Component Design for LV2 Power Electronics
(Except Main Battery?)

Fully dischargd.i+ cellsare2.5V (not2V). (2.5,3.6,4.2)
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Design Review notes

Purpose of late-phase design review

Encouragesarlydesignreview

Make the designereconsidethedesign
Catchbugs/ mis-features

Find holes

Fix interfacewith othersystems
Discussbloat(possiblyeveneliminateit)
Disseminatehedesign

Probably don’t

Checkcomponenvalues(exceptpossiblythefew very critical ones,or in caseof error)
Eliminatemarginalmis-features

Recovery Goals

Safety

Reliablerecovery(minimize pointfailure, provideredundancyyerifiable status)
Low maintenancé Reasonabléurn-aroundtimes
Maximumindependenc&om FC/ mainavionics

Low mass

Smallsize

Specs

onehourindependenbatterypowerat 100mA
Main powerfrom a4-cell Li+ batteryor umbilical
integrated?m DTMF receiver

redundantgniter circuits

CAN/PIC node

Vision thing

Batterychargewhenpowered(selfinitiated?)
Batterymonitor

Sendshutdownmessage?

Sendwakeup message
Implementbackuptimer?
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CAN Node Switch Mode Power Supply
SPS)
200)

SPS Goals

Reliable/ Robustpower
Low mass

Smallsize
Goodefficiency (>85%)
Low generatedRFlI

Low cost

SPS Specs

Powerfrom a 4-cell Li+ batteryor umbilical

SPS Design notes

The SPSis intendedo beimplementedn eachCAN node.It’s designshouldthereforebereasonablyheapandcompact.

Desireafairly bulletproof design.This hasled to interferencdilters (commonmodechoke+ capacitors)fuse,transientvoltagesuppres
sor,overvoltagecrowbar,andanextracurrentlimiting circuit.

The SPSacceptdwo digital inputsand producesonedigital output.It alsoprovidesa "power" LED. Theinput"SPS_off"allowstesting
of the HAP while main poweris up. It alsocould be usedfor testingthe resetbehaviorof a CAN node,or for performinga "hardboot" on
a misbehavinghode.The SPS_ offcapability canbe eliminatedfrom a nodeby removinga few componentsvithout otherwiseaffecting
the node’soperation.

The SPSoutputs"SPS_Fail"from a CMOS comparatomwhenthe outputvoltagefalls below a threshold.This signalis usedby the HAP
for batteryswitching.lt canalsoberoutedto the PIC.

For smallsizeandhigh efficiency an approximatelyl. 5MHz switchingsupplyis used.The LT1767 waschoserbecausét’s the only part
that canstandthe 18V mainsvoltagepresenwhenon the umbilical. For interferenceeasonghe switchingsupplyhasbeensynchronizec
to the PIC’s crystaloscillator,the secondligital input"sync"is usedfor this function.

W Issues

The feedbacknetwork uses4 resistors.This is to provide tapsfor the CMOS comparatorghat generatehe SPS_Failand overvoltage
protectionsignals.It would be betterfrom a transientresponsendlayoutviewpointto split thisinto two dividers(thusaddinga resistor),
howeverthiswould increasdhedivider currentdrainslightly. It's probablyworthit.
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Connector(s)

m CM200 No JST-08PS-JED

JST<www.jst—-mfg.com®8PS—-JEDjght anglemale(plug, sideentry)

1.25mm pitch
8 circuits,doublerow
1A currentrating/ pin

50V AC/DC voltagerating

500VAC withstandingvoltage,1 minute

(20,40)mQ contactresistancéax (initial, afterenvironmentatesting)
300MQ insulationresistance

(4.6x 5.95x 6.15)mmHXWxD

Glassfilled nylon 66, Brassw/copperundercoattin plated

The connectorshouldbe small, reliable,polarized,andreasonabhdurable. The currentgoalis 1A perconnection4 circuitsarerequired.
The board connectorshould be a right-angle type to allow plugging while using stackedboards. The cable connectorshould be
straightin. Adequatestresgeliefis amust.

We decidedto usethe JST JED seriesfor its small size and decent'feel". The connectoris not mechanicallyrobustenoughfor us, so
we’ve decidedto useextramountinghardwareto stressrelieve the connectorwith this changeall our goalsappearto be met. The 8
circuit connectowaschoserallowing usto doubleup for redundancy.

Integrated Circuit(s)

m U200 LT1767, 1.25+MHz, 1.5A, DC-DC buck converter (DigiKey LT1767EMS8-ND
6.00%ea)

The selectioncriterionincludesize,efficiency, complexityandfrequency .This MSOP-&ackagecanreach87% efficiency supplying5V
@ around100mA output @ 1.5MHz (synchronized)With 1QuA shutdowncurrent,about1mA quiescentcurrent,and potentially 1A
outputcurrentwhile toleratingan8-20V inputrange (I think the 8V is basedn 2V/cell, it shouldn’tgetthatlow.)

m U201 LTC1442, ultra low power dual comparator w/ reference (DigiKey LTC1442IS8-ND
4.88%ea)

Functionallythis chip identifies overvoltageand undervoltageconditions.Sinceit mustoperateconstantlyoff the Li+ backupbattery,
micropoweris essentialThis unit is a singlepackagesO-8&r MSOP-&olutionwhich drawsonly 3.5:A (typ) or 5.7uA (Max).

m U202 Any single 'HC NOR gate (DigiKey SN74AHC1G02DBVR 0.56%ea) SOT-23-5

This gateblocksthe synchronizatiorsignal during powerfail. This is requiredbecausedhe backuppowercankeepthe synchronizatior
signal activeevenwhen U200 is shutdown. If the synchronizatiorsighal passedlirectly to U200, U200 would be poweredthroughits
input protectiondiodesduring positiveexcursion®of the syncsignal.U202is notrequiredon SPS’'which do notincludebackuppower.

Sinceafully discharged.i+ batteryis only 2.5V thelogic shouldrunin the rangeof about2V to 5.2V. Most currentCMOS productswill
dothis.

m U250 4 Bit 'HC binary counter (DigiKey 296-12344-1-ND.88%ea) TSSOP-16
Thisisthe SN74LV161A(25+MHz)
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m U251, 252 Any single '"HC ExOR gate (Digikey SN74AHC1G86DBVR 0.56%ea) SOT-23-5

Transistor(s)

m Q200 IRF7455 S0O-8 N-FET (DigiKey IR7455-ND1.53%ea)

InternationaRectifierIRF7455

SO-8 package

30V V_DSS

29mVv/C Breakdowntemp.co25C,|_D==1mA
7.5m) R_DS(on)

(, 37,56)nC totalgatecharge@ V_GS=5V
3480pF typ. inputcapacitance

15 |_DMax (dissipationlimited)

120A Max pulsecurrent

12V V_GSMax

1.2v Max bodydiodeforwardvoltage@ 25C,2.5A,V_GS=0V
96ns Max bodydiodereverseaecoverytime

150nC Max bodydiodereverserecoverycharge

200mJ Max pulseavalanch&nergy

0.25mJ Repetitiveavalanché&energy

150C T_JMax

50C/W Max 6_JA on standardl"sq.coppercladboard,t < 1s.

Crowbarelementfor CAN node.Q200 shortsthe incoming power buswhen an overvoltage condition existsat the output of the SPS.
Dissipationis not high becausef the shortdurationof activation.Mustrespondo 5V gatedrive andsink minimumof 8A at5V. Voltage
rating 25V minimum.

A very cheappartin the SO-&ackagds theIRF7463,R_DSON=8m(}, VDS Max=30V, 1.55%.

Almost assuitablein the MSOP-&tyle,IRF7603,R_DSON=35m(}, VDS_Max=30V, 1.92%.

Perhapsmallestput pushingit, SOT-223|RLL014,R_DSON=140m, VDS_Max=55V, 0.68%

The SOT-223 packagds spec’d(Seeirll014n.pdf p.5) ashaving 10% responséo a single 100mspulse.The effectivethermalresistance
is thereforeat most12C/W.assumingal6A pulse,the max poweris about36W or 430Ctemperatureise. Obviouslytoo much.Whatis

theimpedancef a4AHr 4 cell Li+ battery?Ans: about0.1().

Figuring 0.1 percell, andaccountingor thetransistorat 0.28) andthechokeat 0.140 the shortcircuit currentof a full batterypackis

42 x4/ (401 +0.28 +0.14 )

20. 4878

Safetysuggests$iguring 30A. In which casethe SOT-223is too small.

Goingto the MSOR-8? Ooothe FairchildNDT455Nis muchbetter!(R_DS(on3=20m(}), butstill too small.
EventheMSOP-8s toosmall... sigh.Soit's the SO—-8or us.

Ok, justto disproveinsanity,here’sthejustification. Surgecurrent30A for 50msMax.

R_DS(on)@ 150Cis < 12m(}, so P_D(Max)is < 11W, transientthermal resistancgequivalent,seeirf7455.pdfp.5) is < 7C/W so
temperatureiseis < 77C.Thereforemaximumoperatingambientis > 73C,whichis prettydamnhot, sothere.



6 Component_Design

m Q201 ZXMN2AO1F SOT-23-3 N-FET (DigiKey ZXMN2A01FCT-NDO0.48%ea@10) (Changed
to bipolar)

ZetexZXMN2AO1F

SOT-23-3 package

20V V_DSS

120m0 R_DS(on)V_GS=4.5V,25C

3.1nC typ. totalgatecharge@ V_GS=4.5V
299pF typ. inputcapacitance

1.8 I_DMax (dissipationlimited)

10A Max pulsecurrent

+12V V_GSMax

(,-84,.95)V Max bodydiodeforwardvoltage@ 25C,0.6A,V_GS=0V
11.2ns typ. bodydiodereversaecoverytime

3.64nC typ. bodydiodereversaecoverycharge
(-55,150)C T _Jrange
200C/wW Max 6 JAonFR-4,t<5s.

The problemwith the micro-6 & Fairchild partis the caseshavemutuallyincompatibleboardlayoutbetweeneachotherandbetweerthe
std. SOT-23. DigiKey hasadecentSOT-23-3 (4.2A) butonly in tape&reel:(.

Oooo0,comparerairchildNDC651(maybebetter)

InternationaRectifierIRLMS1503

Micro6 packaggSimilarto SOT-23-6)

30V V_DSS

37mVIC Breakdowntemp.co25C,| _D==1mA
200m0 R_DS(on)V_GS=4.5V,25C

(, 6.4,9.6)nCtotal gatecharge@ V_GS=5V

210pF typ. inputcapacitance

2.6 |_DMax (dissipationimited)

18A Max pulsecurrent

+20V V_GSMax

1.2v Max bodydiodeforwardvoltage@ 25C,2.2A,V_GS=0V
54ns Max bodydiodereverserecoverytime

58nC Max bodydiodereverseaecoverycharge

(-55,150)CT_Jrange
75C/W Max8_JAonFR-4,t<5s.

Q201 hasbeenchangedo bipolar PNPbecausét turnsout thereis an O.C. pin on the PIC, andthe bipolar works betterwith the O.C.
(The bipolaris generic3906-ish.)

Q201 isolatesthe HAP-poweredPIC from the possibly shutdownU200. This can be a genericlogic level mosfet. Prefer SOT-23-3
package.Bestif Voltage=20V.

Couldn’tfind a DigiKey partwith coolratingsandSOT233. IRLMS1503is in a Micro6. | think aPCBcanbelaid outfor eitherpackage.

m Q202 See Q201

Q202performsa switchingfunctionsimilarto Q201,seeQ201for details.
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Diode(s)

m CR200 Panasonic Schottky MA2Q705 (MA10705) (Digikey MA10705CT-NDO.64$ea/10)

PanasonidvA2Q705(MA10705)
NMiniP2 packageproprietary butsimilarto other2 pin types

30V V_R

15 |_DMax (dissipationimited)
30A Max pulsecurrent

0.37V Max forwardvoltage@ 25C,1A
50ns Max reverserecoverytime

(-40,125)CT_Jrange
This is themaindiodefor the bucktopology.Thevoltageratingrequirements >25V.
Averagecurrentis givenby

(Vi - Vo) .
Id =lo V—_/. {lo »1, Vi -18, Vo-»5} // N
i

I d==0.722222

A reasonablygonservativehoicewould bea 1A Schottkydiode.

m CR201 1N4448HWS (DigiKey 1N4448HWSDICT-NDO0.30$ea/10)

DiodesInc. 1N4448HWS
SOD-323  package? pin typepossibleto shootatrace

80V V_R

100nA Max reversecurrent@ V_R @ 25C
50uA Max reversecurrent@ V_R @ 150C
200mw Max power(assume5Catleads)

v Max forwardvoltage@ 25C,100mA
4ns Max reverserecoverytime

3.5pF Max capacitance

625C/W 6 JA@25C
(-65,150)C T_Jrange

ConsidereBAV16WS, but 1IN4448HWShasslightly betterspecs.

Diodesinc. BAV16WS (1N4148WS)
SOD-323  package? pin typepossibleto shootatrace

75V V_R

1uA Max reversecurrent@ V_R
200mw Max power(assume5C?7?77?)

v Max forwardvoltage@ 25C,50mA
4ns Max reversaecoverytime

2pF Max capacitance

(-40,125)CT_Jrange

Also consideredhe SOD-123 packagewhich is longer,similar to 1206. Smallerpackages nice andaccordingto preliminaryanalysis,
will still give 1206interchangeability.

Diode providesboostcurrentfor U200’s internal switch. Ordinary signal type diodesare adequate Somethingwe could shoota lead
throughis probablygood.Voltagerating> 25V.
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m CR202 not used

Formerly this diode preventedreversecurrentflow from the HAP into the main bus. This is no longer requiredbecauseof the diode
addedto thebatterybackupsectionof the HAP. Recommendemovalof this componentin fact this hasbeendoneasof SPS-0.3.

m D200 BAT42WS, Schottky diode (DigiKey BAT42WSCT-NDO0.52%ea/10)

Diodesinc. BAT42WS
SOD-323 package? pin type possibleto shootatrace

30V V_R

200mA Max continuougorwardcurrent
500mA Peakrepetitiveforwardcurrent

4A Peaknonrepetitiveforwardcurrent
500nA Max reversecurrent@ V_R @ 25C
10QuA Max reversecurrent@ V_R @ 100C
200mw Max power(assume5Catleads)

(, 0.26,0.33)V Max forwardvoltage@ 25C,2mA
v Max forwardvoltage@ 25C,200mA
5ns Max reverserecoverytime

10pF Max capacitance

625C/W 0_JA@25C
(-55,125)C T _Jrange

D200is intendedfor currentlimiting. Whenthe SPSoutputvoltageis low during startup, lossof buspower,or dueto excessivesurrent
draw, the SPS_Faikignalcause200to pull low via Q202.Theideahereis to limit the maximumcurrentavailableby preventingvc
from rising abovea certainvalue. The difficulty with thisideais thatit's uncertainexactlywhat currentlimit value shouldbe chosenor
exactlywhattheVc switchingcutoff voltageis.

The datasheggivestypical valuesasGme=2.5A/V, Vc @ 0% duty==0.35V,Vc@1.5Aswitchcurrent=0.9V.
The maximumcurrentfrom the errorampovertemperaturés sink(70,110,180uA, source(80120,160uA

The original conceptwasto usea Schottkydiodeto clampthe switch currentat about0.4V or 1/8A. But this is probablytoo low, andtoo
easily effectedby thresholdvariations.An ordinary Si diode clampingat 0.5-0.65V probablygivesadequatestartup current,andbetter
consistencybput the clamp currentis so high forgettingthe whole thing seemgeasonableAlternatelya resistormight be usedto give a
morelinearandconsistenturrentlimit.

The overarchingguestionis whethera currentlimit is really required.Thatis canthe SPSwithstanda continuousshorton it's outputif
the internal currentlimit (1.5, 2, 3)A is used?The answerat this time is maybe.The ratingsseemclose.What temperaturevill U200
reach?

Forthetime being,a Schottkywill beselectecherebecausdavinga signatlevel Schottkyon handseemgprudent.

m D201 Hi-bright Yellow LED, 0603 (DigiKey 160-1448-1-ND.65%$/10)
LITEON LTST-C191KGKT

0603 package

clear packagecolor

591nm peaka (yellow)

2V Vi @ 20mA

60mC PeakBrightness

130° viewing angle
AllnGaPLED

LITEON LTST-C191KGKT2.25%$/10)
0603 package

clear packagecolor

574nm peakaA (green/greetyellow)
2V Vi @ 20mA

35mC PeakBrightness

130° viewing angle

AllnGaPLED
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D201is by requestlts purposés to aid benchtesting.lt simply lights up whenSPSpoweris present.
Greenwasbackorderedsothe colorwaschangedo yellow.

We anticipatedisconnectinghe LED for flight. A cuttablejumperwasto be providedto makethis easy,but it was eliminateddueto
spaceconstraints.

Inductor(s)

m L200 Coiltronics MP2A-1R5,1.5uH, See PM-4112.pdf

CoiltronicsMP2A-1R5

1.5uH nominalinductance

1.54uH measured® 100kHz,0.25VRMS, 0.0A DC, +20%

73mQ DC Ohms@ 20Ctyp.

2.02A RMS currentproducing+40Ctemperatureise (excludingcoreloss)

3.22A Saturatiorcurrentdefinedby 30%lossof inductanceMeasurecat 20C

2.09V-.us  Volt-time productof 300kHzwaveformwhich whenappliedacrossnductorproduces
corelossequalto 10% of powerlossproducing+40Ctemperatureise previouslydetermined.

—40to +125Cstoraggemperatureange

—40to +85C operatingemperaturgange

molybdenunpermalloycore

ratedto 500kHz???—I| don’t seeanyreasorfor this.

Body Lengthexclusiveof leads5.88mm, Lengthwith leads7.5 mm. Width 5.2 mm, Height1.8 mm.

Note, someof this designis basedon 2V/cell, which is too low. On the other hand,assuminga slightly wider voltagerangeisn’t too
harmful,andmayevenbewise.

Maximum availablecurrent== maxswitch current—p-p inductorcurrent/ 2
Derivation(buckconverter)
Equalvolt-secondsmplies

Vo == D Vi

The currentincreasahroughtheinductorin onecycle (Al) is

Vi - Vo 1 1 Vo Vi -Vo
——— xTon, Ton =Tx*D= — xD= Al E = — —
f f Vi L

Averagecurrentis

Vo (Vi - Vo) Vo (Vi - Vo)
lo ==Ip—AI/2==Ip——/2==Ip——
Lf Vi 2Lf Vi

The peakcurrentis limited by the IC to 3A Max. Inductorsaturatiorwill notdestroythelC dueto this currentlimit.

Inductorparameters
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L inductance

u core permeability

4 magnetic path length

A cross sectional area

g air gap thickness  (maybe)

B magnetic field strength  (MaxBM (saturation ))
N number of turns

I winding current (Peak Ip, Avg. lavg )

Ip peak winding current

Al ripple  current  (p-pcurrent change, current increase during on time )
E energy stored

Vc volume of core

Inductorformula[ A and ¢ incm]

AN2
L=04 nx10-8 £
f+ug

[H]

ul N
f+ug

B==04 x

[Gauss ]

The coreshouldnot saturateThatis B<BM whenl==Ip.

Usetheinductorformulato eliminateN

uAN2 . .
Solve [L =k ee , N2] [1, 17 // FullSimplify
{+ug
L (#+gu)
Aeek u
IN \2 L (¢
B2 - (k - ) /. No ,/M // PowerExpand // FullSimplify
f+ug Aee k u
kLT12 U

B? -

B Aee’+Aeegu

Notethat

Vc == A¢
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k L 12
Solve [B2 = E . velm, 11/ L12 52E
Vcee + Aee g u

_AB%2eegu+2KkEu

Ve
” B2 ee

The minimumcorevolumefor agivenmaximumflux B andenergystorageE is therefore

Vi (ZE 04 x A) (IZL 04 x A)
C=u —_— — g = u —_— g
B2 x 10-8 B2 x10-8

Notethatlengthsabovearein cm, otherwisenormal.
Putting A/ backin for V¢ andsolvingfor E gets

’ (2 E 04 x )
+gu = MR
AB2 x10-8
B2 x10-8
E=A{+qQu) ——
2u04

Sothe energyhandlingcapacityis proportionalto the fakey pathlength (¢+gu). The inductanceasstatedbeforeis inverselyproportional
to thesamefactor,hencetradeoff.

Founda coolformulafor DC resistancén an19fa.pdf

N ¢ AWG
Rdc == — 10~ (— —4) [Q]
12 10

HereN is numberof turns,/—baiis the averagdurn lengthin inches,andAWG is the AmericanWire Gaugenumber.Example,35 turns
of 2.4in averagen #14wire = 0.0176<Q

For AC lossesseeanl9fa.pdftheyalsodo ferrite corelosses.

Our particularcase.lt would be prudentto peakat aboutl A, 1/2 A is a good minimum goal. The typical peakswitch currentis 2A,
assume 15V input, limiting the peakcurrent(peakbeing= 1/2 p-p) to 1A impliesa certaininductance

fnrom = N[10*6 /6.5 ] (* design operating frequency %)

1. 53846 x 10°

fmin = 1.1**6 (» Assumes loss of synchronization *);

Vo (Vi - Vo)

/. {(Vo-5, Vi 15, f sfnom}; (x lavg *)
2Lf Vi
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Solve [1==9% L][1, 17

L > 1.08333x10°°

SoevenluH will satisfythecurrentrequirements.
The peakinductorcurrentis

ViMax =4.2 #4; ViIMin =2 x4 ; Vshore =18;

(» some input voltage limits x) (= Note, this is assuming 2 V/cell =)
Vo (Vi - Vo) ) .
Ip =lo + ———— /. {Vo-5, Vi »>Vshore, f >fmin, L->1*-6, lo » 1}
2Lf Vi
I p==2.64141

It's desirablgor theinductorto saturateabovethis current.

ConsiderCoiltronicsSD18-1R25.2 mm square 1.8 mmtall. Shieldedbobbinstyle.
CoiltronicsDR73seriess adequatehut oversized.

CoiltronicsMP2 seriegoroid for SMT. 5.88mmx about4mm,1.8 mm¢tall.
CoiltronicsMP2A is samebut better. Samesize. SeePM-4112.pdf

Part L [uH] | @+40 C[A] Isat @70 %{A] RDOm] Vustyp .
SD18-1R2 12 +20% 2.97 2.95 29.4 2.55
MP2-1R0O0 1.0 +20 % 1.67 2.1 103 ]
MP2A-1 RO 1.0 +20 % 2.11 3.63 67 2.00
MP2A-1R5 1.50 20 % 2.02 3.22 73 2.09

Volt-us typ. is Vs productrequiredto generatecore loss equal 10% of total lossesfor 40C temperatureise (@ 100kHz for SD18,

300kHzfor MP2A)
For our casethe Vs productequationis

(Vi - Vo) Ton == Vo Toff
Vi Ton ==Vo T
(Vi - Vo) = DVi Toff
Vi f
Vo Vo
_— (1 - _) ==
f Vi

Evidentlythe productis amaximumwhenVi is maximum

Vo
|

Vo
1—7—) /. {Vi »Vshore, Vo»5, f sfnom} // N
i

2.34722 x10°6

This seemsacceptable.
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In somewaysi dislike this procedurethereis no technicaldataon core loss, frequencycharacteristicsetc. Eventhe core materialis
unspecifiedthoughit’s probablythatMnxZNx stuff. On the otherhandthe manufactureclaimsto haveoptimizedthe design,soyay if
they'renotfull of it. Alastempusfugit.

This inductorvaluewill causediscontinuou®peratiorwhenthe outputcurrentis below (worstcase)

Vo (1-Vo/Vi)
2f L

/. {Vi »ViMin , Vo»45, f - fnom, L -» 1.5*-6 }

0. 426562

This is the usualsituation.Howeverthis is not a big problemunlessthe regulatoris cycle-skipping. Evenskippingisn’t necessarilya big
problem,but it could be a sourceof RFI. Sincei can'’t find a minimum on-time specfor this part, assume70ns,which seemspretty
reasonableThe minimumpeakcurrentis

ViMin -5
_ %709 /. L > 15*"-6

0.14

The decaytime for this currentis

Ip L
pT /. {lp »% L - 15*-6 } // EngineeringForm

42. x1079

Sotheaverageoutputcurrentis

f Ip Toffmin /2 /. {f » fnom, Toffmin - % Ip -»> %%

0. 00452308

Theminimumloadwill bemorethanthis soeverythingis fine.

m L201, L202 Coiltronics CMS1-11,120uH, See PM-4313.pdf

CoiltronicsCMS1-11

120uH nominalinductancg100kHz,0 DC A, 0.1Vrms)
1.35A Irms Max (160C maxtemp)

70 mQ DC Ohms@ 20Ctyp. (perleg)

1.10uH Leakagdanductance

2.9pF Interwindingcapacitance

—40to +125Cstoraggemperatureange

—40to +85C operatingemperaturgange

300vDC maximumvoltage

internal"hot spot"temperaturdimit 130C
molybdenunpermalloycore

ratedto 500kHz???—I don’t seeanyreasorfor this.
MaximumdimensionsBody Length9.4 mm, Width 7.2 mm, Height2.6 mm.

This partis a commonmodechoke.It waschosenheuristicallyon the basisof reasonabl@ackagesizeandlow DC lossesBasedon a
quick searchto getgreaterattenuatiorrequireseithera largerpackageor 30+%moreDC resistanceThe currentratingis adequate.
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Capacitors(s)

m C200 22uF, 1206, X5R, Panasonic ECJ-3YB0J226M (DigiKey PCC2242CT-ND12.87$/10)

Panasoni&€CJ-3YB0J226M

22 uF nominalcapacitance

6.3V WV DC

X5R dielectric

1206 casesize

+20% tolerance

—-35t0 +85C operatingemperaturgange
Height1.6 mm.

The outputcapacitorfor a high frequencybuck switchingpowersupply. The dynamicpropertiesof this capacitoraffectthe loop stability
so a moderatelystableX7R or X5R typeis typical. A tantalumcap.will work fine here,but is probablybigger. The ceramicsseemso
muchcooler.Voltagerating= 6.3V.

RMS ripple formula(from 1767f.pdf,checkthis???(Correaip to factor0.58)).

Vo (Vi - Vo) . o
Alrms - 0.29 T /. {f -from, L-156 , Vo-»5, Vi - ViMin } // N
i

Al rms —» 0. 235625

Outputripple currentis maximizedat high inputvoltage.

Vo (Vi - Vo) .
Alrms - 0.29 T /. {f -from, L->15*"-6 , Vo-5, Vi » Vshore } // N
i

Al rms —» 0. 453796

5mV would beagoodtargetfor the outputripple.

Alrms

5*\-3 == /. %
fnom C
1 2.94968x10/
200 C

Solve [% C][1, 1] // EngineeringForm

C- 58.9935x10°°

an-1%.23contradictghis
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15

1/ (8Lf2)
C: - /. {Vpp » 5*-3 , f - fnom,
Vpp/ (Vo (1-Vo/Vi))

L-»15"-6 , Vo-5, Vi » Vshore } // N // EngineeringForm

C= 25. 4282 x10°°

The biggestin the DigiKey catalogis only 22uF, sad.

12.63$/10)

Panasoni&CJ-4YB1E106Musedto be ECJ-4YF1E106Z)
10uF nominalcapacitance

25V WV DC

X5R dielectric

1210 casesize

+/-20% tolerance

—35to0 +85C operatingemperatureange

Height2.5mm.

C201 10uF, 25V, 1210, X5R, Panasonic ECJ-4YB1E106M (DigiKkey PCC2243CT-ND

This is aninput capacitorfor a high frequencybuck switchingpowersupply. The standarctchoiceis a 1-5 uEeramiccapacitor.The Y5V

or similar dielectricsaresuitable Voltageratingshouldbe atleast20V.
Inputripple current(buck)is (Thisformulais from 1767f.pdf,is this really correct???)

Alrms - lo \/Vo (Vi =Vo) /Vi2 /. {lo -1, Vo5, Vi »ViMin } // N

Al rms —» 0. 484123

Theripple in the capacitoiis

V=Q/C
Try 2.2uF

Alrms

/. {% C-22*-6 }
fnrom C

0. 143036

This seem®k, butcheckthewebfor abettervaluein 1206.
| canget1QuF in 1210size,X5R, this shouldbe excellent.
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m C202 Any 25+V 0.1uF ceramic cap in 1206 package (Digikey PCC104BCTCT-ND
0.35%ea)

Panasoni€ECJ-4VB1H104K

0.1uF nominalcapacitance

50V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—-55t0 +125C operatingemperatureange
Height1.0mm.

Boostcapfor U200. Voltageatleast20V. Linearrecommend$.1uF, who arewe to argue?

m C203 22uF, Tantalum, 25V, KEMET T491 series T491D226K025AS (DigiKey 399-1639-1-
ND 0.74%ea)

KEMET T491seriesT491D226K025AS
22 uF nominalcapacitance

25V WV DC

tantalum  dielectric

7343-D casesize

+10% tolerance

0.06 Max dissipatiorfactor
>8.3uA? Max leakagespec.meetsEIA 535BAAC (alsostatedeakage<CV/10®ut notlessthan1/2uA?)
0.20 ESR@ 100kHz

<866mA?  Maxripple current

—-55t0 +125C operatinggemperatureange
Height2.8mm.

This is not a critical componentlts primary functionis asa noisefilter. The secondaryfunctionis local energystorage Voltagerating
should be 20+V. High value and low ESR are desirable.Tantalumwas chosenfor compactnesgand low ESR. It's desirableto limit
packagesize,which becomedhe primaryconstraint.

Originally selecteda PanasonicTEL EEJ-L1ED336R33uF). This is fine, but it's 33%/10.This is too expensive Thereis a KEMET
versionavailablein one-ses,butthe22uF versionis only 0.74$.Simply cannototdo that.

m C204 0.33uF, 25V, 1206, X7R, Panasonic ECJ-3VB1E334K (DigiKkey PCC1889CT-ND
0.25%ea)

Panasoni€CJ-3VB1E334K

0.33uF nominalcapacitance
25V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—55t0 +125C operatingemperatureange
Height0.85mm.

This is anon-critical componentlt’s functionis asavery high frequencynoisefilter. To be effectivein this applicationrequiredow ESR
which suggests ceramictype capacitorlt’'s alsodesirablgo selectafairly low costcomponentVoltagerating=20V.

DigiKey has0.33:F capsfor 25¢while the 1uF versionis 45¢, giventhe currentmoodthe 0.33:F versionshouldsuffice.

m C205/C206

FrequencycompensatiowomponentSeeR206for explanation.
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m C207 0.68uF Panasonic ECJ-3VB1C684K (DigiKkey PCC1880CT-NDO0.44%ea/10)

Panasoni€ECJ-3VB1C684K

0.68uF nominalcapacitance
16V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—-55t0 +125C operatingemperatureange
Height0.85mm.

PartlydeterminesomparatoresponseSeeR211for explanation.

m C208/C209

FrequencycompensatiowomponentSeeR206for explanation.

m C210 Any 25+V 0.1uF ceramic cap in 1206 package (DigiKey PCC104BCT-NDO0.35%ea)

Checkout C202
Effectsdynamiccharacteristicef powerdown shutdown SeeR209for explanation.
This is ade-glitch capacitorlt alsoaddssometime-constantlelay.Thevaluemayaswell be 0.1uF.

t->RC/. (R>r17r2 /(1 +r2)} /. {rl -603, r2 -10"3, C-0.1**~6 } // N//
EngineeringForm

T > 857.143x10°°

Basicallylms,that'sfine.

m C211 470nF, 16V, ceramic cap in 1206 package (DigiKkey PCC1878CT-ND$2.55/10)

Panasoni&€CJ-3VB1C474K

470nF nominalcapacitance
16V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—-55t0 +125C operatinggemperatureange
Height0.85mm.

SeeR202

m C250 0.1uF, ceramic cap in 1206 package
Bypasscap.SeeC202,possiblycheaperould do.

m C251 7?7??pF, ceramic cap in 1206 package

The purposeof this capis to de-glitch a raceconditionin the counterlogic. This raceconditionis unlikely to crop up, but this capacitor
will eliminateit if required.
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Resistors(s)

m R200 10.0kQ, Any 1% or better film resistor in 1206 package (DigiKey P-10.0KFCT-ND
1.17$/10)

N.B.

As of SPSvO0.7 the divider arrangemenhaschangedThe voltagefeedbacldivider is separatedrom the outputwindow comparatorAs
aresultthe calculationdbelowneedto bere-done.

Thisneeddo bere-calculatedor the HAP, which usesa slightly differentoutputvoltage(SeeCR402).

Panasoni®-60.4KFCT-ND

8.25K) nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-55t0 +125C operatingemperatureange
Height0.6 mm.

thick film composition

R200,R201form avoltagedivider thatprovidesvoltagefeedbackor the SPSbuckregulator.
The SPSoutputvoltagefor the HAP is modifiedto 4.69V (seeCR402).(Normally the outputis 5V.)

The LT1767 datasheetprovidesa formulafor the divider valuesbasedon the nominalreferencesoltageandthe expected-B-pin output
currentof 250nA (500nAMax). The suggestedaluefor R200basecn the datashees 10k . Followingthisline

Vo - Vifb
R201 » /. {Vo-469 V, Vib -1.2 V, Ib - 250"-9 V/Q} /.

Vib / R200 - Ib
R200 -» 10*3 @ // N // EngineeringForm

R201 - (29.1441x103)

For5Vv

Vo - Vfb
R201 -» /. {Vo»5V, Vib »1.2 V, Ib »250*-9 V/Q} /.

Vib / R200 - Ib
R200 » 10*3 @ // N // EngineeringForm

R201 - (31.7328x10%) @

The currentin R200is around

1.2 /103 (* A %) // EngineeringForm

120. x10°©

%/ 250*"-9

480.
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This is 480timesthe biascurrent,which shouldbefine.

Usingstandardralues

Vo - Vib

Solve [R201 ==
Vib / R200 - Ib

, Vo|I1, 11

~ 1 b R200 R201 - R200 Vf b - R201 Vf b

Vi
°° R200

%/. {R200 » 10*"3 @, R201 -» 29.4*3 @, Vib - 1.2 V, Ib » 250*-9 V/Q}

Vo - 4. 72065 V

This shouldbefine.
Old calculationg<v0.6):

R200-20Form a voltage divider which serves3 purposesAs the voltage measuringelementof the regulatorfeedbackloop, as the
measuringelementfor the over voltage protection, and as the measuringelementfor the undervoltagedetection/currentimiting
mechanism.

The LT1767 datasheetprovidesa formulafor the divider valuesbasedon the nominalreferenceroltageandthe expected=B-pin output
currentof 25uA (5QuA Max)

Thereferenceroltageis fairly tight. £2% overtemperature.

V - Vib
RA» —— /. {V-5, Vib »12, Ib »25*~6 } /. RB>10*"3 //N//
Vib /RB- Ib

EngineeringForm

RA - 40. x 103

To keepbiascurrenterrorsin the 1/4-1/2 % range keepRB below10-20k

V - Vib
RA» ——— /. {V-»5, Vib »12, Ib -25*~6 } /. RB>20*"3 //N//
Vib /RB- Ib

EngineeringForm

RA - 108. 571 x 103

Currentcould be savedby goingto 20k, buttheincreasedensitivityisn't a goodideasincewe’re hookingotheropampgo this divider,
thetotal divider currentwith a 10k baseis only ~10Q:A, whichis ok here.

Overvoltagedefinition: (6.0,6.1,6,2)V. Undervoltagalefinition: (4.6,4.7,4.8)V.
With a 50k total resistancethe correcttap pointsareeasilyfound. The nominalreferencevoltageof U201is 1.182V.
Firstsolvefor theovervoltagetap (Vref is thereferencersoltageof U201)

ro RB
Vref = Vfbh ——— /. Vib - (Ib RA+V) ———— // FullSimplify
r0 +rl RA+ RB

rORB (I b RA+ V)
(rO+rl) (RA+RB)

Vr ef ==
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Solve [{% RB==r0 +rl}, {rO, rl }][M1] // FullSimplify

(RA + RB) Vr ef r1-RB- (RA + RB) Vr ef }
IbRA+V IbRA+V

{rO»

{r0->8323.94, r1 - 1676. 06}

%/. {RA-> 40.03 , RB- 10.0**3 , Ib -» 25**~6 , Vref -»1.182 , V- 6.1}

Now solvefor theundervoltagetap

A+

Ib (-r2+RA) RB+ (r2 + RB) V
RA + RB

Vref ==

V - Vib RB L
Vref =Vfb + ——— r2 /. Vfb » (Ib RA+V) ————— // FullSimplify
RA RA+ RB

Solve [{% RA==r2 +r3}, {r2, r3}]1[11 // FullSimplify

(RA+RB) (V- Vref) r2

b RARB + RBV - (RA + RB) Vr ef

3 - H
- b RB-V b RB-V

J

(r3539528.1, r2 - 471.91)

%/. {RA- 40.03 , RB-» 10.03 , Ib » 25**~6 , Vref -»1.182 , V4.7 }

Thesehaveto hit standardraluestry 8.25k, 1.69k, 4751, 39.2k

Solve [RA V- Vib V] [1, 11 // FullSimplify
olve == — , ulisimpli
Vib /RB- Ib P
RAVF b

V- -IbRA+VID +

r0 RB (Ib RA+YV)
(rO +r1) (RA+RB)

Solve [Vref = , V]I1, 11 // FullSimplify

(rO+rl) (RA+RB) Vref

V- -IbRA+
r0 RB

(=overvolt

*)
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b (-r2 +RA) RB+ (r2 +RB) V
Solve [Vref = . V]I, 117/
RA+ RB
FullSimplify (*»undervolt  *)

Ib (r2-RA) RB+ (RA+RB) Vref
r2+RB

V-

sub = {RB->r0 +rl, RA-r2 +r3, Ib -»25.0"-6 , Vfb - 1.2, Vref - 1.182 };

val = {r0 »8.25*"3 | rl -»1.69*"3 , r2 -» 475., r3 -» 39.2*\3 };

RA
Vo - Vib (1+ E'-) -RAIb /. sub /. val (% output voltage «)

Vo - 4. 99786

(rO0 +r1) (RA+RB)
Vov - Vref O RB -Ib RA/. sub /. val (* over voltage =*)
r

Vov - 6. 1166

Ib (r2 - RA) RB+ (RA+ RB) Vref
Vuv - > RB /. sub /. val (% under voltage %)
rZ +

Vuv - 4. 69551

Definitely closeenough.

m R201 29.4kQ, Any 1% or better film resistor in 1206 package (DigiKey P—-29.4KFCT-ND

1.17$/10)

SeeR200for details

m R202 19.6kQ, Any 1% or better film resistor in 1206 package (DigiKey P-19.6KFCT-ND

1.17$/10)

As of SPSv0.7 thewindow comparatohasits own divider consistingof R202204. Thetargetimpedances about100k. .

As extrafun afeedbackcapacitor(C211)is employedto assurelOmsof OverVoltage Protect(OVP) signhalwhich shouldbe sufficientto

blow thefuse.

Usingthe previousdefinitions: Overvoltagg6.0,6.1,6,2)V, Undervoltag€4.6,4.7,4.8)V. Thereferencevoltageis 1.182V.

windowparm = {Vr - 1.182 V, Vlow - 4.7 V, Vhigh - 6.1 V, Rz - 100*3 Q};
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windoweq = {Vr = Vlow » (R202 + R203) / Rz,
Vr = Vhigh % (R202) / Rz, Rz == R202 + R203 + R204};

Solve [windoweq , {R202, R203, R204}][1]

-Rz Vl ow+ Rz Vr -Rz Vhi gh Vr + Rz VI ow Vr Rz Vr
, R203 - - . , R202 -
VI ow - Vhi gh VI ow ~ Vhi gh

{R204 = =

%/. spsparm

{R204 - 74851. 1 @, R203 - 5771.89 @, R202 - 19377. @}

Stick to stdvalues

windowsoln = {Vr » 1.182 V, R202 -» 19.6"*3 @, R203 -» 5.9*"3 @, R204 - 75.0""3 Q};

Solve [windoweq , {Vlow, Vhigh }, Rz][1]

(R202 + R203 + R204) Vr (R202 + R203 + R204) Vr
VI ow - }

(RE R202 ’ R202 - R203

% /. windowsoln

{Vhi gh - 6. 06077 V, VI ow- 4. 65847 V}

Thisis afine result. Theimpedancetthe positivevoltagereferencas

R1 R2
Rzplus = ((m /. {R1- R202, R2-> (R203+R204)}) /. windowsoln )
+

15777.5Q

SeekC211sothattheontime of the OVP outputis 10msevenif V_SPSgoesto zero.Assumeinitially OVP stepsfrom OV to 5V, V_SPS

is OV butVinplusis 1.182V.How long doesit taketo dischargeC211to 1.182V?NeglectR205.
Theinitial voltageis

1.182 V+5V

6.182V

The overvoltageshould be neglectedfor severalreasonsmostly becausdt’s dischargedvia the input diodesof U201 throughR203,

which s fairly small(5k). Assumetheinitial voltageis 5V.
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Solve [Vx = Vi et/ (RO t]p1, 17

- Solve::ifun: Inverse functions are being used by Solve, so some solutions may not be found.
VX
t - -CRLog| —
9]

t ==10*"-3 s /. %/. {Vx->Vr, Vi -5V, R- Rzplus } /. windowsoln

S

22754.8CQ == ——
100

Solve [% Cl[1, 1] /. @ » s /F // EngineeringForm

C- (439.468x10°%) F

Not too scary,thetime constanis

RC/. %/. {R-> Rzplus , F - s /Q} // EngineeringForm

(6.93371x1073) s

Moving to a0.1uF capraisedthetime constanto

RC/. C-»0.1**~6 F /. {R-> Rzplus , F-> s /Q} // EngineeringForm

(1.57775x1073) s

This mightbealittle slow, maybe470nF.

m R203 5.90kQ, Any 1% or better film resistor in 1206 package (DigiKey P-5.90KFCT-ND
1.17$/10)

SeeR202for details

m R204 75.0kQ, Any 5% or better film resistor in 1206 package (DigiKey P-75.0KFCT-ND
1.17$/10)

SeeR202for details

m R205 47.5kQ, Any 5% or better film resistor in 1206 package (DigiKey P-47.5KFCT-ND
1.17$/10)

R205 functionsasa isolationand currentlimiting device.l think it may aswell be the standardpull-up value (47k). Higher risks slow
responseor noise sensitivity,and it won't help hold up the voltage becauseof R203. Lower is not necssesaryf the pull-up valueis
chosercorrectly.(At onepointthiswasmarked100k,IDKW.)
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m R206 7??7?kQ, Any ???% or better film resistor in 1206 package

R206,alongwith C205,206 andpossiblyC208,209formsthefrequencycompensatiocomponenbdf the SPSswitchingsupply.
As abasicreferencdakean-19 p.4850. A moredetailedreferencds an76.

Adequatetestingincludesusing the actualpower source(to accountfor sourceimpedance pndtestingload transientsover input/output
rangeandtemperatureChecktransienton startup andshortcircuit.

The goalis to havethe highestpossiblecrossover frequencywhile maintaininga phasemargin of 45+° and a gain marginbetterthan
-10dB.

1stestimateDC loop gain (gm is erroramp gain, R_eais errorampload resistanceo ground,Gm is outputstagegain,andR_L is the
outputloadresistance= Vo/lo.) Loadresistanceangesrom about10Q) to 200+ (from 500mAto ~20mA). Not surewhich is worsefor

stability.

Vib
—— (gm x Rea) (GnmxRL) /.
Vo

{gm- 850*"-6 , Gm-» 25, Vo-»50, Vib -»1.2, Rea- 412*3 , RL- 10}

2101. 2

Gain(66dB)increasestlower outputcurrentsup to factor>20.
The highestcornerfrequencyis at highestcurrent.Targethereis 500mA= R_L == 100

f0 »1/ (27RLCO) /. {RL-10, Co-22*~6 } // N

fO - 723.432

Conventionabuck designproceedd$rom the assumptiorthatvoltagemodecontrolis badbecauséhe inductorandoutputcapacitorform
a tankcircuit (doublepole) at a resonanfrequencywithin the gain-rangeof the supply.Hencecurrentmodecontrolwhosegain roll-off
is dominatedby the R_L*Co outputpole. Conventionallythe phasdag is limited by the zerocreatedrom Co andCo’s ESR.For ceramic
output capsthis doesn’twork (ESRtoo low). The classicsolutionis to adda zeroto the error amplifier's responséy insertinga series
resistor(Rc) into the compensatiorapacitanc€Cc) (Seedatasheetfor LT1375/137613756fc.pdfp 21). IncreasingRc raisesloop BW
and thereforeimprovestransientresponseHowever,as Rc increasesgain at higherfrequenciesnakesVc susceptibldo noiseinjected
from the switchingnode.This canbe filtered with a parallelcapacitor(Cf) from V¢ to ground.The pole of this capacitoris typically at
1/5th the switching frequencyto provide significantswitching noiseattenuationput still be high enoughnot to disturbloop dynamics.
(13756fc.pdfp.22is excellenton looptesting).lt's desirablehatthe gainof theloop be <1 atthe switchingfrequency.

Additionally two capacitorsCA andCB (C208,209in this case)havebeenadded.Theseare not usuallyrequiredbut canbe beneficial.
CA is aspeedup capacitorlts zeroproducesa bumpin the phaseplot "Ideally, the peakof this bumpis centerecbvertheloop’s cross
overfrequency."(Seean76p.5). CB usuallyfunctionsasa noisefilter. Typical pole frequenciesrel/2to 1/3 of the switchingfrequency.
It mayinteractwith CA, andcanbeusedto swampfb-pin input capacitancé thatis important(it isn't).

An76 p.9fig.8 hasanalternatdoad pulserfor SPStestingwhich looksgood.
Herearethe mostbasicequationgor buckSPS
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AV (fpy = Vref /Vo Vol t age gai ndue t o f eedback di vi der
AV (ea) == gM=* Rea Vol t age gai n of error anp
AV (nod) Vol t age gai n of nodul at or section
DCgain = AV (fp) *AV (ea) *AV npd) Total DCvol tage gain
fpg = (27RL Co) 1 Qut put pol e frequency
fzo = (2 TESRo * Co)~1 Qut put zero frequency

(unusabl y hi ghfor ceram c caps)
fPea = (277 Rea Ce) 1 error anp pol e frequency
fZeq = (21RcCc) 1 error anp zero frequency
fpfp = (271Rc CF) -1 conpensati on f eedback pol e f requency
fzpa = (2 TRACA) 1 speed-up zero f r equency
fpg = (2 1RBCB) -1 sl ow-down pol e f requency

The basicideais to beginwith "reasonablevalues"and apply transientloadssimilar to expectedoadsat severalvaluesof DC output
current.Thisis donefor all interestingvoltageinput, inputresistanceandtemperature€onditions.

Initially Ccis chosenargeandRc small.Loop responsés checkedoverdampeaxpectedtherwiseraiseRc, if requiredraiseCc). Then
Ccis reducedn 2:1 stepsuntil ringing begins,thenRc is increasedy 2:1 stepsuntil ringing ceasesThenCc is againreducedgtc. until
no furtherimprovements possible.

The othercomponentganbe guessedtandtried. 10:1experimentwill verify theballparkranges.

Variational testingis doneby replacingcompensatiortomponentver the 2:1 rangeat room temperatureand averageconditions.No
significanttransientesponseleviationsshouldbe noted.

Final checkout is donewith the selectedccompensatiomomponentaluesoverthe full voltage/load/temperatumaatrix. Using the final
input supplyandoutputloadis helpful atthis stage.

A goodstartingpointfor U200shouldbe Cc== 2.2nFandRc== 0. .

Note that "small signal"= "closedloop" responsaés indicatedby 1) symmetricresponsen both edgesof transient2) linearrangeat Ve
pin 3) dV/dt @ Vc pin lessthanslewratelimit (calculatefrom V¢ pin impedanceeadrive).

m R207 100kQ, Any 5% or better film resistor in 0805 package (DigiKey P—-100KCCT-ND
0.91%$/10)

SeeR200for typical specs.
Changedhisto the pull-up for abipolarbecaus&PS_Offwaschangedo anO.C. output,samevalueshouldwork.

R207 dischargeghe gateon Q201. While not strictly required,this providessomenoiseimmunity, and assureghat Q201 staysoff if
SPS_Offis tri-stated.

100k is reasonableA harshRF environmentwould be requiredto overcomea 100k shunt,yet the increasen currentwhenon is still
smallish.

m R208 10.0kQ, Any 5% or better film resistor in 1206 package (DigiKey P-10.0KFCT-ND
1.17$/10)

SeeR200for typical specs.
Changed201to bipolar,still samedealhere.

R208 separatethe gateof Q201from directconnectiorto the PIC. A directconnectionwould certainlywork, but the resistancésolates
the gatefrom any funny businessn the PIC power supplies.Whatis morereliable dependsn the spectrumof failure modes.Intuition
andsomeexperiencesezthatdirectconnectiorto a FET gatecouldbe problematic.

Evenat4.5V, thegatevoltagewill reachdV

45 %100 /110 // N

4.09091




Component_Design

Sincethethresholdvoltageis under3V, the schemeshouldwork.

m R209 60.4kQ, Any 2% or better film resistor in 1206 package (DigiKey P-60.4KFCT-ND

1.17$/10)

SeeR200for typical specs.

R209,210form aresistivevoltagedivider which shutsdown U200whenthe input busvoltagefalls belowa certainvalue.It alsoservego
activateU200whenbusvoltageis presenbr restored.

Shuttingdown U200 whenthe busvoltageis low doestwo things. It decreasethe chanceof overdischargeof the main battery,andit
makesthe transitionto backuppowercrisper.A crisptransitionis lessnoisy,andseemdessrisky.
The Anticipatedrangeof the busvoltageis:

20V Shoul d never get this hi gh

18V Shor e Power

16.8V Maxi numBattery Voltage (4.2V/cell)

14. 4V Noninal Battery Vol t age (3.6V/cell)

10V M nimumBattery Voltage (2.5V/cell)

9V Shoul d never get this | ow

TheLT1767 datasheéhelpfully specifies:
Shutdownvoltagerange(overtemperaturefl1.27,1.33,1.40)V (generallyhigherwhenhotter)

Shutdowncurrent(thresholdt 60mV) (overtemperaturej7, 10, 13uA
Shutdowncurrent(threshold-100mV)overtemperature§4, 7, 10uA (This appearsvrong???)

The two shutdowncurrententriesrepresent hysteresisnechanismWhen running U200 sourcesabout1QuA into the shutdownpin. In
the shutdowrstateU200 sourcesonly about3uA. (The datasheetappearsvrongaboutthis spec.???)

The datasheegivesdesignformula.Using9.75#).2V asthetargetrangegives:

VH- VL
RA- W /. {VH-9.95, VL~ 955 } // N// EngineeringForm

RA - 57. 1429 x 103

Vcenter
RB- /. {VH->995, VL->955, Vcenter - 133, % //

(VH- Vcenter ) / RA+ 3**~6
N // EngineeringForm

RB - 8. 64478 x 103

Usingstandardesistorsthiswouldbe57.6K, 8.66K.

ra = 60.4*3 ; rb =10.0"3 ;

Vth =1.33 ;

Check:
Nomina

Solve [(V-Vth) /ra -Vth /rb = 10*"-6 , V]

({V->9.9672}}
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Solve [(V-Vth) /ra - Vth /b = 3*-6 , V]

({V>9.5444})

Worstcase

Vth =1.40 ; Solve [(V-Vth) /ra -Vth /rb == 13*"-6 , V]

({V>10.6412}}

Vth =1.27 ; Solve [(V-Vth) /ra -Vth /rb = 2*"-6 , V]

{{V->9.0616}}

Worst caseincludesmanufacturingspread so probablythis is ok. Shutdown hysteresisurrentis fairly flat w/ temperaturesoif we test
andtrim awayfrom 10V, SPSshouldwork overthewholebatteryrange. An trim couldbe addedo fine-tunethis actionif needed.

m R210 10.0kQ, Any 2% or better film resistor in 1206 package (DigiKey P-10.0KFCT-ND
1.17$/10)

SeeR200for typical specsandcalculations.

m R211 5900, Any 5% or better film resistor in 1206 package (DigiKey P-590FCT-ND
1.17$/10)

SeeR200for typical specsandcalculations.

R211forms partof alow passfilter on the referenceoutputof U201. The low passfilter is intendedto preventfalsetriggeringdueto
noiseon the referenceoutput,particularlydueto switchingnoiseor otherinterferenceon the powerinput lines. The associategapacitor,
C207, shouldbe as large as convenient.The 16V Y5V style is availableasa 2.2uF unit only 0.85mmbhigh. The LTC1442 datashee
specifies30Q2 minimumresistorfor stability. 3901 givesa quite adequateafetymargin.

While filling outthe specthe mind changedThe problemis Y5V loosesa lot of capacitancat elevatedemperaturelower capacitance
valuesrequiremoreresistancdor stability. Soat the minimumtheresistanceshouldbe figuredbasedon minimumcapacityovertempera
ture. This would be 0.44uF (-80%)mplying a resistancef about70Q. An X5R or similar dielectricholds<+10%of its initial value,so
it is abetterchoicehere.

A 0.68:F X7R type canbe hadfor 44¢ and0.85mmitall, this shouldbe fine. The requiredresistances about55Q02. Chooseb9(0) asa
safebet.

m R212 44.2kQ, Any 2% or better film resistor in 1206 package (DigiKey P-44.2KFCT-ND
1.17$/10)

SeeR200for typical specs.
SeeR213for calculations.
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m R213 4.70MQ, Any 2% or better film resistor in 1206 package (DigiKey 311-4.70MFCT-
ND 1.35%/10)

Phicomp311-4.70MFCT-ND

4.70MQ nominalresistance
200V WV DC or RMS
1206 casesize

+1% tolerance

+100ppm temp.co.

-55t0 +125C operatingemperatureange
Height0.6 mm.

thick film composition

R212,213form a hysteresimetworkfor U201 (LTC1442).

Herearethespecs

Vref 1.1824 .5%overtemperature
Currentsourcefor AVref==1mV, (100,200, )uA
Currentsink for AVref==2.5mV, (10, 20, )uA
Voltagenoise[100, 100k]Hz== 10QuVrms typ.
Vhystrange[Vref-50mV Vref]

If a100mV hysteresiss assumean overvoltageandundervoltagetrip, thenlstthedividerratiois needed.

(1182 /6.1, 1.182 /4.7 }

{0. 19377, 0.251489}

A/ Times ee %

0. 220751

50 mV % %

11. 0376 mv

SoVref-11mVshouldbe appliedto theVhyst pin.
As a lsttry, setthe hysteresiglivider currentto 0.254A

RA- Vh/Ih /. {Vh- 11**-3 | |h - 250**-9 } // N // EngineeringForm

RA - 44. %103

Vref -Vh
RB» ———— /. {Vref -1.182, Vh-» 11*-3 , |Ih - 250*-9 } // N//

Ih
EngineeringForm

RB - 4. 684 x 10°

Possiblestandardraluesare4.70M & 44.2k
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Check

RA
Vh - Vref ﬁ /. {Vref -1.182 , RA-» 44.2*"3 , RB-» 4.70*"6 } // N//

+
EngineeringForm

Vh - 11. 0123 x 1073

Seemdine.

m R214 ~1.8kQ, Any 5% or better film resistor in 1206 package

SeeR304
Currentlimiting resistorfor SPSpowerindicatorLED, seeD201.
Assuminga high efficiency LED, we canprobablyuse2mA, atypical forwardvoltageis 1.5V.

r->(5-15)/ (2*-3)

r - 1750.

m R215 100kQ, Any 5% or better film resistor in 1206 package (DigiKey P—-100KFCT-ND
1.17$/10)

SeeR205

R215 providesa DC path from the SPSnodegroundto the chassisgground. There’sno known reasonfor a lesservalue. 100K is high
enoughfor decentisolation.

Miscellaneous

m F200 Littelfuse "1206" (3216) 429-series Fast Acting fuse (DigiKey F1234CT-ND
0.70%ea)

Littlefuse429-FH
1A nominalcurrent
63V Max interruptingvoltage
3216(1206) casesize
-55t0 +125C operatingemperatureange
Heightl.2mm.
Blow times@ 25C
100% > 4hr
200% <5s
300% <0.2s
800% <50ms,>2ms

Fastactingfuse.ProtecteeachCAN nodein the eventof catastrophidault andlikewise protectsthe powerbus.

The exactvalueis dependenbn complexdetails,andreally shouldbe measuredHoweveris we assumeahe maximumSP Soutputis 1A
@ 5V themaximuminput shouldbe about
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lo Vo
— ——— /. {lo -1, n-0.75, Vo-»52, Vimin -25 x4} // N
n Vimin
0. 693333

We seekto interruptfast, which requires-800%overload.The 1A modelshouldnot present problem.

A gquestionhasbeenaskedconcerningthe blowing of this fusein an overvoltage protectionscenarioWhenthe overvoltageprotection
triggers,theR_DS_ONof Q200reache¥.5m() . Theinput capis 33uF, giving atime constanbf

7.5*-3 % 33*"-6 (% s =*) // EngineeringForm

247.5x10°°

Thedischargeenergyis

1/2%15722%33*~6 (* J =) // N// EngineeringForm

3.7125%x10°3

Assuminganinternalresistancef 0.1} , thefusingenergyis

0.1 {32 %200"-3 , 82 %25*-3 } (x J %)

{0.18, 0.16)}

Sotheinput caphasnothinglike theenergyneededo blow thefuse.

The peakcurrentin OVP modeis a functionof thewiring but the chokeis about70m(, thefuseis 0.1Q, andthewiring is atleast50m(. .
The4-cell Li+ batteryhasaninternalresistancef around0.1() , sothe peakcurrentis

15/ (0.07 +0.1 +0.05 +0.075 +0.1) (* A *)

37.9747

Thetimeto blow atthis currentis

0.18 /(% 0.1 ) (+ s =) // EngineeringForm

1.2482 x10°3

Thevoltageacrosghe commonmodechokeassuming38A ~1msis

240*"~6 %38 /1*"-3 (* V %) // N

9.12

Sothechokewill beamiddlin limit ontherateof currentincrease.
Thedroopon atypical 1QuF outputcapassuminga 50mA load over1msis
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(50*"-3 % 1*/-3 ) /10*—6 (x V =) // EngineeringForm

5

The voltagedrooponthebusshouldbe

38 % (0.1 +0.05 ) (* V *)

5.7

Sotheconclusionis thatthe nodesdon’t haveenoughenergystorageto eitherride out a busbrown-out, or blow their own fuse.However
the busshouldbe stiff enoughto hold up while blowing a fuse,sothingsmaybe ok.

m TVS200 Diodes Inc. SMBJ18A Transient Voltage Suppressor (DigiKkey SMBJ18ADICT-ND
0.71%ea/10)

DiodesInc. SMBJ18A

18V nominalvoltage

SMB package

20V minimumbreakdowrnvoltage(1mA)

23.3V Maximumbreakdownvoltage(1mA)

20.5A Max peakpulsecurrent

29.2v Max clampvoltageat 20.5A

100A Max peakcurrentusingsingle8.3ms1/2 sinewave
5uA Max reversdeakage

—55t0 +150C operatingemperatureéange
Height2.6 mm.

Protectsthe nodein the eventof overvoltagecondition. Must be capableof blowing the fuse beforeU200is destroyedlU200’s maxi
muminputvoltageis 25V.

The SMBJ18Ais possiblyjustalittle underrated,butit’'s quiteclose.l think for anyplausiblefaultsit’s fine.

m W200 (probably eliminate)

This wire jumperexiststo powerU201whenthe HAP is not presentSincethe UPSandSPSpowerlinesbothrunto the applicationarea,
probablyeliminatethis line andsubstitutea wire jumperin the applicationareaon nonHAP versions.

m W201 Power LED cuttable jumper

Cut this to disconnecthe powerindicatorLED. Thejumpercanbe easilyre-connectedeitherwith a SMD zerc-ohm jumperin 1206-ish
packagepr justahunkof fine gagewire.

m W202

This wire jumperbypasse&)202,whichis only presenon HAP versionsW202is cut prior to installationof U202.
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High-Avallability Power Supply (HAP)
(400)

HAP Goals

Reliable/ Robustpower
Low mass

Smallsize
Goodefficiency (>85%)
Low generatedRFI

HAP Specs

Onehourindependenbatterypowerat 100mA
Providemainpowerstatugto the PIC

HAP Design notes

The HAP provides5V powerto the CAN nodein the eventof main powerfailure. The HAP is not presenton typical CAN nodesonly
thosethatmustoperatendependentlypf mainpower. Theonly nodecurrentlyincorporatinghe HAP is therecoverynode.

The designof the HAP allows the nodeto be powereddown under softwarecontrol. Poweris automaticallyrestoredwhenevemain
poweris available.

The HAP operateoff a singleLi+ cell. Thereare otherwaysto achievethe specificationsbut a singleLi+ cell waschosenfor several
reasons.

e Multi cell batteriesarelessreliable.Besidesmechanicatonnectionspvertime multi cell batteriesoften haveproblemswith equaliza
tion andfailure of individual cells. The life of a cell is harderin a multi cell packcomparedo the relatively pamperedconditionsin a
singlecell battery.Also thesinglecell batteryis easierto monitorandinterpret,its behaviorandits statearelesscomplex.

¢ A singlecell is probablylighter thanany multi cell packof equalcapacity.

e Multi cell Li batteriesarenot utilized as effectively as single cell batteriesSomesmall Li+ cells are not ratedfor usein multi cell
packs.

e Li cellswerechoserbecaus®f their superiorenergydensityandavailability in conveniensizesat moderatecost.

e A rechargeablbatterywaschoserbecausef maintenancereliability, andcostissuesA primary cell usuallyhasto be un-solderedo
be changedlt canbedifficult to ascertairthe stateof chargeof a primarybattery.In comparisonarechargeablbatterycanbetestedand
overtime its stateof chargecanbe reliably estimated.The only certainway to get high reliability from a primary batteryis to install a
newonewell beforeit's estimatectapacityis consumedyhich entailsexpensendeffort.

The mostobviousway to incorporatea battery backupinto the SPSsupplyis to diode switch a batteryinto the SPSinput. The SPS
minimum input voltageis 8V, which would require4 Li+ cells (Possiblycould be tweakedto 3 cells.) Thisis nota very attractiveoption,
andhasbeenrejectedfor aestheticeasons.

If a mistakeis being madewith the designof the HAP, it would haveto be using a rechargeabldatteryinsteadof a primary battery.
Thereis a certainlossof capacityin goingto the rechargeabl®attery,but the differencein complexityis notthatgreat,assuminghatthe
boostsupplyis used.The only way to getawayfrom the boostsupplyis eitherto usethe 4 cell backup,or go to a buck/boosbn theinput
supply.4 cellsis intuitively trouble.Maybethe buck/boosbptionshouldhavebeenexploredmore,mayberevision2?

The HAP acceptgwo digital inputsand producegwo digital outputs.Therearetwo input powersourcedo the HAP. "V_BK" is battery
backuppowerfrom the batterybackup(BB seeelsewherén this section).The otherpowersourceis regulatedpowerfrom the SPS.SPS
poweris notuseddirectly by the HAP. The HAP usesSPSasa powerup commandThe HAP canbe powereddown so somemechanisn
mustbe providedto powerthe HAP backup. This happensutomaticallywhenSPSis restored.
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Using powerfrom V_BK two outputpowersuppliesareproducedThe"HAP" high availability power,canbe providedaslong asbattery
or SPSpoweris available.Howeverthe HAP canbe switchedoff by the PIC. HAP poweris automaticallyrestoredwhen SPSis avait
able. The otheroutputpowersource"UPS" is the interruptiblepower supply,it remainswithin a diodedrop of the batteryvoltageeven
whentheHAP is powereddown.Whenthe HAP is up the UPSvoltageis essentiallyequalto the HAP voltage.

The HAP providesdigital output"HAP_Good"andits complementHAP_Good\"from a comparatointernalto the boostconverteriC.
Thesesignalsare usedto disconnectertainvoltagesfrom the restof the systemwhenthe HAP is off. This preventsphantomcurrent
drains.TheHAP_Good\signalis usedinternallyby the HAP systemto powerdownthe HAP supply.

As wasthe casefor the SPS,smallsizeandhigh efficiency dictatesthatthe HAP usesa high frequencyswitchingsupply. The HAP is a
boostconvertemwhich like the SPSis synchronizedo the PIC’s crystaloscillatorusingthe "sync" digital input.

Thefinal inputto the HAP is the "Power_Down"commandThis is generatedy the PIC. The purposeof Power_Dowrnis to completely
shutoff the powerto the node.During powerdown only devicesconnectedo the UPSreceiveany power. UPS connecteddevicesare
micro powerin orderto maximizebatterylife. Powerdown is hecessarnpecausetherwisea HAP could go no morethana few hours
disconnectedrom the main supply without destroyingthe Li+ battery.A softwarepowerdown is regardedas more reliable and less
troublethana mechanicaswitch.

m HAP Issues

The SPSoutputvoltagefor the HAP hasto be raisedslightly from the nonHAP versionto meetthe batterychargerminimum input
voltagespecsseeCR402

During powerdown certainkey datacould be recordedn EEPROM.This would includethe currentdateandthe stateof the battery.If
the batteryencounteranyunusuakonditions(suchasoverdischargethis shouldberecordednto EEPROM.

Sincethe HAP usessoftwarepowerdown thereis no way to turn it off withouta CAN systemor a 2m transmitter.This inconvenience
hasbeenconstruedasa feature.It may howeverrequirealampto be surethatthethingis really off. (This hasbeenpartially addressedA
jumper(J400)hasbeenaddedwhich canshutthe HAP downmanually.)

It mightbe cleanerto powerup the HAP usingthe SPS_Faikignalratherthanthe SPSsupplydirectly. The sameideamight be appliedto
the saturableectifiersto guarante¢heir sequencing— Done.

BB Design notes

The HAP incorporatesa Li+ battery.For purposef conceptualizinghe designthe elementsdealingwith the batteryhavebeensplit off
from therestof the HAP asthe batterybackup(BB). The BB sectioncontainsthe battery,its chargeandmonitoringcircuitry, a transistor
which actsasa saturableectifier to switchin the batteryduringmain powerfailure, a Schottkydiodewhich preventseversecurrentflow
to the SPS andananalogmultiplexerthatallowsthe PIC to monitor eitherthe batterychargecurrent,or the stateof the SPS_ Faikignal.

Completechargingof a Li+ batteryrequiresa minimumtwo level currentsourcewith a strict voltagelimit. Thisis supportedn hardware
by the BB section.The hardwarecould possiblybe minimizedby usinga more elaboratechargingalgorithmin the PIC. This approach
wasrejectedastoo muchwork andtoo proneto error.

Severabatteryparameteraremeasurethamelyvoltage temperatureandchargingcurrent.Dischargecurrentis not measured.
The BB hasfive digital inputsandthreeanalogoutputs.It usesthreeinput powersuppliesandprovidestwo outputpowersupplies.

Two of the inputs, Fast_Chargand Trickle_Chargegontrol the chargingcurrentinto the batterywhenthe SPSpoweris applied.The
chargingvoltageis limited to a safevalue by circuitry internalto the chargecontroller,thereforethe batteryis not expectedo explode
evenin the eventof a softwarefailure. The Trickle_Chargenput alsocontrolsthe analogmultiplexer.If trickle chargeis assertedhe PIC

seeghebatterycurrent.If deassertethe SPS_Faikignalis monitored.Theactivehigh SPS_Failvaschoserbecause logic high voltage
of > 4V cannotbe generatedy the batterycurrentmonitor during charging.The circuitry of the chargeris suchthat Trickle _Charges

overriddenby Fast_Chargeso Trickle_Charges don't-careduringfastcharge.

The otherthreedigital inputsto BB areSPS_FailHAP_Goodandits complemenHAP_Good\. SPS_Fails aninput to the analogmux
and switchesthe saturableectifier (Q404).HAP_Goodcontrolsthe analogswitch which separatethe batteryfrom oneof the PIC ADC

pins. This switch is requiredbecauseotherwisean un-poweredPIC would draw battery currentthroughits input protectiondiodes.
HAP_Good\is usedinhibit the analogmux. This functionis reminiscenf the caseinvolving the analogswitch andthe batteryvoltage,
but sinceall the inputs should be at zero volts during power down, inhibiting the mux shouldn’t be required,but it's done anyway
becaus¢hemux hasapin for it. (Maybeit’s slightly saferto doit.)

BB’s threeinput power suppliesare SPS,the main powerinput. UPS, which is usedfor the analogswitchesthat mustfunction even
during powerdown.UPSis usedoverV_BB or B_BK becausd&JPSrunsat a highervoltagewhenthe HAP is up, andat almostthe same
voltage — wrong! CanuseV_BK andavoida diodedropon U406.UPSis still correctfor U405.
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The lastinput supplyis V_ADC. This is really a referencevoltagefor the batterythermistor.This supplyshouldbe the sameasthe PIC
ADC referencevoltage.This makesthe thermistorvoltagemeasurementatiometricand eliminatesa possibleerror dueto ADC voltage
referencedrift.

BB providestwo outputpowersuppliesV_BB is simply a directconnectiorto the battery.No applicationcurrentlyusesthis supply. The
other outputis V_BK. V_BK is connectedto V_BB by a saturablerectifier. The rectifier part allows connectingvV_BK to a higher
voltage supply while the saturablepart allows high efficiency. Thereis a little magic involving the saturablerectifier. Whenthe SPS
comesup, currentwill possiblydumpinto the battery. The SPScurrentlimit will preventvery high currents,andthe durationis very
brief, limited by the SPS_Faikignalfrom the SPScomparatorStill it waspartly this magic,anda desirefor reliability thatmadeCR402
aconventiondiode.

BB Issues

The useof UPSpowerfor thebatteryvoltageanalogswitch (U406) maybewrong.UPScanbelessthanthe batteryvoltage!

No, this looks ok. The voltagedrop for the UPSis acrossa lightly loadedSchottkydiode, so the differenceis almostnegligible,and
anyway lessthan the thresholdfor U406’s input protectiondiodes.Also during power down the switch is alwaysoff, so performance
demandsarelow. This shouldbe checkedn operationputis probablyok.

Maybe CR402shouldbe a saturableectifier?(Thisis exploredalittle in CR402’swrite up.)

Integrated Circuit(s)

U400 LTC3401, 3MHz, 1A, DC-DC boost converter (DigiKey LTC3401EMS-ND5.50%¢ea)

The selectioncriterioninclude size, efficiency, complexityandfrequency.This MSOP-1(ackagecanreach90+% efficiency supplying
5V @ around100mA output @ 1.5MHz (synchronized)With <1uA shutdowncurrent,<1mA quiescentcurrent,and potentially 1A
outputcurrentwhile toleratingup to 6V inputor output.

U401, 402 NC7SZ14, Single Schmitt inverter (DigiKey NC7SZ14M5CT-NDO0.96%ea)

Whatis really betteris a dualinverterin a SOT-6-style packagge.qg.NC7WZ14),but digikey doesn’thavethem.

Theseinverterssnapup the lowpassfiltered PwrGoodsignalfrom U400 makingit crisp for the power switch-over circuitry and provid-
ing somehysteresisTwo invertersare usedto properly drive Q400 and provide a positive logic HAP_Goodsignal. Other single gate
stylescouldbe substitutedbut the 1.8V ratingon the selectedartis nice becaus®f the potentiallow batteryvoltageoperation.

U403 Single D-FFin SSOP8-P-0.50APkg. (Digikey TC7W74FKCT-NDO0.56$ ea)

Changedo flip—flop,wasTC54VC4502ECB713yoltagemonitor (DigiKey 158-2066-1-ND83%ea)
This thresholddetectoris choserfor low quiescenpower,suitableoutputdrive (activepull up) andcompatiblevoltagerange.

U403 doestwo essentiathings. It wakesthe HAP up whenSPSpoweris availableandis shutsthe HAP downwhenSPSpoweris down
andit is commandedby the PowerDownsignal.

Additionally it exhibitsthe parasiticeffectof shuttingdownthe HAP in the eventof a HAP brown-out. This behaviorcould be construed
asafeature.

Everytime this circuit is lookedat, a desirearisesto modify it in someway. It seemghat mostof the functionsof requiredareavailable
elsewhereén thecircuit. The essentiapropertieof thecircuit are

1) HAP is alwayspoweredup whenSPSpoweris good

2) HAP is powereddowncleanlywhenSPSpoweris absenandPowerDownis asserted.

It wasthe 2nd point thatdrovethe choiceof a low voltagereset.The resetis fed from two powersourcesaslong asneitheroneis good
the HAP is powereddown. To replicatethis usingthe availablelogic the two obvioussignalsare SPS_Faifrom the SPSandthe HAP’s
ownHAP_Good/ HAP_Good\signals By cases:

SPS_Faik HAP_wakek= 0, HAP staysup
SPS_Fai+=1
HAP_off== 0, HAP staysup
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HAP_off-= 1, HAP goesdown
HAP down (HAP_Good%= 1), HAP_off== X

If the pullup for LT3401’s PwrGoodoutput pin was derived from the Shutdown\pin while Shutdown\was controlled weakly from
HAP_off, andthrougha diodeby ~SPS_Failve would have:

While ~SPS_FailShutdown'== 1 by virtue of the diode. AssumingUPSvoltagewasin range,PwrGoodwould be high, pulled up via
Shutdown\ If HAP_off\is low, ShutdownYemainshigh dueto the superiorityof thediodeovertheresistor.

When SPS_Faik= 1, Shutdown\ remainshigh while, HAP_off\ (from the PIC) is high becauseof the resistor.If HAP_off\ goeslow
Shutdownwill alsogolow, possiblydelayedby a capacitor.

OncetheLT3401shutsdown,the PwrGoodline will go low, thuspulling the Shutdowninputlow.

This schemeseemdo work. Thereis a questionasto therelativevaluesof the PwrGoodpull-up andtheresistoron the PIC’s Powerdown
signal.

It seemgleanetto try alogic element.

UsingaFF:
To causegpowerdown,HAP_Good== 1 while atransitionoccurs.Resety SPS_Failow.
While SPS_Failow, FFresetsoShutdown¥= 1.
WhenSPS_Faifjoeshigh, FF remaingreset.
If D input, HAP_Good-= 0 no amountof clockingcansetthe FF
If HAP_Good= 1, andthe FFis clockedLow — High, thenthe HAP powersdown,andwill notcomebackup until SPS_Faifoeslow.

Seemgyreat.

m U404 LTC1734, Lithium -lon (Li+) Battery Charge controller (DigiKey LTC1734ES6-4.1-
ND 2.75%ea)

Selectioncriterionincludesmallpackagesmalltotal partscount. Theability to properlychargethe battery.

The 1734 usesan externalpasstransistorputis otherwisea reasonablycompletesystem.The 4.1V versionmight be selectecbecauset
is adaptableo anyLi chemistry howeverthe4.2V versionmaybe moreappropriate???.

If the4.1V versionwasselectedaresistorcouldbeaddedn placeof W400.

m U405 TC7W53FK, 2 Channel Analog Multiplexer (DigiKey TC7W53FKCT-NDO0.56%€ea)

ToshibaTC7W53FK
SSOP8-P-0.5package

(2,, 7V Vcc Range
(0,,-6)V VeeRange

(, 55,1202 R_DS(on)25C @ 4.5V

>1GQ typ. off resistancébut considerfeedthrouglcapacitance)
1500 Max @ —-40C, 4.5V
1500 Max @ 85C, 4.5V

*(,, 60)nA Leakage?5C

+600nA Max leakage@ 85C

(, 11,20)pF inputcapacitance

(, 0.75,2)pF feedthrougtcapacitance
200mw P_DMax(dissipationimited)
—-40C- 85Coperatingemperatureange

U405is a singleanalogmultiplexer.Poweredrom the UPS(battery)supply.

The multiplexerisolatesthe PIC from the batteryvoltagewhenthe PIC is poweredoff. In fact this function maybeunnecessanhutit is
very cheapbecausdghe mux also selectsbetweenthe SPS_Failand the Batt_Curr(Battery Current)signals.Whenthe batteryis under
charge,the batterycurrentis selectedotherwisethe SPS_Faikignalis selectedlf the HAP_Good\signalis assertedboth signalsare
disconnected.

The Toshibapartis adequatén termsof resistancendoperatingvoltage(it's spec’dto run downto 2V).
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m U406 TC4S66F, single analog switch (DigiKey TC4S66FCT-NDO0.68%ea)
ToshibaTC4S66F

SMV-5 package

18V V_DSSMax

(, 290,950X2 R_DS(0on)25C

>1GQ typ. off resistanc€but considerfeedthrougltapacitance)
800} Max @ —-40C

12002 Max @ 85C

(, 0.1,100)nALeakage25C

1uA Max leakage@ 85C

10pF typ. inputcapacitance

0.5pF typ. feedthrouglcapacitance

200mw P_DMax(dissipationimited)
—40C- 85Coperatingemperatureange

U406 is a singleanalogswitch. It is poweredfrom the UPS (battery)supply.(In fact typical specsrequire3V to operate.The minimum
on UPSis approximately2.2V. This shouldstill work. All thatis requiredis thatU404,405remainoff atlow supplyvoltagesthis should
be checked???.

This switchisolatethe PIC from the batteryvoltagewhenthe PIC is poweredoff. Fairly high on resistance&anbe toleratedbecausehe
inputimpedancef the PIC's ADC is reasonabhhigh. 1kQ) is definitely goodenough.

m U407 NC7SZ14, Single Schmitt inverter (DigiKey NC7SZ14M5CT-NDO0.96%ea)

This couldbea plaininverter,buta Schmittwasspecifiedto reducethe numberof differentparts.Eitherway is ok.

Transistors(s)

m Q400 See Q404

TurnsHAP supplyoff.

m Q401 See Q201

Q401disconnectshefeedbackvoltagedivider on the boostsupplywhenthe HAP is powereddown. If this wasnot donethenthedivider
currentwould drain the battery. On the other hand, a very large resistanceadivider could be used,but that would resultin stability
problems.

Thedrainatthe nominalbatteryvoltageis about

3.6 /1503 (» A ) // EngineeringForm

24. x10°

Assumingl00mAastheintolerabledrain

(100*"-3 /9% /24 (% days «)

173. 611
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Admittedly, this is a long time. Howeverthe 150k divider may prove a problemand divider currentmight needto be increasedAlso
there’sno apriori reasonto assumehe HAP would not be in storagefor a yearor more,andon thattime scalethe divider currentcould
bearealproblem.

m Q402 Eliminated in HAP version 0.3

m Q403 Zetex FCX717 SOT89 PNP (DigiKeyFCX717CT-ND 0.87$ea)

ZetexFCX717

SOT89 package

12v V_DSS

(,0.11,0.15)V V_CE(Sat)lc==1A, Ib==10mA

100nA Max collectorcut off current

10A Max pulsecurrent

300 roundvaluefor Hfe

500mA Ib (Abs. Max)

(-55,150)C T _Jrange

1w Max Poweron FR-4 (15x15x0.6)mm

This is the PNPseriesgpassransistorequiredby U404,
Theinputvoltagehoversnear4.75V. Thecell voltagevariesdownto 2.5V. Assumingd20mAmaximumchargecurrentthe dissipationis

(475 -25) 0420 (% Watts «)

0. 945

To handlethis powerlevel athermalresistancef 50°C/W would be desirable 70C/Wis aboutthe max.

The SOT89packageprobablycandumpabout1W. This shouldbe ok becauséhe very low voltagesduring rechargeare of shortdura
tion, andtheratingsto handlethe powerarethere.

The betais fairly highonthis unit, sobe carefulof overallloop stability.

m Q404 IRF(2nd source) P-Channel MOSFET Si4435DY (DigiKey SI4435DY-ND1.50%ea)

InternationaRectifier(2nd source)Si4435DY ,alsoZetex

SO-8 package

30V V_DSS

19mv/C Breakdowntemp.co25C,| _D==1mA
35mQ0 R_DS(on)@ V_GS=4.5V

(, 40,60)nC totalgatecharge@ V_GS=10V
2320pF typ. inputcapacitance

6.4A |_DMax (dissipationimited) V_GS=10V

50A Max pulsecurrent

+20V V_GSMax

1.2v Max bodydiodeforwardvoltage@ 25C,2.5A,V_GS=0V
51ns Max bodydiodereverserecoverytime

50nC Max bodydiodereverseaecoverycharge

150C T_JMax

50C/W Max 6_JA onstandard-R-4 board,t < 5s.

Q404 functionsasa saturablerectifier. Whenthe SPS_Faikignalis false (i.e. SPSis good)the gatesourcevoltageon Q404 is zeroor
negativeand Q404 actsas a normal diode, in this caseblocking currentfrom V_BK into the battery.If the V_BK voltagefalls below
V_BB for anyreasorthe bodydiodeof Q404will conductprovidingpowerto the HAP.

Theoreticallythe only way V_BK canfall below V_BB is if SPSfails, in this caseSPS_Failwill be assertedand U407 will in turn
providegatevoltageto Q404decreasinghe voltagedropto nearzero.

If the SPSvoltagesuddenlyrisesthe SPS_Faikignalwill rapidly (u-secondsyrop. During the switch overfairly largecurrentsmay flow
into the battery(thoughlimited by the SPSswitchlimit) butthedurationis soshortthatno harmwill bedone.
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For conservativalesignQ404 shouldbe capableof dissipatingthe load currentin the un-saturatedtate(~1/2Ax0.7V~=400mW), though
this couldbe pushed.

m Q405,406 See Q201

Diode(s)

m CR400 See CR200

CR400is the"optionaldiode"from the LT3401datasheet.

m CR401 Renumbered to D401

m CR402 Diodes Inc. Fast Si-Diode MURS120 (Digikey MURS120DICT-NDO0.60%ea)

Diodesinc. MURS120,1A SuperFastrectifier

SMB package

200V V_R

1.5A I_DMax (dissipationlimited)
40A Max pulsecurrent

0.875V Max forwardvoltage@ 25C,1A
0.710V Max forwardvoltage@ 150C,1A
25ns Max reverserecoverytime
2.62mmtall

(-65,175)CT_Jrange

Originally this diode was configuredas a N-Fet saturablerectifier similar to Q404. This was not successfubecausehe LTC3401is
spec’dat 120nsminimumon time. This implies a maximuminput voltageof 4.07V to maintainconstanfrequencyswitching.In factthe
slight discontinuousnode switchingthat resultsfrom excessivanput voltagemight not be a big problem.lIt's the uncertaintyover the
consequencesf theaddedhoisethatdrivesusto eliminatedit.

The 4.07V limit canbe easedy raisingthe HAP outputvoltageto 5.2V (shouldwork). The maximuminput voltagerisesto 4.24V. This
works fine for the Li+ cell, which is neverover 4.2V anyway,but the batterychargerwantsmorelike a 4.55V input (4.68V to bereally
happy).Of coursdimiting theinputvoltageto the batterychargeralsodecreasepowerdissipationn the pasgransistorwhichis good.

As a 1stcut, try to makeeveryonehappy.Let the input to the batterychargerbe 4.78V (to allow for someslop). CR402shoulddrop a
minimum of 0.54V at around10mA, but be capableof passingthe maximum switch currentof U400 (1.6A, but only around1/2A
averageith anaslow aspossibleadditionalvoltagedrop.

If theactualminimumdropis 0.64Vtherewould bealittle slackin meetingthe4.24V constraintThis shouldmakeeverythinghappy.

The selectionsearchwhich will be brief, consistsof finding a Si-diode (for the high initial voltagedrop) that maintainsa fairly low
voltagedropinto the 1A range.

The minimum operatingvoltagefor the batterychargetris 4.55V, assumet.6V is morerealistic.Let the nominaltargetfor SPSvoltagebe
4.69V2%-== [4.60,4.78]V

m D400 Eliminated

1N4448HWS seeCR201.
Eliminated.
D400allowstheuP to activatetheresetfunction,but notto countermandt. This de-glitchesthe PowerDowrcycle.



Component_Design 39

m D401 Eliminated

SametypeasD200

The original purposeof D401 wasto providea signalfrom the SPSto the HAP allowing the HAP to wakeup whenthe SPSwaspowered
up. Thisfunctionhasbeenshiftedto the SPS_FaikignalandD401 hasbeeneliminated.

Inductor(s)

m L400 Coiltronics MP2A-1R5(Same as L200), 1.5uH, See PM-4112.pdf

CoiltronicsMP2A-1R5

1.5uH nominalinductance

1.54uH measured® 100kHz,0.25VRMS,0.0A DC, +20%

73 mQ DC Ohms@ 20Ctyp.

2.02A RMS currentproducing+40Ctemperatureise (excludingcoreloss)

3.22A Saturatiorcurrentdefinedby 30%lossof inductanceMeasurecht 20C

2.09V-us  Volt-time productof 300kHzwaveformwhich whenappliedacrossnductorproduces
corelossequalto 10% of powerlossproducing+40Ctemperatureise previouslydetermined.

—40to +125Cstoraggemperatureange

—-40to +85C operatingemperaturgange

molybdenunpermalloycore

ratedto 500kHz???—I don’t seeanyreasorfor this.

Body Lengthexclusiveof leads5.88mm, Lengthwith leads7.5 mm. Width 5.2 mm, Height1.8 mm.

Manufacturer(Linear)recommend&>3/f [H]. Rippleconstraintsuggest:

Vimin  (VoMAX- Vimim )
f x Al x VOMAX

>

Maximum availablecurrent== (maxswitch current-inductorripple current/2)x efficiency/ boostratio
Derivation(boostconverter)
Equalvolt-secondsmplies

(1-D) (Vo-Vi) == DVi

Vi Vi
Vo == —_— D=1- —
1-D Vo

The currentincreasehroughtheinductorin onecycleis

Vi 1 D Vi
— xTon, Ton ==T*D= — *xD=> Al == — —
L f f L
Averagecurrentis
| | | /2wl D Vi /2 | D Vi
av = - A == = — == -
’ P P fL P 2Lf

This currentis decreasedy the samefactor the voltageis increased(1-D),less (by definition) the efficiency. We thereforeget the
maximumboostcurrentavailableas
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lo (1-D) (| DVi )
=1 P =Sy

As arule of thumb,theripple currentis typically 20-40%of the peakcurrent

lo =n(1-D) (Ip -03 Ip /2) (» Rule of Thumb =*) // FullSimplify

lo==-0.85 (-1+D) Ipn

Usingthe3401numbersassuming.2V out, 4.25Vin gets

4.25
%/. {1092, Ip 516, D>1- ——}

lo==1.02262

Of coursewe’ll actuallygetsomethindessthanthis, butthisis ball-park.Now find L by usingtherule of thumb.

Ip3401 = 1.6 (* peak switch current limit for LTC3401 =x);

D Vi . .
Solve [al = — L] 1, 11 // FullSimplify

D Vi

ﬁfAI

Vi
%/. {D—)l—v—} /. {f -fnom, Al - 0.3 %Ip3401 , Vi -4.25, Vo-52 1} //
(0]

EngineeringForm

L>1.05143x10°6

Sobasicallyonemicro-Henry.|_satshouldbe>1.6A, ferrite core,andfor ~1/8WDC loss,we wants50m(}. .

Referringto the calculationgor L200, it seemseitherMP2A-1R0 or MP2A-1R5would be ok. To minimizeinventory,the 1R5shouldbe
selectedutfor fun run both.

The maximuminductorripple currentfor 1uH is

VbkH = 4.25 ; VbkL =3; VHAP=5.2 ; (* HAP voltage limits *)

DVi Vi _
Al > ——— /. {D>1- =} /. {Vi > VbkL, Vo VHAR f - fnom, L 16} // N
(]

Al - 0. 825

For1.5uH
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Al /15 /. %

0. 55

This is closerto the rule of thumb’s30%. The slightly increasedC resistanceof the 1.5uH unit probablylowersthe efficiencyv. the
1uH inductor(probablythe reducedAC corelossdoesn’'tmakeup for the uppedDC loss).Consideringhe advantagef reducednven
tory, the 1.5:H unit seemsheway to go.

Goingbackto theoriginally statedconstraints

VbkL (VHAP- VbkL )
>
fnrom x 0.3 Ip3401 x VHAP

L>1.71875x1075

Closeenough.

Note this inductordoesnot meetthe IC manufacture’secommendedalueof = 3/f[H] which would be 2uH in this case Obviouslyit is
close.l don't seewhy this shouldbe a problem.

Thevolt x secondoroductfor this caseis

(1Y) Y

f Vo f
Maximizethis
Vi o .
Solve [D[[l = —) Vi, Vi ] =0, Vi ] r1, 11
Vo
Vi 5 Yo
2

In our casethis meansVi is minimum

Vi \ Vi
[1 - 7—] T— /. {Vi »VbkL, Vo- VHAR f - fnom} // N// EngineeringForm
o
825. x1072

This is quite small,which shouldmeanAC lossesaresmall.
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Capacitors(s)

m C400 22uF, 1206, X5R, Panasonic ECJ-3YB0J226M (DigiKey PCC2242CT-ND12.87$/10)

Panasoni&CJ-3YB0J226NISameasC200)

22 uF nominalcapacitance

6.3V WV DC

X5R dielectric

1206 casesize

+20% tolerance

—-35t0 +85C operatingemperaturgange
Height1.6 mm.

Outputcapacitorfor a high frequencyboostswitchingpowersupply.The dynamicpropertiesof this capacitoraffectthe loop stability so
a moderatelystableX7R or X5R typeis typical. A tantalumcap.will work fine here,butis probablybigger.The ceramicsseemsomuch
cooler.Voltagerating= 6.3V.

Basicripple formula

Al Vi
Vpp == ST /. {al - 055, Vpp-»5*-3, Vi 425, Vo-»52, f -fnom} // N
0]

2.92188 x 107/

0. 005 ==
C

Solve [% C][1, 17 // EngineeringForm

C- 58.4375x10°°

| think thisis p-p, soi geta freefactorof two, andanywaywhati gotis a 22uF cap,sothat'swhatto use.

m C401 10uF, 1206, Y5V, Panasonic ECJ-3YF1A106Z(DigiKey PCC1894CT-ND4.91%$/10)

Panasoni€ECJ-3YF1A106Z

10uF nominalcapacitance
1ov WV DC

Y5V dielectric

1206 casesize

+80/-20%  tolerance
—25to0 +85C operatingemperatureange
Height1.6 mm.

This is aninput capacitoirfor a high frequencyboostswitchingpowersupply.The standarcchoiceis a 1-5 uleeramiccapacitor.The Y5V
or similar dielectricsaresuitable Voltageratingshouldbe atleast6.3V.

Theripplein the capacitoris

V=2Q/C
Try 2.2uF
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Alrms
/. {Alrms - 055, C-» 22*-6 }

fnrom C

0. 1625

| like to stickw/the 1QuF, can’tusethe SPSunitssincetheyare1210casesize.

C402 Eliminated

Old valuewas0.1uF, eliminatedin HAP v0.5.
SeeC202.

C402introducesdelayinto the \shutdowncircuit of U400. The largestconvenientvalueis 0.1uF. With on order 1k} sourceresistance
thetime constanis

0.1*"~6 % 1*3 (% seconds =) // EngineeringForm

100. x10°°

Thetimerequiredto dropthevoltageon C4021V assuminghe maximuminput currentof U403 (4.2uA) is

1%0.1*"-6

(» seconds =*) // EngineeringForm
4.2*"~6

23.8095x 103

This seemaboutright.

C403 10uF, 10V, Y5V, Panasonic ECJ-3VF1C225Z(DigiKey PCC1898CT-ND4.17$/10)

Changedo 1QuF, seealsoC201
Panasoni&CJ-3VF1C225Z

2.2uF nominalcapacitance
16V WV DC

Y5V dielectric

1206 casesize

+80/-20% tolerance
—25t0 +85C operatingemperatureange
Height0.85mm.

Outputfilter for HAP supply.C400is the mainfilter. C403is positionedafter switch Q400.Assumingon order1nH of strayinductance,
theresonantvalueof C403is about.

1
Solve [Fdrive = , C]I1, 11 // FullSimplify
VLC

1
~ FdriveZ L
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%/. {Fdrive - 1.53846*6 , L - 1*-9 } // N // EngineeringForm

C-422.501x10°5

Soresonancevon’t beaproblem.

The largestpracticalvaluein 1206 sizeis 2.2uF, which is the value chosen— This is dumb. Use a 1QuF, we havethem,andthey’re
betteranyway.(Thevoltagedropsto 10V, butsowhat.)

C404 Any 25+V 0.01uF ceramic cap in 1206 package (DigiKey PCC104BCTCT-ND
0.35%ea)

Panasoni&€CJ-4VB1H104K

0.01uF nominalcapacitance

50V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—55t0 +125C operatingemperatureange
Height0.6 mm.

C404deglitcheghe PwrGoodsignalfrom U400.Thevalueis noncritical, andreally to be determined.

C405 See C412

Forgetthis, usethesameasC412.
Panasoni€ECS-T1AY106R

10uF nominalcapacitance
1ov WV DC

Tantalum  dielectric

EIA-A casesize

+20% @20C tolerance

CV/100A  DCleakage@ 20C,(or 0.5uA, whicheveris greater)
<0.06 Tano

—-55t0 +125C operatinggemperatureange

Height1.6 mm.

This capacitorprovideshigh frequencybypassingor U404's feedbacKoop. The manufacturer'secommendedalueis 1QuF, sothat’s
whatwe’ve used.

C406 Eliminated

No needto de-glitch in v 0.5, eliminated.
SeeC404

C406is solelyto deglitchanddelaythe shutdownsignalto Q401.1t is redundanin the graphsensewith C410.C406 may be unneces
sary, whetherthis is true is bestdeterminedby observationof the hardware.A preliminary specification of 0.0luF hasbeengiven

anyway.

C407-C409

FrequencycompensatiowomponentSeeR403for explanation.
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m C410 Eliminated

Wasconcernedvith powerdowntiming on old circuit, eliminatedin v0.5.
SeeC404
SeeC406

m C411

Beware,C411wasreassigneih HAP version0.3. FrequencycompensatiogomponentSeeR403for explanation.

m C412 10uF, 10V, Y5V

Usethe HAP unit, seeC401
Panasoni€CJ-3YF1A106Z

10uF nominalcapacitance
1ov WV DC

Y5V dielectric

1206 casesize

+80/-20% tolerance
—25t0 +85C operatingemperaturgange
Height1.6 mm.

This couldbea ceramic(Y5V) unit or a Tantalumwhichis best?SeeC401.

This is the input bypasscapfor the batterycharger.The manufacturerecommendd4-10uF, we haveno compellingreasomot to usea
10QuF unit aschoserhere.

Resistors(s)

m R400 eliminated

Panasoni®—-1.00KFCT-ND

1.00k0 nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

-55t0 +125C operatingemperatureange
Height0.6 mm.

thick film composition

R400hasbeeneliminatedin are-design

R400 servesasa wire-OR’ing elementfor input voltagefrom the SPSandUPSnode.If SPSvoltageis zero,the input to U403 will be
equalto UPS, lessthe voltagedrop acrossR400. The supply currentfor U403 (TC54VC45)is 4.2uA Max. The minimum anticipated
valuefor the SPSvoltageis 4.60V. The maximumvoltagethresholdfor U403is 4.59V.10mV dropat4.2uA gives

10**-3 / 4.2*"-6

2380. 95

Choosinga valueof 1kQ will assurea sufficiently low voltagedrop while maintainingacceptablyow currentduring overrideoperations.
R408mustbe ableto pull downU403to thelow voltagethreshold.The minimumthresholdvoltageis 4.5*0.98== 4.4V. Assumeaninput
voltageof 5.2V, the maximumresistanceraluefor R408is
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r408 Vo
Solve [ ——————— = —, r408 | [1, 1] // FullSimplify
r400 +r408 Vi

r400 Vo

Ag » ———
' ” Vi - Vo

%/. {r400 -» 1000, Vo-»44, Vi »52 1} //N

r 408 - 5500.

For simplicity, chooseR408== 1k().

R401 36.5kQ, Any 1% or better film resistor in 1206 package (DigiKey P-36.5KFCT-ND
1.17$/10)

Panasoni®-36.5KFCT-ND

36.5k0 nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm  temp.co.

—55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

R401,402 form the feedbackdivider for the HAP boostconverter.The referencevoltageis 1.25#.03V. The desiredoutputvoltageis
5.2V. Theerrorampinput currentis under50nA, soa very high dividerimpedancg~2M(, valuelimited by capacitiveparasitics)could
be used,but noiseconsiderationsuggestvorking closerto the 100k} level. Somewhatrbitrarily setthe targetdivider impedanceo
150k thenthevaluesare

Solve [{Vfb = VoxR401/Rt, Rt = R401 + R402}, {R401, R402}]1[1] // FullSimplify

{R402aRt = RtVfb, R401 - RtVfb}
Vo Vo

%/. {Rt » 150*"3 , Vfb -» 1.25, Vo-»5.2 } // N // EngineeringForm

[RA02 - 113. 942 x 103, R401 - 36. 0577 x 103 }

Try 115kand36.5k

Vib -» Vo R401 / (R401 + R402) /. {Vo-» 5.2, R401 -» 36.5**3 , R402 » 115*3 } // N

Vfb - 1.25281
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vib 7125 /. %// N

1. 00224

SeemOK.

m R402 115kQ, Any 1% or better film resistor in 1206 package (DigiKey P-115KFCT-ND
1.17$/10)

Panasoni®-115KFCT-ND

115k nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-b55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

SeeR401

m R403 7?7?77k Q, Any ???% or better film resistor in 1206 package

R403, along with C408,409form the frequencycompensatiortomponenof the HAP switching supply. C407 also affectsthe mix by
providing afeedforward componento the outputsensingvoltagedivider.

Thenotesfor R206alsocoverfrequencycompensationThe basicreferencesan-19 p.4850 andreferencean76still apply.

The DC loop gainis the productof modulatorgain andthe errorampgain. The errorampgainis around2000,while the modulatorgain
is ~2 Vin/lout.

The Outputfilter pole (currentmode control) is basically 1/(2r Rout Cout)Hz. Routis just 1/2*Vout/lout (???explainthis). Thusthe
outputpolebreakfrequencyis

1 1 Vo o

fOpole - —— /. Ro» — — (* Hz =x) // FullSimplify

2 tRoCo 2 lo

lo
fOpole > —————
P - Co 7 Vo
Theoutputzerois
1

fozero -» ——mo——

2 7 Resr Co

The boostregulatoralsohasa right-half-planezero (RHPO),which canleadto instability (no responsehroughthe feedbackpath). The
frequencyis givenby

Vi 2 Ro
fRHPO » ——— (% Hz %)
2 7L Vo2

This frequencycanbelow if Ro (theloadresistancehasalow value.Thetypical strategyis to roll off theloop gain prior to the RHPO.

Following the nomenclaturdrom the note underR206, the compensatiortapacitorand seriesresistor(Cc, Rc) andthefilter compensa
tion capacitor(Cf), thecompensatiometworkintroducegwo polesanda zeroasbefore.

The leadingpole (assumingCc >> Cf, which is the usualcase)is formed by Cc andthe modulatorinput resistanceyhich is around
20MQ
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fpl - (x Hz *) /. {Ri »20*6 , Cc- 100*-12 } // N

27 Ri Cc

fpl > 79.5775

The 1stpoleis quitecloseto DC, evenwith afairly low valueof Cc (hereassumedo be 100pF).
Hereis theremainingpoleandzero

fp2
P 2 7w Rc Cf
1
izl = ————
2 tRc Cc

As before theinputvoltagedivideris bypassedby a speedugapacitor(CA) anda noisefiltering, andcounterbalancingcapacitor(CB).

The breakfrequencieproducedoy CA andCB areat

1 1
fA > —— fBo——
2 n RACA 2 n RBCB

SeealsoR206

m R404 47.5kQ, Any 5% or better film resistor in 1206 package (DigiKey P-47.5KFCT-ND

1.17$/10)

Panasoni®-47.5KFCT-ND

47 .5k nominalresistance

200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-b55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition
This is the pullup resistorfor the PwrGoodoutputsignal. Thevalueshouldbe >>R400.As acompromisery 47k.

m R405 27.4kQ, Any 2% or better film resistor in 1206 package (DigiKey P-27.4KFCT-ND

1.17$/10)

Panasoni®-27.4KFCT-ND

27.4K) nominalresistance

200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-b55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

R404 setsthe centerfrequencyof U400's oscillator.For synchronizationthe centerfrequencyshouldbe about30% lessthanthe desired

synchronizatiorfrequency accordingto themanufacturer.
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Solve [Fosc == 3**10 /Rosc, Rosc][1, 17 // FullSimplify

30000000000

Rosc -
Fosc

%/. Fosc -» (106 /6.5 ) (0.70 ) // N// EngineeringForm

Rosc — 27. 8571 x 103

27k would befine, 28k is goodtoo. 5% is fine, 2% perhapsa bit better.

m R406 470Q, Any 5% or better film resistor in 0805 package (DigiKey P-470CCT-ND
0.91%$/10)

R406 limits the currentavailableat J400.47Q is low enoughto overrideR407+R408and causemanualshutdown.This is convenient,
but dangerousin flight J400cannotbe accidentallyshorted.A different value of R406 could be selectedto allow manualshutdown
unlessOK’d by thePIC.

m R407 10kQ, Any 5% or better film resistor in 1206 package (DigiKey P-10.0KFCT-ND
1.17$/10)

R407 keepsthe HAP_off signalinactive evenif the PIC is tri-stated,etc. 10k is a goodvalue.lIt's sufficiently largecomparedo R408,
yet shouldbe smallenoughto keepthe signalfrom falsetripping.
Thefunctionof R407changedn HAP v0.5,theold descriptiorfollows :

Ideally, R407 would be dropped.It's functionis to assurethe \Shutdownsignalto U400 is assertedvhen U403 is unpowered U403
operatedown to about0.7V. It is possiblethat U400 would operatedown to 0.5V so a window existsfor unintendedoperation.This
seemaunlikely sono valuefor R407wasselectedIf usedthe valueshouldbefairly highif possibleto minimize operatingdissipation.

m R408 1.00kQ, Any 5% or better film resistor in 1206 package (DigiKey P—-1.00KFCT-ND
1.17$/10)

The role of R408asof HAP v0.5is to limit the currentin the eventof a manualpowerdown of the HAP. 1k is a goodvaluebecausét is
low enoughto preventaccidentatripping or slow edgesputlargeenoughto limit theoverridecurrentto asmallvalue.

m R409 20.0kQ, Any 5% or better film resistor in 1206 package (DigiKey P-20.0KFCT-ND
1.17$/10)

SeeRT400.

m R410 32.4kQ, Any 1% or better film resistor in 1206 package (DigiKey P-32.4KFCT-ND
1.17$/10)

SeeR411.
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m R411 3.57kQ, Any 1% or better film resistor in 0805 package (DigiKey P-3.57KCCT-ND
0.91%$/10)

Panasoni®-3.57KCCT-ND

3.57k) nominalresistance
150V WV DC

1/20W Dissipation@ 70°C
0805 casesize

+1% tolerance

+100ppm  temp.co.

—55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

R410,411 setthefastandtrickle batterychargingrates.
Hereis the basicformula

Ibat == 1500 / Rset

The fast chargecurrentis not very critical. The nominalvalueis 420mA, but if this wasa problemfor the supplyis could be reduceto
300mA. For now assumel20mAis ok, thenthe programmingesistoris

Rset - 1500 /0.42 // N

Rset - 3571. 43

Sincethisis a standardralue,go for it.

The nominaltrickle chargerateis C/10 or in this case42mA. This can successfullybe any similar figure but sticking to definite C/x
valuesshouldgive a chargetime profile thatis independenof batterycapacity which mightbe good.

Theseassumptiongnablea calculationfor R410to bemade

Rset * (10-1) /. %

32142.9

Pick 32.4kasthe nextstandardralue.

1500 / (3570 +32.4**3 ) // N // EngineeringForm

41.7014 x 1073

m R412413 47.5kQ, Any 5% or better film resistor in 1206 package (DigiKey
P-47.5KFCT-NDL.17%$/10)

SeeRT406.
Thesearepull downsfor the batterychargecontrollines.
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m R414 (Removed) 2MQ, Any 5% or better film resistor in 1206 package (DigiKey
P-2.00MFCT-NDL.17$/10)

It's desirableto monitor the statusof the input supplyto the HAP. This shouldbe donewith a minimum of input pins on the PIC. The
programcurrentpin (PROG)on the Li+ charger(U404) canservefour functions.Connectinga resistorbetweerthe pin andgroundcan
setthe peakchargingcurrent. The true chargingcurrentcan be determinedoy readingthe voltageat the PROGpin. If the voltagerises
above?2.25V(Max)the batterychargecircuitry is disabled.The PROGpin is pulled up by a 3uA currentsourceinternalto U404. How-
ever, if theinput voltagedropsto zero,essentiallyzerocurrentwill flow from the PROGpin, andthe actionof R414will beto pull the
voltageat PROGdownto zerovolts. Thus,a readingof zerovolts on the PROGpin indicatesa main powerfailure exceptduring charg
ing, whenit couldindicatechargetermination.

In the caseof main powerfailure during charge the lossof batterycurrentcould be mistakenfor chargetermination.For the anticipated
algorithm, this is not the case,but evenif a misidentificationof the causeof a zero currentreadingwas made,the ordinary response
would be to terminatecharging.If the mainswere available,the PROG voltage would immediatelyincreaself the mainsfailed, the
PROGvoltagewould remainzero,breakingthe ambiguity.

The value of R414 mustbe large enoughto allow the voltageto rise to the shutdownthresholdunderthe action of the nominal 3uA
currentsource Theminimumecurrentis 1.5:A

152~6 * 2*6

3V is fine asthe minimumthresholds 2.25V.

R414mustbe smallenoughto pull the PROGpin low during"Sleep"mode,whentheinputvoltageis ~ 0V. Theleakagecurrentin sleep
modeis not specifiedon the datasheet.The maximumleakagefor thewhole chip overtemperaturés givenast1uA.

Miscellaneous

m B400 Sanyo UF611948, rectangular Li-lon cell

SanyoUF611948 SeeSanyo_Rectang UF611948.pdf)
420mAHr  nominalcapacity

3.7V nominalvoltage

4.2V maximumchargingvoltage

420mA maximumratedchargingcurrent

2.5Hr expectedechargdime for fully dischargedell

273WHir/litervolumetricenergydensity

135WHr/kg gravimetricenergydensity

(0,40)C allowablechargingambienttemperature
(-20,60)C allowabledischargeambienttemperature
(-2050)C storaggemperatureange
48x19.5%6.1mmCasedimensions

11.5¢g cellmass

The main questionhereis how big a batteryis required.A 1Hr missiondurability is probably adequate Assumingthe low current
requirementsve haveestimatedare correct(<100mA)the capacityof this batteryis clearly sufficient. The AA type areeasierto comeby
but theyseemharderto mount??andhaveslightly worsegravimetricenergydensity???.

The 420mA rechargecurrentmay be somewhahigh for the SPStargetof 500mA (but maybenot) butif this wasa problem,the current
could probablybe safely reduceds0% without complicationsexceptlongerrechargeimes. Alternatelythe SPSinductorvalue could be
raised raisingavailableoutputcurrent.

By theway, the chemistryof the Sanyocell is approximately
Lithium CobaltatgLiCo O2), p==4.95,mp==1130C,blackodorlesgppowder
Graphiteelectrodg(C) (asopposedo Coke),p==2.09~2.2, black odorlesgpowder
OrganicSolvent
Palyvynilidenedifluoride (PVdF)
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m J400 2pin, Shrouded 2mm through -hole pin header (DigiKey H2094-NDO0.24%ea)

This removablgumperallowsthe HAP to be powereddown manually. The statecanbe checkedwith the pushbuttonon the PIC.

In HAP v0.5 J400hastheseproperties:

1) manuallypowersdownHAP whenconnectedvhile HAP is up.

2) dissipatesio powerif left connectedn theunpoweredstate

3) HAP canbepoweredup by softwarewith jumperconnectedTP:i think)

4) softwarecandetectif jumperis connectedftera powerup

5) HAP cannotbe powereddown by softwarewith jumperconnected

6) dissipatiorwhenpoweredup with jumperconnectediepend®n the stateof the PIC HAP_Off signal.

Flight softwareshouldreportno-go if jumperconnectedollowing powerup.

m RT400 Thermometrics NHQM103R10, negative temperature coefficient thermistor
(DigiKey 235-1116-1-ND.75%ea/10)

ThermometricNHQM103R10(DigiKey claimsNHQM103B375T10)

10k nominalresistance® 25C
+10% tolerance

3750 B (25C,85C)#200K

0805 casesize

<bs thermaltime constant

1.5mW/K thermaldissipatiorfactor
(-40,125)C operatingemperatureange
1.3mmtall

This is the sameunit usedon the LV1b FC and IMU. The consistencyis regardedas an advantagePossiblyan IC unit with linear
responseshouldbe substituted.

Basedon LV1b designtheseriesresistanceshouldbe 20kQ.

m W400 (eliminated due to space during layup)

This wire jumperallows a resistorto be insertedin casethe 4.1V versionof U404 is usedon a batterywith a nominalvoltagelimit of
4.2V. Possiblythis jumpershouldbe eliminated.
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Pyrotechnic Sub-Node High Voltage Igniter
Trigger (PYRO)
(2100)

PYRO Goals

Reliablerecovery(minimize pointfailure, provideredundancyyerifiable status)
Safety

Low mass

Smallsize

PYRO Specs

Mechanicalinterlock
Oxraligniters

PYRO Design notes

The PYROsystemactivateuptofour Oxral "electricmatch"pyrotechnidgniters. Thisis doneusinga capacitivedischargesystem.

The advantagesf the capacitivedischargesysteminclude

e Low currentrequirementrom the HAP supply

¢ "Safe"statedistinctivelydifferentfrom the "Armed" state
o Naturalinterlockby shortingcapacitor

W Issues

Shouldprobablyreconfigurethe HV supplyfor flyback mode.
Could eliminatethe separatesupplyfor thefloating drivers.

Connector(s)

m Phoenix 2.54mm "Euroblock" screw terminals

PhoenixContactl 725672

2.54mm pitch

4 circuits

6A currentrating/ contact

125V AC/DC voltagerating(UL)

20- 30AWG acceptedvire sizes(UL)
(8.5x 10.62x 6.2)mmHXWxD
Greencolor
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Andrewlikes’em

Integrated Circuit(s)

m U2100 LT1310, 4MHz, 1.5A, DC-DC boost converter

The selectioncriterioninclude size, efficiency, complexityandfrequency.This MSOP-1(packagecanreach85% efficiency and output
upto 35V. It canbe synchronizedo above4MHz, hasunderluA shutdowncurrent,about12mA quiescenturrent,andpotentiallyabove

1A outputcurrentwhile toleratinga 3-18V inputrange.

Particularlyconstraininghereis the requiremenbf high voltageoutput,to minimize the numberof stagesn the voltagemultiplier, and
high frequencyoperation.

| really wantto usethe LT1310. Thedifficulty is thatthe maximumduty cycleis only about80%,this is lessthanwhat'srequiredto get
100V off atripled output.An LT1930reaches4%,whichis sufficient,but this partcannotbe synchronized.

If it's allowableto resortto typical characteristicghe LT1310will functionmarginallywith atripler at 100V. This might be a problemat
low temperaturedf i canassumeSchottkydiodesat 0.25V, theimplied duty cycleis

(100 +5%0.25 ) /3 (* voltage required =)

33.75

1 -VHAP/ % (* required duty cycle =)

0. 845926

Thisis alImostthe sameduty cycle aswould be achievedwith silicondiodes.

(100 +5%0.7 ) /3

34.5

1 - VHAP/ %

0. 849275

I think this problemcanbe solvedby usingthe discontinuousconductionmode,which will lower the effective duty cycle for a given
output voltage. Alternatively a tappedinductor could be used(seean-19.43). Since a tappedinductor is a U-wind-it solution, it's
currentlynotthe preferredmethod.
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m U2101-2104 IR2118S, Single channel inverting high voltage, high side driver

InternationalRectifierlR2118S

<600V maximumoffsetvoltage
10-20V drive voltagerange
<200ns propagatiordelay

SO8 package

8.4V UV lockoutcentervoltage
(,220,580uA quiescenturrent

—40to +125Coperatingemperaturgange

This integratedcircuit acceptsa 10—-20Vpower supply and drives a high side mosfetswitch up to 600V. Unfortunately,the input is
referencedo the powersupply,andrequiresa minimum6V inputfor alogic "1" ata 15V supplyvoltage.A moreconveniendriver may
be available this shouldbe checked.

Selectioncriterionincludequiescenturrent,voltageanddrive capacity, andpartscount.

Intersil ISL6801(HighSideDriver-fn9087.pd§) close,but only goodto 120V. The advantagef the '6801 is its 5V logic level input, but
intuitively skimpingon high voltageratingis unwise.

m U2105 SN74AHC1G126DBVR (DigiKey 296-8746-1-ND.56%ea)

TexaslnstrumentsSN74AHC1G126DBVR
5.5V maximumsupplyvoltage

8mA recommendedutputcurrent
<10ns  propagatiordelay

SOT-23-5 package

Buffer drivesavoltagetripler to supplyboostpowerfor the high sidedrivers.

Transistor(s)

m Q2100 BSS-131SOT-23-3 N-FET (DigiKey BSS131INCT-NDO0.36%ea@10)

InfineonBSS-131
SOT-23-3  package

240V V_DSS

160 R_DS(on)Maxv_GS=10V, 25C
26Q R_DS(on)Maxy_GS=4.5V, 25C
400mA |_DMax (pulse)

100mA |_DMax (dissipationimited)
360mwW Recommendedissipation
ZetexZVN3320

SOT-23-3 package

200V V_DSS

250 R_DS(on)MaxvV_GS=10V, 25C
100 R_DS(on)Maxv_GS=3V, 25C
1A |_DMax (pulse)

60mA |_DMax (dissipationimited)

330mw Recommendedissipation

InternationaRectifierIRLL110 (Too big useZVN3320above)
SOT-223%ackage

100V V_DSS

12mV/C Breakdowntemp.co25C,|_D==1mA

760m0) R_DS(on)V_GS=4V

<6.1nC totalgatecharge@ V_GS=5V

250pF typ. inputcapacitance

1.5A |_DMax (dissipationimited)



56 Component_Design
12A Max pulsecurrent
+10V V_GSMax
2.5V Max bodydiodeforwardvoltage@ 25C,1.5A,V_GS=0V
130ns Max bodydiodereverserecoverytime
6500nC Max bodydiodereverserecoverycharge
50mJ Max pulseavalanchéEnergy
0.31mJ Repetitiveavalanchénergy
150C T_JMax
60C/W Max 6_JA onstandardl"sq.coppercladboard,t < 1s.

This transistompassesurrentfrom the high voltagecap (C2100)to the voltagemeasuremerdivider. Whenon this allows the voltageon
C2100to be measuredy the microprocessorAlso the measuremerdivider serveso dischargeC2100whenthatis desired.The current
requirementgor Q2100areminiscule butthevoltageratingmustbeatleast100V.

| think 5V shouldget R_DSdown to ~10Q, but the divider shouldbe designedo acceptlkQ with ratedaccuracy.The PIC ADC is
10bit. The maximumthresholds 3V. Compresd.00Vto 2V @ 5/1024Vresolution.Thevoltagequantas

100 5
* V//N
2 1024
0. 244141V

About 1/4V. The5V testvoltageis thus20 quantaAt best,if say5V wasscaledo 150V, 5V wouldread

150 5
5/( . ]NN
5 1024

34. 1333

Preliminarily, it lookslike all is working.

Supposewe wish to dischargein 3 secondso 95% = 7 ~ 1s. For 1QuF = R==100k . Initial current~1mA. This shouldbe ok w/
V_GS> 2V usingIRLL110. Map 100Vto 2V.

100
r2108 +r2107

Solve [{r2108 +r2107 = 100*'3 , r2107 =2}, {r2108 , r2107 }]

{{r2108 -» 98000, r2107 - 2000} }
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m Q2101-2104 IRLR3410 D-PAK N-FET (DigiKey IRLR3410-ND1.16%ea/10)

InternationalRectifierIRLR3410
TO-252AA (D-PAK) package

100V V_DSS

122mV/C  Breakdowntemp.co25C,|_D==1mA
105m0 R_DS(on)V_GS=10V

<34nC totalgatecharge@ V_GS=5V

800pF typ. inputcapacitance

17 |_DMax (dissipationimited)

60A Max pulsecurrent

116V V_GSMax

1.3V Max bodydiodeforwardvoltage@ 25C,9A, V_GS=0V
210ns Max bodydiodereverserecoverytime
1100nC Max bodydiodereverserecoverycharge
150mJ Max pulseavalanchéEnergy

7.9mJ Repetitiveavalanchdenergy

175C T_JMax

50C/W Max 6_JA onstandardl"sq.coppercladboard,t < 1s.

Thesetransistorsdischargethe high voltage capacitortriggering the associategyyrotechniccharge.They requiresufficient voltageand
currentratingswhile maintaininglow R_DSON.Unfortunatelythis makethemhuge.

m Q2105-2108 See Q201

Diode(s)

m D2100 BAV21W (DigiKey BAV21WDICT-NDO0.32%$ea/10)

SeeD2101.
Must withstandthefull high voltage.Usethe sameasthe high sidedrivers.

m D2101-2104 BAV21W (DigiKey BAV21WDICT-NDO0.32%ea/10)

Diodesinc. BAV21W
SOD-323  package? pin typepossibleto shootatrace

200V V_R

0.1uA Max reversecurrent@ V_R
250mw Max power(assume&5C ???)

v Max forwardvoltage@ 25C,100mA
50ns Max reverseecoverytime

5pF Max capacitance

(-40,125)CT_Jrange(maybea bit more)

Thesediodesprovide currentto the high side driver bootstrapcircuits. They mustwithstandthe full high voltageand be fast recovery.
The currentrequirements quitelow, only 150mA (SeeC2103).Thereverseaecoverytime shouldbe under100ns.

m D2105-2109  1N4448HWS (DigiKey 1N4448HWSDICT-NDO0.30$ea/10)

SeeCR201.
High voltagetripler diodes.Max voltageis ~35V, averagecurrentprettylow. Thesewill work for the high sidedriver supplytripler too.
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m D2110-2114 1N4448HWS (DigiKey 1N4448HWSDICT—NDO.30$ea/10)
SeeD2105.

m D2115 Hi-bright Red LED, 0603 (DigiKey 160-1473-1-ND2.82$/10)

LITEON LTST-S270CKT
0603(narrow) package

clear packagecolor
660nm peakA (Red)
1.8V Vi @ 20mA
16mC PeakBrightness
130° viewing angle
AlGaAsLED

Indicatorlamp.Showscurrentflow into HV supply.

Inductor(s)

m L2100 Coiltronics MP2A-1R5,1.5uH, See PM-4112.pdf

CoiltronicsMP2A-1R5

1.5uH nominalinductance

1.54uH measured® 100kHz,0.25VRMS, 0.0A DC, £20%

73 mQ DC Ohms@ 20Ctyp.

2.02A RMS currentproducing+40Ctemperatureise (excludingcoreloss)

3.22A Saturatiorcurrentdefinedby 30%lossof inductanceMeasurecht 20C

2.09V-us  Volt-time productof 300kHzwaveformwhich whenappliedacrossnductorproduces
corelossequalto 10% of powerlossproducing+40Ctemperatureise previouslydetermined.

—40to +125Cstoraggemperatureange

—-40to +85C operatingemperaturgange

molybdenunpermalloycore

ratedto 500kHz???—I don’t seeanyreasorfor this.

Body Lengthexclusiveof leads5.88mm, Lengthwith leads7.5 mm. Width 5.2 mm, Height1.8 mm.

The LT1310 hasa switch currentlimit of 2.8A Max. Assuminga 33V outputvoltageanda 5.2V input voltagethe following seemto
apply.
Nominaloutputvoltageis up to 100V, assumingsilicon diodesin tripler configuration

Vboost = (100 +5%0.7 ) /3 (» input to voltage multiplier *)

34.5

D == 1 - VHAP/ Vboost

D==0. 849275

The datasheetbnly guaranteeg8% maximumduty cycle overtemperaturat 1.5MHz
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VHAP
1-0.78

23. 6364

That's sort of pathetic.If the layoutwasmodifiedto includea doubleron the HAP output,thenevenassuminga 2 diodedrop loss,the
resultingduty cycleis only

D==1- (2 VHAP-3 0.7 ) / Vboost

D==0. 75942

Ontheotherhand,changingo a quadrupleion the pyro outputandtrying for 200V meansr diodedrops

(100 + 7%0.7 ) /4 (% required voltage using quadrupler )

26. 225

D=1 - VHAP/ %

D==0.801716

This fails, barely.If schottkydiodeswereusedin the quadrupler

(100 + 7x0.3 ) /4

25. 525

D=1 - VHAP/ %

D==0.796278

Thedesignstill will not meetspecs.

It thereforeappearghat the HAP shouldbe modified for doubleroperation.This is complicatedby the needto completelyshutoff the
HAP supply.Doing thiswould requireanothetigh-sideswitch,whichis abaddeal.

Considerdiscontinuousnodeoperation.
The currentduringthe ontime buildsup to

Vi
Al == — Ton
L

By definition, in discontinuousnode,the off time exceedghe time requiredfor the inductorcurrentto fall to zero.This time is given by
volt - seconddalance
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Vo -Vi Vi _ L
Solve [Toffmin —— =T Ton, Toffmin ][1, 11 // FullSimplify
. Ton Vi
Toffmn-> —
” -Vi +Vo
) Vi
Toffmin == Ton ———
Vo - Vi

The duty cycle conceptceasego be meaningfulin discontinuousmode. The averagecurrentinto the load is given by an integral
(ignoring efficiency effects)

lavg =1lo ==f jloff dt

During off time thecurrentis falling linearly

| toffmin f Vi Vi o, f V2
o =f ———— = — — Ton*Ton —— =Ton* — ——
2 2 L Vo - Vi 2L Vo-Vi

For aboostmodesupply,an—-13jivestheseformula(notethe 3rd formulais mis-statedin an—-1%ndthe 3rd equationis alsoplain wrong,
seederivationshelow)

Smallestinductorthatresultsin continuousmodeoperation

Vi2 (Vo-Vi)
2f lo Vo2

The minimuminductanceo supplya givencurrentin discontinuousnode(ignoringefficiency)

Lcont >

2lo (Vo-Vi)

Ldis =
flp?2

Peakinductorcurrent(Vf is diodeforwardvoltagedrop,R is switchon-resistanceffor continuousmodeoperation)

(Vo+Vf) - (lo VoR/ Vi) Vi (Vo-Vi)
Ip ==1lo + (* WRONG =*)
Vi -lo VoR/ Vi 2f L Vo

Herearesomederivationsof theabove

Vi2 (Vo-Vi) Vi2 D Vi 2
Lcont == == =Ton ————
2f lo Vo2 2f lo Vo 21lo Vo

Vo
2lo — ==Ton = Al

Vi Lcont

Sothe modeis just barely continuouswhenthe currentchangeduring Ton is equalto twice the averagecurrentoutputtimesthe voltage
ratio. This derivesthe 1stequation.

Now find lo in termsof L_dis andfrequencyUsingwhatwasdoneabove
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Ip toffmin f
2 2 Vo - Vi

In discontinuousnode,lp==Al, sotheAl formulacaneliminateTon

Solve [lo T ('p L) vi L] 11, 11 // FullSimplity
V == — g B u | |
2 P\ Yo vi P
L, _ 210 (Vi -Vo)
f | p2

Now the 3rd formula

(Vo+Vf) - (lo VoR/ Vi) Vi (Vo-Vi)

Ip ==lo - - +
Vi -lo VoR/ Vi 2f L Vo
Vo + Vf - Von Vi
=0 — — + Ton —
Vi - Von 2L

The 1stterm is the transformerrelation for the averagecurrentcorrectedfor diode drop and finite switch on voltage.The 1sttermis

wrong. The numeratoshouldnot containthe Von voltage. Thesecondermis the Al contribution.The correctequationis

Vo + Vf Vo + Vf Vi (Vo -Vi)
Ip ==l0 —— +Al /2 =10 +
Vi -Von Vi -lo VoR/ Vi 2f LVo

There’snodecentreasori seewhy thesameinductorcan’tbe spec’dhereasbefore.
The continuousnodecurrentthresholds

ViZ (Vo-Vi) .
o 2 —— /. {Vi - VHAP Vo - Vboost , f »fnom, L » 1.5*~6 }
2f L Vo2
lo=0.144221

Al continuousmode

Vi (Vo-Vi) .
Al = —— /. {Vi - VHAR Vo - Vboost , f - fnrom, L » 1.5*-6 }
2f L Vo
Al == 0. 95685

Thisis within theLT1310limit of (1.5,2.1,2.8)A
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Capacitors(s)

m C2100 American Capacitor Corp. DW2D106K

Electrocube230B1B106K <Electrocub&30 Series—MetallizeHolyester.pdf>

10u nominalcapacitance
100V WV DC
Oval shape

<1.25% dissipatiorfactor@ 1000Hz
metalizedpolyesterdielectric

0.46x 0.63x 1.15" casesize

+10% tolerance

0.032" leaddiameteAWG #20)

—-55t0 +85Coperatingemperatureéange(voltagederatedo 125C)

Electrocube230C1B106K <Electrocub&30 Series—MetallizeHolyester.pdf>
10u nominalcapacitance

100V WV DC

Flatish shape

<1.25% dissipatiorfactor@ 1000Hz

metalizedpolyesterdielectric

0.27x 0.66x 1.4" casesize

+10% tolerance

0.0253" leaddiametenfAWG #22)

—-55t0 +85C operatingemperatureange(voltagederatedo 125C)

AmericanCapacitorCorp.DW2D106K,<ACC_MetallizedMylar-DData.pdf>
10u nominalcapacitance

100v WV DC

<1.25%  dissipatiorfactor @ 1000Hz

metalizedpolyestemielectric

0.46x 0.63x 1.17" casesize

+10% tolerance

0.032" leaddiametefAWG #20)

-55t0 +85C operatingemperatureange(voltagederatedo 125C)

For detailsseeDesignNotes???
Volume of 230B,230C

{0.46 x0.63 »1.15, 0.27 066 *1.4 1} // N

{0. 33327, 0.24948}

Measuredlimensionof 230B,230C

576 572 .587 575

420 426 418 433
b = )
(1.163 1163 1.169 1.174 ]

.703 .697 .696 .700

.269 274 272 .264
C = 1
(1.386 1.383 1.391 1.386 J
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Times @@b (* Volume x)

{0. 281353, 0.283391, 0.286833, 0.292297}

Times @@c (* Volume x)

{0. 262102, 0. 264123, 0. 263333, 0. 256133}

So,interestinglytheovalsarealittle smallerthanadvertisedtheflats areabit larger.Still theflats aresmalleroverall.
Massof 4 together(full leads)

bm=24.05 /4

6. 0125

cm=22.05 g/4

5.5125g

For"C" flats,recommend..7" spacingon holes.For"B" ovals,recommend..5" spacing.

m C2101 10uF, >6.3V

SeeC401.

This is aninput capacitorfor a high frequencyboostswitchingpowersupply.The standardchoiceis a 1-5 uleeramiccapacitorThe Y5V
or similar dielectricsaresuitable Voltageratingshouldbe atleast6.3V. Choosghe sametype asusedin the HAP to minimizeinventory.

m C2102, 2104, 2106, 2108 Any 25+V 0.1uF ceramic cap in 1206 package (DigiKey
PCC104BCTCT-NDO0.35%ea)
(2108 is 0805 size)
SeeC202.
Thesecapacitorsaresimplebypassingaps.0.1uF valuesareadequateVoltageratingshouldbe atleast25V.

m C2103, 2105, 2107, 2109 Any 25+V 0.33uF ceramic cap in 1206 package, Panasonic
ECJ-3VB1E334K (DigiKey PCC1889CT-NDO0.25%ea)
SeeC204.

Thesecapacitorarebootstrapcomponentsor the high sideswitch. Ref. dt98-2.pdf.

Let Qbsbethe chargedeliveredby the bootstrapcapacitomper cycle, Qs be the total gatechargerequiredby the mosfet,IgbsMaxbe the
maximumquiescenturrentusedin the bootstrapcircuit, QIs be the chargerequiredby the level shift circuitry, Icbsleakbe the leakage
currentin the bootstrapcapacitorandf the operatingfrequency.The basicbootstrapequations

Qbs == 2 Qs + IgbsMax /f + QIs + Icbsleak /f

Qsis specifiedby the mosfetmanufacturerin the caseof the IRLR3410this is approximately
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34*"-9 +5 % 800*-12 (x nC %) // N// EngineeringForm

38. x10°°

Call this 40nC.The IR2117 datasheegives the maximumbootstrapquiescenturrentas 24QuA. And the level shifting chargeis 5nC.
Assumealow leakagecapacitorthus

Qbs » 2 Qs + IgbsMax /f +QIs +Icbsleak /f
(* nC %) /. {f »10*6 /6.5, Qs-40*-9 , IgbsMax - 240*"-6 ,

QIls - 5*-9 | Icbsleak - 0} // N // EngineeringForm

Qbs — 85. 156 x 107°

Assumethe minimuminputvoltageis 12V, andthe maximumdiodevoltageis 0.7V.
Themanufacturerecommends capacitovalueequalto

30 * Qbs / (Vcc - Vdiode ) /. %/. {Vcc -» 12, Vdiode - 0.7 } // N // EngineeringForm

226.078 x1079

Sincewe've alreadyspec’dsome0.33:F parts,we mayusethem.
Incidentally,thediodeforwardcurrentis

Qbsxf /. %% . f - 106 /6.5 (x A %) // N // EngineeringForm

131. 009 x 1073

C2110 KEMET C1206C224K5RACTU (DigiKey 399-1251-1-N@.18%$/10)

KEMET C1206C224K5RACTU

0.22u nominalcapacitance

50V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—-35t0 +85C operatingemperaturgange
Height1.5mm.

This is the 1stoutputcapacitorfor the pyrotechnicvoltagetripler. Ripple canbe very high comparedo typical applicationsbut stability
suggesta reasonablealue shouldbe used.The dynamicpropertiesof this capacitoraffectthe loop stability soa moderatelystableX7R
or X5R typeis typical. Voltagerating= 35V.

Basicripple formula

Al Vi
Vpp == /. {al -0.144 , Vpp -»50*-3 , Vi -52, Vo345, f -fnom} // N

CVof

1.41078 x10-8

0.05 ==
C
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Solve [% C][1, 1] // EngineeringForm

C-282.157x10°°

Thisis avery modestvalue

m C2111-C2113 See 2110

Theseare the remainingladdercapsof the pyro voltagetripler. | don’'t seewhy the same0.22:F valuescan’t be used.Rechargdime
shouldstill be sub-second.

m C2114 Any 25+V 0.01uF ceramic cap in 1206 package (DigiKey PCC104BCT-NDO0.35%ea)

Filter capacitoffor Pyrovoltagemeasuremenf.01uF gives~20QuS time constant.

m C2115 See C2116

SeeC204.— SuperceededeeC2116
This is the outputcapacitorfor the high sidedriver supply. The maximumsteadyloadis

(240 +340) 1**~6 x4 (* A =) // N// EngineeringForm

2.32x1073

At theoperatingirequencythis representa smallchargeof

%/f /. f 106 /6.5 (* nC %) // N// EngineeringForm

1.508 x1079

If atherippleis setto 100mV,therequiredcapacitancés

%/.1 (x F %) // N// EngineeringForm

15. 08 x 1079

Thisis tiny. Triggeringthedriverwill pull 40nC

15 %40 /1.5 (% nF %) // N

400.

Sincethe 0.33:F capshavealreadybeenspec’dkeepusing’em.
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m C2116-2120 16V 0.47uF 0805 package, Panasonic ECJ-2YB1C474K (DigiKey
PCC1818CT-NDO0.2.45%$/10)

Usedto be: Any 25+V 0.33%:F ceramiccapin 1206 packagePanasoni&CJ-3VB1E334KDigiKey PCC1889CT-ND.25%ea)
SeeC2115.

Thinking aboutchangingto 0805.May needto go 16V or 0.22uR(DKp.648)

| facthadto goto 0805.The easythingto dois to dropto 16V. This shouldbe ok. This allowsincreasinghevalueto 0.47uF.

m C2121-2124 Frequency compensation components, see R2110.

m C2125 1500pF ceramic cap in 1206 package (DigiKey PCC152BCT-ND1.17$/10)

Panasoni&CU-V1H152KBM

1500pF nominalcapacitance

50V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—-55t0 +125C operatingemperatureange
Height0.6 mm.

LPFfor PLL. Manufacturerecommende#alueis 1500pF.

m C2126 Not Present

LPFfor PLL. Shouldnotberequired.

m C2127 100pF NPO 0805 (DigiKey PCC1964CT—ND2.14$/10)
Panasoni&€CJ-2VC2A101J

100pF nominalcapacitance
100V WV DC

NPO dielectric

0805 casesize

+5% tolerance

—-55t0 +125C operatinggemperatureange
Height0.85mm.

Setsthe centerfrequencyof the PLL. For synchronizationset~33%higherthantargetfrequency.

9+3 10*6
9 6.5

(* Hz %) // N// EngineeringForm

2.05128 x 10°

Therecommendedapacitoffor this frequencyfrom the datashee 100pF.This valueis cheapenoughin NPO.
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Resistors(s)

m R2100 47.5kQ, Any 5% or better film resistor in 1206 package (DigiKey P-47.5KFCT-ND
1.17$/10)

SeeR406.
Pull downfor Pyro-Chargeinput signal.Prettymuchstandardizedn 47Kk.

m R2101-2104 Any 5% or better film resistor in 1206 package of around or about 10€)'s
(guess). (DigiKey P-10.0FCT-NLL.17%$/10)

Theseresistorsslow down the transitionsof the mosfetswitches Typical valuesare betweer3.30) and47Q. Typical indicationsfor there
useareexcessivesupplybounceor VHF oscillationin the mosfetgate.Justfor fun we havespec’'d10Q)’s.

m R2105 39.2kQ, Any 1% or better film resistor in 1206 package (DigiKey P-39.2KFCT-ND
1.17$/10)

Panasoni®-36.5KFCT-ND

39.2k0 nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm  temp.co.

—-55t0 +125C operatingemperatureéange

Height0.6 mm.

thick film composition

R2105, 2106 form the feedbackdivider for the PYRO boost converter.The referencevoltageis 1.255#0.016V. The desiredoutput
voltageis 33V. The errorampinput currentis under150nA, so a moderatelyhigh divider impedance-500k?, could be used,but noise
considerationsuggestworking closerto the 100k} level. Somewhatarbitrarily setthe targetdivider impedanceto 150k thenthe
valuesare

Solve [{Vfb = VoxR2105 / (R2105 + R2106), 1 /Rt =1 /R2105 + 1 / R2106},
{R2105, R2106}][1] // FullSimplify

Rt Vo Rt Vo
R2106 > — 0  R2105 > - YO
{ ~ Vb > b vo )

%/. {Rt » 1503 , Vfb - 1.255 , Vo - 33} // N // EngineeringForm

[R2106 - 3. 94422 x10°, R2105 - 155. 93 %103}

ScaleR2106to 1MQ

R2106 /1*6 /. %

3.94422
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{R2106, R2105} / %%/. %// N // EngineeringForm

{1. x108, 39.5338x103}

Try 1M and39.2k

Vib -» Vo R2105 / (R2105 + R2106) /. {Vo - 33, R2105 -» 39.2*3 , R2106 » 1**6 } // N

Vfb - 1.2448

Vib /1.255 /. %// N

0. 991875

SeemgOK, thoughnotgreat.

R2106 1.00MQ, Any 1% or better film resistor in 1206 package (DigiKey P-1.00MFCT-
ND 1.17$/10)

Panasoni®-1.00MFCT-ND

1.00MQ nominalresistance

200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-55t0 +125C operatingemperaturgéange
Height0.6 mm.

thick film composition

SeeR2105

R2107 2.00kQ, Any 1% or better film resistor in 1206 package (DigiKey P-2.00KFCT-ND
1.17$/10)

Panasoni®-22.1KFCT-ND

22.1K) nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

Calculation superseded, see Q2100

R2107alongwith R2108form the high voltagemeasuremerdivider. For conveniencattheuP, it's desirableo keeptheimpedancdess
than 20k(2. We wish to compressa zeroto ~150V rangedownto 0-5.2V. Perhapghe mostnaturaldivision is into 1/2 volt quanta(full
scale128V).Herearetheequations.
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Solve [{1/Rt =1/RA+1/RB Vo/Vi = RA/ (RA+RB)}, {RA RB}][1] //

FullSimplify

Rt Vi Rt Vi
RB-»> ——, e
{ Vo Vi 7Vo}

%/. {Rt »20*"3 , Vi » 128, Vo- 5.2 } // N// EngineeringForm

[RB - 492. 308 x 103, RA - 20. 8469 x 103}

An OK compromisevouldbeRA - 22.1k, RB — 523k,thisis opento discussion.

m R2108 97.6kQ, Any 1% or better film resistor in 1206 package (DigiKey P-97.6KFCT-ND
1.17$/10)

SeeR2107.

m R2109 4.99kQ, Any 1% or better film resistor in 0805 package (DigiKey P-4.99KCCT-ND
1.17$/10)

Panasoni®-4.99KCCT-ND

4,99k nominalresistance
150V WV DC

1/10W Dissipation@ 70°C
0805 casesize

+1% tolerance

+100ppm temp.co.

-55t0 +125C operatingemperatureange
Height0.6 mm.

thick film composition

This resistorchargeghe high voltagedischargecapacitorto the supplyvoltage (5.2V nominal). The minimum permissiblevalueis that
resultingin the no-fire igniter current,whichis about100mA. The maximumvalueis thatwhich resultsin atime constanbf ~1/2s.These
two constraintsare

R>52 /.1 // N (* Ohms x)

R> 52.

R< 05 /710*-6 // N (* Ohms *)

R < 50000.

5000 seems convenienfigure.

m R2110 frequency compensation component

This resistor,alongwith C21212124form the feedbackcompensatiometwork.As explainedfor the HAP, the component/aluesareto
be determined.
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m R2111 3.01kQ, Any 1% or better film resistor in 1206 package (DigiKey P-3.01KFCT-ND
1.17$/10)

Low pasdfilter for PLL. Manufacturerecommendedalue.

m R2112-2120 47.5kQ, Any 5% or better film resistor in 1206 package (DigiKey
P-47.5KFCT-NDL.17$/10)
(R2119 needs 0805 package.)

SeeR406.
Pull downfor high sidedriverinput signal.Prettymuchstandardizedn 47k.

m R2121 10kQ, Any 5% or better film resistor in 1206 package (DigiKey P-10.0KFCT-ND
1.17$/10)

Gateresistorfor Q2100Pyromeasuremerdivider switch.

The gateresistorisn't a necessityput by slowing the transitionsit eliminatesany unwantecdhigh frequencyeffects.Also in the eventof
oxide failure, the gateresistorwill limit the currentto the microprocessorlOk isn’t too big to be slow, andwill limit the peakcurrentto
around10maA.
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DTMF Demodulator for 2m radio (DTMF)
(2200)

Connector(s)

m CM2200 2mm pitch 2x5 pinheader Sullins PRPNO52PAEN (DigiKey S2210-05-NDL$ea)

Sullinsstraight2zmmpitch pinheader

2mm pitch
10 circuits,doublerow
1A currentrating/ pin

50V AC/DC voltagerating
500VAC withstandingvoltage,1 minute

20mQ) contactresistancévlax
4mm pin lengthontop

2.8mm pin lengthon bottom

2mm thicknessf plastichousing

PolyesterUL94V-0 Brasswi/selectivegold/tin plating

This is the connectorfrom the recoverynodeto the 2m board.It is doublepinnedfor redundancyA 2mm pinheademwaschosenlt is
effectively lockedby the massof the 2m boardaboveit. Theintentionis to usea plain ribbonconnectow/IDC from the 2m boardto this
header.

A 5 sighalconnectowasselected4 signalsarerequired. An extragroundfor DTMF signalshieldinghasbeenadded.

Integrated Circuit(s)

m U2200 HT9170D, DTMF Receiver

A singlechip dualtonedecoderRequiresanexternal3.579545VIHz crystalor ceramicresonator.

Holtek HT9170D

2.5-5.5V  operatingange

(,3,7)mA operatingcurrent

(, 10,25uA standbycurrent

SOP18 package

3.57954568.004MHz Inputfrequencyrange

+1.5% frequencyacceptanceange

+3.5% frequencyrejectionrange

(-29,-6)dBminputsignalrange— dBm arereferencedo 1mW, Theconversiorto voltageassumegwe think) 60Q2's

Solvefor power

Solve [dBm=:= 10 xLog [10, P/ PO], P11, 17

P - 109810 po
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Find thevoltage

Solve [Evaluate [P == V2 /R/. 9, V]

{{v>-109B"20 \/pg R}, {V- 109820 /PG +/R})

Assuming60Q’s find thevoltage

92, 11 /. {R- 600, PO - 1*"-3 } // N // FullSimplify

V> 0. 774597 ¢0- 115129 dBm

vdBm[dBm ] : = 0.7745966692414833'  0-1151292546497023"  dBm

vdBm[-29]

0. 0274837

vdBm[-6]

0. 388218

Sothecorrectvoltagerangefor theinput ( GSpin) is ~ 50- 300mV, agoodtargetwould be 100mV.

Capacitors(s)

m C2200, C2201 1.8nF, Panasonic ECJ-2VC1H182J(DigiKkey PCC182BCT-ND1.17$/10)

PanasonicECU-V1H182KBMnotfor newdesign)

1.8nF nominalcapacitance

50V WV DC

X7R dielectric

1206 casesize

+10% tolerance

—-55t0 +125C operatingemperatureéange
Height0.6 mm

Partof the DTMF input activefilter. Thesecapsshouldhaveequalvalue.NPO 1206 are not digikey-able; 0805’sare availablein NPO,
butlayoutneedgshe 1206size.

For CalculationsseeDiff-BP—-FilterDesign
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m C2202 10nF, Panasonic ECU-V1H1103KBM (Digikey PCC103BCT-ND1.47$/10)

PanasonicECU-V1H1103KBMnotfor newdesign)

10 nF nominalcapacitance

50V WV DC

X7R dielectric

1206 casesize

+10% tolerance

-55t0 +125C operatingemperatureange
Height0.6 mm

Partof the DTMF inputactivefilter. C2200is the capacitoffor the passivdow passpreHfilter.
For CalculationsseeDiff-BP-FilterDesign

m C2203 eliminated

Theoriginalideawasto havea differentialamplifier, but the noisedidn’t seento justify the complexity.

m C2204 Any 25+V 0.1uF ceramic cap in 0805 package (DigiKey PCC1840CT-ND1.61$/10)

SeeC202
C2204alongwith R2204setsthetime constanfor thetonedetector Thevaluechoseris straightoff the datasheet.

m C2205, C2206 27pF, Panasonic ECU-V1H270JCM(DigiKey PCC270CCT-ND1.21%$/10)

Possibleoops,HT9170has6 .6 pF of internalcapacitancéseel V2-DTMF-0.2.fig).
PanasonicECU-V1H270JCMnot for newdesign)

27 pF nominalcapacitance

50V WV DC

NPO dielectric

1206 casesize

+5% tolerance

—55t0 +125C operatingemperatureéange
Height0.6 mm

Thesecapacitordorm partof the resonatoffor the TV crystaloscillator. The crystalis spec’dat 17pF.Figure 3pF straycapacitanceThe
targetis 28pF.27pFareavailable This shouldgive

27/2+3//N

16.5

Justfine

m C2207 10uF, >6.3V

SeeC401
Low pasdfilter capfor RSSlanaloginput.
AssumelQuF, givenR2207== 1kQ) thebreakfrequencyis
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1/ (106 %1*"3 )/ (27) // N (* Hz %)

15. 9155

Thisis fine. Usethe HAP input capacitorcuz we got’em.

C2208, C2209 Any 25+V 0.1uF ceramic cap in 1206 package

Thesearebypassapsfor the DTMF decoderandthe 2m boardpowerrun. Couldsub0.33:F if we havethem

Resistors(s)

R2200 750kQ, Any 1% or better film resistor in 1206 package (DigiKey P-750KFCT-ND
1.17$/10)

SeeR406.

Thisis thefeedbackesistorfor theinputopamp.lt is alsopartof theinputactivefilter.

For CalculationsseeDiff-BP—FilterDesign

R2201 100kQ, Any 1% or better film resistor in 1206 package (DigiKey P-100KFCT-ND
1.17$/10)

R2201is partof the input networkof the opamp.We wantto do 3 thingswith the opampnetwork.1) Providea fixed gain. 2) Block DC
components3) Filter high frequencyAC components.

DTMF coversafrequencyrangefrom 697- 1633Hz.
For CalculationsseeDiff-BP—-FilterDesign

R2202 9.31kQ, Any 1% or better film resistor in 1206 package (DigiKey P-9.31KFCT-ND
1.17$/10)

Panasoni®-9.31KFCT-ND

9.31k) nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm  temp.co.

—-55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

R2202,alongwith C2202 form thelow endof theinput prefilter low passvoltagedivider.
For CalculationsseeDiff-BP-FilterDesign
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m R2203 1kQ, Any 5% or better film resistor in 1206 package (DigiKey P-1.00KFCT-ND
1.17$/10)

Panasoni®-1.00KFCT-ND

1.00KO nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

-55t0 +125C operatingemperatureange
Height0.6 mm.

thick film composition

R2203merelyconnects/p to Vref on theinput opampof the DTMF decoderTHis could be just a wire, but a resistorseemgo be more
spiffy.

m R2204 300k, Any 5% or better film resistor in 0805 package (DigiKey P—-300KCCT-ND
0.91$/10)

R2204alongwith C2204setsthetime constanfor thetonedetector Thevaluechoseris straightoff thedatasheet.

m R2205 1kQ, Any 5% or better film resistor in 0805 package (DigiKey P—-1.00KCCT-ND
0.91%/10)
SeeR2203
This resistorenableghedecodingof DTMF codesA-D.It couldbeazeroohmjumper.A 1k seemsspiffier.

m R2206 1kQ, Any 5% or better film resistor in 0805 package (DigiKey P-1.00KCCT-ND
0.91$/10)

SeeR2203
Thisresistordisableghe decodingof DTMF codesA-D.lIt couldbeazeroohmjumper.A 1k seemsspiffier.

m R2207 1kQ, Any 5% or better film resistor in 1206 package (DigiKey P-1.00KFCT-ND
1.17$/10)
SeeR2203

R2207is a seriescurrentlimiting resistor.The RSSIsignal comesfrom the 2m board. The recoverynode mustbe protectedfrom any
weird off-boardevents1k seemsa goodcompromiseandwon’t impair ADC accuracyPIC datasheetsez2.5k() ok).
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Miscellaneous

m X2200 3.579545MHz parallel resonant crystal (DigiKey X184—-NDO0.98%ea)

ECS ECS-35-17-40Mdustrialtemperatur@ange)
17 pF targetload capacitance

TpF shuntcapacitance

+100ppm accuracyovertemperature

+30ppm accuracyat 25°C

+5ppm aging,first year

HC-49/US casesize

—40to +85C operatingemperatureéange
Fundamentainode

Requiredcrystalfor DTMF decodeoscillator
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PIC processor (PIC)
(300

Connector(s)

m CF300 JST-O8R-JED

JST<www.jst—-mfg.com®8R-JEDstraightthroughfemale(receptaclestraightthrough)

1.25mm pitch

8 circuits,doublerow

1A currentrating/ pin

50V AC/DC voltagerating

500VAC withstandingvoltage,1 minute

(20,40)m0 contactresistancéax (initial, afterenvironmentatesting)
300MQ insulationresistance

(4.6x 5.95x 6.15)mmHXWxD
Glassfilled nylon 66, Brassw/copperundercoattin plated

SeeCM200

This connectowasintendedasa de-bug/ programmingconnectorHoweverit is usedin therecoverynodeto controlthe PLL onthe2m
board.

Integrated Circuit(s)

m U300 PIC18F458

Microcontroller

m U301 PCA82C250

PhysicalCAN interfacecircuit
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Diode(s)

m D300 Fast diode (DigiKey 1N4148WCT-ND3.0$/10)

Diodesinc. 1N4148
SOD-123 package? pin type possibleto shootatrace

75V V_R

2.5A Max reversecurrent@ V_R @ 25C
400mwW Max power(assume5Catleads)
0.855V Max forwardvoltage@ 25C,10mA
4ns Max reverserecoverytime

2pF Max capacitance

(-55,125)C T _Jrange
Allows pullup, but blocksprogrammingvoltage.

m D301 Hi-bright Red LED, 0603 (DigiKey 160-1473-1-ND.82$/10)

LITEON LTST-S270CKT
0603(narrow) package

clear packagecolor
660nm peakA (Red)
1.8V Vf @ 20mA
16mC PeakBrightness
130° viewing angle
AlGaAs LED

"Error" lampfrom PIC, alsoconfirmsbuttonpress.

Capacitors(s)

m C300, C301 27pF, NPO, 1206 case

SeeC2205,C2206
Resonatingapacitordor the PIC oscillator

m C302-304 0.1uF bypass cap

SeeC202
0.1uF seemsareasonablealue

Resistors(s)

m R300 1kQ, Any 5% or better film resistor in 1206 package (DigiKey P—-1.00KFCT-ND
1.17$/10)

SeeR2203.
Thisis a pull-up for thedebug/ programmingconnectorWhy thisvalue???
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m R301 Not used

m R302 7500, Any 5% or better film resistor in 1206 package (DigiKey P-750FCT-ND
1.17$/10)

Panasoni®-750KFCT-ND

7500 nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm  temp.co.

-55t0 +125C operatingemperatureange
Height0.6 mm.

thick film composition

R302is partof theomni-button2003.Say5mA for the PIC line, 5mA onthebutton.The pull downcanbethe standardi 7k, .
Assumel.5V for the LED

R302 == (5-1.5) /5%-3 (% Ohms *)

R302 == 700.

Sincethe Vf is probablyallittle high, use75Q (1k would work too).

m R303 47.5kQ, Any 5% or better film resistor in 1206 package (DigiKey P-47.5KFCT-ND
1.17$/10)

SeeR404
Pulldownfor logic levelinput.

m R304 1.82kQ, Any 5% or better film resistor in 1206 package (DigiKey P-1.82KFCT-ND
1.17$/10)

Panasoni®-1.82KFCT-ND

1.82Kq0) nominalresistance
200V WV DC

1206 casesize

+1% tolerance

+100ppm temp.co.

—-55t0 +125C operatingemperatureéange
Height0.6 mm.

thick film composition

This is the omni-buttonpullup. Bumpedthe valueto 1.8k becausavanttheled to be noticeablydarkerif the PICis holdingtheline down.
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Miscellaneous

m X300 10MHz parrallel resonant crystal (DigiKey X443—-NDO0.8%ea)

ECS ECS-100-18-4

18 pF targetload capacitance

TpF shuntcapacitance

+50ppm accuracyovertemperature??
+30ppm accuracyat 25°C

+5ppm aging,first year

HC-49/US casesize
-10to +70C operatingemperatureéange
Fundamentaiode

m SW300 6mm x 3.5mm, 160g (DigiKey P8058S—-ND0.77%/ea)

160gchoserto preventfalsetriggers.250gavailable Not sealed.



