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Section 1 Introduction

1.1 The Furnace DFS 210

Figure 2.1 illustrates a System DFS 210 (right-hand layout). The Furnace DFS 210 is the reactor

section, with up to four horizontal process tubes stacked one above the other:
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==

operator staging loading Furnace DFS 210 multi-purpose
console station station cabinet

Figure 2.1 Typical System DFS 210 (RH)

The following diffusion (atmospheric) or LPCVD (Low Pressure Chemical Vapor Deposition)

processes are available as standard to the System DFS 210 user:

Diffusion LPCVD

Anneal/1l Poly (flat) undoped /
doped

Anneal/2 Nitride

Sinter/Alloying Poly (flat) / thin Nitride

Drive TEOS

Dry Oxide Nitride / TEOS

Dry Oxide TCA LTO

Dry Oxide OTS TEOS 7?7?72

Dry Oxide OTS-TCA

Configuration

In a left-hand System DFS 210, the configuration is the opposite of Figure 2.1: the loading
station is to the right of the Furnace DFS 210 and the gas and bubbler cabinet is to the left of the
Furnace DFS 210. A multi-purpose cabinet is located at the rear of the gas and bubbler

cabinets. This gives access to the rear ends of the process tubes, and, If LPCVD processes are
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included, it may also contain vacuum equipment to bring the LPCVD process tubes to very low

pressure.
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A different process can be installed at each tube level and some processes can even be combined in
one tube (combi-process). The total number of different processes depends on:

The number of tubes installed (maximum 4).

The space available for gas source and/or vacuum equipment.

The fact that some processes are not compatible.

Different types of the following components may be installed at each tube level in the Furnace
DFS 210; the type depends on the chosen process and the temperature at which it takes place:
Process tube - see section 4.4.1 on page 4-13.
Heating element - see section 4.4.2 on page 4-16.
Thermocouples - see sections Fout! Verwijzingsbron niet gevonden.  and Fout!

Verwijzingsbron niet gevonden.
Process tube door / flanges (if any) - see note below and section 4.7.

Power unit.

All other System DFS 210 components remain the same  whatever the configuration.

NOTE: To keep the process under vacuum, LPCVD tubes have leak-tight, stainless steel
tube flanges and tube doors. Some or all of the flanges may be water-cooled,
depending on the process (temperature) and the tube diameter. The type of door
also depends on the loader that is used. The relationship between process,
loader type and door type is described in section 4.7.

Flat-zone
The Furnace DFS 210 produces accurate and even temperature profiles in the central region of

the heating elements, where the process gases come into contact with wafers. During

processing, the temperature in this central region - the "flat-zone" - is within the tolerance

Ramped temperature profile

In a "ramped" process, temperature in the flat-zone varies linearly with distance along the tube

each zone.

Temperature history

In wafer processing, it is important that all wafers in a batch have the same temperature history.

This reduces variations in wafer quality within a batch. The flat-zone must therefore:

Be produced as quickly as possible after heat-up starts
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Be kept flat (or ramped) during process runs

Continue for as long as possible into the cool-down.

Three-zone temperature control

The Furnace DFS 210 produces very accurate and stable flat-zones. This is because:
The heating elements around the process tubes are divided into three axial zones
Temperature is monitored and controlled independently in each zone
A cascade controller is installed that provides advanced temperature control and uses

both main and calibration thermocouples for control.

A microprocessor-based controller in closed-loop is dedicated to each tube. It handles three
zones at the same time by multiplexing the temperature measurement signals from, and power
control signals to, the zones. The controllers can be ASM SATC (Stand Alone Tube Controller) |,

I, 2.5 orlll.

1.2 Operating Specifications

This section provides information about:
Process temperature accuracy and ranges.
Power consumption.

Ventilation and cooling.

NOTE: Unless specified otherwise, data in this section ap plies to a Furnace DFS
210 with four process tubes at 1 atmosphere. Load: 150 wafers of 125mm
diameter (maximum). Purge flow: N2, 10 sIm.

1.2.1 Process Temperature

Process temperature accuracy and over the range 250 - 1000C (mains line voltage fluctuations
10%):
Process temperature tolerance + 0.5C.
Temperature stability + 0.5C.
Temperature repeatability +0.3C.
Setpoint resolution 0.1C.

1.2.2 Power Consumption
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At 700C, the heating element uses 5kW, at 1000C, 9kW. The maximum load (peak) per

element is 25kW.

NOTE 1: Heating power is taken interphase from the mains supply: -connected
elements. Power factor: cos ) = 1.0, | phase (max.: all tubes full on) =

144 A (@380 V, 50 Hz,

).

NOTE 2: The cooling fan units take 3 x 0.27 = 0.81 kW max. with power factor

cosl=0.7 (@220V, 50 Hz, single-phase).

1.2.3 Ventilation and Cooling

Air drawn through the furnace cabinet by four fan units cools the insulated heating elements in

their stainless steel mantles. An air/water heat exchanger then cools the heated air before it

leaves the Furnace DFS 210.

Maximum Temperatures - Furnace Cabinet with three tubes at 1200<C:

Outer surface of cabinet

50 C

Air immediately after heat exchanger 45 C.

Ventilation and Cooling:

Airflow furnace cabinet 2800 m*/hr
Airflow scavenger (4 boxes) 200 m%hr
Air inlet temperature <22C
Waterflow heat exchanger 10-15 I/min.
Water inlet temperature <18 C
Water temperature rise ( T) <32 C.
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Section 2 Description

2.1 Introduction

Process and service engineers who are familiar with the Furnace DFS 210 need not read this
section and instead can go to section 4 - Detailed Description. This section gives a short
description of the Furnace DFS 210 for the general reader, for example, an operator who does

not need to read the manual further than section 3 - Operation.

Figure 2.1 shows the right-hand version of the Furnace DFS 210, the following parts of which

are described in the sections indicated:

Furnace cabinet (section 2.2)
Fan units and heat exchanger (section 2.3)
Scavenger and furnace doors (section 2.4)

Furnace Interface Control (FIC) panel (section 2.5)

fan units &
furnace doors scavenger heat exchanger
- ! 1
—— | fanunits &
] —°| | heatexchanger ,_.E A B B B OB p
————— S0 =
o
O tube 1
— o- m S
O tube 2
of[ | furnace ° ° | furnace
cabinet tube 3 cabinet
- ° °
(o]
Q tube 4
: o o ”o )
17, FIC panel
| | . || _
TR % + +
AN N
Loading end Front

Figure 2.1 Furnace DFS 210 (RH)

To see more detail, refer to engineering drawing number 2119838, sheet 1, Rev. A, Assy Dwg

Furnace Lay Ouit.
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2.2 Furnace Cabinet

The furnace cabinet can be divided into two sections, bottom section and tube section.

The bottom section of the furnace cabinet contains:
Power units for up to four tubes, including:
Power transformers
Thyristors
Thyristor control board (microprocessor-controlled)
Cold junction box (temperature reference for thermocouples)

Furnace Interface Control (FIC) panel.

The tube section (with up to four tubes) contains:
Diffusion and/or LPCVD process tubes
Standard temperature heating element and thermal insulation
Main and back-up thermocouples for temperature control during normal operation
Overheat protection thermocouples to detect tube overheating
Calibration thermocouples for tube-profiling
Overheat protection sensor. AS WELL AS TCs ???

Mounted on the rear of the furnace cabinet is the Central Power Box with:

Mains power terminals
Fuses and circuit breakers
Power unit relays for tubes 1 to 4

EMO circuit.

2.3 Fan Units and Heat Exchanger

The fans draw air through the cabinet to carry away waste heat from the heating elements. The
heat exchanger uses water-cooled tubes to take this waste heat from the air. After leaving the
exhausts at the top of the furnace, the cooled air should enter a facility ventilation system. The
cooling system can be optionally equipped with:

Airflow switches to detect fan unit failure or obstructed airflow

Waterflow switch to detect sufficient water flow.
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2.4 Scavenger and Furnace Doors

The scavenger is an exhaust unit located at the loading end of the process tube. Its purpose is
to draw off any gas in the door area. For oxidation processes, it draws off process gasses; for

other processes it serves to draw off stray gas when the door is open.

The scavenger must be connected to a special facility airduct, into which air contaminated with
process gases can be exhausted. Before being exhausted to the atmosphere, the air must be
"scrubbed" to remove all the dangerous gases. The scavenger may be equipped with an airflow
switch to detect flow in the scavenger exhaust duct. Too little flow can be dangerous because it

allows contaminants to leak into the cleanroom.

The scavenger sub-frame provides a mounting for the process tube doors (if fitted) and their
automatic drive mechanisms. Behind the hinged steel-plate door at the front of the scavenger
there is room for:

Electric door, drive mechanisms

Water ducts for the tube flange cooling water

™
Baratron pressure sensors.

NOTE: The last two items are present only when LPCVD processes are installed.

2.5 Furnace Interface Control (FIC) Panel

The FIC panel enables you to switch mains power on and off to the whole Furnace DFS 210 or
just to individual heating elements at tube levels 1 to 4. There are also visual and audible alarms
for tube and chamber overheat, waterflow and airflow detection, with corresponding reset

switches. Operation and appearance of the FIC panel are described in section 3.3.2.
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Section 3 Operation

3.1 Introduction

Figure 3.1 shows a typical installation layout for the right-hand version of the System DFS 210.
The Furnace DFS 210 is in the grey room and the loading station and operator console are in

the cleanroom. The following operation factors are described in the sections indicated:

Furnace operation in the cleanroom (section 3.2)
Furnace operation in the grey room (section 3.3)
System safety (section 3.4)

' ‘operator ' staging -
 console : station station

cabinet

clean room wall grey room

Figure 3.1 Typical System DFS 210 (RH) floor layout

The operation personnel of the System DFS 210 will be interested in the following parts of this
section:

Operator section 3.2.

Production engineer  sections 3.2 and 3.3.

R & D engineer section 3.2 and, if necessary, sections 3.3 and 3.4.

Service engineer sections 3.3 and 3.4.

The operator is involved on a daily basis; the others only become involved when the operating

procedure must be changed or when there is a problem.
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3-2 Operation Revision A.1

3.2 Operation in the Cleanroom

This section gives a short summary of operation of the Furnace DFS 210 from the cleanroom.

Each Furnace DFS 210 process tube is controlled from the cleanroom by its own SATC. Two
SATC mechanisms are important to Furnace DFS 210 operation:
exception state  mechanism - monitors safety digital inputs (the SATC can be
programmed to go into an exception state if one or more of these inputs becomes
active)

temperature control mechanism - controls temperature in heat zones 1 to 3.

3.2.1 Exception State Mechanism

The exception state mechanism monitors the following digital inputs from the Furnace DFS 210:

NAME VALUE DESCRIPTION
inactive active
TUBEtemp NORMAL tooHOT Tube temperature signal from control panel: active if
an overheat protection thermocouple triggers.
WATER FLOW NOFLOW Signal from heat exchanger cooling waterflow
(optional) switch: active if insufficient flow is detected.
C.J.BOX NORMAL OFF Signal from Cold Junction Box (CJB) 50C

reference for temperature control:
maint(spike)/back-up/calibration thermocouples.
Active if CIB is not working.

PW-UNIT NORMAL tooHOT Signal from thermo-switch on the thyristor cooling

(only with block indicating that the temperature of the block is

Roto power too high.

packs)

CABINET NORMAL tooHOT Signal from thermo-switch, inside cabinet at top,

OVERHEAT or that becomes active if the cooling air is too hot
ALARM (>125).

AlRflow FLOW NOFLOW Signal from airflow switches above fan unit

(optional) exhausts: active if not enough flow is detected

WATER-DR | ON OFF Signal indicating waterflow to the door flange

(optional)
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Revision A.1 Operation 3-3

The digital inputs to the SATC are displayed on the operator console screen:

DIGITAL INPUTS STATUS DISPLAY

TEMPERATURES Zone 1 Zone 2 Zone 3

Spike : 898.8 898.7 898.7

Backup 898.5 898.5 898.5

Calibration : 898.9 898.8 898.8

DIGITAL INPUTS Page 1
Name Value St Name Value St Name Value St
TUBEtemp NORMAL SHLD-TMP NORMAL SRClev. NORMAL
WATER FLOW AlRflow FLOW Bubl-OT NORMAL
C.J.BOX ON FLAME ON SRCtemp. NORMAL
PW-UNIT NORMAL WATER-DR ON

Press "E to Exit, K to show keys

Figure 3.2 Example of SATC Digital Inputs Status Display

The bottom part of the screen shows the name and value of each digital input (Figure 3.2 shows
digital inputs from the Furnace DFS 210 as well as other System DFS 210 sections). If the value
goes active, the column headed "St" (State) shows what the recipe will do unless the user has
chosen to IGNORE the digital input. The recipe exception states are:

AL (ALarm) - warning sounds, process continues.

HD (HolD) - warning sounds, process stops until [CONTINUE] button is pressed
(see Figure 3.3).

SP (SusPend) - warning sounds, process stops until the digital input goes inactive.

AB (ABort) - warning sounds, process enters a recipe-defined ABORT sequence.

If a combination of digital inputs from the System DFS 210 triggers a safety mask (not user-
defined), SF (SaFety) appears in the state column, a warning sounds and the recipe stops.
Safety masks define an unsafe situation and give a combination of digital outputs which force
the System DFS 210 into a safe state. For information on recipes and safety masks, refer to the

SATC system manuals.
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3-4 Operation Revision A.1

IMPORTANT: THE REQUIRED ACTION TO BE TAKEN IN THE CASE OF AN EXCEPTION STATE
DEPENDS ON THE TYPE OF EXCEPTION, AND ON WHETHER A RECIPE WAS
RUNNING, AND IN WHICH STEP THE RECIPE WAS IN WHEN THE EXCEPTION
OCCURRED. REFER TO YOUR LOCAL FAB OPERATING PROCEDURES.

T
N
i f FEEEECAEIECT) (O (e s} fi
e ST
S 5 1 o fsnteais
I
= green

%‘ yellow

Figure 3.3 SATC Operator Panel

Cleanroom EMO button

The cleanroom EMergency Off (EMO) button is a large red button mounted at head height near
to, or on, the SATC operator panel on the front of the operator console. If this is not the case
with the System DFS 210 you are working on, check the service layout supplied with the System
DFS 210.

IMPORTANT: BEFORE WORKING ON THE SYSTEM LOCATE THE NEAREST EMO BUTTON.
ACTIVATING THE EMO BUTTON TURNS OFF ALL POWER TO THE WHOLE
SYSTEM. USE IT ONLY IN AN EXTREME EMERGENCY SUCH AS FIRE,
EXPLOSION, FLOODING, LEAKAGE OF TOXIC GASES or SERIOUS
ELECTRICAL SPARKING, AS IT MAY CAUSE THE LOSS OF A WAFER LOAD.

Hitting the EMO button switches OFF the power to the whole System DFS 210. After all possible

action has been taken to bring the emergency under control, the service engineer must be
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Revision A.1 Operation 3-5

informed as soon as possible. Only when the whole System DFS 210 has been declared ready
for operation again by the service engineer must the EMO button be pulled out and the system

power turned back on.
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3-6 Operation Revision A.1

3.2.2 Temperature Control Mechanism

The top part of the Digital Inputs Status Display shows zone temperatures (for thermocouples,
see section Fout! Verwijzingsbron niet gevonden. ). Use the change temperature setpoints

screen to alter their values:

CHANGE TEMPERATURE SETPOINTS

ZONE Zone 1 Zone 2 Zon e3
Setpoint 800 800 800
New setpoint 800 820 800

Change temperature setpoints (Y/N):

Figure 3.4 Example of SATC Change Temperature Setpoints screen

NOTE: For more information on the use of this screen, refer to the SATC system
manuals.
3.3 Operation in the Grey Room

3.3.1 EMO Button
The Furnace DFS 210 usually has EMO (EMergency Off) buttons in the grey room, one at head

height on the multi-purpose cabinet door and one on the power box. If this is not the case with

the System you are working on, check the service layout supplied with the Furnace DFS 210.

IMPORTANT: BEFORE WORKING ON THE SYSTEM LOCATE THE NEAREST EMO BUTTON.
ACTIVATING THE EMO BUTTON TURNS OFF ALL POWER TO THE WHOLE
SYSTEM. USE IT ONLY IN AN EXTREME EMERGENCY SUCH AS FIRE,
EXPLOSION, FLOODING, LEAKAGE OF TOXIC GASES or SERIOUS
ELECTRICAL SPARKING, AS IT MAY CAUSE THE LOSS OF A WAFER LOAD.

3.3.2 Furnace Interface Control (FIC) Panel
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Revision A.1 Operation 3-7

Apart from the EMO buttons and an optional VT220 maintenance terminal, the only controls
outside the cleanroom environment which are linked to the Furnace DFS 210 are in the Furnace
Interface Control (FIC) panel (see Figure 3.5). In addition to enabling the operator to
switch power to the elements, the role of the FIC panel is to monitor the temperature of the
furnace (and vital cooling functions) and to switch power off if there is any danger of

overheating.
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3-8 Operation Revision A.1

FURNACE| ERROR STOP
RESET DISPLAY | BUZZER

TRIP TRIP TRIP
LEVEL

ON/OFF
1

ON/OFF
2

ON/OFF
3

ON/OFF
4

ELEMENT CONTROL -

Figure 3.5 FIC Panel

System ON/OFF

The large red OFF (0) and green ON (l) buttons at the top of the FIC panel switch power to the
whole System DFS 210; the indicator light between the two buttons illuminates when power is
ON.

WARNING WHEN THE SYSTEM IS SWITCHED OFF, DANGEROUS VOLTAGES ARE STILL
PRESENT IN THE CENTRAL POWER BOX.
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Status

The status part of the FIC panel consists of six buttons and a red LED status display window.
During normal operation a moving “0” is displayed to show that the FIC panel is operational. The
status part of the FIC panel provides three functions:
Setting the temperature (trip level) at which power to the tube power unit will be cut
(overheat protection).
Displaying the status of one or more of the monitored inputs if an error situation occurs
(error display).

Resetting the furnace and silencing the buzzer.

SETTING THE TRIP LEVEL (OVERHEAT)

The trip level is a temperature setting at which the temperature of the process tube is
considered to be too high, and must be set for each process tube. When the temperature
exceeds this level (as measured by the overheat thermocouples), power is cut to the affected
tube power unit. The trip level must be higher than the process temperature and must allow for
possible overshoots during heating up, but must be below any temperature that is critical for the

equipment or process.

To set the trip level, press the [TRIP LEVEL] button. The trip level for the first element is
displayed. Adjust the temperature using the [ ]and [ ] buttons. Press [TRIP LEVEL] to move to

the temperature for the next process tube.

ALARMS AND ABORTS

The FIC panel monitors a number of sensors that are vital to system safety and process
integrity. Although these sensor signals are passed on to the SATC, which may be programmed
to take action, the FIC panel can take immediate action by sounding an alarm (ALARM status) or
even cutting power to the furnace power unit (ABORT status). The FIC panel is a first line of

defense and will always work, even if the SATC is not powered on.

ERROR CONDITION ALARM DELAY | ABORT DELAY

Tube Overheat no alarm 0 secs.
Temperature from the overheat thermocouples exceeds
the trip level setting.
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Chamber or Cabinet Overheat no alarm 2 secs.
Temperature inside the cabinet exceeds the value of the
temperature switch.

Waterflow Heat Exchanger 2 secs. 5 mins. (if set)
Flow of cooling water has dropped below the level of the

flow switch.

Water Door Error 2 secs. 5 min. (if set)

Flow of cooling water to the door has dropped below the
level of the flow switch.

Air Flow Sensors no alarm 2 secs. abort only if
Flow of air has dropped below the level of the flow more than 50%
switch. capacity is lost
Thyristor Unit Overheat (if Roto power packs are used) | ho alarm 2 secs.

Thyristor cooling block too hot.

Cold Junction Box 2 secs. 5 mins. (if set)

CJB is no longer working.

If an alarm occurs you can silence the buzzer by pressing the [sSTOP BUzZER] button. This does
not clear the problem however, and an abort may occur if the problem is not solved within the

abort delay time. To view the source of one or more errors, press the [ERROR DISPLAY] button.

FURNACE AND ELEMENT RESET

Three of the error conditions in the above table, chamber overheat, waterflow heat exchange
and air flow sensors will cause power to all elements to be switched off. When the cause of the
problem has been fixed, press the [FURNACE RESET] button to return power to the whole furnace.
The remaining error conditions affect one tube (element) only. Press the [ELEMENT RESET]

button to return power to the affected element.

IMPORTANT: THE INTERLOCK HARDWARE CAN ONLY BE RESET WHEN THE CAUSE OF THE
PROBLEM HAS BEEN REMOVED.

Element Control
The four on/off buttons in the element control part of the FIC panel enable you to switch power

to the elements individually. The four reset buttons allow you to reset the elements individually.

Beware that by resetting the elements you can trip the automatic fuse in the power cabinet.

3.4 System Safety
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The Furnace DFS 210 has the following safety features:
Overheat protection TCs for all three heat zones. If temperature rises above a preset
level, power to that tube is turned off.
Chamber or cabinet overheat to prevent the ambient in the furnace getting too hot.
Power to all tubes is turned off.
Waterflow switch: low cooling waterflow in heat exchanger (optional). Power to all
tubes is turned off.
CJB status: CJB NORMAL or OFF - alarm.

Airflow switches: low cooling airflow through the furnace cabinet (optional). Power to all
tubes is turned off.

Scavenger airflow switch (optional): low airflow through the scavenger (see

section 4.5).

Low waterflow to door flanges (optional) - alarm.

The FIC panel is microprocessor-based and performs self-checks on power up, including
EPROM integrity. A watchdog timer monitors the processor and forces it to a safe state if the

processor malfunctions, and a power-fail detection circuit monitors the 5V supply.
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Section 4 Detailed Description

4.1 Introduction

Figure 4.1 shows the Furnace DFS 210 (right-hand version), the parts of which are described in

more detail in the sections indicated:

Furnace cabinet

Bottom section

Tube section

Fan units and heat exchanger

Scavenger

Furnace doors

Central Power Box

furnace doors

ONOIONO]~

m

Loading end

| fan units &
_| heat exchanger

furnace
cabinet

(section 4.2)
(section 4.2)
(section 4.2)
(section 2.3)
(section 2.4)
(section 2.4)

(section 2.5)

scavenger

fan units &
heat exchanger

_H B ]
o|lo o
tube 1
o o
tube 2
° ° furnace
tube 3 = .
cabinet
° °
tube 4
[~] o
(]
L AL
RS

Front

Figure 4.1 Two views of the Furnace DFS 210 (RH)

To see more detail, refer to engineering drawing number 2119838, sheet 1, Rev. A, Assy Dwg

Furnace Lay Ouit.

Furnace DFS 210
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4.2 Furnace Cabinet

| RNONON, [ NN [ (NN (R SRR B NN

furnace cabinet

middle section
lower section

FRONT VIEW

Figure 4.2 Furnace DFS 210 (RH) Cabinet

The furnace cabinet is the main enclosure of the Furnace DFS 210. The cabinet is symmetrical
and can be used for both right-hand and left-hand Furnace DFS 210 installations (the scavenger
frame being mounted on the left or the right respectively). The cabinet consists of a frame with
painted steel panels (lower section) and doors (middle section) which provide access to, and
mountings for, the components inside. It also has:

Two supports for each heating element.

One calibration thermocouple storage tube at each process tube level.

Cable ducts for the power and signal cabling.

4.2.1 Frame

The frame is a painted, welded construction of square-section steel tubes. Its overall dimensions

are:

Width 2100 mm (including scavenger)
Depth 700 mm
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Height 2305 mm (plus ground clearance)

The heat exchanger on top of the cabinet adds 161 mm to the height.

The furnace has six adjustable legs which can be screwed in or out to level the furnace. The

minimum ground clearance for the furnace is 60 mm.

4.2.2 Access Panels and Doors

Figure 4.3 show the access panels and doors on the front of the furnace cabinet:

Quick
release
latch

Figure 4.3 Furnace Cabinet Access Panels

A Access to heating element supports and connections, spike thermocouples and
chamber or cabinet overheat thermo-switch.

Two doors for access to the power units for tubes 1 and 2.

€ Two doors for access to the power units for tubes 3 and 4, and the cold junction box.

D FIC panel mounting plate.

Figure 4.4 show the access panels on the rear of the furnace cabinet:
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o

Alo

o

1

Rear View

Figure 4.4 Furnace Cabinet Rear Panels

E,F Access to back of heating element supports.
G Access to Central Power Box.

NOTE: For convenience, the Central Power Box may be mounted in a different location

4.2.3 Heating Element Supports

There is a heating element support at each end of the heating elements around tubes 1 to 4:

NN N NN [ NN [ NN [ NN

100 oo Lo u

L —— e ->\ Heating
\:, Element

Support

Front View

Figure 4.5 Heating Element Supports

To see the heating element supports in detail, refer to engineering drawing number
123010140.10, Rev. Al, Assembly Heat. Element Holder.
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4.3 Bottom Section

Scavenger

——
1 1

NN B NN B NN NN NN

o o
° o
Furnace |
Cabinet ° .
° o

Front View

Figure 4.6 Furnace DFS 210 (LH) with lower section shaded

The bottom section of the furnace cabinet (shown shaded in Figure 4.6) contains the following
components:

Power units 1 to 4.

Cold junction box.

FIC panel.

4.3.1 Power Units

Each process tube has a dedicated power unit. The four power units are located behind the four

doors at the bottom front of the furnace. See Figure 4.7.

_’\//\/,/
o Q
m g 2t =L=| R
[=i=]
N
Front View
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Figure 4.7 Location of the four power units

Each unit measures:

Width 357 mm
Depth 600 mm
Height 390 mm

Each power unit consists of:
Power supply (transformer).

Power-switching thyristors.

Control circuit board.

The power unit supplies each zone of the heating element with low-voltage, high current pulses
at full power. The pulse duration and distribution across the zones is regulated by a
microprocessor in such a way that optimum heating performance is obtained without high power
surges. Short pulsing also avoids the creation of possible harmonics in other electrical circuits.

The method used is known as distributed proportional control.

The thyristors switch power to the zones at the AC cross-over point thus creating a minimum of

radio frequency interference.
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Primary Power
To Transformer

Element Fuse

Signal Out To
Thyristors Board Power
Supply
Transformers
Input
SATC I Cooling
Fan
LEDs Fuses
Indicating Power
Output

Figure 4.8 Power unit

Components

Each power unit consists of three main parts: the transformer, the thyristors and three thyristor

control boards.

The transformer , mounted at the rear, converts the single-phase AC inlet supply to a lower
voltage single-phase AC supply that is suitable for electrical characteristics of the heating

element. A number of secondary taps on the transformer are provided for each element zone.

The thyristors are mounted on large aluminum heat sinks , located in front of the transformer.
The thryistors switch power to the heating element zones when commanded by the thyristor

control boards.

The thyristor control boards  are mounted on the front of each heat sink. They provide the
logic for power control - receive a signal from the tube controller which is proportional to the
required temperature and subsequently provide the power to the heating elements as smoothly

and efficiently as possible without unwanted side effects, such as overloads, overshoots or
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interference. A LED on the board indicates that power is being supplied via the appropriate

thyristors to a particular zone.

NOTE: A flashing LED indicates that the thyristor is controlling power supply; a
continuously lit LED indicates that control is flat out.

WARNING

WHEN THE SYSTEM IS SWITCHED ON, DANGEROUS VOLTAGES ARE PRESENT
IN THE POWER UNITS. REMOVAL OF THE PROTECTIVE COVERS AND
SUBSEQUENT ACTIVITIES SHOULD ONLY BE PERFORMED BY AUTHORIZED

TRAINED PERSONNEL.

4.3.2 Cold Junction Box

The Cold Junction Box (CJB) is mounted on the back of its access door at the bottom front of

the furnace. See Figure 4.9.

A

F

Front View

Figure 4.9 Location of the CJB

The CJB is an accurate 50 reference for main, bac k-up and calibration TCs. The overheat

protection TCs are not connected to the CJB.

The CJB measures:

Width
Depth
Height

330 mm
120 mm

160 mm (without connectors)

The CJB has the following external components:

Screw-connector blocks 1 to 48.

Braided flat-cable connectors J1, J2, J3 and J4.

Reference Manual
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12-pole connector J5.
Low current fuse.

Red or green LED.

The CJB contains:

Insulated temperature reference block.

Heater controller PWBA.

The LED on top of the CJB lights when the heater is ON. During normal operation, the LED

flashes approximately every six seconds.

For further details of the CJB, see Section 5.4.
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Figure 4.10 Cold junction box

Reference Manual ASM - Advanced Semiconductor Materials Furnace DFS 210



Revision A.1 Detailed Description 4-11

4.3.3 Furnace Interface Control Panel

The position of the FIC panel is shown in Figure 4.11.

- W/
o o
B
g1

Front View

Figure 4.11 Position of FIC panel

The FIC panel (see Figure 3.5) measures:

Width 120 mm

Height 475 mm

The FIC panel is mounted on a frame measuring:

Width 180 mm
Depth 150 mm
Height 430 mm (without connectors)

The following PWBAs are mounted on the back of the frame:

PP0??2?7????????7?7?7

The functions of the FIC panel are:
Main furnace power on/off (and to other System DFS 210 sections - source/vacuum,
loading/staging sections and system hardware).
Manual switching of power supplies to power units 1 to 4.
Overheat protection of heating elements for tubes 1 to 4, overheat alarm indication and
buzzer stop/ reset switch.
Waterflow and air flow alarm indication with buzzer stop/reset switch.

Chamber overheat alarm indication with buzzer stop/reset switch.
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For operation from the FIC panel, see section 3.3.2; for safety systems, see section 3.4.
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4.4 Tube Section

The tube section of the Furnace DFS 210 is shown shaded in Figure 4.12:

Scavenger

—
1 1

Y B B B Y

Furnace |
Cabinet

Front View

Figure 4.12 Furnace DFS 210 (LH) with middle section shaded

The tube section contains the following components:
Process tubes and tube adapters.
Heating elements and power connections.
Overheat protection thermocouples, mountings and connectors.
Main and back-up thermocouples, mountings and connectors.

Calibration thermocouples, storage tubes and connectors.

4.4.1 Process Tubes

The Furnace DFS 210 can accept two types of process tube - diffusion and LPCVD. Their
materials, dimensions and shapes are described below. For information on process tube

removal, cleaning, installation and start-up procedures, see section 8.2.

Materials

Process tubes for standard temperatures (250 to 1200C) are made of high-purity clear-fused

quartz (SiO»).
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Dimensions

Diffusion process tubes have the following diameters:

External diameter 210 mm (3 mm)

Internal diameter 208 mm (3 mm)

LPCVD process tubes can be cylindrical (plain cylinders), or can be closed at the pump end with
a diffusion-type ball-joint (the bore of the ball-joint is larger than for diffusion tubes).

LPCVD process tubes have the following diameters:

External diameter 210 mm (3 mm)

Internal diameter 200 mm (x4 mm)

The LPCVD tube can be fitted with a quartz liner (liners come in various dimensions).

Shapes - see Figure 4.13.

The loading end of diffusion process tubes is plain cylindrical; they are almost fully closed at the
rear end, which is hemispherical in the quartz version and conical in the silicon carbide version.
At this end there is a central ball-joint opening with a nominal internal diameter of 30 mm for
injection of process gases. There is also a similar but smaller peripheral ball-joint opening with a

nominal internal diameter of 15 mm for the insertion of a calibration thermocouple.
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insulation and furnace wall
element tube support heatshield

\ colllar

| ceramic fibre
packing
quartz wool
Diffusion Process tube @./ collar
(quartz) ] :[I:I
/ —[h «—— bolt with
/ spacers

\ ceramic fibre

cover ring  Packing

tube
adaptors

quartz wool
sealing ring

furnace wall

tube adaptor

LPCVD Processitube
{quartz) or !
dooyside diffusion
! tube !
tube support !
on adaptor :
ring \\A

quartz wool
sealing ring

Figure 4.13 Process tubes
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4.4.2 Heating Elements

For specifications of heating element temperature ranges, flat-zones, ramp-up/ramp-down rates
and power consumption, see Appendix ??????????????. For replacement and procedures see

section 8.3.

The heating elements for tubes 1 to 4 are accessed via the panels on the front side of the
furnace. Process tubes are fitted with a heating element for 250 to 1200C (1300<C special

option). Both ends of each element are mounted in adjustable supports.

A heating element consists of:
Heating wire coil or shells.
Power connector taps for the heating zones.
Thermal insulation.

Stainless steel mantle.

Both the insulation and the mantle have holes for the power connection taps and for insertion of
spike thermocouples, that is, the combined main/back-up and the overheat protection
thermocouples. Fibrothal insulation material was chosen to give good thermal equilibrium and

minimum heating power requirements,

Heating elements are 1880 mm long ¥ 435 mm outside diameter (including mantle, but not
connectors) ¥ 305 mm inside diameter. They have 3.5 mm (Low Temperature element) diameter
Kanthal APM heating wires, wound in a helix, that are embedded in shallow grooves in the

insulation material. Each zone is 324 mm long. This gives an effective flat zone of 1000 mm.

™ "Fibrothal" is a registered trademark of Kanthal GmbH.
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Side View

Hole for Spike TC
Element Interconnection

Power Terminal

Top View (Cross Section)

Ceramic
Heating Wire

Heating Zone

Tube Support

Zirkonium Kit

Stainless Steel Cover Shield

Figure 4.14 Heating element - Low Temperature Element (1)

Furnace DFS 210 ASM - Advanced Semiconductor Materials

Reference Manual



Page 4-18 Detailed Description Revision A.1

Stainless Steel Mantle

Insulation

9orl2 Radial
mm View

process tube wall

Longgitudinal Section Radial View

Figure 4.15 Low Temperature Heating Element (2)

To see more detalil, refer to engineering drawing number 123061590.11, Rev. D1, Heating
Element DFS 210 MT, or 2119838, Rev. A.
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4.4.3 Thermocouples

4.4.3.1 Spike Thermocouples

The Furnace DFS 210 has three types of spike thermocouples (TCs):
Main TCs
Back-up TCs

Overheat protection TCs

They are called "spike" TCs because their ceramic sheath is thin and the hot junction is on top.

In the SATC screen, however, the term "spike" refers to the main TC.

The thermocouple mountings allow adjustment of the position of the sensing end of the spike TC
in relation to the process tube wall; the normal distance is 2 - 4 mm. For replacement and

adjustment procedures see section 8.4.
Main and back-up TCs measure temperature in all zones. If the difference between main and
back-up readings exceeds 10T, the SATC gives an al arm and switches to the TC with the

lowest reading.

Overheat protection TCs are used in all zones for the overheat protection system.
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Overheat Protection TC
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Figure 4.16 Spike thermocouple layout
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Figure 4.17 Thermocouple mounting
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To see more detalil, refer to engineering drawing number 123061590.11, Rev. D1, Heating
Element DFS 210 MT, or 2119838, Rev. A.

4.4.3.2 Calibration Thermocouples

Calibration thermocouples (TCs) are so named for two reasons. Firstly, these TCs have been
tested by the manufacturer at different temperatures, and the readings from the calibration TCs
have been compared with the standard for thermocouple output - the IPTS 1968 table. The
deviations from the table have been collected and are supplied with the TC in the form of a

calibration certificate.

Secondly, calibration TCs are used in the furnace in conjunction with spike TCs to provide
accurate temperature control. The calibration TCs, 3 junctions for a DFS 210, are enclosed in a
thin quartz tube which is inserted into the furnace at the rear end and lies on the bottom of the
process tube. Although the reading obtained is not the actual temperature on the wafer surface,
the calibration TCs are closer to the wafers than the spike TCs, and sense changes in in-tube
temperature faster than the spike TCs, which are situated outside of the tube, close to the

element.

There are two types of temperature regulation for the Furnace DFS 210 - cascade control and
spike control. With cascade control, the calibration TCs are used in conjunction with the spike
TCs for temperature regulation, so the calibration TCs must always be present in the process
tube. For spike control, the calibration TCs are used only for initial profiling of the spike TCs
(profiling is a process in which the differences in temperature between the spike TCs and

calibration TCs is recorded and saved for a number of different temperatures).

In most Furnace DFS 210 configurations, the calibration TC rod is inserted into the process tube
from the rear end. If the tube is of the diffusion (ball-joint) type, the calibration TC rod is inserted
through the peripheral ball-joint opening provided for this purpose (see section ). In LPCVD-type
tubes, insertion is through a gas-tight Ultratorr ™ connector in the rear-end flange. Calibration
TCs are sheathed in a thin quartz tube. The measuring end (with 3 TCs) is rounded to aid
insertion and the handle end is slightly thickened to fit closely in the ball-joint opening or Ultratorr
connector. The calibration TC rod has an anodized aluminum alloy handle and a length of

flexible cable with 3 connectors.

Calibration TCs a