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The Principles of
Standardization

In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should:
• Show relationship to Design for Manufacturability

(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot

be defended with data

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment of products, and assisting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting
the Recommended Standard or Publication. Users are also wholly responsible for protecting them-
selves against all claims of liabilities for patent infringement.

IPC Position
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC
that the use of the new revision as part of an existing relationship is not automatic unless required
by the contract. The TAEC recommends the use of the latest revision. Adopted October 6, 1998

Why is there
a charge for
this document?

Your purchase of this document contributes to the ongoing development of new and updated industry
standards and publications. Standards allow manufacturers, customers, and suppliers to understand
one another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards
and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
ticipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/597-2872.

Thank you for your continued support.

©Copyright 2010. IPC, Bannockburn, Illinois, USA. All rights reserved under both international and Pan-American copyright conventions. Any
copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strictly prohibited and
constitutes infringement under the Copyright Law of the United States.
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Specification for Embedded Passive Device Capacitor
Materials for Rigid and Multilayer Printed Boards

Amendment 1

Replace the Foreword: (appears prior to the Table of Con-
tents) with the following:

Foreword:

IPC-4821 was based on industry knowledge at the time of
its original release in March 2006. Embedded passive
devices may be made with a large variety of materials and
cover a wide range of fabrication processes. In March of
2006, use of these materials was not widespread. As such,
it was recognized that updates to this document would be
needed and this Amendment 1 is the first such update. It is
recommended that the customer and supplier continue to
work together to set the criteria for acceptance of embed-
ded passive material products.

Replace the second paragraph of 1.2 Designation System
with the following:

For example, a user wishing to order from specification
sheet 1 would substitute the number ‘‘1’’ for the ‘‘S’’ in the
designation examples (i.e., IPC-4821/1) shown in 1.2.1
through 1.2.3. To start the ordering process, one can use the
specification sheets in this document in combination with
relevant IPC documents for each material set (i.e., IPC-
4563, IPC-4562, IPC-4101, or IPC-4104). Metal foils asso-
ciated with an embedded passive material shall meet the
requirements of IPC-4562 and the weight(s) of the foil(s)
shall be specified on the purchase order.

Replace the first three IPC standards in 2.1 IPC with the
following:

IPC-T-50 Terms and Definitions for Interconnecting and
Packaging Electronic Circuits

IPC-CF-152 Composite Metallic Material Specification for
Printed Wiring Boards

IPC-4563 Resin Coated Copper Foil for Printed Boards
Guideline

Add the following test method to the IPC-TM-650 Test
Methods Manual within 2.1 IPC.

2.5.7.2 Dielectric Withstanding Voltage (HiPot) Method
- Thin Dielectric Layers for Printed Boards

Replace 3.8.4.1 Copper Foil or Other Metal with the fol-
lowing:

Copper foil or other metal shall meet the requirements of
IPC-4562, IPC-4563, IPC-CF-152, or as agreed upon
between user and supplier. For alternate metals not covered
by industry standards, requirements shall be as agreed
upon between user and supplier. The treatment applied to
the metal may be of interest to the circuit designer depend-
ing on the signal integrity and electrical performance
desired.

Replace 3.10.1 Visual Requirements of Laminate-Like
Capacitor Materials with the following:

Laminate-like capacitor materials shall be tested in accor-
dance with Table 3-1 and sections 3.10.1.1 through
3.10.1.6 using the test methods described therein and in the
applicable specification sheets. Any defect within 7 mm
[0.28 in] of the outside edges of the sheet or roll shall be
disregarded. Unless otherwise specified, the working area
of the specimen shall be a 300 mm x 300 mm [11.81 in x
11.81 in] area examined with normal or corrected 20/20
(also termed 6/6 or 1.0) vision. The worst 50 mm x 50 mm
[1.97 in x 1.97 in] area shall be examined at 10X magni-
fication unless otherwise specified. Visual inspection may
be carried out under ambient temperature and humidity
conditions.

Replace row 17 in Table 3-1 Testing Requirements for Laminate-Like Materials with the following:

17. HiPot 3.14.1.4 2.5.7.2 U A 1

Replace row 12 in Table 3-2 Testing Requirements for Nonlaminate-Like Capacitor Materials with the following:

12. HiPot 3.14.2.4 2.5.7.2 U C 1
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Replace the first paragraph in 3.10.1.1 Metal Indentations
with the following:

When tested in accordance with section 3.10.1, metal
indentations shall be located visually using normal or cor-
rected 20/20 (also termed 6/6 or 1.0) vision. The longest
dimension of each foil indentation in a specimen shall be
measured with a suitable reticule on a minimum 4X mag-
nifier, with referee inspections at 10X. The point value sys-
tem shown in Table 3-3 shall be used to determine the
point count for any 300 mm x 300 mm [11.81 in x 11.81
in] area:

Replace the descriptive text for Class D: in 3.10.1.1 Metal
Indentations with the following:

The total point count shall be 0 (zero) for any 300 mm x
300 mm [11.81 in x 11.81 in] area. A foil indentation
greater than or equal to 0.13 mm [5.12 x 10-3 in] in its lon-
gest dimension shall not be acceptable. Resin spots shall
be 0 (zero) as inspected with normal or corrected 20/20
(also termed 6/6 or 1.0) vision. If Class D is specified,
other quality related features are also required of this qual-
ity class per IPC-4562.

Replace 3.14.1.4 HiPot Voltage with the following:

HiPot Voltage is a test that is used by printed wiring board
manufacturers primarily to ensure that there are no shorts
or near shorts in the finished printed wiring board. With the
advent of thinner laminates, printed wiring board fabrica-
tors have begun testing patterned innerlayers of these thin
laminates to ensure that the dielectric between conductor
planes will withstand temporary overvoltage conditions in
service as well as to ensure that there are no flaws in the
dielectric that would cause breakdown at the specified volt-
age. Most laminate-like capacitor dielectrics are very thin
and have high capacitance density. Because they are good
capacitors, they appear as short circuits when initially
charging. In addition, capacitor dielectric materials contain-
ing ceramic fillers such as barium titanate will exhibit
increasing leakage current with increasing voltage since
these type fillers are semi-conducting and not pure insula-
tors. Voltage ramp rate and leakage current settings on
commercial HiPot testers vary and these factors will also
have an effect on the final result. Thus, when laminate-like
capacitor materials are tested in accordance with IPC-TM-
650, Method 2.5.7.2, the minimum HiPot voltage shall be
as indicated in the applicable specification sheet or as
agreed upon between user and supplier.

Replace 3.14.2.4 HiPot Voltage with the following:

HiPot Voltage is a test that is used primarily to ensure the
quality of the incoming dielectric material. HiPot testing
may also be done in conjunction with printed wiring board
manufacture to ensure that there are no shorts or near
shorts in the semi-finished or finished board. With the
advent of thinner laminates, printed wiring board fabrica-
tors have begun testing imaged innerlayers of these thin
laminates to ensure that the dielectric between conductor
planes will withstand temporary overvoltage conditions in
service as well as to ensure that there are no flaws in the
dielectric that would cause breakdown at the specified volt-
age. It is anticipated that similar testing will be done to
non-laminate-like capacitor dielectrics even though they do
not comprise the entire dielectric of an innerlayer. Most
non-laminate-like capacitor materials are thin and have
very high capacitance density. Because they are good
capacitors, they appear as short circuits when initially
charging. In addition, capacitor dielectric materials contain-
ing ceramic fillers such as barium titanate will exhibit
increasing leakage current with increasing voltage since
these type fillers are semi-conducting and not pure insula-
tors. Voltage ramp rate and leakage current settings on
commercial HiPot testers vary and these factors will also
have an effect on the final result. Thus, when non-laminate-
like capacitor materials are tested in accordance with IPC-
TM-650, Method 2.5.7.2, the minimum HiPot voltage shall
be as indicated in the applicable specification sheet or as
agreed upon between user and supplier.

Completely remove all of 6.3 HiPot Test Method with no
replacement.
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Replace Specification Sheet IPC-4821/1 with the following:

Effective Date: April 2010

SPECIFICATION SHEET

Specification Sheet #: IPC-4821/1 Passive Type: Capacitive

Form of Dielectric: Sheet Reinforcement: None

Chemistry: Polyimide Filler: None

Conductor Type: Copper/Copper Encapsulant Chemistry: None

IPC-4821 Designation ID: C1N2N1/1N

EMBEDDED PASSIVE MATERIAL QUALIFICATON AND CONFORMANCE TYPICAL VALUES

PROPERTY
REFERENCE
PARAGRAPH TEST METHOD TYPICAL VALUES

Thickness (micron) 3.11.1.1 Section 3.11.1.1 12 - 25

Dimensional Stability (%)
Stand alone:

Method B
Method C

Single sided:
Method B
Method C

3.11.1.2 2.4.39
2.2.4

-0.10 to -0.03
-0.10 to -0.03

N/A
N/A

Peel Strength (N/mm) 3.12.1.1 2.4.8
2.4.9

1.4

Glass Transition Temperature, (°C) 3.12.1.3 2.4.24.5
2.4.25

195

CTE xy (T<Tg) (ppm/°C) 3.12.1.4 2.4.24.5 25

CTE xy (T>Tg) (ppm/°C) 3.12.1.4 2.4.24.5 40

CTE z (T<Tg) (ppm/°C) 3.12.1.4 2.4.24.5 105

CTE z (T>Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

Permittivity
• at 1 MHz
• at 1 GHz

3.14.1.1
2.5.5.2
2.5.5.10

3.5
AABUS

Loss Tangent
• at 1 MHz
• at 1 GHz

3.14.1.2
2.5.5.2
2.5.5.10

0.005
AABUS

Dielectric Strength (VDC/micron) 3.14.1.3 ASTM, Method D 149 236

HiPot (Volts DC) 3.14.1.4 2.5.7.2 ≥500

Capacitance Density (nF/cm2)
• at 1 MHz
• at 1 GHz

3.14.1.5
2.5.5.2
2.5.5.10

0.12
AABUS

Surface Resistivity (Ohm)
A. 96 hours / 35°C / 90% RH
B. At elevated temperature (at RTI value)

3.14.1.6 2.5.17.1
>1016

AABUS

Volume Resistivity (Ohm-cm) 3.14.1.6 2.5.17.1 >1016

Temperature Coefficient of Capacitance (ppm/°C) 3.14.1.7 Section 3.14.1.7 -15

Flammability (UL 94) 3.13.1.1 UL 94
2.3.8.1
2.3.9
2.3.10

V-0

Moisture Resistance by Pressure Vessel Test (Optional) 3.15.1.1 2.6.16.1 AABUS

Moisture and Water Absorption (wt. %) 3.15.1.2 2.6.2.1 0.8

High Temperature / Humidity Accelerated Aging
Minimum resistance (Ohms)
Minimum capacitance (nF)
Minimum loss tangent

3.15.1.3 Section 3.15.1.3
AABUS
AABUS
AABUS
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Replace Specification Sheet IPC-4821/2 with the following:

Effective Date: April 2010

SPECIFICATION SHEET

Specification Sheet #: IPC-4821/2 Passive Type: Capacitive

Form of Dielectric: Paste Reinforcement: None

Chemistry: Ceramic Filler: Barium Titanate

Conductor Type: Copper/Copper Particle Paste Encapsulant Chemistry: None

IPC-4821 Designation ID: C2N4A1/3N

EMBEDDED PASSIVE MATERIAL QUALIFICATON AND CONFORMANCE TYPICAL VALUES

PROPERTY
REFERENCE
PARAGRAPH TEST METHOD TYPICAL VALUES

Viscosity 3.12.2.4 2.4.34
2.4.34.1

(reference only)

300 - 460 PaS

Permittivity
• at 1 MHz
• at 1 GHz

3.14.2.1
2.5.5.2
2.5.5.10

3000 (@10 KHz)
AABUS

Loss Tangent
• at 1 MHz
• at 1 GHz

3.14.1.2 2.5.5.2
2.5.5.10

0.025 (@ 10 KHz)
AABUS

Dielectric Strength (VDC/micron) 3.14.2.3 ASTM, Method D 149 11.8

HiPot (VoltDC) 3.14.2.4 2.5.7.2 100

Capacitance Density (nF/cm2)
• at 1 MHz
• at 1 GHz

3.14.2.5
2.5.5.2
2.5.5.10

150
AABUS

Surface Resistivity (Ohm)
A. 96 hours / 35°C / 90% RH
B. At elevated temperature (at RTI value)

3.14.2.6 2.5.17.1
AABUS
AABUS

Volume Resistivity (Ohm-cm) 3.14.2.6 2.5.17.1 AABUS

Temperature Coefficient of Capacitance (ppm/°C) 3.14.2.7 Section 3.14.2.7 AABUS

Conductivity of Conductor Paste (Siemens/m) 3.14.2.8 Section 3.14.2.8 40 x 106

Moisture Resistance by Pressure Vessel Test (Optional) 3.15.2.1 2.6.16.1 AABUS
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Replace Specification Sheet IPC-4821/3 with the following:

Effective Date: April 2010

SPECIFICATION SHEET

Specification Sheet #: IPC-4821/3 Passive Type: Capacitive

Form of Dielectric: Sheet Reinforcement: None

Chemistry: Epoxy Filler: Barium Titanate

Conductor Type: Copper/Copper Encapsulant Chemistry: None

IPC-4821 Designation ID: C1N1A1/1N

EMBEDDED PASSIVE MATERIAL QUALIFICATON AND CONFORMANCE TYPICAL VALUES

PROPERTY
REFERENCE
PARAGRAPH TEST METHOD TYPICAL VALUES

Thickness (micron) 3.11.1.1 Section 3.11.1.1 7 - 20

Dimensional Stability (%)
Stand alone:
Method B
Method C

Single sided:
Method B
Method C

3.11.1.2 2.4.39
2.2.4

AABUS
AABUS

AABUS
AABUS

Peel Strength (N/mm) 3.12.1.1 2.4.8
2.4.9

≥0.5

Glass Transition Temperature, (°C) 3.12.1.3 2.4.24.5
2.4.25

110 - 200

CTE xy (T<Tg) (ppm/°C) 3.12.1.4 2.4.24.5 30 - 35

CTE xy (T>Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

CTE z (T<Tg) (ppm/°C) 3.12.1.4 2.4.24.5 30 - 35

CTE z (T>Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

Permittivity
• at 1 MHz
• at 1 GHz

3.14.1.1
2.5.5.2
2.5.5.10

10 - 30
AABUS

Loss Tangent
• at 1 MHz
• at 1 GHz

3.14.1.2
2.5.5.2
2.5.5.10

0.01 - 0.03
AABUS

Dielectric Strength (VDC/micron) 3.14.1.3 ASTM, Method D 149 110 - 244

HiPot (Volts DC) 3.14.1.4 2.5.7.2 100 - 500

Capacitance Density (nF/cm2)
• at 1 MHz
• at 1 GHz

3.14.1.5
2.5.5.2
2.5.5.10

0.7 - 1.8
AABUS

Surface Resistivity (Ohm)
A. 96 hours / 35°C / 90% RH
B. At elevated temperature (at RTI value)

3.14.1.6 2.5.17.1
>1011

AABUS

Volume Resistivity (Ohm-cm) 3.14.1.6 2.5.17.1 >1012

Temperature Coefficient of Capacitance (ppm/°C) 3.14.1.7 Section 3.14.1.7 AABUS

Flammability (UL 94) 3.13.1.1 UL 94
2.3.8.1
2.3.9
2.3.10

V-0

Moisture Resistance by Pressure Vessel Test (Optional) 3.15.1.1 2.6.16.1 AABUS

Moisture and Water Absorption (wt. %) 3.15.1.2 2.6.2.1 0.4 - 1.2

High Temperature / Humidity Accelerated Aging
Minimum resistance (Ohms)
Minimum capacitance (nF)
Minimum loss tangent

3.15.1.3 Section 3.15.1.3
AABUS
AABUS
AABUS
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Replace Specification Sheet IPC-4821/4 with the following:

Effective Date: April 2010

SPECIFICATION SHEET

Specification Sheet #: IPC-4821/4 Passive Type: Capacitive

Form of Dielectric: Sheet Reinforcement: None

Chemistry: Epoxy Filler: None

Conductor Type: Copper/Copper Encapsulant Chemistry: None

IPC-4821 Designation ID: C1N1N1/1N

EMBEDDED PASSIVE MATERIAL QUALIFICATON AND CONFORMANCE TYPICAL VALUES

PROPERTY
REFERENCE
PARAGRAPH TEST METHOD TYPICAL VALUES

Thickness (micron) 3.11.1.1 Section 3.11.1.1 8 - 24

Dimensional Stability (%)
Stand alone:
Method B
Method C

Single sided:
Method B
Method C

3.11.1.2 2.4.39
2.2.4

AABUS
AABUS

N/A
N/A

Peel Strength (N/mm) 3.12.1.1 2.4.8
2.4.9

1.4

Glass Transition Temperature, (°C) 3.12.1.3 2.4.24.5
2.4.25

200

CTE xy (Tg) (ppm/°C) 3.12.1.4 2.4.24.5 18 - 22

CTE xy (TTg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

CTE z (Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

CTE z (TTg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

Permittivity
• at 1 MHz
• at 1 GHz

3.14.1.1
2.5.5.2
2.5.5.10

4.4
AABUS

Loss Tangent
• at 1 MHz
• at 1 GHz

3.14.1.2
2.5.5.2
2.5.5.10

0.015
AABUS

Dielectric Strength (VDC/micron) 3.14.1.3 ASTM, Method D 149 197 - 287

HiPot (Volt PDC) 3.14.1.4 2.5.7.2 500

Capacitance Density (nF/cm2)
• at 1 MHz
• at 1 GHz

3.14.1.5
2.5.5.2
2.5.5.10

0.155 - 0.480
AABUS

Surface Resistivity (Ohm)
A. 96 hours / 35°C / 90% RH
B. At elevated temperature (at RTI value)

3.14.1.6 2.5.17.1
>1012

AABUS

Volume Resistivity (Ohm-cm) 3.14.1.6 2.5.17.1 >1014

Temperature Coefficient of Capacitance (ppm/°C) 3.14.1.7 Section 3.14.1.7 AABUS

Flammability (UL 94) 3.13.1.1 UL 94
2.3.8.1
2.3.9
2.3.10

V-0

Moisture Resistance by Pressure Vessel Test (Optional) 3.15.1.1 2.6.16.1 AABUS

Moisture and Water Absorption (wt. %) 3.15.1.2 2.6.2.1 1.3

High Temperature / Humidity Accelerated Aging
Minimum resistance (Ohms)
Minimum capacitance (nF)
Minimum loss tangent

3.15.1.3 Section 3.15.1.3
AABUS
AABUS
AABUS
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Replace Specification Sheet IPC-4821/5 with the following:

Effective Date: April 2010

SPECIFICATION SHEET

Specification Sheet #: IPC-4821/5 Passive Type: Capacitive

Form of Dielectric: Sheet Reinforcement: Woven Glass

Chemistry: Epoxy Filler: None

Conductor Type: Copper/Copper Encapsulant Chemistry: None

IPC-4821 Designation ID: C1A1N1/1N

EMBEDDED PASSIVE MATERIAL QUALIFICATON AND CONFORMANCE TYPICAL VALUES

PROPERTY
REFERENCE
PARAGRAPH TEST METHOD TYPICAL VALUES

Thickness (micron) 3.11.1.1 Section 3.11.1.1 25 - 50

Dimensional Stability (%)
Stand alone:
Method B
Method C

Single sided:
Method B
Method C

3.11.1.2 2.4.39
2.2.4

AABUS
AABUS

N/A
N/A

Peel Strength (N/mm) 3.12.1.1 2.4.8
2.4.9

1.0

Glass Transition Temperature, (°C) 3.12.1.3 2.4.24.5
2.4.25

140

CTE xy (T<Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

CTE xy (T>Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

CTE z (T<Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

CTE z (T>Tg) (ppm/°C) 3.12.1.4 2.4.24.5 AABUS

Permittivity
• at 1 MHz
• at 1 GHz

3.14.1.1
2.5.5.2
2.5.5.10

4.5
AABUS

Loss Tangent
• at 1 MHz
• at 1 GHz

3.14.1.2
2.5.5.2
2.5.5.10

0.02
AABUS

Dielectric Strength (VDC/micron) 3.14.1.3 ASTM, Method D 149 AABUS

HiPot (Volt DC) 3.14.1.4 2.5.7.2 500

Capacitance Density (nF/cm2)
• at 1 MHz
• at 1 GHz

3.14.1.5
2.5.5.2
2.5.5.10

0.08 - 0.16
AABUS

Surface Resistivity (Ohm)
A. 96 hours / 35°C / 90% RH
B. At elevated temperature (at RTI value)

3.14.1.6 2.5.17.1
>1012

AABUS

Volume Resistivity (Ohm-cm) 3.14.1.6 2.5.17.1 >1013

Temperature Coefficient of Capacitance (ppm/°C) 3.14.1.7 Section 3.14.1.7 AABUS

Flammability (UL 94) 3.13.1.1 UL 94
2.3.8.1
2.3.9
2.3.10

V-0

Moisture Resistance by Pressure Vessel Test (Optional) 3.15.1.1 2.6.16.1 AABUS

Moisture and Water Absorption (wt. %) 3.15.1.2 2.6.2.1 AABUS

High Temperature / Humidity Accelerated Aging
Minimum resistance (Ohms)
Minimum capacitance (nF)
Minimum loss tangent

3.15.1.3 Section 3.15.1.3
AABUS
AABUS
AABUS
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