
IPC-4101: Standard Materials for Rigid and
Multilayer Printed Boards

Overview

IPC-4101 is the comprehensive standard that specifies materials for use in rigid and multilayer
printed boards. It includes detailed material specifications, properties, and performance criteria
that ensure quality and reliability in PCB manufacturing.

Material Categories

Laminate Types

FR-4 Materials (Most Common)

Grade Tg (°C) Td (°C) Application

Standard FR-4 130-140 310-320 General purpose electronics

High-Tg FR-4 170-180 340-350 Automotive, high-temp applications

Very High-Tg 180+ 360+ Military, aerospace

Specialized Materials

Rogers RO4000 Series: RF/microwave applications

Isola FR408HR: High-speed digital

Nelco N4000-13: High-frequency

Polyimide: Extreme temperature (260°C+)

PTFE: Low dielectric constant (2.1-2.3)



Ceramic-filled: Enhanced thermal conductivity

Reinforcement Types

Glass Fabric Styles

Style 106: Very thin (0.05mm), high-density designs

Style 1080: Thin (0.07mm), standard multilayer

Style 2116: Most common (0.13mm)

Style 7628: Heavy (0.18mm), power applications

Glass Properties

Weave Type: Plain, crowfoot, twill

Resin Content: 40-60% by weight

Silane Treatment: Improves resin adhesion

Material Properties

Electrical Properties

Dielectric Constant (Dk)

FR-4 Standard: 4.3-4.8 at 1 MHz

High-Speed Materials: 3.5-4.0

RF Materials: 2.2-3.5

Measurement: IPC-TM-650 2.5.5.3

Dissipation Factor (Df)

Standard FR-4: 0.015-0.020

High-Speed: 0.010-0.015

RF/Low Loss: 0.001-0.005



Importance: Signal loss at high frequencies

Insulation Resistance

Minimum: 10^4 MΩ (standard)

High Reliability: 10^6 MΩ

Test Conditions: 500 VDC, 35°C, 90% RH

Thermal Properties

Glass Transition Temperature (Tg)

Definition: Temperature where resin transitions from rigid to rubbery

Measurement: TMA or DSC

Significance: Maximum operating temperature

Decomposition Temperature (Td)

Standard: 310-320°C

High-Tg: 340-360°C

Test: TGA (Thermogravimetric Analysis)

Coefficient of Thermal Expansion (CTE)

X-Y Direction: 12-16 ppm/°C (below Tg)

Z Direction: 50-70 ppm/°C (below Tg)

Above Tg: 200-300 ppm/°C

Impact: Via reliability

Mechanical Properties

Peel Strength

Copper Adhesion: 1.0-1.5 N/mm minimum

Test: IPC-TM-650 2.4.8



Importance: Delamination resistance

Flexural Strength

Longitudinal: 400-500 MPa typical

Transverse: 300-400 MPa typical

Test: Three-point bend

Modulus

Young's Modulus: 18-24 GPa

Impact: Dimensional stability

Material Selection Guide

By Application

Consumer Electronics

Material: Standard FR-4

Tg: 130-140°C

Cost: Low

Lead Time: Short

Automotive

Material: High-Tg FR-4

Tg: 170°C minimum

Certification: AEC-Q100

Reliability: High

Military/Aerospace

Material: Polyimide or high-Tg FR-4



Tg: 180°C+

Certification: MIL-PRF-31032

Testing: Extensive

High-Speed Digital

Material: Low-loss FR-4

Dk: 3.5-4.0

Df: <0.015

Applications: DDR4, PCIe, USB 3.0+

RF/Microwave

Material: Rogers or similar

Dk: 2.2-3.5

Df: <0.005

Stability: Critical

By Frequency

Frequency Range Material Type Dk Range Df Range

DC - 100 MHz Standard FR-4 4.3-4.8 0.020

100 - 500 MHz Enhanced FR-4 4.0-4.5 0.015

500 MHz - 1 GHz High-speed FR-4 3.5-4.0 0.010

1 - 10 GHz Low-loss 3.0-3.8 0.005

10+ GHz RF/Microwave 2.2-3.5 0.002



Copper Foil Specifications

Foil Types

Electrodeposited (ED) Copper

Profile: Rough surface

Adhesion: Excellent

Applications: Standard multilayer

Grain Structure: Columnar

Rolled Annealed (RA) Copper

Profile: Smooth surface

Flexibility: Better

Applications: Flex circuits, high-frequency

Grain Structure: Equiaxed

Reverse Treated (RTF) Copper

Profile: Medium roughness

Adhesion: Enhanced

Applications: High layer count

Benefits: Improved lamination

Copper Weights



Weight (oz) Thickness (μm) Application

1/3 oz 12 μm High-density, fine line

1/2 oz 17 μm Fine pitch, high-density

1 oz 35 μm Standard inner layers

2 oz 70 μm Power, outer layers

3+ oz 105+ μm Heavy current

Prepreg Materials

Resin Systems

Epoxy Resin

Standard: Multi-functional epoxy

Tg: 130-180°C based on formulation

Cure: Standard lamination cycle

Applications: Most PCBs

High-Performance Epoxy

Phenolic-cured: Higher Tg

Bismaleimide Triazine (BT): IC substrates

Cyanate Ester: High-frequency

Resin Content

Low Resin (40-45%): High glass content, stable

Medium Resin (45-50%): Standard prepreg



High Resin (50-60%): Better fill, flow

Handling and Storage

Moisture Sensitivity

MSL (Moisture Sensitivity Level)

MSL 1: Unlimited floor life (≤30°C/85% RH)

MSL 2: 1 year floor life

MSL 2a: 4 weeks floor life

MSL 3: 168 hours floor life

MSL 4-6: Special handling required

Bake-Out Requirements

Before Lamination: 2-4 hours at 120°C

After Exposure: Follow manufacturer guidelines

Storage: Vacuum-sealed with desiccant

Shelf Life

Unopened: 12 months from manufacture

Opened: Use within recommended time

Storage Temperature: 20-25°C

Humidity: <50% RH

Quality and Testing

Material Testing

Incoming Inspection



Visual inspection for defects

Dimensional verification

Moisture content check

Certification review

Qualification Testing

Tg Measurement: DSC or TMA

Td Measurement: TGA

Dk/Df Measurement: IPC-TM-650 methods

Peel Strength: Copper adhesion

Ion Contamination: Ionic cleanliness

Traceability

Lot Numbers: Track material batches

Certificates of Conformance: Verify specifications

Test Reports: Maintain records

Change Control: Material substitution procedures

Design Considerations

Impedance Calculation

Material properties directly affect impedance:

Dk variation: ±5% typical, tighter available

Stack-up tolerances: Affects impedance control

Dk stability: Temperature and frequency dependent

Thermal Management

Thermal Conductivity: 0.3-0.4 W/mK for FR-4



High-Tg Materials: Better thermal performance

Metal Core: For power applications (1-2 W/mK)

High-Frequency Design

Dk Tolerance: ±2% for controlled impedance

Df Loss: Critical for signal integrity

Weave Effect: Glass pattern influences Dk

Cost Considerations

Material Cost Factors

Volume: Larger quantities reduce cost

Performance: Higher performance = higher cost

Availability: Common materials cost less

Lead Time: Special materials may require longer lead times

Design Optimization

Use Standard Materials: When performance allows

Right-Size Specifications: Avoid over-specification

Layer Count: Material affects optimal layer count

Panel Utilization: Material sizing affects yield

Environmental Considerations

Halogen-Free Materials

Definition: <900 ppm chlorine, <900 ppm bromine

Total: <1500 ppm halogens



Applications: Green electronics requirements

Performance: Comparable to standard FR-4

RoHS Compliance

Lead-Free: All materials RoHS compliant

High-Temperature: Required for lead-free assembly

Reliability: Materials must withstand higher process temperatures

Future Trends

Material Developments

Ultra-Low Loss: For 100+ Gbps applications

Embedded Components: Materials for component embedding

Flexible Hybrid: Combining flex and rigid materials

3D Printing: Additive manufacturing materials

Industry Drivers

5G Communications: Higher frequency requirements

Automotive Electronics: Higher temperature and reliability

IoT: Cost-sensitive, high-volume

Wearable: Flexible and stretchable materials

Reference: IPC-4101 Standard

This guide provides material selection information. Always consult IPC-4101 for complete material
specifications.

https://www.ipc.org/standard/ipc-4101

