ANALOG
DEVICES

28 V66 W/100 W DC/DC Converters

with Integral EMI Filter

ADDC02803SC/ ADDC02805SA

FEATURES

28 V delnput, 5V de @ 20 A, 100 W Output
(ADDCO02805SA)

28 VdciInput, 3.3 Vdc @ 20 A, 66 W Output
(ADDCO02803SC)

Integral EMI Filter Designed to Meet MIL-STD-461D

Low Weight: 80 Grams

NAVMAT Derated

Many Protection and System Features

APPLICATIONS

Commercial and Military Airborne Electronics

Missile Electronics

Space-Based Antennae and Vehicles

Mobile/ Portable Ground Equipment

Distributed Power Architecture for Active Array Radar

GENERAL DESCRIPTION

TheADD C028035C and ADD C 028055A hybrid de/de
convertersw ith htegqral EM T fitters offer the highest pow er
density ofany dete converterw ith their features and i their
power range availabl today. The convertersw ith mtegqralEM I
fitters are fixed fequency, 1 M H z square w ave sw fchhyg dede
power supplies. T hey are not vardiable frequency resonant
converters. In addifon to m any protection featires, these
converters have system level fEatures that allow them to be used
as com ponents In larger system s aswell as stand-alone pow er
supples. T he unis are designed forhigh elisbilty and high
perform ance applications w here saving space and/orw eight are
critical.

TheADDCO0Z8035C and ADD CO0Z8055A are available In
three screening grades; all grades u=se a hem etically sealed,
m olybdenum based hybrid package. Ccntact factory for

M IL-STD -883 device availbbility.
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PRODUCT HIGHLIGHTS

1.Upto 60W fubic nch pow erdensiy w ith an htegmlEM T
fiter designed tom eetallappicable requirem ents n M L -
STD 461D when mstalled m a typical system =s=etup.

2. Lightwelight: 80 gram s

3. Operatibnaland survivable cveraw Ide range cf nput
condiions: 16 V-50 V dc; survives bw Ine, high Inhe and
pesitfre and negatie transkents. See section entitled: Input
Voltage R ange.

4. H igh mliability; NAVM AT derated

5. Protection features mchide:
Cutput O vervoltage P rotection
Cutput Short C ircuit C unent P rotection
Them alM cniorShutdown
Input © verve lage Shutdown
Input T ranskent P rotection

6. System vel features mchide:
Cunent Sharhng forParallel O peraticn
Inhibi C ontrecl
O utput 3tatus Shnal
Synchronization forM uliisle Unis
Input Referenced A uxiliary Voltage Supply
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ADDC02803SC/ ADDC02805SA-SPECIF CATIONS
BLECTRICAL CHARACTERISTICS (7.= +25°C, Viu = 28 Vdc 05 V dc, unless otherwise noted: full temperature range i

-55°Cto +90°C; all temperatures are case and T is the temperature measured at the center of the package bottom.)

Case | Test ADDC02803SC | ADDC0Q28055A
Parameter Temp | Level | Conditions Min Typ Max ([Min Typ Max|Units
WPOT CHARACTERISTIC S
Steady State O pemting Input'\ioliac_:{eRange1 Full VI L=RAWI0A 13 Z& 40 13 Z& 40 |V
Abnom al perating InputV oltage R angs
FerM IL-STD 704D 1t Full VI L="AtlsA 16 50 16 50 |V
Input & vervolizge Shutdown +2E°C I 50 55 55 50 525 55|V
N o Load InputC urment +2E°%C | T S0 90 |mA
D isabled putC urnent +28°%C | I 085 CZ.U0 085 2.0 [mA
OUTPUT CHARACTERISTI 83
0 utputVolage 7y +28°%C | I L=CRAWDI0A,Vi =12V 040V dc 207 330 332|500 505 505|V
Full VI L="AI0A,Vxy=12V iV dc 323 3237 1450 510V
Full VI L="RAlAA,Viy=16Vi0Vde 223 2371450 510V
L Ine Regulation +25°C I Ib=C0AR, V=13V 40V dc 1 10 1 10 |mV
Load Regulation +2E°%C | I Vi =2FVdeb=CA©®I0A 1 10 1 10 |mV
O utputR ppki ois? +28°C | I L, =_0A,5¥Hz-_MHzBW 15 3 15 50 |mVpp
O utputCunent I,) Full VI V=18V © 40V de z 21z |z Z0 |A
O utputd vervollage P rotection +I5°C |V o = ZOA, O pen Rem ote Sense C onnection 145 125 % Vo Nom
O utputC urent T i it +oE0C |V Vo = 90% Voyr Nom 120 % Lhmax
S utput ShortC rruitCurent +25°C I 29 35 |A
ECLATEN CHARACTERISTICS
Isohtion Resisance +25°C I Inputto OutputorAnyPhn o Caseatt00 V do 100 100 MO
DYNAM I CHARACTERISTIC &°
O utputVolage D eviation D ue ©
St=p Change in Lead +2E%C |V L=10A®WI0AOr20A©I0A det=O.5A/[.ls 260 500 my
Fegpons TineDueto Step Change n Load | +28°C | v L=10A®I0A orZ0A v 10A,diflt= 05 A fIs, 140 1c5 Us
TheHrVqoy: © Relum wihin 2% ofF halVale
SoftStert Tum-0n T im & +25°C I =CZ0A,From InhbiH oh to StatusH igh 1 z 7 20 |ms
THERM AL CHARACTERISTICS
E fficiency +25°C I =12Rp 76 79 72 20 %
Full VI =1-Ap 73 76 %
+2E°%C | I =Z0A 75 77 7279 %
Full VI =Z0A 74 74 %
H ottest inction T em peratum® +90°C |V L =C0R 110 110 °C
CONTROL CHARACTERISTICS
C ock F requency Full VI Ib=C2A2 0.25 K 0.25 059 |MH=z
ADJIET Fn 3V ADJ +25°C I 126 1.3C 22 |187 2pd4 A0V
STATIO S Fin4d)
Vou +2E°%C | I Tow = 400 A 4 40 4 40 v
VoL +28°%C | I Lr=1mA 015 0.7 0l1s 07 |V
Vaux B 5
Ve nom +28°C | I Lyx = 5mA,Load Cunent=Z0A 122 127 142|145 1407 150|V
MNHIBIT Fin#k
Vo +25°C I 0.5 05 |V
I +oEec | I V=05V 120 12 |ma
V1t pen C reuiy +2E°%C | I 15 15 |V
SYNC En 7y
Vg +25°C I 4.0 4.0 v
Iy +2E°C | I Vy =70V 180 180 (LA
Lypge Fin D +25°C | T L =20A CHE 232 237|278 2AD CAR|V
TEMFE £ 9) +2E°C |V 2.50 2.50 v
NOTES

Y50V dec upper lin it rated ©r transient cond iton ofup to 50m 8. 16V de lower 1in it rated ©r continuous cpemtion during em emency condition . Steady state
and abnom alinput vo fage range require sourse In padance suffickent © haure Input stability at low line, See sectionsentitled Systam Instability © onsidemtions

and Input Volage Range.
M easared at the mm ofe sense points.
*Uni reqgulates output wollage o zero bad.

4 —
Creap = 0.

°0 utput is Mlly baded nto a constant resistive bad.
°R efier o section entitled T hewn al© haracteristics form ore infom ation.
I nithas htemalpulkdown; referto sectibn entitled Pin 7 (SYNC).

Specifications sub ot o change w ithout netice.
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ADDC02803SC/ADDC02805SA

ABSOLUTE MAXIMUM RATINGS* PIN DESCRIPTIONS

THHTBTT o oeeeeeeeeeaeeaeeeeeaen 50V de, -05V de -

SYNC wuee e e e 80V de, 05vde Pin _

ThERRE o e v e e e 6V dc, 05V de No. | Name Function

TEM P ittt e e e 12V de, -0.3V de 1 —SENSE | Feedback oop connection for rem ote sensing
CommenM ode Volage, nputte Qutput ... v v ouu s 500V dc

output voltage. M ustalw ays be connected to

' e}

Lead Soldermg Tenp 10 %0) ..ot i et +300°C output retum for proper operation.

Storage Tem peratil® v v v v e veveeaeen -65°C to +150°C L ‘

M axin um Jinction Tempemture .. ... vvv vt +150°C 2 TSENSE | Feedback bop connecton for rem ofe sensing
M axim um Case Operathg T an peralire . .v v enn .. +125°C outputvoliage. M ustalsays be connected to

+Voyur Drprmoperoperaton.

*Absolite maxin wn ratings are 1 itng valies, t© be applied indwidually, and ) .
i < PP Y AD JJ ST | Adjsts cutput voltage setpomnt.

beyond which the servicedbiltty of the circuit may be Inpaired. Functional

op=mbility under any ofthese cond itions is not neressarily in plied . Expogure of 4 STATUS | Indicates cutput voltage isw ithin £5% of
absolute m axinum ratng conditons Br extended perods of tin & may affect nem nal. Active high referenced to —SEN SE
device rlabiliny. @i 1)
ORDERING INFORMATION 5 Vanx Low kveldc auxiliary voltage supply =fer-
enced to hput etom @i 10).
Operating 6 INHIBIT | Power Supply nhibit. Active low and refer-
Temperature enced v Mputwtum Ein 10).
Device Range (Case) Description 7 SYNC C Jock synchronization nput form ultple
ADD C023035CKV -40°C to +55°C | H em etic Package undits; referenced o nput retum i 10).
RDD CO028035C TV -55°C to +90°C | Hem etic Package 8 Llennre Cunent share ph whith allow s paralieled
ADD C028035C TV BY3E* [ -55°C to +125°C | H em etic Package units to share current fypically w thin £5% at
‘ il bad; rferenced to hput retum Eh 10).
ADD CO28058AKV -40°C to +85°C H em etic Fackage o
ADD C0280535ATV 553°C t0 +90°C | HemeticPackage  © | TPMP C ase tem perature Mdicator and tem perature
ADD CO029055A TV A583B* | -55°C to +125°C | H em etic Package iél?tciog‘;n override; referenced to mput reum
n .
*C ontact Bcory. 10 | Vo Input Retum.
11 +V +28V N om mal InputBus.
EXPLANATION OF TEST LEVELS m P
12 | +Vgour +5V deOutput @D D C 028058A).
Test Level £33V dcOutput MDD C 028035C ).
I - 100% production tested. 13 | +Vour +5V deOutput @D D C D28058A).
IT - 100% producten tested at +25°C , and sam ple tested at +33V dcOutput ADD COZ8038C).
gpecified tem peratires. 14 +Vaur +5V dcOutput @D D C0280554).

+33V deCutput AD D C02803SC).
15 RETURN | OutputRetmim.
le |RETURN | CulputRetum.

IT - Sampk tested only.
I/ - Param eteris quaranteed by design and characterization

testng.
, , 17 |RETURN | CutputRetum.
V - Parameterisatypicalvalie only.
VI - Alldevicesare 100% production tested at +25°C . 100%
production tested at tem perature extrem es form ilitary PIN CONFIGURATION

tem perature devices; quaranteed by design and

characterization testihg for mdustdal devices. |O| |O|

— ® 17 —

— ToP —

— VIEW —

L

12

CAUTION
ESD (electrostatic discharmge) senstive device. E kectrostatic charges ashigh as 4000 V readily WARNING!
accum ulate on the hum an kody and test equiom ent and can discharge w thout detection. .
T herefore, properESD precautions are recom m ended to aveid perfom ance degradation or loss “
of fanctionality. ESD SENSITIVE DEVIGE
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ADDC02803SC/ ADDC02805SA-Typical Performance Curves
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ADDC02803SC/ADDC02805SA
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Figure 7. Oulput Voltage Transient During Turn-On with Figure 10. Output Volfage Transient Response to
Minimum Load Displaying Soft Start When Supply Is a 10 A to 20 A Step Change in Load with Zero Load
Enabled (ADDCO28055A) Capacitance (ADDC028035C)
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ADDC02803SC/ ADDC02805SA
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Typical EMI Curves and Test Setup—ADDC02805SA
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Fgure 19. Conducted Emissions, MIL-STD-461D, CE101, Figure 21. Radiated Emissions, MIL-STD-461D, RE101,
+28 V Hot Line, 100 W Load 100 W Load
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Figure 20. Conducted Emissions, MIL-STD-461D, CE102, Figure 22. Radiated Emissions, MIL-STD-461D, RE102,
+28 V Hot Line, 100 W Load Vertical Polarity, 100 W Load
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NCTE: 100pF CAPACITOR AND 1 RESISTCR PROVIDE STABILIZATION FOR 100pH DIFFERENTIAL SOURCE INDUCTANCE
INTRODUCED BY THE LISNs. REFER TC SECTION ON EMI CONSIDERATIONS FOR MCORE INFORMATICON.

Fgure 23. Schematic of Test Setup for EMI Measurements
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ADDC02803SC/ ADDC02805SA

BASIC OPERATION

TheADD CO0Z8038C and AD D C 028053A converters use a
flyback topology w ith dual hierkaved pow er tradn s operating
180° cut of phase. Each power train switches ata fixed
frequency of 500 kH z, resultingin a 1 M H z fixed sw ffiching
frequency as seen at the Input and cutput cfthe converter. In a
flyback topology, energy 18 stored 1 the nductor during one
halfportion cfthe sw fthing cyck and is then transtgred to the
output filter during the next half portion . W ih two hiterkaved
power rain s, eneryy is transterred to the cutput filter durng
both hales of the sw fiching cyclk, resulting I an aller filters to
m est the required ripple.

A five pok differential mput EM T filter, along with a comm on-—
modeEM Icapaciorand carelilathention to layout parasiics, is
desined to m eet allgpplicabke requirem ents 1n M IL-STD 461D
when hstelled I a typical system setup. A m ore detailed
discussion ofCE102 and otherEM I issues is ncluded h the
secton entifled EM IC cnsiderations.

T he converters use currentm ode contrvland em ploy a high
pertom ance opto-isclator In its feedback path to m aintam
Isclation between mputand cutput. The controlcoircudt is
designed to give a nearly constant output current as the cutput
voltage drops frem Vg nom to Vge during a short circut
cendition. Itdeesnot ket the current fold back below the

m axin um rated cutput current. T he output overvoltage
protection circuitry, which is mdependent ofthe nom al
Eedback op, protects the bad against a break 1 the ram ote
sense kads. Rem ote sense connections, w hich can be m ade at
the lbad, can ad 15t ©rvoltage dropsofasmuch as0.25V dc
betw een the converter and the load, thersby m ahtaming an
accurate volage evel at the oad.

An mputovervoltage protection fatire duts down the con-
verterwhen the mput voltage exceeds (nom hally) 52.5 V deo.

An mtemaltem peratire sensor shuts down the unitand
prevents it from becom g too hot ifthe heat rem oval system
fails. The tem perature =nsed is the case tem perature and is
factory setto trip at a nom mal case tem perature of110°C o
115°C . The shutdown tem perature setting can be raised
extemally or disabled by the user.

Each unithasan INH IBIT pih that can be used to tum offthe
converter. T his fature can be used to sequence the um-on of
m uldp ke converters and to reduce mputpowerdraw durlg
extended tn e h a no bad condibon.

A SYNC pin, referenced to the mput etum line Pin 10},
is availabl to synchronize m uliple units to one switching
frequency. T his feature is particularty usefil n elin mating
beat frequencies which m ay cause Ihereased output ripple on
paraleled unis. A current share pn (Ispagg) 38 available that
pem isparmlekd unis to share current typically w thih 5% at
a1l Joad .

A bw leveldc auxiliary voltage supply referenced to the nput
whim e is provided form iscellanecus system use.

PIN CONNECTIONS

Pins1and 2 (+SENSE)

Pms 1l and 2 m ust alw ays be connected orproper operation,
efthcugh fihre to m ake these connections w inctbe catastrophic
o the converter undernom aloperating condiions, P 1 must
alkw ays be connected to the cutput retum and P 2 m ust alw ays
be connected to +Vgyr . These connections can bem ade at any

one ofthe cutput pins ofthe converter, or rem otely at the load.
A rem ofe connecton at the bad can adiist orvolage dropsof
asmuch as 0 25 V dc betw een the converter and the lbad.

Long rem ote sense leads can atfiect converter stabiltty, atthough
this condtion israre. T he n pedance of the long power kads
betw een the converter and the rem ote sense pomt could affect
the converter's uniy gain crossover frequency and phase m argin .
Consut tactory if Iong rem ofe sense kads are to be used.

Pin 3 {ADJUST)

An adiistm entph s provided so that the user can change the
nem mal output voltage during the prototype stage. Since very
Iow tem permtire coefficient resistors are used to st the output
votage and m amtan tight requlation over tem perature, usng
standard external resistors to ad 1st the cutput voltage w ill
loosen cutput egulation overtem perature. Furthem ore, since
the satus tip peint isnotchanged when the cutput voltage is
adjsted ushg extemal resistors, the status Ine willne enger
trip at the standard levels of the new Iv ad isted output ve tage.
If necessary, m odified sandard units can be crdered w ith the
necessary changesm ade mside the package at the factory. T he
AD T ST flincbon s sensitive to noise, and care should be taken
n the routhyg of connections.

T o m ake the cutput votage higher, place a resistor from
ADJIIST P 3)te -SENSE P 1). Tom ake the output
voltage bwer, place a resister from AD U ST P m 3) to
+SENSE £ 2).Fiures 24 and 25 show resistorvahies for
atbh% change in output voltage:

N
T\
\

. N
N

2 [

RESISTANCE — MQ.
=

\____--\-

99 98 97 95 95
QUTPUT VOLTAGE - %

Figure 24. External Resistor Value for Reducing Output
Voltage
5

N
I\

N

RESISTANCE — MO
N

\

101 102 103 104 105
OUTPUT VOLTAGE — %

Figure 25. External Resistor for Increasing Oulput Voltage
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ADDC02803SC/ADDC02805SA

W ih regard to the rmnge o which the cutput volage can be

ad isted by the user, there are two concems. A s the output
volage is raised tm ay becom e difficult to m aintain egulation
at inllpowerand low mputvolage. A sthe outputvelage is
Iowered, £m ay becom e difficulf to m aintah requlation at

m nin um power and high mput line. In additen, ifthe output
volage is reduced below 3 V, the secondary side contrelcircuit
m ay not have a sufficient supply velage to operate correctly.
Pin4 (STATUS)

P 4 is acthve high referenced to -SEN SE ¢ 1), hdicating
that the output volrage s typically w thth +5% . Theph isboth
pulled up and down by htemalcircuiry. Figures 26, 27 and 28
ghow the typical scurce eand sink capabilites ofthe statis output.
Refrto the paragraphs descrbing Pin 3 (AD U ST ) oretfiect
cn status trip pont.

3.00

™

P
275 ~J
2.50 ™~

Vou—-V

2.25 \\

2.00

1.75

1.50
04 05 06 07 08 09 10 11 12 13 14
lpy— mA

Figure 26. Source Capability of Status Ouiput
{ADDC028035C)

4.2

™~

38 s

34

Vou-V

3.0

26

2.2

0.8 1.0 1.2 1.4 1.6 1.8 2.0 22 24 2.6
lpy— mMA

Figure 27. Source Capability of Status Oufput
{ADDCO28055A)
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Figure 28. Sink Capability of Status Output
Pin 5 (Vux)
Pm 5 is referenced ® the mput wium and provides a sem -
requlated 13V to 15 V devolage supply form iscellmecus
gsystem use. Them axin um pem issblk curentdraw isbm A
and the volage varies w ith the cutput bad cfthe converteras
ghown In Figures 29 and 30.
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Figure 29. Vaux vs. Converter Qutput Current
(ADDC028055A)
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Figure 30. VAUX vs. Converter Quiput Current
{ADDC028035C)
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Pin6 (INHIBIT)

PM 6 is active ow and is referenced to the hput retum ofthe
converter. C cnnectihg it to the mput mtum willtum the con-
verter off. Fornom alcperation, the hhb it pih is mtemally pulked
upte 12V .U s=ofan open collector circu it is recom m ended.

W hen P 6 isdisconnected from put retum, the converter
w 1ll restart n the softstartm cde.Ph 6 m ustbe kept bw orat
kast 2 m illiseconds v nidate a fll sott start. Shorter off tim es
willresul & pardal sof start. Figure 31 show sthe nput
characteristics ofPIn 6.

1.2

I —mA

0.7

0.5 1.0 15 2.0
Vi -v

Figure 31. Input Characterisiics of Pin 6 When Fulled Low

Pin7 (SYNC)

P 7 can be used forconnectingm ultple converters to a

m asterclock. Thism aster clock can be efther an extemally
usersupplied clock ora converter that has been m odified and
desinated as am asterunit. C apacitive coupling of the clock
signalw illensure that ifthe m aster clock stops working the
ndividualunits w illcontinue to operate at theirown ntemal
clock frequency, thereby elin hating a petential smgle point
faihre. C apacitive couplhg will also perm it a w der duty cycle
to beused. Consult factory formeore mibm ation. T he SYN C
pI has an htemal pulldown so & isnotnecessary to sk any
currentwhen driving the ph bw . Reference F igure 38 fora
tau It tolerant, secondary side powered SYN C drive circutt.

Feorusersupplied m aster clocks w ith no extemal circuttry, the
Hllow g specificationsm ustbem et:

a.Frequency: 100MHzm n

b.Dutycycle: 7% m i, 14% max

c. High state volage high level: 4 Vm o 7V max
d.Low satevollage ow level: 0V to 3.0V max

U sersshould nete that the SYN C ph is mfrenced to the hput
retum ofthe converter. Ifthe useraupplied m asterclock is
generated on the output side ofthe converter, the signal should
be isclated.

U sers sheuld be carefiil about the frequency selected orthe
externalm aster clock. H igher sw itchhg frequencies w ill
reduce efficlency and m ay reduce the am ount of cutput
power availabl atm Inin um hput Ihe. Consult fmctory for
m odified standard sw itchig frequency to accom m odate
system clock characteristics,

—10-

Pin 8 (Isnane)
Fin 8 allow s parallkeled converters to share the total load cur—

wnt, typically w thin £5% at ill load. T o use the current share
feature, connectall current share pins to each ctherand con—
nectthe SEN SE pins on each ofthe converters. T he current
garng finction B s=nsttie to the diferential votage betw een the
hput etum phscofparaleled converters. T he current sharing
finction is also sensitve to noise, and care should be taken n
the routing of connections. Referto Figure 37 fortypical appli-
cation circuis using paraleled converters.

Pin9(TEMP)

P 2 can be used tv ndicate case tem perature orto mie or
disable the tem perature at which them alshutdewn occurs.

T ypically, 3.90 V corresponds to +25°C ,with a +13.1 mV fC
change hrevery 1°C rise. The ssnsor IT {connected from Pin
9 to the mput retum [Pin 10]) hasa13.1 ¥Q in pedance.

T he them al shutdown fatire has been set o shutdown the
converter w hen the caze tem perature is nom hally 110°C to
115°C . T o raize the tem perature atw hich shutdown coours,
connect a resistorw ith the valie ghown In Figure 32 from Pm 9
o the nputmtum € 10).T o com peely diablk the tem pera-
ure shutdown feature, connecta 50 kQ resistor fiom P 92 ©
the nputetum € 10).

1400

1200 \\
1000

600

RN

200

RESISTANCE — kQ

ey

T~

120 125 130 135 140 145 150
SHUTDOWN CASE TEMPERATURE - °C

Figure 32. External Resisfor Value for Raising
Temperature Shutdown Point

INPUT VOLTAGE RANGE

T he steady state cperating hiput voltage range for the converter
isdefined as 18 V t 40 V. T he abnom aloperating hput
volage range s defned as 16 V to 50 V. In accordance w ih

M IL-8TD —704D , the converter can operate up to 50V dc
nput fortransient condition s as long as 50 m {lliseconds, and i
can operate down to 16 V de Iput for contihuous operation
durhg em ergency condiions. Figure 4 {ypical bw line dropout
vs. Ioad) show s that the converter can work conthucusly down
o and below 16V dcunder reduced load conditions.

TheADD C028038C and AD D C 0280552 can bem odified to
survive, but not work through, the upper lim It nput vo tages
defined n M IL-STD 71042 {airafh) and M IL-8TD 12754

tn ittary vehiclkes). M IL-STD -704A defhesan 80V sume that
lasts for 1 second before tfmlls below 50V, whilke M TL-STD -
1275A definesa 100 V surge that lasts for 200 m illisseconds
bebre £ Hlls below 50 V. In both cases, the AD D C 028038C /
ADD C 0280584 can bem cdified to operate to specification up
o the 50 V mputvolage Iim £ and to shutdown and protect
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itself during the tn e the mputvoltage exceeds 50 V. W hen the
hput voltage Alls belbw 50V as the surge ends, the converter

w il autom atically nitate a soft start. In orderto survive these
higher hput voltage surges, the m cdified converterw llno longer
have nput transient protection, how ever, as described below .

C ontact the factory for mfom ation on units surviving high
hput voltage surges.

Input Voltage Transient Protection: The converterhasa
transient vofage suppressor connected acress s hput kads to
protect the unit against high volage pulses (both posthre and
negative) ofshort dumtion. W ih the power supply connected
n the typicalsystem setup shown I Figure 23, a transient
voltage pulse is created across the converter n the f©ollow g

m anner. A 20 UF capacitor is first charged to 400 V. Itis then
directly connected across the converter's end ofthe two m eter
power kad cablke thmough a 2 @ on-state resistance M O SFET .
T he duration ofthis connection 15 10 Us. T he pulse is repeated
every second for 30 m hutes. T histest is repeated w ih the
connection ofthe 20 UF capacior reversed to create a negative
pulse on the supply leads. {(If contihuous reverse voltage
protection is required, a diode can be added externally In serles
at the expense of bowerefficlency for the pow er system .)

T he converter responds to this hput transient voltage test by
shutting down due to its hput overvoltage protection feature.

O nece the pulse is over, the converter hidates a sofstart, which
is com pEted before the next pulse. N o degradation of converter
perfom ance cccurs.

THERMAL CHARACTERISTICS

Junction and Case Temperatures: It s in portant for the
userte know how hot the hottest sem dconductor inctions
with the converter get, and te understand the relaticnship
between jinction, case and am bient tam peratures. T he hothest
sm Iconducters h the 100 W product Ine efAnaleg D evices’
high density power supplies are the switchingM O SFET s and
the output rectifiers. T here is an arca hiside them an power
transtom ers that is hotter than these sem iconductors, but i is
wihih NAVM AT guidelhesand wellbelow the C ure tem pera-
tire ofthe ferdte. (I he C urke tem permture is the pontatwhich
the ferrite begins to Iose ism agnetic propertes.)

Shcee NAVM AT guidelnes require that them axim um finction
tem perature be 110°C, the pow er supply m anufacturerm ust
gpecity the tem peratire rise above the cas forthe hottest sam -
cenductors sc the user can determ Ine the case tem perature
required tomeet NAVM AT quidelnes. T he them al charac—
teristics section ofthe specification table states the hottest
1inction tem perature form axin um cutput power at a specified
caze tam perature. Theunitcan operate to case = peratires
higherthan 20°C , but 90°C isthe m axin um tem persture that
pem IsNAVM AT guidelines to bem et.

Case and Ambient Temperatures: Itisthe user's responst-
bility to properly heat snk the power supply 1 orderto

m ahtan the appropriate case tem persture and, h tum, the
maxinum jncton tem perature. M antahmng the approprate
case tem perature s a finction of the am bient tem perature and
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the m echanical heat rem cval system . T he static relationship of
these varisbles is established by the follow g form ula:

TC:TA+(PD><RBCA)

where

Te = cas tem peraturem easured at the center ofthe
package betiom ,

Ta = am bient tem perature ofthe air availebk for cooling,

Py, = thepower, n watts, dissipated in the pow er supply,

RGCA = the them al resistance from the center of the package
to fire air, orcase to am bient.

T he pow er dissipated In the power supply, Pp, can be calou-
lated from the efficlency, n, gven In the data sheets, and the
acmaloutput power, Py, In the user's application by the Hl-

Iow Ing form ula:
1
Py=Py £ -1
D O(T] ]

Forexam ple, at 80 W cfoutputpowerand 80% efficiency, the
power dissipated In the powersupply 820 W . Ifunderthese
condiions, theuserwants to m amtain NAVM AT derathgs
(ie. a case tem perature of approxin ately 20°C ) w ith an

am bient tem perature of 75°C , the required therm al resistance,
case to am bient, can be calculated as

90 = 75+ (0% Rypy) o1 Ryy, = 0.75°CW

T his them al resistance, case to am bient, w il determ ne what
knnd cfheat shk and whether convection cooling or forced air
cocling is required to m eet the constraints of the system .

SYSTEM INSTABILITY CONSIDERATIONS

In a distrbuted pow er supply archiectire, a power source
provides pewerto m any “pontofload” PO L) converters. At
low frecuencies, the PO L converters appear horem entally as
negative resistance loads. Thisnegative resistance could causs
system hstabilfty problem s.

Incremental Negative Resistance: A FO L converter is
designed to hold 1= cutput voltage consantno m atterhow is
hputvelage varies. G en a constant lbad current, the power
drawn from the hputbusistherefore also a constant. Ifthe
hput veltage mcreases by som e factor, the hput currentm ust
decrease by the sam e factorto keep the power kevel constant.
In ncrem ental tem s, a posidve crem ental change n the
nputvolage results n a negative mcrem ental change In the
nputcurrent. The PO L converter therefore Iooks,

ncrem entally, Ike a negative resistor.

T he value of this negative resistor at a particular operating
point, Vin , Iy, ds:

—1
"IN

N ote that this resistance i a fancticn ofthe cperating pomt. At

f1ll bad and low hput e, the resistance is its am alkest, whik

at light oad end high mput Ine, it s 1s lamest.
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Potential System Instability: T e preceding analysis assum es
de volages and currents. Forac waveom sthe horem ental
hputm odel orthe PO L converterm ust alse Inclide the effects
of its mput filter and control lbop dynam ics. W hen the PO L
converter Is connected to a pow er scurce, m cdeled as a volage
source, Vg In seriesw ith an hductor; Lg, and som e positve
resistor, Hg, the network of Fiqure 33 results.

Rg Lg Lp
VL Y
v INPUT g c -T- < Ryl
8 TERMINALS F’T =
’ 3

ADI DC/DC CONVERTER

Figure 33. Model of Power Source and POL Converter
Connection

The netwerk shewn I Figure 33 is second crder and has the
ollow hyg characterdstc equation @
g (LS+LP)C+S{—+HSCP}+1— 0

Forthe power delivery to be efficient, it is requined that
Rg << Ry . Forthe system to be stablk, however, the follow ng
relationshipom ust hold:

(L5+LP) (L3+LP)

Rs Cp|FAn|
N otice from this resultthat if (Lg + L) istoo lemge, oritRg is
too an all, the system m ightbe unstable. This condition would
first be observed at bw Iput Ine and f1ll bad shce the
absclute valie of Ry 8 an allest at this operating conditon.

CplBy> Rs >

Ifan hstabilty resuls and it cannotbe corrected by changing
Lg orRg, such asduring the M IL-STD 461D tests due to the
LISN requirem ent, one pessble solution is to place a capacitor
across the mput ofthe PO L converter. Ancther possbility is to
place a au all resistor In serdesw ith this extra capacitor.

T he analysis has so farassum ed the scurne ofpowerwasa
volage scurce (e.g. a battery) w ith som e source In pedance. T
som e cases, this sourcem ay be the cutput of a frontend FE)
converter. A lthough each FE converter is different, am cdel ©r
atypicalcne would have an LC ocutput filter driven by a volage
source w hose valie w as determ ned by the fedback kbop. T he
LC fiterusually has a high ¢, so the com pensation ofthe
#edback loop is chosen to help dam pen any cscillations that
result from lad transients. In effect, the feedback loep adds
“positive resistance” to the LC netw ork.

W hen the PO L converter is connected to the cutput ofthisFE
converter, the PO L's “negative resistance” counteracts the
effects of the FE 's “positve resistance” offered by the #edback
Ioop. D epending on the specific detadls, thism ight sin ply m ean
thatthe FE converter's transient response is slightly m ore
cscillatory, or tm ay cause the entire system to be unstable.

Forthe ADD C028035C and ADD C0Z8055A, Ly 13 approxi-
meately 1 UH and Cp Sapproxin ately 4 UF . Figures 13 and 14
ghow am ore accurate depiction ofthe mput n pedance ofthe
converter as a function of frecuency. T he negative resistance 1s,
tself, a very good horem entalm odel for the pow er state ofthe
converter for frequencies hite the severalkH z range.

. [ N

NAVMAT DERATING

NAVM AT isal avy powersupply relisbility m anual frequently
cited by specifers ofpowersupples. A key secton ofN AVM AT
P4855-1A discusss guidelhes forderating desims and their

com penents. T he two key derating crieria are voltage derating
and pow er derating. V o lage derathg is dene to reduce the
pessbility ofelectrical breakdown, whereas pow er derating is
done to m antamn the com ponentm aterdal below a specified
maxin um tEm perature. W hik power derathgs are typically
stated I tem scfcurent Im is &g, derate to x% ofm axdn um
ratng), NAVM AT alse specifies am axin um  fincton tem persture
of the sem ronductordevices n apowersupply. The NAVM AT
aom ponent derathgs applicable to the AD D C028058A and
ADD C028035C ar as hllow st

Resistors
80% voltage derating
50% powerdermting

Capacitors
50% wvoltage and ripple voltage derating
70% rippl curment dersting

Transformers and Inductors

60% conthuous voltage and current derating

90% surge voltage and current derating

20°C lessthan rated core tom perature

30°C below msulation rating forhot spottem perature
25% Mmsulation breakdewn voltage derating

40°C m axin um tem peratire rise

Transistors

50% powerdermting

60% fomw ard current (continuous) derating

75% wvoltage and transient peak volage derating
110°C m axin um jnction tem perature

Diodes (Switching, General Purpose, Rectifiers)
70% current (surge and conthucus) derating

65% peak mverse veltage derating

110°C m axdn um jnction tem perature

Diodes (Zeners)

70% surmge cument derating

60% conthuous curnent derating

50% powerdemting

110°C m axin um jinction wm perature

Microcircuits (Linears)

70% conthuous curent deratng

75% signal velage derating

110°C m axin um jinction tem perature

TheADD C028035C andADD C0Z8055A canmectallthe
derathg criteria listed above. T here are, how ever, a w areas of
the NAVM AT deratings where m eeting the gquidelines unduly
sacrifices perfomm ance cfthe circut. T he standard unit theretore

m akes the ollow Ing exceptions.

Common-Mode EMI Filter Capacitors: T he standard
supply uses 500 V capaciteors to filkercomm on-m ode EM I,
NAVM AT quidelnes would require 1000 V capaciors to m et
the 50% volage derating (500 V de mput to cutput isclation),
resulting i lesscom m on-m ode capaciance orthe sam e space.
In typiral electrical pow er supply system s, where the Ioad
ground 1s eventually connected to the scure ground, comm on-—
m ode veltages never get near the 500 V dc rating cfthe
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standard supply. A lower voltage rating capacitor (500 V) was
theretore chosen to fitm ore capaciance I the sam e space In
crder to betterm ect the conducted em Issions requirem ent of

M IL-STD 461D (CE102). Forthose applications recuirng
250V crlessofisclation from Iputte cutput, the present
desimswouldmeet NAVM AT guidelnes.

Switching Transistors: 100 Vv M OSFET s are used 1 the
standard uni toc sw ifch the prim ary side of the transtom ers.
Theirnom malcffstate voltage m eets e NAVM AT dermtmy
quidelines. W hen the M O SFET s are tumed off, how ever,

m om entary spiesoccurthat reach 100 V. The present
generation ofM O SFET s are mted for repetitive avalanche, a
conditon thatwasnotconsidered by the NAVM AT deratihgs.
In the worst case condiben, the enernyy dissipated during
avalanche 15 1% ofthe device’s rated repetitive avalanche
eneryy. Tomeetthe NAVM AT derating, 200 VM O SFET s
could be used. The 100 V M O SFET s are used hstead ortheir
Iower on—state resistance, resuting In higherefficiency for the

power supply.

NAVM AT Junction Temperatures: Thetwo types of power
deratings {current and tem perature) can be mdependentofone
another. For hstance, a sw firthhg dicde can m eet 1= derating
cf70% ofismaxinum current, but s inction tem perature
can be higherthan 110°C ifthe case tem perature of the
converter, which Isnotcontrelled by the m anutacturer, is
allowed to go higher. Shce som e usersm ay choose to operate
the power supply at a case tem perature higher than 90°C, it
then becom es In portant to knew the tem perature rise ofthe
hottest sem iconductors. T his is covered In the specification
table In the section entitled T herm alC haracteristics.

EM| CONSIDERATIONS

The ADD C028035C and AD D C 02805SA have an Integral
differential-and com m on-m ode EM I filter designed to m eet all
applicabl requirem ents n M IL-STD 461D when the power
converters are Istalled 1 a typical system setup (described
below). T he converters also contan transient protection
circudtry that pem it the units to survive short, high voltage
transients across their nput power leads. The purpese ofthis
section is to describe the variousM IL-5TD -461D tests and the
converters’ corresponding perform ance. C consult factory Hr
additional inform ation .

T he fiqures and tests referenced hereh were obtamned from
measurem entson the AD D C 028053A, a shygle 5 V deoutput
converter. Shoe the construction and topokygy cfthe 3.3V
ocutput converter I8 aln ost ddentdcalto the 5 V dc output
converter, and the com ponent valiescfthe EM I differential
and com m on-m cde fitern the 3.3V ocutput converter are
dentical to the 5 V output converter, the text references these
figures and tests as typicalofthe AD D C 028035C converter as
well

E lectrom agnetic mterference (EM 1) isgovemed by M IL-STD -
461D , which establishes design requirem ents, and M IL-8TD -
462D , which defnes testm etheds. EM I requirem ents are
categorized as follow s (xxx designates a three digit num ber) :

® CExxx: conducted em issions €M Iproduced mtemalto the
pow er supply w hich is conducted extemally through s hput
pow er kads)
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¢ C Sxxx: conducted susceptbility EM Ipmduced external to
the pow er supply which is conducted htemally through the
nput pow er kads and m ay Interfere w ih the supply’s
cperation)

¢® RFxxx: radiated em dssions EM I produced mtemalto the
pow er supply w hich is mdiated o the surrounding space)

¢ R Sxxx: radiated susceptbility EM I produced externalto the
pow er supply which radiates nto orthrough the pow er supply
and m ay hterfere w ith s proper operation)

It should be noted that there are several areas cfam biquity wih
mwspectto CE102 m easurem ents thatm ay concem the system s
engieer., One arca ofam biguity 1 thism easurem ent isthe
nature cfthe vad. If i is constant, the ripple voltage on the
converter's mput keads Is due only to the operation of the
converter. If; on the otherhand, the load is changing cvertim e,
this vardation causes an addibonal hput current and volage
ripp ke to be drawn at the sam e frecuency. Ifthe frequency is
high encugh, the converter's fiterw ill help attenuate this sscond
wource oL rppk, but if  ishelow approxim ately 100 kH z, i w il
not. The system m ay then notm est the CE 102 requirem ent,
even though the converter isnotthe scume cfthe EM I, Ifthis
is the case, additional capaciance m ay be needed across the
Irad cracross the mput to the converter.

Anotheram bijuty Ih the CE102 m easuram ent concems com m on-—
m ode voltage. Ifthe bad s Bt unconnected from the ground
plne {even though the case is grounded), the comm on-m ode
rople voltages w illbe an aller than ifthe bad is grounded. The
test specification s do not state which procedure should be used.
H owever, n neither cae (bad grmunded or floating) willthe
typialEM Itest sstup described below be exactly representative
of the fnal system configuration EM Itest. Forthe follow ng
reasons, the sam e is rue it separately packaged EM I filters are
used.

In aln ost all system s the ocutput ground of the converter is
ultim ately connected to the mput ground ofthe system . The
parasitc capaciances and nductances 1 this cennection w il
affect the com m on-m ode voltage and the CE 102 m easurem ent.
In addition, the mductire in pedance of this ground connection
can cause resonances, thereby affecting the perform ance cfthe
com m en-m ode filter h the pow er supply.

In responze to thess am biquides, the Analog D evices’ converter
hasbeen tested for CE102 under a constant lvad and w i the
output ground floathg. W hile these m easurem ents are a good
ndiration ofhow the converterw ill cperate in the final system
configuration, the usershould confim CE102 testhg In the
fhal system confiquration.

CE101: This testm easures em issions on the put leads in the
frequency range between 30 H zand 10 kH z. The mtentofthis
requirem ent is to ensure that the dede converter does not
cormupt the pow er cualty {(allow able voltage distortion) on the
powerbuses present on the platform . There are severnl CE101
Imitcurvesn M IL-STD 461D . T hem ost soingent one app—
licable forthe converter is the cne or subm arhe applications.
Figure 12 show s that the converter easily m ests this requirem ent
{the retum e m easurem ent is sin ilar). T he com ponents at
60 H z and fsham cnis are a result of rippk I the cutputof
the power scurce used o supply the converter.
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CE102: This testm easures em issions In the frequency range
between 10 ¥H zand 10 M H z. T hem easurem entsarem ade on
both cfthe mput kads of the converter, w hich are connected to
the power source through LISN 5. T he ntentofthis requirem ent,
n the lower frequency portion cfthe requirem ent, is to ensure
that the dode converter does not cormipt the pow er quality
{allow able voltage distortion) on the pow erbuses present on the
plthm . Athigher frequencies, the mMtent sto serve asa
separate controlfrom RE102 on potential radiation from power
lads thatm ay couplk hic sensitive electronic equipm ent.

Figure 20 show sthe CEL102 Iin it and the m easurem ent taken
from the +V 4 Ine. W hik them easurem ent t@ken from the
hput retum Ine s slightly different, both com fortably m eet the
M IL-STD 461D ,CE102 Im it. (Reference the last section of
EM IC considerations forhow to adiist the extemal com ponents
n the test setup cirmuit to crease the m axgn between the
gpecitication Im it and the m easured results.)

CS101: This testm easures the ability ofthe converter to refect
Iow frequency differential signals, 30 H z to 50 kH z, n &cted on
the dc Inputs. T he m easurem ent is taken on the output power
leads. The Intent isto ensure that ecupm ent perfom ance is
nct degraded from ripplk veltages associated w ith allow able
distorticn of power source vellage wavetom 3. Figures 11 and
12 show typicalaudib susceptbilty graphs. N ote thataccordng
W theM IL-STD 461D test rgquirm ents, the n &cted signal
between 30 H zand 5 kH zhasan am plinde of2 V m s and
from 5 kH z to 50 kH z the am pliunde decreases hversely w ith
frequency to 02V m s. T he curve of the mected signal dhould
be multiplied by the audio susceptbility curve to determ ne the
cutput ripple at any frequency . W hen this is done, the worst
case cutput rpple at the frequency ofthe mput ripp e occurs at
5 kH z, atwhih ponnt there istypically a 25 mV peak-to-peak
cutput ripple.

Ttshould be noted thatM IL-5TD —/04 hasam ore relaxed
requirem ent for reection cf bw fequency differential signals
hected on the de mputs than M IL-STD 461D .M IL-STD -/04
calls fora bweram plitude ripple to be mected on the mput v a
narrow er frecuency band, 10 Hz to 20 kH z.

CS114: This testm easures the ability ofthe converter to
cperate correctly durhg and affer beihg subected to currents
hected nito bulk cables b the 10 kH 210 400 M H z range. Tts
purmpose is to s ulate curents that w ould be developed In these
cables due to electrom agnetic fields generated by antenna
renam issicns. T he converter is designed to m eet the

requirem ents ofthis test when the curent is I oted on the
hput pow er leads cable. Consult factory orm ore mform aton .

CS8115: This testm easures the abilily of the converter to
cperate correctly during and atter belng subfcted t 30 ns ng
pulses cfcurnent n gcted Ito bulk cables. Its purmpos isto

s ulate transients caused by lighthing orelectom agnetic
pulses. T he converter is designed to m eet this requirem ent
when applied to s hputpewer kads cablk. Consult actory Hr
more mibm ation.

CS116: This testm easures the abiltty ofthe converter to
cperate correctly durhg and affer beihyg subcted to dam ped
snusoid transents I the 10 kH zto 100 M H z range. Its
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purpose i to s ulate current and voltage wavetom sthat would
occurw hen natural resonances In the system are excied. The
converter is desined to m eet this requirem ent when applied to
is mhputpower kads cabk. C onsult fctory form ore mfom aton.

RE101: This requirem ent lim its the strength ofthem agnetic
field created by the converter I order to avoid mterference w ith
sen sifve equipm ent beated nearby. Them easurem ent ism ade
from 30 H zto 100 kH z. T he m ost strngent requirem ent s for
the N avy. Fiure 21 show s the test resuls when the pickup ceil
isheld 7 cm abowve the converter. A s can be scen, the converter
easily m eets this requirem ent.

RE102: T his requirem ents Iim its the stength ofthe electric
fleld em isslons from the pow er converter to protect sensitie
recefvers from nterterence. T he m easuram ent i3 m ade from
10 kH zto 18 G H z w ith the antenna orented In the vertical
plane.Forthe 30 M H z and above range, the standard calls for
the m easurem ent to be m ade w ith the antenna orented I the
horzontalplane aswell

In a typical pow er converter system setup, the radiated em is-
glonscan com e from twe sources: 1) the hputpower kads as
they extend over the W o m eter distance betiveen the LISN s and
the converter, as required forthistest, and 2) the converter
output kads and load. T he later is Ikely to create significant
am issicns if left uncovered, sihhce m indn alEM I filtering is
provided atthe converter’s cutput. It istypical, however,
that the power supply and its lbad would be contained In a
conductive enclosure In applications where this test is applicable.
Forthis test am etalscreen w as therefore used to cover the
converter and its bad.

Fijure 22 show stest results forthe verticalm easurem ent and
com pares them agahstthem ost stingentRE 102 requirem ent;
the horizontalm easarem ent 30 M H z and above) was sin Jar.
A scan be seen, the am issions 1stm eet the standard I the
18M Hz28M H z range. T hiscom ponent ofthe em issions s
due to com m on-m ede currents tflow ng through the mput power
leads. Asm entioned n the section on CE 102 abowve, the kvel
ofcomm cn-m ode current that flow s i3 dependenton how the
load is connected. T hism easurem ent is theretore a goed
ndication ofhow wellthe converterw illperform in the thal
configuration; the user should confim RE 102 testing In the
fhalsystem . Reference the last section of BEM IC ensiderations
orhow to adjst the external com ponents h the test setup
circuit to hcrease the m axgin betw een the specification Im i
and them easured resuls.)

RS101: T hisrequinem ent is specialized and hitended to check
foreensiwity to ow frequencym agnetic feldsin e 30 H zto
50 kH z range. T he converter is designed to m eet this require—
ment. Ceonsalt Hctory form ore fom ation.

RS$103: T rhistestcalls for correct operation during and after the
unitundertest s subfcted v radited ekctie felds  the 10kH =
to 40 GH z range. T he mtent isto sin ulate electrom agnetic
flelds generated by antenna tranan issicns. T he converter is
desijned to m eet this requirem ent. € onsul factory orm ore
hhm ation.
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Circuit Setup for EM| Test

Figure 23 show s a schem athc ofthe test setup used rihe EM I
m easuram ents discussed above. T he output ofthe converter is
connected © a registive load desimed to draw fillpower. There
a0l pF capacttorpleed across this resistor that typifies by—
pass capacitance nom ally used n this application . Atthe mput
cfthe converter there are tw o differential capacitors (the larger
che having a series resistance) and two an allcom m on-m ode
capacitors connected to case ground. T he case it=elfw as con—
nected t© them etalground plane In the test cham ber. Forthe
RE102Z test, am etal screen box was used to cover both the
converter and is Ivad (butnotthe tvom eterscfputpower
lead cables). T hisbox wasalso ekectrically connected to the

m etal ground plane.

W ith regard t© the com ponents added to the mput power Ihes,
the 100 UF capactorw ith is 1 £ series resistance s required to
achieve system stabilty when the unit is powered through the
LISN 5, astheM IL-5TD 461D standard requires. T hese
LISN s have a series mductance c£ 50 UH at low fequencies,
giving a total differential nductance of 100 gH . Asexplaned
earler n the System Instability section, such a large s=ries
source mductance w ill cause en nstability as £ hiteracts w 1 the
converter’s negative crem ental hiput resistance unless som e
comective acton istaken. The 100 pF capaciorand 1 Q
resistor provide the stabilization required.

It shouX be noted that the valies of these smbilizaton com penents
are appropriate ora shgl converter load . Ifthe system m akes
use of several converters, the values ofthe com ponents w ill need
to be slightly changed, butnot such that they are epeated for
every converter. It should alsc be noted thatm ost system
applications w illnot have a source hductance as large as the
100 pH builk inte the LISN s. Forthese system 5, am uch

an aller mput capacitor could be used.

Increasing Margin Between Specification Limit and

M easured Results

W ith regard to the Z PF differentialm ode capaciorand the two
82 nF comm on-m ode capaciors, these com ponents were
hchided I the test setup to augm ent the perfom ance ofthe
power supply’'s mtemalEM I filter. The valieswere chosen t©
achieve the results dhown In Figures 20 and 22. T o Iicrease the
m argin between the specification Iin tsand the m easured

am Issicns, larger extermal com penent valies could be used.

Todo thisitisuseilto know thatm ostofthe am issicnsbelow
10 M H z, whether conducted or radiated, are due to differential-
m ode currents flow mg 1 the mputpower kads. T om ake the
em Issicns I this frequency range sm aller, the differential
capacitor valle should be Increased above 2 UF' . C onversely,

m ost of the em isstnsabove 10 M H z are due to comm on-m ode
currents; to m ake them aun aller the com m on-m ode capaciors
ghould be mereased above the 82 nF valie. In both cases it is
In pertant to m min ize the parasitic hductance of the
capacitors; the use of several an alkr capaciors connected In
parallelis cne w ay to achieve this.

U sing larger valued capaciors than those shown n Figure 23 is
a good sclution ifan additional 6 dB-10 dB ofm argh 1s
desired. If, however, In an extrem ely sensiive application it is
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desired to Increase them argin by 20 dB orm ore, m ay be
betterto add both differentiatand com m on-m cde hductors to
the external com ponents to m ake a higher crder fiter.

RELIABILITY CONSIDERATIONS

M TBF (M ean Tin e Between Failure) is a com m only used
relability concept that applies to repaireble tem s n which
faiked elem ents are replaced upen milre. T he expression Hr
M TBF is

MTBF =T/r

where

T = totalopermthg tin e
r = num ber of failires

In Iew ofactial feld data, M T BE can be predicted per
M IL-HDBK-217.

MTBF, Failure Rate and Probability of Failure: A proper
understanding ofM TBF beghsw ith is rlationshi to lam bda
), whih isthe filire e, Ifa constant filire rare is asamm ed,
then M TBE = 1A, crA = 1M TBF. Ifa powersupply hasan
M TBF of1,000,000 hours, this doesnotm ean it w ill last
1,000,000 hours before 1t fails. Instead, the M T BF describes
the fHilure rate. For 1,000,000 hoursM TBF, the &ilure rate
durhg any houris 1/1,000,000, or0.0001% . Thus, a power
supplywih an M TBF o£500,000 hoursw oculd have tw ice the
failire rate (0.0002% ) ofone with 1,000,000 hours.

W hatusers should be Ihterested In is the probakility of a power
supply not failng priorto som e tin e t. G fFren the assum ption cf
a censtant failire rate, this probability is defined as

Rih=€™
where A(t) is the probability of a device not. fziling prior to som e
timel.
Ifwe substute A = 1M TBF in the above fom ula, then the
expression becom es

—t
R = eMTBF

T his ©m ula is the corect w ay to hiterpret the m eang of
M TBF.

TFweassume =M TBF = 1,000,000 hours, then the probability
that a power supply willnot filpricrto 1,000,000 hours ofuse
Ee™, or36.8% . This is quite different from sayig the power
supply w l11ast 1,000,000 hours before 1 fails. T he probability
that the pow er supply w llnot il priorto 50,000 hours ofuse is
e, 0r95% . Forf= 10,000 hours, the probabilty ofno failire
ise?, or99% .

Temperature and Environmental Factors: 2 lhough the
calculation ofM TBE perM IL-H D BK 217 sadetailed process,
there are tw o key variabks that give the m anufacturer signi-
ficant leeway In predicting an M TBF rathg. These two
vargbles are tem perature and envirenm ental facter. F or users
to properly com pare M T BF num bers from tw o different

m anufacturers, the environm ental tactor and the tem permture
mustbe Identical. Contactthe factery orM TBF calculations
or gpecific environm ental factors and tem peratuires.
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MECHANICAL CONSIDERATIONS

W hen m cunthg the converter Into the next higher level assem bly,
i s In pertantto ensure good them al contact ism ade betw een

the converter and the extemalheat sink. Poorthem al

connection can resut m the converter shutting off;, due to the
tem perature shutdown fature P 9), crreduced whabilty ©r
the converter due to higherthan-anticipated Jinction and case

tem peratures. Forthese reasons them cuntihg &b locations

were selected to ensure goed them alcontact ism ade near the
hot spots of the converter, which are shown In the shaded aras

ofFigure 34.

O

—

O

T he pins of the converter are typically connected to the next

higher level assem bly by bending them at right angles, etther
down orup, and cutting them shorter for sertion I printed

ciruit board through heles. In orderte m aintah the hem etic

Inteqrity cfthe seals arcund the pins, a fixture sheuld be used
forbending the pins w thout stressing the ph—to—=sidew all s=als.
It is recom m ended that them Mim um distance betw een the

package edge and the nside cftheph be100m iz .54 mm )

Figure 35.

orihedlmil (1 02mm ) diam eerping 120m ils 3.05mm )
from the package edge to the centercofthe phn as shown I

0.100"
| {2.54mm)

0.120"
(3.05mm)

Figure 35. Minimum Bend Radius of 40 Mil (1.02mm)

Pins

Figure 34. Hot Spots (Shaded Areas) of DC/DC Converter

| P81
1

2 ADDCO2805SA

+28voc O

I 1
28RTN

1

ADDC028035C 1

b
< RLOAD
]

t L

NOTE: VALUE OF C1 1S DEPENDENT ON SOURCE IMPEDANCE.
REFER TO SECTION ON SYSTEM INSTABILITY CONSIDERATIONS.

Figure 36. Typical Power Connections and External Parts for Converter
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Figure 37. Typical Connections for Paralleling Two Converters
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DISABLE ——4ENB  Voo— 1

PGND OUT—
HH73R-1MHZ SYNC OUT
CONNERWINFIELD
L. C2

= - R1

.~

100pF 100k
Wy Vaux
4 lcs € SYNC 1
= 0ARF Toy c4 x|
100pF A28 D4
1N9EEE S 1NSB1S
L4
OLHS801
R3S {ISOLINK)
3574 2 3 T 1u%r::F
stcm—'\M—[ﬁ

SYNC 2

SYNCIN J_ 3

RS % D3
K 1N581%
c13
100pF
ﬁﬁ SYNC 10
R13¢ D2
KO D 1N5B18

Figure 38. Fault Tolerant, Secondary Side Powered SYNC Drive Circuit

NOTES

1. Input to Output 1 olation: W 1ith the use of the Tsolink opto— Resistor
couplkr, we can use the output cf the converters to power the # of Capacitor Value
ConnerM mtield 1M H z clock {output eirnced) and the Converters Value (pF) (chms)
Vapx P (hput refErenced) to power the opto—coupler.

2. Fault Tderant: A llcutputs are capacitvely coupled to ensure 1 1000 100
that ifthe m aster clock sops working the ndiidualunis will 2 470 200
contihue to operate at their cwn mtemal clock frequency, 3 330 300
thereby elin matihg a potential shgle pont Eilure. 4 270 400

. - 5 220 500

3. Radiated Emisdons €2 can be added to slow down the chck ‘ 180 600
edges ([ rand T § for reducing rediated em issions. 7 150 700

4. Table: The follow ng table show s the capacttor and 8 120 800
resistor value to be used for the num ber of converters t© 9 100 ano
be synchronized. 10 100 1K

REV. 0 —17-



ADDC02803SC/ ADDC02805SA

Screening Levelsfor AD D C02803SC/AD D C02805SA

Screening Steps

Industrial (KV)

Ruggedized Industrial (T V)

MIL-STD-883B/SMD (TV/883B)

Pre ap Visual 100% M IL-STD 883, TM 2017
Tamp Cyck N A N A
C onstant A cceleration N A N A

F e Leak

G ross Leak

Guaranteed o M eet
M IL-STD -883,TM 1014
G uaranteed to M eet
M IL-STD -883,TM 1014

Guaranteed o M eet
M IL-STD -883,TM 1014
G uaranteed to M eet
M IL-STD -883,TM 1014

Complantto M IL-PRF-38534

Bum-Tn N A M IL-STD 883, TM 1015,
9¢ Hrsat+115°C Case
FnalF kectrical T est At +25°C , PerSpecification | At +25°C, Per Specification
T ablke Tablke
NOMINAL CASE DIMENSIONS IN INCHES AND {mm)
B ltwlerances 005" [£.12 mm ] unless otherw ise specified)
0.300 (7.62) SQ
0.150 (3.81) “'E‘,;‘jﬁ;:,"’ +0.010
4PLCS 4PLCS
0.100 (2.54) ¥ e I o
8 PLCS 1
P _A_[E‘B‘l 31
o L] T
£l T_ —_— (]
o —el 1,500 +0.010
- 0150 3:81) | o EEEEEEEE (38.10 + 0.25) @
s TOP VIEW _ °
¥ 0.200 (5.08) =_tu.200 508) 5 PLCS 2.100 0.010 @
0 0200 (5.08 § % ﬁ&(—r) (53.34 £ 0.25)
° 2pLCcS
@) ‘
0.150 (3.81)
éggi%gﬁ 1.145 (29.08) :l 0.040 +0.003 I-
2PLCS {1.02 = 0.08)
aPLCS
2745+ 0.010
' * (69.72 + 0.25) > 0.080 + 0.010 —J
(2.29+ 0.25)
0.390+ 0.010
(9.91£0.25) o] b———
3
NOTES 5.Alphsaream nin um ength 0£0.740 mches (1880 mm )
1. The fnal product weight is 85 gram sm axin um . when the product is shipped. The pins are typically bentup

2.

The package base m aterdal ism ade ofm oybdenum and is
nem mally 40 mils (1 .02mm ) thick. T he “rmunout” is less
than 2m ilsperinch 002mm peram ).

. The high curentpis (10-17) are 40 m 11 {1 0Z2mm ) diam etery

are 99 .8% copper; and are plated w ith god cvernickel

. The signalcanyngphs (-2 arc18mil{0 domm )

dim eter; are K ovar; and are plated w ith goH cvernickel.

6.

—18-—

crdewn and aut shorter for proper connection Into the user's
system .

A llph-to-sidew all spachgs are gquaranteed thram mInum of
500V dcbreakdown at standard airpressure.

. T he case cutline w as crighally designed ushg the hch-pound

unis ofm easurem ent. In the event of conflict between the
m etric and mch-pound units, the hch-pound shall take
precedence.

REV. 0



—19-—



£L6/—01—950E0

¥'S'N NI J3LNIHd

20—



