Thermofoil™ Solutions for Heating
Flexible Thermofoil™ Heaters

Custom and integrated components

Introduction

Minco operates four different product divisions, all coordinated
in the same facility for faster, seamless integration that can
boost your time-to-market. This makes us unique in our ability
to customize and integrate components into turnkey assemblies and complete thermal, sensing and flex circuitry solutions.
All of our components can be designed, manufactured, and
integrated to perfectly fit your application while providing
matched system accuracy.

Design
Guide
Polyimide
Heaters

We can furnish heaters with integral resistance thermometers,
thermocouples, thermistors, or thermostats. Minco controllers
can monitor sensors and power heaters for tight control and
accuracy. And, with flex circuit capabilities and in-house pickand-place equipment, control circuitry can be incorporated in
the same assembly to save you assembly time and cost.

Silicone
Rubber
Heaters (foil)
Standard
Polyimide
& Rubber

Thermofoil™ heaters are thin, flexible components consisting of
an etched-foil resistive heating element laminated between
layers of flexible insulation. Since their introduction by Minco
over 45 years ago, Thermofoil heaters have demonstrated
significant advantages over conventional electric heaters.

Precise heating

Rubber
Heaters
(wire-wound)
Mica Heaters Thermal-Clear All-Polyimide
Heaters
Heaters

Thermofoil heaters put heat where you need it. You simply
apply them to the surface of the part to be heated. The thin
construction provides close thermal coupling between the
heater element and heat sink. You can even specify profiled
heat patterns with higher watt densities in areas where heat
loss is greater.

Faster warmup and longer life
The flat foil element of Thermofoil heaters transfers heat more
efficiently, over a larger surface area, than round wire.
Thermofoil heaters, therefore, develop less thermal gradient
between the resistive element and heat sink. Heaters stay
cooler. The result is higher allowable watt densities, faster
warmup, and prolonged heater life. Thermofoil heaters can
safely run at wattages twice those of their wire-wound
equivalents. Insulation life may be ten times greater. For high
levels of reliable heat, the obvious choice is Thermofoil.

Sensors,
Controllers &
Accessories

Space and weight savings

Reference

A polyimide (e.g. Kapton™) heater typically weighs only
0.009 oz/in² (0.04 g/cm²) and measures just 0.010" (0.25 mm)
thick over the element. For applications with limited space —
defense electronics, aircraft, portable medical instruments,
high density electronic devices — Thermofoil heaters deliver
the heat you need.
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Custom tailored for better fit
Size and shape possibilities are limitless. Minco can manufacture heaters as large as 8 feet (2.4 m) long, and smaller than
0.25" x 0.25" (6.4 mm x 6.4 mm). You can specify intricate
geometries to follow the bumps and curves of your hardware
at the same time designing the heater for best accuracy and
reliability.

Value-added assembly
As an added service, Minco can laminate, vulcanize, or clamp
heaters to mating heat sinks. Our specialized equipment guarantees tight bonds, high reliability, and superior performance.
We can mount the heater to your furnished parts, or provide
machined heat sinks to offer you a complete turnkey solution.

Best fit — best price
Minco’s custom heaters are typically more cost effective than
our standard models at OEM quantities (e.g. 500+ pieces).
Start with our off-the-shelf solutions for experimentation and
proof-of-concept testing. Then, we’ll work with you to optimize
a custom solution. Contact us early in the design process so
our expert engineers can help you design the best and
most efficient heating
solution available.
Call Access: Minco Sales
and Support today.

Americas: 763.571.3121 | Europe: (33) 5 61 03 24 01 | Asia Pacific: (65) 6511 3388

Defense and Aerospace

Minco's flexible Thermofoil heaters, flex circuits and sensors
provide a turnkey solution for this point-of-care blood
analyzer. The integrated component design improves reliability and reduces cost from the original design by eliminating 3rd
party wire harnesses and printed circuit boards (PCBs).

Flexible Thermofoil heaters are used in Defense and Aerospace
applications where ruggedness and reliability in harsh
conditions is required. This profiled polyimide heater with
integrated flex lead and temperature sensor provides critical
anti-condensation heating in helmet mounted micro-displays.

Polyimide
Heaters

Gold plated termination provides zero
insertion force (ZIF)
connector interface

Low profile flex circuit
eliminates leadwires
and simplifies assembly

Silicone
Rubber
Heaters (foil)

Heat-formed flex lead
improves packaging
efficiency and installation
Profiled Thermofoil
heater provides
uniform heat
exactly where it's
needed
Thermistor bead laminated
under polyimide cover
offers maximum reliability,
accuracy and ruggedness

Surface
mounted connector
offers repeatable installation

Fine-line profiled
Thermofoil heater
optimizes heat
transfer

A partnership between Minco's design engineers and our
customer's engineers fostered the collaboration needed to
manufacture this affordable silicone rubber heater assembly
vulcanized to a finned heat sink. Minco's Thermofoil heater is
designed to keep electronics, fiber optics and amplifiers
operating optimally for 15+ years in above or below-ground
enclosures.

DNA thermocycler

Chemical analyzers

Cockpit instrumentation

Respirator

Sample vial

Industrial computing

Large motors

Food trays

Heated electrostatic chucks

All-Polyimide Thermal-Clear Mica Heaters
Heaters
Heaters

Other Applications

Telecommunications

Reference

Sensors,
Controllers &
Accessories

Silicone rubber heater factory
vulcanized to a finned heat
sink provides superior bond
for optimal heat transfer and
long heater life

Bi-metallic thermostats offer
affordable and accurate
temperature control

Standard
Polyimide
& Rubber

Surface mounted
sensors offer accurate
temperature control

Rubber
Heaters
(wire-wound)

Multilayer flex circuit
with surface mount
components replaces PCB

Design
Guide

Medical Diagnostics

Introduction

Solutions for Industry Applications

Wire harness with connector
makes installation easy

|
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Selecting a Minco Heater
1. Choose insulation type
Introduction

Pick from the available insulation types. When selecting insulation consider temperature range, maximum resistance
density and maximum heater size. Insulation options are available on page 7.

2. Choose installation option
Proper installation is crucial for optimal heater performance. Determine the best method to install flexible heaters in your
application so you can achieve desired results in your thermal system. Minco installation options are available on page 8.

Design
Guide

3. Calculate required wattage
The heater you select must produce enough power to (1) warm the heated object to control temperature in the desired time and
(2) maintain that temperature.

Polyimide
Heaters

The specific heat formula on page 10 gives an estimate for warm-up, assuming all heat enters the object and none is lost.
Add at least 20% to account for unknown losses.

Silicone
Rubber
Heaters (foil)

Heat loss factors include conduction, convection, and radiation. A more accurate wattage estimate will take these into account.
For a general discussion of heat loss, download Minco White Paper "Estimating Power Requirements for Etched-Foil Heaters."
Also helpful is Thermal Calc, an online tool to assist with calculations. Both are available at www.minco.com/e2e.

4. Select a Minco stock or standard heater
Select from the hundreds of available heater sizes in this guide that will best fit your application. Multiple resistance options will
allow you to carefully manage your heat output.

Standard
Polyimide
& Rubber

Ohm’s Law
A Thermofoil heater has a specific resistance. Its power output, in watts, depends on supply voltage (P=E²/R).

Rubber
Heaters
(wire-wound)
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Mica Heaters Thermal-Clear All-Polyimide
Heaters
Heaters

5. Test and prototype
The best way to make a final determination of heat requirements is by experimentation. See page 10 for tips, or download
Minco's white paper entitled "Prototyping Techniques for Etched-Foil Heaters," available at www.minco.com/e2e.

Heater selection examples
Desired temperature 60°C

100°C

Sensors,
Controllers &
Accessories
Reference

Power required

300 W at 115 V

500 W at 240 V

Heater size

3" × 6" (76.2 x 152.4 mm)

Ideal resistance

115²/300 = 44.1 Ω

Mounting method

BM3 shrink band

Insulation

Polyimide

Model chosen

HK5468 R46.1 L12 A

HR5430 R96.8 L12 A

HM6810 R83.4 L12 T2

Effective area

15.74 in² (101.5 cm²)

18.20 in² (117.4 cm²)

58.5 in² (377.4 cm²)

Actual power

115²/46.1 = 287 W

240²/96.8 = 595 W

480²/83.4 = 2762 W

Watt density

287/15.74 = 18 W/in² (2.79 W/cm²)

Max. watt density

36 W/in² (5.58 W/cm²) at 60°C

Sales and Support

2" × 10" (50.8 x 254 mm)
240²/500 = 115 Ω
#6 RTV cement

|

2500 W at 480 V
9" (228.6 mm) diameter
480²/2500 = 92.2 Ω

Factory vulcanized Clamped

Silicone Rubber

Wattage density OK? Yes (18 < 36)

6

100°C (same as left) 150°C

595/18.20 = 33 W/in² (5.12 W/cm²)
19 W/in² (2.95
W/cm²) at 100°C

36 W/in² (5.58
W/cm²) at 100°C

No! (33 > 19)

Yes (33 < 36)

Mica

2762/58.5 = 47 W/in² (7.29 W/cm²)
54 W/in² (8.37 W/cm²) at 150°C
Yes (47 < 54)

Americas: 763.571.3121 | Europe: (33) 5 61 03 24 01 | Asia Pacific: (65) 6511 3388

-200 to 200°C
-328 to 392°F
Silicone rubber
-45 to 235°C
-49 to 455°F
Mica
-150 to 600°C
-238 to 1112°F
Optical grade polyester -55 to 120°C
-67 to 248°F

Max. resistance Comments
density*

560 mm × 1065 mm
22" × 42"
560 mm × 2285 mm
22" × 90"
560 mm × 1168 mm
22" × 46"
280 mm × 560 mm
11" × 22"

70 Ω/cm²
450 Ω/in²
31 Ω/cm²
200 Ω/in²
3.9 Ω/cm²
25 Ω/in²
185 Ω/cm²
1200 Ω/in²

See technical specifications on pages 16-18
See technical specifications on pages 20-21(foil)
See technical specifications on pages 32-33 (wire-wound)
See technical specifications on pages 36-38
See technical specifications on pages 39-40

Rubber
Heaters
(wire-wound)

Standard
Polyimide
& Rubber

Polyimide/FEP

Max. size

Optical Grade Polyester

Design
Guide

Temperature
range

Mica

Polyimide
Heaters

Material

Silicone Rubber

Silicone
Rubber
Heaters (foil)

Polyimide/FEP

Introduction

Heater Insulations

Material

Temperature
range

Max. size

Polyimide/WA
Polyimide film with
thermosetting acrylic adhesive
(not UL recognized)
Polyimide/ULA
Polyimide film with UL
recognized thermosetting
acrylic adhesive
All-Polyimide (AP)
Polyimide film with
polyimide adhesive

-200 to 150°C
-328 to 302°F

560 mm × 1825 mm
22" × 72"

230 Ω/cm²
1500 Ω/in²

-200 to 150°C
-328 to 302°F

560 mm × 1825 mm
22" × 72"

230 Ω/cm²
1500 Ω/in²

-200 to 260°C
-328 to 500°F

560 mm × 1145 mm
22" × 45"

230 Ω/cm²
1500 Ω/in²

-200 to 150°C
-328 to 302°F
Polyester
-40 to 105°C
(with thermosetting adhesive) -40 to 221°F

254 mm × 1016 mm
10" × 40"
560 mm × 1825 mm
22" × 72"

70 Ω/cm²
450 Ω/in²
217 Ω/cm²
1400 Ω/in²

PTFE

PTFE

Polyester

All-Polyimide Thermal-Clear Mica Heaters
Heaters
Heaters

All-Polyimide (AP)

Max. resistance Comments
density*
Similar to Polyimide/FEP except lower cost,
higher resistance densities, and lower temperature range. WA is preferred over FEP for most
custom designs under 150°C.
Similar to Polyimide/WA except UL recognized
(UL94V-0).

Higher temperatures and watt densities
than industry standard flexible Polyimide
construction.

Sensors,
Controllers &
Accessories

Polyimide/ULA

Fully sealed construction suitable for immersion
in acids, bases, and other corrosive chemicals.
Low cost material for economic fabrication of
large heaters.

Reference

Polyimide/WA

*Resistance density varies with the size of the heater (higher density possible with smaller heaters).
Specifications subject to change

|
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Heater Installation
Introduction

Versatile Thermofoil heaters allow a
variety of mounting methods.

Design
Guide

Proper installation is crucial to heater
performance. The heater must be in
intimate contact with the surface
beneath, as any gaps can block heat
transfer and cause a hot spot resulting
in premature heater failure.

Proper installation ensures good heat flow from
the heater to the heat sink

Voids or bubbles beneath the heater cause
localized hot spots which can result in
premature heater failure

Pressure-sensitive adhesive(PSA)
Description

Polyimide
Heaters
Silicone
Rubber
Heaters (foil)

Acrylic PSA
0.002" (0.05 mm)
acrylic film
#12 PSA
0.002" (0.05 mm)
silicone film

With factory-applied PSA, you simply remove
the backing paper and press the heater in place.

Standard
Polyimide
& Rubber

Epoxy and cement

Description

Rubber
Heaters
(wire-wound)

#6 RTV cement
Room temperature
vulcanizing silicone
for rubber heaters
Liquid adhesives require more care in application than PSA, but generally provide higher
temperature/wattage performance.

#15 epoxy
2-part epoxy for
Polyimide heaters

Temperature
rating
See heater
ordering
information

Comments

Installation
Instruction*
• NASA approved for outgassing EI 138
• Flat surfaces only, unless
aluminum backed
• Flat or slightly curved surfaces EI 266

Temperature
rating
-45 to 235°C
-49 to 455°F

Comments
•
•

-70 to 115°C
-94 to 239°F

•
•

Engineering
Instruction*
Distance from center of heater EI 117
to edge must be less than 5"
(127 mm)
3 oz. (85 g) tube covers 8001300 in² (5000-8000 cm²)
NASA approved for outgassing EI 507
Bi-pack covers 150-300 in²
(900-1800 cm²)

Mica Heaters Thermal-Clear All-Polyimide
Heaters
Heaters

Easy installation methods for cylindrical surfaces

Built-to-order shrink bands are pre-stretched
strips of film with adhesive coated ends. Wrap
around the heater and heat to shrink. Stretch
tape installs quickly with no heat required.

Description

Temperature
rating

Comments

Engineering
Instruction*

BM3 shrink band
Polyester strip

-73 to 149°C
-100 to 300°F

• To order, specify
band width and
cylinder diameter

EI 103

BK4 shrink band
Polyimide strip

-73 to 177°C
-100 to 350°F

#20 stretch tape
Self-fusing silicone
tape

-51 to 200°C
-60 to 392°F

Sensors,
Controllers &
Accessories

• Comes in 6 or 36ft EI 124
(1.8 to 11 meters)
rolls, 1" (2.54 cm)
wide. Figure 25%
overlap when calculating length
required.
*Engineering Instructions available at www.minco.com/heaterei/

Reference

Clamping
Mechanical clamping is required for mica heaters, optional for polyimide, but not recommended for rubber. Call Minco and ask for
Minco Installation Instruction EI 347 or go to www.minco.com/heaterei/.

Factory vulcanization and lamination
See page 13 for information on high-performance bonding of heaters to mating parts.
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Specifications subject to change
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Maximum Watt Density
The watt density tables on this page show the maximum allowable power for each heater type, expressed in watts per square
inch, or centimeter, of effective area. The rating depends upon
the heater’s insulation/internal adhesive, heat sink control temperature, and the mounting method.

-148°F
65

-58°F

32°F

482°F

9.3

#20 Stretch
Tape

8.5

50

7.8

45

6.2

35

5.4

30

4.7

25

3.9

20

2.3
1.6

5

HEATER:
0.008” SILICONE RUBBER (0.2mm)

0
-100°C

-50°C

0°C

0.8

Vulcanized

50°C

100°C

150°C

0.0
250°C

200°C

Heat Sink Temperature

• Contact Minco for product and design assistance

Note: Find the silicone rubber heaters (wire-wound)
watt density chart on page 32

In addition to wattage, you should calculate the current (I)
through the heater leadwires to keep it within the maximum
rating for the AWG wire size used.

-328°F

-148°F

32°F

212°F

392°F

572°F

752°F

932°F

1112°F

120

18.6

HEATER:
110

4. The maximum watt density is indicated by the value on the
left or right axis that corresponds with that intersection.

14.0

0.010” (0.3mm) Mica

80

10.9

60

9.3

50

7.8
6.2

40

0.020“ (0.5mm) Mica

30

3.1

10

1.6

0

0.0

-200°C

167°F

212°F

257°F

302°F

347°F

392°F

-76°F

437°F

200°C

300°C

400°C

500°C

50

7.75

4.65

Acrylic PSA w/ Aluminum
20

3.1

Acrylic PSA
10

Maximum allowable power:
Watts/square inch of effective area

30

Watts/square cm

6.2

Stretch tape or Clamped

32°F

86°F

140°F

194°F

248°F

600°C

302°F

3.88

20

BM3 Shrink Band
40

-22°F

25

9.3

MOUNTING METHOD

Maximum allowable power:
Watts/square inch of effective area

100°C

Thermal-Clear™ Transparent Heaters

60

12 PSA w/ Aluminum

0°C

3.10

MOUNTING METHOD:
Acrylic PSA
15

2.33

10

1.55

5

Sensors,
Controllers &
Accessories

122°F

-100°C

0.78

Reference

77°F

4.7

20

Watts/square cm

32°F

12.4

70

Polyimide/FEP Heaters
-13°F

Rubber
Heaters
(wire-wound)

90

All-Polyimide Thermal-Clear Mica Heaters
Heaters
Heaters

Maximum allowable power:
Watts/square inch of effective area

3. Draw a line from the heat sink temperature (at the bottom of
the chart) to the line labeled with the mounting method
and/or insulation you have chosen.

17.1
15.5

100

2. Divide the power requirement in watts by this area to obtain
watt density.

-58°F

MOUNTING METHOD:
Clamped

Watts/square cm

1. Look up the effective area for the heater model in question.
This is total heater area minus borders and lead attachment
space (calculated by Minco).

Standard
Polyimide
& Rubber

Mica Heaters

Using watt density charts

-148°F -103°F

Polyimide
Heaters

3.1

#6 RTV

15
10

• Use proportional control to reduce power as the heat sink
temperature rises

Design
Guide

7.0

#12 PSA
40

Silicone
Rubber
Heaters (foil)

• Change the mounting method

392°F

Watts/square cm

Maximum allowable power:
Watts/square inch of effective area

• Consider other heater materials, e.g. mica

302°F

10.1

55

• Select a larger size heater

212°F

MOUNTING METHOD

60

If watt density exceeds the maximum rating, the heater is in
danger of overheating and premature failure. To obtain more
power:

122°F

Introduction

Silicone Rubber Heaters (foil)

1.55

HEATER:
0.002” POLYIMIDE (0.05mm)
0.001” ADHESIVE (0.03 mm)

0
-100°C -75°C

-50°C

-25°C

0°C

HEATER:
0.002” POLYESTER (0.05mm)
0.002” ADHESIVE (0.05 mm)

#15 Epoxy
25°C

50°C

75°C

100°C 125°C

150°C

175°C 200°C

0
225°C

0
-60°C

0.00
-30°C

0°C

30°C

60°C

90°C

120°C

150°C

Note: Find the All-Polyimide heaters watt density chart on page 41

|
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Designing with Thermofoil Heaters
Introduction

Estimating power requirements

Conducting experiments

The total amount of power required for an application is the
larger of two values:

Heat transfer theory is complex. It’s usually best to prototype
your system with actual heaters to observe behavior and finetune the design. Minco offers a variety of tools to help you:

1. Warm-up power + Heat lost during warm-up
2. Process heat + Heat lost in steady state

Design
Guide

Warm-up power: Watts required to bring an object to
temperature in a given time. The basic formula is:

P (watts ) =

mC p (Tf − Ti )

Polyimide
Heaters

Filled with flexible Thermofoil heaters, instructions and
technical data, this kit will help you move towards successfully
integrating flexible heaters into your application. Learn more at
www.minco.com/heaterkit/.

t

Silicone
Rubber
Heaters (foil)

where:
m = Mass of object (g)
Cp = Specific heat of material (J/g/°C)
Tf = Final temperature of object (°C)
Ti = Initial temperature of object (°C)
t = Warm-up time (seconds)

Standard
Polyimide
& Rubber
Rubber
Heaters
(wire-wound)
Mica Heaters Thermal-Clear All-Polyimide
Heaters
Heaters

Material
Air
Aluminum
Copper
Glass
Oil (typical)
Plastic (typical)
Silicon
Solder
Steel
Water

Specific heat (J/g/°C)
1.00
0.88
0.38
0.75
1.90
1.25
0.71
0.19
0.50
4.19

Design Kit: The Flexible Heaters Prototype Design Kit
(part number TB-H1) allows you to easily test and prototype
a heating concept before starting on a journey of custom-builtto-order product.

Variable power source: An AC power supply (“Variac”), power
resistor, or rheostat lets you test different power levels across
the heater or zone by zone.
Density (g/cm³)
0.0012
2.71
8.97
2.64
0.90
Varies
2.32
8.65
7.85
1.00

Temperature sensor(s): A small Thermal-Ribbon RTD such as
model S665 is easy to move and reapply to test temperature in
various locations. See sensor options in the "Sensors,
Controllers & Accessories" section.
Controller: Models CT325, CT15, and CT16A cover the range
from simple to sophisticated design for testing control
schemes. See controller options in the "Sensors, Controllers &
Accessories" section.
A mosaic of standard heaters, with dual power supplies, helps
to determine edge profiling for uniform temperature.

For other materials see Minco white paper “Estimating Power
Requirements for Etched-foil Heaters” at www.minco.com/e2e
To get:
J/g/°C
g/cm³

Multiply:
BTU/lb/°F × 4.19
lbs/ft³ × 0.016

Process heat: Heat required to process a material when the
heater is performing useful work. The formula above also
applies here, but must also include latent heat if material
changes state (melts or evaporates).

Sensors,
Controllers &
Accessories

Heat loss: All systems lose heat through convection (air or
liquid movement), conduction through support structures,
and thermal radiation.

INNER ELEMENT
POWER SUPPLY

OUTER ELEMENT
POWER SUPPLY

The resulting custom heater looks like this.

White Papers
Download these helpful white papers to assist in designing and
testing with Thermofoil heaters:

Reference

• Estimating Power Requirements for Etched-Foil Heaters
• Prototyping Techniques for Etched-Foil Heaters
Both available at: www.minco.com/e2e
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Custom Design Options
Heater designs to perfectly fit your application

Integrating temperature sensors directly into the Thermofoil
heater improves your thermal control while at the same time
simplifying the end-use assembly operation.
Get more information on page 12.
Value-added services:
Complete thermal sub-assembly can provide a turnkey
solution for your application. This could entail factory
mounting of heaters to fabricated heat sinks, SMT control
electronics to the Thermofoil heaters, incorporated rigid
multi-layer flex circuits and connector termination.
Get more information on page 13.

Other heater element options
• Dual element for redundancy and/or warm-up and
maintenance heating schemes
• Non-magnetic alloys for inductance canceling
• Dual layer constructions in order to provide higher resistance
(ohms) in small areas or for added inductance canceling in
element patterns

With a 3-dimensional approach the possibilities are endless.
Select the proper Thermofoil heater insulation to meet your
electrical and thermal performance requirements while at the
same time satisfying your demanding packaging needs. Using
selective adhesive backing configurations will also promote
ease of installation of our heaters within smaller and smaller
device spaces. Minco also has tooling and lasering capabilities
which allows us to provide complex part outlines (holes, cutouts, radii) with very tight dimensional tolerances.
Minco puts the heat where
you need it, no matter how
complex the shape

Electrical termination
Leadwires
(standard)
Solder pads
Connectors

Flex circuits
Integrated SMT flex circuit
offers convenient onboard
control circuitry

Welded leadwires make a strong, reliable
connection. Options include different colors,
sizes, and insulating materials.
Lowest cost, but limits foil/resistance options.

All-Polyimide Thermal-Clear Mica Heaters
Heaters
Heaters

Heater outline shapes

Insulation displacement connectors crimped
onto etched leads make an economical design.
Other connector types are available such as pin
headers, SMT and ZIF termination.
Minco can supply flex circuits integrally
connected with heaters.

LEADWIRES

Sensors,
Controllers &
Accessories

Low profile flex circuit eliminates
leadwires, simplifying assembly
Exposed foil pads for use with zero
insertion force (ZIF) connectors

SOLDER PADS

Profiled heater conductor routing

|
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CONNECTORS

Reference

A profiled element levels out temperature gradients by providing extra heat where losses occur, such as along edges or
around mounting holes. In a typical case, profiling might
reduce a ±25°C temperature variation across a surface to ±5°C
or better. Once the best profile is determined for the application, Minco’s photo-etching process ensures repeatability from
heater to heater.

Design
Guide

Introduction

Tight uniformity goals may require more than one profiling
iteration, and a given solution is optimized for only one setpoint temperature.

Polyimide
Heaters

Integrated components:

• Finite Element Analysis (FEA): Although more expensive, FEA
modeling of thermal systems can reduce the number of trials
required to design a profiled heater. It may help to map the
temperature resulting from uniform heat input (using a
standard heater), then work backward in FEA to derive the
profiled pattern.

Silicone
Rubber
Heaters (foil)

Element patterns, outline shapes, heat profiles and
terminations can be fine-tuned to create the exact thermal
and physical component to fit your unique requirements.
Get more information below.

• Experimentation: Lay out a pattern with standard heaters
and vary the power levels until temperature reaches the
desired uniformity. Or, Minco can provide a custom heater
with separately powered zones for prototyping. Minco will
then reproduce the successful profile with a single element.

Standard
Polyimide
& Rubber

Element design:

Methods to derive the profiling pattern include:

Rubber
Heaters
(wire-wound)

Thermofoil heaters give you design options that other heater
types can’t match. Minco’s custom design options can be
quantified into three sections.

FLEX CIRCUITS
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Custom Design Options
Integrating sensors and thermal cut-outs.
Sensors can be electrically connected via leadwires or
flex circuitry.

Temperature sensors
Introduction
Design
Guide

Integrating sensors into heaters simplifies your assembly
operations by providing a gradient-free system with excellent
temperature control. The sensor sits in a window of the heating
element. It reacts to temperature changes in the component
beneath the heater, yet remains close to the heating element
itself. This tight coupling of heater, sensor, and heat sink can
greatly improve heating control and accuracy.

Most heater/sensors are custom designed. Minco recommends prototyping with standard heaters and ThermalRibbon™ sensors. Get more information on Thermal-Ribbon
sensors in the "Sensors, Controllers & Accessories" section.

Types of sensors used in heater/sensors
Polyimide
Heaters
Silicone
Rubber
Heaters (foil)
Standard
Polyimide
& Rubber
Rubber
Heaters
(wire-wound)
Mica Heaters Thermal-Clear All-Polyimide
Heaters
Heaters
Sensors,
Controllers &
Accessories
Reference

Description
Surface Mount RTDs and
Thermistors
Miniature sensors mounted via
surface mount technology

Features
• Low installed costs
• Geared for medium to
high volumes
• Fast time response
• Stable and accurate

Options
• Sizes: 0805, 0603, 0402
• RTD:100Ω and 1KΩ platinum;
±0.06% or ± 0.12% at 0°C
(DIN class A or B)
• Thermistor: 10KΩ and 50KΩ ;
±1% at 25°C

Thin-film RTDs
Small ceramic elements
laminated inside the heater or
located on top

•
•
•
•

•
•
•
•

Strip-wound RTD
Sensing wire wound around a
flexible insulating strip and
encapsulated inside heater

• Can average temperatures
along length of sensor
• Any resistance possible

• Platinum, nickel, nickel-iron

Flat-wound RTD
Sensing wire laid in a
predetermined pattern in a
single plane

• Fast response (0.1 sec.)
• Can average temperatures
along length of sensor

• Platinum, nickel, nickel-iron
• Uniform or profiled

Etched RTD
Heater and RTD etched from
same temperature sensitive foil

• Lowest cost
• Fast response
• Can average temperatures
along length of sensor

• Nickel or nickel-iron

Thermistor
Bare or coated bead embedded
in heater or placed on top and
covered with epoxy

• High sensitivity
• Low to moderate cost

• NTC or PTC
• Variety of resistances
• Bead or SMT

Thermocouple
Junction of dissimilar metals
laminated inside heater

• Minimal space required
• Rugged Construction
• Wide temperature range

• Wire or foil
• E, J, K, or T standard

Thermostat
Low cost basic heater control or
thermal cutoff

• No external controller
• Low system cost

•
•
•
•

Highly stable and accurate
Standardized output
Low cost
Tight resistance tolerance

Platinum, 0.00385 TCR
100 to 10,000 Ω
Wire leads or SMT
0.12% or 0.06% tolerance

Snap action or creep action
Specify setpoint
Wired/mounted to heater
See thermostat options on page 57
Specifications subject to change
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Custom Design Options
Value-added assemblies and complete thermal solutions.
Clamped mica heaters

Design
Guide

Introduction

Mica heaters must be secured between rigid plates to prevent
separation of layers. Minco can provide many styles of mica
heater assemblies: bolted, riveted or welded, flat or curved.

Factory bonded AP heaters eliminate clamping and provide
optimum heat transfer to the heat sink. The excellent chemical
resistance and low outgassing of AP
heaters, together with Minco’s
precise machining capabilities,
are the perfect solution for
chuck heaters in semiconductor processing equipment.

Laminated polyimide heaters
Polyimide (e.g. Kapton™) heaters can be mounted to flat or
curved heat sinks using an acrylic adhesive and our specialized
lamination equipment. The thin, uniform bond layer provides
excellent heat transfer. Watt densities to 50 watts/in²
(7.8 watts/cm²) are possible.

Assembly options
• Minco-supplied heat sinks: Machined, formed, and extruded
parts from Minco’s advanced machine shop or qualified vendors
• Coatings: PTFE coating, anodizing, or plating with nickel,
copper, or gold

Sensors,
Controllers &
Accessories

• Temperature sensors: Accurate and reliable temperature
measurement. See the "Sensors, Controllers & Accessories"
section for more information
• Thermostats and thermal
cutoffs for control or limit
switching

Reference

• Wire harnesses, connectors,
or flex circuitry
• Electronic components
• Thermal insulation

|
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Standard
Polyimide
& Rubber

Factory mounted All-Polyimide (AP) heaters

Rubber
Heaters
(wire-wound)

Minco’s proprietary vulcanization process uses no adhesive
to bond heaters to mating parts. Eliminating the adhesive
facilitates heat transfer, resulting in higher
allowable watt densities and longer life.

Silicone
Rubber
Heaters (foil)

Polyimide
Heaters

Vulcanized silicone rubber assemblies

All-Polyimide Thermal-Clear Mica Heaters
Heaters
Heaters

For best heater performance and reduced installation costs,
consider Minco’s capabilities in mounting heaters to make
complete thermal subassemblies. You can furnish the heat
sinks or we can fabricate them to your specifications. Either
way, you get a guaranteed bond, superior reliability, and the
benefits of Minco’s experience with advanced adhesives and
lamination equipment. In many cases we can affix the heater
to the mating part in the same step used to bond its layers
together. That saves money over a two-step process.
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Examples of Thermal Systems
Introduction

Description of
Heat a tank containing 2 kg of chemiThermal System cal solution from 20°C to 50°C in 10
minutes. The space available for
mounting the heater is 4" × 5" (102 x
127 mm). Input voltage is 120 VAC.

Design
Guide

Wattage
requirements

Polyimide
Heaters

Electrical
parameters
Heater
selection

Heat moving film in a thermal processor. A sheet of polyester film weighing 5 g must be brought from 25°C to
90°C every 2 seconds. The heater will
measure 2" × 12" (51 x 305 mm) and
will be mounted on a metal platen.
Input voltage is 120 VAC.

An LCD heater must be capable of
bringing the 6" × 8" (152 X 203 mm)
display from-55°C to 0°C in 5 minutes
and maintaining it there.
Input voltage is 120 VDC.

From Thermal Calc*, we need 450 watts From Thermal Calc*, we need 275 watts From Thermal Calc*, we need 50 watts
minimum for warmup plus losses.
minimum for warmup plus losses.
for warmup and 20 watts for maintenance of temperature.
R = E²/W = 120²/450 = 32 Ω

R = E²/W = 120²/275 = 52 Ω

R = E²/W = 28²/50 = 16 Ω

Silicone
Rubber
Heaters (foil)
Standard
Polyimide
& Rubber
Rubber
Heaters
(wire-wound)
Mica Heaters Thermal-Clear All-Polyimide
Heaters
Heaters
Sensors,
Controllers &
Accessories

Choosing polyimide for chemical resist- Specifying silicone rubber for lower
ance, the best choice is
cost, the best choice is
HK5490R27.7L12E
HR5433R44.1L12A

From Minco’s standard Thermal-Clear™
heaters we choose model
H6709R14.8L12B

Actual wattage

Wattage is 120²/27.7 = 520 W

Wattage is 120²/44.1 = 327 W

Wattage is 28²/14.8 = 53 W

Watt density

Watt density = W/effective area =
520/17.74 in² = 29 W/in² (4.5 W/cm²)
From watt density charts we specify
Acrylic PSA with aluminum backing (E
option). This is rated to 31 W/in² (4.8
W/cm²) at 50°C.
AWG 24 leadwire current rating is 7.5 A.
Actual current is:
I = 120/27.7 = 4.3 A (OK).
The CT16A controller with optional
AC744 solid state relay will handle the
current.

Watt density = W/effective area =
327/21.80 in² = 15 W/in² (2.3 W/cm²)
Any type of heater mounting will handle the watt density. We will factory
vulcanize the heater for lowest installed
cost.
AWG 24 leadwire current rating is 7.5 A.
Actual current is:
I = 120/44.1 = 2.7 A (OK).
The customer integrates a custom controller into other electronic circuits.

Watt density = W/effective area =
53/48 in² = 1.1 W/in² (0.2 W/cm²)
We choose Acrylic PSA backing for
convenience (B option). The watt density is well within the rated maximum.

Sensor

An S665 Thermal-Tab™ RTD will be
mounted to the side of the tank.

An S247 thin-film RTD will be potted
into a hole in the platen. A thermostat
with 100°C setpoint will provide
overtemperature shutoff.

Custom
options

An AP heater would provide a higher
watt density for faster warmup (at
higher cost). A rubber or mica heater
would allow more watts for faster
warmup, if acceptable in the application.

The sensor and thermostat could be
integrated into the heater.

Installation

Leadwire
current
Control

AWG 30 leadwire current rating is 3 A.
Actual current is:
I = 28/14.8 = 1.9 A (OK).
A CT198-1005 Heaterstat™ will control
the heater. Its setpoint will be
adjustable from 6 to 62°C. We have
chosen a model with a higher range in
order to ensure that the LCD itself
reaches 0°C. We know the setpoint will
have to be higher because it controls
the heater element which runs hotter
than the surface beneath it.
None: The heater acts as the sensor!

Placing the lead connections on an
external tab would remove the lead
bulge from the display area. Switching
to a sensor and CT325 for control,
instead of the Heaterstat, would allow
higher wattage and finer control.

Reference

*Thermal Calc is an on-line tool available at www.minco.com/e2e to assist in estimating heater wattage requirements from known
parameters.
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Examples of Thermal Systems

Wattage is 28²/12.1 = 65 W

Wattage is 24²/9.4 = 61 W

Watt density

Watt density = W/effective area =
65/9.8 in² = 6.6 W/in² (1.0 W/cm²)
For this cylindrical shape heat sink, a
BM3 Shrink Band is selected.

Watt density = W/effective area =
61/21.54 in² = 2.8 W/in² (0.4 W/cm²)
Any type of heater mounting will handle the watt density. We recommend
acrylic PSA for fast availability of prototypes.
AWG 24 leadwire current rating is 7.5 A.
Actual current is:
I = 24/9.4 = 2.6 A (OK).
A custom control circuit integrated into
the system electronics will control the
heater. The controller is designed for a
1000 Ω platinum RTD element input.

Watt density = W/effective area =
800/109.9 in² = 7.3 W/in² (1.1 W/cm²)
Factory lamination of AP heaters provides optimum heat transfer and allows
operating temperatures higher than
other adhesives.
AWG 20 leadwire current rating is 13.5
A. Actual current is:
I = 208/54.1 = 3.8 A (OK).
All electrical and motion control of the
wafer processing system is centrally
controlled by a computer. Thermal control is integrated into the system.

Leadwire current AWG 26 current rating is 5.0 A. Actual
current is:
I = 28/12.1 = 2.3 A (OK).
Control
The CT325 controller will be used to
control the heater.

An S665 Thermal Tab RTD provides easy A 1000 Ω platinum Thermal-Tab™ RTD
installation in the prototype test syssensor is used. The customer tests the
tem.
sensor in several positions around the
aluminum block to determine the optimum location.
Custom options Experiments confirm the power
Testing showed that edge losses
requirements, but also show that the required 20% higher watt density
sensor measures only one point rather around the periphery of the heater to
than the average temperature of the
equalize temperature within the block.
cylinder. In the final custom design an A custom design with profiled power
integrated Thermal-Ribbon strip sensor output, integrated sensor, and 40°C
wraps around the circumference of the thermal fuse provides a complete thercylinder to measure the average tem- mal system in one package.
perature.
Sensor

An S247 thin film RTD element with
high-temperature extension leads will
be cemented into a hole in the platen.

The leads exit is located at the center of
the heater to fit with the design
requirements of the machine.

Reference

Installation

*Thermal Calc is an on-line tool available at www.minco.com/e2e to assist in estimating heater wattage requirements from known
parameters.
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Design
Guide

Introduction

Actual wattage

The required temperature exceeds the
limit for polyimide heaters, and the vacuum process does not allow silicone
rubber. An All-Polyimide heater, factory
mounted to the chuck, is required.
Wattage is 208²/54.1= 800 W

Polyimide
Heaters

Specifying polyimide because it is
resistant to most chemicals and does
not outgas, the best choice is
HK5491R9.4L12B

Silicone
Rubber
Heaters (foil)

Electrical
parameters
Heater selection Commercial and military avionics systems typically specify Polyimide insulated heaters. Model HK5482R12.1L12A is
selected.

Standard
Polyimide
& Rubber

From Thermal Calc*, we need 800 watts
to reach the required temperature
within the time limit.
R = E²/W = 208²/800 = 54.1 Ω

Rubber
Heaters
(wire-wound)

From Thermal Calc*, we need 60 watts From Thermal Calc*, we need 60 watts
warmup power and 25 watts mainte- for warmup and maintenance.
nance power.
R = E²/W = 28²/60 = 13.1 Ω
R = E²/W = 24²/60 = 9.6 Ω

A 300 mm silicon wafer placed on a
325 mm diameter aluminum chuck
must be heated from 40°C to 220°C
during processing. Input voltage is
208 VAC.

All-Polyimide Thermal-Clear Mica Heaters
Heaters
Heaters

Wattage
requirements

Maintain 96 sample vials, each containing 10 ml of human blood, at
37°C. The vials are positioned in
drilled blind holes in an aluminum
block measuring 4.0" × 6.0" × 1.5"
(102 x 152 x 38 mm) with a total mass
of 500 g. The sample temperature
must never exceed 40°C at 24 VDC.

Sensors,
Controllers &
Accessories

Description of
Warm a test instrument in an avionics
Thermal System system from as cold as -45°C to 70°C
within two minutes with ±2°C accuracy. The instrument is a cylinder 1.25"
(32 mm) diameter and 3.5" (89 mm)
tall, providing a heating area of 3.9 ×
3.5" (100 × 89 mm). The available voltage on the aircraft is 28 VDC.
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