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Vacuum Chamber Design Guide
The information presented on the following pages is provided as a general guideline to the vacuum engineer
or end user to aid in the design of their vacuum chamber. In addition to the specific areas which are discussed, these
considerations should be addressed when designing a vacuum chamber:
Chamber Material
304SS, 304LSS, 316SS,
316LSS, aluminum, etc.

Vacuum Level
Base pressure and
acceptable leak rate

Surface treatment
Glass bead finish,
electropolish,
chemical clean, etc.

Special Requirements
Vacuum bakeout,
vacuum fire or
RGA scan.

Required Inspection Reports
CMM inspection report printouts
or certificate of conformance
and/or material certificates

Additional Hardware
Blank-off flanges,
manipulators,
viewports, etc.

By first determining the basic design parameters from those mentioned above, the actual process of designing, specifying and estimating the cost of your chamber will follow
more smoothly. Nor-Cal sales estimators are available for any assistance you require. Engineering drawings can be e-mailed directly to prints@n-c.com.

Typical Chamber Configurations

Spheres and Hemispheres

Cylindrical

Rectangular

Spun hemispheres can be purchased in a wide
range of standard sizes and welded together to
form a spherical body. Often a large tube
is attached to the bottom of the sphere for
attachment of the pump. A number of smaller,
radial ports can be positioned around the sphere
for attachment of the load lock and various
instruments. This is a common configuration
for UHV analyzer chambers with a single target.
This configuration is lighter, less expensive to
manufacture and has less Internal volume than
cylindrical configurations with machined lids.

Cylindrical chamber bodies come in a variety
of sizes and are made of tubing or roll-ups.
The base plate and lid of the chamber can be
made from die-formed dished heads, hemispheres or blank flanges. Dished heads and
hemispheres are lighter and typically less expensive than machined flanges. This configuration
is commonly used for analyzer chambers with
multiple levels and targets, and for processing
chambers with carousels or robotic arms.

Rectangular chambers are generally
more expensive than other configurations.
However, they may be the preferred choice
because of a requirement for accessibility,
or when large chamber mass is required for
vibration dampening. Rectangular chambers
are fabricated from plate material that
is welded, or they are machined from solid
billets. Depending on material thickness
and span, stiffening bars may be required
to prevent deflection of the walls while
the chamber is under vacuum.

Water Cooled Chambers

Double wall construction

Nor-Cal Products frequently provides water cooled
chambers and flanges for diffusion, CVD, and other high
temperature vacuum applications. Normally the construction techniques involve water channels or double walled
construction. Water channels require considerable hand
fitting and therefore tend to be more expensive than double
walled construction. Double wall water-cooled chambers
are fitted with internal baffles to provide consistent circulation throughout the chamber, resulting in excellent internal
temperature uniformity.
Water-cooled chambers manufactured by Nor-Cal undergo
a rigorous leak test to insure that they are free from water
leaks. First the water cavities are stressed by pressurizing
them with dry nitrogen. The water cavity is then pumped
down with a helium leak detector, while helium
is applied with a probe to all welds on the inside
and outside of the chamber. (Consult the factory
for pressure and integrity acceptance criteria.)

Double Wall Construction
Outer H2O Jacket Wall

Water Outlet

Inner H2O / Chamber Wall

Baffles

Water Inlet

Water channel construction
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Standard Chamber Dimensions
Nor-Cal can manufacture vacuum chambers with metric size tubes, roll-ups, and spheres, however inch sized materials are more readily available in the US and can be furnished
for a lower price. For furthur clarification, contact an estimator at the factory or see our website.

Standard Tolerances

Chamber Wall Thickness Tubing
Recommended minimum wall thicknesses
are listed in the table below. Thicker walled
material should be specified for chambers
with ports having angular tolerances of less
than 1/2º, or for processes that require large
mass for vibration dampening.
Chamber
Diameter

Wall
Thickness

Under 17 inches
17 through 28 inches
Over 28 inches

0.120
0.188
0.250

Roll ups

NW Clamp Clearance
NW-10
NW-16
NW-25
NW-40
NW-50

Tube
OD
1/2

Roll ups are formed from 2B rolled finish, flat
sheet that is formed into a cylinder and stitch
welded on the outside seam, before applying a vacuum weld to the inside. They can
be obtained in a range of wall thicknesses
and any diameters. Dished head and sphere
diameters are typically available in the
United States in nominal inch sizes.

Flange
Size

Nor-Cal stocks a broad variety of 304,
304L and 316L stainless steel tubing sizes
that can be used for ports. Usually the
port flange determines the diameter of
the port tubing, but oversized tubing
(i.e., 1¾ inch OD tubing for 2¾ inch OD
CF flanges) is occasionally used for
additional clearance for instrumentation.
The table below lists common tubing
sizes used for vacuum chamber ports.

Min. Dia. Max. Dia.
to Install
Closed
A
B

2.86
2.86
3.32
4.00
5.45

.57
C

A
B

2.65
2.65
3.00
3.72
4.62

Min. Dia.
Closed
C

1.75
1.75
2.24
2.90
3.69

3/4

1
11/4
11/2
15/8
13/4
2
21/2
3
4
5
6
8
10
12

Tube
ID

Wall
Thickness

0.402
0.680
0.870
1.120
1.370
1.490
1.630
1.870
2.370
2.870
3.834
4.834
5.834
7.760
9.760
11.760

0.049
0.035
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.065
0.083
0.083
0.083
0.120
0.120
0.120

Port Lengths
Port lengths should be sufficiently long
to allow the flange bolts to be inserted
into the bolt holes from the underside of
the flange unless tapped flanges are used.
When designing chambers we typically
dimension the ports so there is a
minimum of three times the flange
thickness from the port flange face to
the outer wall of the chamber. If designing a chamber which utilizes NW clamps
for assembly please refer to the chart
below for clamp clearance details.

NW Bulkhead Detail

tolerance
measurements

Machined dimensions
Welded dimensions up to 24
Welded dimensions over 24
Focal length
Port alignments

± 0.005
± 0.020
± 0.060
± 0.020
±1/2°

Bolt Pattern Orientation

Flange
Type

Bolt
Circle

Thread
Size

Thread
Depth

NW-16
NW-25
NW-40
NW-50

1.50
1.89
2.44
3.25

10-32
10-32
10-32
10-32

0.300
0.300
0.300
0.300

10-32 x 5/8"screws
Bulkhead or baseplate
NW flange

Unless otherwise specified by the
customer, standard tolerances will
be adhered to during fabrication.
These tolerances are acceptable for most
analytical or process vacuum equipment
and can normally be achieved without
secondary machining operations after
welding. Tighter tolerances required
for specific applications are frequently
provided for a slightly higher cost. Standard tolerances for machined dimensions
are ± .005 inches (although tolerances
of ± .002 inches are commonly held on
critical flange dimensions). Standard
tolerance for any welded dimension,
such as a port length or chamber height
up to 24 inches, is ± .020 inches (± .060
inch for chambers >24 inches, but <72
inches in length). Standard tolerance for
polar and azimuthal angles is ± 1/2°.

Blind Tapped
Holes

Through
hole

6
6
6
8

0.90
1.26
1.84
2.35

Our components are manufactured
with the primary axis straddling
adjacent bolt holes on the mounting
flange (American Standard). Most
components can be furnished with
the axis passing through a bolt hole
axis (European Standard) on request.
Leak check groove orientation should
be indicated on drawings if critical.

Bulkhead/Baseplate Detail
Bolt Circle
Thread Depth

A
A/2

Through Hole
Bulkhead or Baseplate

Bulkhead clamps

NW centering ring

Primary
Axis
AMERICAN
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EUROPEAN
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How to SPECIFy Chamber PORTS
When specifying chamber ports, first dimension the main chamber body. Secondly, dimension levels with one or more targets from one end of the chamber. This provides the
machinist and inspector with a common reference point for all levels. Once targets are established either on the centerline of the chamber or referenced from the centerline at
each level, ports may be completely described with the following information.

Flange Type

Specify the flange type and size for
each port. You must also specify
rotatable or non-rotatable, and
whether tapped flanges are required.

Polar 0o

0
A

Port 1

Port Tube OD

Port tube diameter and wall thickness

Azimuthal
180o

Azimuthal
270o

Target Point

0,0 X,Y

Define using X,Y,Z coordinates.

Focal Length

The focal length, or distance from
the flange face to the target.

Azimuthal Angle

Target Point
B (2,0,8)
Target Point
A (0,0,8)

Height

Establish 0º on one of the axes
when viewing the chamber along
its centerline. Indicate the clockwise
degree of angle from 0º to the
centerline of the port.

Polar Angle

Focal
Length

P
Focal
Length

8.0

Azimuthal
90o

Azimuthal
0o

(0,0,0)
2.0

The polar angle between the chamber’s
vertical axis and the port centerline.

0Z
X Axis

Y Axis

Instrument Type

A = Azimuthal Angle
P = Polar Angle

Z Axis
Polar 180o

Define the instrument to be
attached to each port.

Note: 0,0,0 (X,Y,Z) is typically the center point of the base flange face.

Vacuum Chamber Port Configuration Worksheet
Port
Number

4

Flange
Type

Tube
OD

Target
point

focal
length

Azimuthal
Angle

Polar
Angle

instrument
Type
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