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5A, Multi-Chemistry Battery Charger
CN3705

General Descriptions:

The CN37@ is a PWM switch-mode battery
chager controller for 1 or multi-cdl lithium
ion bateries or LiFePO4 bateriesin a small
packageusng few externd components

The CN3705 is speidly designed for
chaging lithium ion bateries or LiFePO4
bateries with congant current and congant
voltage mode In condant voltage mode the
regulation \wltage is sd& by the extmd
resistor divider. The consart charging aurrent
is programmable with asingle sense resisor.
Deeply discharged bateries are aubmaticaly
trickle chaged a 15% of the programmed
congant charging current untl the cell voltage
exceedss6.7%of the regulation wltagein
congant voltage mode Thechagecycle is
terminated one the charging current dropsto
a level setby anon-chip resistor and an
extemd regstor, and anew charge cycle
automaticaly redartsif thebattery voltage
falls bdow 91.1%o0f theregulation wltagein
congant voltage mode CN3705wiill
aubmaticaly ener slegp modewhen input
voltageis lower than bdtery voltage

Othe feaures indude undervoltage lockout,
batery temperature monitoring and status
indicétion, ec.

CN3705is available in a gacesaving 16pin
TSSOP package

Applications:

® LiFePO4 Battery Charger

® Electric Tools

® Battery-Badup Systems

® Portable Indugrial and
Medical Equipment
StanddoneBatery Chagers

www.consnane@-eleccom

Features:

® \WidelnputVoltage 7.5V to 28V

® Conmplete Chager Controller for 1
or multi-cdl Lithium-ion Battery or
LiFePO4 Battery

® ChageCurrent Up to 5A

® High PWM Switching Frequency:
300KHz

® Condant Chaging Voltage Set By
the Externd Resistor Divider

® Charging Current is programmed

with asense resisor

® Automatic Condiioning of Deeply

Discharged Batteries

End-of-Charge Currentcan be st

by an extemd redstor

Battery Temperature Monitoring

Automatic Rechage

Charger Satus Indicaion

Soft Start

Battery OveroltageProtecion

Operating Ambient Temperature

—40C to +85C

Available in 16 Pin TSSOP Packaye

Pbfree, RoHS Compliant,

and Halogen Free

Pin Assignment:

.
VG[ 1] (16 DRV
PGND[ 2] [T§vce
GND[ 3] (14 BAT
CHRG[ 4 13 CSP
4 CN3705 43
DONE[ 5| (I3 NC
TEMP[ 6] 1] coms
EOC 110 FB
com1[ 8| [ 9] com2
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Typical Application Circuit:
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Figure 1 Typical Applicaion Circuit

Ordering Information:
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Part No. Operating Ambient Tenperature Congant Charging VVoltage
CN3705 —40C to —+85C Set By Externd Resistor Divider
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Pin Description:

Pin No. Name Descriptions

1 VG Internd Voltage Regulator. VG interndly supplies power to gde driver, connect a
100nFcapecitor beaween VG pin andVCC pin.

2 PGND Power Ground.

3 GND Andog Ground

4 L Open-Drain Output When the batery is being charged, this pin is pulled low by

CHRG | aninternd switch. Gtherwise this pin isin high impedane state
5 L Open-Drain Output. When the charging is terminated, this pin is pulled low by an
DONE internd switch. Otherwise this pin is in high impedane state

5 TEMP Battery Temperature Monitoring Input Connect an NTC resistor from this pin to
GND.

7 EOC End-of-Charge Current Setting Pin. Conred this pin to GND diredly or via a
resisor.

8 COM1 | Loop @mpensttion Inputl. Conred a470pF capecitor from this pin to GND.

9 COM2 Loop Gmpensation Input 2. Connect a 220nF capaitor in serieswith an 1200
resisior from this pn to GND.

10 FB Batery VoltageFeedbak Input Nead to connect to the externd resistor divider.

11 COMS3 Loop Gmpensation Input 3. Connectan 100nFcapacitor from this pin to GND.

12 NC No Connection
Postive Inputfor Charging Quirent Sensng. This pin and the BAT pin measure

13 CSP the voltage drop aaoss the sense resisor Rcs, to provide the current signds
required.
Negdive Inputfor Charging Current Sendng. This pin and the CSP pin measire

14 BAT the voltage drop aaoss the sense resisor Rcs, to provide the current signds
required.

15 VEE Externd DC Power Supply Input VCC is dso the power supply for internd
circuit. Bypassthis pin with acapaitor.

16 DRV Drive the gae ofextemd P-channel MOSFET.

Absolute Maximum Ratings

Voltage fromVCC, VG, DRV, CHRG DONE to GND........... —0.3V to 30V
Voltage from CSRBAT to GND.........civeiiiiiiiiiee i, —0.3V to 28V
Voltage from COM3 t0 GND..........cocooiiiii i 6.5v

Voltagefrom Other PINStO GND.......c.ccvviviiiiiieieieen, —0.3V to Vcomzt0.3V
S (0] = (o (SR I=T00 o1 =1 U1 (T —65C---150C
Operating Ambient TEMpeErature..........oovvvvvevevveeverinennnenns —40C---85C

Lead Temperature(Soldering, 10 80Nd9........cc.coeevvvvivienenns 300C

Sresses beyand those listed under *Absolute Maximum Ratings may cause pamanent damage to the device These are dtress
ratings only and functiond operation of the device at these or any other conditions abowe tho= indicated in the operationd
sedionsof the gecificationsis not implied. Exposure to Absolute Maximum Rating Condtions for extended peiods may affed
device reliability.
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Electrical Characteristics:
(VCC=15V, To=—407 to 85C, unlessotherwise noted)

Parameters Symbol Conditions Min Typ Max | Unit
InputVoltage Range VCC 7.5 28 V
Undeavoltage  lockout UVLO 4.9 6 73 Y
Threshold
Operating Qurrent lvee No switching 1 155 21 | mA
Feedbak Voltage Vg FB pin,Condant voltagemode | 2.392 2.416 244 | V
FB Pin Bias Current leg Veg=2.4V 50 300 nA
Current Sense Voltage Ves Vear>>66.7%X Vgeg 190 20 210 iy

(Vcsp—Vear) Vear <66.7%X Vre 18 30 42
Current into BAT Pin IgaT Vear=12V 5 10 b uA
Precharge Threshold Vpre | VeaTrising 66.7% VReG
Rechage Thresold VR&e Vgat faling 911% VRrec
OvenoltageTrip Level \Vov Vpar rising 1.06 1.08 11 v
OvenoltageClearLevel Vclr Vgar falling 0.98 1 1.@ REG
TEMP Pin
Pull up Qurrent lup 38 50 @ UuA
High Threshold Vthh | TEMP Voltage Rising 1.57 161 165| V
Low Threshold Vthl TEMP Voltage Falling 0.145 0.5 0205| V
CHRG Pin
CHRG Pin Snk Current Ichre | VcHRGE1V, charge mode 7 12 18 | mA
CHRG Leakaye Current lk1 V cura=25V terminaion nmode 1| uA
DONE Pin

DONE Sink Current Ipone | Voone=1V, terminaionmode | 7 12 18 | mA
DONE LeakayeCurrent | lko | Vpone=25V, charge mode 1| uA
Oscillator
Switching Frequency fosc 240 300 360 | kHZ
Maximum Duty Cycle Dmax 94 %
Sleep Mode
Vear=8V 0.06 01 014
Sleg Mode Threshold .
Vgp | VCCfalling | Vear=12V 0.1 014 018| V
(measure VCC—Vpar)
Vear=18V 0.18 023 028
Sleep mode Releag Vear=8V 0.26 032 039
Threshold Vspr | VCCrising, Veat=12V 0.32 042 052| V
(measure VCC—Vpar) Vpar=18V 0.38 047 058
DRV Pin
Vpry High  (VCC—Vpry) VH lprv=—10mA 60 mv
Vpry LOW  (VCC—Vpry) VL Ibrv=0mMA 5 6.5 8| V
Rise Time t Cload=2nF, 10%to 90% 30 40 6 ns
Fal Time s Cload=2nF, 90%to 10% 30 40 6 ns
Note: Vges is theregulation voltage at BAT pin in congant voltage mode
Www.consonan@-eleccom Rev.1.1 4
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Detailed Description:

The CN3705is a mndant current, condant voltage batery charger cortroller tha adopts PWM step-down (buck)
switching achitecture, the deviceis pecialy designed for 1 ormulti-cdl Li-lon batery or LiFePO4 bateries
Thechargecurrent is se by an externd sense resisor (Rcs) aaoss the CSPand BAT pins Thefinal battery
regulation voltage Vres in condant voltage modeis setby the externd resistor divider.

A chage cycle beginswhen the voltage a the VCC pin rises abowe the UVLO lewel and is greakerthan the
batery voltage by sleep node releag thresdold Vs pr. At the baginning of the chargecycle, if thebattery
voltageis lessthan 66.7%X V reg, the chager goes into trickle chage mode Thetrickle chaige currentis
interndly set to 13%(Typical) of thefull-scale curent When the batery voltageexaeeds66.7%X Vgeg, the
chager gossinto the full-scde condant current charge mode In congant current mode the chargecurrent is se
by the externd sense resisor Res and an internd 200nV referene, © thechagecurentequas to 200mV/Rcs.
When the batery voltageapproaches theregulation voltage, the charger goes into constant voltage mode and the
chagecurrentwill gart to decreag. When the charge current dropsto alevel that is set by theresistor a EOC
pin, the chage cycle is terminated,the DRV pin is pulled up o VCC, and an internd comparator turns off the
internd pull-down N-channd MOSFET atthe CHE pin to indicak tha the chage cycle is terminaed During
the chage cycle emination status, another internd pull-down N-channel MOSFET atthe DONE pin is turned
onto indicae thetermination gatus

To restart the chage cycle, just remove and regpply the inputvoltage Also, anew charge cycle will begin if the
batery voltage dropsbdow therecharge threshold voltage of 91.19%6X V gec.

When theinput voltage is not present, the charger goes into degp mode

A 10kQ NTC (negative emperature codficient thermistor can beconnected from the TEMP pin to ground for
batery temperature qudification. The charge cycle is sugpenddl if thebatery’ s temperature is outside of the
accepable ange.

An owervoltage comparator guards againg voltage transent overshoos (8% of regulation wltage). In this ca®,
P-channd MOSFET are turned off unil the overvoltage condition is cleared. This feature is usful for batery
load dunp or sudden removal of bdtery.

The charging piofile is shown in FHgure 2.

A
Prechage | ConsgantCurrent ; CondantVoltage
Phae Phag Phag
_______ N
AN
i N\
AN
\\
< 4.2V /cel
\
\
AN
AN
\
G 2 8V cell \\
\\
Chamge £minated /:

Chamge Qurrent
Battery Voltage

Figure 2 The Charging Rofile
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Application I nformation

Undervoltage L ockout (UVLO)
An undevoltage lockout circuit monitors the inputvoltage and keepsthe charger off if VCCfalls bdow
6V (Typicd).
Set the Regulation Voltagein Constant Voltage M ode
As shown in Figure 1, bdtery voltageisfeedbak to FB pin viatheresistor divider composed of R6 and R7.
CN3705decided the charging gatus based on FB’s voltage When FB’s voltageappioaches 2.416V, the dharger
goss into condant voltage mode In condant voltage mode the charge current decrease gradudly, and the batery
voltage remains unchanged.
In light of FB pin’s bias arrent, the regulation wltage in congant voltage modeis deermined by thefollowing

equaion:

Vear=2.416X (1+R7/ R6) +1gXR7

Where, Ig is FB pin’s bias current, which is 50nA typicd.
From the abowe equéon, we can ge ha an eror isintroduced dueto the existence of bias current I, the error
is Ig X R7. If R7=500KQ, then the error is about 25nV. So the error should be taken into account while
designing theresistor divider.
Theregulation wltage rangetha can beset is from 3V to 25V.
Trickle Charge Mode
At the baginning of achargecycle, if the batery voltageis bdow 66.7%X Vges, the charger goesinto trickle
chage modewith the charge current reduced to 15% of the full-scale curent
Charge Current Setting
Thefull-scale chage current namely the charge current in condant current mode is dedded by thefollowing
formula:

200mV

ICH =
Rcs

Where:
Icn isthefull scale cdharge current
Rcsistheresistor beween the CSPpin and BAT pin
End-of-Charge Current Setting
End-of-charge current can beset by conneeting aresisor from EOC pin to GND, and is decided by thefollowing
equdion:

1.2783¢ (143504 Rext)
Res % 10°

Tene=

Where:
® Icistheend-of-chagecurentin Ampere
® Rext is the externd resistance from EOC pin to GND in Q. Rext can not be great than 100KQ,
otherwise the charging may not betemrminaed mrrecty.
® Rcsisthecurentsens redstane béweenCSPpin and BAT pin in Q
It is our interest to calculate theratio beween Igoc and loy:
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1.278 (14350 + Rext)

I Res ¥ 10° _ 1.278 (14350 + Rext)
ICH 0.2 0.2 % 10°
Rcs

When Rext=0Q2, theminimumlgod/Icy=9.17%

When Rext=100KQ, the maximum lgoc/lch=73%

Automatic Battery Recharge

After thechage cycle is completed and both hebatery and theinputpower supply (wall adgpter) are ill
Conrectd,anew chagecycle will begin if the batery voltage dropsbdow 91.1%X Vres dueto Elf-dischage
or extemd loading. This will keep thebattery capaity atmore than 80%at al ti mes without manudly restarting
thechagecycle.

Battery Temperature Monitoring

A ngyative emperature codficient(NTC) thermistor located dose o the battery pack can beused to monitor
batery temperature and vill notallow chaging unles the batery temperature is within an &ceptble range
Conrecta 1k thermistor fromthe TEMP pin to grourd. Interndly, for hot tenperature, the low voltage
threshold is set a 175nmV which is equd to 50°C (RNTC~3.5kQ). For cold tenperature, hehigh voltage
threshold is set a 1.61V which is equd to 0°C (RNTC~32kQ) with 50uA of pull-up airrent.

Once the temperature is outside the window; the charge cycle will be suspended, and the chagecycle rreumesif
the temperature is back to the accepable range

The TEMP pin’s pull up current is about50uA, 0 the NTC themistor' s resistance should bel(kQ at 25C,
about3.5Q at hottemperature threshold, and about 32kQ at cold temperature threshold. The NTC thermistor
suc as TH11-3H103F MF52(10 k<), QWX-103 and NCP18XH103FO3RB can work well with CN3705 The
above mentionad pat nunbers are for reference only, the users can sled the right NTC thermistor pat nurmber
based on teir requirements

If batery temperature monitoring fundionis not needed, just conneet a 10KQ resisor from TEMP pin to GND.
Status I ndication

The CN3706 has 2 open-drain satusoutputs: CHEG and DONE . CHEG is pulled low when the charger isin
charging datus otherwise CHEG becomes high impedane. DONE s pulled low if the charger isin charge
termination gatus, otherwise DONE becomes high impedane.

When thebatery is not present, the chager charges the output capaitor to the regulation wltage quickly, then
the BAT pin’s voltage decays dowly to recharge threshold because of low legagecurrent at BAT pin, which
results in aripple waveform at BAT pin, in the meantime, CHEG pin ouputs apulse to indicate that the
batery’s abence.

The open drain gatus outputthat is notused should betied to grourd.

Thetable 1 lists the two indicator status and its correspording charging status It is supposd that red LED is
conneted b CHEG pin and geen LED is connected to DONE  pin.

WwWWw.cononane@-eleccom Rev.1.1 7
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CHEG pin DONE pin State Description
Low(thered LED on) High Impedane(the greenLED off) Chaging
High Impedane(thered LED off) Low(the green LED on) Chargetermination
Pulse signd Pulse sgnd Battery notconneted

There ae three posible gate;

® thevoltage a the VCC pin

High Impedane(thered LED off) High Impedane(the greenLED off) bdow the UVLO lewvel or

® thevoltagea theVCCpin
bdow Vgar OF

® abnomal batery’s temp

Tabe 1Indicaion Status

GateDrive

TheCN3706' s gate driver can provide high ransent currentsto diive the externd passtransstor. Therise and
fall timesare typicaly 40nswhen driving a2000pFload, which is typicd fora Rchannd MOSFET with Rdgon)
in the rangeof 50MQ.

A voltage clamp is added to limit the gae drive to 8V max. bdow VCC. For example, if VCCis 20V, then the
DRV pin outputwill be pulleddown to 12V min. This alows low voltage P-channd MOSHETSs with supeior
Rdgqon) to be ugdasthe passtrangstor thusincreasing dficiency.

L oop Compensation

In oder to make sure tha the current loop and the voltage loopare dable, thefollowing mmpensation
conmponeltsare neesaly:

(DA 470pF capecitor fromthe COM1 pin to GND

(2)A seies 2DnFceramic capaitor and 20Q resisor from the COM2 pin to GND

(3)An 100nFcemanic cgacitor from the COM3 pin to GND

Battery Detection

CN3705does not provide batery deection fundion, when the batery is not present, the chager chages the
outputcapacitor to the regulation wltage quickly, then the BAT pin’s voltagedecays owly to rechage
threshold because of low legkagecurrent & BAT pin, which resultsin aripple waveform a BAT pin, in the
meantme, CHEG pin ouputsapuse to indicae tha the batery’s ebsence.

Itis generaly notagood padiceto connect abatery while the chager is running. The charger may provide a
large surge current into the battery for a brief time.

Input and Output Capacitors

Since the inputcapacitor is assumed to asorb dl inputswitching ripple current in the conwerter, it mus have an
adequae ripple current rating. Worst-cae RV S ripple currentis approximately onehalf of output charge
current.

The seledion ofoutputcapadtor is primarily deermined by the ESR required to minimize ripple voltage and
load gep trandents. Generally speaking, alQuF celamic capaitor can beused.

Inductor Selection

During Rchannel MOSHET' s on ime, theindudor current increases, and decreases during P-chaand
MOSFET's off time, theindudor’s lipple curentincreagswith lowerindudance and highe inputvoltage
Highea inductor ripple current results in highea charge current ripple and geder core losses. So theindudor's
ripple current should be limited within areasonéeble range

Theinductor' s ripple current is given by thefollowing formula:

WwWWw.cononane@-eleccom Rev.1.1 8
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_— 1 _ Vear

Where,

f is the switching frequency 300KHz

L istheindudor value

Vgat IS the batery voltage

VCCis theinputvoltage
A rea®nable garting point for setting indudor ripple currentis Al =0.4X Icy, lcn is the charge current.
Remenber that themaximum Al occurs a the maximum inputvoltageand thelowest indudor value So
lower chage currentgeneally cals for larger indudor value
Use Tale 2 as aguidefor seleding the corred indudor value for your gpplication.

Charge Current Input Voltage Inductor Value
>20V 40WH
1A
<20V 30wH
>20V 30wH
2A
<20V 20wH
>20V 20wH
3A
<20V 15w+
>20V 15w+
4A
<20v 10wH
>20V 10wH
5A
<20V 8uH

Tade 2Guideto Sded Indudor Vaue

MOSFET Selection
The CN370 uses aP-channel power MOSFET switch. The MOSHET mug be selecied b meetthe efficiency
or power disgpaion requirements of the charging circuit aswell asthe maximum temperature ofthe MOSHET.
The pek-to-peak gde dive voltageis set interndly, this voltageis typicdly 6.5V. Consequently, logic-level
threshold MOSHETs mug beused. Pay close attention © the BV pss speification for the MOSFET as well;
many of thelogic level MOSFETs are limited to 30V or less
Selection cariteria for the power MOSHET indudesthe “on” regstane Rldgon), total gate charge Qg, reverse
trander capaitane Ggss inputvoltage and meximum charge current.
The MOSFET power disspaion at maximum output current is approximated by the equaion:
Pd = VBAT Rds(on) X ICH? X (1+0.005dT)
VCC

Where:

Pd is the power disspation of the power MOSHET

VBAT is the maximum béttery voltage

VCCis theminimum inputvoltage

Rdg(on) is the power MOSFET's on esistance at roomtemperature

ICH isthe chage current

dT is thetenperature differene bdéween atud ambient temperature and room temperature(25°C)
In addition o the I’Rdg(on) loss, the power MOSFET still has transtion loss, which are highest at the highest
inputvoltage. Generally speaking, for VIN<20V, the I’Rdg(on) loss may bedominant, 0 the MOSFET with
lower Rdq(on) should beseleded for better efficiencgy; for VIN>20V, the trandtion loss may bedoninant, 0
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the MOSHET with lower Cgrsscan provde beter efficiency. Crssis usudly specified in the MOSFET
charaderistics; if not, then Czsscan becakulated usihg Crss= Qgp/AVps.

The MOSFETssuch as AO4459, SM9435(0r WT9435), AO3407A can beused. Thepat numbers listed ebove
are for referene aly, the users can glecttheright MOSFET based on her requirenmens.

Diode Selection

ThediodesD1 and D2 in Hgure 1 ae schottky diode the current rating of the diodes should beat least the
charge current limit, the voltage rating of the diode should exceed the maximum expected inputvoltage.
Thediodethat is much larger than that is sufficient can result in larger trangtion losses dueto ther larger
junction capaitance.

Disable Charging with TEMP Pin

The charging an bedisabled with TEMP pin, & shown in Fgure 3:

CN3705

Control M1 TEMP

Signal NTC
GND

Note: M1is N-ChannelMOSFET

Figure 3 Disable Charging With TEMP Pin

When control signd is high, Nchannd MOSFET M1 is tumed on,the voltage at TEMP pin is pulled down to

GND, which will disable the charging;

When oontrol signd islow, N-channd MOSHET is tumed off, the voltagea TEMP pin is deermined by NTC

thermistor, which paforms normal battery temperature monitoring fundion.

About Battery Current In Sleep Mode

In thetypicd application drcuit shown in Hgure 1, when inputvoltageis powered off or lower than batery

voltage CN3705will enter degp mode In degp mode the battery current indudes:

(1) Thecurrentinto BAT pin and CSPpin, which is about 10uA(Vgar=12V).

(2) The current from battery to VCC pin viadiodeD1, which is determined by D1’'s leakaye current
Thecurrent will chage capaitane CL at VCC pin, which will makeVCC voltage abit higher. To avoid
erratic opaation, aresistor in paallel with capaitane C1 may be neded to discharge the capaitance, the
resisor valueis degermined by diodeD1's le&kage geneally speaking, a20KQ redstor can &hieve the
task.

(3) Thecurent from batery to GND via diodeD2, which isaso deermined by D2's leakaye current

PCB Layout Considerations

When laying outthe printed drcuit boad, the following consderationsshould be taken to ensure prope

opaation of thelC.

(1) To minimizeradiation, he2 diodes, pass tandstor, indudor and the inputbypasscapecitor traces should be
kept as short as possible. The postive side of theinputcapacitor should beclose to the source of the
P-channd MOSFET; it provides the AC current to the pass trangstor. The comection between he cath
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diodeand the passtrangstor should dso bekept as short as possible.

(2) The compensation cgpecitor connetedatthe COM1, COM2 and GOM3 pins should return to heandog
ground pn of the IC. This will prevent ground nose from disrupting the loop gability.

(3) Output capecitor ground connectionsneed to feed into same coppe tha connects to the input capacitor
ground lefore tying bak into system ground.

(4) Andogground and power groundr switching giound) should return to system ground gparately.

(5) Theground pnsalso works asa hatsink, therefore use a generousamount of coppe aroundthe grourd
pins. This is especialy important for high VCC and/or high gde capacitance gpplicaions

(6) Plae thechage current sense resisior Res right next to the indudor output but oriented such tha theIC's
CSPand BAT traces going b Rcsare mtlong. The 2 traces need to berouted together as asingle par on he
same layer a any given time with smallest trace pacing posible.

(7) TheCSPandBAT pinsshoud beconreded diredly to the current sense resisor (Kelvin senang) for best
chagecurrentaccuacy. SeeFigure 4asan eample.

DIRECTION OF CHARGING CURRENT

Figure 4 Kelvin Sersing of Charge Current
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Package I nfor mation

i

RETIERE: (8

PIN #1 [DENT, il . i m W T T

_ b
\ 1; ais ,rt E
Dimensions In Mill imeters Dimensions In |nches
bl Min Ma x Min Max
D 4,900 5.100 0.193 0. 201
E 4, 300 4, 500 0,169 0,177
i 0. 150 0. 300 0, 07 0. 012
& 1, 08 {1, 2010 0, (4 (). N0ng
El 6. 250 b, 350 0, 24106 0. 238
A I, 1@ 0..043
AZ i, &00 1. 0. 031 0, 039
Al 1, 024 {1, 1540 0, ool 0. Dl
e . 65 (BSC) 0. 426 (RSC)
L 0. 500 | 0. 700 0, 020 | 0. 028
H 0. 25 (TYP) 0. 0LATYP)
i 1" | e J:2 | 7°

Cononanc does not assume any respongbility for use of any circuitry described. Consmance resewes the
rightto changethe circuitry and pecifi cationswithout notice at anytime.
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