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Outline

e Capacitors

— definitions / parameters and form
factors of interest

— film
— ceramic
— electrolytic

— miscellaneous
e Resistors
e Inductors
e Diodes
e Other Passive Components




Definitions

e ESR - equivalent series f//* ﬁﬁ
resistance &-3\\& H////.. oy
e ESL —equivalent series =—— | \" ‘*“f; X%?”““‘“

inductance ////

Xc — capacitive reactance
R4c — DC leakage current through the dielectric
R.. — describes the AC losses In dielectric

K - relative permittivity / dielectric constant

Permittivity is the ability of a dielectric to store

electrical potential energy under the influence of
an electric field




Physics

c=k2
d

Symbols

Lo
T polarized

T



Parameters of Interest

e ESR - equivalent series resistance

— measure of in-phase resistance

— affects Q

— affects ripple current flowing through capacitor

e ESL - equivalent series inductance

— caused by inductance of leads/electrodes

— limiting factor in decoupling effectiveness

— sets resonate point of capacitor

e Xc — capacitive reactance = 1/(2nfC)

— function of current that flows through capacitor
as it is continuously charged/discharged (in
response to applied AC signal)

— varies with frequency (Xc decreases as
frequency increases)

e working voltage (WV)
— maximum DC voltage that should be across capacitor
— behavior can change as maximum WYV is approached



Form Factors of Interest

e surface mount ( applicable to our designs)

e radial lead

e axlal lead




Capacitor Types: Fillm

e Two types film: foil and metallized film

e Polymers such as polyester, polycarbonate,
Teflon, polypropylene, polystyrene
(all low “K”)

e Typical values < 10uF

e Superior longevity to electrolytic

e Typically large in packaging

e Not typically available in surface mount



Capacitor Types: Film-Foll

e Made of alternating layers of plastic film
and metal foll

e Uses thick dielectrics
e Used where precision is needed
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Metallized Film

e Conductive film metallized onto the
dielectric directly

e Self-healing (arcing through pinhole)

e Reduced fire risk for high voltage
applications where arcing may occur

e Utilize much thinner dielectric films
(1.5um)



Type 930, Polypropylene Film Capacitors

Metallized
Axial Leads

High Voltage/High Frequency
Switching Power Supplies

ITL

WA

. E- =
i it g zEE 2N
g sl oo L g2
=4 2
Nz~ || oFg

Type 930 axiakleaded, metallzed poypropylens capaci-
tors are availlable in a wide range of capacitance values in
reduced sizes. Flame-retardant tape wrap and epoxy end
seaks provide moisture resistance. Used most frequently
in high-voltage'high-frequency switching power supplies
where supenor stability and AC performance characteristics
are important. This noreprotected film capacitor has
Underwriters Laboratones, Inc. recognition for construction
only. LLL. File Number assigned is E128034(M).

Specifications

Voltage Range: 100-630 Vdc (70-275 Vac)

Capacitance Range: .022-10 uF

Capacitance Tolerance: +10% (K) standard
+5% (J) optional

Operating Temperature Range: -55°C to 105°C*

*Fullrated woltage at B5*C-Derate linesrly to 0% rated woltags at 105%C

Pulse Capability
Body Length
Rated
Volts 750 1.000 1.250 =1.750
dV/dt—volts per microsecond, maximum
100 25 14 10 ]
250 a7 21 15 g
400 49 28 20 13
B30 74 43 30 19

Dielectric Strength: 200% (1 minute)

Dissipation Factor: .10% Max. (25°C, 1kHz)

Insulation Resistance: 200,000 M() x uF
400,000 MO Min.

Life Test: 1,000 Hours at 85°C at 125% Rated Voltage

#20 BNG (03D dig)
®
J i} L

TINNED SOLID GOPPER LEADS

[

. L 1628
MIN + 062"
41 28nn) (lanm) 41.28mn)

MOTE: Other capacitance values, sizes and performance specificaions ara
available. Contact us.



Capacitor Types: Ceramic

e Largest family of capacitors

e Types are multi-layer (monolithic) or
single-layer (disc)

e Values range from ~1 pF to >1000 uF

e Suitable for surface mounting due to their
heat resistance

e Fast response time (~12 ps)
e No self-healing mechanism



Capacitor Types: Ceramic

e High dielectric constant
—wide range of electrical properties

—approach ideal in some cases, far from
It In others

e Trade-off:
—size/ C/ WV / temperature dependence

e Some non-ideal behaviors NOT well
documented In data sheets



Capacitor Types: Ceramic ( COG )

e Best in all features except permittivity —
most ideal of ceramics

e Very good capacitor (tight tolerance and
temperature coefficient, suitable for use in
“tuning” circuits)

Temperature compensated
‘rade-off: physically large
Typical values 4.7 pF to 0.047 uF

Generally 5% tolerance or £0.5 pF for
small values




Capacitor Types: Ceramic ( COG )

Significant Figure Multiplier Tolerance
C:0.0 0: -1 G- +30
B:0.3 1--10 H: +60
L-0.8 2 - J- +120
A09 3 K. £250
M- 1.0 4 L: £500
M: £1000
M- +2500

EIA codes for temperature-compensated
capacitors —type COG will have O drift with
an error of £30 ppm/°C




Capacitor Types: Ceramic ( X5R / X7R )

e Higher dielectric constant

e Temperature characteristics are non-linear:
— 10% tolerance for X7R
— 20% for X5R

e Cheaper than COG

e Values range from 3300 pF to 10 pF

e Generally 10% or 20% initial tolerance



Capacitor Types: Ceramic ( Z5U )

e Even higher dielectric constant

e Relatively large temperature coefficient
(+22%/-56%)

e Cheap and small!

e Classic bypass/decoupling caps
e 0.01 pFto 2.2 uF

e Generally 20% initial tolerance

e DC bias effect



DIMENSIONS [IN.)
N MONOLITHIC CERAMIC RADIAL CAPACITORS = Jrimmm o je1z
280 '
Mg g
TEMPERATURE CHARACTERISTICS COG MR Zsu 0 T
Ternperatura range, °C S5 to +128°C [-55°C b0 +125°C [ +10°C I +85°C . o,
Capackancs change without DG woltage (030 PRMAC +15% +22 %, -5A% Lewd lengke 1,07 min.
For quartites 5000 and up, call for quats. For quartkks 8000 and up, call for quots.
For quantiles 5000 and up, cal for quoks. MOUSER STOCK MO, Prica Each MOUSER STOCK N Prica Each
vele Valua
MOLSER STOCK NS, |, e Price Each Mir. | MIr Part No. 1 [100 [ 500 [1000|  [mec]  wre Part no. 1 [ 100 | 500 [1000
Mir.| M. Part No. 1 [ 100 | soo [1000|  foRWWDC 5% Tolerance (cont) 100 WVDC 10% Tolerance (conl
50 WVDC 5% Tolerance 75 — 1C10COGAII00B | 330pF [ .21 [ 18 [ 15 [ .12 75 — ICI0MTRIZIKIOR [ 22000pF[ 20 [ A7 [ 45 [ .12
75 — 1C10COGI00J050B | 10pF | .21 .18 | .45 | .12 TS — 1C10COGATIJ00R | 470pF | .21 | 18 | 15 | 12 75 — 1C10XTRIZIKIONE | 33000pF [ 20 | A7 | A5 | .12
75 — 1C10C0G220J0508 | Z2pF | .21 | 18 | 45 | .42 75 — 1C10COG102J1008 [ 1000pF | 26 | .22 | .19 [ .15 75 — 1C10XTRATIKI0NE | ATOCOPF [ 20 | A7 | A5 | .12
75 — 1C10C0GII0J0508 | 23pF | .21 [ 8 | 45 | .42 TS — 1C10COG222J1008 | Z200pF | 31 | 27 | .22 | .18 75 — 1C10XTRI 041008 [100000pFH 23 | 20 | 47 | 13
75 — 1C10COGATONOS0E | 47pF | 21| a8 | 45 | 42 75 — 1C10C0G3321008 | 3300pF | 47 | 40 | 33 | 27 50 WVDC 20% Tolerance
75 — 1C10C0G101J0508 | 100pF [ .21 [ 18 | 45 | .42 50 WVDC 10% Tolerance 75 — 1C10Z5U103M0508] 10000pF[ 42 | 11 [ oo [.o7
75 — 1C10C0GIMI0508 | 330pF [ .21 [ 18 | 45 | .42 T8 — 1CIOXTR10ZKO 508 [ 1000pF | A3 | 41 | 09 | .07 75 — 1C10Z5U3IIMO508 | 33000pF [ 18 | 13 | 11 | .09
75 — 1C10C0GATIJ0508 | 470pF [ 21| a8 | 45 | 2 75 — 1CI0XTRADIKOS0B [ 10000pF | 14 | 42 | .10 | .08 75 — 1C10Z5U104MO508 |100000pFH 10 | .08 | .07 | .06
75 — 1E10C0G 10240508 |1000pF| 21| a8 | 45 | 42 75 — 1CI0XTRATIKOS0B | 47000pF | 18 | A7 | 14 | .11 75 — 1C10ZSU224MO508 [220000pH 25 | 21 | 18 | .14
100 WVDC 5% Tolerance 75 — 1C10XTRA04K0 508 [100000pF 14 | 42 | 10 | 08 75 — 1C10Z5U334MO508 |330000pF 30 | 26 | 22 | 97
75 — 1C10COGI00JI00B | 10pF | 21| .18 | A5 | .12 100 WYDC 10% Tolerance 100 WVDC 20% Tolerance
75 — 1C10C0G220J1008 | 22pF | 21| 8 | 45 | .42 T8 — 1CIONTRA02K 1008 | 1000pF [ 18 [ 46 | 13 .10 75 — 1C10Z5U103M100B] 10000pF[ 16 | 14 | 12 [ .09
75 — 1C10C0GII0NI00B | 23pF | 21| 18 | 45 | .42 75 — 1CIONTR2ZZKI00E | Z200pF | .18 | A7 | .14 | .11 75 — 1C10ZSU223MI00B | 22000pF [ 18 | 15 | 13 | .10
75 — 1C10C0GATOJ00B | 47pF | 21| 8 | 45 | .42 TS — 1CIONTRA3ZK100E | 2300pF | 18 | A7 | .14 | .11 75 — 1C10ZSU3IIMI00B| 33000pF 19 | 18 | 14 | .11
75 — 1C10C0GI01J1008 | 100pF | .21 [ 18 | 45 | .42 75 — 1CI0TRATZK100B | 4700pF | .20 | A7 | 15 | 12 75 — 1C10Z5U4T IMI00B | ATODOPF | 16 | 14 | 11 | .09
75 — 1610062211008 |220pF | 21| a8 | 45 | 42 75 — 1CIOXTRADIK100B | 10000pF | 15 | 13 | .11 | .09 75 — 1C10ZSUA04MI00B |1 00000pF 19 | 16 | 44 [ .11




Capacitor Types: Ceramic ( Y5V )

Most common
Even higher dielectric constant
Huge temperature coefficient (+22%/-82%)

e Classic bypass/decoupling caps

e 0.01 pF to 22 pukF+

e Generally +80%/-20% initial tolerance

e !l Undesirable behavior under DC bias !



Ceramic Capacitor EIA Codes

Letter (low temp) Digit (high temp) Letter (change)

X=-55°C (-67 °F) 2= +45 °C (+113 °F) |D=+3.3%

Y=-30°C (-22 °F) 4= +65 °C (+149 °F) |E= 4 T%

Z= 410 °C (+50 °F) | 5= 485 °C (#185 °F) |F= 47 5%
6=+105 °C (+221 °F) | P= £10%

=+126 °C (+257 °F) | R=115%

g=+150 °C (+302 °F) 5= £22%

T= 422 to —33%
= +22 to —56%

V= +22 to —82%




B DIMENSIONS {mm), CAPACITANCE RANGES (pF)

Stralght
B0 max

3.0 max

ol max.

% [ J “Ceramic Disc”
@i _l_

— 15 |

Formesd
3.0 max

Wiorking woltage (W), Tempsrature Costiclent; Capacitance Range (pF)
Cim=nsions 50 and 100 500
oD jmm | LS imm) YEP Z5L Z5V YEP Z51
5 ZEE0 200 ~ 2204 10060 ~ SO0 1000 ~ 10000 150 ~ 270 1000 ~ 2206
B ZEED 2700 ~ 3000 EB00 ~ &200 - - 240 ~ 1200 2700~ 3900
7.5 ZEED 3200 ~ 2000 10000 20000 ~ 22000 1580 ~ 200 - -
B.5 ZEED 4700 ~ S/00 - - - -- - 22080 ~ 2708 4700 ~ 5008
8.5 ED BSO0 ~ B200 - -- -- - 3000 ~ 3300 EAO0 ~ §200
10.5 E.0 10000 205000 ~ Z200 -- - 2800 10668
145 9.5 33000 ~ 100,000
Bl TYPICAL TEMPERATURE CHARACTERISTICS
Y5P Faly Z5U
+ +20 +20
5-95- a = o = = 0 -
0 -1 —1- £ / \\ il /]
iy =20 ¢y =20
5 S 4 G 40 ’
41 q f.-' dq ]
60 60
P =]
B0 -80
20 0 B0 B0
Tamperature (“C) 20 0 20 40 BO BOD 20 0 20 40 B0 BD
Temparatrs (i) Tempsraturs | )



CERAMIC CHIP/STANDARD

FEATURES
¢ COG (MPO), X7R, X5R, 25U and Y5V Diglectrics * Tape and reel packaging per El&431-1. (Seo page
« 10,16, 25, 50, 100 and 200 Valts 59 for specific tape and resl information.) Bulk
¢ Standard End Metalization: Tin-plate over nickel Cassatte packaging (0402, 0603, 0805 only) per
barrier [ECE0286-6 and EIAJ 7201,

Available Capacitance Tolerances: £0.10 pF; £0.25
pF: £0.5 pF; £1%; +2%; £5%; +10%; +20%; and

+A0%-20%,
CAPACITOR OUTLINE DRAWINGS
TIM PLATE
B
MICKEL PLATE
ELECTRODES— CONDUCTIVE
METALLIZATION
CAPACITOR ORDERING INFORMATION (Standard Chips - For
CERAMIC T —I_— END METALLIZATION
SIZE CODE C-Standard
SPECIFICATION t (Tin-plated nickel barrer)
- Standard FAILURE RATE LEVEL
CAPACITANCE CODE A- Mot Applicable
Erpressad in Picofarads (pF)
First two digite represent significant figures. L TEMPERATURE CHARACTERISTIC
Third digit specifies number of zeros. (Use 9 ch D“SE”@I_M by GE‘“S“"“
far 1.0 through 9.9pF. Usa 8 for 0.5 through 0.99pF) ANgs Lvar emparatirg Rangs
) G — COG (NPO) (£30 PPMAC)
(Erample: 2.2pF = 229 or 0.50 pF = 508) R - X7R (£15%) (-55°C + 125°C)
CAPACITANCE TOLERANCE P_X5R (+15%) L55°C + BS°C)
B-2010pF J —+5% U - Z5U (+22%, -56%) (+10°C + B5°C)
C-+025pF K -+10% V- AW (4220, -B2%) (-30°C + BEUC)
D- t0.5pF M- +20% VOLTAGE
F-x1% P —{GhY) — special order only 1 =100V 3-258V

G- +2% Z —+80%, -20% 2 - 200 4 - 16V
5-50V a-10V
* Part Number Example: COE0SC103KSRAC (14 digits - no spaces) 9 - 5.ay



Electrolytic

e The dielectric is a very thin layer of oxide
grown chemically on an electrode (0.01 um)

e Electrolyte solution serves as the second
electrode

e Effect is a very high density
e Can be non-polarized or polarized

e Polarized — small reverse voltage causes
oxide breakdown —»

e Reduction in effective capacitance realized
as working voltage is approached




Aluminum Electrolytic

e Uses a wet electrolyte (prone to dry out,
need for venting)

e Anodes are etched to provide greater
surface area (to increase capacitance)

e Relatively short lifetime (3 to 20 years)
e Values range from (0.1 puF to several F)
e High voltage ranges available (> 400 V)
e Relatively slow response time (ns)



ALUMINUM ELECTROLYTIC CAPACITORS

:I:I.lt'.-l"l.ll.:ﬂ-l'l.

Chip Type, Low Imped 7,
UubD.. "™ a4 o
sarks

T R Low bt dehidchoass
Faph -y

# Chip type, low Impedancs tampsralurs rangs up to +105%C.
sDaslgned Tor surface mounting on high density PG board.
# Applicabls bo automatic mounting machine using carrier taps.

(0D )mmmee

g8¢

B p=cifications
Ibem Perlformancs Characlkedslics
Cabegory Tempenaune Range | =55 - +105%C
Fated Vollage Fanga 6.3 - 50
Faled Capacilance Rangs 1= 15EpF

Capacllancs Tolerance

+ 20 mt 120Hz, 200




Tantalum Electrolytic

e Uses a dry electrolyte (longer lifetime)
e Extremely thin dielectric

e High capacitance with smaller form factor
than aluminum electrolytic capacitors

e Values range from 0.047 puF to 330 pF
e Lower voltage ranges (50 V max)
e OK frequency response (100 ps)

e MOST types have — over-design
or avoid use In high-reliability applications



Dipped Tantalums

CAPACITOR OUTLINE DRAWINGS
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TACmicrochip™
Standard Microchip

TAV/X

<

The world's smallest surface  mount
Tantalum capacitor, small enough 1o
create space providing room for ideas
o Qnciv,

TaCmicrechip™ s a major breakthrough
in miniatunzation without reduction in
pErformance,

It offers wou the highest enerdgy store
in an 0603 or 0805 case siFe; enhancedd
high frequency operation through unigue
ESR perfonmance with tempsrature ard
valtage stability,

CASE DIMENSIONS: millimeters (inches)

L | ELA El& I . Termnination | Termination | Average
Code| oode| Metric| Lenothily | Width &) | Height(H) | oo sy | Length Lty | Mass
1.00 +0.20 0.50 .20 0.50 0,20
K | o4me |1005-05 -n.oo -n.09 D001 40 min, k) 2.0mg
'lD jn.03e *goee ) | (ouozo 4 oee ) [ioczo Yo 50 ) f0.004)
+025 +0.20 0020
- POLARITY BAND MOT TO L | osoe |1e0sas| U -0z 9% ain | 9% -0io QLS min, (0.008) B.6m
EXCEED CEITEH‘ LINE j0.083 fE’?',....!E'] j0.033 fg}:iﬁ:l 0.033 f&ﬁj L) g
[ 2.00 +020 135 0% | 435 00
R | osos |zo12-12 N B 010 | s min, na= 28.9mg
j"_ 0.078 *2212y | (.053 “nces ) | .03 *2228) (0.00g)
3.2040.20 1.60+0.20 | 1.60+0.20 . 015
f—s— Lt |— |—w— A | 1208 | 321818 1o oaun008) | (0.06340.002) | (0.063<0.008) | 200 Min. p.oom | M4
HOW TO ORDER
TAC L 226 M 004 R -
Type Case Code Capacitance Code Tolerance  Rated DC Voltage Packagi Additional
TACmicmchip™  0do2=K pF code: 15t two digits Ki=t10% o02=2Vdo [z table bebow) characters m
0E0E=L repreeant signfficart figurss,  M=20% '3‘:'3=5“,|'::£ be add for special
nais=R ard dligit mpresents multipler %g:é ek rauiremeants
120E=A, inurner of zeros 1o fllow) O i O
il B8N G

Darlraninm Sffiv



Comparison Chart

Film
Capacitance 4.7pF-477uF
Precision (typ) +/- 5%
Stability (temp) Good
Leakage Very low
Voltages < 500
Cost $.25-5.00
Available SMT \ (o)
Polarized \ [o)

Lifetime 100y

Ceramic
1pF-10uF
+/- 10%
Good-OK
Low

< 100
$.05-1.00
Yes

|\ [o)

50y

Electrolytic
0.1uF-10000uF
+/- 20%

(0) ¢

Low

< 50
$.20-10.00

Yes (small C)
Yes

S5y



Miscellaneous

e Dielectrics such as glass, mica, porcelain,
gas or vacuum

e Typically used in niche applications that
need very specific electrical characteristic
at potentially exotic ranges

e Most commonly used in (very) high
frequency applications



Resistors

e Surface mount (0603, 0805, 1206) and
through-hole (axial)

e Come in “packs” for busses, etc. (SOIC,
DIP, SIP)

e Three main types
— carbon film
— thin film
— metal film

e Specified by value, power, tolerance
working voltage, temperature coefficient



Resistors (cont.)

e Power: P=1V

— calculated power should not exceed rated
power

e Temperature coefficient PPM/°C

— change in resistance versus change in
temperature

e Tolerance

— deviation of initial value from that specified
e Working voltage

— maximum voltage across part



Resistors (cont.)

e Carbon Film (Thick Film)
— cheap, 5%~10% tolerance
— higher temp coefficient (1000 ppm/°C+)
— poor mechanical characteristics
e Thin film
— better tolerance, temp coefficient
e Metal film
— $$9, tolerances 1.0% ~ 0.01%
—temp coefficient down to 25 ppm/°C
— good mechanical properties



XICON 0603, 0805, 1206 - 5% SMD Film Resistors Cicord

THICK FILM

I Resistor Pricing |
Features: * Innar akecirods protaction Common Specification: | , Resistone croersd In kote of 1 el par valus can be combined with the sams stock
* High puity aluming substrats = Encallant mecharical sangth * Temperaturs coamcent: | i numbes range for lowar prics. Annual price agresments ae aleo avalable. Call any
® wigve of Nlow solderakle = Excallant slachical slability 1000 and bekow: +5300ppm |“ Moussr Senvics Represanialive.
& Wiap around termination + High quality thick fim element 11052 ko 470 KE: 2300ppMm i
» Excallent high fequency characlistes + Slable high frequency chamcklsies SA0KD o 33M0: $500ppm W
* Tight lemperalurs coafickant reslstancs * Redused bad nduclanca JEM b 10 MG £1000ppm TR avallabis In ;_'_7

— —

ZZAPT

- S 2m . i 305
0603 Case Style Spacifications: S 0505 Case Style Specifications: [ — 1206 Casea Style Specifications: N
* Rabed powar: 116W ¥ = Rated power 1A10W ¥ * Fatad powsr: 1 8W T
* Max woring vollage: 50V DG a8 * Aezlslancs kle@nce: +5% . * Fedistance olkerancs: 15% 152
* Mas ovaricad vollage: 100V DG ) * M working voltsge: 100V DG : * B working vollage: 200V DC
* Cperaling lemparalure rangs: { * Max overlcad vollage: 200V DO ] * pax overbad vollags: 200V 0o _L
455°C to +125°C * Dpeabng emparshirs: 5570 o +125°C * Dpsrating emperahee: 55°C o H25°C
DIMENSIONS (mim) DIMENSIONS (mm) DIMENSIONS {mm)
TABLE OF STOCKED VALUES
i 18 386 &8 13 27 51 100 200 380 750 1.5K 3K 5.6K 1K 22K 43K B2K 160K 330K G20K 12M 24M 47M SOM
10 20 38 75 15 30 56 110 220 430 820 1.6k 3.3K 6.2K 12K 24K 47K 1K 180K 360K BROK 13M 27M 51M  10M
1.1 22 43 B2 16 33 62 120 240 470 910 1.BK 36K 6.8K 13K 2TH 5K 100K 200K 380K TEOK 15M  3M 5.6M
1.2 24 47 841 18 36 &8 130 270 510 1K 2K 30K 7.5K 15K 30K 56K 110K 220K 430K B20K 16M  33M  62M
1.3 27 54 10 20 39 75 150 300 580 11K 22K 4 3K 8.2K 16K 33K 62K 120K 240K 470K 010K 1BM  36M  GBM
1.5 30 58 11 22 43 82 160 330 620 12K 24K 4. TH 21K 18K 36K GBK 130K 270K 510K M 2M 3.9M  7.5M
16 33 6.2 12 24 47 a1 180 360 6a0 13K 27K 5.1K 10K 20K 30K THK 150K, 300K 560K 1.1 22M 43M BZEM
o Bulk Packs Park packed on SMD taps. Tape and Rael
5?;; MOUSER Price Per Valua Rasal Price Each
STOCK NO. 1 100 1000 City. 5000 10000 50000 100000
0603 301-Value a1 019 009 5000 D08 00T D08 005
0805 260-Value A8 015 007 5000 05 004 03 003
1206 263-Value A8 015 007 5000 A0S 004 003 003

Recommend use of Type 1206 for our applications




Resistors (cont.)

e Current sensing resistors
— VERY LOW resistance (0.005 Q)

— often four-terminal device “Kelvin
connected”

— often very expensive — hard to make low
resistance to atight tolerance

e R-packs
— “bussed” and “isolated” types

—watch total package power dissipation if
using for LED current limit

e Power resistors
—anything over ~1W



OHMITE 1% Wire Element Resistors - 2, 3 and 5 OHMITE

10 SERIES LO-MITE MOLDED SILICONE

SFIEGITIIZEIZII:IHB: Faaturas: i Ir..--’ ",
* O load: B dmas rated wattage ke 5 ssoonds ® kol o cumantsanaing appllcaton AT i ] L 1
* Dialactk: withstand ing votage: 1000 * Low Indictanag o inducte balow 2540 | | '\uj
ke 3 amt W, 8000 be 2W
& T mparatung range: -BEC 2TENC
- 1EER | L > el
Dimenslons (IM) | Laad
Viama .
il al | Gauge
2 A | oad 20
g % % %g 3 Watts For quantitiss of 2000 and up. call for quots
- - MOUSER | \ue Price Each 5 Walts For quantiiss of 2003 and wp. call for quoks.
2 Watts For quantities of 2000 and up, call for guots. STOCKND. | (%) | 1 | 10 [ 100 | 290 | 500 (1000 MOUSER | Vale Price Each
| Price Each 588-12FRO0S | 0.005| 1.55 | 1.40] 1.24 | 118 1.44] 1.1 STOCKNG. | i) | 1 | 10 | 100 | 250 | 500 |1000
STOCKMS. | i [ 1 | 10 1100 | 250 | 500 [1000 SEE-T2FROID | 000 1,46 (130 197 (110 1.0 { 1.04 SeE-15FR00S | 0S| 188 [1.67 [ 1.48 [ 1.9 [1.28 (132
e = v D B RSN R R LA R A R E 58.19FR026 | 0.005) 1.40 | 1.28| 142 | .06 1.08| 1.1 g i e el Il B el Bl M e
- . . . . . . . Sea- . . . . . . 52E-15FRO20 | 0.020]1.79 [1.61|1.43 (124 121 [1.28
S2E-12FR0ID (0010 [ 1.56 [ 1.41 [1.28 [1.47 [ 105 [ 102 SRE-12FROSD | 00501 1.38 11.24| 1,10 ) 104 1.08 ] 1.04 S2E-15FR02S | 0028 [ 1.79 [ 161 [ 1.43 [1.24 (1.1 [1.28
SER-1ZFRO20 (0020 | 1.56 [1.41 [1.25 | 147 | 145 | 112 SR8-12FROTO | 00T 1.55 | 1.40( 1.24 | 148 144 1.1 cep-15FR0s0 | ooso|4.75 [ 152 1.40 | 1.21 |1.21 [1.28
SER-1ZFRO23 (0025 1.54 (129 [1.23 [ 146 [1.44 1.1 SR8-12FRO8D | 008l 1.55 | 1.40( 1.24 | 118 144 1.1 cep-15FR0an | ocan|4.72 165 1.20 |1.29 |1.27 |1.24
SER-1ZFROS0 [0.0S0 ] 1.45 (1.3 (146 | 1.00 | 1.07 | 1.04 SE8-12FR10D | 0403 1.55 [ 1.40( 1.24 | 148) 1.44 | 1.1 sep-15FRim | o100|4.72 165 1.20 | 1.29 |1.27 |1.24
520-12FR0D 0000 [ 1.56 [ 1.41 [1.285 [1.47 [ 105 [ 102 SRE-12FR1ED | 050( 1.55 | 1.40( 1.24 | 16| 104 1.1 S2E-15FR200 | 0.200(1.72 [1.55 [ 1.20 [1.29 [1.27 [1.24
SER-1ZFRACD (0900 | 1.70 [ 1.53 [1.36 | 1.28 | 1.26 | 1.23 SR8-12FR20D | 0203 1.55 [ 1.40( 1.24 | 118 144 1.1 cep-15FR2s0 | o2sol4.72 165 1.20 | 1.29 |1.27 |1.24
-4

Codod g 5 1, Fsbaairy - Aprll 008
Tinpariai SO0 Rraner ﬂmtl

o
i
i
i



2% SIP CONFORMAL COATED RESISTOR NETWORKS DIMENSIONS (mm)

4600X SERIES Mo.olPire | & g 10
Spechications: Features: “L* Max (mm) | 15.18 | 20.27 | 2525 2.4 max.
# Sandard reslslance range: 0o 1 kG # Cparaldng wollage: 100D ma. # Low profle | compatbke wih dps
# Alandard recldtancs ideranoe: S00-5MEG 2% & Ineulalon resklancs: 10,000k min # Armmo-pak packeging avalable 5.0 miid.
AQm1 0] * Rmlslor Tderance: 10 ohms by 40 = Rocommended bor rmain fu, ard
# Operaling lempenalure ange: S5°C 0 +126°%C  gymgeosd ohm, 50 obmslo & scdven] akean of ro dlean i procees Table of Stocked Values {(2) 43461
» Tampsralung oosiicken] of nes ke lanoe: MRhmE = 43 = 1K A3k
+100PPM™C: (<5000 = + 25 0ppmAC) o7 12K 20K 23 §1ad0 _I_
=3 15K A7K * 254 05
&= 1.8 ShK,
For quantiies of 2,000 and up, call for quoba. 47 o4 Ak
MOUSER £y, PSS Dlssipsiion (W © 70°C) | Mo of | Mo, o Price Each s ggﬁ ‘fﬁg‘: N
. . .
STOCK NO. Per Circuit | Total Pl Max. | 02 | PSR 0y | 40 | 200 | s00 | 1000 = 22K 120K Ly
B52-4606X-101-Value | A 20 75 & | 5 | 18| a7 | A5 | A3 | 11 o s 150K
B52-2602X-101-Value | & 20 1.00 ] 7ol za| oz | ae | a7 | a4 =0 pae a0k
B52-481 0-101-Value | & 20 1.25 w | e | 20| 2a| 22| 20 [ a7 50 . e Il |
For quantities of 2000 and up, call Tor quots. ?g 'ﬁf 230K
MOUSER Fig Powar Dissipaton (W @ 7001 | o of | Mo, of Frice Each gg EE ATOH L
STOCK NO. Per Circuit | Total Py, Mae | FINS | BE2 05 T o | 200 [ s00 | 1000 et b -
B52-480EX-102-Value | B a0 75 & a Ag | oar | as | a3 [ 1 EAD 20K B20K,
B52-480EX-102-Value | B a0 1.00 8 4 23| 2| Ae | a7 | a4 A 2ok M 1T F 3 4 -
B52-461 0X-102-Value | B ElL 125 | s 20 | 24| 22| 20 | a7 €20 27K

5 Copuriaht 2308 Hoawer Hadrrics 1 Coptd S M Eocrordca
www.mouser.com/bourns w (800) 346-6873 409



XICON 5% Cement Power Resistors - 5, 7, 10, 15 and 25

VERTICAL MOUNT - DIMENSIONS (mm} AXIAL MOUNT DIMENSIONS: {mm)
Features: Specifications: Featuras: Specifications:
* Erxcapfonally emall, slurdy, and raiakia * Toemnoa: 5% * Exvamely smal and sunly  # Tanperatre coeficen: £350 Watts | L W|H
* Sealed witha spacial cement * Temparalure coallciant: * Machanioaly sale & Tdemaca: 25% 5|21 9
* Exoalant masiure resstance N5 0npn T ma _ 70 185 275 * Satexingushing * Cperating lemperatrs: i0 (40|10 @
® High lemparatime stakility <2000 +A00pET £ 100 I * Expalan fame and -E0 T b 4200°0 15 | 48 [12.5(11.5
* Camrmic lame relardan] package g A 7 1 Fndishune resistand e 25 | 64 |14.5/13.5
A {+02-05) 3% | I+ | = M-E]-Jr 4
4 : & 0 5 - H
121'5 ............. -li-5 1 E E 20 ] I - l 'l-ICICI i e m—] 3 i |- -l-l'l'nl' I-:r
. i ER g oL L] TABLE OF STOCKED VALUES
L—]s1 - =51 |- " Aembien Tmperasre (€) 01 04 1 24 51 12 27 62 180 350 680 1.6K 47K
(5 leads centened Sernmem baad space. TW and 10W are alisal) 015 05 1.1 27 56 13 30 68 180 380 TED 18K 50K
0.2 0.51 1.2 3.0 62 15 a3 75 200 380 B20 20K 10K
022 05 13 33 68 16 36 82 220 430 910 22K 20K
ues 027 06 15 36 75 18 33 91 240 470 10K 24K 25K
Table of Val in Q2 for PRM Series 03 06 16 39 B2 20 43 100 250 500 10K 27K
a.1 068 6.8 20 100 1K 033 075 18 40 91 22 47 120 270 510 12K 30K
0.3 1 10 47 150 2K 03 082 20 4.7 10 24 50 130 300 560 13K 33K
0.47 3 15 K GBD 10K 043 0891 2.2 5.0 i1 25 56 150 330 620 15K 38K
For quantitlas 25000 and up, call for quats.
For quantities 1,000 and up, call for quote, Price Each
] . MOUSER Ranga o rice kac
Rasistanca Ran Price Each Walls
S#ggI%EHHﬂ. Wals Lanfi: Emm} == STOCK NO. vales () [ 1 | 10 | 100 | 500 | 1000 | 5000 [10,000
Wirswound | Powsr Fim | 1 | 10 | 100 | 500 280-CH5Value 5 il 25K | 38| B2 | 24 | 21 | a7 | a2 | .11
280-PAMS-Valus | 5 25 010470 | 480-100k | 36| a1 23| a9 280-CH10-Value 10 Ao 25K 55| 47 | 35 | 27| 24 | 20 | 18
280-PRM7-Value | 7 33 0.10-6800 6810-200KL| 51| 41 31| .28 280 CR1 5-Value i5 | i0wioK | 63| 57| 47 | 33 | 28 | 20 | Call
280-PRM10-Valus| 10 50 0.10-9100 [9110-200K0 ) &8 ) 54 42| 37 zag-CR25-Value | 25 | 2o0wqi0K [ 100 | o0 | &2 | 58 | 48 | 34 | Call
Catalyg a5z Fibnﬂry-a‘:dlillff - - Cataiog #21, Fabuary - Apdl 2008
nc.:p-.ﬂgt 05 Mo Eacimics M 0 U S E H @lopyight A0S Wi Ectiaricn
WwWw.mouser.com [=°s £ TS mTE s (800) 346-6873 427




Inductors

e Not all inductors are created equal
— Wire gauge
— core type (permeability / saturation)
e Parameters to watch
— ESR (from wire gauge)
— maximum current (from core material)

e Ferrite beads are NOT inductors



e Specified by value, tolerance, ESR,

maximum current and (sometimes) Q

(4 BACK NEXT b
FASTRON Chokes and Coils

FASTRON EPOXY CONFORMAL COATED CHOKES DIMENS KZNS (IN.)

These chokie colkiare UL reoornitzed and leature an nduckanoe of 0018 i bo 1000pH, o pable of handing cumank
Trom SEm b0 138 ampa. They ame mone econcmkal tham moded chokea ard requing nio mons boand spaos than a
15 wall akilor. Tape and real. amimo pack, and lommed ledds ane avallab ke upon redqueal

ZEZ
w14 oolbor o ocked N |

» Oipraling lempom s IS dimadlc calogory: m = 192 Max
S5RI58E; DIN limack calegery: FKF: - i
76

5 0 125°C, hum iy aisgory F =

Miniature Choke Coils For quantities of 2000 and up. call for quota o .
MOUSER L Tal o | Test | Res | DCR | Bax DG Frice Each Miniature Choke Coils {cont.) For quantities of 2000 and up. call for quobs.
. | Freg | Frag. | BMas | Cureant Test | Res. | DCR | Max DG Price Each
STOCKNO.| (uH) | % | Min | oz | sanzy | ey | may | 1 [ 100 [ 00 [1000 | mousER ( L Tl [ © Mo | Curam

2 | Freq. | Freg. | M _
252 |80 | 13| t@o | 20| 13| 40| on| [orocR NS H) | % | MR ) gz) | rzy| () | gma) | 1 [ 100 | 500 1000
252 |40 | oe| @0 | 20| A3| a0| 09| [soa2zd100 | 1@ | =5 2ma| 14 | o@1| @m0 | 20| 43| 40| 00

434-22-R15 | 015 +1(1
434-22-R22 | 022 +11)

434-22-R2T | 027 +11 252 | 380 7 10 20 A3 0| 08 434-22-220 2 +5 252 12 a8 qA5 20 A3 0| o8
434-22-R3% | 038 +10) 2582 | 3040 i e TEa 20 A3 a0 oa 43422270 i +5 28 n 1 s 20 A3 a0 08
434-22-RAT | 047 +11 252 | 20 025 TE0 20 A3 0| 08 434-22-230 e} +5 252 10 1.12 a0 20 A3 0| .08
434-22-RE6 | 056 | +10 252 | X0 | 028 LU L B 1 Y L 43422200 | M@ +5 252 a5 1.2 =5 | .20 a3 a0 08
434-22-R62 | 068 +10) 282 | 240 0.4 530 20 A3 a0 oa 43422470 a7 +5 252 | 7 2.4 200 20 A3 a0 08
434-22-RBz | 02 +11 252 | 230 055 500 20 A3 0| 08 434-22-580 58 +5 252 | &4 28 195 20 A3 0| .08
434-22-1R0 1 5 252 | 1ad 025 Lt ] 20 A3 A0 09 434-22-680 il +5 252 | A7 28 185 20 1 A3 0| .08
434-22-1R2 | 12 + TAa&| 170 025 i ] 20 A3 a0 oa 43422220 a +5 252 | A5 a2 175 20 A3 a0 08
434-22-1RS | 15 +5 Taa| 150 03 570 20 A3 0| 08 43422100 | 100 +5 252 | 53 as 170 20 A3 0| .08
434-22-1R2 | 14 +5 TAg| 130 | Qa3 540 | .20 A3 0| .08 43422421 | 120 +5 ara | & aa 160 20 [ A3 a0 0@
434-22-2R2 | 22 +5 TA&| 120 | 035 G2 | 20| a3 a0 .08 43422151 | 150 +5 ara | 48 | 43 150 20 [ A3 0| .08
434-22-2AT7 | 27 +5 Taa|l 10 04 A0 20 A3 0| 08 43422101 | 180 +5 ara | 42 53 135 20 A3 0| .08
434-22-2R2 a4 +5 Ta&| 1a & 420 20 A3 n [ a8 4342221 2 th a7a a8 5.4 130 20 A3 A0 .08

434-22-2R% | 39 +5
434-22-4RAT | AT +5

TA&| 100 055 400 200 3 a0 0a 43422271 | 270 +5
Taa| ao 065 340 20 A3 0| .08 43422231 | 330 +5

ara | az 7.8 115 20 43 a0 08
ara | a ar 105 20 A3 0| .08

EREEAELR LR RRRERRERERR
EREERREREREREERRRRREREREER

434-22-5RG | 546 +5 Ta§a| 75 1.3 260 20 A3 0| 08 43422201 | 330 +5 ara | 27 |In o5 20 A3 0| .08
c 434-22-6R2 | 64 + Ta&a| To 1.45 50 200 13 0| o8 43422471 | 470 +5 ara | 23 |12 ad 20 A3 a0 .08
E 434-22-BR2 | A2 +5 Ta&| &5 1.8 240 20 A3 0| .08 434-22-581 | 560 +5 ara | 22 |1&s Ta 20 A3 0| .08
=] 434-22-100 11 + Tada| &0 1.7 230 20 A3 0| 08 4ad-22-681 | Ga0 +5 ara | 2 22 G5 20 A3 0| .08
i 434-22-120 12 5 252 50 2.4 190 200 A3 A0 09 4a4-2z2-221 | 420 +5 ara 14 |25 &0 20 A3 10| .08
E 434-22-150 4 + 252] 45 a7 145 20 ) A3f A0 04 434-22-102 | 1004 +5 ara 1.5 133 55 20 ) A3 0] .09




Module 6 Flashback...

High Efficiency Step-Down Converter LTC1174-5 Efficiency

- LBy SHUTDOWN
— LBqy7 Vour

; S
1174-5
GND SH 18

EFACIEMCY (%)

* (3) AVX TPSD156K25
** AVX TPSD107K010 0 . pr—
f COILTRONICS CTX100-4 OAD CURRENT (mar

100 pH inductors come in many shapes, sizes, and
current ratings — choose carefully, and have parts
IN HAND before starting your PCB layoui!




Diodes

e Silicon

— general purpose rectifier (bulk AC
rectifier)

—can be slow due to junction capacitance
e Germanium

— high-frequency, typically RF, V¢ ~0.3
e Schottky

—low Vg, typically fast switching time

—typically low Vg, may be hard to find
combination of Vg, Ig, Vg, tgg, COSt Nneeded

e Zener
—designed to have a specific Vg



Module 5 Flashback...

Switching A.C. Loads

Note: must
be CMOS

Interrupt
device flag

What'’s this? A bridge rectifier (can be constructed
using discreie diodes or bridge rectifier rnodule)




General-purpose diodes (switching, power supply)

VISHAY Rectifiers

8
e (£ e
w
go
="
o]
Q
- =1
S =]
[+]
DO-21344 DO-204AL =
Do -21288 O 214B4 D-Z14AC [1=lem k| Do -21484 DO-Z14AE Do AD FE0D Deo-D04AC DO-15) 1]
VISHAY STANDARD SILICON VISHAY FAST RECOVERY
For quantities of 2000 and up, call for quots. For quariities of 2000 and up, call for quote. =,
| IFM Price Each IF Price Each W
MOUSER visnay | | PRV | AR MOUSER ishay g | PRV gy <
STOCK NO. . M| Al 1 | 100 | soo | 1000 STOCK NO. : M| A 1 | 1o | so0 | 1000
0.5 Amp - Surfacs Mount 1.0 Amp - Thru-Hole 2
B25-GLIIA GLMAE | A 50 | 10 | @ | 95 | A0 | = F25-1H4533 T [ O @ | B0 | 05 | G | 0B [ 02 | ¢n
B25-GL34B glaeE | A 1o | 10 [ 24| a5 | a0 |.me B25-1H4534 N4eadr | o | 100 | 200 | 05 [ ooe | oes | oz | g
B25-GL34D Gl | A | zoo | 10 | 24| 95 | a0 |ms B25- 14535 st | 0| 200 | 20 | 05 | 034 | 023 | 02 | g
B25-GLIAG Glaawaz | A | 40 | 10 [ 24 | 35 | A0 | oee B25-1H 4236 izaen [ D | 400 | 200 | 05 | oo | e | oz | 3,
B25-GLILI olzaize | a| soo | w0 | 2a ] 95 | a0 | pee E25 14537 tamaril | o | eoo | oo0 | w5 | oma [ oea | a2 | B
= Mouni = -
E25-GFIA GFIAMT | B ] &0 | 20 | 21| 48 | 4z | £25-GI850 GIEs0 T = = [ = [ [ [ 3
£25-1HB4TS edTezs | A | s0 | 20 | 20 | 43 | ez |lom2 £25-GIES1 GIES 11 G| wo [ 2o | 27 |ar [0 || @
825514 siaeP | c| so | a0 | 14 | wes | 055 |oae B25-GI852 GlEs2 G| 200 [ 2o | 27 [a7 | m | 0| £
#25GF1B GFIBNT [ B 1o [ a0 | ;| a9 | a2 | B25-G1854 GBS G| a0 [ 2o | 27 [a7 | m | 0| 0
#25-1HB4TS NgdT@zs | A | to0 | a0 | 20 | 93 | ez |onz B25-GIB5H GIBSE G| eoo | poo | 37 (a7 [ | o7 | =
£25-51B SiBNMT [ c| 1o [ 20 | Ja | loes | .oss | nae 5.0 Amp - Thii-Hole o
825-GFID @FD7 | B[ 20 [ a0 | 31 | 9 [ 2 | E25-GIRZI e Al &0 | o | & [ & |2 | & | »
£25-1HB400 iNgdsoes | A | 200 | 20 | 20 | g3 | ez |omz F25-GIOZ1 GlEai Hf o0 |00 | &7 [ @ | = |
£25-51D sipeP | o 20 | a0 | 14 | wes | 055 | oae £25-Glez2 Glezz H| 200 | 00 | 87 [ @1 [ | e
§25-GF1G GFie17 | B | 4o | a0 | 31 | 48 | 2 | £25-Glez4 GlEad H| a0 | ao0 | 87 [ @1 [ | e
#25-1HG481 gdgiizs | A | 400 | a0 | 20 | g3 | oe2 |.om2 B25-G1028 GIE2E H| eoo | o0 | &7 [0 [z | 24
825-51G siweP | o | #o0 | a0 | 18 | @5 | 055 | pas B25-G1828 GlEzE/ Hl o0 | 500 | a7 |1 |28 | 24
B25-GF1 GFiwty [ B ew [ a0 | ;| g9 | a2 |
gggé’:g-ﬂ? 1%%35 g g % -123 '335 -ggg g?é VISHAY FAST RECOVERY GLASS PASSIVATED
o a ol E 4
B25-GFIK GFikAT [ B s [ 20 | a1 | a9 | 4z | P g T Tl quantiies o1 2000 and up. call Tof ok,
£25-1HB403 pdsxes | A | so0 | 20 | 20 | 43 | ez |72 :
Az etk ciker | e | oo | an | 14 | oes | oss | pas BZ5-TH4039GP | TNA@EmGPi | O | 50 | 200 | 10 | 62 | 04 | 038
25 GFIM crimrr | el om | a0 | a1 | 38 | 2 | B25-1H4824GF | iNdeaacRi | D[ 0 | 200 | do | oez | oan | oos
E25AHB4A4 medagas | A | taea | an | e | 13 | oee | ore 625-1H4835GF | NdeasaRi | D [ 20 | 200 | o | losz | o4a | 0as
IFeeir i et o Lan 190 | e ] nee [ | 625-1H4820GF | NdeeeGRi | D [ 4w | 200 | o | losz | o4a | 0as
— B25-1M4037GP | Ndearard | D | em | 200 | a0 | ez | o043 | oos
1.0 Amp - Thiu-Hola
B25-1HA00T 0T | O | 50 | 20 | 08 | @6 | 017 | 018
825-1H4002 1Nz o o | 20 | a4 | @s | T | oid VISHAY ULTRA FAST Far quantities 12000 and up, call far quats,
£25-1H4003 igoozn | D 200 | a0 | s | loes [ 017 [ lma 58 Arap - Enfiace Mioisi
#25-1H4004 4oosn | D oo | a0 | s | loes [ 017 [lma S Amp = i L.
#25-1H4005 ia0sn | D | soo | a0 | oe | e | 017 ;s : (o
: B25-EGLIE EclzEaz A [ doo [ a0 | a8 [ 41 [ o7 | loes
#25-1H4008 iaoen | D | eoo | a0 | os | s [ 017 ;s :
faeand0nT ard | ol sm | 30 | bs | G | w | oie B25-EGLIC Esladcaz A [ 10 [ o | e [ a1 [ or7 | loss
. . - — B25-EGLI4D Eclapaz A [ 200 [ w0 | e [ a1 [ o7 | loss
" - 25-EGLIF Eclaraz (A [ a0 [ o | e [ 1 [ o077 | oes
B25-51A E2A72 E[] &0 | &0 | 22 | .14 | .6 | .07 :
e e El o | 2 | 32| G1 | hes | ey 625 EGLIAG Eclacm | Al eo | 10 | | [ .orr | aes
Soeean sare El 2o | 22| 2| 12| me o BZ5-BYMIZ50 | BYMIZ5028 | A | 50 | a0 | 49 | 11 | 079 | 067
551G s2ae E| 40 | =0 [ 22| a4 | wes |77 : . ¥
: B25-EGF1A EGF1ATT- | B | a0 | a0 |28 | a7 | a2 | 10
825524 s2.8 E| s | =0 [ 22| a4 | o |07 : . ;
: BE5-EGLAIA Eclaiads | A [ 50 [ a0 | a5 [ a0 [ ovz | oer
B25-51K 52Kz E| s | =0 [ 22| a4 | o8 | .07 : . ¥
B25-5IM s2mz E] 1o | s [ 32 | g4 | oes | .07 Bes-ESIA ESIAZIT [ C) 50 ) a0 ) .13 10 ) 070 | 08s
T BE5-US 1A ustamt [ o | a0 | a0 | a9 | Az | e | oes




Bridge Rectifiers

MNEXT »
E DIODES INC. Leaded Rectifiers
Bridge Rectifiers For quantities of B30 and up, oal for quots.
MOUSER Dlodes Inc. Packsgs Rectifying YRFM WAe S Oparating Prica Each

STOCK MO, Part Ha. Cument (A} {Max) Cument (A Temperahire 1 10 100 250
&21-DF 1M DFO1M DFM 14 100 &0 AEC b +1S0PC A0 An T 20
&21-DF04M DF DM DFM 14 400 80 AEC b H1S0PC 80 A0 26 20
&21-DF10M DF 101 DFM 14 1000 80 AEC b H1S0PC 80 a4 .48 A0
§21-KBPO4G KBPO4G KEP 1.54 400 40 AEC b HIS0PC 1.22 a7 T4 &5
21-WDdAG WG WG 1.54 400 &0 £EC to H1S0PG A4 52 a9 23
&21-KBP10G KBP10G KEP 1.54 1000 40 AEC b H1S0°C 1.82 1.28 -1 25
E21-WI0G W10G WO 1.54 1000 80 AEC b H1S0°C 72 50 A4 a7
&21-KBP204G KBP204G KEP 2A 400 £S5 AEC b +150°C 1.22 a7 T4 A5
&21-KBP210G KBP210G KEP 2A 1000 £S5 AEC b0 HIS0PC 1.62 1.20 an 25
E21-GBU4D4 GEL404 GEL 4A 400 150 £EC to HIS0PG 1.42 112 86 74
#21-GEU410 G410 &AL 4A 1000 150 AEC b H1S0PC 1.38 1.08 85 T3
§21-GEJE04 GE.JE04 B BA 400 170 AEC b H1S0°C 1.84 1.42 1.12 1.03
E21-GEUE0L GBLROL GBL BA 400 175 AEC b H1S0PC 1.82 1.28 -1 25
§21-GBJE10 GEJETD GEi ik 1000 170 £EC to +150°0 2.05 1.60 1.27 1.15

SL-F3 12202 LM e 114 [ afL! & Lo - R N -+ Wi 1523 ) el S - [N N S A - S -1 T

#21-GE.J004 GBJE04 B aA 400 170 AEC b +150°C 1.04 1.52 1.20 1.08
E21-GEU204 BI04 GBL A 400 200 AEC b H1S0PC 1.48 1.14 a0 -
&21-GEJRID GBJE1 0 B aA 1000 170 AEC b +150°C 2.21 1.72 1.37 1.23
E21-GRUZIO GBI GBL aA 1000 200 A5Gt HISPC 1.70 1.22 1.08 a6
B21-GEJ 1004 GBJ1004 B 104 400 220 £EC b0 H1S0PC 2.02 1.58 1.25 1.18
E21-GELU1004 GO0 GBL 104 400 220 AEC b H1S0PC 2.02 1.58 1.25 1.18
E21-GEJ1010 GBJ1010 @B 104 1000 220 AEC b H1S0PC 2.38 1.85 1.46 1.23
B21-GEU1010 GBLHO0 &AL 104 1000 220 AEC b +H1S0PC 2.30 1.85 1.48 1.29
E21-GBJ 1504 GBJ1504 B 154 400 240 £EC to +150°C 2.21 1.72 1.37 1.23
§21-GBPC1504 GBPC1S04 GEPC 154 400 200 £EC b0 H1S0PC 2.88 2.32 1.88 1.78
E21-GEJI510 GBJ1510 @B 154 1000 240 AEC b H1S0PC 2.48 1.94 1.52 1.29
§21-GBPC1510 GBPCIS10 GRPC 154 1000 200 AEC b H1S0PC 2.22 2.59 210 1.08
E21-GEJ2004 GBJ2004 B 204 400 240 AEC b HIS0PC 2.27 1.77 1.40 1.27
E21-GBJ2010 GEJ2010 B 204 1000 240 £EC to +150°C 2.51 1.96 1.54 1.41
621-GBJ2504 GBJ2504 B 254 400 250 £EC b0 H1S0PC 2.51 1.96 1.54 1.41
§21-GEPC2504 GBPCZE04 GRPC 254 400 200 AEC b H1S0PC 2.80 2.32 1.80 1.78
E21-GEJ2510 GBJ2510 @B 254 1000 250 AEC b H1S0PC 2.35 1.89 1.52 1.43
E21-GBPC2510 GBPCZS10 GRPC 254 1000 200 AEC b +H1S0PC 2.22 2.50 210 1.08
§21-GBPCI504 GBPCEs04 GRPC 254 400 400 £EC to H1S0PC 2.22 2.59 210 1.98
§21-GBPCIS10 GBPCAS10 GRPC 254 1000 400 AEC b H1S0PC 1.57 2.87 2.33 2.18




Module 6 Flashback...

High Efficiency Step-Down Converter LTC1174-5 EHiciency

Vin
- LBy SHUTDOWN
= [0 Vour
~ Irgn W
LTC1174-5

EFACIEMCY (%)

100uF**
1
1174 TAIH

- (3) AVX TPSD1SBK025 )
AR TPSD H7KOT ) I 100 200
| EOILTRENES ETR0 LOAD CLRRENT (m&)

What'’s this? A Schottky Diode!




Module 5 Flashback...

Switching A.C. Loads

Note: must T
be CMOS ﬁ
m Sl ' i
O A /

Interrupt
device flag

1

What'’s this? A 4.7V, 1 W Zener diode!!



VISHAY Zener Diodes

o
& VISHAY
—ZEMER DIODES (CONT.) '
1]
o
o For quantities of 2000 and up, call for quate.
o MOUSER Wshay Caga Mominal Power Test Priee Each
_g STOCK NG, Part Mo. Type Vilage (V) Raling (W) Curment (mA) I ECEEEED
[« J| Thiu-Hole
E G23-1M5260E 1NE2R0BTT D25 42 a5 a0 06 023 227 022
TE-1N32E06 1NZ230B-TR Dio-25 43 a5 a0 .04 024 T 14
A25-1N52E61B 1NE231BDT D25 47 a5 27 08 .0ag ik 22
TE-INS2IE 1MZ2218-TH D25 47 a5 27 .04 24 7 4
E TE-IN32G2E 1M52828-TR Diz-25 51 a5 2.3 .04 24 M7 14
2 G23-1M5262E 1HN2E3RTT D25 5 a5 2.2 06 023 227 022
O TE-1N32526 1NZ2236-TR Dio-25 ] a5 22 .04 024 T 14
= B23-1NS2E4B TNZ2E4 BT D25 (= a5 21 08 03ag ik 022
- TE-INS2G4E 1HZ224B-TH Diz-25 (=) a5 21 .04 24 M7 14
- G23-1M5265E 1MS2E5RTT D25 62 a5 2.0 06 0ag 227 22
O | TR-INS285E 1NZ2256-TR Dio-25 62 a5 2.0 .04 024 T 14
O | G25-1N5265E 1HNS2RERTIT Dio-25 1] a5 1.8 06 .03a 02T 022
= | TE-INS2EEE 1M52268-TH D25 (=] a5 1.4 .04 024 7 14
E G23-1N526TE 1HNE2ETRDT Diz-25 75 a5 1.7 08 A02g 027 22
L | 7e-iNS2ETE 1MS28TE-TH D25 Fi=] 0.5 1.7 .04 24 T 014
v G23-1N4TZ2A TN4T72RATS Diz-41 az 1 T A0 JES 048 .nze
= | TR-INAT2RA 1M47208A-TH D41 an 1 A a7 042 .03 25
0 | &25-1N4TZ04 1M4720AT9 D41 a8 1 =] A0 JES ik aze
L= | 7e-iN4TzoA 1M4728A-TR D41 3.6 1 i) a7 42 03 025
.E G23-1M4T204 1H4TA0ATIS D41 ae 1 Gid A0 JES el 028
= | 7e-IN4TI0A TH4T7A0A-TR Diz-41 a8 1 fid 07 042 .03 025
A25-1N4ATHA 147 ADS D41 4.2 1 =] A0 JES 0dg Aze
TR LHATA B e iz 1 R R
G23-1M4T22A 1H47AZATE D41 4.7 1 53 A0 JES el 028
TR-1NATIZA 1M4TA2A-TH Chiz-41 4.7 1 53 07 042 .03 025
L0 s T N ] - - R B Tw § = i [T 1 7 - 1 R
TE-1TNATI4A 1M4724A-TH D41 5.6 1 45 a7 042 .03 25
G23-1M4T25A 1H4TASATIS D41 6.2 1 41 A0 JES .04g 2e
TE-1N4T354 1M4TA5A-TR D41 6.2 1 41 o7 42 03 025
G23-1M4T6A 1H4TABATI D41 fe 1 ar A0 JES el 028
TE-1NATIEA 1H4TARA-TR Diz-41 6.8 1 @ 07 042 .03 025
B25-1N4TATA 1N4T7ATADS D41 7.5 1 24 A0 JES 0dg Aze
TE-IN4TATA 1H4TATA-TR D41 7.5 1 24 a7 42 a3 025
G23-1M4T22A 1H4738ATA D41 az 1 g A0 JES el A28
TE-1NATIRA 1H4728A-TR Diz-41 az 1 M 07 042 .03 025
A25-1N4TI04 1M4728AT9 D41 a1 1 = A0 JES 0dg Aze
TE-1N4TI0A 1M472894-TH D41 a1 1 = a7 042 .03 25




Differentiating Diodes

PN junction diode:
OrCAD:

D_N_cl

DIODE

CURRENT

FORWARD
CURRENT

BREAKDOWN
VOLTAGE

LEAKAGE CURRENT VOLTAGE

AVALANCHE
CURRENT

~4-—-—REVERSE VOLTAGE

- -

Band at Cathode End

Minimal diode specifications are:
maximum reverse voltage
rated forward current
maximum forward voltage drop
maximum leakage current
package style

- maximum reverse recovery time




Differentiating Diodes

Schottky diode:

e very low forward voltage drop

e very fast switching speed

® Very fast reverse recovery time

e reverse leakage currents higher than PN junction diodes
e l[Imited available reverse blocking voltage ratings

OrCAD:
D—FL—E]

DIODE SCHOT TKY



Module 6 Flashback...

Ideally, the siteering diodes
should be Schotiky diodes




Differentiating Diodes

Zener diode:

OrCAD:

D—»D

DIODE ZENER

Zener diode specifications:

- operating voltage (iyp range 3.3 Vio 75V)
- tolerance of specified voltage (typ 5-10%)

- test current (1z) for rated voltage and tolerance
- power handling capability (typ 1/4,1/2,1 , 5, 10, and 50 W)



Module 5 Flashback...

Switching A.C. Loads Note how the

Zener diode is
connecited!!

Note: must T
be CMOS ﬁ
S ' N

N A N S

1 What would be
Interrupt an appropriate
device flag value for R,?

What'’s this? A 4.7V, 1 W Zener diode!!
Question: Why were “4.7 V” and “1 W” chosen?




Differentiating Diodes

“Small signal” diode:
e very low forward voltage drop
e often just Schottky diodes (except for low-leakage variety)

DIODE SCHOT TKY




Module 5 Flashback...
Switching A.C. Loads

Note: must T
be CMOS ﬁ

4 3l.,LK
3 ars
o
m 1 2
444444

Interrupt
device flag

What's this? An A.C. step-down transformer




CIELEDS

STANCOR Transformers

STANCOR.

“Low Boy” LB Series

Fior quantities of 100 ard up, call for quoks.

MOUSER stancor VA Pﬂmﬁr'r' e FE':&; ':I“Jq:'." . = Drﬂﬂﬂ?ﬂl:;l-lﬁ E"'l.:l Wil Price Each
ETOCK MO, | Part Ho. S wandl n ] Efles Ara nire | Mounting Lk,

M ais] mA | Vol | mA | VolE] mA H W L W L A B [l 1 10 50
202-LE-B20 LE-&20 A oual | ---| --- [goocT| 2| 10 | eoo | oem 1.56 1.6 0.ae 182 ieo| oan | ozd [ ser | ea8 | BER
g0zLE-1224 | LB-1224 i2 pual | ---| --- [2d0cT| 500) 12 [io00] 108 2.0 250 1.00 2100 goo| aso| oFe | 4051 | 9se | paoo

—
e L | g L
LrE Frimary =
1 B30V Sganoreary Cloaranos Hobks Clearance Hoks
SR 0H: Far Ssras = - = = N
L IME -—— Corrweol 8 8T AZ 016 Dla AZEMEDla
£ For Paralal: .IZI:EICIK.I:hH l'I“‘p-.I:I:El:ln:.l:lﬂﬁ
Correol 58T
|- §- Y]
=W |
Typa'Engls npu _
e
SldeMirder (FW) Single Primary Dual Sde-Winder (DEW) Dual Pimary

“Side Winder" SWDSW Series For quantities of 100 ard up, call for guoik.

MOUSER | stancor | . |Pamary| ____ F’E“;'; Output — D""E'"?ﬂ':;'-l* E"'l-.' it Price Each

- LIS -1 arala ] '
ETOCK MO, | Part Ho. winding Lot 1 T B - H W L 7 L B G| ile=d] A 10 50
L L9 ] I'll“ ﬁ ﬂﬂ\n 07 T AE = Sl h | ‘H I | 1‘% - i A= n% “a' ﬁHi HIEE
BOZ-EW-216 | SW-21d 250 | =nge | & [ 1m0 [1eocT[150] & | 20 1.14 1.13 1.2 - 025 | 025 | 120 [ 025 | 6ag | 587 | &5
=TT e B I B B e I ™ e B e B b T B s e B B rCom R B T B e

BOZ-EW-B16 | SW-B1d 200 | snge | & | 1250 |160cT|1250] & [2s00] 144 1.6 2.25 1.50 oan | o040 | 80 | o | 87T | BER | R4S
g0z-DEW-520 | DEW-520 120 | ouwal | 10 | &o0 [2oocT|eos| d0 [dzo0] 1. 1. 1.6 1.25 oan | 040 | 141 | o7o | Bao | 7TR | TG




Transformers

e More than meets the eye
e Many configurations
—single secondary
— multiple secondaries
— center-tapped
— all of the above
e Specified (minimally) by primary voltage
and secondary voltage(s) / current(s)

e Secondary voltage at no load can be much
higher than specified



CRYSTALS

What's this? An 8 MHz crystal




The CEMST is ar eioalant choios for the SMD vy sior of the HOSG9LE Badad ermml. The G5 T has a casa
Faight of 4.3mm maxmum 0 & s anes weld maal packags

DIMEMNS KNS [mimj

CSws. CYLINDER TYPE CRYSTALS

Thig prosduct repress i our e beotlon of minlature Tubalar Righ fregquen oy onglals.

They kalure ouwlindng shockMbralon reakilanos and ervinonmental charaidakalks.

Features: DIMENSKXNS {mm)
Cagt elielve T
Enosdlen]

4.3 max

=:I
Hida Viaw 07 008

Load Cap.: 12pl ] SpEﬂIﬂthlﬂnE: Faaturas:
Lead lergth: 204 0 n & Fracuancy iolarancs 30 ppm » Cparating tamp. Fanga: -10°C w4700« Codt afhciwa
‘Wde Irecsanoy rarge i « Edandnd wmparabsal <50 w0280 ppm e indisrial Sange: 4070 4 85°C (50 gpm) ® Spaca saving design
E ool kaanl ol Ikl Iy & SN capacimros: TOpF ® Snraga bam e s 3000 o 4350 & Low ik
* Load capaciancal spaciiad or sadas For quantitiss of 1000 and up, call Tor quobs.

ECSs Fraquency | Load Prica Each
Fart Humber iMHZ

ECE-35-17-5P AETH545
ECE-36-545P A6864
ECS-26-20-5P 36864
ECE-40-20-5P 40000
ECS-40.3-20-5P A2000
ECE-41-20-5P A (G000
ECE-42-125P 4194304
ECE-49-5-5P 449152
ECS-49-20-5P 49152
ECS-50-20-5P 5000000
ECS5-80-548P 5000000
ECE-60-32-5P A.000000
ECE60-54P A.000000
ECS-61-32-5P 6. 144000
ECS-85.5-5-5P 6553600

ECS-40-18-58 80000
ECS40-32-58 80000

ECS-A21-5-5P 9216000
ECS-948.3-5-5P 98304

ECS-100-5-5P 10000000
ECE-110.5-32-5P 1105492

ECE-110.5-20-5P 1105492

ECS-110.5-5-5P 11 (5492

ECS-120-5-5P 12000000
ECS-120.003-18-5F | 12000393
ECE-12 8-20-5P 12 298000
ECE-1 2 8-55P 12 298000
ECS-143-5-5P 14318180
ECS-180-20-5F 16000000
ECS-1680-5-5P 16000000
ECE-184-5-5P 18232000

For quantities of GO0 and wup, call for quioks.
Fraquancy Dimansions Prica Each
{MHz) W] L L1 10 | 100
2ETAEAS az 105 10 53 | AT
2 Aaad0 az 105 10 53 | AT
& D000 az2 105 10 53 | AT
4 5300 a2 105 10 53 | AT
B D000 az 105 10 53 | AT
2 s 5 J‘.‘-' 105 i
E20-ECE-A00-12-10 |ECS-B)-18-9 B D000 a2 105 10
e T e e g =
520-ECE-983-18-10 |ECS-EE-18-9 8030400 az 10
S20-ECE-1000-18-8 |ECGS-100-18-8 10, G000 az2 10
E20-ECE-1105-18-9 |ECS-110.5-18-8 11.058000 a2 10
S2-ECE-1200-18-8 |EGE-120-18-8 12. 000000 az 10
B20-ECE-1431-18-8 |ECGE-142-18-8 14218180 az 10
E2D-ECE-1474-18-0 |ECE-147-18-8 14 745600 a2 10
E20-ECE-1600-18-0 |ECE-160-10-5 16 000000 az 10
520-ECE-1843-18-8 |ECGE-184-18-8 18432000 az 10
S20-ECE-1806-18-8 |ECS-196-18-8 19640800 az2 10
S20-ECE-2000-18-0 |ECE-200-10-5 20, 0000100 az 10
S20-ECE-2400-18-8 |EGE-240-18-8 24, 000000 az 10
S20-ECE-2457-18-8 |ECE-245-18-8 24 578000 az 10
E20-ECE-2500-18-0 |ECE-250-18-8 25, 0000100 a2 10
E2-ECE-2TI0-18-8 |ECR-270-10-5 27 0O az 10
S20-ECE-3200-18-8 |ECE-320-18-8 A2 000 az 10
B20-ECE-3276-18-8 |ECS-327-18-8 A2 Faeni az2 10
S20-ECS-4000-18-10)| ECE-400-10-5 A0, 00000 az 10
S2-ECE-5000-18-0 (ECGE-500-18-8 S0, 0000 a2 10
S20-ECE-6000-18-8 |ECGE-G00-18-8 L AR T TN az 10
E20-ECE-HE8E-10-0 |ECE-656-10-0 AR BREIIND a2 10

MOUSER
STOCK N,

S20-CSMAST-IT
S20-CSMAGR-5
S20-CSMAGR-20
S20-CSMAD0-20
S520-CSMAD3-20
S20-CSMA08-20
G20-C5MA18-12
520-C5MAE1-5
S20-C5MAS1-20
S20-CSME00-20
S20-CSMS00-5
S20-CSMEDD-22
S20-CSMED0-5
S20-CSME14-22
S20-CSMESE-5

G20-CsMBon-12
G20-CSMBo0-22

S20-CSMOz21-5
S20-CSMO23-5
S20-CSM1000-5
G20-CSM1105-22
S20-CSM1105-20
S20-CSM1105-5
S20-CSM1200-5
S20-CSM1201-18
S20-CSM1 22820
G20-CSM1228-5
S20-C5M1431-5
S20-CSM1E00-20
S20-CSM1G00-5
S20-CSM1243-5

MOUSER
STOCK NO.
E20-ECE-357-18-10
S2-ECE-368-12-10
S2-ECE-400-12-10
S2-ECE-491-12-10
S2-ECE-80)-12-10

ECE
Part Ho.
ECE-25-18-10
ECE-26-18-10
ECE-40-18-10
ECE-49-18-8
ECE-60-188

Cap. 10
17l

=y

LoD oD oD DD DD D oD Do Do
n

s

n
EE%EEEEEEEEEEEEEEEEE#EﬁEEEEE*

S20-CSM2000-20
S20-CSM2042-20
S20-CSM245T-20
S20-CSM2500-12

ECE-200-20-45F
ECE-20H 8-20-5P
ECE-245 T-20-5P
ECS-28)-18-5P

20000000
20430000
24 576000

25000000

EEEEEEEEEEEEEEEEEE#EEFEEEEEEEEEEEEEEE




Crystals

e Used for generating accurate time-base
for timing applications, ethernet and other
applications

e Usually require external load capacitors

e Layout guidelines supplied by uC
manufacturer are of utmost importance —
parasitic capacitance can cause the clock
circuit to fail



Other timing devices

e Resonator

— ceramic, looser tolerance, cheaper,
typically can be purchased with built-in
load capacitance

e Oscillator (crystal oscillator)

— crystal and drive circuit in one box,
typically alogic-level, square-wave
output, often with output enable pin

e VCXO
— voltage controlled crystal oscillator



HEADERS

.
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What'’s this? A (standard) 0.100” header




4 BACK NEXT D)
AMPMODU™ Breakaway Headers and AMP-LATCH iyco

Electromics
AMPMODU™ BREAK AWAY HEADERS - SINGLE AMD DOUEBLE ROW

Materlal: Contact Plating:

* Housing: D40 block themoplsslc #1007 (2 54mm) Canlars Plalirg & = Dupilas plaled (000030 min. goid on conlsotarsa. 0001 - 0002 min. irdeed on soider arsa, wilh entine pos wnderplaked 00006 min. ridid.
* Pugd: prosphor bronze * Urghroused Flalirg B = Duple plaled 000015 min. goid on conlootansa. 0001 - 0002 min. irdeed on soéder arsawilh sniine post under plaled 00006 min. nkkd.
Plalirg C= 0001 - 0002 rin. r-szd over 00005 nlckal o enlins pol.

025" Square Straight Posts For quantitiss of 1000 and up, oal tor quote.
D > =

MOUSER AMP . ol Prics Each
STOCK NO. | part Mo, |7'%| Pus. Fiating [0 | s

Vertlcal - Single Row, 100 Centerling
ST1-10azace | 10e2E-2
ST1-10azata | 10E25-2
ST1-10az30d | 10c25-4
ST1-103z385 | 10E25-5
ST1-10aza5E | 10E25-6
S71-10azase | 10e2E-a
ST1-11022290 | 1-102238-0
S71-21022240 | 2-103238-0
S71-41022290 | 4-103235-0
S71-1031852 | 1081852
S71-1031853 | 1081852
ST1-1031954 1021854
ST1-1031855 | 1021855
ST1-1031258 1021856
ST1-1031857 | 10@185-7

A8 NE]
.24 A8
.26 24 For quariities of 1000 and up, call for quois.

A2 MOUSER AMP | |Mo.of Lergth Fatin Prica Each
sToCK NO. | Partho. | | Pos. [poer | Tor a

Vertlcal - Double Row. 100 X 100 Centerling (Cont.
S71-1021284 [10@106-4 0220 [ 01420
ST1-1021285 | 108186-5 0220 [ 0120
S71-1021288 | 109106-6 0220 [ 0120
ST1-1031888 |10@108-0 0220 [ 0420
ST1-11031860 | 1-102196-0 0220 [ 0420
ST1-21091860 | 21021960 0220 [ 0420
S71-41031060 |4-102196-0 0220 [ 0120
E71-1023202 | o@aenz 0230 | 0120
= R=Ar 400 571-1023282 |10@3zo-2 020 | 0420
571-410310850 |4-103185-0 5711023204  [100020-4 020 | 0120
e Bl 5711023205 [100020-5 020 | 0420
S71-1033273 | 10E327-2 5711029208  [100020-6 02 | 0420
S71-1033274 | 10E327-4 5711023287  [10@220-7 020 | 0120
S71-1033275 [ 10E327-5 5711023208 109220 020 | 0120
S7-10a3278 | 10@227-6 E71-21032280 |2-103228-0 020 | 0420
ST1-103278 | 100278 ST1-41032280 |4-102228-0 0220 [ 0420
571-11023270 S71-10zZ8772 Cai| | 0125
S71-41033270 571-1028774 o219 | 0128
ST1-1020TER S7T1-1028775 0318 | 0425
S71-1026763 5711020778 oa1a | 0128
5711026764 S71-1020777 oa1a | 0128
S71-1026765 E71-1020778 oa1e | 0428
S71-1026768 57121026770 oaia | 0425
7111028780 57141026770 0219 | 0125
§71-21029780 5711020732 oaia | 0428
571-4102a780 ET1-1020732 oa1e | 0428

B T T e s Tl T T e e T Tl Ul U e Tl Tl

MmN MMM MMM 33l e e e ol

EIHEEREE:EEEBHE

EEu e dpbEsEhhnERREE

Lmoe ol ol e e e i ] fm e i cfmefi Jin Jim Jie ie lmcfmcie e ecfm Je]

DOE 3l e ROOO0000 00T D

b I T T T Ul Ul Ul U e T T e T Ul T
(3 23 Bl Bn o0 0000

sJ0)0auu o) Jenbuepey

ailak




ECE 477 — Module 7
Clicker Quiz



1. ESR is a measure of a capacitor’s

moow»

In-phase resistance
In-phase reactance
out-of-phase resistance
out-of-phase reactance
none of the above



1. ESR is a measure of a capacitor’s

moow»

In-phase reactance
out-of-phase resistance
out-of-phase reactance
none of the above



2. Atheoretically perfect capacitor would have an ESR of

A. Infinity

B. zero

C. 2rfC

D. 1/(2nfC)

E. none of the above



2. Atheoretically perfect capacitor would have an ESR of

A. Infinity

B.

C. 2rfC

D. 1/(2nfC)

E. none of the above



3. Capacitive reactance (Xc) Is

A. Infinity

B. zero

C. 2nfC

D. 1/(2rnfC)

E. none of the above



3. Capacitive reactance (Xc) Is

A. Infinity

B. zero

C. 2nfC

D. 1/(2rnfC)

E. none of the above



4. An increase in a capacitor’'s ESR can cause:

a decrease In Q

an increase in ripple current
capacitor failure due to heat build up
all of the above

none of the above

moow»



4. An increase in a capacitor’'s ESR can cause:

a decrease In Q
an increase in ripple current
capacitor failure due to heat build up

moow»

none of the above



5. The ESL of a capacitor:

A. sets the limiting factor of how well (or fast) a
capacitor can de-couple noise off a power rail

sets the resonate-point of a capacitor

C. Is caused by the inductance of the electrodes
and leads

D. all of the above
none of the above

w
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5. The ESL of a capacitor:

A. sets the limiting factor of how well (or fast) a
capacitor can de-couple noise off a power rail

B. sets the resonate-point of a capacitor

C. Is caused by the inductance of the electrodes
and leads

D.

E. none of the above



6. Capacitors typically used for decoupling will be:

tantalum

electrolytic

metalized film

ceramic type COG
ceramic type Z5U or Y5V

moow»



6. Capacitors typically used for decoupling will be:

tantalum
electrolytic
metalized film
ceramic type COG

ceramic type Z5U or Y5V (cheap, small, not very
tight tolerance)

moow>



/. Capacitors typically used for power supply filtering:

tantalum

electrolytic

metalized film

ceramic type COG
ceramic type Z5U or Y5V

moow»



/. Capacitors typically used for power supply filtering:

tantalum

metalized film
ceramic type COG
ceramic type Z5U or Y5V

moow»



8. Capacitors typically used in line-voltage switch mode
power supplies:

A. tantalum

B. electrolytic

C. metalized film

D. ceramic type COG

E. ceramic type Z5U or Y5V



8. Capacitors typically used in line-voltage switch mode
power supplies:

A. tantalum

B. electrolytic

C. metalized film

D. ceramic type COG

E. ceramic type Z5U or Y5V



9. Capacitors typically used in tuned circuits:

tantalum

electrolytic

metalized film

ceramic type COG
ceramic type Z5U or Y5V
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9. Capacitors typically used in tuned circuits:

tantalum

electrolytic

metalized film

ceramic type COG (highest quality ceramic cap)
ceramic type Z5U or Y5V

moow>



10.

moow»

O

PL—- is the symbol used for a:

P-N junction diode
Schottky diode
Zener diode
Germanium diode
none of the above



10.

moow>

O

PL—- is the symbol used for a:

P-N junction diode
Schottky diode
Zener diode
Germanium diode
none of the above



11. A standard P-N junction diode that could be used for
iInductive arc suppression applications up to 200 V is:
A. 1N4001

B. 1N4002
C. 1N4003
D. 1N4004
E. none of the above



11. A standard P-N junction diode that could be used for
iInductive arc suppression applications up to 200 V is:
A. 1N4001

B. 1N4002
C. 1N4003
D. 1N4004
E. none of the above



12. The maximum current rating for an inductor is a
function of its:

A. ESR
B. ESL

C. wire gauge
D. core material

E. none of the above



12. The maximum current rating for an inductor is a
function of its:

A. ESR
B. ESL

C. wire gauge
D. core material

E. none of the above



13. A suitable choice for an application requiring a
100Q 10 W resistor would be:

A. 1% wire element resistor

B. 5% SMD film resistor

C. 5% cement (axial or radial lead) resistor
D. 10% carbon film (axial lead) resistor

E. none of the above



13. A suitable choice for an application requiring a
100Q 10 W resistor would be:

A. 1% wire element resistor

B. 5% SMD film resistor

C. 5% cement (axial or radial lead) resistor
D. 10% carbon film (axial lead) resistor

E. none of the above



