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Terminology

— Introduction

Components

An electronic component is any device that handles electricity.
These devices come in many different shapes and sizes. Different
components have different electrical functions and are used for a great
variety of purposes. For example, some components may be used to slow
electricity, and others may be used to store it.

Understanding Electricity

Electricity basically consists of voltage, measured in volts, and
current, measured in amperes, or amps. Voltage is the electrical pressure,
or force of electricity through a circuit. This is similar to the water
pressure in a garden hose. Current is the amount of electricity that goes
through the circuit.

e components are active - meaning they can amplify or
transistors and

are passive - meaning
to reduce it in size or
delay it. Passive components include resistors, capacitors and inductors.

Discrete vs. Integrated

When a component is packaged with only one or two functional
elements, it is called a discrete component. An example of a discrete
component is a resistor that performs the simple function of limiting the
electrical current that flows through it. On the other hand, an integrated
circuit is a group of interconnected elements assembled into a single
package that performs multiple functions. A well-known example of a
complex IC is the microprocessor found in computers.

Electronic Assemblies

When a group of components are placed together on a printed
circuit board to perform some function, it's called an electronic assembly.
Circuit board assemblies are created by attaching and soldering the
components by hand, or by machine.

':Cﬁnponent Identification Desk Reference Manual 2



Through-Hole vs. Surface Mount _==

! There are two primary types of components, the difference being
how they are attached
to the circuit board.

primary
side

One group is called
through-hole.
Through-hole components
have leads that are inserted
secondary side

through mounting holes in
the circuit board

cross-section of a
through-hole solder joint

The other type is called
surface mount.

Surface mount components are
designed so they are placed
directly onto lands that serve
as mounting points on the

surface of tHPRO

Through-Hole Leads

Through-hole leads are rigid metal wires that stick out of the component.

Axial Leads = Arms

Axial leaded components have two
leads - with one lead extending from
each side of the component, like arme.
Axial components need to have their
leads bent so they can be inserted
through the holes of a circuit board.

Radial Leads = Legs

— Radial leaded components have two or more
leads extending from the bottom of the
component, like legs.

3 Component Identification Desk Reference‘l\ﬂ!ﬂ

Terminology

Single In-line Packages
or SIPs, are through-hole components that

have a row of leads in a single, straight line. | [ J]]

A
l L L L] 1 l Dual In-line Packages
or DIPs, are components that have two rows
of leads in parallel straight lines.

Pin Grid Arrays

or PGAS, are ICs that have
several rows of round pins extending
from the bottom of the component.

M'l 8 ReVG- Surface Mount - Leadless

o
“ Le: 5 vl 3 I le ticking out of the
ent . pon: ‘tached to a circuit
ﬂ oard using some type of metallized termination.

—, Chips & MELFS use terminations on opposite
/F 4 ends of the component’s body.

Castellations are half round

Ball Grid Arrays, or BGAs, metallized recesses in the side
consist of rows g_ﬁtgtwy balls of solder of a comporent that are filed
on the Izgyzﬁ_ovtl'bftil'\s‘I component. with solder when connected to

=  These solder the circuit board.

- balls are
" connected
to

matching
rows of

lands on
B the circuit
| board.
._'!‘U'm_ponent Identification Desk Reference Manual 4



Terminology

I Surface Mount - Leaded

Leaded surface mount components usually have one of five styles
of leads: gull wings, J-leads, L-leads, flat leads or |-leads.
Gull Wing Lead: The gull wing

F i \ / lead is a metal lead that bends

m q down and away - similar to a
seagull's wing.
] - 9 9
J-Lead: The J-lead is a metal
lead that bends down and
underneath a componentinthe
£ shape of the letter J.

L-Lead: The L-lead i inward
1 / formed underneath a component.
Flat Lead: The flat lea

A

the body of a componel

I I

surface mounting. Because the
connection is not very strong or
stable, the I-lead is not
considered suitable for high
reliability assemblies.

—

Lead Pitch
An important characteristic of
B sorme leaded surface mount
components is lead pitch. Pitch is
t the distance between the center of

one lead to the center of the next.
When a component has fine pitch it
means the leads are spaced very
close together (less than 15 mils).

Lead Pitch

5 Component Identification m

protrudes directly outApRM - l 8 R

ot
- lef
that has been cut short for

Terminology

— Component Packaging

Component packaging refers to the way component manufacturers
package their product for use by electronice assemblers. See Introduction
to Electronics Assembly, IPC-DRM-53, for more about the assembly
process. Through-hole and surface mount components are packaged in one
of four ways: on tape and reel, in tubes, in waffle trays or in static-safe
bags. The packaging method depends on the component type and whether
the component will be assembled onto the circuit board by machine or by
hand. Most component packages are made to protect the components
from electrostatic discharge, or ESD, which could damage them.

Tape and Reel

Tape reels are used for axial leaded through hole

components and the smaller surface mount components.
Automatic insertion machines cut through-hole components
off tape reels and insert them into the board.

Surface mount assembly machines, called pick and place, pick
surface mount components from tape reels and place them
onto the board.

MPLE.

components straight and ready
to drop into auto-insertion or
auto-placement machines.

Waffle Trays

Waffle trays are used for many of the larger
surface mount componette. They are stackable
on pick and place machines. Trays also provide
protection for fragile leads during storage

and handling.

Static-Safe Bags

Some components are simply packaged
loose in static-safe bags. These
components are usually simple
through-hole axial and radial devices that
are too large or unusually shaped to be
inserted by machine.

monent Identification Desk Reference Manual




Terminology

I Identifying Components

&
o ~

The assembly drawing with diode hi-lighted

7

———

—

Every component has

a manufacturer's

part number. This
number is either marked
on the component itself,
or on the packaging.

And every assembly to be
eoud

The BOM lists the components by
part numbers, quantities
and reference desighators.

The assembly drawing shows
the location of each component.

PWB reference designator for a diode

Component Identim

DRM-18 Rewy

e

Terminology

" Component Reference Designators

Most of the PWBs made
today have a component
legend silkscreened onto
them.

Close-up of a component legend
printed on a through-hole PWB

These letters and numbers identify the component to be placed in

the holes or onto the lands next to each designation.

Also called the silkscreen or
Component Reference Designator (CRD),
this legend is placed on the
nt mounting (primary) side
of ghe PWB. The other side of

TIONAL SAMP

The silkscreen may also indicate
the direction (for orientation or polarity)
the component is to be placed on the board.
SMT boards may have the silkscreen on
both sides of the board, if it has
components on both sides.

For more definitions of
reference designators, see
ANSI Y32.16/ IEEE Std 200.
For more definitions of
component class letters, see

NSI Y32.2/ |IEEE Std 315,
section 22.

Class Letter(s)

mﬁon Desk Reference Manual

Unit Number



Terminology — ﬂ | = Terminology

l Common Class Letters for CRDs Schematic Symbols I

Along with the assembly

Amlif ANSK;EEE ‘EAC Other drawing and BOM, schematic diagrams AT

mplifier i e e—

Copaciter 5 are also used to specify assemblis. —AAAA—
pack or network Cc CPorU Each discrete component has an iF
polarized c “+" (by the lead) associated symbol that is specified
variable c CVAR,CADJ in [EEE (Institute of Electrical and — bl

Connector JorP Electronics Engineers) Standard + e

Crystal - Y B 215 and 315A (ANSI Y32.2). e T

Delay Line DL D— _‘]},_,._. =

Diode DorCR Components with multiple functions, _H_ ’
Light Emitting Diode DS (Display) LED, D, DIS, CR such as an integrated circuit, do not +
Voltage Rectifier DorCR VR use a specific schematic symbol but —#rv— _@_
Zener Diode DorVR are often represented by a block in the a

Filter FL schematic diagram. This includes ICo

Fuse F packaged as DIPs, 50ICs, GFFs, =5 B ——

Header Jor P PLCC@ s or BGAs.

Inductor, Choke D RM l 8 aA

Integrated Circuit

== PROMOTIONAL-"SAMPEE"
Miclzprocessor

Some components will have a value and tolerance associated with them.

N<<m<

Oscillator Y(eryseah orG o @ The value is a numerical quantity given to the component. This value is usually
Rel_ay assighed a tolerance which is the amount of variation allowed from that value.
Resistor R
pack or network R RN, RP, U
Potentiometer R VR, POT If 2 500 ohm resistor has a
Thermistor RT R 1% tolerance, its acceptable
variable R VR, VAR, VRN, ADJ measurement range would be = L P
Varistor RVAR 495 to 505 ohms. v
asymmetrical DorCR 4950 =
symmetrical RV
SDFkEt RCKAR XU G 2 [ But, if the same 500 ohm resistor has a -
Switch ) S sw 10% tolerance, its acceptable
If::‘:i’;:;' or Pin LP v TS'I;]or J measurement range would be r
Transformer T X TR 4500 SSpiGHS) RO v
Voltage Regulator VR u 45012

Reading component values and
tolerances is described in detail
in the last section of this manual

9 Component Identification Desk Re-femﬂ We-ntification Desk Reference Manual 10



Terminology - !
l Polarity = Positive & Negative e
Each component placed on a PWB or “board”
has a specific function. Some components have a
positive and negative connection to the board and so
must be placed on the board in the correct orientation.
This means that the correct
F A lead-positive or negative—is in
Poaresl R the correct hole, or on the
Anode | Cathode correct land with surface
qr 1 = mount components.

n

—

Diodes

(=

-ty

Components with this positive
and negative connection are
said to have polarity.

— Terminology

— Orientation = Position !

Component orientation refers to situations when a component
must be installed on the PWB a certain way, whether or not it has polarity.
Orientation marks or symbols on a component’s body include:

anotch, adimple, awedge, a stripe, or numbers.

With multi-pin components, such as ICs, these orientation symbols
indicate where “Fin One” of that component is located so that pin may be mated
with the corresponding pad or land on the PWB. Many ICs have tens to hundreds
of 1/0 (input/output) connection points. These may be pins, leads or terminations.

Also, matching orientation marks may be found on the PWB. These often

Anode & Cathode D Rn n -I RZE Gacreened symbols identical to markings on the component body (notch,
The positive lead = 8 , Wallace, ctc.) and /or a square pad or land on the board, especially for

' 2 3 )
e
gl e
Polarity can be indicated on
parts in a variety of ways.

The symbol for a positive lead
is the plus sigh (+), although
many components will not have
this marking.

The symbol for the negative
lead is the minus sign (=).
Markings and symbols for
either the anode or cathode

leads can take many shapes and forms. Markings on
the PWB include a square land or pad, a “+” symbol, or
a diode symbol silkscreened to the board to show the

correct orientation.

Component Identification m

TIONAL.SAMPLE........

The square lard/pad is a common way to designate polarity or
orientation. The square land is most often used by PWB designers to show where
the marked lead or Pin One of a multi-pinned component should be placed.
Matching Pin One of the component to the correct land or pad on the PWB is
critical for the proper function of the component.

For components that have the positive or
anode lead marked, like polarized capacitors, the
square land typically indicates where the positive
lead should be placed. For components which have
the negative or cathode lead marked, such as
diodes or LEDs, the square land indicates where
the marked (negative) lead should be placed.

Note: Always verify the polarity against any % 1

drawings, schematics, silkscreen markings

(or any other documentation from your board Squar /' pad shows
and component suppliers) as this may vary. pin 1 orientation

["Component Identification Desk Reference Manual 12



Through-Hole « Axial & Radial___—T“g

Ve
:II | a
Capacitor (Non-Polarized)

Description: Capacitors store and discharge electricity. They co
two metal plates, or conducting surfaces, separate] l 8

insulating material called a dielectric. After a sufficient

buildup i [ \
There ar 1) i
* Ceramilldisc
 Dipped mica-radial
* Mylar-radial, usually round or oval bodies
* Glass-packed axial, easy to mistake for
diode or resistor.
Class letter: C (non-polarized)
Prefix: None

Value Code: Measured in microfarads (UF), nanofarads (nF) or
picofarads (pF). The value is printed on the capacitor body
using some form of abbreviation. Also specified is the
operating voltage for the capacitor. These two values
determine the physical size of the component.

Tolerance: FPrinted as percentage (example: +5%) or as letter scheme.
Orientation: None

13 Component identieation-DE ReTEiETRETA

4’0 NALES,

5 Through-Hole « Axial & Radial

Capacitor (polarized)

Des: fon: FPolarized capacitors function in the same way as
non-polarized capacitors (see page 13).

h
AMPLE . ..

Class etter:

picofarads (pF). The value is printed on the capacitor body
using some form of abbreviation. Also specified is the
operating voltage for the capacitor. These two values
determine the physical size of the component.
Tolerance: Frinted as percentage (example: +5%) or as letter scheme.
Orientation: By polarity. A Square land on the PWB may mark where
the positive lead (anode) is to be inserted.

Polarity: Polarized capacitors can be both axial or radial and will
have one lead marked as postive (+). This positive lead can
be marked or formed in several ways:

Symbols:
Plus (+); marks positive lead
Dot (e); marks positive lead
Band; marks positive lead
Line; the line can have pluses (+) leading to the
positive leg or minuses (-) leading to the negative leg.
Arrows; arrows down the side lead to the negative end.

Continued. . .

mnce Manual 14




Through-Hole « Axial & Radial ___-_q

Capacitor (polarized)

. Continued:

Colors:

Shapes and forms:
Ridge or bevel; marks positive lead
Groove; marks positive lead
Bubble; marks positive lead
(if both ends have a bubble, the larger one is positive)
Larger lead; the PWB holes are sized to match the
larger lead.

15 Component Identiﬁcation?em

_ Through-Hole « Axial & Radial

Variable Capacitor

These capacitors can change capacitance by turning a

Descrjption:
D RM- l 8 R screw that causes the plates to move closer or farther

apart Tha closer the \atea the higher the capacitance.
Silver lett
Colore] Other

Value Code, Meaeured as a range, auch as 27-200 pF.
Tolerance: None
Orientation: Non-symmetrical lead pattern allows it to be installed
only one way.
Polarity: Norne

ssmponent Identification Desk Reference Manual



Through-Hole « Axial & hﬁ?

5 Through-Hole + Axial & Radial

diodes

. = = + -
Crystal —_— u = = Diode
a Description: Crystals usually have metal bodies and produce a Descrjption: Diodes are semiconductors that only allow current to flow
. consistent electrical pulse. They are typically used B M l 8 R & in one direction - like a one way street. They can convert

clocks, contron the tlmmg of events in digital circuits. Iternatm currem to direct curremt A zener diode acts
Class letter: V A diode’s part number
Other: efix ollowed by two to four
Prefix: None 3, IN751 and 1N4146.

Value Code: Meaaured in megahertz (MHZ) or kilohertz (kHz).
Tolerance: None
Orientation: Angled corner or dot
Polarity: None

1 Componant eniiaton oK RETTETEE WA

Class letter: Or C
Other:
Prefix: 1N
Value Code: Nore
Orientation: By polarity.

Polarity: Polarity is usually indicated by colored ring or up to three
rings near the negative (cathode) end of axial diodes. An
arrow may also point to the negative end. The PWB is
marked with a stripe, line, or arrow symbol showing where
the cathode end of the diode should be placed.

A Square Land* may also mark where the cathode
end is inserted.

* See page 12, “The Square Land/Pad”

esk Reference Manual 18



|

Through-Hole « Axial & E

J
ant cathode

fr

.@_

Light-Emitting Diode

7 Through-Hole « Axial &Radial

= Filter

11
|

Filters are used to pass one frequency or frequency

Description: Neo known as LED's, these components emit light. Descrjntion:
Class letter: DRM l 8 R ﬁ band while blocking others. They are often used to filter

E LED D, DIS, CR
Prefix: None
Value Code: None
Tolerance: Nore
Orientation: By polarity.
Polarity: LEDs are typically radial leaded, and polarity is indicated
by the location of the cup and spoon inside the lens.

The cup is usually associated with the cathode or
negative lead, and the spoon with the positive
lead, but this may vary with some manufacturers.
The negative lead may also be shorter, and if

the housing has a flat side, it is also the

negative or cathode side.

Cup

Square Land:

The PWB may also be marked with a square land Spoon.
showing where the cathode end is inserted and/or

a silkscreened outline of the component body with Cathode /
a flat edge to indicate polarity. Lead

See page 12,
“The Square Land/Pad”

19 Component dentfcation &Sk RAaanEa WaRGal

trical noise in a circuit.

PROMOTIONAL:=SAMPLE

Value Code: None
Tolerance: None
Orientation: The installation of filters is usually by lead configura -
tion. The pattern of holes or lands on the PWB means
there is only one way to insert the filter.
Polarity: None

m Manual 20



Through-Hole « Axial & Radial___—T“g

Fuse

Description:

Class letter:
Prefix:
Value Code:
Tolerance:
Orientation:
Polarity:

Class letter:

21

fuses

B
-—ﬂ'\p—-
=T

———

circuit breaker

—al) [

Fuses consist of a wire with low melting point metal

When current passing through the wire exceeds a DRM— l 8 R DESE&iDI\:

preacr\bed level, the wire melts and opens the circuit,
~PROMOTIONAL SAMPLE
None

Measured in amps
None
None
None

A circuit breaker is a device that when exposed to
excess current will “trip” or become electrically open
and can be reset.

CcB

=

- =

A Circuit Breaker Panel | =
like the one in your home. | &

Component identieation-DE ReTEiETRETA

5 Through-Hole « Axial & Radial

Inductor

Inductors consist of a coil of wire that creates a magnetic
field when current flows through the coil.

Transformers, Coils and Toroids are related to inductors.

Class letter:
Prefix: NomE

roid choke consists of
of magnetic metal.
nce of the coil.

Value Code: Measured in microhenry (H) or millihenry (mH). The value
is either printed on the inductor body or calculated by
decoding 4 of 5 colored bands on the inductor body into

numbers.

Tolerance: FPrinted as last of five-band color band system.

Orientation: None

Choke

i on Desk Reference Manual

Coil
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Through-Hole « Axial & Radial __'_‘q

air core
TR

—rr

iron core

_ Through-Hole « Axial & Radial
—W— — i
P -
—
e e
Resistor

Resistors limit the flow of electrical current in a circuit.

Descrjption:
basically consist of primary and secondary coils WDDRM— l 8 Rev&. This is like a highway narrowing from six lanes to a

Transformer
Description: Transformers are related to inductors. Transformer:
a common core of ferromagnetic material.
When alt: of
the resul
across il se cl
current to flow in an external circuit.
Class letter:
Prefix: None
Value Code: Measured in microhenry (UH) or millihenry (mH).
The value is printed on the body.
Orientation: Many transformers have non-symmetrical leads which only
allow it to be installed one way.
Transformer
mounted
on a board
Component Identification Desk RFIW

lane road

re r, the greater its

In addition, there are wire wound power resistors.
Class letter:
Prefix: RC = color coded
RN = metal film
RCL = wire wound
Value Code: Measured in ohms (Q). The value is either printed on the
resistor body or is calculated by decoding 3 to 5 colored
bands on the resistor body into numbers.
Tolerance: FPrinted on body or as part of color band system.
Orientation: Nore
Polarity: None

!omponent Identification Desk Reference Manual

. Fixed resistors are usually made of metal

IONAL SAMPLE: -

ik ¢ of electrical power).

24



Through-Hole » Avial & REBI

Variable Resistor

Description: Also called a potentiometer, trimpot or trimmer,

7 Through-Hole « Axial & Radial

i — Voltage Regulator

n: Voltage regulators keep output voltage constant during

Descrjptio
a variable resistor is a resistor whose value can be DRM— l 8 Rev - variations of the output load or the input voltage.

Often looks like a T0220 package.

changed by turning a shaft, screw or sliding a contact. .
Class letter: R I3 lettes
Other: VR, VAR, \ Other:
Prefix: None

Value Code: Measured in a range in ohms. Maximum value is usually
molded into component body. Example: 20 MQ.
Tolerance: None
Orientation: Non-symmetrical lead pattern only allows it to be
installed one way. Fin One is usually identified.
A square land may also mark where pin 1is inserted*
Polarity: None

* See page 12, “The Square Land/Pad”

25 Com|

Value Code: None

Tolerance: None
Orientation: Angle on the body or indented dot.

Polarity: None

Fompanent identifcation Desk Reference Manual 26



Through-Hole « Axial & hﬁ?

I

Thermistor —_—

Description: Resists current flow based on temperature.

Class letter: RT

Tolerance: None

5 Through-Hole + Axial & Radial

Transistors are semiconductors that can amplify,

Descrjption:
. Often looks like a disc capacitor. DRM— l 8 Revw. oscillate and provide switching action on electrical signal

des, transistors do not utilize units of measure-

S

Class letter:

Li 0
Other: R e
Prefix: None 1| ed 0 to four digit
Value Code: None € X oMiclud 701 and 2N2222A.
Q

Orientation: None
Polarity: None

2 Componant eniiaton oK RETTETEE WA

Other: VorU
Prefix: 2N
Orientation: Indicated by one of several methods:
« Pin Numbers or pin names which match
to the PWB silkscreen.
* Tab on the transistor “can”. When looking down

the right of, or directly underneath the tab. The
pins count counterclockwise from pin one.
« Matching component shape with PWB silkscreen

tab. Outline on PWB includes the flat side of the
transistor—align the flat side. Pattern of

Transistor

5.

en is usually specified

on the component from the top, pin one is either to

outline: Outline on PWB includes the tab—align the

through-holes on PWB means there is only one way

to insert the transistor.

esk Reference Manual
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Through-Hole » Avial & REAI

switches

A

Switch

Description: 5WItC|’|56 open and close a circuit.

ﬁugb-ﬂole « Hardware

I

g Connector

Connectors are placed on a PWB so that wires, cables and

Descrjption:
Class letter: DRM l 8 R a other outside connections can be made to the PWB. They

Other:

as DPDT doub\e pole, doub\e throw” printed on it.
Tolerance: None
Orientation: Dot or notch
Polarity: None

Relays are switches that open and close when actuated
by an applied signal.
Class letter: K

ARelay on
a partially assembled PWB

29 Com|

have a housing around their pins.
P Eﬂector
o0 the package.

Polanty. None

Fompanent identifcation Desk Reference Manual 30



Through-Hole « Hardware ] T Thou

ole « Hardware

e — = —=
Header Jumper

Description: Headers, like connectors are placed on a PWB o th

Descrjption:
outside connections can be made. Headers usually ﬁrRM- l 8 Revﬁ.

have a housing around their pins.

Class letter: Jor P o g
Orientation: Usually n a @ or -
connectolvhic it SV 8 ol 22 Y

tab is important.

Polarity: None Class letter:

Other:
Prefix:
Value Code:
Tolerance:
Orientation:
Polarity:

Also called jumper configuration, jumper wire or head pin
configuration. Jumpers connect two pins on the
assembly together, providing an electrical path between

om 5 used to solve
sel her times they are
assembly’s

configuration for different applications.

W, or E for insulated piece of conductor (wire);
or P, for a plug.

JP

None

None

None

Jumper goes into header socket

None

3 Component dentication Desk Refeence Manial Campanent deniication Desk Reference Manua 32



Through-Hole « Hardware

e

Socket

Description:

Class letter:
Other:
Prefix:

Value Code:

Tolerance:

Orientation:

Sockets are soldered onto circuit boards so that a

resister pack

diode pack

Through-Hole « IC's

Desc
be plugged into the socket and not soldered direcﬂﬁ ﬁM l 8 R ¢

board. This makes removing or upgrading the part much

easier. 7

cannot b

X, XAR, XSl XQ

1S, S

None

None

None

Sockets usually have
adot ——

or a notch "
to indicate \
orientation to the

PWB. Ornce installed,
2 socket may cover
the PWB orientation
mark, g0 it's
important to place
the socket correctly.

Component IdentificW

ONAL:

Class etter:
Othe

Prefix:
od

Tolerance:
Orientation:

SIP

SIP stands for Single- In-line-Package. SIPs are often
resistor networks (or packs) or diode arrays.
r resistor networks, D or CR for diode array, etc

pa ol =] of passive
components. Those values may be marked on the
component package. For example, eight 2K resistors
would have the value: “&x2K.”

None

Determined by the location of lead one. A SIF IC's leads
are numbered to ensure proper placement of the
component on the circuit board or into a PWB-mounted
socket. The orientation marking on most SIPs is usually
right over lead one. The remaining leads are counted
from lead one.

Lead One Markings: The most common markings for
orientation on SIPs are numbers, a stripe or a dot.

mldentification Desk Reference Manual
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ThroughHole «1Cs ]

DIP

Description:

Class letter:
er:

Prefix:
Value Code:

Lead Pitch:
Orientation:

35

Ll

DIP stands for Dual- l-line- Package. DIPs are usual Desc n:
of plastic or ceramic (called CERDIPS). They may |MM l 8 Reme

e

hundreds, or thousands of various components.

u
.--PROMOTIONAL=SAMPLE
None

DIP packages sometimes hold banks of passive
components. Those values may be marked on the
component package. For example, eight 2K resistors would
have the value: “&x2K.”

100 mils

Determined by the location of lead one. A DIP IC’s leads are
numbered to ensure proper placement of the component on
the circuit board or into a PWB-mounted socket. The
orientation marking on most DIPs is usually either right over
lead one or on the end at which lead one is found. The
remaining leads are counted counterclockwise from lead one.

Lead One Markings: The most common markings for
orientation on ICs are:

* notch * numbers * stripe

* dimple * wedge

Square Land: The square land is used to show the location of lead one
on the PWB. Aligning lead one of the IC with the square land on the
board ensures proper installation of the component.

Orientation: Determined by the location of lead one.

An IC Can’s leads are numbered to ensure proper
placement of the component on the circuit board or

into a PWB mounted socket.

The orientation marking on most IC Cans is usually a
tab in the rim of the can over the highest numbered
pin, or between pin 1 and the highest pin.

The pins are counted counterclockwise
starting from the right of the tab
when looking down on the top

of the can.

['Component Identification Desk Reference Manual

IC Cans are often transistors or voltage regulators.
U general IC, Q for transistor, AR amplifier, etc.

IC Can

36



Through-Hole « IC’s

PGA

Description:

Class letter:
er:

Prefix:
Value Code:
Tolerance:
Orientation:

37

T___—=

PGA stands for Pin Grid Array. PGAs have several
leads or pins extending from the bottom of the IC.

rows make up a
plaa‘mc p#
IC or AR. Q,
None
None
None
Usually determined by the location of a notch in the

package right over pin one. A corresponding mark on the
PWB or socket provides proper alignment. Sometimes also

rid of conmect\on pomta PGAs come in

by a missing pin on the component, or a missing hole on Value:
the board. Orientation:
Square Land: A square base to one lead among the leads Polarity:

in a PGA is also used to show orientation. Aligning that

lead with a matching square land on the board ensures
proper installation of the component. Class letter:
Value:
Orientation:
Polarity:

Componenm

capacitors

—
—A-

resistors

e

DRI-18 REVE" ©

Class letter:

Component Identification Desk Reference Manual

Surface Mount ¢ CHIPs, MELFs & SOTs

5 slded

3 sided

Sl

Chip Components

Chip components are usually ceramic-bodied packages with
metal connections called terminations at either end. The

moet common 1) 65 of chip components are ceramic
ve- chip components have
\d ite terminal
con area where the

component is attached to the aun‘acz of the PWB.
Three-sided components have a solderable surface on three
sides of its terminal contact.

Chip Resistors

R

Measured in ohms Q).

None

None

Chip Capacitors

C

Measured in microfarads (UF) or picofarads (pF).

None
None Note: See Tantalum Capacitors, page 41

continued . . .
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Surface Mount e CHIPs, MELFs & SOTs

Y ¢

H

Chip Components =

Reading Chip Resistor Value Codes
Sometimes the numeric value (ohms) may be printed on the chi

Surface Mount e CHIPs, MELFs & SOTs

= Chip Components

Reading Chip Capacitor Value Codes
Depending on the size of the chip capacitor, the value code may be

resistor body. More frequently, this value code is printed on the \zbﬂhm_ 'l 8 the body of the component, or on the label of the reel in which
£ Y

reel in which the chips are packaged. This is because the componen

is too small, or will not all n <k g
The code is a three- or fo i b
two numbers are value nuMbers, € d i i

102, where 1 and O are attached to 2 zeroes to equal 1000 Ohms,

With four-digit codes, the first three numbers are the value numbers, and
the fourth number is the multiplier. For example: 1501, where 1, 5, and O
are attached to 1 zero to equal 1500 Ohms.

For either code, a "0" (zero), in the multiplier position means don't add any
zeros. Example:150, where 1 and5 are attached to no zeros to equal 15 Ohme.
Aletter R in either code means to "place a decimal point at this spot.”
Example: 49R9 = 49.9 Ohms.

B=x.
Tolerance Letter Codes C=x.25% =
For some manufacturers, chip resistors with E - i 157%
3-digit codes are assumed to be 5% tolerance, G _ L 2»2,
and 4-digit chips are assumed to be 1%. J= ; 5%
. K =+10%
Tolerance can be decoded from this chart ) 1 550
when letter codes are used. 7 _ " g0/.007
39 Component Identification Desk Reference Manual

DTION

¢ Palkaged. The code for a chip capacitor is a three-digit number

prifising a , ULy i ]
h chip re: i & rot Jlivo numbers are value
n  an rd e LT 1Y OB where 2 and 2 are

attached to 1 zero to equal 220 pF.

A"0" (zero) in the multiplier position for capacitors means no zeros are
added to the value. A letter Ris a decimal point holder. Tolerance comes
in many varieties and may be shown with letter codes using the key chart
at the bottom of the previous page.

Size Codes

A chip’s size, in inches or millimeters, is described by a 4-digit code:
§ X . The first 2 d\qita are
Size Codes (inches) imp'gr‘;m Size Codes (metric) the Tength.
0402 .04"x.02" 1o becertain 1005 1.0x0.5mm the second 2 digits
0603 .06"x .03" of which 1508 1.5x 08 mm are the width.
0805 .08"x 05" Mmeasurement 2012 20 x12mm

-
1005 .10"x .05™ M 2512 25x1.2mm _"!"
1206 12" x.06" B 3225 32x25mm

210 2 0 ) 4532 45x3.2mm AL
n
1812 18712 (oS 5664 56 x 6.4 mm

2225 .22'x .25"

Component Identification Desk Reference Manual 40



Surface Mou

nt e CHIPs, MELFs & SOTs Surface Mount e CHIPs, MELFs & SOTs

diodes

it= —
Tl |_. capacitors %

—i

resistors %
el

inductors

Tantalum Capacitors - MELF

Description:

Class letter:
Prefix:

Value Range:
Tolerance:
Orientation:
Polarity:

Size Code:

L

Molded Tantalum Capacitors are polarized chip cap,

with inward formed L-leads. These leads almost toﬁﬁM l 8 R

body of the component. \na\de are metal plates which Typical MELF com oneﬂte include diodes, resistors,

atore an \ ap. o[a a\ue coding and CRDs
las for their surface

None nt parte, The smallest

Descrjption: Metal ELectrode Face (MELF) leadless components have
ﬁ metallized terminals at both ends of a cylindrical body.

0.001 |,1F to 1000 pF, 4 to 100 Vde. of the MELF& are ca\lzd mini- MELF5 and “micro-MELFs.”

None Class letter: Depends on component type.

By polarity. Prefix: None

Line, + or A on anode end. Beveled top on anode end. Value Code: Resistors have 4 or 5 bands which convey their value.
Tolerance: Resistors have a tolerance band.

A tantalum capacitor’s size is described by one of four Orientation: By polarity.

letters: A, B, C, or D. These four size codes stand for Pnlarity; MELF diodes have a band at the cathode end.

metric footprints of length and width.

Tantalum Capacitor Sizes: MELF resistors are designed to fit same footprints

Size Codes as chip resistors, such as the 0805 (08 x .05 inches)
and the 1206 (12 x .06 inches).
A= 22x1.6 mm
B= 35x28 mm
C= 60x32mm

D= 73x4.3mm

Component Identification Desk Reference Manual Component Identification Desk Reference Manual 42



Surface Mount e CHIPs, MELFs & SOTs

SOT

Description:

Class letter:
Prefix:
Value Code:
Tolerance:
Orientation:
Polarity:

~ -
N

Small Outline Transistors (SOTS) are rectangular
transistor or diode packages W|t|'| three or more gu
leads. The most popular siz

sizes incl
3 or 4 gul
Q for traiMistol

None

By package size.

None

transistors

diodes

e
s

Determined by lead pattern, or number one lead.

None

Component Identification Desk Reference Manual

Surface Mount e CHIPs, MELFs & SOTs

transistors i i

diodes

e

+
DPAK

DPAKs are Diode Packages, which accommodate higher

DRM— l 8 R DESC&iOI\: powered groups of tranaiaiore and diodes. D2PAKs are

the S0T23. Other package

tHE lar eat 5urface mount transistor made and include a
2 or 3 gull wings on
0 heat sink.
ttel ges;| or diode packages.

=

!

Prefix: NOHE
Value Code: Determined by package size.
Tolerance: None
Orientation: Determined by lead pattern.
Polarity: None
Sizes: S0Ts and DPAKs are designed to fit the same footprint as
their through-hole cousins. For instance, a D2PAK is
designed to fit the TO220 through-hole transistor.
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Surface Mount ¢ The SOIC Family

SOIC

Description:

# of Pins:
Body Width:
Lead Type:
Lead Pitch:
Class letter:
er:

Value:
Orientation:

45

SOIC stands for Small Outline Integrated Circuit.

S0IC family is made up of nearly a dozen different NBRM l 8 R

AE:SAMPLE

a variety of body sizes and lead styles. The number of
leads va

body. S (z a @
which mafllor m i e
makes for some confusion as the same package may be
called by more than one name. Also, some SOIC names
have contradictory words in them. For instance, a SOL and
2 SOLIC are both names for the same IC—a Small Outline
Large IC.

8-56

Various

Gull-wing, J-lead, flat and |-lead

From 19.7 to 50 mils

u

ICor AR, C,Q,R, etc.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.

The PWB often has a square silkscreened at the pin one
location.

Component Identification Desk Reference Manual

MOTION

Surface Mount ¢ The SOIC Family

Descrjmtion: SO stands for Small Outline. The original SOIC.
ins: £-16

Other: ICorAR,C, Q,R, etc.
Value: None
Orientation: Indicated by a beveled edge over the number one lead,
or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.
The PWB often has a square silkscreened at
the pin one location.
Polarity: None

Component Identification Desk Reference Manual 46



Surface Mount ¢ The SOIC Family Surface Mount ¢ The SOIC Family

l
!l

SOM SOL / sOwW

Description: SOM stands for Small Outline, Medium. Descrjption: SOL stands for Small Outline, Large; SOW stands for
Common[y used for resistor networks. D RM— l 8 R w Small Outline, Wide. The name SOP, or Small Outline
# of Pins: e, \5 also uaed for this IC.

Packal
Body Width: 220 mils| of Pl
Lead Type: Gull-wing , m)
Lead Pitch: 50 mil (1. wi

Class letter: Lead Pltch: 50 mil (1.27 W”)
Other: |C or AR, C, Q, R, etc. Class letter:
Value: None Other: IC or AR, C, Q, R, etc.
Orientation: Indicated by a dot or a beveled edge over the number one Value: None
lead, or an end notch or stripe on the IC. Leads are Orientation: Indicated by a dot or a beveled edge over the number one
counted counterclockwise from the number one lead. lead, or an end notch or stripe on the IC. Leads are
The PWB often has a square silkscreened at counted counterclockwise from the number one lead.
the pin one location. The PWB often has a square silkscreened at
Polarity; None the pin one location.

Polarity: None

47 Component Identification Desk Reference Manual Component Identification Desk Reference Manual 48



Surface Mount ¢ The SOIC Family

np =

SOL-J

Description:

# of Pins:
Body Width:
Lead Type:
Lead Pitch:
Class letter:
er:

Value:
Orientation:

Polarity:

49

SOL-Jstands for Small Outline, Large, J-Lead. Alsy d Descrjntion:
DRM-18 RéVG.

us mterchan eably with SSOP
of Pi
Widt
ww

ZZ%%’?PROWIOTION

\C or AR, C, Q, R, etc.

Lead Pltch

None Other:
Indicated by a dot or a beveled edge over the number one Value:
lead, or an end notch or stripe on the IC. Leads are Orientation:
counted counterclockwise from the number one lead.
The PWB often has a square silkscreened at
the pin one location.
None

Polarity:

Component Identification Desk Reference Manual

Class letter:

Component Identification Desk Reference Manual

Surface Mount ¢ The SOIC Family

VSOP

VSOP stands for Very Small Outline Package. Higher
density gull-wing leads. Sometimes the name VSOP is

25 mil (0.65 mm)

IC or AR, C, Q,R, etc.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.

The PWB often has a square silkscreened at

the pin one location.

None

50



Surface Mount ¢ The SOIC Family

.

SSOP

Description:

# of Pins:
Body Width:
Lead Type:
Lead Pitch:
Class letter:
er:

Value:
Orientation:

Polarity:

51

Surface Mount ¢ The SOIC Family

o=

QSOP

SSOP stands for Shrink Small Outline Package. S. Descrjption:
VSOP but with smaller case. ﬁﬁM l 8 R ﬁ

“PROMOTIONAL=SAMPLE

IC or AR, C, Q, R, ete.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.

The PWB often has a square silkscreened at

the pin one location.

None

Component Identification Desk Reference Manual

Lead Pltch

Class letter:

QSOP stands for Quarter Small Outline Package.
Sama as the original SO, but with 25 mil lead pitch instead

25 mil (0.65 mm)

Other: IC or AR, C, Q, R, etc.
Value: None
Orientation: Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.
The PWB often has a square silkscreened at
the pin one location.
Polarity: None
Component Identification Desk Reference Manual 52



Surface Mount ¢ The SOIC Family

TSOP

Description:

# of Pins:
Body Width:
Lead Type:
Lead Pitch:
Class letter:
er:

Value:
Orientation:

Polarity:

TSOP stands for Thin Small Outline Package.
Low pmﬂ\e package is only 1.0mm in height.

\C or AR, C, Q, R, etc.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.

The PWB often has a square silkscreened at

the pin one location.

None

Component Identification Desk Reference Manual

DRM-18 Rev

“PROMOTIONAL:SA

Descrjption:

Lead Type:
Lead Pitch:
Class letter:

Other:
Value:
Orientation:

Surface Mount « Large Scale ICs

LCC

LCC stands for Leadless Chip Carrier. LCCs are most
commonly used in aerospace applications. LCCs are
extremely rugged and have no leads to bend. They are
Ul ad Eeram\c Chip Carrier.
@ed withstand severe
operatm@ cond\tmne, like high temperatures.

Solderable castellations
50 mil (1.27 mm)

u

ICorAR,C,Q,R, etc.

None

Indicated by a dot or a beveled edge over the number one
castellation, or an end notch or stripe on the IC.

Castellations are
counted
counterclockwise
from number one.
The PWB often has
2 square
silkscreened at the
pin number

one location.
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Surface Mount e Large Scale ICs

PLCC

Description:

Lead Type:
# of Pins:
Body Type:
Lead Pitch:
Class letter:
er:

Value:
Orientation:

55

00

PLCC stands for Plastic Leaded Chip Carrier. PLCC:

Surface Mount « Large Scale ICs

.

—_— Flat Lead Package

Flat lead packages have leads extending from two sides.

Descrjption:
into IC sockets or may be soldered directly to the RM l 8 R % H WO 25

ceramic vere\on of this ]C package is cal\ed the CLC

Cgram\c P|t¢
with thz Ietter
J-lead

20 -100
Plastic

50 mil (1.27 mm)
u

ICor AR, C, Q, R, etc.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead when
looking down at the component from the top. The PWB
often has a square silkscreened at the pin one location.

Component Identification Desk Reference Manual

Value. None
Orientation: Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead when
looking down at the component from the top. The PWB
often has a square silkscreened at the pin one location.

shown here

is the Flat Lug Lead,
another type of

flat lead device.
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Surface Mount e Large Scale ICs

QFP (MQFP)

Description:

# of Pins:
Body Type:
Lead Type:
Lead Pitch:

Class letter:
Other:
Value:

Orientation:

57

QFP stands for Quad Flat Pack. Also commonly called th Descrjption:
MQFP, for Metric QFP. The QFF family is made up of| M— l 8 Revw.

variety of different ICs. The “quad” part of Quad Flat Pack

Surface Mount « Large Scale ICs

PQFP

PQFP stands for Plastic Quad Flat Pack. The PQFF is
essentially the same as a QFF except that each corner

extends beyond the plane of the leads, forming a protective
tells us | i’ . 9 u o e e leads during handling
QFPs are e U d @ Qils, ilt rue inch
most ICo Mire ucll i hilk 29 atidl, h r leal e 25 mil lead pitch

may or may not include a “QFF” at the end. A metal body
version of the QFF is called the MQUAD®, a registered
trademark of the Olin Corporation. A ceramic body, internal
multilayer version of the QFF is called the CQFP.

44-122

Plastic (Also metal and ceramic)

Gull-wing

1.8 mil (0.3 mm) to 25.6 mil (0.65 mm)

u

ICor AR, C, Q, R, etc.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead. The
PWB often has a square silkscreened at

the pin one location.

Component Identification Desk Reference Manual

# of Pins:
Body Type:
Lead Type:
Lead Pitch:

Class letter:
Other:
Value:

Orientation:

Component Identification Desk Reference Manual

version is .635mm, not the more common .65mm.
44-132

Plastic

Gull-wing

25 mil (0.626 mm)

u

ICor AR, C, Q, R, etc.

None

Indicated by a dot or a beveled edge over the number one
lead, or an end notch or stripe on the IC. Leads are
counted counterclockwise from the number one lead.

The PWB often has a square silkscreened at

the pin one location.
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Surface Mount « Large Scale ICs Igading Component Values

BGA

Description:

# of Pins:
Body Type:
Lead Type:
Lead Pitch:

Class letter:
Other:
Value:

Orientation:

Many components use color bands or number codes to specify value
and tolerance. You may see these component values abbreviated.

For example, a 2,000 Q resistor is often identified as 2K € - with
the letter K representing one thousand.

Similarly, 2 5,000,000 Q ——

resistor may be abbreviated as 5M Q =

- with the letter M representing one million.

E— Axial Resistor Values

The value of a resistoris expressed in a unit of electrical resistance
called ohms (Q).

—= Axial resistors will often have 4 or 5 color bands —

which are “read” using a
Resistor Band

Color Code Chart, =
BGA stands for Ball Grid Array. Instead of converﬁrﬁ é’vﬁz -q-_-ﬁ___—_:
M-18 RevG.

leads they use row upon row of tiny metal balls tha
soldered to a matching set of lands on the PWB.

The rows } . ¥ @ Al resisl wi nd tolerance values
““PROMOTIONAL:!

astic, ilta in number codes,
Ball grid
1.5 mm and 50 mil (1.27 mm)

U
ICor AR, C,Q,R, etc. E Numbered Resistors

,_

None

——
Indicated by a dot or a ———— The example below shows how to read the value and tolerance when
beveled edge over the — a number and letter code system is used. You are provided with the

Al lead, or an end notch
or stripe on the IC.
Leads are counted using a

value and multiplier numbers, such as the 1003 example where the 100
is attached to 3 zeros to equal 100,000Q

grid system, similar to a Tolerance Letter Codes
road map, starting with -—m‘__ Tolerance is shown with
the Al lead. letters using these codes:
The PWB often has 1003F F= &%
a square silkecreened at “ | | G= +2%

i " s s 1. Y
the Al location. - i 0 - o o g :1%{2

ok infwanoe M= +20%
Z= +80/-20%
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Value Bands: The first two color bands on 4-band resistors are
read as actual numbers.

deing Component Values
E RESISTOR Band Color Codes

Multiplier Band: The third band on 4-band resistors is called a |_Band | Band 1
“multiplier band” because that color's number on WAL Lt
the color chart shows how many zeros to add to
the end of the numbers from the first two bands. [T Bands 18§
Tolerance Band: The last band is the tolerance. WALLE WALLE
| mack [N ELACE EIEEEE
| coour B secws R neou DUESEESE eeoved BIES
5-band Resistors T G TN T s T
_ 3 DDNENGED Y (ENGER ulk o 45 a00n
Value Bands: The first three color bands on 5-band resistors are m 14 VLSRN wioh o =t oo
read as actual numbers. DRM 'I 8 Rem]“ [ carpu [PIT-TPUCTSSEN Cirrn EX-Y
Multiplier Band:  The fourth band on 5-band resistors is called a llluﬂum | mur S
“mul b et |
e \ Tl 0 NA e o
the of T Ml € i ]
Tolerance Band: The last band is the tolerance. WHITE | § . -"" Lo <o
AL

Military 5-Band: A fifth, white band in a military 5-band resistor
means that the resistor has Military Solderable
Leads. Ignore the fifth band, and read as a
4-band resistor.

NOTE:

If there is any confusion as to how to read specific
component color bands, or if you have trouble distin-
guishing between value, multiplier and tolerance color
bands, contact the component vendor for clarification.

61 Component Identif
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The value of a capacitor is expressed in a unit of electrical capacitance
called farads. A capacitor will have the value and tolerance marked on ite body.
There are three units of measurement for capacitors, using farads:

* picofarads pF, The smallest unit of measurement.
* nanofarads NF, The middle range unit of measurement.
* microfaradUF; The largest unit of measurement.

The values on capacitors are usually printed in picofarads. The chart below will help
you convert from picofarads to nanofarads to microfarad:

Capacitor Values

picofarads - pF nanofarads - nF microfarad - uF
100,000,000 100,000 = 100
10,000,000 10,000 = 0
1,000,000 1000 = 1
100,000 100 - 1
10,000 = 0 = 01
1000 = 1 = 001
100 - 4 - .0001
10 = .01 = .00001
1 = 001 = 000001
1 = 0001 = 0000001

S Reading Component Values
————
INDUCTOR Band ColorCodes

Band 1 Hand 1 Band 3 Band &
WALLE LY ML TAPCIER TOLERANCE

T 0 O o1 e
[ ceoen QR nrovr NI seowy CLERTECEEE erovwe: EIL
TN ECEEE T s I e
ERARGE] ¢ TONOSRGE] Y SRNNGE] 1k oo 45 s
WELLOW | & | WELLOW |4 [ 'WELLOW | ik o <omn
EEEEN: EEOENS ST otk 0N =9
| i LR sz LR sus PSP muc EETH
[ e I [ aimer ENES

7
Numbered Capacitors - mmmBDRM-18 RevGa s s “ons e o

WHITE
Vi h e L
- BF nPRQ“M o “1‘0 NA -
— - all otner values are assurmed to be in

picofarads (pF). Four-digit values are
If no tolerance is shown,  zlso measured in picofarads, but without
theltoleranca is $20%. 2 multiplier. (see 3300 cap shown left)
ki i Some capacitors are coded with
= P a three-digit number which is similar to
the color-band system, except you are
provided with the value and multiplier
numbers, such as the 203 example below
where the 2 and O are attached to
3 zeros to equal 20,000 pF (or.02 pF).

Tolerance Letter Codes

ol F= 1%
olerance is o
shownwith € :g‘/i
letters using K= +10%
18 000=1000KF 10w thesecodes:  \y_ ioom

b o v Z= +80/-20%

& Component Identification Desk Reference Manual|

Inductors are valued in microhenries. The symbol for microhenries is uH.
The value for an inductor may be printed on the component body, or it may
be printed with color bands, much in the same way as a resistor.
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:= This traning & reference guide does not take precedence over, or replace in any way, the
requirments in any IPC Standard or Specification. This guide is intended for use as an
illustrated support document to assist in the training of component identification.

IPC disclaims any warranties or guarantees, expressed or implied, and shall not be liable for
damages of any kind in connection with the information set forth in DRM-18.

DRM-18 RevG.

PROMOTIONAL SAMPLE

If you have comments or suggestions
regarding this Training & Reference Guide,
please contact:

IPC Training
PO Box 389
Ranchos De Taos,

New Mexico, USA 87557
505.758.7937
service@ipcvideo.org
DRM-18
original - 9/95 -1m
revision A - 4/96 -5m

revision B - 2/97 -5m
revision C - 7/98 -5m
jsion D - 7/99 -5m

revson E-8/00 5m
n F-8/01 -5m
revision G - /05 -5m



