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MIKS BSTRUMENTS, INC,

WARRANTY

for Type 247
Equipment

MKS Instruments, Inc. (MKS) warrants that the
equipment described in the face of this warranty
(the "equipment") manufactured by MKS shall

be free from defects in materials and workmanship
for a period of one year from date of shipment. For
the period commencing with the date of shipment
of this equipment and ending one year later, MKS
will, at its option, either repair or replace any part
which is defective in materials or workmanship
without charge to the purchaser. The foregoing
shall constitute the exclusive and scle remedy of
the purchaser for any breach by MKS of this
warranty.

The purchaser, before returning any equipment
covered by this warranty, which is asserted to be
defective by the purchaser, shall make specific
written arrangements with respect to the respon-
sibility for shipping the equipment and handling
and other incidental charges with the MKS sales
representative or disiributor from which the equip-
ment was purchased or, in the case of a direct
purchase from MKS, with the MKS heme office in
Andover, Massachusetts, U.S. A.

This warranty does not apply to any equipment
which has not been used in accordance with the
specifications recommended by MKS for the pro-
per and normal use of the equipment. MKS shall
not be liable under any circumstances for conse-
guential or incidental damages in connection with
or arising out of, the sale, performance, or use of
the equipment covered by this warranty.

’

THIS WARRANTY IS IN LIEU OF ALL OTHER
WARRANTIES BY MKS, EXPRESS CR IMPLIED,
INCLUDING THE IMPLIED WARRANTY OF
MERCHANTABILITY, THE IMPLIED WARRANTY
OF FITNESS FOR A PARTICULAR PURPOSE,
AND ANY WARRANTY AGAINST INFRINGEMENT
OF ANY PATENT.
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EECTION 1

GENERAL INFORMATION

GENERAL DESCRIFTION

Designed as a power supply/readout and set point source for {four
Mass Flow Controllers (MFC s)Xx, the 247C is a versatile
instrument that may be used separately or as part of a larger
control system.

The Z47C consists of a power supply. fouwr signal conditioning
channels, four set point circuits and a digital panel meter
to display the flow rate of any single channel of MFC.

The 247C may be used to monitor and provide set point levels for
MFC"s and to provide ratioed set points for multiple gas control.
These operations may be done under manual control or under
computer control using the MES Type 232 Interface. These
operations will be described in detail in Section 3.

While the 247C is primarily designed to interface with MKS MFC' s,
most major MFC's may be accommodated with the proper MES
interftface cable. These units and the required cables are listed

-

in Section %, page(i—-4).

¥ The 247C will also power and monitor the flow rate thru Mass
Flow Meters.

FAGE (1-1)



INFUT SIGNAL
RANGE.

TRANSDUCER
OUTFUT RANGE:

CORRECTED TRANSDUCER
OUTFUT RANGE:
ZERD CORRECTION:

SET FPOINT ADJUST:

OFERATING VOLTAGE:

FOWER CONSUMFTION:

FOWER SUFFLY OUTFUT
CAFACITY:

MFC CAFRACITY:
FLOW DISFLAY:
DISFLAY ACCURACY:
OFERATING TEMF.:
FACKEAGE:

WEIGHT:

1.2 S8BFECIFICATIONS
EACH CHANNEL
0O to +3VDC (5.5V Maximum)
0 to +5VDC
O to +1VDC Nominal. (Scaled with a rear
panel scaling control.)
+ Z4 of Full Scale
D.1%4 to 1004 of Full Scale (Flow).
0.1%4 to 100% of Input Level (Ratio).
MAIN UNIT
(100 to 135/200-270 VAC) S0-60 H=z.
19 Watts @ 115VAC 60 Hz with NO MFCs

attached. Additional 15 watts startup/10
watts operational for each MFC added.

+ 15 VDO & 1 Ampere — Ripple < 10mV F-F.
4

Digital Display Reading +1.9%99%9 MAX.

+ 0.1% + 1 Digit.

1% to 40 Deg. C (52 to 104 Deg. F)

1/2 Rack (2 1/2"W X 3 1/2"H X 9"D)

8 1/2 Lbs. (Z.85 kKg.)

¥Xx¥ NOTE: SFECIFICATIONS SURJECT TO CHANGE WITHOUT NOTICE. XXX

FAGE (1-2)



SECTION 2
THEORY OF OFERATION

(Ref. Fig. A)

The Type 247 is connected to as many as four MFC s thru
connectors Ji-J4. Communication to the outside world takes
place thru connector Fé&. Connector FS5 is used to connect an
additional 247 or a pressure control signal.

Flow Signal Fath:

The +low signal from the MFC (O - 5V) enters the 247 at J1-J4

pin 2. Amplifier A buffers the signal and injects a zero
correction signal, if necessary, using front panel zero control
(G,C page 4-6). This signal now goes to an output pin of Fé& and
to the Read/Set Point switch (G,D page 4-6). This switch is
spring loaded in the up or read position allowing this flow
signal to be amplified times 2 (Amplifier B) and scaled by the
scaling control (H,D page 4-4). See section 4.4.C for proper
scaling setting. This zeroed and scaled signal is now sent to Fé
and the Channel Selector switch (6,B page 4-6). This switch now
routes the signal to the Fromt Fanel Display (6,06 page 4-6) where
it is read directly in SCCHM or SLM. The Channel Selector switch's
second deck gates in the correct decimal point which is set using
a Decimal Selector switch (H.E page 4-6).

Set Foint Signal:

The set point signal that is sent to each MFC thru connectors
J1-J4 may be generated in several ways depending upon the
application.

1. 247 used to establish up to 4 independent flows of gas.

In this mode of operation, a precise 5,000 VDC signal is
generated at section I. This signal flows thru switch (G,F page
4-4) to the set point control attenuator (G.E page 4-6) when the
souwrce switch is in the Flow position (the proper position for
this application). The signal may then flow to buffer amplifier
E. This signal may then be read on the front panel meter by
depressing the Read/Set Foint switch and if adjustment is
necessary, the Set Foint Control (G,E page 4-6) will be turned.
The set point signal is finally sent to the MFC by placing the
front panel Flow Control switch (6,1 page 4-6) in the ON
position. This switch activates the output switch (E) which
allows the set point signal to flow thru it, thru the unity gain

FAGE (2-1)



buffer amplifier (F), and thence to the MFC. When the Flow
Control switch is in the OFF position, the switch places a small
negative voltage on the set output line so that the control valve
will be closed positively.

When the Flow Control switch is placed in the Remote position

a logic signal coming in thru Fé& may be used to gate the set

point signal to the MFC. A logic low turns the flow ON.

2. 247 used to establish 1 to 2 channels of flow ratiosd from
channel 1.

In this case, the flow of channel 1 is established by using
the =set point routing described in 1. above. The remaining
channels (2-4) derive the set point signal as follows: The
set point souwrce switches of channels 2-4 are placed in the
ratio positon; the zeroed flow signal of channel 1 passes thru

a switch (J) (Dip switch inside the 247) and into the set point
control switch. This signal is then attenuated by the set point
control pot (G,E page 4-6) and continues as described in 1, to
the MFC. Thus a fraction of the actual flow of chamnnel 1 will be
used as the source for the set point of channels 2-4. Note that
the flow in channels 2-4 is ratioed to channel 1 and that the

% of Full Scale flow in these channels may not exceed the %4 of
Full Scale flow in channel 1. (ie. with 75%4 of flow in channel

1 channels 2-4 may not exceed 794 of their rated flow.)

e

I. 247 used with an external set point input thru connector Fé.

In this case, an external O - 3VDC signal may be received at Fé
where it is routed by the set point souwrce switch to each MFC.
Its application to the MFC is the same as 1. Note that each
channel has its own external set point line. Also note that any
or all channels may be set pointed or driven from the outside.
Those that are not may be adjusted from inside ie. case 1.

4. 247 used to control pressure by manipulating a ratio of flows.

Here a pressuwe transducer (127/227) and a 250B¥ controller is
added to the system. (See the instruction manuals for these
instruments) (See fig. D) The 247 receives a signal from the
250B controller called a pressure control signal (FCE). This
signal will go to whatever level (0 —- 10VDEC) necessary, Lo

drive the pressure signal to equal its set point signal (within
the Z30R). This PCS voltage enters the 247 at connector FS where
it is buffered (or X5 and by closing switch (E) and opening
switch (J), it will be routed to the ratio position of the Set
Foint Souwrce switch. From this point the paths are the same as 2.

¥ 250B~-1-A or 250B~-1-D (No options installed) ONLY.

FAGE (2-2)



Note that any or all channels may be used to flow gas to maintain
pressure with a preset ratio of flows. Any channel that is not
used in this case may be used independently. See section 4.6 for
set up of 250B and 127/227.

Note 1: The 2Z30B and 127/227 have been used for example only.
Other controllers and pressure transducers may be used provided

the signal that enters the 247 goes positive with increasing flow
(correct polarity).

Note 2: Controlling a vacuum system in the above fashion is a
simple task IF the correct components have been chosen and sized
correctly. If not, the system will not work correctly.

FAGE (2-3)
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SECTION =
INSTALLATION
3.1 INSFECTION AFTER SHIFMENT

Reasonable care has been taken to pack the 247C is a manner such
that it will reach you in perfect operating condition. However,
you should check the instrument throughly for any signs of
shipping damage. Should any damage be present, notify your
carrier and MES immediately.

Z.2.A MOUNTING (2470)

The 247C may be used as a bench top instrument or mounted through
a panel or in a standard 19" rack. Figure B indicates the
recommended panel cut out reguired to mount a 247C in a larger
panel. Also shown are the available rack mount adapter kits for
mounting the unit in a standard 19" rack.

However the unit is mounted, it is necessary to leave adequate
space around it for proper ventilation. The 247C with three or
more MFC°s may become guite warm to the touch, especially when
used with higher then nominal, (115 VAC), line voltage.

T.2.B MOUNTING (MFC™s) (SEE MFC MANUALS)

Install in the gas stream so that the flow direction corresponds
to the flow marking on the base of the equipment.

Allow space for connector clearance, access to zero adjustments
and access to the seat adjustment in the control valve. (This
adjustment is below the external control valve on 1259B/2259R
MFCs and on the top of the case on 115924/1160A MFCs.)

FAGE (Z-1)
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INTERCONNECTIONS

When the 247C is purchased as part of a complete system including
MFCs it will bhe supplied with the reqgquired interface cables. When
purchased separately, cables will not be supplied unless they are
made part of the order.

Connection to the measurment and control lines is made through

connector P&, The pin assignments for this connector are given
below:

CHANNELS 1-4 INTERFACE CONNECTOR (Fé&)

i. Signal Ground 14. Ch. 2 Transducer Output
2. Ch. 1 Transducer Output 15, Ch. 2 Scaled Output

2. Ch. 1 Scaled Output 16, Ch. 2 Transducer Output
4, Ch. 1 Bet Foint Input 17. Ch., 2 Scaled Output

S Ch. 2 Set Foint Input 18. Ch. 4 Transducer Output
& Ch. 3 Bet Foint Input 19. Ch. 4 Scaled Output

7. Ch. 4 Set Point Input 20. N.C.

8. Digital Ground 21. N.C.

2. Fower Ground 22. NM.C.

10, Ch. 2 Flow ON/OFF Input 23, N.C.

11, Ch., % Flow ON/OFF Input 24, MN.C.

12. Ch. 1 Flow ON/OFF Input 25. Chassis bGround

2. Ch.s 4 Flow ON/OFF Input

Connector PS5 provides connection to the extermnal ratio signal
interface. This connector is also used to connect another 247C
to increase the number of MFC's being ratioced. The pin
assignments are given below:

CHANNEL. 1 INTERFACE CONNECTOR (F5)

1. Signal Ground

2. Ch. 1 Scaled Dutput

3. Digital Ground

4, Fower Ground

b, Ch. 1 Transducer Output

7. External Ratio set point Input
8. Ratio Output Voltage

2. Chassis Ground

FAGE (Z-3)



Connectors J1-J4 provide connection to the MFC*s. The pin
assignments are given below:

CHANNEL 1-4 INTERFACE CONNECTORS (J1-Jd4)

1. N.C. F. N.C.

2. Flow Input Signal 10, Input Stage Output

3. N.C. 11. N.C.

4. N.C. 12. Signal Ground

S Fower Ground 13, N.C.

6. ""15 V01t5 14- N-Cu

7 . +15 Volts 15. Chassis Ground

8. Set Foint Output Signal

.4 MFC INTERFACE CABLES
FROM T0 MES CARLE NO.

258R, 1158, 12588, 22588 247C J1-J4 CB259-5
2598, 1159, 12598, 2259k 247C J1-3J4 Cr259-5
15771160 247C Ji1-J4 CR259-10
TYLAN 247C J1-J4 CR259-10
UNIT 247C J1-J4 CB259-10
BROOKES S850E-EDGEROARD CONN 247C Ji-J4 CB259-10
BROOKS 38350R 247C J1-J4 CR247-6
BROOKES 5850 247C J1-J4 CB247R

FAGE (Z—4)
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SYSTEM CABLES

Figures C-E indicate the different cables required for the
various system configurations of the 247C, This section deals
only with cable reguirments. The operation of these systems will
he covered in detail in Section 4.

MANUAL FLOW CONTROL

Figure C illustrates a simple manual control system which only
requires the use of MFC Interface Cables. The flow rate for each
gas 1% individuality controlled with a front panel set point
control. Channels 2-4 have the additional option to become a
ratioed portion of the flow in Channel 1. Another four channels
may be additionally ratioed by adding another 247C and a CB247-4
cable.

FRESSURE CONTROL WITH EXTERNAL CONTROLLER

Figure D illustrates the cabling required to control the gas flow
into a chamber to maintain a constant pressuwre. The CB247-2/1
connects the pressure control signal (FCS) from the 250B to the
247C., The pressure transducer connects to the 250B through the
appropriate cable, in this example, a CEB254-11. The remaining
cables are simply the proper number of MFC Interface Cables.
Greater than four gases may be controlled by adding another 247C
and using a CB247-2/2 which connects the Z50B°s PCS to both
247C s,

COMFUTER CONTROL FLOW

Figure E i1llustrates a system controlled by an external computer
through an MES 2322 Interface. A standard RB232-C cable connects
the computer to the interface. Input and Output from the
interface and the 247C are carvied through a CB232-4 or a
CR2IZ-5., The former is used to monitor the scaled output from
e2ach channel while the latter is used to monitor the direct
transducer output from sach channel. The remaining cables are
the required MFC interface cables.

FAGE (Z-5)
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SECTION 4
OFERATION

247C SYSTEM FUNCTION

To better understand the operation of the 247C, we will briefly
discuss it’s function within a flow control system. Figure F

shows, in a simplified format, the operation of one of the 274C's
four channels.

FLOW
SIGNAL ¢

TRANSDUCER QUTPUT

POWER g——* 15y SCALED OQUTPUT

LEVEL | | @ —|{( ===~

+5 VOLT INTERNAL REF.

S15
INTERNAL
SET POINT O 5

EXT Lo—0+

L,,~\,,— (ps)
EXTERNAL
(P6) RATIO INPUT
- — EXTERNAL
SET POINT
INPUT

The main power supply provides + 15 volts to power the MFC.

The voltage corresponding to the flow rate, +5V at full rated
flow, is received at the input amplifier where the fine zero
correction is made. The output from this amplifier is refered to
in this manual as the "transducer output'.

MFC INTERFACE
Jl-94

CH1 OUTPUT

FIGURE F

This signal is amplified X2 and applied to a scaling control,

the output of which is buffered to become the scaled output. This
signal is applied to the front panel display and to the "scaled
output" on the rear panel connectors FS5,Fé6.

The MFC’s set point signal is applied through a switch circuit
which is controlled from a front panel switch or a TTL logic
level on connector P6. When the circuit is turned ON the set
point signal is applied to the MFC and flow begins. Turn the
switching circuit OFF and flow will cease.

The flow rate is determined by the magnitude of the set point
signal with +5 volts corresponding to full flow.

FAGE (4-1)



The souwrce of this signal is selected by a front panel Set Foint
Source switch as follows:

FLOW FOSITION - Selects the set point signal from the front panel

set point control; which is driven from the +35V
internal reference.

RATIO FPOSITION — Selects the set point signal from the front
panel set point control; which is driven from

the Ch 1 transducer output or an External Ratio
Set Foint Input (F3)

EXT FOSITION -~ Selects the set point signal from a pin on Fé.
This allows the flow rate to be controlled
directly from a external O to +3V signal.

FRONT FANEL CONTROLS (Figure B6)

Fower BSwitch (A)

This switch controls power to the 247C and all attached MFC' s.

CHANNEL SELECTOR (R)

Input to the front panel Flow Monitor (G) is controlled with this
switch.

ZERO CONTROL (C)

This 20 turn potentiometer is used for fine zero adjustment.
Since it has a limited range of + 3% of F8, larger corrections
must be made with the MFC*s zero control.

READ/SET FOINT SWITCH (D)

This spring loaded switch allows the operator to read, using
the front panel meter, either the flow rate or the set point
value (which may be going to the MFC thru the front panel flow
switch). This will allow the operator to check and/or set MFC s
zero, check and/or set set point level and check for an
agreement between flow and set point when the MFC is so
commanded. Note: Both the DFM and the transducer output are
scaled to read directly in scom or slm. Also to read any or all
channel info, the front panel selector switch (B) will be used.

FAGE (4--32)



SET POINT CONTROL (E)

This 20 turn potentiometer sets the set point level when the Set

Foint Souwrce Switch (F) is in the Flow or Ratio position. The
range 183

Flow Fosition ——
Ratio Fosition -

O.1% to 100% of Full Rated Flow.

-+
+ 0.1%4 to 100% of Ch.1 Flow/Ext. Ratio Signal.

SET FOINT SOURCE SWITCH (F)

This switch selects the source of the Set Foint signal to be
sent to the MFC. (See Fig. F) The Flow and Ratio positions are
driven by the output of the Set Foint Control (E) while the EXT
position is driven by an externally applied voltage level.

FLOW MONITOR ()

This 3 1/2 digit panel meter displays the flow rate of the
channel selected by the Channel Selector (BY. It also displays
the MFC's set point signal when the READ/SET FPOINT switch (D) is
held in the SET FOINT position. The Scaler Control (D) must be
properly set for direct reading in 3CCM or SLM (see 4.4.D)

FLOW INDICATOR (H)

A green led indicates that the set point signal has been applied
to the MFC. It does not mean that flow is occuring or that its®
value is correct.

FLOW CONTROL SWITCH (I)

This switch controls the circuit which applies the set point
signal to the MFC. When placed in the REMOTE position, Flow may
may be turned ON/OFF by an external TTL signal. (ON=low..0FF=high
ar open. see 3.3 for pin assignments.)

REAR FANEL CONTROLS (Figure H)

MFC CONNECTOR (A)

Each connector provides the necessary power, set point voltage
and receives the flow output signal.

FAGE (4-3)



CHANNEL. 1 INTERFACE CONNECTOR (R)

This connector is used to join two 247C°'s, (Fig. C), or a 250B
pressure controller and a 247C (Fig. D). The first connection,
(Fig.C), allows additional MFC® s to be ratioed to the first
channel of #1 247C. The second connection, (Fig.D), allows the
250B controller to provide the pressure control signal that can
he applied to all set point controls of the 247C. Individual

flow rates are set as a fraction of channel 1 of #1 247C with the
front panel set point controls (E) and this ratio is maintained
while the total flow is adjusted to maintain the desired
pressure.

Note: The MFC that 1s set to control at the highest % of its
rated flow should be connected to channel 1.

CHANNELS 1-4 INTERFACE CONNECTOR (C)
This connector provides the four scaled transducer outputs. Also

lines to turn flow ON/OFF, and the external set point input lines

which remotely set the flow rate of the MFC’s. This connector may
be used by the MES 232.

SCALING CONTROLS (D)

These controls are used to enter the product of the gas
correction factor times the gauge factor. This allows the user
to read flow rate directly (ie SCCM or SLM.)

DECIMAL POINT SELECTOR SWITCHES (E)

These switches, one for each channel, set the decimal point on
the Flow Monitor (G).

LLINE VOLTAGE SWITCH (F)

This slide switch sets the power transftformer to receive 115 or
2F0 VAC., The voltage selected is visible in the panel cutout.

FUBE (B)

This fuse protects the internal circuitry of the 247C. The "High
Side" of the line is fused. These fuse values are:

1 ASE & 113VAC S50-60H:z
1/2 ASE B Z2IO0VAC S0-60Hz
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FOWER CORD (H)

This cord provides 115 or 230 VAU to the 247C. The slide switch
on the rear panel (F) sets the 247C for the proper voltage input.

FAGE (4-5)



@

2

}@

MODEL 247C 4-CHANNEL READOUT

© ¢

ON ON

[¢] [¢] o]
POWER . v @ v g

F F F

REM REM REM
FLOW CONTROL

OFF

FLOw

/

4

@)

Pl
m
£

3
SET PT  FLQW I SET PT  FLOW ‘ SET PT  FLOW ssr PT FLm
Z'@?“h‘ 0604 06O ¢
C 1090 ©io@o Yo !
@/ READ EXT READ EXT READ EXT READ

‘/

DISPLAY
CHANNEL

FIG. G

2299

pecimaL (D) POINTS

INTERFACE
CHI

INTERFACE
CHI-4

IASB

15V
Y2AsB
230V

i

FIG. H



DETAILED OFERATION-MANUAL FLOW CONTROL (REF. FIG. )

Manual control of the flow rate through MFC*s in an individual
or ratioed mode is accomplished using the system shown in fig. C.

Install the MFC's as outlined in 3.2.B. More detailed information
reguarding the mechanical installation of the MFC’s will be found
in the specific manual for the type of MFC being used.

Install the 247C, verity that the Line Voltage switch (H,F)X

is set to the proper voltage, set the 247C's front panel controls
as shown in the table below:

CONTROL. FIG.G, ITEM ... FOSITION
Fower Switch A OFF
Flow Control Switch (1-4) 1 OFF
Set Foint Souwrce Switch (1-4) F FL.OW
Channel Selector B Channel 1

Plug the power cord (H,H)¥ into the power line.

Connect the MFC's to the MFC Input Connectors (H,AYX with the

proper interface cable. (See T.4) Should more than four channels
be required, add another 247C.

Set the Scaling Control (H,D)X to the product of the GAUGE
FACTOR for the MFC in use and the GAS CORRECTION FACTOR of the
gas in use. The full scale value of this control is 1000. Gauge
Factors are given below:

1,10,100,1000,10K +.ovuewennn SCCM = 100
2,720,200, 2000, 20K vue... cer. BCCM = 200
5y 50, HO0, 5000, 50K vveerneess SCCM = 50

k% EXAMPLE XXX

GAUGE FACTOR X GAS CORRECTION FACTOR

SCALING CONTROL SETTING

i

(200) X (1.44) Argon Gas 288
Since the Scaling Control is 1000 at full scale, the above

example is £8.8% of full scale. The control is set at shown
bel ow:

s
s

88

THE _SCAL ING CONTROL MUST BE SET PROFERLY FOR_EACH MFC IN USE.,

¥(Figure, ITtem)
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G.

Flace the power switch in the ON position. This applies power to
the 247C and the MFC*s. The MFC's should be allowed to warm up
for a period of 1 houwr prior to any zero adjustments. Best
performance is achieved when the MFC is powered continously.

The decimal point for channel 1 is set by inserting a screwdriver
blade into the slot of the channel 1 decimal selector switch and
rotating it CW until the desired decimal point is illuminated on
the Flow Monitor (6,6). The decimal selector switches are mounted
on the rear panel, (H,E) and the channels that they control are
screened below the switch. The position of the decimal point is
determined by the full scale range of the MFC in use. A 100 SCCM
SCCM MFC requires the decimal point to be positioned as shown:

100,.0 (Display at full rated flow

Adjust the MFC's zero by adjusting the Zero Control (G,C)% for a
reading of + 000 on the Flow Monitor (G,G6)%. Should this
control lack the range for this adjustment, center it and use the

zero control on the MFC to bring the reading within the range of
the 247Cs zero control.

The set point for the MFC is adjusted by holding the Read/Set
Foint Switch (G,D)%¥ in the Set Foint position and turning the

Set Foint Control (G.EY¥ to the desired level as displayed on the
Flow Monitor (6,6)%. Since the Flow Monitor is driven from the
Scaled Output, the displayed value has the Gas Correction and
Gauge Factor applied. Therefore it represents the actual set
point in SCCM for the attached MFC. When the adjustment is
conpleted, release this switch., It is spring loaded and will
return to the Read (Flow) position.

Bwitch the Channel Selector (G,B)¥ to the next position that has
an MFC connected and repeat steps 4.4.D through 4.4.H. Continue
to the next until all channels with MFC's attached have been

properly set. Then return the Channel Selector to the channel
that you wish to monitor.

The system is now completely adjusted to set the flow of each
MFC. All that remains 1s to turn on the flow by applying the set
point signal to the MFC. This is done by placing the Flow Control
Switch (G,I)% to the ON position. This will cause the Flow
Indicator lamp (GL,H)X to be illuminated. When the set point
voltage is applied to the MFC, flow will begin after a slight
delay. Correct flow will be realized within approx. 1.5 seconds
depending on type/brand of MFC used. Flow is turned OFF by
placing the switch to the OFF position. The flow through any
channel can be displayed on the Flow Monitor (6,6)% by placing
the Channel Selector switch (G,EYX to that channel.

¥ (Figure, Item)
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DETAILED OFERATION-RATIOED FLOW CONTROL (REF. FIG. ©)

In the previous example, the Set Foint Source switch (6,F)X% was
set to the Flow position. This connected an internal +5V
reference to the top of the Set Foint Control (G,E)X. (See Fig.B)
Since the +5VY corresponds to full rated flow, each Set Foint
Control could then be adjusted up to a maximum of 100% of the
attached MFC s rated flow. When the Set Foint Source switch is
switched to the Ratio position, the Set Foint Control will be
connected to either the Transducer Output of Channel 1 or the
output of the external ratio amplifier. The source of this signal
is controlled by an internal DIF switch which is factory set to
the Tramsducer Output of Channel 1. The following example of
ratioed flow will deal with the case where channels 2-4 are
ratioed to channel 1.

Follow the previous steps 4.4.A through 4.4.6. In the event that
more than four MFC's are required, a second 247C may be used and
slaved to the first 247C°s Channel 1. In this case connect as
shown in Fig. C and interconnect with a CB247-4 cable.

In this example we will assume a system with four 100 SCCM MFC' s
and Nitrogen gas. Not a very pratical system, but it makes the
math easy. In this case we wish to have channels 2-4 in a ratio
of 75,50 and 285% of the flow in channel 1.

With channels 1-4 Set Foint Source switches (G,F)% in the Flow
position, set the Set Foint Controls (G,E)X as outlined in 4.4.H
to the following levels:

Channel 1 Set Foint Control ...cveecncneas (O to 100 SCCM)
Channel 2 Set Foint Control c.evvevnneeees 75 SCCM
Charnnel 3 Set Foint Control ......... e w90 BCCHM
Channel 4 Set Foint Control . nrnceena2d SCCHM

Leave the Channel 1 Set Foint Source switch (G,F)X in the Flow
position and place channels 2-4 in the Ratio position. The 247C
is now adjiusted to control the MFC's connected to channels 2-4
to 75,30 and 254 of the flow rate through channel 1.

NOTE: If more than three channels are to be ratioed to CH. 1, a
second 247C is required and its® Dip Switch (815 must be set for
External Ratio. (Set 815 as shown in 4.6.A)

¥ (Figure, Item)

FAGE (4-9)



¥k EXTERNAL RATIO INPUT XXX

As mentioned above, provision has been made to ratio channels 1-4
from an external signal rather than the output from channel 1 as
described in the previous example. This is done by disconnecting
the Channel 1 Transducer Output from the Ratio positon on the Set
Foint Source switch (G,F)X% and replacing it with the output of
the External Ratio Amplifier. These connections are made and
broken with an internal DIPF switch (81%). This external ratio
input is applied through the Channel 1 Interface Connector
(H,B) %X, The pressure control system illustrated in Fig. D uses

this method of control so we will examine it's detailed operation
next.

DETAILED OFERATION-FRESSURE CONTROL WITH RATIDED FLOW (REF.FIG.D)

Fressuwre control with a ratioed gas flow is accomplished by
adding an external controller (250B-1D)X¥X and a pressure
transducer (127/227) as shown in figure D. The pressure in the

in the chamber is measured by the 127/227 which produces a DC
output proportional to the pressuwre. This output is applied to
the controller where it is compared with the pressure set point
level. The resulting error signal (PCS) is applied to the 247C as
an external ratio signal to produce the gas flow necessary to
achieve the required pressure.

SETTING UF THE 247C

Remove the 247C's top cover. At the rear of the main FC board
there is a four position DIF switch (815). Set this switch by the
following table:

Fosition
Fosition
Fosition
Fosition

wemeassannnnsannsnnnxesneas Open (OFf)
enssnennnunrsnasnnsrneann: LlOsed (ON)
saxaswsannnansnnnnsannwsass Open (OFf)
ermnsnnmusnensnsuneensenns Open (Off)

Bl RY e

This configures the Ratio position on all of the Set FPoint Source
switches (G6,F) to be driven by the output of the External Ratio
Amplifier rather than the +5%V internal reference. Additionally
the amplifier is set to unity gain. (Amplifier can be set to a
gain of 5 by closing position 4.). NOW REFPLACE THE TOF COVER

AND THE RETAINING SCREWS.

¥ (Figure, Item)
Xx 250B—-1-A or 280B-1-D (no options installed) ONLY.
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Connect the pressure transducer to the 280B with the proper
cable. This example uses a CB254-11 which connects to the Input
Connector on the rear of the 2U0B. The 247C is connected to the

2508 with a CB247-2G1. In the event that more than four MFC's are

required, use an additional 247C and use a CB247-262 to connect
the two 247C's to the 250B. (The 6 rev. indicates the number of
24707 s in use.)

Follow the previous steps 4.4.A through 4.4.06 to prepare the 247C

and the MFC’s for flow control.

SETTING UF THE Z250B-1D
(For additional information, reference Manual 195-107167E)

Verify that the Line Voltage Selector switch is set to the proper

voltage and set the front panel controls as shown in the table
bel ow:

FOWER SWITCH ..cciannnnscunansannnnnanss OFF
INT/EXT tuvuenvvanusacancswnnnnannsnses INT
IOV/IV/ 1Y s s i i i s s e s s n s nas 10OV

FHASE LEAD siicuevnunsnvsnssnansnssneas 1.5 SEC

GAIN i vei s snnvsnnansnsnanannnnnannae 204

BIAS v cevinanvsansnnsnansnnsanssnsasanes FULLY CCW

(CAME) XKu s s v o nnvooneannnnnsnnnnansanesss MANUAL

MANUAL. CONTROL cuv.iicrcnnsnnasnnnnssenes 900 OUT OF 1000

SET POINT LEVEL ..vavviennnnnsnannnnsss REQUIRED FRESSURE
LEVEL

Flug the power cord into the power line and twrn on the power
switch., Allow the system to warm—up for at least 1 1/2 hours
before adjusting the zero.

When the chamber is pumped down below the resolution of the
transducer, adjust the zero for a reading of + 0000 on the
250B°s DPM. (On 250B°s without the DFM, adjust the Set Foint
Control to zero and adjust for a zero reading on the Error
Meter.)

The control settings of step D have configured the Z80B to
deliver a constant Pressure Control Signal (FCS) of approx.
+5V to the 2470C°s External Ratio Amplifier. This manually
produced signal will be used to determine if the required
pressure and flow rates can be achieved using a FCS with a
nominal value of +3V. (Best control performance is achieved
when the FCS is kept high for a good signal to noise ratio.)

¥ (Figure, Item)
¥X{Close/Auto/Manual /Ext.Switch)
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SETTING UF THE SYSTEM

Flace the Set Foint Source switches (G,F)¥, on all channels with
a MFC attached, to the Ratio position. Also place those channel’s

Flow Control switches (G,I) ¥ to the ON positon. This will produce
flow through all the MFCYs.

Ad just the flow rate for each channel to achieve the desired flow
rate and ratio between the channels and the desired pressure
(within a factor of two) in the chamber. The flow rate is
adjusted with the 247C°s Set Foint Control (G,E)X and the flow
rate is displayed on the Flow Monitor (G,B)X which is controlled
with the Channel Selector switch (G,B)X. The chamber pressure is
displayed on the 250B-1D"s panel meter. (To read pressure on a
controller without a meter, adjust the controller®s set point
until the error meter reads zero and multiply the Set Foint

reading times the full scale of the pressure transducer. 1000
counts = Full Scale)

Should the pressure not be adjustable to within the factor of 2,
then modification of the system may be necessary. Too high a
pressure reqguires increased pumping capacity or smaller MFC's
for less total flow, while too low a pressure requires reduced
pumping capacity or larger MFC's for greater total flow.

When the pressure is within the desired 2 to 1 range, the system
i ready for automatic control. Switch the 250B°s (CAME) XX switch
for AUTO position. The 250B will now vary the PCS to adjust the

total flow to achieve the control pressuwre. While the total flow

rate will change, the ratio between the gases will remain
constant.

The Gain and Fhase Lead settings set in the previous step D were
only a starting point for control. The 2530FE should bhe properly
tuned to provide accuwrate control, free from oscillations. The
tune—up section from the 250B manual is included for reference.

CONTROLLER TUNE-UF

Turning the valve switch (CMAE) X% to AUTO puts the controller in
action. If the Set Foint Control is set for the same pressure
that the MANUAL control has established, the transition from
manual to auto should be smooth and effortless.

¥(Figure,Item)
X¥ CLOSE/MANUAL /AUTO/EXT SWITCH
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To tune the controller, turn the GAIN up until 0.1% oscillations
are apparent. Minimize oscillation amplitude using PHASE LEAD
settings. When oscillations cease, turn up GAIN and readjust the
FHASE LEAD if necessary. Check settings by changing the Set Foint
control. Optimum response is for the error to reduce to zero
quickly, but with no overshoot. If the flow oscillates (error
meter swings from positive to negative) the gain is too high.
(The GAIN may be increased later when the FHASE LEAD is properly
adjusted.) If the flow overshoots, but settles to the proper
value, more FHASE LEAD is required. If the flow is slow rising to
the proper value less PHABE LEAD is required. If the flow settles
at a steady value which is other than the set point flow, (greater
than +0.25% error) more GAIN is needed

When making final adjustments, move the controls less than 10
deg. to prevent over-controlling. Various pressures will require
different setting of GAIN and FHASE LEAD although pressures of up
to a decade apart may be controlled using the same settings.
Speed will be sacrificed for lower pressures.

NOTE: On controllers with the DVM option (250B-1D), the system
erraor will have to be calculated by subtracting the set point
value from the displaved value.

DETAILED OFERATION-COMPUTER CONTROLLED FLOW (REF. FIG. E)

The Channels 1—-4 Interface connector (H,C)¥ provides a means to
remotely tuwn the flow ON/OFF and to adjust and monitor the flow
rate in any channel with an external computer or controller. Fig.

E illustrates a system which is controlled by a computer via a
MES 232 Interface.

Connect the computer to the MES 222 Interface with a standard
RE~-232-C cable.

Connect the MES 232 Interface to the 247C with either a CBR23Z2-4
or a CBR232-5 cable. The cable type is determined by which flow

signal is to be monitored by the computer, the transducer output
or the scaled output.

CBRZ2~4 ..anwss- Monitors Scaled Output (0O to 1V nominal)
CR2%2~5

22T teswwase Monitors Transducer Output (O to 3V nominal?
Verify that the computer and the MKS 232 Interface are both set
to the proper line voltage and plug both instruments into the
power line.

X (Figure, Item)
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Follow the previbus steps 4.4.A through 4.4.06 to prepare the 247C
and the MFC’s for flow control.

Flace the Set Foint Bouwrce switches (G,F)X¥, on all channels with
a MFC attached, to the EXT position.

Flace the Flow Control switches (G,I)¥, on all channels with a
MFC attached to the REM positon.

At this point, the 247C is set to be controlled by the computer
through the MES Intertace.

¥%xx CONTROL FROGRAM XXX

The MES 232 Interface provides the digital and analog signals
necessary to tuwn on and control the flow in each of the 247C°'s
four channels. To accomplish this, it is necessary to write a
program to produce these signals. The construction of this
program is bevond the scope of this manual. The manual for the
MES 232 Interface (1925-10931%-A) contains instruction on writing
to and reading from the interface as well as controlling it's
digital output lines. Also included are some sample programs for
a Hewlett Fackard model 8% computer. Fages 3-8 through 3-8 of
this manual contain specific programming instructions. In general
terms, the computer program must do these tasks:

Select the channel to program and send a two byte control word
that sets the output DAC to the proper control level and turns
ON the flow. The construction of this word is described on page
Z-5. The flow is turned ON by setting the MBE of the AUX. digital

output to a 0. Conversly, flow is turned OFF by setting the MSE
to a 1. X

The flow rate is monitored by reading in a two byte word from the
selected channel and converting the binary data to decimal. The
construction of the data word is described on page 3-5.

The channel selection and the direction of the data transfer is

done by sending the proper ABSCII character as outlined in table
3 on page. 3-7.
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DETAILED OFPERATION-REMOTE CONTROL CUSTOM INTERFACE

Section 4.7 described remote control using a computer and the MES
232 Interface. This system takes advantage of existing equipment
and cables and provides a very powerful control system. However,
perhaps all that is required is a TTL level to turn the flow ON
or OFF and a simple voltage level to control the flow rate. In
this case a custom interface is created by wiring those control
signals to the appropriate pins on Fé&. (See section 3.3)

Set up the system as outlined in previous steps 4.7.D through
4,.7.6 to configure it for remote control.

When this is done, simply apply the control signals through the
interface. For example: to produce a flow of 50 SCCM through a
100 SCCHM MFC connected to channel 1, apply a +2.5 volt signal
to Fé&-4, Reference this voltage to Fé—-1. Then attach a TTL signal
to F6~12. Reference this signal to F&6-8. To turn ON the flow,
apply & TTL low (0.4 to Q.8Y) to Pé&~12. To turn OFF the flow,
apply a TTL high (2.4-8V) or an open circuit.

FAGE (4-1%5)



SECTION 3

MAINTENANCE

GENERAL :

Should any difficulties be encountered in the use of your
instrument, it is recommended that you contact any MES
authorized sales office, service center or home office for
repair instructions. A list of address may be found in the
appendix.

KRR RKRRKRRRERERRRRKKKKKKRRERRRRRRKKKKKKKKRRKKKKKKRKK KRR RKKKKK

X X
¥ Should it be necessary to return the instrument to MKS for X
¥ repair, please contact the MKS Service Center for an ERA X
¥ NO. (Equipment Return Authorization Number). To expedite X
¥ handling and assure the proper servicing of your instrument. X
X X
X X

OO R XXX RO R XXXk R XXX XK
FAULT ISOLATION

The first approach to deal with a problem in the 247C is to
isolate the section where the fault lies. Once this is done,
the problem is usually easily corrected. The 247C can be broken
down into the following sections:

Fower Supply

Channel Amplifier 8tring

Flow Reference Voltage Source

External Ratio Amplifier

Fanel Meter (Flow Monitor)

Set Foint Buffer and Flow BSwitching Circuit

1 IR RS

Since a problem in the power supply will effect the performance
of all sections, it is important to begin the fault isolation at
this point. Refer to print DI110212 for the location of grounds
and components.

FOWER SUFFLIES
Measure the + supplies at the power supply jumpers on the FC
board. Reference to A ground. The voltages should be within the

range of 14.8 to 15.2 volts and the AC ripple should be < 10 mV
F-F. If the voltages are ok, proceed to step 9.1.D.

FAGE (35-1)
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If the voltages are incorrect, disconnect the MFC’s from the rear
panel, one at a time. Should the supplies recover when a MFC is
removed, then either the cable or the MFC is defective.

The power supplies can be isolated from the circuits in the 247C
by disconnecting the power supply jumpers and measuring the
supplys on the supply side. CAUTION! BOTH SUPFLIES must be
disconnected to perform this test. Circuits must not be run with
only one supply operative. Schematic D110210-1 shows the typical

operating voltages for the supplies when they are operated from a
117 VAL &60Hz power line.

I+ the power supply is found to be normal, the next step is to
examine the signal path through the channel amplifiers.

CHANNEL. AMFLIFIERS

To test a channel, use an external connector with a jumper wire
connected between pins 2 and 8. Flug this connector into the
appropriate Channel Input connector (H,A). This connects the
output of the set point buffer to the input of the channel.

Connect a voltmeter to this jumper wire and reference the meter
to A ground. Place the channel’®s Set Foint Souwrce switch (G.F)
to the Flow position and adjust the Set Foint Control (6,E) to
produce a +85VY reading on the voltmeter. In the event that it is

not possible to obtain this voltage, proceed to the Voltage
Reference checkout step.

Turn the Zero pot (6,0 25 turns CCW and then 12 turns CW to
center it. Also set the Scaling Control (H,D) to 100 (10% of FS).

Under these conditions, a normal unit will produce the voltages

shown on D110210~-2 & 3 and the Flow Monitor (6,6) should display
+1000 + 15 counts.

+5V VOLTAGE REFERENCE

In the event that the voltage output from the internal +3V source
is not correct, measure the input to the source.

Connect the high side of the voltmeter to the junction of R&7 and
VR1. Reference the meter to A ground. The proper input voltage is
+1.2%3 to +1.25 volts., With this input, the potentiometer R&6 can
be adjusted to produce & +5V output. (Actually factory set to
+3.1 volts)

Incorrect input voltage may be caused by a defective reference
VR1. Incorrect output may be caused by a defective amplifier U%ZA.
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EXTERNAL RATIO AMPLIFIER

Failure of the unit to work properly with an external voltage
being used as a ratio signal may be caused by a defective
amplifier or by an incorrecting setting on DIPF switch 815,

The amplifier will accept signals corresponding to a full scale
voltage of +1V and +3V. To set the amplifier for a +5V full scale
input, $15 must be set by the following table:

Bl5-1 tiiieiiencaanaaansnnnsnnes OFEN (OFF)
Sl3~2 ciueevrsnnenanssnnsannsaanas CLOSED (ON)
Bl it nevananarsannnnnnsnaawas OFEN (OFF)
S15-4 .. iivinvinnsnnennnnnsassaws OFEN (OFF)

To set the amplifier for a +1V full scale input, £1% must be set
by the following table:s

G181 ciueiansancaannsnnsswnnnaaaas OFEN (OFF)
Bl5-2 woiunnansnnecnnnsnanawannas CLOSED (ON)
Bl i nenennnrsnsnnnnnnseanas OFEN (OFF)
B15-4 ... euvessnnnsansnasuensssas CLOSED (ON)

The input voltage required to produce the output described above,
is applied to the 247C through P5~7. Both the input voltage and
the meter measuwring the output should be referenced to FS-1.

FANEL METER

The panel meter (Flow Monitor) is a 3 1/2 digit - 2V full scale

device. The meter is powered by a +3V supply located on the main
FC board.

Measure the supply voltage to the meter by connecting a voltmeter
to the +35V supply jumper on the FC board and referencing the
meter to A ground. Voltage should be +4.7 to +5.3 volts.

Set up channel 1 for a +1V output as described in 4.3.E thru
4.D.06.

Measure the output of the channel on pin 2 of connector F3. The
Flow Monitor should track the voltage + 1 count. There is

some adjustment available on the rear of the meter. (The meter
must be removed to perform this adjustment.) Should the range
of this adjustment be insufficient to bring the meter reading
into agreement with the reading on F5-2 then the meter must be
replaced,.
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SET FOINT BUFFER AND FLOW SWITCHING CIRCUIT

The buffer amplifier prevents the Flow Controller from loading
the set point signal. The voltage at the output of the second
set point buffer should track the voltage on the arm of the Set
Foint Control by + 2mV when the flow is ON. Should this signal
be incorrect at the Channel Input Connector, then trace the

signal back to the Set Point Control to determine where the fault
lies.

A negative voltage (approx. -0Q.1V) at the Channel Input Connector
indicates that the FET is OM. If the Flow Lamp (G,H) is on, then
the FET is defective or the drive to the gate is incorrect. The
drive under these conditions, should be ~13V + 1 volt.

FAGE (5-4)
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q o ] [
12|10 s
FLow euT| , | M0 714 %
CN2-2 S o S R TIPS £ A 14 [FLON]
5V 2 L”_‘ .0l J7-12 115V oo 1[1-1
R m W o3 TS s i ’Zj —
CHANNEL SISV | 6 T - 15V -Isv s
2 ST PONT 8 HH3 J7-13 o5 UF _ o [ %]
OUTPUT T %{2-9 70 Rem 1312 gL
PWR.COM.| 5 : Al U8B
5 HHEC e @ FLOW ON Ny SET POINT <’
50 COM- | 12 11 &0 %7 S CISI 10K | ADIUST
- ) 22
_ CHASSIS >£_F_‘ EAM— +15V o
J3-10 77138 2.7K (EXT. SET POINT IN)
W (ON/oFF)
_ ] >
2 10 T ,7 5 P6
J3 CN% 3
FLOW rut| 5 |H100 L 186 8 2
A s =S W 708 12 | crt-on
5y | 7 e .0|7_ 13-4 15V FLOW | OFF ) 3 . IW CH.1 - ON
LIH oNZ B - NOFLOW| ON | R44 145 o In- o isfk‘mﬂ 3100y, .0l 10l cH.2 -6
CHANNEL) _ ~18V 6 a7 2 gy s >o—o—(&—-I5v o) [+t g N5 2 ON L Fow
3 Y SETPoNT | . (10 L 385 s7 % _r. ol 11 | on3-0n [ CONTROL
OUTPUT | © TN rem TH-12 <19 T10-7 o HE | _
PWR.COM.| 5 [of- 0 TEE r»—«-js@lo TSI B CH.4-ON
o6 HHor 188 ' SET POINT : o 4 | CH.1 SET POINT
SI6.com. | e g€ N ADIUST oz orH
CHASGIS | 15 Hi5 %7 R45 ol 7 5 | CH.2 SET POINT
L S5 —d ENA— +15V . 710712 ol HH
-6 34 27K (£ SETPONT ) | s ST 6 | CH.3 SET POINT
oW ) ” 2 o9 7 | o serronT
10- i
T ] I & sl 8 | DiG.coM.
i0 i e
14 LH0E3 s {1)7 37-2 .01 o
FLOW INFUT | .0l (3814 0 oesi ? PWR. COM.
CNé-Z o DI T .
qsv |7 H.oi 12 ! FLOW 5o : i ‘ o
+ T—lH TV EIE +15v NOFLOW [ ON | R57 3149 o JW-2 3[RATIO] I JL’b\
CHANNL! -1V | 6 {8 15y o—s0— 4 15V T -
4 SETPONT | g ‘L, 0 1813 s9 % — T J[serronT
JTPUT CN4 9 TI4-01
4 REM
WP M. | 5 LW&’,,_G B <UsD 5
.0l 1815 2 SET POINT
SIG.COM. | 12 e < %7 vV <58 ’%,{7’ ADIUST
CHALSIS | 15 —4°0! \
L AN—+5V
J14-10 J14-8 '2‘7K (EXT. SET POINT IN)
I oW (QN/OFF)
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R72,10K %

3

R84

R79, 10K %

5

6>

8 <>

CHANNEL 1 RATIO

9>

5V _EXTERNAL RATIO

R118

10 1 12 13
78 Pe
> A | | SIGNAL GND.
I o[ CHANNEL |
Co4 {3 17| & | TRANSDUCER QUTPUT
. 10K,01% 110‘?- Ot 5 |CH.1 coRRE%ELPm .
10K04% T sy 1 01 cne,-sa TRANSDUCER
5 TRANSDUCER QUTPUT
CNe-3
L 710-5 01 Y CH. 2 QORRECTED
15 | 55
eabir TRANSDUCER OUTPUT
381 01 16 | CHANNEL 3 TPUT
NG RANSDUCER
J10-3 .01 A . CH.3 CORRECTED
o7 aq 7| 7 | TRANSDUCER OUTPUT
-9 01 6 | CHANNEL 4
B TRANSDUCER OUTPUT
Tl0- 01 CH. 4 CORRECTED
> - 19 | TRANSDUCER OUTPUT
e
" e—1 25 | CHASSIS
PLS I s
01 Jl6-3 @ (n 1.X
.,5\,@ comcnou @ RSE™
RIZ RI15, 10K* - 3‘7 mo‘xx—
- oKX,
0K,01% 5 Yo '
.01 ; o
Jle-7 &8 llc?o PS
RU3 w -9 518 (3o ——
|—>R“4 , i (2) o 1] e I |sioNAL GND
10K, 015z <5, iz} 14 1 , : o | coaweL 1
ol Tle-8 —%EAE-——’ (e13) 00 g e TRANSDUCER
v CORRECTION % sle | 19-1 0% 00 o 2 | i1 CORRECTED
-I5v Al 1 2 7 19-3 = K c87 ] |J TRANSDUCER QUTPUT
o3 RE | © [ i 7 | EXT. RATIO INPUT
ot 5 J9-2 Go- y cglg”_“_] .
PI7 117 8 | RATIOOUT
3100N +INPUT | © 717 (CH4) 17-2 Cg;’ ’-”_T
DEC.PT. COMM. | F 1010 4 | POWER GND.
xxx. | B 3|3 5> Q;) .o H
x| ¢ +a 55310-! 75 3 | DIGITAL GND,
1xxx | D 1| . g) G H
1Xx | £ 2|2 ,3"_2 9 | CHASSIS
+5V | 9 ___‘T g8 +5V I9
DISPLAY ENABLE | K 6|6 J9-10 I
-INPUT | H l 919 %7
POLARITY ENABLE | 10 j—‘ @
PWR.COMM.| L
A
L:l

SHT 3



SECTION 6

PARTS LIST



Tz N3 e 1Y 321327
320 519 518 sI7

4s5¢6fla4se]eseclase

CIRCUIT SIDE

= ]
0} o}~
CNZ ; CN3
=
|
i

1

COMPONENT SIDE

2 [171 [ 146-3754 HEX NUT *6-32

2 | le | 185-3145 WASHER,, * 6 1.T. LOCK

2 |15 | [€0-3709 SCREW, PHIL PAN HD.,%6-32%.25 LG.

2 |14 | 103-6014 ANGLE BRACKET,*6-32 TAPPED

¢ |13 | BI09626 PI CAP. NETWORK, & CAP., [OPIN SIP, CNI-6

2 |12 [ 10- 6040 CONN., 3FIN NYLON WAFER (FFM), Jil, Ji2
2 |11 | 096-5601 RIBBON CABLE, 12 COND., 3°LG, 49,410

2 |10 | 096- 5600 RIBBON CABLE , 15 COND-, 3°1G, J7,48

I |9 | 1i0- ¢80z CONN,, 25 PIN TYPE “D” MALE , P&

| | 8 | 10- 6562 CONN.,9PIN TYPE*D’ MALE, P5

4 [ 7 [Iio-¢491 CONN., 15 PIN TYPE *D” FEMALE , JI-4

1z | ¢ | h3-6523 CLIP, RETAINING, 4-40

2 | 5 | 156-2475 1.C. SOCKET, 14 PIN DIP FOR 517-20

4 | 4 [o072-4953 SWITCH, ROTARY 4 POS. REPEATING , 517-20

2 | 3 | oo5 4040 CAP., .0luF 14KV, C1,C2

14 | 2 | 005 4133 CAP.,.01uF 100V CER.,(50,55,58 61166, 61,8491
| 1| clio2i3-pi PC. BOARD, REAR PANEL

Gl ITEM PART NO. DESCRIPTION l REMARKS
Qrv LIST OF MATERIALS

P.C. ASSEMBLY
D110214-A



O I3 [Kz23 12] [zxa i2] 14

ary ITEM PART DESCRIPTION NOTE ary ITEM PART DESCRIPTION NOTE
o e[| M NUMBER e[| ™
RES, 1K
—!— «[__{_:;;— ﬂ_ i [ 1 {onozi-pi | P.c.BD.,247C MAIN ELECTRONICS o 5|1 foes-2428 |20 53,9
z o | 20 Joes-zmz  |RES, 1K, RNGOC
2 — 27K, W
.e e e 1| 5 |ozz-a43s | LS LMAITT REGULATOR 4 | 2l |Oe4-2215 ?nﬁvs, ’3%45’,5%
. _ T.C., LTIOCN® DUAL OF - AMP B RES., 2.94K, RNGOC
N e A 9| 4 |030-5579 048,6,7,301.5.8,17 1 |22 [oes-3241 | RE2 )
8}‘ U4 | 8§ us l §}) U6 I 8}’ u7 l || 5 030007 |L o3I QUAD 0PN =
- T.C., [F356N OP- AP - RES., 374K, RNGOC
33X s [Kz3 5] 4] 6 |030-440e g2, 14 e I |24 |065- 4706 st? —
e E vio i%ls uiz 8 uis 5 vie |3 7 4 |25 |064a-2470 LT 3447, 60
n7 ~ CAP.. .O) 4 -204 o L5 K
. @, @, @@, & 49| 8 Joos-3259 |G s 5 s 557,59.00,02, ||z [oa-2049 |RF
II Z] 6365, 6685 27
= RES., 10K, RNGOC
6|9 |oo7-zsez | IOAF, 20 1328 [063-2450 | gg3 72 79,82,85,91,94,97,103,10,109,115, 64
RES,, 10K, 0.1 %, 257/
4 |10 foor-azse |ET; E290KF 2V B |29 |066-4B0 |R75 Y 87,86,99,100, 111,112
0 |30 |oea-2a30 RS, K
Ell B0 E9 EI5 EI2 Ele ENI7 F.|3 RES 3 RES., 22K
© 2 |12 |oes-4344  [RES, 90900, RNGOC 2 | 31 [064-2445  |Rp022,.23,33,35,3,4048,49,59,61,62
Y : . - RES., 30K
e ) cit i 13 [oea- 2508 E;EOS., 0%, V2w 4 | 32 | OoA-2430 Rl 29, 42,55
ke |} RES., 1501% - RES., BIK
17 |14 |oea-2582 | R15%059 52 73,77,80, 86,29,92,98, 101, 8 |33 |0e4-30%  |Rp,1g 25,26,38,41,51,54
104,110, 113,11 B RES., 100K
A 04,110, 113,116, /20 4 | 34 |00A- 2469 ;’52’3370 ?Kslec
4 |15 [oea-2043  [F00 S, B | 35 |065-3155 | geR*70 81,683,939, 105,107
|| te |oes-apaz  [RES, 24352, RNGOC %
SEE DETAIL'ﬁ"—/ RES.. 732 5L, RNGOC POT., 20082, CERM,, TOP ADJ.
|7 |oos-4es RES.s , 2 |37 [os3-a30  [ROTy
POT,, SOOLL, CERM., TOP ADS.
2 |18 |oes-a3a5  |RES, 7075, RNGOC 2 | [os3-a9s  [FOT, 2L
REV [REV
TSTROREDTS. [6. A STRURENTS. (6. A
‘ ¢mum PI- ”02'2 o ¢mmm PL ||02|2 >3
[+ o& -] [+ oe2 '] ary
TTEM PART DESCRIPTION NOTE arv ITEM PART DESCRIPTION NOTE
(' E--j o | 'G’l'@ l o NO. NUMBER ot i -@l o ] o NO. NUMBER
» 7OT., 10K, FRONT ADI.
— 8 | 39 |053-2790  |R2437,50,0:3,71,84, %, 108 S 59
o " o w0 [0 3%8 | DAN12 PN HERDER
2 [#1 [oi7-5599 | VRISTOR, VI4OLATOR B 2 o1 |10-ze9 | NN, BN FEAER
, 5 : ,
2 |4 052395 |ZRDG N30T = I [ [10-e106  |SOAN- 10 FIN HEADER
R DV P, DIOI?E,’ TNSZ3 1A PO PP P EER,:,,\,,?QL‘?W#GE WSS
2 |44 |015-4522 g}'sql’?gﬁﬁ%& WMDAZOZ 04
I |45 [o6-4379 DIODE, LM385B I | 65 |123-3470 (useo5 Wi u2)
% 3 | bb |103-6014 | ANGLE BRACKET, *(-32 TAPPED
4 |47 [oB6-a0er | IANSISTOR. VNIOLM 4 167 [1e0- 26087 E’%E‘g N D0 es s
WISHER, + L1100k
48 4 | o8 [185-3744 (USED ON ITENG 5 % 6b)
; HEX NUT, #4-40
49 4| e |1e-3753 | (EED'ON TEMe €6 2 66)
4 | 50 [or2-a296 | SMICH, TOCOLE, 3 P05, DPOT o R T
- SWITCH, TOGGLE, MOMENTARY
CUT LEAD SHORT- () 4 |51 07224951 135,
T | |52 [072-4208 | 2MTCH, 4 FOS. DI
I |5 |o72-4880 | MTCH, ROTARY
DETAIL "B” VR1 - INSTALL 3-LEAD PLASTIC CASE MOUNTING WASHER
xR AS SHOWN ABOVE | |54 | 074-488) FOR Slb
- lhﬁéA%\rb%;‘L’E\%DLéﬂﬂE_TAL TASE 2 |55 [10- 0042 %OZNI\;’,, 5 PIN MOLEX (FFMMM)
| |5 [10-use | QNN 5 PIN MOLEX (i)
57
58
BISTRUNERTS. 6. A [INSTIRUMENTISIIN G A

MAIN BOARD
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Gas Flow Conversion Chart

GAS SYMBOL SPECIFIC HEAT, Cp DENSITY CONVERSION
cal/g°C g/l@0°C FACTOR
Air — 240 1.293 1.00
Ammonia NH, 492 760 73
Argon Ar 1244 1.782 1.44
Arsine AsH, 1167 3478 67
Boron Trichloride 8Cl, 1279 5.227 41
Bromine Br, .0539 7.130 81
Carbon Dioxide CO, 2016 1.964 74
Carbon Monoxide CcoO .2488 1.250 1.00
Carbon Tetrachloride CCl, .1655 6.86 31
Carbon Tetrafluoride CF, .1654 3.926 42
(Freon - 14)
Chlorine Cl, 1144 3.163 86
Chiorodifluoromethane CHCIF, 1544 3.858 46
(Freon - 22)
Chloropentafluoroethane C,CIF, .164 6.892 .24
(Freon - 115)
Chlorotrifluoromethane CCIF, 183 4.660 38
(Freon - 13)
Cyanogen C,N, 2613 2322 61
Deuterium D, 1.722 1799 1.00
Diborane B,Hg .508 1.235 A4
Dibromodifluoromethane CBr,F, 15 9.362 19
Dichlorodifluoromethane CCl,F, 1432 5.395 35
(Freon - 12)
Dichlorofluoromethane CHCI,F 140 4592 42
(Freon - 21)
Dichloromethylsilane (CH,),SiCl, .1882 5.758 25
Dichlorosilane SiH,Cl, 150 4.506 40
1,2 - Dichlorotetrafluoroethane C,Cl,F, .160 7.626 22
(Freon - 114)
1,1 - Difluoroethylene C,H,F, 224 2.857 A3
(Freon - 1132A)
2,2 - Dimethylpropane CsH,, 3914 3219 22
Ethane C,Hg 4097 1.342 .50
Fluorine F, 1873 1.695 .98
Fluoroform CHF, 176 3.127 .50
(Freon - 23)
Freon - 11 CCI,F 1357 6.129 33
Freon - 12 CCl,F, 1432 5.395 .35
Freon - 13 CCIF, 153 4.660 .38
Freon - 13 B, CBrF, 1113 6.644 37
Freon - 14 CF, .1654 3.926 42
Freon - 21 CHCI,F 140 4592 42
Freon - 22 CHCIF, .1544 3.858 46
Freon - 23 CHF, 176 3127 .50
Freon - 113 C2Cl3F3 161 8.360 20
Freon - 114 C2C1,F, 160 7626 22
Freon - 115 C,ClFsg 164 6.892 24
Freon - 116 CZFG .1843 6.157 24
Freon - C318 CyFg 185 8.397 a7




Gas Flow Conversion Chart (Cont'd.)

GAS SYMBOL SPECIFIC HEAT, Cp DENSITY CONVERSION
cal/g°C g/l@0°C FACTOR

Freon - 1132A C H.F 224 2.857 43
Helium H2 22 1.241 1786 1454 *
Hexafluoroethane € 1843 6.157 24

(Freon - 1186) C2Fe
Hydrogen H, 3.419 0899 101 *
Hydrogen Bromide HBr .0861 3610 1.00
Hydrogen Chloride HCI 1912 1.627 1.00
Hydrogen Fluoride HF 3479 .893 1.00
Isobutylene C.Hg 3701 2503 .29
Krypton Kr 0593 3.739 1.543
Methane CH, .5328 715 72
Methy! Fluoride CH,F 3221 1518 .56
Molybdenum Hexafluoride MoF 1373 9.366 21
Neon Ne .246 800 1.46
Nitric Oxide NO .2328 1.339 .99
Nitrogen N, .2485 1.250 1.00
Nitrogen Dioxide NO, .1933 2.052 74
Nitrogen Trifluoride NF, 1797 3.168 A48
Nitrous Oxide N,O .2088 1.964 71
Octafluorocyclobutane C,Fg 185 8937 A7

(Freon - C318)
Oxygen 0, 2193 1427 1.00
Pentane CsH,, 398 3219 21
Perfluoropropane C,Fg 194 8.388 A7
Phosgene COcCl, .1394 4418 44
Phosphine PH, 2374 1.517 76
Propane CyHg 3885 1.967 36
Propylene C3Hg 3541 1.877 41
Silane SiH, 3189 1.433 60
Silicon Tetrachloride SiCl, 1270 7.580 .28
Silicon Tetrafluoride SiF, .1691 4643 .35
Sulfur Dioxide SO, .1488 2.858 69
Sulfur Hexafluoride SFg 1592 6.516 .26
Trichlorofluoromethane CCi,F 1357 6.129 .33

(Freon - 11)
Trichlorosilane SiHC] .1380 6.043 33
1,1,2 - Trichloro - 1,2,2 CC]ZFEC] Fa 161 8.360 20

Trifluoroethane C»ClaF

(Freon - 113) 2¥'3'3
Tungsten Hexafluoride WF, 0810 13.28 .25
Xenon Xe 0378 5.858 1.32

* CONSULT MKS FOR SPECIAL APPLICATIONS

NOTE: Standard Pressure is defined as 760 mmHg (14.7). Standard Temperature is defined as 0°C.







UNITED STATES
Corporate Headquaters
MKS Instruments, Inc.
Six Shattuck Road
Andover, MA 01810
Phone: (508) 975-2350
(800) 227-8766
Telex: (910) 240-8005
Fax: (508) 975-0093

MKS Instruments, Inc.
789 Grove Road

Suite 111

Richardson, TX 75081
Phone: (214) 231-0173
Fax: (214) 4374127

MEKS Instruments, Inc.

3019 Alvin Devane Boulevard

Suite 210

Austin, TX 78741
Phone: (512) 385-1800
Fax: (512) 3854411

MKS Instruments, Inc.
3350 Scott Blvd., Bldg. 4
Santa Clara, CA 95054
Phone: (408) 988-4020
Fax: (408) 988-4490

MKS Instruments, Inc.
3189-E Airway Avenue
Costa Mesa, CA 92626
Phone: (714) 641-8555
Fax: (714) 850-0482

NGS Division of

MKS Instruments, Inc.

24 Walpole Park South

Walpole, MA 02081

Phone: (508) 660-1770
(800) 282-1770

Fax: (508) 668-5822

MKS Worldwide

Customer Support Centers

HPS Division of

MEKS Instruments, Inc.

5330 Sterling Drive

Boulder, CO 80301

Phone: (303) 449-9861
(800) 345-1967

Fax: (303) 442-6880

CANADA
MKS Instruments, Canada Ltd.
30 Concourse Gate
Nepean, Ontario, Canada K2E7V7
Phone: (613) 723-3386
(800) 267-3551
Fax: (613) 7239160

FRANCE

MKS Instruments France s.a.

43, Rue de Commandant Rolland
B.P. 41

F-93352 Le Bourget, Cedex, France
Phone: 33(1)48.35.39.39

Telex: 233817 F

Fax: 33(1)48.35.32.52

GERMANY/BENELUX
MKS Instruments

Deutschland GmbH

Schatzbogen 43

D-81829 Miinchen, West Germany
Phone: 089/42 00 08-0

Telex: 529997

Fax: 089/42 41 06

UNITED KINGDOM
MKS Instruments, Ltd.

2 St. George Court
Dairyhouse Lane
Altrincham, Cheshire
WAI14 5UA, England
Phone: 61-929-5500

Fax: 61-929-5511

ISRAEL

Israel Scientific Instruments, Ltd.
17 Pinhas Strect

Ramat-Gan 52306, Israel

Phone: (03) 6772051/2/3/4/5
Fax: (03) 6770808

ITALY

G. Gambetti Kenologia S.N.C.
Via A. Manzoni, 5

20082 Binasco (Milano), Italy
Phone: 9609.30.82

Telex: 315340 KENOL I

Fax: (02) 9052778

JAPAN

MKS Japan, Inc.

Dai-Ichi Shinkoh Bldg., Room 203
No. 28, Yotsuya 4-Chome
Shinjuku-Ku, Tokoyo 160, Japan
Phone: 03-3352-5791

Fax: 03-3352-5790

KOREA

MEKS Korea Co., Ltd.

Zeus Building

3-16, Yangjae-Dong
Seocho-Ku, Seoul

137-130 Korea

Phone: 011-82-2 529-0713/4
Fax: 011-82-2 529-0715

PEOPLE’S REPUBLIC OF CHINA
Silicon International, Inc.

Unit 4C, 8 Zun Yi South Road

Jin Min Building

Shanghai, P.R., China 200051

Phone: 011-86-21-2759312

Fax: 011-86-21-2191175

REPUBLIC OF CHINA
Nikko Shoji Taiwan Co., Ltd.
8F-1 No.67, Tzu-Yu Road
Hsinchu, Taiwan

Phone: (035) 424351

Fax: (035) 424352

SINGAPORE

Singapore Electronic & Engineering Litd.
24 Ang Mo Kio Street 65

Singapore 2056

Phone: (65) 481-8888

Fax: (65)481-4272
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