds ada) dndes Gollettor RBougted3®o | ncl udes

SR ITE LS o ey My IS tvﬁgﬁe&&ml ond a 15
coupled for receiving the supply vol ge VGC a second
terminal coupled to node 144. Npn transistor 109 includes an
emiiter coupled to a node 146, a base coupled to node 143, and

15 a collector coupled to node 144. Resistor 111 includes a first
terminal coupled to node 143 and a second terminal coupled to
node 146.

Resistor 112 includes a first terminal coupled to node

138 and a second terminal coupled to node 146. Resistor 113
20 includes a first terminal coupled to node 133 and a second
terminal coupled to a node 148.

Leakage circuit 68 comprises a current source 117, npn
transistors 114 and 116, and Schottky diode 118. Current
source 117 is coupled to a node 148. Npn transistor 114

25 includes an emitter coupled for receiving the supply voltage
VEE, and a base and collector coupled to node 149. Npn
transistor 116 includes an emitter coupled for receiving the
supply voltage VEE, a base coupled to node 148, and a collector.
Schottky diode 118 includes a first terminal coupled to node

30 146 and a secand terminal coupled to the coliector of npn
transistor 116.

Sense load 69 comprises -a resmtar 122, npn transistors
119 and 121, and a current source 123. Resistor 122 includes a
first terminal coupled to node 148 and a second terminal. Npn



Transi stor 83 includes an emtter coupled for receiving the supply

vol tage VEE, a base coupled to an input 152, and a coll ector coupled to
node 131. On/of f control circuit 63 conprises npn transistors 86
20 and 88, and diode 63. Npn transistor 86 includes an emtter. coupl ed
for receiving the supply voltage VEE, a bd&e coupled to an input 153,
and a collector coupled to a node 134. D ode 63 i ncludes a first

term nal coupled to a node 136 and a second term nal coupled to node
134. Npn transistor 88 includes an 25 emtter coupled to node 134, a base
coupl ed to node 136, and a col l ector coupled to a node 139.

50, and 91 ana TAEBH 195 e TE S8 Stk R Nelbree malle o OO ©)
base coupl ed t o opedatianes, NpRdiransistoredd8r ingludesugnd cemisteroeeupled. topi odes

89-91 are coupl aHei second BFrminRIOGE resisto? 0122)C4 bise &ﬁglé@ttotﬁrr’(ﬁdﬁ| coupl ed
e

to node 136 and se ' | | L LSt m nal
coupled to the 1%1’s%gd;%dc?%?%ségougkdd%ﬁg%g&gggﬁg c%'ﬁ&t‘t’é&mv *. Di ode
89 i ncl u§es Npn itransister fi2laincludan ap eqitteicand hase ceupipdalo pede

14| e VEE dkOdeﬂlammda @oaeem%duz?_ea néak r@aapirfgdtﬁ@rsl iveltaget hehSUDpl y
vol t age . Re or S LT pled to t he
emtter of npn y%%s&?@rehg%bg%% éi:ge' _(?E’Efp[eg@ ﬁg egf)gljbl ed for

recei ving the suppl yPeweratjansistor 184 includespacgeliester souplad 40 »i ases

on/of f control aerfimal 163 astdreceiving Ud Nollagee 2 bas@couplédiitd rfiple Current
source 80 1§,COURLAIR an emtRPC RELSF U VAdMUEEs B TYeY EmiblrT €3t
coupled to the emitter of power transistor 124 and a second
terminal coupled to node 148. A baitery 127 couples to node
148 for charging.
Operation of battery charger output stage 61 is described

1s hereinafter. Operation of battery charger output stage 61
centers around operational amplifier 67. A first gain stage
is made up of matched differential npn transistor pair 101 and
102 that are biased by current source 100. Npn transistors 101
and 102 drive a current mirror circuit comprising split-

20 collector pnp transistor 103 that completes the first gain
stage. An output of the first gain stage corresponds to node
142.

An output stage comprising pnp transistor 104 and npn
transistor 109 is coupled to node 142. The output stage is

25 current limited by resistor 108 and transistor 106 which is
well known in the art. An output of the output stage
corresponds to node 146. _

Npn transistor 89 acts as voltage limiting device across
the differential input npn transistors 101 and 102. Without

30 transistor 99, npn transistors 101 and 102 could be damaged
via zener breakdown due to a high voltage applied to node 148
by battery 127. Resistor 111 prevents potential leakage
current from pnp transistor 104 from turning on npn transistor
109 when it is intended to be off.



Current mrror circuit 66 includes pnp transistors 94, 96, and 97, and
di ode 98. Pnp transistor 94 includes an emtter 10 coupled for receiving

t he supply voltage VCC, and a base and col l ector coupled to a node
137. Pnp transistor 96 includes an enltter coupl ed for receiving the
supply vol tage VCC, a base coupl ed td/node 137, and a col |l ector. Pnp
transi stor 97 I ncl udes an emtter coupled to node 137, a base coupl ed
to node 15 132, and a collector coupled to a node 133. D ode 98 includes a
first termnal coupled to the collector of pnp transistor 96 and a
second term nal coupled to node 132. Operational anplifier 67

10, and 105, regist o8 ?g*‘*% ampifid b7 B "&pgféﬂ'ﬂiﬁaéﬁ!”;ﬁdgi o

S 15l e St ol il S
, a base e e :
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transi stor 101-inc S emtter c LBD a node, 141, %é base

coupl ed to a thode 133‘? '&Fﬁﬂ SPE’Eﬂqoé'ch %QSI rggr g%stage 9. Npn

transi stor 102 iocdursewhen arfirst énputosignat! applieddie input1182 endbles coupl ed

to node 133, an qggs?%bpraﬂua' E%ddrit input 'gHal dipiie 18 Gfibut gg8Ce 100

coupl es to node I'asin put

transi stor 103 i I FP"BW"%E?qre %orTbFa‘f@?a@F‘oF’? basigry ﬁé?st or 103
i ncl udes an em tbmween aaoupped ahdr loweg ethveshpld haoliagepiny tlmsl hatmalV/CC, a
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emtter coupled $%° g“?ﬁe gl QUi stagg, Bl prov id
a pulsed current of a first predetermmed magnitude to baitery
127.

Npn transistor 83 is enabled for receiving current from

15 current source 84 thereby disabling npn transistors 76 and 77.
No current is provided by level shift current source circuit 62
under this condition. '

Npn transistor 86 of on/off contral circuit 63 is disabled

by the second input signal allowing the current of current

20 source 80 to flow into current generator circuit 64. Current
generator circuit 64 generates a predetermined current based
on standard techniques of imposing the Vbe (base-emitter)
voltage of a transistor or diode across a resistor. The
predetermined current, generated through resistor 93 is

25 transferred to current mirror circuit 66 by transistor 92.
Current mirror circuit 66 provides its output current to
resistor 113 which sets the reference voltage that is presented
to the non-inverting input of operational amplifier 67. Since
level shift current source circuit 62 is disabled no current is

30 provided by transistor 74. Assuming the input bias current of
operational amplifier 67 is negligible, the voltage across
resistor 112 is approximately zero which allows operational
amplifier 67 to operate as a simple voltage follower.
Therefore, the voltage that appears on the non-inverting input



coupled to node 142, and a collector coupled to a node 143. Capaci t or
107 is a conpensation capacitor for operational anplifier 67.
Capacitor 107 includes a first term nal coupled to node 142 and a
second term nal coupled to node 143. In the 5 preferred enbodinent,
capacitor 107 has a netal top plate and 18 an epitaxial island as a

bottom plate. For this configuration the netal top plate should be
coupl ed to node 143 to prevent substrate injection as described in
FIG 3. Pnp transistor 106 includes an emtter coupled for receiving

t he supply voltage 10 VCC, a base coupled to a node 144, and a collector
coupled to sisto udes f te nal
coupl ed for recedayaﬁg}éﬁ’evgﬁ %?38 Q@euin‘gn QLE'?SWH%I éméf'@eé'r h?‘n

coupl ed to node {hode WAH).t r@perdtm! 1amplifier 6deransters thecivpitage coupl ed to

a node 146, a baq&é?atﬁﬁ 'tﬁb rtqﬁﬁerﬁ%magﬁ Fesistar Cold @6t RansiStH §94t 0 node
144. Resistor 11

ncl.u to nod 3 and a
second term nal §'5 156 %ﬁ&@o’f&g of rtrpﬂs volfag'ﬁ%&q Ffﬂpslfgrqjsﬁcl udes a
first -term nd d@aﬁt@d 1t25 setk the current awhich wilk eharge rtivenbgrttequpl ed to
node 146. Resistpsz113 20 includes a first termnal coupled to node 133
and a second ter age circuit
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68 conprises a curre Evémf? ﬁ%rrgmg Oquﬁﬁ%'}' fKoEHE ﬂ%%ﬁ@glm and
Schot t ky di ode Mt!tag@pf dattery 125 ds helow7thes lowen threshelds valiage 14t Npn

f/ (r)fttnzéztor llil/EZtﬁ«s 'cEQéUQﬁi nﬁﬁutemg;fla;tra walcﬁ ihgit negedishblgst he supply
transi stor Iiﬁ%’?-ﬂ%@é %‘ﬁ %ﬁa?’?%r'“% ﬁpegfgé \)Pﬂgpqﬁé %'saw%ﬁjppl y
vol t age VEE a tiamsnst@mpﬁﬁadasdnnooanahg:haayagaomrat@mor Battery Schott ky

di ode 118 i ncl UdgHargef oUfut! Sta fp?euabgchtpixlééuieu?@m H%%@éoﬁdsecond
term nal coupl ed tapghe coI I e

si stor
Sense | oad 69 ccﬁ{ﬁ eé'g""ﬁdr El%& 1@3"%"#%& stors 119 and 121,
and a current sour ce TragsisiresB3at isr disabled allowing acurrent spurce &4 49 nal

coupl ed to nede Hi4$ dibdes S*Gher sRetHEreBy - adiivating a first current source
comprising npn transistor 76 and a second current source
comprising npn transistor 77 and resistor 79. The current
developed in transistor 76 of current level shift current source
circuit 62 is mirrored from the positive rail (VCC) via the
20 Wilson current mirror comprising pnp transistors 71, 72, and
74, and diode 73. This is similar to the structure of current
mirror 66. The collector of pnp transistor 74, is coupled to
node 138 and drives resistor 112 to create a level shift in a
voltage from the output (node 145) of operational amplifier 67,
25 to the inverting input (node 138). |
The current of npn transistor 77 (level shift current
source circuit 62) is summed with the current of transistor 92
(current generator circuit 64) to increase the mirrored current
provided by -current mirror circuit 66. This increases the '
30 voltage drop across resistor 113 and level shifis the non-
inverting input (133) of operational amplifier 67. The voltage
at the output (node 145) of operational amplifier 67 with
respect to battery 127 is the voltage across resistor 113 minus
the voltage across resistor 112. In the preferred embodiment,



16 - transistors 119 and 121 are configured in a reverse node of
operation. Npn transistor 119 includes and emtter coupled to t he
second term nal of resistor 122, a base coupled to a node 151, and a
coll ector coupled for receiving the power supply VEE. 5 Npn transistor 121
I ncludes an emtter and base coupled to nede 151, and a collector
coupl ed for receiving the supply voltage VEE. Current source 123 is
coupl ed to node 151. Power transistor 124 includes a collector
coupled to a termnal 154 for receiving a voltage, a base coupled to
node 10 146, and an emtter. Resistor 126 includes a first term nal
coupled to the emtter of transi stor 124 and a second term nal

coupl ed to nodethisig d 'Ke@%ﬂ?[@Q? RQGEP ckesisioripdd2 and 1333 1isy char gi ng.
Operation of basmelsr than dartheutase fot agpemal chargiag ccurkatt. 13 heher ei nafter.

Qper ati on of bay dceﬁé ﬁ%oél{rpéﬂt ﬁ‘tqﬂg Lﬁ'ijde olt ?ﬁéﬁ'ﬁﬁoﬁﬂ%ﬁﬁw ational

anplifier |rs 98 erenti al
npn transi stor isaFhosen tgngccomm atq ﬂﬂ? '598"'5 Jobfh@[ﬁ'ﬂenﬁ I8¥ur ce 100.
Npn transi st®r svdifdge baﬁe:y 102 drive a current mirror circuit conprising

split- 20 collectory élaEﬁi'ﬂ?ﬁézronl(?é sibtipt p@p‘{ 953 tgeggbégargal n

stage. An outp of t e {Irst e corr s to

An out put stag 'é‘?ﬂﬂ)rpﬁ' aitsnn j8gs1Q, keept éf‘m-ﬂﬁ of operationali or 109 is
coupl ed to nodearhplfier 67 eithiutitstoogemon Afedecopertingl rangead Withoesi st or

108 and transi SfeQkl L@lﬁﬂﬂ@ tg@ r@auts n\é@&% Jfﬁ@"ﬁhd ”lstayﬁvaulh - rédh S%Jt put of the

out put stage corres 99 acts
as vol tage ¥ ni YQItRg %'e WGS@'sab'e fragsistorse 104 ?Eﬂ 18284t npn
transistors 101 and ma caldshexist for termirmtingodri98, tonpattenan@7st das 101 and

tlgznggg' ‘i' 4ge dafRIAESt casd, BrivE R tdthfiR4AMb UrateCaft Bt YPorfitht 88% arp! i ed
charging cycle. Open circuit battery voltage is monitored at
this time. In the second case, drive is terminated when battery

15 127 is fully charged. Overcharging battery 127 can produce
damage or shorten operating life. Terminating drive is
accomplished by applying signals to inputs 152 and 153 that
enables npn fransistors 83 and 86. In this case, level shift
current source circuit 62, current generator 64, and current

20 mirror circuit 66 are disabled. The output voltage of
operational amplifier 67 is approximately equal to voltage of
baitery 127 which produces zero volts across the base-emitter
junction transistor 124 terminating charging current to battery
127.

25 To insure operational amplifier 67 is off, diode 87
mirrors its current in transistor 88 which forces the collector
of 103 to drive transistor 104 off. Thus, no current is provided
to the base transistor 109 insuring that no current is provided
to transistor 124.

30 Additional circuitry is added as a precaution to prevent
unintentional drive to transistor 124. Leakage circuit 68
receives leakage current that may develop at node 146. Current
source 117 is mirrored via npn transistors 114 and 116 to sink
leakage current through Schottky diode 118. Schottky diode



by battery 127. Resistor 111 prevents potential |eakage current from

pnp transistor 104 fromturning on npn transistor 109 when it is

i ntended to be off. 17
Qperational anmplifier 67 is frequency stabilized by capacitor 107. The
out put of operational anplifier 67 is at 20 node 146. Negative feedback
I's provided by resistor 112 which coupl es node 146 to node 138. 5

Nor mal operation of battery charger output stage 61 occurs when a
first input signal applied to input 152 enabl es npn transi stor 83 and
a second input signal applied to input 153 di sabl es npn transistor 86.

The voltage of battery 127 i bet weep an upper and | ower_ threshol d

voltage in thi sﬁér fPaine Edcﬁ’arb@ﬁ% Pﬁ%@ﬂ'\ﬁﬁi'&?ﬂ&@'@'ﬁ"ﬁe&‘q he state of

the first and frons segativeyaitagesgtiet scouid thee applitditgenodeitigbt  oage 61

provi des 2 RhthiififeC d! Firs€ indeftionS bf ef2y wah:a%gsgtﬁie to battery
n

I
current source BFSANYS RIS IBINGE TR FrAUg SoRBAARBRSEF, | Mo
current is psovicdiiectoy befowl ssbstrate potentiak onr aestandandtbi@lar  under
i sableq - pprogess can ciibe é“%ﬁﬁﬁggﬁf oBerdtRi bl R oyt S rent 20
source 80 to fl 'Vﬁ?ﬂgcﬂﬁﬁﬁﬂ?ggéﬁﬁﬁgt ibﬁﬁﬁﬁﬂﬁﬁ: Cur r ent gener at or
circuit 64 gener at esSenge ddad asircuite@9 dsr ae ractive spull-downoon stadel 448.
techni ques of | gipfrtdsblite\#2a(RAwANBREA R the inver8t @tived bufreht ansi st or
or diode acl 0SS o ¢ trantad by Hpn trarNiSior 181 =nd 119 ' The indere o ©d
t hrough resit8t ofMY8rrea y np
active mirror is used to avoid pulling epitaxial islands below
substrate potential thereby activating a parasitic device.
Without sense load circuit 69, the voltage on node 148 would
not be well defined when battery 127 is removed. An additional
1s benefit of sense load circuit 69 is its ability io charge a
negative voltage battery. A negative voltage at node 148
allows transisior 119 to convert to a normal active mode
transistor where the emitter functions as illustrated and is
current limited by resistor 122, If battery 127 is not present,
20 sense load circuit 69 will force node 148 into a low voltage
condition which will be detected by and acted upon by circuitry
not illustrated in FIG. 5. When battery 127 is present, the
current drawn by sense load circuit 69 is insignificant relative
to the charging current provided by fransistor 124. If power is
25 removed from battery charger output stage 61, current source
123 will power down terminating current loading of node 148.
Thus, battery 127 will not be discharged by any circuitry of
battery charger output stage 61 when no power is applied. This
maintains a long shelf life for battery 127 even if it remain
30 coupled to node 148.
By now it should be appreciated that a battery charger
circuit has been provided that precisely controls battery
charging to maximize reuse and power of a battery.



25 transferred to current mirror circuit 66 by transistor 92. Current

mrror circuit 66 provides its output current to resi stor 113 which
sets the reference voltage that is presented to the non-inverting input
of operational amplifier 67. Since | evel shift current source circuit
62 is disabled no current i's 30 provided2by transistor 74. Assuning the

i nput bias current of operational anplifier 67 is negligible, the
vol t age across resistor 112 is approximately zero which all ows

oper at i onal anplifier 67 to operate as a sinple voltage follower.

Therefore, the voltage that appears on the non- inverting i nput

(node 133) will appe t th ut f opergtj.onal ifie ode
145) . Operati onal n&h‘f regﬂlik?@ $LIVE& gé%serm '""&Qh@Pa’f‘%%P by t he
current through bw sﬂmwmmdt descmbml,sfwthetzmod:fcatland ardi stor 126. The
portion of this ; ﬁ@@ﬁleh?é‘thﬁrﬂéﬁjra Wase SKIRY ¥ thela Sqf st he current
which wll char qé;ﬁ 4$ undervol tage charging
operati on occur '%#'éﬁtq tha th%oWQﬁEOBf'sbﬂﬂ dimited fo; the, RASUCWIRE | ower
threshol d volst agermsnshown arid § isafndendedt fon e appgndbdaglpimsdot coverput 152
di sabl es 10 traéiﬁ'rﬁé&mc;% g WhibH cgd Y dBpaR o id quﬁtoahapgéoﬂeZ?y

di sabl es I.stor as |1 n nornal argi ng operation
char ger out put 55 es a pul sed current of a second

predeterm ned magnitude to battery 127. Transi stor 83 is disabled
all owing current source 84 to 15 bias diodes 81 and 82 thereby activating
a first current source conprising npn transistor 76 and a second

current source



conpri'sing npn transistor 77 and resistor 79. The current devel oped in

transistor 76 of current level shift current source circuit 62 is
mrrored fromthe positive rail (VCC via the 20 ‘VVIson current nirror
conprising pnp transistors 71, 72, and. 74, a

simlar to the structure of current 4 ror 66 ﬂﬁHﬂEa : pnp
transistor 74, is coupled to node 138 and drlves reeSist ar

create a level shift in a vol tage fromthe output (node 145) of
operational anplifier 67, 25 to the inverting input (node 138).

The current of npn transistor 77 (level shift current source circuit
62) is summed with the current of transiéé&{’mgz (current generator
circuit 64) to increase the mrrored cur provi ded by current mrror

circuit 66. This increases the 30 voltage drop across resistor 113 and

| evel shifts the non- 1 A pul¥éd thattery nﬂﬁ }agpamf pge;&tlu?ﬁgl dfi er
67. The voltage i%e oat ut nod %@5 of erat I ona | er
W th respect %P‘E'a{ §n Fh'é"

WYY esi st or 113 m nus
t he vol tage aéross reanspperatmal|amphﬁelpr(éﬂbrmeludmmcajufmﬂnput a

19 thi s s@cbhdrinpae afl‘idtailﬂﬁu Qsdup! @@ItéttﬁéSdrw@o% t1dBthes

char ging carr ont b, ﬂé&?@ﬁ '51% SHohd ngh fo SHIE o

accormmodat e t he tegsdidegutputf of rapergtlanabwmmlfm (e battery.
The level shifting onar gghsd Qmuitlﬂzragéhéaﬁé & ater§ Svdifage ap flegitag | ow

Ib?gt g(r)?/mgga hnd 3@% gﬁgoggt’n{)]pg P l{fﬁt %1338962‘& ryn %harger & n@ud ﬁngl[ldlf?\é within
an input couple to the sense input, a first output, and a second
output;

a controf circuit (17) including first and second inputs
coupled respectively to said first and second outputs of said

15 sense circuit (16), a clock input for receiving a clock signal, a
first output, and a second output;

a first current source (20) having a control input coupled
to said first output of said control circuit and an output
coupled to said first input of said operational amplifier (14)

20 wherein said control circuit (17) enables and disables said
first current source for providing first current pulses;

a second current source (25) including a control input
coupled to said second output of said contro! circuit (17) and an
output coupled to said first input of said operational amplifier

25 (14) wherein said control circuit (17) enables and disables said
second current source (25) for providing second current pulses;
and

a first resistor (22) including a first terminal coupled to
said first input of said operational amplifier (14) and a second

30 terminal coupled to the sense input (13) of the pulsed battery
charger circuit {11).



| evel shifting the inputs (nodes 133 and 138) would receive 10 voltages
that would disable transistors 101 and 102. Two cases eX|st for

termnating drive to battery 127. In the first case, drive is

termnated to create an off portion of a chargl ' cwt
battery voltage is nonitored at this €Pme. In't ﬂlﬂna n“ &M" I ve |s
€

term nated when battery 15 127 is fully charged. Overchargi ng ry 12
can produce darmage or shorten operating life. Term nating drive is
acconpl i shed by applying signals to inputs 152 and 153 t hat enabl es npn
transistors 83 and 86. In this case, |evel shift current source circuit

62, current generator 64, and current 20 mirror circuit 66 are disabl ed.
The out put voltage of oper ational  a ifier 67 is approximtely equal
to vol tage of beﬁtér?”‘fﬁs aﬁt%'ﬁl Ehﬁ%e@f%? é11ossregitegsin t he
base-enmi tter clajmntt further smcluding: 124 terninating charging current to
battery 127. 255 | of f,

di ode 87 Sm or s a| trsancsdsrtggn fnt% '%@a% iﬂ§§8e I%J)%éfor%‘géd f?e(

col | ect or offeeawing, s voltgge, @ cgptrol eleatrods caupledito; s

provi ded to thBedbaeeomtpatls(ﬂﬂb asf ¥ pulsed ibadtery asharger Wirceitt (19,

provi ded 10 dricfASseddtd digbtrodd: and Addl tional circuitry is added as
a precautlon to prevent tfnqtl‘éﬂ% ive to_transistor 124. Leakage
circuit 68 recei Fed® ?éﬁﬂ(ag%ﬂ Gt ﬁa' rstelerminal| eprpledninidhe 6.

Current sourespitter 7of said tramsistor (26 @nd aasecond ntermihdl asslipléd tbo si nk

|28akage cur @t thar seike PG (19) 6F AHE PdiSed m&‘%é’ﬂggﬂ circuit (11).

3. A pulsed battery charger circuit (11) as recited in
claim 2 further including a battery (28) coupled to the sense
input (13) of the pulsed battery charger circuit (11), said

15 battery (28) being charged up by the pulsed battery charger
circuit (11).

4. A pulsed battery charger circuit (11) as recited in
claim 2 further including a sense load (18) for loading the
20 sense input (13) when said battery (28) is removed.

5. A pulsed battery charger circuit (11) as recited in
claim 1 further including a leakage circuit (19) coupled to the

drive output (12) of the pulsed battery charger circuit (11) for
25 receiving leakage currents.



118 is needed to buffer the collector of npn transistor 116 from
negati ve vol tages that could be applied to node 146. For exanple, a
reverse insertion of battery 127 would apply a ~ " negative voltage to

node 146. Pulling an npn transistor 5 coI I ector b enti al
on a standard bi pol ar process can cadée adver eHﬂI“ﬁMﬁ"lﬁﬂﬂ E“(Ion or
damage by activating parasitic |lateral NPN t ans| st ons. ® -

Sense load circuit 69 is an active pull-down on node 148. Current
source 123 is mrrored in the inverse active current 10 mrror created by

npn transi stor 121 and 119. The inverse active mrror is used to avoid

pul l'ing epitaxial islgn ifﬁé@;ﬁ t?él‘ps Qﬁqee p I vating
a parasitic device. 624 e%elnas 5 rrcﬂélﬁ)nuz &59% &Prégﬁ on node
148 woul d RAMBEIS|RGY defined when battery 127 is renoved. An

addi tional 15 benef raln afnmmese(eﬂ)anicmmngla first iisput; sa @decontyirputcharge a
negative vol tagea‘{ha uf‘ negative voltage at node 148 al | ows
transistor 119 to conv 1ip nornal active t ransi st or where the

emtter functions as® ﬁ?‘(ﬁt ?5‘?@&“&"rﬁﬂ‘tl gource ‘-‘UG'I"rte(ﬁz)l fofi Pevidipgr esi st or
122. If battery fird¥ ard rsecopdesements2incliadinge @ cortro! input, H%First |11 force

node 148 into a I t by and
acted upon by ci rcwrlg? &&%ed t[o Qﬁmssf[ércgﬂ W[Hp(ﬁl?':(‘[ﬂ‘ A?D%m ﬁg @e’ry 127 is
present, the and, & §ﬁF° éﬁﬂ“ﬁ'ﬁ ssense load circuit 69 is insignificant
rel ative to the a@hgugieny gemerator wircuitd @4)bjndludingi at termiidl | f power

'S 25 Temwgd Lé%l@?&%e%éi &E@&Sﬁ& Rt gf%& Eiévelcgﬁf[ﬁgbrr%ﬂ't”c

123 wi || pover current loa S,
battery 127 wil IS‘HB'FebEi'GF@c ged by any circuitry of battery char ger
out put stage 61 whenancupentr migonpgirewat!. (66hi mcluding nai fitsti teymindbng shel f

life for battery dc(%_@ &Vfanshfd[ ggc{;ﬁﬁ&n@%l BP%Bif(ie&é’l Eﬂﬁﬁc&ﬂ%m

By now it shoul pprecra tery char er clrcuit has been
provi ded that prEayr Eﬁlg"%ﬁt@%ﬂ §“S’a?t gegond teé'ﬂﬁ\ag tax$Hdz rsteuse and
power of a lusttednput of said amplifier (67); and -

a first resistor (112) including a first terminal coupled to
said first input of said amplifier (67) and a second terminal
coupled to said output of said amplifier (67).

20 7. An integrated battery charger output stage circuit (61)
as recited in claim 6 further including:

a power transistor (124) of a first conductivity type
including a first electrode coupled for receiving a first supply
voltage, a control electrode coupled to said output of said

25 amplifier (67), and a second elecirode; and

a second resistor {(126) including a first terminal coupled
to said second electrode of said power transistor (124) and a
second terminal for coupling to a battery (127).



Wi | e *speci fic enbodi nents of the present invention have been shown and
described, further nodifications and i nprovenents wi [l “occwr--to_t hose
skilled in the art. It is under stood that the invegﬂ

' S, not limted
to the particular 5 fornms shown and it is_intended f ’mH)@ M’ﬂw ai s
to cover all nodifications which do notzsdepart from+ he [ J”Lcope
of this invention. 25 o+

CLAI M5 1. A pulsed battery charger circuit (11) including a
drive out put (12) and a sense input (13) conprising: 5 an
operational anplifier (14) including a first input, a second i nput,
and an output coupled to the drive output of the pul sed battery

charger circuit, said second input being coupl ed to said out put of
sai d operational anpl8-ffBrintegrated battery chargescputput;stage: cirenit 8Aking a
battery voltage appecitddt in Icfaint 7e faghee in¢lpdingef the pul sed battery
charger circult incl iy resisP (Y3 irfchithh§a' first "ferffifse collpida 2 f1 7t
out put, and a second, ou _‘F‘)u : . i
5 to said second input of said amplifier (67) and a second
terminal coupled to said second terminal of said second

resistor (126).

9. A method for charging a battery comprising:
10 pulsing a first predetermined current when a voltage of
the battery is below a first predetermined voltage;
pulsing a second predetermined current when said voltage
of the battery is above said first predetermined voltage;
sensing said voltage of the battery between current
15 pulses of said first or second predetermined currents;
stopping said pulsing of said second predetermined
current when said battery voltage is above a second
predetermined voltage. -

20



a control circuit (17) including first and second inputs coupl ed
respectively to said first and second outputs of said 15 sense circuit
(16), a clock input for receiving a clock signal, a first output, and
a second out put; a first current source (20). having a contro

i nput coupl ed to said first output o?6said control circuit and an

out put coupled to said first input of said operational anplifier (14)
20 wherein said control circuit (17) enables and di sabl es said first
current source for providing first current pul ses; a second
current source (25) including a control input coupled to said second
out put of said control circy oupled to said
first input of said operatigh&#&éiEﬁ??%@gqyéAﬁg%ﬁﬁé&#gﬁiin said control
circuit (17) enables and di sables said second current source (25) for
provi di ng second current pul ses; and a first resistor (22)
including a first term nal coup to sgl.d first input of said
operational anplifier (14) and )égg‘é%%&fsﬁ'e %Pﬁlioﬁﬁfe coupled to the sense
i nput (13) ofs the pul sed battery charger circuit (11).

2. A pul sed battery g fieid batiery tcg{a}aér ¥rcRC{119%drNcharginglaai m 1 further

for 5 acei vi atiery; 88). SAoppotoberays (47) JS elpBneivecle BuSShtored o
the drive out putcifclit) (t8) that pdnitets binet battenhatalfageci rthe tcqnim) | and
a second el ectrqeuitalfy) puises a first current source (25) or a second
10 current source (20). An amplifier (14) is responsive to the first
(25) and second (20) current sources for generating first and
second predetermined voitages between a drive output (12) and
a sense input (13). The first current source (25) is puised when
the sense circuit (16) senses the battery voltage to be less
1s than a first threshold voltage. The second current source (20)
is pulsed when the sense circuit (16) senses the battery
voltage to be greater than the first threshold voltage. Both the
first (25) and second (20) current sources are disabled when
the sense circuit (16) senses the battery voltage to be greater
20 than a second threshold voltage.

Fig. 1 accompanies this abstract.



a resistor (27) including a first termnal coupled to the emtter of
said transistor (26) and a second termmnal coupled to 10 the sense input
(13) of the pulsed battery charger circuit (11). 3. A pul sed
battery charger circuit (11) as recited in claim2 further including a
battery (28) coupled to the sense I nput (13) of the pul sed battery
charger circuit (11), said 15 battery (28) being charged up by the pul sed
battery charger circuit (1 1). 1 4. A pul sed battery charger
circuit (11) as recited in claim?2 {arther i ncluding a sense |oad (18)
for loading the 20 sense input (13) when_said _battery (28) is rempved.

5. A pul sedvipsig-eLy (‘haraer;'cj rcult C11) as recited in_. claim I Tutt her
including a Teakage circuity (19) coupled t drive output (1), of
the pul sed battery charger kcircuit (115 fon 2p eggi ving | eakage cufrgnts.
6. An integrated battery chlarger ou t s cimaquit (61) conpfi pi ng:
an anplifi@=¢®sT)~rnciudng a fir H i nput, and fng

out put ; 51 16 a levelizshift cdgrrgnt Jsofrcdg cifrcuit (62) for provjdjng
first and %e en | [ I , a first t ef m nal

coupl ed to's ISERNSEO IOONTROL and a secohd}

termnal; CIRCUIT CIRCUIT !
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a cuwrent generator circuit (64) including a termnal 10 coupled to said

second termnal of said |level shift current source circuit (62);

a current mrror circuit (66) including a first term nal coupled to
said second term nal of -said |l evel shift current source circuit (62)
and a second terminal coupled to said first 15 input of said anplifier
(67); and a first resistor (112) including a first term na
coupled to said first input of said anplifier (67) and a second

t erm nal coupled to said output of said anplifier (67). 20 7.
An integrated battery charger output stage circuit (61) as recited in
claim6 further including: a %g%er transistor (124) of a first
conductivity type including a first electrode coupled for receiving a
first supply voItage a control electrode coupl ed to said out put of

said 25 anplifier a second e; and second
resistor (126) |ncI rst ter Ied f& ?T ond
el ectrode of said S|stor sec al fot

coupling to a batter
8. An integrated batter Vharger output S aée circuit (61) V+as reC|ted

in claim?7 further inclyding: ajthird resistor (143) including a
first termnal coupkgd |5 to said secgnd nput of sald'gppl fier (67) and a
second t ] ' idi{second

F1G. &£

COLLECTOR COLLECTOR
1 2 -

BASE

EMITTER



resistor (1 26).

#o

battery is below a first predeterm ned voltage;

pul sing a first predeterm ned current when a vol tage of

predet erm ned current when said voltage

first predeterm ned voltage;

stoppi ng said pul sing of said second gpgdeterni ned
pr edet er mi ned vol t

battery voltage.is above a second

9. A nethod for charging a battery conprising:

t he
pul sing a second
of the battery is above said

sensing said voltage of the battery
between current 15 pulses of -said first or second predeterm ned currents;
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