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Outline

e Capacitors
— definitions
— parameters and form factors of interest
— film
— ceramic

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




Definitions
e ESR - equivalent series

resistance

e ESL — equivalent series
Inductance

e XC — capacitive reactance
R4 — DC leakage current through the dielectric

R, — describes the AC losses in dielectric

K - relative permittivity / dielectric constant

Permittivity isthe ability of a dielectricto store
electrical potential energy under the influence of
an electric field




Physics
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Parameters of |nterest

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/(21fC)

— 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 WV is approached




Form Factors of Interest

e surface mount ( applicable to our designs)

e radial lead
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Lesed lenghe 1.07 min.

e axial lead




Capacitor Types: Film

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
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Type 930 axialleaded, metallzed polypropylene capaci-
tors are available in & wide range of capacitance values in
reduced sizes. Flame-retardant tape wrap and epoxy end
seaks provide moisture resistance. Used most frequently
in high-voltagehigh-frequency switching power supplies
where superor stability and AC performance characteristics
are important. This non-protected film capacitor has
Lnderwrters Laboratones, Inc. recognition for construction
anly. LLL. File Mumber assigned 1= 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 voltage at 25°C—Derate linesry to 50%-rated valtags at 105°C

Pulse Capability
Baody Length
Rated Y -
Volts 750 1.000 1.250 =1.750
dVidt—volts per microsecond, maximum
100 25 14 10 B
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 ML Min.

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

A

NOTE: Other capacitance values, sizes and performance spacifications ara
available. Contact us.

#200 BNG (032 dia)
TINNED 0LID COPPER LEADS

[

L 1628

MIN L0E2"
41 20nm) il 3nn) i41.20mn)



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 pF

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

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

Temperature compensated
Trade-off: physically large
Typical values 4.7 pF to 0.047 pF

e Generally 5% tolerance or 0.5 pF for small
values




Capacitor Types. Ceramic ( COG )

Significant Figure Multiplier Tolerance
C: 0.0 - -1 (: 30
B: 0.3 --10 H: +60
L:- 0.8 2. -100 J: £120
A 09 3:-1000 | K: +£250
M: 1.0 4: +1 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 Classic bypass/decoupling caps
e 0.01 uF to 2.2 pF

e Generally 20% initial tolerance
e DC hias effect




DIMENSIONS [IN.)
N MONOLITHIC CERAMIC RADIAL CAPACITORS o} JrmmE e e
250 '
Mg g
TEMPERATURE CHARACTERISTICS COG MR Zsu 0 T
Ternpersture range, °C S5 10 +128°C [-55°C 10 +125°C [ +10°C o +85°C . o,
Capackancs change sithout DG woltage | 0430 PRMAC +15% +E2%, -5E% Lewd lengit 1.0° min.
Foor quant e 5000 and up, call for quots. For quartkks 5000 and up, call for quots.
For quantiles 5000 and up, cal for quoks. MOUSER STOCK NO. Prica Each MOUSER STOCK N, Prica Each
Waua Ve
MOUSER STOCKNS. |, e Price Each Mir. |  Mir Part No. 1 [ 100 [ 500 [1000|  [mec]  mare Partno. 1 | 100 | 500 [1000
Mir.| M. Part No. 1 [ 100 | soo [1000|  opwDE 55 Tolerance (cont) 100 WVDC 10% Tolerance (conl )
50 WVDC 5% Tolerance 78— 1C10C0G3100B | 3a0pF [21[ 48 [ 95 [ .12 75 — IC10XTRIZIKI OB | Z2000pF[ 20 [ A7 [ a5 [ .12
75 — 1C10COGI00JO50B | 10pF | 21| .48 | .45 | .12 TS — 1C10C0GATIJI00R [ 470pF | .21 | 48 | 15 | 12 75 — 1CI0XTRIZIKIOOE | 33000pF 20 [ 47 | A5 | .12
75 — 1C10C0G220J0508 | Z2pF | .21 | a8 | 45 | .42 785 — 1C10C0G102J1008 [ 1000pF | 26 | 22 | 19 [ .15 75 — 1CI0XTRATIKI0NE | ATOCOPF [ 20 | 47 | 45 | 12
75 — 1C10C0G330J0508 | 23pF | .21 | a8 | 45 | a2 TS — 1C10C0G222I1008 [ Z200pF | 31 | 27 | 22 | .18 75 — 1CI0XTRI04K100B [100000pFH 23 | 20 | 47 | 13
75 — 1C10COGATOJO50B | 47pF | .21 | a8 | 45 | .42 75 — 1C10C0G332)1008 | 3300pF | 47 | 40 | 33 | 27 50 WVDC 20% Tolerance
75 — 1C10C0G101J0508 | 100pF [ .21 [ a8 | 45 | .42 50 WVDC 10% Tolerance 75 — 1C10ZSU103MO508 | 10000pF [ 12 [ 11 | .09 | .07
75 — 1C10C0GIMI0508 | 330pF [ .21 | a8 | 45 | .42 T8 — 1CIONTRADZKD 508 | 1000pF | A3 [ 41 | 09 | .07 75 — 1C10Z5U333MO508 | 33000pF [ 18 [ 13 | 11 | .09
75 — 1C10COGATIJ0508 | 470pF [ 21| a8 | 45 | 2 75 — 1CIONTRADIKO50B [ 10000pF | 14 | 42 | .10 | 08 75 — 1C10Z5U104MO508 |100000pFH 10 | 08 | .07 | .06
75 — dci0coGi02d0508 [1m00pe| 21| 8 | 45 | 42 78 — 1C1OXTRATIKOS0B | 4T00ORF | 18 | AT | 14 | 11 75 — 1C10Z5U224MO508 [220000pH 25 | .21 | 18 | .14
100 WVDC 5% Tolerance 75 — 1CIONTRA04K0 508 [100000pF 14 | 12 | 10 | 08 75 — 1C10Z5U334MO508 |330000pF 30 | 26 | 22 | 97
75 — 1C10COGI00J100B | 10pF | 21| 18 | A5 | .12 100 WWDC 10% Tolerance 100 WD 20% Tolerance
75 — 1C10C0G220J1008 | Z2pF | 21| a8 | 45 | a2 T8 — 1CIONTRA02K 1008 | 1000pF [ 18 [ 46 | 13 .10 75 — 1C10Z5U103M100B] 10000pF [ 16 | 14 | 12 [.09
75 — 1C10C0GII0JI008 | 23pF | .21 | a8 | 45 | .42 T8 — 1CIONTR2ZZKI00E | Z200pF | 12 | A7 | .14 | .11 75 — 1C10Z5U223IMI00B | 22000pF 18 | 15 | 13 | .10
75 — 1C10C0GATOJ00B | 47pF | 21| a8 | 45 | .42 TS — 1CIONTRA3ZKI00E | 2300pF | 19 | A7 | .14 | .11 75 — 1C10ZSU3IIMI00B| 33000pF [ 19 | 18 | 14 | .11
75 — 1C10C0G101J1008 | 100pF | .21 | a8 | 45 | .42 75 — 1CIONTRAT2K100B | 4700pF | 20 | 47 | 15 | 12 75 — 1C10Z5U4T IMI00B | ATODOPF [ 16 | 14 | 11 | .09
75 — 1C10c06221J1008 |220pF | 21 ( a8 | 45 | 42 T8 — 1CIONTRADIK100B | 10000pF | 18 | 13 | .11 | .09 75 — 1C10ZSUA04MI00B |1 00000pH 19 | 16 | 14 [ .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 uF+

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=+10 °C (+50 °F) | 5= +85 °C (+185 °F) |F=£7.5%
b=+105 °C (+221 °F) P= £10%
7=+125 °C (+257 °F) R=£15%
g=+150 °C (+302 °F) 5= £22%

T=+22 10 -33%

U= +22 to -56%

V= +22 to —62%



B DIMENSIONS (mm), CAPACITANCE RANGES (pF)

Stralght

B0 rax.

—| L3

3.0 max

ol max.

Formed
3.0 max.

“Ceramic Disc”

.
] Working Voltage (W), Temperaturs Costiclent; Capadtance Range (pF)
Dlmensions 50 and 100 500
oD fmm) | LS immi Y5P Z5l ZEW YEP =l
& 2B 200~ 2206 1000 ~ SO00 10080 ~ 10000 180 ~ 270 1000 ~ 22080
i 28050 2700 ~ 2000 EAOD ~ 8200 .- - 200 ~ 1200 ATO0 ~ 3900
7.5 255D FR00 ~ 2900 10000 20000 ~ 22000 1500 ~ 2008 .- -
.5 250 4700 ~ E&0D .- .- - 2200 ~ 270N 4700 ~ SO0
6.5 E.0 BAOD ~ 8200 . -- .- 000 ~ 3300 ERO0 ~ B200
0.5 E.0 {0000 20000 ~ Z2000 .- 2400 0000
14.5 =R .- . -- A3000 ~ 100,000 --- .-
B TYPICAL TEMPERATURE CHARACTERISTICS
5P Z5W Z51
+30 +20 +20
£ o s o - = o —
— =] - if
8 a0 Qo -20 RN o -20 H,f
4 Y4 LT,
-4 dq rr.r q a
60 -6
P =
-0 -&i
=20 0 GO B
Termperature (7C) 20 0 20 40 GO BO 20 0 20 40 60 B0

Tempsarahrs (°C)

Tarmpsraturs (°C)



CERAMIC CHIP/STANDARD

FEATURES
« COG (MPO), XTR, X8R, Z5U and Y5V Diglectrics ¢ Tapeand reel packaging per ElLA481-1. (Seo page
« 10,16, 25, 50, 100 and 200 Volts 59 for specific tape and real information.) Bulk
¢+ Standard End Metalization: Tin-plate cver nickal Cassatte packaging (0402, 0603, 0805 only) per
barrier [ECE0286-5 and ElAJ 7201,

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

+R0%-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 * (Tin-plated nickel barrier
C - Standard FAILURE RATE LEVEL
CAPACITANCE CODE A- Mot Applicable
Expresszad in Picofarads (pF)
First two digits reprasent significant figures. L TEMPERATURE CHARACTERISTIC
Third digit epecifies number of zeros, (Use 8 ch De(s}:?najred by Cm:uacl:r'tance
for 1.0 through 9.9pF. Use & for 0.5 through 0.99pF) - cg%gﬁpnﬁrﬂg";gamric{g ange
CAPACITANCE TOLERANCE P—XER [215%) |-
6 [-55°C + B5°C)
B-+010pF ) -+5% U —Z5U (+22%, 569 (+10°C + B5°C)
C- +0.25pF K -+10% W= Y5V (+20%, —EEWE] 300G + B
D - +0.5pF M — £20% VOLTAG
F—+1% P —{GMY) — spacial order only 1 - 100V 3-25V
G- 2% Z —+80%, -20% 2 - 2000 4 -18Y

5 - 50 &-10v
* Part Humber Example: COB0SC103KSRAC (14 digits - no spaces) 9-6.3V



Electrolytic

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

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
oreakdown -

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 pyF to several F)
e High voltage ranges available (> 400 V)
e Relatively slow response time (ns)




ALUMINUM ELECTROLYTIC CAPACITORS

4 5
Il.li.‘.-l'l.ll:.'ﬂl'l.

U D Chip Type, Low Impedanca
EArks

® Chip typs, low Impadancs tempsrature rangs up bo +105°%C.
s Designed for sufacs maounting on high density PC boad.
®Applicabls to automatic mounting maching uaing carrler tape.

Sz

For B8l Liwbrssimte ik d o

Faghyty

(0D J¢mmne

g8

B p=cifications
Ibem Performancs Charackadzlcs
Calegory Temperalne Fange | —55 - +106%C
Faled Vollage Range 6.3 - 5
Fabed Capacitance Ranga 1= 150pF

Capacllance Tolararcs

+ 207 ot 120Hz, 20°C




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 pF to 330 uF
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
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CAPACITOR OUTLINE DRAWINGS

TAS0 T3 Ta52 TiS3 T354
o O — [
Fﬂl. M. Max.
H
M. . J u?:r. Max.
|
ozl | 55 i _[qu] '[E?tﬂgﬁ '(Er?;luaa%

(0.5 | ) -
: P ] ] M a0
..m?'mn';g Tz 1 ['9’]— & (E.35)

*Leod Tokerarce = = 015 (= 32mmi Al Lead Dlameders = .02 = 002 (0.5 = 05 mm)




TACmicrochip™

Standard Microchip

TAV/X(¢

8

The world's amallest surface  mount
Tantalurn capacitorn small snough 1o
create space providing room for deas

to Qo

TaCmicrechip™ I a major breakthrough
N miniatuzation without reduction In
pErormancs,

CASE DIMENSIONS: millimeters (inches)

It offers wou the highest energy store
In an CE03 or 0805 case size; anhanced
high freguancy opsration through unigues
EZR peromrmance with tempsrature anc
voltage stability,

| El& ELA : : Termmination | Termination | Average
Code| oode| Metic| Lemgthill | Width () | Height(H) | o inoicy | Length (L) | Mass
.00 +0.20 0.50 0,20 0.50 +0.20
K | ose |10050s oo .o o0 | oo min. e 2.0mg
(p.oas ‘350 ) | (p.oz0 Siee) | [mucen ‘piee ] .
+025 +0.20 +0.20
l=— POLARITY BAND NOT TO L | osce |1e0s-0s| 0 018 9% a0 | 0% o 0,65 min. (0,008 B.6Mm
EXCEED CENTER LINE (0.0 *30ae ) | (0053 *5500) | ip.0sa *oeaq) e ’
[ 2.00 +028 125 4220 | a5 02
B | osos |22z -0z B 010 | o8 min, i 20.9my
2.200.20 1604020 | 1.60£0.20 . 045
I——S——l Lt |-— I-—W—-I A | 1208 321818 o o 0.008) | (0.06320.008) | (0.08320.008) | 200 min. jo.o0g | 448md
HOW TO ORDER
TAC L 226 M 004 R -
Type Case Code Capacitance Coda Tolerance  Ratad DG Voltage Packagi Additional
TACmiCchip™  0402=K pF code: 15t two digits K=t10% D02=2Nd: e table bekow) characters m
oaEE=L reprecent siniicart figues,  M=t20% -:113:5‘5% be add for special
0ais=R ad cigit mpresents mutiplar %‘g‘zg oy raquiremants
120E=4 inurmer of zaros 1o folkow) 1 =1 Ol
o e G

Darlbaninm Qiffiv



Comparison Chart

Capaci t ance

Precision (typ)
Stability (tenp)

Leakage
Vol t ages

Cost
Avai | abl e SMI
Pol ari zed
Lifetine

Fi |l m

4. 7TpF- 47uF
+/- 5%
Good

Very | ow
< 500
$.25-5.00
No

No

1§0]0)Y;

Ceram c
1pF- 10uF
+/ - 10%
Good- K
Low

< 100
$.05-1.00
Yes

No

o0y

El ectrol ytic
0. 1uF- 10000uF
+/ - 20%

K

Low

< 50

$. 20- 10. 00
Yes (small C)
Yes

oY




Supercapacitors (Ultracapacitors)

e Do not have a conventional solid dielectric

e Bridge gap between conventional capacitors and
rechargeable batteries — store the most energy per
unit volume or mass among capacitors

e Storage principles:

— Electrostatic storage achieved by separation of
charge in a Helmholtz double layer at the interface
between the surface of a conductive electrode and
an electrolyte. The separation of charge is of the
order of a few angstréms (0.3—-0.8 nm), much
smaller than in a conventional capacitor

— Faradaic electrochemical storage with electron
charge-transfer, achieved by redox reactions,
Intercalation or electrosorption




Supercapacitors (Ultracapacitors)

e Construction detalls

Styles of supercapacitors with activated carbon electrodes

achematic construction of a wound Schematic construction of a supercapacitor with
supercapacitors stacked electrodes
1.Terminals, 2.5afety vent, 3.5ealing disc, 1.Positive electrode, 2. Megative electrode,
4 Aluminum can, 5.Fositive pole, 6.5eparatar, J.3eparataor
7.Carbon electrode, 8.Collector, 9.Carbon
electrode, 10.Meqgative pole




Supercapacitors (Ultracapacitors)

Store the most energy per unit volume or mass among
capacitors (up to 10,000F/1.2 V), but deliver/accept less
than half as much power per unit time (power density)

Energy density approximately 10% of conventional
batteries, but power density is generally 10 to 100 times
greater — results in much shorter charge/discharge cycles
than batteries (and ability to tolerate many more
charge/discharge cycles than batteries)

Applications:
— SRAM backup
— Energy recovery from braking (automotive)

— Short-term energy storage
— Burst-mode power delivery




Supercapacitors (Ultracapacitors)

e Supercapacitors vs. batteries

Rechargable Ui, . SUPercapacitors
batteries ~ batre,, 0" _
N | ‘Newdevelopments

~ Hybrid .
< {u-lon]_

100

SCs for power:

i

" EDLCsforbackup _

S
R~
—,
=
S
2 10
[
c
@
)
>
o
e
()
-
i

e
e

| Electrolytic
capacitors

1 10 100
Power density (kW/kq)




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
— $$3, tolerances 1.0% ~ 0.01%
— temp coefficient down to 25 ppm/°C
— good mechanical properties




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

THICK FILM
l Resistor Pricing |
Faatures: * Innar slectods proteclicn Common Specification: Rresletors crdeesd In bobs of 1 reel per valus can be combined with the same stock

* High puilty alumina subetrals

* Wave of flow solderable

* Wiap around bermiration

* Exgallent high requency charactsrstcs
* Tight Ismparahuns ccarzant reslstancs

= Excallant mechanical rangth

= Excallant akctical stability

» High quallty thick fim slemant
* Slabils high frequency chamcedsics

* Reduced kad nduclance

- TE'HFIEIEIJJI'B oamciant:
10002 an belw: £500ppm
11002 ko 470 Kk :200ppm
S10KD 1o 33 MR +500ppm
JAMI O 10 KL £1000ppm

CGocod

Mousar Servica Peprasanialive.

<N

AT

numbsd rangs far lowsr prics. Annual pilce agiesments ans also avalable. Call any

l— 5 ]
pE03 Case Style Specifications: = 18 = 0805 Case Style Specifications: [ 2B = 1206 Case Style Specifications: 05
* Rabed powar: 116W ¥ * Rated power 1A10W ¥ * Ratad powsr: 1 8W +
* Max working vollags: S0V D aa *» Rezklancs lemnee: 5% 27 » Pecietance tolesance: :5% 152
* Man ovaricad vollage: 100V DS ) * Mz working vollage: 100 DC . * W working voltags: 200V DO
» Cperaling lemparaluns rangs: { * Max overlcad vollage: 200 DC 3 * Max overiad voltage: 200V DC 4
455°C to +125°C * Dpeabng emparaburs: 5570 o +125°C * Dpsrating Emperahae: 555 o 4 25°C
DIMENSIONS {mm) DIMENSIONS (mm) DIMENSIONS {mm)
TABLE OF STOCKED VALUES
i 18 386 &8 13 27 51 100 200 380 75D 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 4TK 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 27 541 10 20 332 75 150 300 560 11K 22K 43K 8.2K 16K 33K 62K 120K 240K 470K 910K 1BM  36M  G8M
1.5 30 56 11 22 43 B2 160 330 620 12K 2 4K 4.TH a1k 18K 36K BBK 130K 270K 510K 1M 2M 3.9M  T.5M
16 33 62 12 24 47 a1 180 381 88O 13K 27K 51K 10K 20K 30K T5K 150K 300K 560K 1.1 22M  43M B2M
c Bulk Packs Park packed on SMD taps. Tape and Raal
5?:: MOUSER Price Per Value R=al Price Each
STOCK NO. 1 100 1000 Oty 5000 10000 50000 100000
Q&03 301-Value A1 N £l il 5000 A0E 0T A0G 05
0805 260-Value 08 015 Riliry 5000 D05 SO0 003 J003
1206 263-Value 08 015 Riliry 5000 D05 JOi0d D03 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 a tight 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, :iand OHMITE

10 SERIES LO-MITE MOLDED SILICONE

Specifications: Fealures: f " e
= vl B Hmees ratad wamag for 5 sty # kgl B cumactsanaing ap platon i ] . 1
* Dlalactle withatard g votage: 1000w e * Low Indictaras o ot balow 2540 | | U
e 3 and BW, 800 R B 2W
& T mpaialung range: 650w 2TENC
- 1EE2 e L s oD
Dimenslons (IN) | Laad
Vila=a !
Rl al | Gaugs
2 A | oAl 2
g % % %g 3 Watts For quantttios of 2000 ond up. call for quats
: - MOUSER | \eiue Price Each 5 Walls For quanttiss of 2000 and wp. call for quiks.
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
SEaizFRes (0008 (158 [TH (128 (T I7 |15 (12 588.13FR2S | 0005|140 | 1.28| 112 | 1.08| 1.08 | 1.01 g tiact el il il Bdd Bedl Dot Bd bye
- . . . . . . . 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
- S

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

o

EE

|
i



2% SIP CONFORMAL COATED RESISTOR NETWORKS

DIMEMESIONS (mm)

4600X SERIES Mo ofPire | & a 10
Speciications: Features: "L* Max (mm) | 15.18 | 20.27 | 2525 2.4 ma.
# Slandard reslslancs range: X o 1 kG & Cperadng wollage: 100VD ma. # Low profle k& compatbke wih dps
# Alandard recldtancs ideranoe: S00-5MEG 2% & Ineulalon resklancs: 10,000k min * Armmo-pak packaging avalabls 5.0 miai.
AR ) * Resbslor Tasrancs: 10 ohms lo 40 # Recommeanded kor rein N, @nd
* Opaaing lempsralure rarge: S5°C 10 +128°C grmgesd ohm 50 ohmoto & wcdvanl akean of o dlean T proces Table of Stocked Values (L) T 494 51
» Tomperalurs oosfickent of e klanos: megohme = 2% 22 1K 23K
D0 PP {5000 = £ 25 0PpmiT) o7 12K oK 2? Eladii _I_
= 15K 47K = 05
= 1.0 ShK
For quantiies of 2,000 and up, call for quoba. 47 o4 Ak
MOUSER £y, PSS Dissipsiion (W © 70°C) | Mo of | Mo, o Price Each x EETE ‘fﬁg{ N
. . A
R Per Circut | Total Pkg. Max. | T | F¥= 1y | 00 | 200 | so0 | 1000 &2 23K 120K | /
B52-4606X-101-Value | A 20 75 & | 5 | 18| a7 | A5 | A3 | 11 o 29 150K
B52-260X-101-Value | & 20 1.00 8 7| 23| = | ae | a7 | a4 b ;;’E ;ﬁ
B52-481 0-101-Value | & 20 1.25 w | e | 20| 24| 22| 20 [ a7
- 180 B.0K 270K -
For quantitkes of 2000 and up, call for quots. =2 82K SN
270 10K 290K —
MOUSER - Power Dissipation (W & 7000 | jo of | Moy of Price Each gg EE ATOK L
STOCK NO. ' Pine | Res s SEOK
Per Clrcult | Total Phi. Max 1 | 100 | zoo | s00 | 1000 470 1k i
B52-480EX-102-Value | B a0 75 & a Ag | oar | as | a3 [ 1 EAD 20K B20K,
B52-4802X-102-Value | B a0 1.00 8 4 23| 2| Ae | a7 | a4 F 2ok M 1@ " -
B52-461 0-102-Value | B L 125 1w | s 20 | 24| 22| 20 [ a7 E20 27K
Cainbog i 621, Fabrusy .ﬂm ity 52 1, Fasbrussy - e
D Copyright 005 Moaesr T o i S Houmey E lsdronics:
www.mouser.com/bourns m (800) 346-6873 409



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

VERTICAL MOUNT

DIMENSIONS (mim)

AXIAL MOUNT

DIMENSIONS: {(mm}

Features: Specifications: Features: Specifications:
* Exoepforally small, sturdy, and raliabia * Tolemanoa: $5% * BExvarnaly smal and sumdy  » Temparatre ooelican | +350 Wallz | L W H
= Sealed witha specd cement * Temperdure coellicent: * Machanioaly sale » Toemnoe: 5% 5 2110l e
* Exoalent masiure resstance S50 0 max: - 70 165 275 * Salaxingushing * Operating lemperatre: 10 (4|10 9
* High lemperatums stakility <2000 HAN0pENEG £ 100 I * Excelent lame ard ATt 4200°0 15 | 48 [12.5|11.5
* Cemmio Tamae relacdan] packags g A 7 1 Faishie ressianoa 25 | 64 [14.5]13.5
_ 3 an A8 (+02-.05) 4
3 B {+02-105) L | I - I — — H
1215 ............. -E' 1 E E o0 ] I . l -ICICI T [ s—] T R |- -l-l'l':l' |-:r
: HER g o 'mrmmﬁ'a‘m TABLE OF STOCKED VALUES
— —s ~la1 |- " Arrbient Tampemhae (C) 01 04 1 24 51 12 27 62 160 350 680 16K 47K
(5 leads cntemd Sernmm baad space. TW and 10W are alisal) 15 Q.5 1.1 27 55 13 30 68 180 360 TS50 1.8K 50K
0.2 0.51 1.2 3.0 62 15 33 75 200 380 B2 2.0K 10K
022 Q.55 1.3 3.3 68 16 35 B2 220 430 910 22K 20K
ues 027 Qe 1.5 3.6 75 18 3 a1 240 470 10K 24K 25K
Table of Val In 02 for PRM Serles 0.3 0.68 1.6 39 B2 20 43 100 250 500 11K 27K
0.1 058 6.8 20 100 1K 033 075 1.8 4.0 ai 22 47 120 270 510 12K 3.0K
0.3 1 10 47 150 2K 0.3 082 20 4.7 10 24 50 130 300 550 13K 3.3K
0.47 3 15 75 580 10K 043 091 2.2 5.0 i1 25 55 150 330 6520 15K 3.9K
For quantltlea 25,000 and up, call for qun‘be-.
For gquantities 1,000 and up, call for quate, Price Each
) - MOUSER Ranga o Fice Eac
Raszistanca Ran Price Each Walls
s#géIEEHHD_ Wels Lan?i: Emm} = STOCK NO. vawes () [ 1 [ 10 | 100 | 500 | 1000 | 5000 [10,000
Wirewound | Power Fim | 1 | 10 | 100 | 500 280-CH5Value 5 JW25K | 38| 32 | 24 | 21 | A7 | a2 | .11
280-PAMS-Value 5 25 0.10-470 4802-100K0 | 36 | 23] 19 280-CR10-Value 10 1o 25K 55 AT 35 27 24 20 Jd8
280-PRM7-Value | 7 33 0.10-6800 (6810-200KL2| 51| 41| 31| .28 2B0-CH15-Value 5 | 10wiok | B3| 57| 47 | 33 | 28 | 20 | Call
280-PRM10-Valus| 10 50 0.10-9100 [9110-200K2) 58| 54| 42| .37 #B0-CR25-Value | 25 | 20wi10K | 100 | o9 | &2 | 58 | 48 | 34 | Call
Catalyg a5z Fih‘ﬂrj'-gdlillff - - Calaing #2231, Rebiuary - Apdl 2008
nc.:p-.ﬂgt 05 Mo Eacimics M 0 U s E H @Coppight A0S Mo Eetnario
WWWw.mouser.com Dotachachod st A (800) 346-6873 427




|nductors

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.)

Thissi o chioko colka @ UL neocgntzed and kealure an Pouckanoe of 001 piH 1o 1000p, o pabie of handlng cumank
Trom SEmd ko 138 ampa. They are mone aconcmkal tham mo ded chokes ard requing nio mons boand spaos than a
15 wall rakelor. Tapse and real. animo pack, and imed ledde are avallab ke upon reguesl

ZEZ
= 14 cobor oodked N |

» Cpsraling lempemirEC dimasilc calegory: 'n = 112 Max
S5 7588 DIN itk categery: FRF: = t
78

EE 0 125°C, hum Ky alegony F =

Miniature Choke Ceils For quantttics of 2000 and up. call for quobs. o .
MOUSER L Tal o | Test | Bes | DCR | Bax DG Frice Each Miniature Choke Coils {cont.) For quantities of 2000 and up. call for quobs.
. | Freg | Frag. | Mas | Cureant Test | Res | DCR | Max DG Price Each
STOCKMNO. | (uH) | % | Min | gy [ ariz) | o | sy | 1 | 100 | 00 [1000| | MousER | L (T0L | O Ma | Currant

| Freg. | Freg. | Ma !
252 | 800 | 13| t@o | 20| 43| a0 oo| [orocR NS ) | % | M) oz | wrz)| g | gna) | 1 [ 100 | 500 | 1000

252 | 420 | o16| =0 | 20| 43| 0| 09| [4adzze0 | @ | =5 2| 14 [oam| a0 [ 20 a3 ol oo
252 (@m0 | or| mo | 20| a3 0| 09| [44pz200| = | +5 2| 12 [ oo ma | 20| 43| 0| 0o
2582 |a00 | o22| 7eo | 20| 3| a0 oa| |damazamo | 2 | e 2s[ 11 |1 ma | 20| 43| 0| .08
282 |mo | a2s| 7so | 20| 3| a0 oo |amezamwm | m | e 2as| 10 [ 12| @0 | 20| 3| a0l e
252 |20 |o=m| mo | 20| 43| 00| 09| [4a422200 | @ | 5 22| as|1:| =ms | 20| A3 a0 o

a7

5%

1

e

434-22-R15 | 015 +11)
434-22-R2z | 022 +11
434-22-R27 | 027 +1(
434-22-R39 | 0.3 +1(1
434-22-RAT | 047 +11
434-22-R56 | 056 +1(
434-22-RE2 | 06 +1(1
434-22-RBz | 02 +11
434-22-1R0 1 +
434-22-1R2 | 12 +
434-22-1RS | 15 +5
434-22-1R2 | 14 +
434-22-2R2 | 22 +
434-22-2AT7 | 27 +5
434-22-32R2 | 33 +5
434-22-2R% | 34 +
434-22-4RAT | AT +5

282 | 240 044 530 20 A3 0| .08 434-22-470 +5 282 | 17 24 200 20 A3 0| .08
252 | 230 055 500 20 A3 0| 08 434-22-580 +5 252 | &4 28 195 20 A3 0| .08
252 | 140 025 &30 200 A3 A0 09 434-22-680 +5 252 | A7 28 185 201 A3 0| .08
TAa&| 170 025 i ] 20 A3 a0 oa 43422220 +5 252 | A5 a2 175 20 A3 a0 08
Tag| 150 03 570 20 A3 0| 08 43422100 | 100 +5 252 | 53 as 170 20 A3 0| .08
TAaE| 130 a3 540 20 A3 A0 09 dad-zz-121 | 120 +5 ara | & a8 160 201 A3 0| .08
TAa&| 120 (.35 520 20 A3 0| a0 43422151 | 158D +5 ara | 48 43 150 20 (A3 0] .08
Taa|l 10 04 A0 20 A3 0| 08 43422101 | 180 +5 ara | 42 53 135 20 A3 0| .08
Tag| na a5 4240 20 A3 A0 09 dad-zz2-z231 | 220 +5 ara | aa 548 130 201 A3 0| .08
TAa&| 100 055 400 20 A3 0| 0 43422271 | 270 +5 ara | az 7.8 115 20 43 a0 08
Taa| ao 0L&s 30 20 A3 0| 08 4342221 | 330 +5 ara | a ar 105 20 A3 0| .08

EREEAELRELRRRRRREEREERR
EREERRREERREERRRRRERRERER

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 a7a | 23 |12 ai 20 A3 a0 o8
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
L] 434-22-120 i2 s 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 15 5 252 45 a7 145 20 ) A3f A0 04 434-22-102 | 1004 +5 ara 1.5 133 55 20 ) A3 0] .09




Flashback..

High Efficiency Step-Down Converter LTC1174-5 EHficiency

T +
2 - 25Y = ]
Vi T o

; LBy  SHUTOOWN = Y

i
LBoyt Viour
S e gy

el W 175mA
LTC1174-5

L + .
— 21 oo

EFFICIENCY (%)

L =100uH

: TN 7 ViouT =5V
' lpam =0V
* (3} AVX TPSDISEKD2S = . LI
*= BV TPSD107KOA0 L
t COILTROMICS CTX100-4 10 100 200

LOAD CURRENT {mA)

100 pH inductors come in many shapes, sizes, and
current ratings — clohosse @il yaad thanae @ pasts
IN HAND before starting your PCB layout!




Diodes

e Silicon
— general purpose rectifier (bulk AC rectifier)
— can be slow due to junction capacitance

e Germanium
— high-frequency, typically RF, Vg ~0.3

e Schottky
— low Vg, typically fast switching time

— typically low Vg, may be hard to find
combination of Vi, I, Vg, txg, COSt needed

® Zener
— designed to have a specific Vg




Flashback..

Switching A.C. Loads

Note: must
be CMOS

) M)
oo ¥

Interrupt
device flag

What's this? A bridge rectifier (can be construc  ted
using discrete diodes or bridge rectifier module)




General-punpose dindes (Switkctimag, power sumplly)

VISHAY Rectifiers

a
B 8
w
o
=
1]
Q
- =
g Ti'!
21384 DO-20480 =
21348 D-214B4 O 1440 Mo=41) Do-21444 C-2144E Cel-201AD0 Pe0 [l 208G (DO-16) 11
VISHAY STANDARD SILICON VISHAY FAST RECOVERY
For quantities of 2500 and up, call for quats. For quantttes of 2000 and up, call for quote. =,
! IFM Price Each 1P Price Each w
MOUSER isnay | g | PRV | G5 MOUSER visnhay | g | PRV @
STOCK NO. art N L T 1 | 100 [ so0 ] 1000 STOCK NO. 0. M| A t | wo | so [ 1000
0.5 Amp - Surface Mourd 1.0 Amp - Thru-Hole 2
25-GLAA GladAEE [ A | 50 | 10 | 24 | 5 | 0 [.=6 B2t 1HA533 @t | O 0 | B | 06 | a4 | 03 | 02 | gp
E25-GLI4E Gladgse | A | 100 | 0 | 24 | a5 | a0 |.me B25-1H 4534 Mt | o | 0o | 200 | 05 | oaa | 0w | o2 | g
#25-GLA4D Glanie | A | =00 | 0 | 24 | 45 | 0 | me B25-1H 4535 iN4gas1 | D | 200 | 200 | 06 | 034 | 023 | 02 | 3
B25-GL34G Glodeaz | A | 400 | 40 | 24 | 45 | 0 | e B25-1H 4536 Mg | o | 400 | 2o | o5 | eas | oea | w2 | 3.
25-GLA4) Glodkm | & | eoo | 0 [ aa [ 45 | 0 | me E25-1H4537 iz | o | eoo | oo | os | eas | ma | w2 | &
- Mount - -
BI5-GFIA GFIAAT B| 50 | a0 | 21 | 48 | 42 |.10 B25-G 1850 GIEs0A G| = | oo | 27 | a7 T3 g
B25-1H 84T MEd7azs | A | 50 | ao | o | 43 | Comz | o7 B25-GIB51 GIEs14 G| 100 | zo0 | 27| a7 w | oo
§25-514 S1A2F c| so | a0 | A4 | .ms | w055 | oae B25-G 1852 Gleszi G| 200 | 2w | 27| a7 wr | o=
§25-GFIE GFIBAT B| 100 | a0 | a1 | 8 | 42 | B25-G 1854 GlESdH G| 400 | 2w | 27| a7 w0
251N 6475 MEdTEs | A | 100 | a0 | 2o | 43 | Coez | o7 B25-G 1856 GlESEA G| eoo | moo | 37 | a7 087 | =
§25-51B SIBANT | o | 1w | a0 | A4 | .ms | 085 | oae 5.0 Amp - Thiu-Fiole o
B25-GFID GFIDAT B| 20 | a0 | a1 | 48 | 2 | B25-G 1820 G0 H] & | o0 | &7 | & | = | 2 | o
B25-1H 8480 MEdsves | A | =00 | oao | o | 43 | Coex | o7 B25-G 1821 GlE21A H| 100 | so0 | 87 | 4 |2 | 24
#25-210 S1DEP c| zo0 | a0 | 42 | lms| w055 | nae B25-GIR22 Gle2zd H| 200 | so0 | 87 | 41 | 28 | 2a
BI5-GFIG GF1GAT B| 40 | a0 | a1 | 49 | 2 | B25-G 1824 Gle24/ H| 200 | so0 | 87 | 41 | 28 | 24
G251 6481 MEdes | A | 400 | ao | e | a3 | Loez |.ovm B25-G 1826 GlE2EA H| oo | a0 | &7 |41 |28 | 24
625516 S1G2P c| 4m | a0 | q4 | .ms | 085 | pae B25-G 1828 GlE2Ed H| soo | a0 | a7 | @ | |
825-GF1 GF14A7 B| 600 | a0 | a1 | 8 | 42 |n
G251 6482 MBS [ A | 600 a0 | .20 (a3 | .oe2 | 072 VISHAY FAST RECOVERY GLASS PASSIVATED
825514 E1.1/2P c| e | a0 | 44 | lms | 055 | oae cor o1 2000 up, il or
BI5-GFIK GFTKAT B| =0 | a0 | a0 | 48 | 2 | T AT ppaairtion K i
B25-1H 6482 MBdsaes | A | mo0 | ao | o | 43 | Coez | o7 :
Br sk e el ao | an | 32| s | oss | na BZE-1N4UZIGF | IN4@@GPd | O | =0 | 200 | 40 | .m2 | 043 | 038
asFIM crmar LBl tom | a0 | a1 | e | G2 | B2E-1N4924GPF | MdomacPd | D | fo0 | 200 | 40 | 82 | 043 | 038
Feririye iedaass | oA | daoa | oan | Eo | s | ome | ore B25-1N4925GF | M4sascPi | D | 200 | 200 | 0 | (82 | 0e3 | 038
Goe i el o |oan | G0 ] el } B25-1N4926GP | M488RcPid | D | 400 | 200 | 40 | 82 | 0e3 | 038
YR TTA D il — #25-1M4937GF | wndesrarid | D) eo | 200 | a0 | sz | 0e3 | o3
E25-1H400 THAGA G| 50 | @0 | 08 | 428 | .17 | .01 VISHAY ULTRA FAST
#25-1H4002 1N4D02A O| 100 | a0 | o4 | oes| o7 | 14
&25-1H4002 1H4D02A o| 20 | a0 | o4 | oes| 7 | .ma S8 A Eniiacs il For quantitias 12000 awd up, oall far 1a.
25-1H4004 1N4D044 | 40 | a0 | o4 | oes| o7 | o1a .5 AMp - _
B25-1H4005 aoosn | | eoo | a0 | e | ses | 17 | oia el Eeniens | ol o |30 [ 131 | o | des
25-1H4006 M40 | &0 | a0 | a4 | oes| o7 | oia e rrrrrerl Bl el BN -l R IS (i
G25-1HA007 1N4007 A | wm | a0 | ad | wes | oi7 | oda e rrvrrl Il el IR -l S IS (i
= il — B25-EGLI4F Ecladraz | A | =0 | do0 | as | 1 | wer | oes
iecam s El oo | 2 | 32| 9% | Ses | oo 25-EGLIdG Ecladare | A | a0 | d0 | e | 41 | wer | loes
5 ; ) ) ) 3 :
s vt S el = B Il Bl R B2S-BYMI250 | BYMIZBOEE | & | 50 | @0 | 49 | .1 | 078 | 087
faeeny iy El o | 2 | 22 | 13 | oes | orr B25-EGFIA EGFiad7- | B | 50 | 20 | = | 47 | a2 | e
feenk v El a0 | 2 | 22| 3 | oes | vy B25-EGLIA Ecldiads | A | 50 | 20 | a5 | 40 | orz | oer
Saecam coe El o | 2 | 22| 3 | oes | orr B25-ES1A ES1A/11 c| s0 | a0 | 44 | 40 | w70 | oes
A SUTae Wou : : : ! B25-US 1A LIS 1A c| s0 | a0 | a9 | 42 | ome | oes




Bridge Rectifiers

NEXT b
E DIODES INC. Leaded Rectifiers
o il
Bridge Rectifiers For quantities of B33 and up, oal #or guots,
MOUSER Dlodes Inc. Package Rectifying YRRM W S Ciparating Price Each

ESTOCK MO Part No. Cumant (A) {Max cument (A) Temparature i 10 100 250
G21-DF M DIFiA CFr 14 100 S0 257G o H15EG B0 .48 el 20
G21-0F04M DIFC4r CFm 14 400 = S50 b H1S0P G 80 48 el 20
G21-0F10M DIF10M CFm 14 1000 S0 -B5C o H150P G a0 84 44 A0
G21-KBPI4G KBFO4G KEP 1.54 40 40 -B5C b 1500 G 1.22 Aar T4 &5
G21-W04G WindG WEDIG 1.54 400 &0 E5°C W 150G Al 52 el 23
G21-KBF10G KBF135 KEF 1.54 1000 4i E57C W 1507 G 1.82 1.28 Aa 25
G21-WI0G WG WG 1.5A4 1000 & £50C o H150° G g2 58 A4 )
G21-KBP204G KBF204G KEBF 24 400 65 pe i g b 1.22 A7 T4 -1
G21-KBP210G KBF210G KEBF 24 1000 65 pe i g b 1.82 1.28 =l 25
G21-GRU404 EBLI404 B 44 400 150 257G o H150r G 1.42 1142 86 T4
G21-GBU O GEELI4AD B 44 1000 150 257G o H15EG 1.38 1.08 85 T3
G21-GEJE04 =EJe0d =6 64 400 170 E57C W 1507 G 1.84 1.43 113 1.03
G21-GRUE4 EBLRO4 B G4 400 175 257G o H150r G 1.82 1.28 e 25
G21-GBIE1D GRJETD e = G4 1000 170 pe i g b 2.05 1.60 1.27 1.15
B S B ST SRR ZRU £ 100 i75 el R [ 1,51 118 a3 g5
G21-GEJa0d (aBJe0d =6 84 400 170 E57C W 1507 G 1.94 1.52 1.20 1.08
G21-GRUE04 EBLIA04 B 24 400 200 257G o H150r G 1.46 1.14 80 22
G21-GBEIBD e =R =) R e = 2A 1000 170 pe i g b Fey | 1.73 1.37 1.23
G21-GRUE O HRLIAAD {=BL = 1000 200 S50 b H1S0P G 1.70 1.33 1.08 i
G21-GE1004 GEBJ00d 56 104 400 220 500 o H1S0R G 2.03 1.58 1.25 1.16
G21-GRU1004 EELH 00 B 104 400 230 257G o H15EG .03 1.58 1.25 118
G21-GEJ1010 EBJ1010 etz 104 1000 230 257G o H15EG .38 1.85 1.46 1.23
G21-GBUA010 =1 g o) {=BL 104 1000 220 -B5C b 150 0 238 1.85 1.46 1.23
G21-GEJ1504 GBS0 el=d 154 400 240 5 H1SR G .21 1.73 1.37 1.23
G21-GEPC1504 GBPCAS04 GEPC 154 400 A00 257G o H15EG .88 2.3z 1.88 1.78
G21-GEJI510 EBJ1510 etz 154 1000 240 257G o H15EG 2.48 1.94 1.53 1.2
&21-GBPC1510 GBPCASI0 GRPC 154 1000 A0 -B5C b 150 0 122 2.50 210 1.98
G21-GEI2004 EBJ200d el=d 204 400 240 5 H1SR G .27 1.77 1.40 1.27
G21-GEI2010 GBS0 etz 204 1000 240 257G o H15EG 251 1.96 1.54 1.4
G21-GEJZ504 GR.J2504 =6 253A 400 AS0 257G o H15rG 251 1.96 1.54 1.4
G21-GBPC2S04 EBPC2504 GEPC 254 400 A B5C o $150F G .88 2.32 1.88 1.7
G21-GEIZI10 EBJ2510 el=d 254 1000 250 5 H1SR G 2.3% 1.88 1.53 1.43
G21-GBPC2510 GBEPC2510 GEPC 2534 100 A00 257G o H150r G 22 2.58 210 1.98
G21-GEPCIS0L GBPCES04 GEPC 25A 400 400 257G o H15EG 12z 2.58 210 1.98
&621-GBPCIs10 GHBPCES0 GEPC 254 1000 A0 B8 o +150° 0 157 287 2.33 218




Flashback..

High Efficiency Step-Down Converter LTC1174-5 Efficiency

TE; +] 15uF*
—L— oy i
|

Vin T

LBy  SHUTDOWN =
i
LBoyt Viour
5V

IPan W 175mA
LTC1174-5 N
L {00pF**

G”S 10V L = 100uH
T4 TAM VDUT = SU_
' pgn =0V
*(3) AVX TPSDISEKDZE = LLLIL

** AV TPSD07KO10
t COILTROMICS CTX100-4 04D SEIHHENT - 100 200

What's this? A Schottky Diode!

av

EFACIENCY (=)




Flashback..

Switching A.C. Loads

Note: must
be CMOS

o ﬁﬁ;i

device flag

What's this? A4.7V,1W Zener diode!!




VISHAY Zener Diodes

o

i

2

M 7EMER DIODES (CONT.)

7]

1]

=

o For quantities of 2000 and wp, call for quobs.

[41] MOUSER Wishay Zaga Mominal Power Tt Price Each

_E STOCK MO Part M. Typs Willage (V) Raling (W) Current {mAj 1 [ 100 [ so0 [ 1m0

[« I Thiru-Hole

E B23-1NS2E0E 1NS2E0BTT D25 43 05 ana il 039 0T 022
TE-INS280B 1ME220B-TR CHo-25 43 [ a0 it 024 T .14
a825-1NG2E1B TN BT D25 47 a5 2.7 Uil 029 2T 22
TE-INS251B 1M52281B8-TR Dio-25 47 0.5 2.7 g Azd T .14

E Te-INS2G2E 1NE222E8-TR D-325 &1 0.5 25 g A0zd T .14

2 B23-1NS2E2E 1NS2E3RMTT D25 54 05 22 il 039 0T 022
TE-INS283B 1M52238-TR CHo-25 58 [ 2.2 it 024 T .14

g A25-1NG2E4E TS24 BT T Dio-25 =) a5 2.1 il 029 2T 022

- Te-1INS284E 1224 B-TR D25 =) a5 2.1 g 024 T .14

- GZ3-1NS2E5E TNS2RSRTIT D-325 2 0.5 2.0 il ] 0ag 02T Qzz2

O TR-INS2558 1NS285B-TR D25 &2 05 2.0 g 024 T .14

O B23-1NS2EEE 1NS2EERTT D25 Ga 05 1.9 il 039 0T 022

T TE-INS28EE 1ME2868-TR CHo-25 GO [ 14 it 024 T .14

E A25-1NG2ETE TN TRDIT D25 75 a5 1.7 Uil 029 2T 22

L | 7o anssaTR AMESRTR-TH M55 75 & i7 fid nzd | o7 | ndd

w B25-1N4T22A 1H4728AT0 Dis-41 a2 1 7a A0 JES Ade .02n

= | TR-INATZRA 1H4728A-TR D41 az 1 7a T 042 ik 025

171 BZ3-1N4TZA 1M4T20AT0 Di-44 a6 1 (== A0 JES JdE ze

£ TE-IN4T208 1M4728A-TR Di-41 a6 1 =] L 042 03 025

.E B23-1N4TA0A 1N4TAOATIS D41 ag 1 64 A0 MES ik ] .0ze

= TR-TNATIOA 1N4TA0A-TR D41 ag 1 64 a7 042 ik 025
B25-1N4ATHA 14T AT Dis-41 4.2 1 £a A0 JES Ade .02e

LB Rl L 1 o e
BZ3-1N4TIZA 1H4TA2ATA D41 4.7 1 53 A0 JES AdE za
[ TE-INATIZA 1M4TA2A-TR DiC-41 4.7 1 53 T 042 k] 025
THA T TH Didl | 1 o or T r

TE-TNATIAA 1N4TA4A-TR D41 5.6 1 45 a7 042 ik 025
B23-1N4TASA 1NATASATIS D41 6.2 1 41 A0 MES ik ] .0ze
TE-INATIEA 1H4TASA-TR Chz-dq f.2 1 41 7 042 ik 025
B25-1N4TIEA 1H4TARATIO Dis-41 6.2 1 ar A0 JES Ade .02n
TE-INATIGA 1H4TAGA-TR D41 6B 1 o T 042 ik 025
BZ3-1N4TATA 1N4TATADS Di-44 7.5 1 24 A0 JES JdE ze
TE-INATIATA 1MN4TATA-TR Di-41 7.5 1 24 L 042 03 025
B23-1N4TA24 1N4TARATIS D41 gz 1 b3 | A0 MES ik ] .0ze
TE-TN4TIRA 1N4T28A-TR D41 gz 1 b3 | a7 042 ik 025
B25-1N4TI048 1H4TARATTIO Dis-41 a1 1 .7 A0 JES Ade .02e
TE-INATIDA 1H4720A-TR Dis-41 a1 1 .7 T 042 ik 025




Differentiating Diodes

PN junction diode:
OrCAD:

CURRENT

BEREAKDOWN
VOLTAGE

s
¥

FORWARD
CURRENT

LEAKAGE CURRENT

AVALAMCHE
CURRBRENT

—+——REVERSE VOLTAGE

VOLTAGE

<

]

— . S—

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

e very fast reverse recovery time

e reverse leakage currents higher than PN junctiondi  odes
e |[imited available reverse blocking voltage ratings

OrCAD:
o—Pp—o

DIODE SCHOTTKY




Differentiating Diodes

CURRENT

Zener diode:

V FORWARD
7 CURRENT
BREAKDOWN
VOLTAGE

v

R y— A

LEAKAGE CURRENT VOLTAGE

DIODE ZENER

AVALANCHE
CURRENT

REVERSE VOLTAGE

Zener diode specifications:

- operating voltage (typ range 3.3 Vto 75 V)
- 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, 0, and 50 W)



Switching A.C. Loads

Note how the
Zener diode is
connected!!

Note: must T
be CMOS i—‘—é
5Ty ' .

pe W e\ R

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

What's this? A4.7V,1W 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 SCHOTTKY




Flashback..
Switching A.C. Loads

Note: must T
be CMOS [ %

4 3 beik
3 ot
(5
o 1 2
444444

Interrupt
device flag

A
<53~: ( ﬁé )2
| ]

What's this? An A.C. step-dalewtrdresisfarerer




(4 BACK_

STANCOR Transformers

STANCOR.

“Low Boy” LB Series

Fior quantities of 100 ard up, call for quoks.

SldeMirder (FW) Single Primary

MOUSER stancor WA | PAmery T Ftate;:l ':I'”q:"" e D"'"E'"'::":;'l-lﬁ E"'l-] Wi Price Each
STOCK NO. | Part No. - el n B Efles T ntire | Meurnting L.

M) ma | voe [ mA] Vo] mA | M W L W L A | B |ik=)f 1 10 50
g02LB-820 | LB-620 i pual | --- | --- [2oocT| 20| 10 | @00 | oea 1.5 1.68 088 12 [ 1e0| ome| 024 | 987 | eqe| se2
2021 B-1224 | LB-1224 12 | pwal | ---| --- [pa0cT] S0 12 [1o00f 1.0e 2.00 2 50 1.00 goo | zoo| 050 o7 | 1051 | ese| sos

L=
g
LHE Frimary
11 B30 Sganoreary Clearance Hoks
BOEOHE For Sarles: Slrea d, 5,48
L INE s— Correid B &T AZE0E DIa
5 e O
For Paralkd:
Corred B &T H—
R4
£ TypaEingls pul

Dual Sde-Winder (DEW) Dual Pimary

‘hc'-l..

“Side Windsr" SW/DSW Series

Fior quantities of 100 ard up, call for quoks.

MOUSER | Stancor | . |Pimaryl _____ mtﬂ;f":q:"" — Dm"?;“ﬂg'"'-' it Price Each
STOCK MO. | Part Ho. wanding | Indiidus] T S 77T T W L nting | 4 B o |iwey| 4 10 50
L L3100 ] I‘||H = %:.I'I T BET = Al i ‘H i 47 1% - (i 95 I'I’i‘-\. i T I'I’i‘-\. R& HI;E
B0Z-EW-11E | SW-218 550 | Singe | & | 150 [1B.0CT|150] & | 200 | 1.19 1.12 108 - Bo5 | 025 | 120 | 025 | Bag | ser 5.52'
mlu [-rmn I.HE ! | pE |U-= L | |'\H*ﬂ-‘-‘ I H I H |.E L | U.E—' T U.E—' U.r'\-' U..ﬁ! ol
BZEW-B1E | SW818 200 | Singe | & | 1280 [1eocT|izse| & |zsoo| 144 102 oos | 150 | a0 | o4o | 180 | om0 | e77 | sos | sas
B02-DEW-520 | Dew-sa0 | 120 | oust | 10 | eoo [poocT|eoo| 10 [1z00| 1.4 156 1ea | 128 | vao | o4 | 141 | o7o | sao | 7r2 | 72




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




CSs. CYLINDER TYPE CRYSTALS

This procud represenis our galedlon of minlalur lubalar bigh requency orslals,
They kealurs sulslindng shockhbralon reakilaros and srsironmental obanadanelis.

DIMENS KOHS {mmj

Features:

& Cogl aligalve

= Exosdlent

® Lood Cap.: 1apl

* Load lengih: 284 N

& Wide Trecus noy rang @
= Exosdlenl rellabl Iy

—

x]

4

R N L

For quantities of 500 and up. call for quobs

MOUSER
STOCK NO.

ECE
Part Mo.

Fraquancy
(MHz)

Cimansions

Price Each

[ L L

10 | 100

S20-ECE-357-18-10
S20-ECE-368-18-10
S20-ECE-400-12-10
S20-ECE-491-18-10
S20-ECE-800-12-10

S2-ECE-800-12-10

S20-ECE-083-12-10
S2-ECE-1000-18-9
S20-ECE-1105-18-49
S20-ECE-1200-18-9
S2-ECE-1431-18-9
S20-ECE-1474-10-0
S20-ECE-1600-18-9
S2-ECE-1842-18-9
S20-ECE-108E6-10-0
S2-ECE-2000-18-9
S20-ECE-2400-18-9
S20-ECE-2457-10-0
S20-ECE-2500-18-9
S20-ECE-2T00-18-9
S20-ECE-3200-18-9
S2-ECE-32TE-18-9
S20-ECS-4000-18-10
S20-ECE-5000-18-9
S2-ECE-8000-18-9
S20-ECE-868E6-10-0

G188
ECE-80-18-
ey

ECE-25-18-10
ECE-28-18-10
ECE-40-18-10
ECE-49-18-8
ECE-80-18-9

25745
s n T
4 JDOC000
4 #5200
B 000000

LAl

az | 10E | 10
az |10E | 10
az | 10E | 10
az2 | 10E | 10
az |10E | 10
Az 405 1 10

53 | AT
53 | AT
53 | AT
53 | AT
53 | AT

ELDOO000

az2 | 10E | 10

ECE-28-18-4
ECE-100-18-8
ECE-110.5-18-8
ECE-120-18-8
EGE-142-18-8
ECE-147-18-8
ECE-160-18-8
ECE-184-18-8
ECE-106-18-8
ECE-200-18-8
ECE-240-18-5
ECE-245-10-0
ECE-250-18-8
ECE-270-18-8
ECE-220-18-8
ECE-227-18-8
ECE-400-18-5
EGE-500-18-8
ECE-600-18-8
ECE-B56-10-0

R
2830400
10000000
11058000
12000300
14. 218180
14745600
16000000
18432000
19.6530a00
20.000000
24000000
24 576000
25.00000
27000000
A2 000000
A2 7aeni0
40000000
S0.000a00
E0.000000
£5. 655000

- - 1

az | 1E | 10
az a 10
az a 10
az 10
az 10
az 10
az 10
az 10
az 10
az 10
az 10
az 10
az 10
az 10
ag 10
az 10
az 10
ag 10
az 10
a2 10

—_

kR R R R R B kbR kL.

CsM-7

Thie CAMY ia an eoslant choioy fy the SMD v sion of the HCHG9UE Badad ormal

raight of 4. 3mm madmum i a mshianca wald maml packags

Th 3 T has a cid

DIMENS KNS (mim}

Speciflcatlons:

Fraquancy iolarancs: £ ppm

Features:

# Cparating wmp. Sarga: -10°C w4700 & Coat afhciva

Extandid mimparatsa: +2570 o280 ppm » Indiarial Ranga: 4000 + 8570 S0 pm) & Spcasaving dasign

Ahurt capaciaros: TOpF

* Snfage bEmpa s 3000 b 48500

Lo e Bane a: apac ifiad o saddas

& Low profile

For quantiisa of 1000 and up, call Tor quaoks.

MOUSER
STOCK NO.

ECS
Part Humber

Fragquency
{MHZ

Prica Each

10

S20-CSMAST-IT
520-CSMISR-5
520-C5MAGR-20
520-C5MA00-20
S520-C5MA03-20
S520-CSMA0E-20
S520-C5MA18-12
520-C5MA91-5
520-C5M4S1-20
S20-CEME00-20
520-CSME00-5
S20-CSME00-22
520-CSMA0D-5
520-C5MA14-22
520-C5MAS5-5

S20-CSMen-12
S20-CEMB00n-12

S20-CEMY21-5
520-C5MO23-5
S20-Cs5M1000-5
S520-C5M1 105-22
520-C5M1 105-20
520-CSM1105-5
S20-C5M 200-5
S20-CSM1201-18
S20-CSM1222-20
520-CSN1 2288
S520-Cs5M14 -5
S520-C5M1E00-20
520-CSM1E00-5
S20-CEM1 2435
S20-CSM2000-20
S20-CSM2042-20
S20-CSM245T-20
520-CSM2500-18

ECS-15-17-5P
ECS-36-5-5P
ECS-36-20-5P
ECS-40-20-5P
ECE-40. 3-20-5F
ECS-41-20-5P
EC5-42-12-5P
ECE-49-5-5P
ECE-49-20-5P
ECE-50-20-5P
ECE-50-5-5F
ECS-80-32-5P
ECS-80-545P
ECS461-32-5P
ECS465.5-5-5P

ECS-40-148-5P
ECS-A0-32-5P

ECS492.1-5-8P
ECS-98.3-5-5P
ECS-100-5-5P
ECS-110.5-32-5P
ECS-110.5-20-5P
ECE-110.5-5-5P
ECE-120-5-5P
ECS-120.003-18-5P
ECS-122 8-20-5P
ECS-12 A-58P
ECS-143-5-5P
ECS-160-20-5P
ECS-160-5-5P
ECS-184-5-5P
ECS-200-20-5P
ECE-204 4-20-5P
ECS-245.T7-20-5P
ECS-250-14-5P

A5T545
J.6864
A6864
40000

AAA000

AE000

4194304
49152
49152

5000000

5000000

G.000000

G.000000

.144000

553600

80000
0000

9216000
98304
10000000
1105492
1105492
11 0592
12000000
12008393
12 2808000
12 288000
14318180
16000000
16000000
18232000
20000000
20430000
24 576000

25000000

EEREEEERREREREERERERRERE ?ﬂqiﬂiﬂl}iﬂiﬂ‘ﬂ?ﬂiﬂiﬂiﬂ BRRRRRRR




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 fall




Other timing devices

e Resonator

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

e Oscilllator (crystal oscillator)

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

e VCXO
— voltage controlled crystal oscillator




HEADERS

H1
™
- . ﬂ:.n_
5 2 ==
3 =R
] 4 I7 B EE
— :  =p —]
— £ =B — N
T T oMp =Tz g
2 B 35: =TT )
— E = —

- m o mMp al; y
r, gl | IE =T )
7 T :g ﬁ: =TT ™

w T —_ o
: [ PeEA S |
J E E: TEATED W)
T Mp—u N
= mpP—w
[t 1O »r—=o | oz pb—n el LY
n HNp .

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




4 BACK PNEXT D)
AMPMODU™ Breakaway Headers and AMP-LATCH tyco

Electromics
AMPMODU™ BREAK AWAY HEADERS - SINGLE ANMND DOUBLE ROW

Materlal: Contact Plating:

* Houelng: 0440 bleck themoplaclo  « 1007 (284mm) Cenlem Plaling A = Cuple plaled /000030 min gokd on conladl anca. 0001 - 0002 min. indsed on sokder arca, with entlre ot vnderplaked . 00008 min. nidad.
* Pogl: phosphar bronos * Lirghnou dad Plaling B = Cupke plaled 000015 min gokd on conladl anca. 0001 - 0002 min. indeed on sobder ansa,with enilne pod vnder plaked . 0000& min. nkkad.
Plalirg C = 0001 - 0002 raln. - ssd over 00005 nlcked on ening pol.

025" Square Straight Posts Fior quantiias of 1000 and up, aall ¥or quots.
D [ >

MOUSER AMP W, ol Prica Each
STOCKNO. | part Mo, |79 Poe. Flating | 00 | =00

Wertlcal - Single Row, 100 Centerling
ST1-10azaee | 10s2E-2
ST1-103z30a | 10E2-2
ST1-10az304 10254
ST1-1032385 | 10E25-5
ST1-10aza0E | 0E2E-6
571103230 | 106258
571-11032290 | 1-103238-0
57121032290 | 2-103238-0
ST1-41032290 | 4-103238-0
STi-10ade52 | 10a1es-2
ST1-1031253 | 1081852
5711031854 | 1081854
ST1-1031255 1081855
5711031858 | 1081856
ST1-1021857 | 1091857

A6 A3
.29 A9
28 24 For quanitities of 1000 and up, call for quoks.

A MOUSER AMP Mo, of Lergth Price Each

Fig. Flating
STOCK NG, | Part Mo. Pos. | pogt | Tal | 1o | 500

Vertlcal - Double Row. 100 x 100 Centerling (Cont. )

ST1-1021264 1021884 0220 | 0120
ST1-1021265  |10@182-5 0230 | 0120
ST1-1021266 | 102188-6 0220 | 0120
711021262 |10a188-R G230 | 0120
ST1-110318&0 | 1-103196-0 Q220 | 0120
ST1-21031860 | 2-1023196-0 0220 | 0120
ST1-41031860 |4-103196-0 0220 | 0120
571-1023202 | 10E220-2 G230 | 0120
5711023282 | 10@220-2 Q220 | 0120
5711023284 | 10E220-4 Q23 | 0120
ST1-1023285 | 102228-5 0220 | 0120
ST1-1023206 | 10E220-6 0220 | 0120
5711023287 | 10@220-7 0230 | 0120
571-1023202 | 10E220-8 Q23 | 0120
ST1-21033220 |2-10932e-0 0220 | 0120
ST1-41033220 |4-103228-0 0220 | 0120
5711020772 |10eRTTr-2 0,125
ST1-1028774 | 1029774 0125
ST1-1020775 | 102977-5 0,125
5711020778 | 102977-6 2125
ST1-102077T | 1029777 0125
ST1-1020772 | 10eRTT-8 0,125
ST1-21029770 | 2-102677-0 2125
ST1-41029770 |4-102677-0 9125
5711020732 |10eeTa-2 0125
ST1-1020732 |10eeTa-g 0,125

b UL RS 2 A S 0
571-41031 250 [4-102185-0
T
571-1083273 [103227-2
571-1033274 1023274
5711083275 (102327-5
5711083278 108327-6
5T1-1083278 (108327-8
ET1-11083270
ET1-440332T0
571-1020762
571-1028763
S71-1026764
571-1020763
571-1020768
ST1-11028780
ST1-21028780
ST1-410£8780
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