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MKS [NSTRUMENTS, INC.

WARRANTY

for Type 170M-6C
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 sole remedy of
the purchaser for any breach of 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 handiing
any other incidental charges with the MKS sales
representative or distributor from which the equip-
ment was purchased or, in the case of a direct
purchase from MKS, with the MKS home 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-
quential 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, EXPRESSED OR 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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SECTION 1
INTRODUCTION

1.1 General (Figure 1-1).

The MKS Baratron® Type 170 High Accuracy
Capacitance Manometer Pressure Measurement
and Control Systems are designed with a modular
concept. For high accuracy pressure monitoring
the only required modules are the Sensor Head
and Electronic Unit (170M-6C), while for high
accuracy Closed Loop Pressure Control the only
required modules are the Sensor Head, Electronics
Unit (170M-6C),Automatic Pressure Controller
and Control Valve. To these basic systems,
optional modules can conveniently be added to
provide display (analog and/or digital readout)
and Data Acquisition (analog strip chart recorder
and/or digital printer).

Additional Sensor Heads can be added to
the basic system utilizing modular multi-channel
manual or automatic Sensor Head selectors to
cover up to 10 decades of pressure measurement
with the highest realizable system accuracy.

For multi-point/multi-gas automatic pressure
and/or flow control, additional Set-Point and valve
selector modules can be conveniently added.
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1.2 Brief Electrical Description.

The electronics unit is a self-contained
signal conditioner with a built-in regulated power
supply, 10 kHz oscillator, a high accuracy AC to DC
converter to provide a very stable + 10V DC
output which is linear with pressure. An MKS
Sensor Head and the 170M-6C Electronics Unit
provide the minimum necessary configuration
required fogza conversion of pressure into a use-
able stable DC output. Three ranges are provided
and are manually selectable or remotely selectable,
via rear connections. Required input to the170M-6C
Electronics Unit is105-130VAC,60 Hz or210-260
VAC, 50-60 Hz through a grounded 3-wire cord.
Both AC inputs are selectable via taps and are
readily accessible.

1.3 Brief Mechanical Description.

The type 170M-6C Electronics Unit is designed
to match the other 170M” building block systems.”
In these systems thumb screws secure the Elec-
tronics Unit in either a cabinet or 19” Rack Mount.
The Electronics Unit is removed by loosening the
thumb screws, disconnecting all cables from the
rear, and pulling the electronics unit forward.

Type 170M-6C
Electronics Unit

MKS BARATRON " @ TYPE 170MsC

O aacemurenen Q)

MULTIPLY HEAD RANGE BY
1o o

REMOTE

SYSTEM
cueck

SENSOR

CONTROL
VALVE

Figure 1-1

PRESSURE
CONTROLLER
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Type 170 High Accuracy Baratron® Pressure Measurement And Control System



1.4 Specifications.
Input:  105-130VAC 50/60 Hz
210-260VAC 50/60 Hz

Output: Two: 0-10V DC perrangeinto 10K
ohm or greater load for simuitaneous in-
puts to analog and digital readouts if de-
sired Available simultaneously at two
output connections.

DC Output Source Impedance:
Less than 1 ohm.

Operating Temperature:
15-40°C

Ranges: X1, X0.1, X0.01 of full range of
Sensor Head.
Gain Stability:

25 PPM/° C uncompensated

Resolution:
' 1 x 10-6 See Table 1-1

Zero Drift:
Less than 0.1 mV/°C

Linearity: ,
0.005% of reading + 0.001% of
full scale.

Output Noise: : .
Low frequency, less than 70 micro-
volts all ranges @ 0.4 Hz bandwidth.
High frequency, 4mV peak-to-peak.
(1kHz-1 MHz) .

Remote Range Selection:
Ground closure or TTL Lo.

Response Time Selection: : ST
Fast: 165 Hz bandwidth . ... 1 msec .
Normal: 4.0 Hz bandwidth . . . . 40 msec
Slow: 0.4 Hz bandwidth . . . . 400 msec

Dimensions: -
1A module (See Data Sheet)

“USEABLE” SYSTEM (SENSOR HEAD - 170M-6C) RESOLUTION WITH VARIQUS READOUT UNITS

With Analog Digital Digital
Readout Meter Readout Readout
On Unit Type Type Type
Range. 170M-26B | 170M-27D | 170M-25C -
x 1 2 x 10-* 1 x 10-¢ 1x10-5
x 0.1 2 x 10-% 1 x 10-5 1 x 10-5(*)
) x 0.01 2x10-5 () | 1x10-5 () | 1x 10-5(")

“Note: Resolution of signal conditioning system is greater than useable system resolution at present time. Under “ideal” operating

conditions, better useable resolution may be attainable.
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SECTION 2
OPERATION

2.1 General.

This section provides information covering
unpacking, packing, inspection after shipping
and general operation. Please read paragraphs
on control description and rear panel connectors,
before energizing the Electronic Unit.

2.2 Inspection After Receipt

Reasonable care has been taken to pack
your Electronics Unit in a manner such that it will
reach you in perfect operating condition, however, to
be sure that the instrument will function properly
check to see that it has not been damaged in
shipping, there should be no dents, cracks, or
breaks in the case.

2.3 Unpacking

When shipped as a part of a MKS pressure
measuring system the type170M-6Cis mounted
in a cabinet or a rack frame and is ready to operate
once the system is cabled properly. When ordered
Separately the type170M-6Cis shipped in a card-
board container and is isolated from normal ship-
ping shock by suitable absorbing materials.

2.4 Packing for Return to MKS

PRIOR TO RETURN TO MKS, AN ERA
NUMBER (EQUIPMENT RETURN AU-
THORIZATION) SHOULD BE OBTAINED
FROM MKS CUSTOMER SERVICE DEPART-
MENT. THE ERA SHOULD BE CLEARLY
VISIBLE ON THE PACKING LABEL AND
PACKING SLIP.

If the original shipping container and its
shock absorbing materials have been saved the
Type170M-6Cmay be easily packed and shipped
by any commercial transportation facility or by mail.
If original shipping container has been discarded,
the instructions below will suffice. Do not return
equipment before advising MKS Instruments, Inc.

1. Carefully inspect the Electronics Unit for
loose items.

2. Pack in container using the box within a
box procedure.

3. Obtain a shipping container which is
sufficiently iarge enough to permit one inch of
shock absorbing padding to surround the unit.
Suitable Padding Materials are:

A. Shredded newspaper

B. Crumpled newspaper

C. Kimbak

D. Excelsior, either wood or paper

E. Foam rubber
F. Rubber Hair

4. Place the Electronics Unit in a plastic
bag to prevent padding materials from entering
during shipment.

5. Place the container in a larger box sur-
rounding it with at least one inch (top, bottom
and sides) of some isolating material.

6. Address the box. Containers of 2 cubic
feet or more should have address labels on at
least two opposite sides.

7. Be sure to insure the shipment accordingly.

8. The method of shipment depends on the
cost involved and urgency of the shipment.

2.5 Installation.
2.5.1 Electronics Unit

The Electronics Unit is designed primarily
as a companion unit for type 170 pressure and
vacuum systems and normally supplied in either
a cabinet or 19” rack mount along with other 170
modules. In the event that the Electronics Unit
was supplied separately it may be mounted on a
Customer’s panel using the front panel thumb
screws or simply placed on a work stand. The
mounting position is not critical and it will operate
properly in any plane.

Natural convection cooling is sufficient for
proper operation of the Electronics Unit. No spe-
Cial precautions are needed to protect the unit
from ordinary mechanical shock and vibration.

Normal operating temperature is 15-40°C
and special care should be exercised when instal-
ling the unit to assure proper ventilation. This is
particularly important when a rack mount is used
and the unit may be positioned between other
equipment which would cut-off ventilation.

All electrical connections are made via con-
nectors on the rear panel of the Electronics Unit.
Connector descriptions are shown in Figure 2-1
while the cable diagram Figure 2-2 shows all
proper cables connections between various 170
modules.

2.5.2 Sensor Installation.

Refer to MKS operating and maintenance in-
structions for 170 series sensor heads.

!



2.6 Rear Connector Descriptions (See Figure 2-1).
REMOTE (A)

(P2 Figure 2-2) Provides connection to range
selection circuits when used with a controller or
other external devices to range change. The three
ranges (1., .1, .01) along with a 0-10V DC output
on each range is available through this connector,
range connections are as shown in Table 2-2.

ACCESSORY (B)

(J1 Figure 2-2) Interfaces with Digital Read-
out Units (DRU), provides 0-10 VDC output, deci-
mal point location for digital readouts, and oscil-
lator power supply outputs.

INPUT (C)

(J3 Figure 2-2) Sensor cable or other sensor
conditioning cable is inserted in this connector
to provide, excitation, Heater power etc.

DC. OUT (D)

When used with Ground Jack provides 0-10V
DC output for 170M-26B analog meters, 170M-41
recorders or other external devices.

AC.OUT (E)

Test point for maintenance/trouble shooting
purposes.

GROUND (F)

Test point prdvides access to Electronics
Unit Ground.

0SC (G)

Test point for maintenance/trouble shooting
purposes.

2-2

FUSE (H)

Line fuse to protect internal circuitry of the
Electronics Unit. The “High Side” of the line is
fused.

Fuse Values: 3/8 A.S.B. (115VAC)

1/4 A.S.B. (230VAC)

ACCESSORY POWER OUTPUT (I)

(Not labeled) This outlet is controlled by the
front panel power switch and provides a voltage
identical to the input to the Electronics Unit (115
or 230Vac). This outlet is not fused.

INPUT POWER CORD ({J)

(Not labeled) Provides 115-or 230 Vac to
the electronics unit. The slide switch on the
transformer bracket sets the unit for the
proper voltage.

REMOTE
O

<mowomaor O
A

AcC.OUT| O
3/8A $.B.(110V)

T

1/4A $.8.(220V)

0——0

O

GROUND | O

0
0

c.| O |«t+—

Figure 2-1 Rear Panel Cable Connections



170M.268 . *  CABLE IS PART OF ASSEMBLY
S | REPRESENTS THESE SENSORS: 94A
REV C 1 - '
-l 70M-6B,C 145A-8, 210H, 300, 305A-B, 310A-B,
c 315A-8
CB365 DP ~<— INDICATES SIGNAL FLOW
170M-41 OUTTP ut TO EXTEND CB036 USE CB206
CB110
CB036
CB11 170M-43 ‘4_____{::]
170M-38 | 110 «
e CB149
cB364 w8 e
‘ 2z|z |R CB149
CBO.
. Z2(8_1¢9 170M-35 38
CONTROL 170M<44 cols5lz
VALVE z |89 CBO36
CB363 a2 |° j‘ S |
{ 3] § CB149 CB036
S |2 170M-29 4—-
FUTURE 8320
CONTROL CB322 170M-
ACCESSORIES 258 CB149 CB036
10-1-75 €B320 ‘ S
170M.
8¢ | ©BO36
170M- CB320 [ 13:‘88,%
278 cB363 ( | cBoss
170M42 ’
i CB323

Figure 2-2 Cable Connections, B104 117

LINE VOLTAGE SELECTION

TO CHANGE—DISCONNECT THE UNIT
FROM ANY POWER SOURCE AND REMOVE
THE BOTTOM COVER AND USE A SCREW-
DRIVER TO SET THE SWITCH TO THE
PROPER VOLTAGE.

2.7 FrontPanel Controls. (See Figure 2-4)

A description of the front panel controls is
given below.
NOTE: Capital Letters Indicate Actual Front
Panel Markings.

RANGE MULTIPLIER (A)

This switch controls the measurement mode
of the instrument. The remote, 1, 0.1, & .01 positions
are active measurement ranges while the System

2-3

Check, Null and Full Scale are operational check
positions.

NULL (B)

When the range switch is placed in the Null
position, the input to the 1770M-6Cis at ground
level. This control is then adjusted to produce a
zero reading at the DC output. (Signal Conditioner
Null).

FULL SCALE (C)

When the Range Mulitiplier switch is placed
in the Full Scale position the input to the 170M-6C
is connected to an internal calibration signal.
This control is then adjusted to produce a Full
Scale (+ 10V)at the DC output. (Signal Conditioner
Full Scale).



SENSOR ZERO-COARSE (D)

This control is used in conjunction with the
Sensor Coarse Zero to provide an approximate
zero setting.

SENSOR ZERO-FINE (E)
This control is used in conjunction With the

170M-6CCoarse Zero to provide high resolution
in the zero setting.

HEATER (F)

This lamp comes on when power is being
applied to the heaters.

REG/OFF (G)
This switch controls power to the heaters.

When placed in the reg. position, power is applied
to the heaters in the sensor to maintain a pre set

temperature. This minimizes zero and span shift
due to ambient temperature variation. This switch
is a locking type and the handle must be pulled
back to change positions.

RESPONSE (H)

This switch controls the electrical bandwidth
of the instrument. The three positions are:

FAST ....... 165 Hz....1 msec

NORMAL 4 Hz ... .40 msec

SLOW .....4 Hz . .. . 400 msec
ON/OFF (l)

This switch coht_rols power to the 170M-6C
as well as to the accessory outlet on the rear panel.

PILOT LAMP (J)

This larﬁp‘indicates that power has been
applied to the indicator and that the power sup-
plies are functioning. - -

@

REMOTE
SYSTEM
, CHECK
®
SENSOR
(-

T

RESPONSE

©®

CZ)/@LOW

INC.

FINE COARSE

MKS BARATRON %, TYPE 170M-6C .

RANGE MULTIPLIER

MULTIPLY HEAD RANGE BY
1

0.1

HTR
@)

REG

FAST @
NORM

MKS INSTRUMENTS®

@

.01

4{5)

@@

,

FULL
SCALE

NULL

BURLINGTON,
MASS.

Figure 2-4 Front Panel Controls
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2.8 Operation.

The 170M-6C is designed to operate with
most MKS Sensors of recent manufacture. (Cur-
rently Types 94A & B, 145 A & B, 210, 300 A & B,
305 A & B, 310 A & B and 315 A & B. For simplicity,
the descriptions that follow will be based on a
Sensor (one of the above), the 170M-6C Electonics
Unit and Type 170M-27B-D digital indicator.

2.8.1 Cable Connections.

Cable all 170 components and sensor as
shown in figure 2-2, and according to the instruc-
tions below:

A. Connect the sensor to the170M-6Cwith
a CB 036 cable to the Input connector, J3.

B. Connect the digital readout (type
170M-27B-D) to the accessory connector
using a CB 363 cabie.

C. Plug-in the power cable from the digital
readout to the accessory power outlet on the rear
of the Electronics Unit.

D. Set the range switch on the digital read-
out (Type 170M-27B-D) to match the range of
the sensor used.

E. With the 170M-27D place the display
units switch to the required display range.

F. Plug the power cable from the170M-6C
to any appropriate source of AC power. Use only
a three-wire grounded receptacle or an adapter
plug to ground the 170M-6C through the power line.

G. Apply power to the entire system by
placing the 170M-6C power switch in the ON
position.

2.8.2 Sensor Temperature Stabilization.

Non Bakeable sensors such as Types 145
and 310 have built in heaters to minimize the zero
and span drift that would be caused by changes
in the ambient temperature. Power to these heaters
is controlled by the heater switch on the front
panel and is indicated by the lamp mounted di-
rectly over the switch. This provides a visual indi-
cation of current flow in the heaters. Bakeable
sensors such as Type 94 and 315 require external
sources of heat control (MKS Type 1090 tempera-
ture controller) and do not use the built-in heater

supply in the 170M-6C.When bakeable sensors
are used with the170M-6C Electronics the heat
circuit is inoperative and the heater lamp WILL
NOT LIGHT.

A. To properly temperature stabilize a “cold
sensor”. Turn on the heater switch and allow the
heaters a minimum of 4 hours to stabilize the
sensor. For sensors that have just been received
it is recommended that the sensor be on heat
overnight. For the best possible accuracy the
sensor should always be operated with the heaters on.

NOTE:

Some sensor Types have a proportional type
heater control. There is a small delay between the
application of power and a visual indication on the
heater lamp. The lamp then comes on brightly -
goes out and comes back on at a lower intensity.
It remains on at the lower intensity. For sensors
having a thermostat control, the lamp will cycle
on and off with the thermostat.

When a sensor is connected to a 170M-
134C or 170M-34B,C the heaters are powered
from supplies in those units and the heater
switch on the 170M-6C should be turned OFF.

2.8.3 Setting System Zero. (For additional
information refer to INSTRUCTION MANUAL
for 170 Series sensor heads)

To obtain and adjust zero, an absolute sensor
must be pumped down below its maximum reso-
lution; a differential sensor must be cross-ported,
or both sides exposed to the same pressure.
If a head selector unit is connected in the system
the zero controls on the170M-6C are bypassed,
and the muitiplex unit zero adjust control is used.

Sometimes when sensors and signal con-
ditioners have been supplied separately it may
not be possible to set the system zero with the
electronics unit coarse zero. It is then necessary
to adjust the coarse zero control on the sensor.
First center the indicator coarse zero and then
remove the snap plug at the rear of the sensor
case. The sensor coarse zero is the control marked
“Q”. Adjust for approximately zero on the meter
and then trim with the indicator controls. The
control marked “S” is the sensitivity adjustment
and this shouid NEVER be adjusted since it re-
quires a known pressure standard to reset it.

A. Switch the range switch to the NULL
position to check the zero of the 1770M-6C.Ad-
just the NULL if necessary.



B. Switch the range switch to the desired
Range normally x1 for 170M-25B,C Readout
and the x.1 for the 170M-27B-D Readout).

C. Adjust the Electronics Unit coarse zero
to bring the output as close to zero as practical
and then use the fine zero to set it precisely.

2.8.4 Quadrature Control.

Because of improved sensor and indicator
phasing the Quadrature control is no longer re-
quired, and has been removed from the 170M-6C
However, this control does appear on the 170M-348
& 170M-36B head selector units. When a170M-6C
is used in conjunction with either of the head
selectors the Quadrature contol should be centered
to avoid injecting an unnecessary Quadrature
signal into the system. To center the control,
turn 25 times in CW direction and then CCW 12 times.

2.8.5 System Check.

When the range switch is placed in system
check a calibrated signal is sent from the sensor
through the sensor cable to the 170M-6C.The
value of this signal is recorded on the calibration
sheet for each sensor. This signal is useful in
checking the operation of the sensor electronics
and sensor cable. The sensor is bypassed in this
position and therefore the system check is an
electronic test only not a calibration check. Cali-
bration can be checked only against an appropriate
primary, secondary, or transfer standard.

To reproduce the systems check number,
apply a zero pressure to the sensor and adjust
the system zero. Then switch to the system check
position and the system check number will be
displayed at the output.
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2.8.6 System Resolution/Readouts.

With three ranges of sensitivity on the
170M-6C and the combination of a 4% or 5%
place digital display it is possible to exceed the
practical resolution of the Sensor and display
system noise. For general purpose use it is there-
fore advisable to recognize this limitation. Table
1-1 may be used as a guide for range selection.

2.8.7 Remote Operation.

The three sensitivity ranges, 1, .1, and .01
may be selected remotely. Selection is done
through the Remote conmector shown in Table 2-1.
The DC output voltage is also present at this
connector. The range multiplier switch must be
placed in the Remote position.

Table 2.1 Remote Rénge Selection

. . Remote Connector
Range to be Selected Pin3 Pin4
1 Hi Hi
A Lo Hi
.01 Hi Lo
Lo = groundto +.8V
Hi = + 2.4V toopen circuit

Digital ground is on pin 5.

2.8.8 Operating The System.
1. Turn power switch “ON”’

2. Allow a minimum of 4 hours for Sensor
Heaters to stabilize.

3. Turn range multiplier switch to the NULL
position. The output should read zero volts. If not
adjust the NULL potentiometer until the output
is exactly 0.0000 volts.



4. Turn range multiplier switch to the FULL
SCALE position. The output should read + 10V
* .01%. If not adjust the F.S. potentiometer
untit output is exactly 10.0000 volts.

5. Apply zero differential pressure to the
Sensor. (Pump absolute sensors down to a pressure
below system resolution.)

6. Switch the range multiplier to the System
Check position and compare output reading with
that shown on the sensor calibration sheet. If
reading is not correct refer to Section 4, Maintenance,
as aproblem is evident. See Section 2.8.5.
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7. Set range multiplier to appropriate mea-
surement range (X1, X0.1, X.01).

8. Apply pressure and measure pressure
(absolute or differential) directly in Torr or other
engineering units on the display.

NOTE: With experience, the frequency which
these adjustments need to be made will rapidly
be determined. For extremely critical measure-
ments of very low pressures, checking zero and

full scale more often increases the accuracy of

the measurements being made.



SECTION 3
THEORY OF OPERATION

3.1 General See Figure 3-1.

This section is devoted to a discussion on
the theory of operation of the type 170M-6C
Electronics Unit and its purpose is to provide the
reader with sufficient information to improve his
general knowledge of the equipment and to faci-
litate any maintenance procedures in the event
they become necessary. It is to be noted that the
maintenance procedures described in Section 4
do not require a knowledge of this section.

A basic 170 system consists of the 170M-6C
Electronics Unit, Sensor Cable, and a Sensor. A
typical system is shown in Figure 3-1. Basically

the 170M-6C ‘consists of a power supply, Oscillator,

AC Ampilifier, DC Converter, A Demodulator Drive
and a range selection circuit and a range multiplier
switch. Individual descriptions of each of these
functions is below.

3.2 Heater Power Supply See Figure 3-2.

The heater supply consists of bridge recti-
fiers DB102 and the RC filter R201 and C208
The voltage at no load is approximately 110 volts
which will be approximately 85 volts under full
heater load (approximately 12 watts). The heater
supply is totally above ground so some care must
be taken not to ground the heater return. Power
is supplied through VR 202 and the heater lamp.
This parallel combination provides a visual heater
indication when used with the proportional
heaters and prevents lamp burn out when used
with the thermostat type control.

3.3 +13VoltSupply. See Figure 3-2.

Both power supplies are identical floating
13 volt power supplies. The negative terminal
of one is connected to the positive terminal of
the other and connected to ground. This
produces the required +13v and -13v at the
other remaining terminals.

The regulators are the three terminal
adjustable type. An adjustment range of
approximately |V is obtained from the
potentiometers R203, R204. These regulators
provide current limit, thermal over-load and
safe area protection. Therectifiers D210, D211
protect against voltage reversal.

At the output of each supply there is a jumper
bus. This bus doubles as a test pajnt and a
means of isolating the power supply when
troubleshooting the circuit. "

CAUTION: TO AVOID DAMAGE, NEVER
OPERATE THE INSTRUMENT WITH ONE
POWER SUPPLY DISCONNECTED. BOTH
SUPPLIES MUST BE DISCONNECTED AT
THE SAME TIME.

3.4 Preamplifier Power Supply.

The RC Filter formed by R227 and C219
provides a +13 volt supply for the sensor
electronics.
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3.5 Oscillator. See Figure 3-3.

Oscillator is a Wein Bridge type which has
a buffered output and amplitude stabilization
to insure constant output voltage under ali
load conditions. The oscillator is formed by
amplifier V203 and the bridge network C214,
C218, R216, R221 & R222. The frequency is
factory adjusted to 10 KHz by adjustment of
R222. The output of V203 passes through the
buffer amplifier formed by Q201-Q204. This
output is fed back to the oscillator input by
R217. Diodes D201 and D202 act to shut down
the buffer amplifier in the event of a short
circuit at the output. Amplitude stabilization is
accomplished by rectifying the output and
comparing the DC level against the tempera-
ture regulated precision reference VR201.
This reference voltage is applied to the
positive input of the integrating amplifier
V205. The negative input of this amplifier is
connected to a precision half wave rectifier,
V204. The integrator compares the difference
between the reference voltage and the
rectified output and produces a control signal
for Q205. Should the rectified output exceed
the reference voltage, Q205 is biased OFF and
the gain of the oscillator amplifier is de-
creased. When the rectified output falls below
the reference voltage, Q205 is biased ON and
the gain of the oscillator amplifier is increased.

This technique of buffering and ampli-
tude stabilization produces a high purity sine
wave capable of driving loads on the order of
100 ohms or less with almost no changeinthe

output. The output is also connected to T201
which provides excitation to the zero controls
through windings 5, 6, and 7. Winding 3-4
provides the- precision voltage, 1.5V RMS
which is the signal that is connected to the
FULL SCALE position of the instrument. This
voltage is the internal standard which is used
to set the gain of the 170M-6C.

3.6 AC Amplifier and AC to DC Converter.
See Figure 3-4.

The input signal is applied across P102 pins
1 & 2 and is coupled into the differential input of
the first AC amplifier U103. The differential
mode is used to eliminate any possible errors
of 60Hz signal on measurement grounds. The
signal is then amplified by a factor of 3 and
then passed on to the range transformer T101.
Depending on the range selected the signal is
either passed through directly (.01 range), or
divided by 10 for the .1 range or divided by 100
for the 1 range. Selection of the proper
transfer taps is done by turning ON or OFF
FET switches Q102-Q104. The logic that
commands these switches is discussed in
conjunction with synchronous detector (de-
modulator) drive controls.

The signal passes from the transformer to
the high impedance input of the second AC
amplifier U105. U105 amplifies the signal 30
times and couples it through C111 & C112 to
the primary of the transformer T102. T102 to-
gether with the switching FET's Q106 and
Q107 form the synchronous detector. The
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FET'saredriven 180° out of phase by a25V P-p

switching squarewave which is synchronized .
perfectly to the 10kHz Oscillator. The FET's -
are turned ON and OFF, first grounding one

end of the secondary of T102 and then the
other, this causes the center of the transfor-
mer to produce a full wave rectified signal. By
switching in this manner all 60Hz and all 90°
quadrature signals are blocked from the
output.

The rectified signal then passes through
to the input of the DC integrator U106 which
filters and amplifies the wave form to produce
a noise free DC output signal. The signal is
adjusted to the proper full scale of 10 volts with
the course span adjust R151 and is filtered
once more by L101 and C129 and then applied
to the proper output connectors.

3.7 Demodulator Drive. See Figure 3-5.

This circuit provides a fast switching wave
form that is synchronized with the Oscillator to
drive the switching FET’s in the demodulator,
(synchronous detector) and is done by applying
the Oscillator input voltage to the comparator
U107. When the Oscillator crosses through
Zero the comparator switches; one output
goes high while the other goes low. These
outputs are applied to the high speed “flip
flop” that is formed by Q108-Q111. The
demodulator drive circuit increases the
switching speed and produces a waveform
that switches between * 13 volts. This

waveform and its complement are connected
to the switching FET's through C113 and
C114.

3.8 Range Selection Circuit. See Figure 3-5.

The range selection circuit provides a

means to select the proper sensitivity range
either by the manual range switch or by the
external control connector and to provide
decimal point information to the 170 digital
indicators. The switching is based on the
principle that the 1 range is selected by the
absence of a command to the .1 or .01 ranges.
The command to select the .1 or .01 range by
the range switch is done by applying a ground
closure to P102-5 or 6. P102-7 is left in the HI
state to “Lockout” any commands from the
remote connector. Two nand gates U102C
and U102D produce the€ range commands
which are applied to the junctions of U104A
and B and U101E & F. U104 produces the
commands to the switching FET’s, Q102-
Q104, while U101D-F selects the proper
decimal command to be sent to the accessory
connector.

In the remote position P102-7 is ground-
ed which defeats the “Lockout” and enables
commands from the remote connector to be
entered through U101 B and C. The outputs
from U101 are passed through the “Lockout”
gates U102 A and B to the inputs of U102 C and
D. At this point range selection is identical to
the process described before.
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SECTION 4
MAINTENANCE

4.1 General.

MKS Instruments recommends that any
instrument that is still covered by the warranty
be returned to the factory for repair and recalibra-
tion. If it is not possible to return the instrument,
contact the MKS Factory for assistance.

While the circuits in the170M-6Care not in
themselves extremely complex, replacement of
components may require various stages of recal-
ibration.

The theory of operation section (Section 3)
describes all circuits plus waveforms and voltages
at key points.

The circuits are contained on two circuit
boards which are mounted between the upper
and lower support rods. To remove a board: Re-
move the top cover and remove the screws that
fasten the upper support rod to the front and rear
panels. Then remove the counter sunk screws on
the side of the bottom rails, and lift out, the upper
rod and the circuit board. By removing the power
supply board and laying it flat, the instrument
may be operated while all circuits are totally ex-

posed. When viewed from the front, the power
supply/oscillator board is on the right and the
amplifiers are on the left.

4.2 Trouble Shooting.

Should difficulties be encountered in the
use of any 170 system, information in this section
should help to isolate the source of the problem.
Whenever similar equipment is available the
method of substitution is recommended.

If the pressure reading is over ranged, (11V),
or otherwise suspect, make the checks listed below.

1. Check to be sure that all vacuum fittings
are tight and that the sensor is properly pumped.
down. Low range absolute sensors (100 mmhg and
below) will be over ranged at atmospheric pressure.

2. Connect another meter, analog or digital,
to the output to verify the proper operation of the
system’s meter. '

3. Place the range switch in the system
check position to locate the source of the problem,
and perform tests in Figure 4-1.

Does system check read P
properly? See cal sheet for YES Probleml s in the sensor
mechanics.
system check value.
I
Nf
Problem may be in sensor
electronics, cable or 170M- YES Problem is in the sensor
6C. Do test A. electronics.
Does it pass?
NO
Y
Problem may be in cable or
170M-6C. YES Problem is in the sensor
Do test B. cabte.
Does it pass?
f
NO
4
Problem is in the 170M-6C.
Place range switch in Fuli YES Problem is in the input cir-
Scale. Does it work pro- e cuits of 1770M-6C,
perly?
I
NO
Y
The problem is internal to
the 170M-6C.
Figure 4-1 Troubleshooting



43 Test A, Localizing Malfunction to Cable or
Electronics Unit

Equipment required: VOM

1. Disconnect the sensor from the sensor
cable.

2. Place the range switch in the system
check position.

3. Place the heater switch in the OFF Position.
4. Use the VOM to check the voltages at

the sensor end of the cable. See Table 41
Reference the VOM to pin H.

Table 4-1 Sensor Cable Voltage Checks
Sensor Cable
Pin No. Voltage Function
[ +12to + 13V| Sensor electronics
supply voltage
D +12to + 13V| System Check
command
J 6v RMS Excitation voltage

5. Connect two resistors to the sensor cable
connector as shown in Figure 4-2.

This should produce a negative full scale
* 10% with the range switch in the system
check position.

Connect a short circuit across the 1K, resis-
tor place the range switch in the .01 position and
adjust the coarse zero control. It should be pos-
sible to adjust this control + 40% of full scale.

4.2

Pin J

3K
Pin A

1K
Pin B(—-—«}
Pin H &

Figure 4-2 Test Resistors

4.4 TestB, Localizing Malfunctions to
Electronics Unit

Disconnect the sensor cable from the
170M-6B and check voltages at the input con-
nector. See Table 4-2. J ) Reference the VOM

--topinH.

Table 4,-2' ‘Elect;onics Unit Voltage Checks

Sensor Cable
Pm No. Voltage Function
K +12to + 13V| Sensor electronics
supply voltage
F +12to + 13V| System Check
command
J 6v RMS Excitation voltage

Repeat test A part 5 at the input connector. (J3)

4.5 Recalibration.

Whenever components have been replaced
in the 170M-6B it is necessary to perform a cali-
bration check.

A. Adjust the null for a zero reading.

B. Switch to the Full Scale and adjust the
Full Scale adjust for + 10V + .01%.
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SECTION 5
170 DIGITAL INTERFACING INFORMATION

INPUTS

Type 11 “TTL/DTL” Inputs:
Standard DTL/TTL Circuitry

LO = 0to +0.8V; 1 unitload = - 1.6 MA.

LO input should be less than + 0.4V for 0.4V
noise margin.

HI = +2.0to +5.0V; 1 unitload = + 40 UA.

HI input should be greater than + 2.4V for
0.4V noise margin.

Most MKS inputs are 1 unit load, some are
more.

Type 12 “TTL/DTLI/SV. CMOS” Inputs

Input Z: Greater than 4K ohms from = +5V.

I MAX with input at ground = 1.6 MA =
1TTL load.

Inputs usually filtered except where speed
is needed; filter T.C. usually 500 US gives greatly
increased immunity to fast noise.

LO = 0to +1.5V; including short to ground.

LO input should be less than +0.5V for 1V
noise margin.

HI = +3.5V to +5V;including open circuit.
HI input should be greater than 4.5V for 1v
noise margin.

Acceptable Inputs

1. Standard TTL. The input 4.7K pull-up re-
sistor will pull up open collector, and totem pole
outputs, as well as outputs already resistor pulled
up.

2. Standard DTL.

3. CMOS Buffers such as the CD-4049 and
CD-4050 operating from + 5V supplies.

4. Switch or Relay contact closure to ground.

5. Connection to ground via transistor or
optoisoiator, capable of sinking at least 1.6 MA

5-1

to less than + 0.5V (for 1V noise immunity) when
“ON”, and drawing less than 100 UA of leakage
currentat 5V when “OFF”’, even when hot.

Input resistors easily changed to allow inputs
from CMOS non-buffers (ordinary CMOS) as well
as buffers, with power supplies of +5 to + 15V;
and other logic swings from —-25V to + 28V,
including levels of EIA standard No. RS-232C,
and CCITT recommendation V 24,

OUTPUTS:
Type 21 “DTL/TTL”: Standard Levels

LO = 0 to 0.4V; unit load = + 1.6 MA.
HI = +2.4to +5.0V; unit load = — 40 UA.

Hl = +4.5to +5.0V with4.7K pull-up resis-
torto +5V.

All MKS outputs drive at least 2 unit loads,
some as many as 10.

Type 22 Contact Closures

Isolated contacts from switches or relays,
suitable for driving DTL/TTL/ICMOS circuits (with
pull-up R’s for added noise immunity) as well as -
lights, etc.

170M-6C Interfacing

Range ID’s: LO = range selected; output is
from an unloaded 4049AE.

LO = 0t0.4V sinking < 2.6 mA; 5mA typical.

HI = 4.2 10 5.4 sourcing < 400 uA.

These values are measured relative to the
digital common.

Range Command: LO = Select range.

Inputs to CMOS via 4.7K pull up to +5v
and 4.7 m sec filter

LO = 0to1.4Vat <1.3mA.

HI = 3.8 to 6V including open circuit. (I to
digital ground less than 100 PA for 1 volt noise
immunity. ’
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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

MKS 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) 9884020
Fax: (408) 9884490

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 Suppott Centers

HPS Division of

MKS 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) 723-9160

FRANCE

MXKS 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: 529 997

Fax: 089/42 41 06

UNITED KINGDOM
MKS Instruments, Ltd.

2 St. George Court
Dairyhouse Lane
Altrincham, Cheshire
WA14 SUA, England
Phone: 61-929-5500

Fax: 61-929-5511

ISRAEL

Israel Scientific Instruments, Ltd.
17 Pinhas Street

Ramat-Gan 52306, Israel

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

ITALY

‘G. Gambetti Kenologia SN.C.

Via A. Manzoni, 5

20082 Binasco (Milano), Italy
Phone: 9009.30.82

Telex: 315340 KENOL 1

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

Zeus Co., Ltd.

4th Floor, Zeus Building
3-16, Yangjae-Dong
Seocho-Ku,

Seoul, 137-130 Korea
Phone: (02) 577-3181/6
Telex: K27508 ZEUSCO
Fax: (02) 576-3199

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

Phone: (035) 424351

Fax: (035) 424352

SINGAPORE

Singapore Electronic & Engineering Ltd.

24 Ang Mo Kio Street 65
Singapore 2056

Phone: (65) 481-8888
Fax: (65) 4814272
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




