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100-240VAC 50 60Hz
25Watt 1.3 1.4
c WARNING: AC
SQM-160 3
SQM-160
12 AWG 3-3
2 5x20mm
IECT 4/10A 250VAC
3.2.6

f} WARNING:
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1.0
SQM-160

1.1

1.4

Warning: 110

SQM-160

19

kit"(782-900-008)
3

Warning:

BNC

I/O

/

1.3

3.5 88.9mm

"Half-Rack adapter kit’(782-900-014) "Full-Rack extender

SQM-160
1.4

C SQM-160 Relay I/O I/0

RS232

SQM-160

Windows ™ Comm

BNC

SQM-160
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O RS-232 USB/Ethemet Option Card
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\ 20W
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Relay 1/0
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1.4

Warning:

Sensor

Source
Shutter

Nz

In-Vac Cable __

Feedthrough \

[
6 BNC Cable

Oscillator / 10" BNC Cable
782.902.012-KX (r—TNEZER)

782-900-010

System Components

Ground Wire

pfea San
Sazmar
P

Sensor

In-Vac Cable

Feedthrough

6” BNC Cable BNC

Oscillator
10’ BNC Cable SQM-160 10
30m 100

Ground Wire SQM-160

40

Tk OOOO =]
O OO o e
Teen: 2 T
SQM-160
Monitor
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Enter Program
Mode

Select a Film

Set Film

Parameters

Set System
Parameter

LED

SQM-160
Program
Crystal Life Xtal Life
99 1
Control Knob
Density
Time

Control Knob

Clear

Control Knob

Crystal Status LED

1.4

Status LED
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Program
Program
Control Knob
Program
SQM-160
Sensor Average
24
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Control Knob

Control Knob

Prev

Crystal Status
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Verify Sensor Crystal Status LED
Operation

Display Rate A/s LED (Display 1)
Rate/Thickness Xtal Life

Program

Zero Zero

Thickness

Start SQM-160
Deposition Shutter

2 noisy reading

Density, Z-Factor, Tooling
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SQM-160
21
2 SQM-160
SQM-160
Display 2 (

Note: SQM-160
/

Next

Display1 (

Program

Program

Film Parameters Menu

Xtal Life

SQM-160

Rate Als

Thickness kA

Zero

O 3]
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)
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Time

Control J_‘)
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Rate/Thickness Monitor
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Press NEXT to
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/

Press PREV then
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System menu

—_— ]
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2.2

SQM-160

1.
2.
3.
4. Next

5. Display 2

99

1 99

Film Selection

Program

Q_

Note: SQM-160

Note: SQM-160

Film1

Film99

SQM-160
1
Program
Film#
Next
Prev Display 1
Next
Clear
Program
Film Parameters Menu Sub-Menu

- DENSITY
- TOOLING
- Z-FACTOR
- FINL THK
- THK SET * -1

* - 2
- TIME SET _ 3 Sensors 3to 6
- SAMPLE * show only if the

* four-sensor

- HOLD - option card is
- SENS AVG ™ - 6 Iinstalled.

ZERO-Xtal Life-Shutter



DENSITY 0.5 99.99 1.00 Gm/cc
TOOLING 10 399 100 %
Z-FACTOR 0.10 10.00 1.0
Z-
FINL THK 0.000 99.99 0.500 k
Final Thk LED
THK SET 0.000 99.99 0 k
Thk SP LED
ON
TIME SET 0:00 99.59 0 Min:Sec
Time
SP LED
Relay 3 Dual Sensor 2
SAMPLE 0 9999 0 Sec
Sampling
OFF
HOLD 0 9999 0 Sec
Sampling
OFF
SENS AVG / Enable/Disable Ch1 Enabled
Relay 2 Dual




23

2L O

SQM-160
Program
Prev
Next Prev
Display 2
Clear
Next
Clear
Program
System Parameters Menu Sub-Menu
- TIMEBASE - THCK (A)
- SIM MODE - THCK (nM)
- DISPLAY - MASS
5 o - RATE RES - FREQ - XxTLTOOL1
rogram reyv
Q_@ | - RATEFILT - TIME SP - xTLTOOLS
- RELAY 2 =ed—]- DUAL
- SAMPLING - SENS 2 . RELAY 1
- BAUDRATE .
- - RELAY 4
ETngLme J C EREQMIN
- X - FREQ MAX
- RELAYS — —— - RATE MIN
- FMIN/MAX - RATE MAX
- R/T BNDS - THICKMIN
- THICKMAX




TIMEBASE 0.15 2.00 0.25 Sec
SIM MODE On/Off Off
DISPLAY / THCK/nAnM/ Rate
nm Hz Mass ugm/cc | FREQ/MASS
RATE RES 0.01 01 /s Hi/Low Low
RATEFILT 1 20 8
RELAY 2 On/Off Off
Dual sensor Sensor 1
Sensor 2
Sensor2 Relay 3
SAMPLING Sampling ON On/Off Off
samples  holds
holds
BAUDRATE 24 19.2 19.2 kbps
ETCH On/Off Off
XTOOLING 10 399 100 %
RELAYS NO | NO/NC NO
NC
SQM-160
off
FMIN/MAX max/min | 4.00 6.00 5.00 MHz
R/T BNDS 410 6.10 6.10
RATE MIN ov 0 999 0 Is
RATE MAX +5V (12bit FS 9.9 999 100 Is
THICKMIN ov 0 99.99 0.00 k
THINKMAX +5V (12bit )FS 0 99.99 1.00 k
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SQM-160 2 4
1
1
1
/
Note: Relay 2 Dual 1
211  Dual
1 2
Program
1 99
Next
Next SENS AVG
LED
on off

Crystal Status LED
Crystal Status LED
Crystal Status LED
Crystal Status LED
Crystal Status LED

Display2 1 Display 1
Display 2 Display 1
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Xtal Life %
Status LED
/
. Program
. Prev
. FMIN/FMAX Next
FREQ MIN
Display 2
FREQ MAX
Display 2
. Program
5MHz
5MHz
FREQ MIN
FREQ MAX

Crystal Status

SQM-160

LED

Crystal
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£ )

Substrate

—

= Substrate
T .
Tooling
Over 100%
xTooling
xTooling
xTooling
1. Program
2. Prev
3. xTooling Next
4. xTooling1
xTooling2

Program

Tooling
Under 100%

==




2.7
SQM-160

1. Program
2. Prev
3. DSP
4
THCK -
nAnM —
MASS —
FREQ —
Note:
Mass

5.

6. Program

2.8
SQM-160

Control

Display 1

4. Xtal Life
Note: Xtal Life

Next

Is
nM/s
ng/ccls
Hz

k
uM

ng

n
m
2.5 Fmin/Max

Xtal Life
% Display 2

%
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SQM-160
1. Control Zero
1.
2.
3. Time SP Thk SP Thk LED
2.10
SQM-160
1. Control Shutter
Open Close LED
Note: Relay 2 Sensor 2
Sensor 2
Relay 2
2.1
Relay 2  Dual
Sensor 1 SQM-160  Sensor 2
1. Program
2. Prev
3. Relay 2 Next
4, DUAL
5.
6. Program
7. Sensor 1
Note: Relay 2

Sensor 1

2.10

2.13
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SQM-160

Note:

1. Program

2. Prev

3.  SAMPLING

4.

5. Program
Program
SAMPLE

10.

11. Program

Note:
Close

214

"Sample”
"holds”

Prev

1-9
Next

Next

HOLD
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Program
Prev
RELAY 3

e

5. Program

Program

TIME SET
10. Program
Note: Relay 3

Next
TIME

Next

Next

210 2.1

1-9

Zero



214

Program
Prev
SAMPLING

Moo bdh -

5. Program

Program

Next
8. THK SET

10. Program

Zero

Note:

Next
TIME

1-9

Next FINL THK

Thk SP LED

212
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SQM-160

1. Program

2. Prev

3. SIM MODE Next
4.

5.

6. Program

2.16

SQM-160 4 SPNO 1Form A(
SQM-160

*SQM-160

Program
Prev
RELAYS Next

NO(normally open)

© a0k~ 0w N =

Program

4

NO NC

NC(normally close)
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SQM-160
1. Program
2. Prev
3. R/T BNDS Next
4 RATE MIN
5. oV
6 RATE MAX
7 5V
8 THICK MIN
9 5-8
10. Program

SQM-160 2
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SQM-160
1.
XTAL Fail
6MHz
1.4
2. OFF DspFreq ON FMin/Max Freq Min
=5MHz FregMax=6MHz 6MHz
FMin: FMax:
3.
LED
LED
INPUT 1: INPUT 2:
5.
FMin  Fmax
FREQ 1: FREQ 2:
Freqg Min/Max
SQM-160
SQM-160
SQM-160
1.4 6 BNC
SQM-160 5.5MHz BNC
5.5MHz
5.5MHz
FREQ 1: FREQ 2:

5MHz
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/
xTooling
Tooling 100

Z-Factor

Z-Factor

214

xTooling

Density  Z-Factor
Density

Z-Factor

Z-Factor

xTooling



3.0

Remove SQM-160
Mounting Ear

Assemble the

Extender

Attach the

Extender

Attach the

Mounting Ears

Mounting the
SQM-160

4.0

Warning: SQM-160

4.1

782-900-008 19 1
2
SQM-160
8 #6-32 2 2
BOX
SQM-160
SQM-160 SQM-160
SQM-160 #10-32
SQM-160
3-1/2 19

P/N: 782-900-014 1 SQM-160  3-1/27

SQM-160

SQM-160

#10-32



Z-
Formula Density Z-Ratio Material Name
Ag 10.500 0.529 Silver
AgBr 65.470 1.180 Silver Bromide
AgCl 5.560 1.320 Silver Chloride
Al 2.700 1.080 Aluminum
ALO, 3.970 0.336 Aluminum Oxide
ALCs 2.360 *1.000 Aluminum Carbide
AlF 3.070 *1.000 Aluminum Flugride
AlN 3.260 *1.000 Aluminum Nitride
Alsh 4.360 0.743 Aluminum Antimonide
As 5.730 0.966 Arsenic
AspSes 4.750 *1.000 Arsenic Selenide
Au 19.300 0.381 Gold
B 2.370 0.339 Boron
B.0g 1.820 *1.000 Boron Oxide
BaC 2.370 *1.000 Boron Carbide
BN 1.860 *1.000 Boron Nitride
Ba 3.500 2.100 Barium
BaF: 4 886 0.793 Barium Fluoride
BaMN-Og 3.244 1.261 Barium Nitrate
Bal 5.720 *1.000 Barium Oxide
BaTiO= 5.999 0.464 Barium Titanate (Tetr)
BaTiO= 6.035 0412 Barium Titanate {Cubic)
Be 1.850 0.543 Beryllium
BeF- 1.990 *1.000 Beryllium Fluoride
Bel 3.010 *1.000 Benyllium Oxide
Bi 9.800 0.790 Bismuth
Bi, O, 8.900 *1.000 Bismuth Oxide
BLSs 7.390 *1.000 Bismuth Trisuiphide
Bl.Se, 5.820 *1.000 Bismuth Selenide
BibTes 7.700 *1.000 Bismuth Telluride
BiF3 5.320 *1.000 Bismuth Fluocride
C 2.250 3.260 Carbon (Graphite)
C 3.520 0220 Carbon (Diamond)
CeHg 1.100 *1.000 Parlyene (Union Carbide)




Fommula Density Z-Ratio Material Name

Ca 1.550 2.620 Calcium

CaF, 3.180 0775 Calcium Flucride
Cao 3.350 *1.000 Calcium Oxide
Cal-5ic, 2.5900 *1.000 Calcium Silicate {3)
CasSi. 2.962 0.955 Calcium Sulfate
cCatiCs 4100 10~ Calcium Titanate
CawOy 6.060 *1.000 Calcium Tungstate
Cd 8.640 0.682 Cadmium

CdF: 6.640 *1.000 Cadmium Flucride
cdo 8.150 *1.000 Cadmium Oxide
cds 4.830 1.020 Cadmium Sulfide
Cdse 5.810 *1.000 Cadmium Selenide,
CdTe 6.200 0.230 Cadmium Telluride
Ce 6.780 *1.000 Cerium

CeF, 6.160 *1.000 Cerium (11} Fluoride
CeQ: 7.130 *1.000 Cerium (V) Dioxide
Co 8.900 0.343 Cobalt

CoO 5.440 0412 Cobalt Oxide

Cr 7.200 0.305 Chromium

Cr0s 5210 *1.000 Chromium {111} Oxide
CraCs 6.680 *1.000 Chromium Carbide
Crb 6.170 *1.000 Chromium Boride
Cs 1.870 =1.000 Cesium

Cs5, 50, 4.243 1.212 Cesium Sulfate
CsBr 4.456 1410 Cesium Bromide
CsCl 3.988 1.399 Cesium Chioride
Csl 4.516 1.542 Cesium lodide

Cu 8.930 0.437 Copper

Cu:0 5.000 *1.000 Copper Oxide

Cu:s 5.600 0.690 Copper (1} Sulfide (Alpha)
Cu:S 5.800 0.670 Copper (1} Sulfide (Beta)
cus 4 600 0.820 Copper (1) Sulfide
Dy 8.550 0.600 Dysprosium

Dy 04 7.810 *1.000 Dysprosium Oxide
Er 9.050 0.740 Erbium

= 8.640 *1.000 Erbium Oxide

Eu 5260 =1.000 Eurcpium

EuF, 6.500 =1 .000 Europium Flucride




Formula Density Z-Ratio Material Name

Fe T.860 0.349 Iron

Fe 0, 5240 =1.000 Iron Oxide

FeQ 5.700 =1.000 Iren Oxide

FeS 4.840 =1.000 Iroen Sulphide

za 5.930 0.593 Gallium

GaCs 5.880 =1.000 Gallium Oxide (B)
ZaAs 5.310 1.590 Gallium Arsenide
GamM 6.100 =1.000 Gallium Nitride
GaP 4.100 =1.000 Zallium Phosphide
zash 5.600 =1.000 Gallium Antimonide
=d 7890 0670 Gadolinium

50:0 7.410 =1.000 Gadolinium Oxide
ze 5.350 0.516 Zermanium

Ge,M, 5200 =1.000 Zermanium Mitride
Ged, 6240 =1.000 Zermanium Oxide
zeTe 6.200 =1.000 Zermanium Telluride
Hi 1:3.090 0.3580 Hafnium

HiB- 10.500 =1.000 Hafnium Boride,
HiC 12.200 =1.000 Hafnium Carbide
Hil 1:3.800 =1.000 Hafnium Nitride
HiO- 9.680 =1.000 Hafnium Oxide
HiSk 7200 =1.000 Hafnium Silicide
Hg 13.460 0.740 Mercury

Ho 8.800 0.580 Holminum

Ho- 04 8.410 *1.000 Holminum Oxide

In 7.300 0.841 Indium

N0 7.180 =1.000 Indium Sesquioxide
In-5e, 5.700 =1.000 Indium Selenide
InzTes 5.800 *1.000 Indium Telluride
InAs 5.700 =1.000 Indium Arsenide
InP 4.800 =1.000 Indium Phosphide
InSh 5760 0.759 Indium Antimonide
Ir 22.400 0.129 Iridium

K 0.860 10.189 Potassium

KBr 2750 1.893 Potassium Bromide
KCl 1.980 2.050 Potassium Chicride
KF 2.480 =1.000 Potassium Fluoride
Kl 3.128 2.077 Potassium lodide




Fommula Density Z-Rafio WMateral Name

La 6.170 0.920 Lanthanum

La,04 6.510 *1.000 Lanthanum Oxide
LabBe 2.610 *1.000 Lanthanum Boride
LaFs 5.940 =1.000 Lanthanum Flucride
Li 0.530 5.900 Lithium

LiBr 3.470 1.230 Lithium Bromide

LiF 2.638 0.778 Lithium Flucride
LiMbO- 4.700 0.453 Lithium Miobate

Lu 9.840 =1.000 Lutetium

Mg 1.740 1.610 Magnesium

MgALO, 3.600 =1.000 Magnesium Aluminate
MgALO, 8.000 =1.000 Spinel

Mgk 3.180 0.637 Magnesium Fluoride
MgO 3.580 0411 Magnesium Oxide

n 7200 0.377 Manganese

MnO 5.390 0.467 Manganese Oxide
Mns 3.990 0.940 Manganese (I} Suliide
Mo 10.200 0.257 Molybdenum

Mo C 9.180 *1.000 Molybdenum Carbide
MoBe: 7.120 *1.000 Molybdenum Boride
MoOs 4.700 *1.000 Molybdenum Trioxdide
MoS, 4 800 *1.000 Molybdenum Disulfide
MNa 0.970 4.800 Sodium

NayAlF, 2.5900 =1.000 Cryolite

NaALF1s 2.5900 =1.000 Chiclite

MNaBr 3.200 *1.000 Sodium Bromide
MacCl 2170 1.570 Sodium Chloride
MNaClOy 2.164 1.565 Sodium Chlorate

MaF 2.558 0.949 Sodium Fluoride
NaMNO= 2.270 1.194 Sodium Nitrate

Mb 8.578 0.492 Michium {Columbium}
M0 7.500 =1.000 Michium Trioxide
MO 4.470 =1.000 Miohium (V) Oxide
MNbB- 6.970 =1.000 MNiobhium Boride

MNbC T.820 =1.000 Miobhium Carbide

MNbM 8.400 =1.000 MNichium Nitride

MNd 7.000 =1.000 MNeodynium

MNd- O, 7240 =1.000 MNeodynium Oxide
MNdFs 6.506 *1.000 Meodynium Fluoride




Formula Density Z-Ratio Material Name
Mi 8910 0.331 Mickel

MiCr 8.500 *1.000 Michrome
MNiCrFe 8.500 10~ Inconel

MiFe 8.700 *1.000 Permalloy
MiFeMo 8.900 10~ Supemalloy
NiO 7.450 *1.000 Nickel Oxide
PaMs 2.510 *1.000 Phosphorus Nitride
Pb 11.300 1.130 Lead

PbClz 5.850 *1.000 Lead Chloride
PbF- 8.240 0.651 Lead Flucride
PbO 9530 *1.000 Lead Oxide
PbS 7.500 0.566 Lead Sulfide
PbSe 8.100 *1.000 Lead Selenide
PbSnO, 8.100 *1.000 Lead Stannate
PbTe 8.160 0.651 Lead Telluride
Pd 12.038 0.357 Palladium

PdO 8.310 *1.000 FPalladium Oxide
Po 9.400 *1.000 Polonium

Pr 6.780 *1.000 Praseodymium
PraCa 6.880 *1.000 Praseodymium Oxide
Pi 21.400 0.245 Platinum

PO, 10.200 *1.000 Platinum Oxide
Ra 5.000 *1.000 Radium

Rb 1.530 2540 Rubidium

Rbl 3.550 *1.000 Rubidium lodide
Re 21.040 0.150 Ehenium

Eh 12410 0210 Ehodium

Ru 12362 0.182 Ruthenium

58 2.070 2.290 Sulphur

Sbh 6.620 0.768 Antimony

S04 5.200 *1.000 Antimony Trioxide
ShS. 4 640 *1.000 Antimony Trisulfide
Sc 3.000 0.910 Scandium
Sc04 3.860 *1.000 Scandium Oxide
Se 4.810 0.864 Selenium

Si 2.320 0.712 Silicon

SNy 3.440 *1000 Silicon Nitride
SiC 3.220 *1.000 Silicon Carbide
Sio 2.130 0.870 Silicon {11} Oxide
Si0g 2.648 1.000 Silicon Dioxide




Formula Density Z-Ratio Material Name

Sm 7.540 0.890 Samarium

Smy0sy 7.430 *1.000 Samarium Oxide

sn 7.300 0.724 Tin

sSno- 5.950 *1.000 Tin Oxide

sns 5.080 *1.000 Tin Sulfide

sSnSe 6.180 *1.000 Tin Selenide

SnTe 5.440 *1.000 Tin Telluride

Sr 2.600 *1.000 Strontium

Sriz 4.277 0.727 Strontium Flurgide
sro 4.990 0.517 Strontium Oxide

Ta 16.600 0262 Tantalum

Ta0s 8.200 0.300 Tantalum ) Oxide
TabB- 11.150 *1.000 Tantalum Boride
Tac 13.900 *1.000 Tantalum Carbide
TaN 16.300 *1.000 Tantalum Nitride
Th 8.270 0.660 Terbium

TcC 11.500 *1.000 Technetium

Te 5.250 0.900 Tellurium

Tels 5.990 0.862 Tellurium Oxide

Th 11.694 0.484 Thorium

ThF, 65.320 *1.000 Thorium.{IV} Flucride
ThO: 9.860 0.284 Thorium Dioxide
ThOF: 9.100 *1.000 Thorium Oxyfluoride
Ti 4 500 0.628 Titanium

TiOs 4 600 *1.000 Titanium Sesquioxide
TiB: 4.500 *1.000 Titanium Boride
TiC 4.930 *1.000 Titanium Carbide
TiN 5.430 *1.000 Titanium Mitride
Tio 4.900 *1.000 Titanium Oxide
TiD; 4.260 0.400 Titanium (1Y) Oxide
Tl 11.850 1.550 Thallium

TIBr 7.560 *1.000 Thallium Bromide
TICI 7.000 *1.000 Thallium Chilcride
TiI 7.090 *1.000 Thallium lodide (B)
9] 19.050 0.238 Uranium

e 8.300 *1.000 Tri Uranium Ccloxide
Uy Oy 10.969 0.348 Uranium Oxide

U0, 10.970 0.286 Uranium Dioxide

W 5.960 0.530 Vanadium

Wa0s 3.360 *1.000 Vanadium Pentoxide
VB2 5.100 *1.000 ‘Vanadium Boride
WC 5770 *1.000 Vanadium Carbide
WM 65.130 *1.000 Vanadium Mitride




YA

o 01 B~ W DN

. QCM Density

Crystal Life 50%

1000

5000 A

Z-Factor

Fommula Density Z-Ratio Material Name
L 4.340 *1.000 YVanadium Dioxide
W 19.300 0.163 Tungsten
WB> 10.770 *1.000 Tungsten Boride
WC 15.600 0.151 Tungsten Carbide
WCs 7.160 *1.000 Tungsten Trioxide
WSz 7.500 *1.000 Tungsten Disulphide
WSy 9.400 *1.000 Tungsten Suicide
Y 4.340 0.835 YHrium
Y¥20s 5.010 *1.000 Yirium Oxide
Yb 5.980 1.130 Yiterbium
YOy 9.170 *1.000 Yiterbium Oxide
Zn 7.040 0.514 Zinc
n.Sh. 5.300 *1.000 Zinc Antimonide
ZnF, 4950 *1.000 Zinc Fluoride
2N 5.610 0.556 Zinc Oxide
ZnS 4.080 0775 Zinc Sulfide
ZnSe 5.260 0722 Zinc Selenide
Znle 65.340 0770 Zinc Telluride
£r 5.490 0.600 Zirconium
£I6 5.080 *1.000 Zirconium Boride
i o 6.730 0264 Zirconium Carbide
£ 7.090 *1.000 Zirconium Nitride
o 5.600 *1.000 Zirconium Oxide
-Factor
Z-Factor = 7, / Z,
Z=23.18 Z-Factor
Z-Factor = 8.83 / 23.18 = .381
Z-Factor

=100%

Z-Factor

90%

Z-Factor




2 4
4.0MHz 6.0MHz
0.002%
+/- 2ppm (total, O 50 )
4
+/-0.12 Hz
+/- 0.03 Hz
0.60 /sec
0.037 /sec
0.15 /sec
0.037 /sec
Density=1, Period=4 rdgs/sec
=10 rdgs/sec

99
0.5-99.99 gm/cc
10 — 399%

Z- 0.10 - 10.00
0.000 — 99.99 k
0.000 —99.99 k
0:00 — 99:59 mm:ss

/ 0 —9999 sec

0.15 -2 sec
ON/OFF
ON/OFF
0.01/0.1
1 — 20 readings

1/2 ON/OFF
ON/OFF

RS232 Baud Rate 2.4/4.8/9.6/19.2 kb/s

ON/OFF

1-6 10 - 399%
Min/Max 4.0 -6.0MHz /4.1 — 6.1MHz



IO

rating

rating

4
Open Shutter

Close Shutter

Zero Thicness

5VDC,

4

Shutter

Sampling/Hold Thickness Setpoint
Dual Sensor Shutter Time Setpoint
Crystal Fail

30Vrms 30VDC, 2A max

100 -120/200 — 240, +/- 10% nominal
50/60Hz

20w

0 -50

0-80 RH

0-2000m

Class 1 Equioment (Grounded Type)

40 -70
88.5mm x 212.7mm x 196.9mm
2.7kg



C.1/0

SQM-160 I/O0 /0 D- 15
1 8
(DI" O OO OO O OO 'D
\ . OO0 OO OO0 95
N
/0 Rear View
1,2
1
3,4 Relay 2 TIME
2
Sensor 2 Dual Sensor 1
Sensor 2
Sensor 2
5,6
3 Sensor 2
Relay 2 Sensor 1
7,8 ON
4
OFF
9
10
11
12
13,14,15
Warning: 0 5V
Warning: 2Amax 30V rms 30vDC




D.
SQM-160 RS232 USB
RS232 D 9

usSB PC CD-ROM Comm
SQM-160 USB Windows

SQM-160  192.168.1.200
CD-ROM  Dgdiscvr

IP
Dgdiscvr.exe
unit
Login
Configuration Network and set
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SQM-180 Communications Protocol

The SCOM-160 communicates with a host computer via an ASCII based protocol.
The instrument defaults to 19200 baud, 8 data hits, and no parity. The baud rate
can be changed in the System Menu of the SQM-160, but is always 8 data bits
with no parity.

The basic protocol is:

=gync character= =length character= <1 to n data characters= =CRC1=<=CRC2=
Onece a valid command has been transmitted to the SOM-160, a response is
returned. The structure of the packet is identical in both the command and

response. In the response, the first character is a Response Status. These are
summarized in the following tahle.

Response Letter Meaning

Command understood, normal response

Command understood, but instrument reset

Invalid command

Froblem with data in command

m|o|& | m| =

Instrument in wreng mode for this command

The sync character is an exclamation point *I'. Anytime this character is
received, the communications for that packet is reset. Following the sync
character is the length character. This is the number of characters in the packet
starting with the length and counting the 2 CRC characters. This character has a
decimal 34 added to it 5o there cannot accidentally be a sync character
embedded in the packet. The two character CRC is compuied using the
following algonthm:

1. The CRC is initialized to 3FFF hex.
2. Each character in the message is examined, bit by bit, and added to
the CRC in the following manner:
a) The character is exclusive or'd with the CRC.
b) The CRC is shifted right one hit position.
c) If the character's least significant bit is a 0 then the CRC is
exclusive or'd with 2001 hex.
d) Steps b and ¢ are repeated for each of the 8 bits in the character.

The CRC contains 14 significant bits. This is split into two characters of 7 bits
each, and then a decimal 34 is added to offset the character outside the range of
the Sync Character. See the code example in the SQM-TERM.C file for an
example of managing the CRC.




Command: @
Parameters: Mone

Description: Retums the model number and software version number.

Example: @ AMON Ver 2.01

Command: A
Parameters: [1.99], Values | ?

Description: Film parameters. The parameters available for change or
inspection are

Label, Density, Tooling, Z-Factor, Final Thickness, Thickness Setpoint, Time Setpoint, Sensor
Average

The parameters are sent/retrieved in that order. The label is a

maximum of & characters, and is terminated by a space character.
If you want to send a space embedded in a Label, use an

underscore character *_’. Each parameter is separated by a space.

Each film's parameters are accessed by using the ASCII character
associated with film number directly after the Command. For
example Fim 1-9 are ASCI characters *17 (ASC 49) to "9" (ASC
A7), Film 10is a =" character (A3C 58), etc. The parameters are
edited by adding a value after the command film number.

The parameters are inspected by issuing a command, film number,
then a question mark. An example of the Set/Get command for
Film 4 is:

Example:  A4LENS_1 623125 1.051.525 0450 301
A47 ALENS 1 6.23 1251.05 1.525 0.450 20 1

Command: B

Description: System 1 parameters. The parameters available for change or
inspection are Time Base, Simulation Mode, Frequency Mode,
Rate Resolution, Rate Filter, Crystal Tooling and the parameters
are sentiretrieved in that order.

Example: BY A0250008 100100100 100 100 100



Command:

Description:

C

System 2 parameters. The parameters available for change or
inspection are Minimum Frequency, Maximum Freguency,
Minimum Rate, Maximum Rate, Minimum Thickness, Maximum
Thickness, Etch Mode and the parameters are sentretrieved in that
order.

Example: C?  5.000 6.000 0.000 100.00 0.000 1.000 0

Command: D

Parameters: 1109

Description: Sets the active film.

Example: 01 Set the active film to Film #1

Command: J

FParameters: None.

Description: Read the number of channels installed. The number of channels
will be either an ASCI two or six.

Example: J A2  The unit has two channels available.

Command: L

Parameters: [1..6]

Description: Read the current Rate for a channel.

Example: L1 AB32 Channel one's rate is 9.32 Angstroms/S

Command: M

Parameters: None.

Description: Read the cument Average Rate.

Example: M A10.42 Average Rate is 10.42 Angstroms/S




Command: N
Parameters: [1.6]
Description: Read the curent thickness for a channel.

Example: M4 A118T Channel four's Thickness is 1.187 Kilo
Angstroms.

Command: O
Parameters: None.
Description: Read the current Average Thickness

Example: 8] A23T6 The current Average Thickness is 2.376 kilo
Angstroms.

Command: P

Parameters: [1.6]

Description: Read the current Frequency for a channel.

Example: P2 AATO1563 .2 Channel two's current Frequency 5701563 2Hz

Command: R
Parameters: [1..6]
Description: Read the Crystal Life for a channel.

Example: R3 ART B2 Channel three’s remaining life is
AT.82%.

Command: S

Parameters: None.

Description: Zero Average Thickness and Rate.

Example: 3 A




Command: T
Parameters: MNone.
Description: Zero Time
Example: T A Zeroes time display on unit.
Command: U
Parameters: 0,1, or ?
Description: Togagles shutter open/closed or reads shutter state.
Example: 1 A Shutter is opensd
oz A1 Shutter Status is open
up A Shutter is closed.
Command: Y
Parameters: MNone.
Description: Read the Power-Up Reset flag. The Power-Uip Reset flag is set

during boot-up of the unit and stays set until read through the RS-
232 interface. After the flag is read, it is reset and will not be st

again until the unit is power cycled.

Example: Y Al Power-Up Reset flag is set.

Y AD Power-Up Reset flag is reset
Command: Z
Parameters: None.
Description: Set all Film and System menu parameters to defaults.

Mote that this command can take over 1 second o complete
Example: Z A All Film and System parameters are set

to defaults.




SIGMACOM.DLL Function Descriptions

This dll acts as an interpreter between an application and the SQM160. The dll
transforms function calls to specific command seguences that the unit
understands.

Transfer of data to the unit, in general, requires two function calls. The first
function call is to transfer the data to the unit. The data to be sent is usually
contained in the function's parameter(s). The second function call is to
ChkCommbDone. This function call ensures that the data was sent properiy to the
unit.

Data retrieval requires three function calls. The first function call is used to iell the
unit what data is being requested. The second function call is to ChkCommDone.
This function call is used to determine when all of the data has been transferred
from the unit to the dil or if an error occurmed in the communications. The third
function call is used to refrieve the data from the dll.

InitComm

Parameters: 16 Bit Integer, 32 Bit Integer
Return : 16 Bit Integer.

InitComm is used to initialize the dil com port. The function’s first
parameter is the com port number to initialize (1 - 99 are valid). The
second parameter is the baud rate for the port. The function retums zero if
initialization was successful or a hit flag to indicate the failure of the
initialization :

hit 0 : Communications Port handle is invalid.

hit 1 : Communications Port Set parameters invalid (Baud Rate)
hit 2 - Communications Port Set timeouts invalid.

hit 3 : Communications Port Set mask invalid.

hit 4 : Communications Port Ermmor — Already exists.

hit 5 - Communications Port Set Read Thread fail.

hit 6 : Communications Port Set Read Thread priority fail.

Example:
Returnval =InitComm(1,19200) initialize Com1 to 19200 baud
if (ReturmVal 1= 0) if port did not initialize comectly
CloseCommi() close the port
ClearComm

Parameters: None.
Return : 16 Bit Integer, always retums a 1.



ClearComm is used to clear the communications buffers in the dil.

Example: RetumVyal =ClearComm() Clear the comm buffers in
the dil

CloseComm
Parameters: MNone.

Return : 16 Bit Integer, always refums a 1.

CloseComm is used to close the cummently opened communications port.
CloseComm should always be used before attempting to open anather
port or hefore exiting the dii's calling application. The dil can have only one
port open at a fime.

Example:
Returmyal =CloseCommi() Close the currently open comm
port

ChkCommDone
Parameters: None.
Return : 16 Bit Integer.

CheCommbDone is used to check the status of a single communications
iteration. The function returns one of five different types of values:

-1: communications not complete

FPositive integer - communications complete, value is byte count
of retumed message.

-04 - communications complete, hut refum message
incomplete due to timeout with unit.

-8a - communications complete, but retum message
not valid due to a CRC error.

-a7 : communications complete, but message not
understood by unit.

Example:
Retumyal =ChkCommDaone() check communications status

SendGetVers
Parameters: None.
Return : 16 Bit Integer, always retums a 1.

SendGetVers is used to retrieve the software version of the unit from the
unit. This function must precede the use of the GetfVers function



GetVers
Parameters: Pointer to Mull-Teminated string.
Return - 16 Bit Integer, always retums a 1.

GetVers is used to retrieve the software version of the unit from the dil.
This function must be preceded by the SendGetVers. The Null-terminated
string is used to retum the version from the dll.

Example:
Retumyal = SendGefVers() tell unit to transfer version
to dil
do while(ChkCommDone == -1) wait for comm to finish
RetumVyal = GetVers{&VersionString[0]) VYersionString contains
version info
Set160Film

Parameters: Pointer to a Film Structure.
Retumn : 16 Bit Integer, always retums a 1.

Seffilmis used to set a Film's parameters in the unit. All of the
parameters are passed to the function through the Film Structure.

Example:
Returnval = SetFilm(&FimStruct)  set film parameters to
FilmStruct values
do while(ChkCommDone ==-1)  wait for comm to finish

SendGetFilm
Parameters: 16 Bit Integer.
Retum : 16 Bit Integer, always refums a 1.

SendGetFiim is used to get a Film's parameters from the unit. The Film's
number (1 - 9) is passed to the function. This function must precede the
use of GeffFiim.

Get160Film
Parameters: Pointer to a Film Structure.
Retum : 16 Bit Integer, always refums a 1.

GetFim is used to retrieve a Film'’s parameters, the film requested by
SendGetFiim, from the dll. The parameters are passed through the Film

Structure.
Example:
Retumyal = SendGetFilm{FilmMum)tell unit to transfer Film #
FilmMNum to dll
do while(ChkCommDone == -1) wait for comm to finish

Retumyal = GetFilm(&FilmStruct)  FilmStruct contains Film info



SetSys1
Parameters: Pointer to a System1 Structure.
Return : 16 Bit Integer, always refums a 1.

SefSys1 is used to set the System1 Parameters. The parameters are
passed o the function through the System1 Structure.

Example:
Retum¥yal = SetSys1(&3Sys15truct) set System1 parameters to
Sys15iruct values
do while{ChkCommDone == -1) wait for comm to finish

SendGetSys
Parameters: Mone.

Return : 16 Bit Integer, always refums a 1.

SendGetSys1 s used to get the System1 Parameters from the unit. This
function must precede the use of the GefSys1 function.

GetSys1
Parameters: Pointer to a System1 Structure.

Retumn : 16 Bit Integer, always refums a 1.

Get5ys1is used to retrieve the System1 Parameters from the dil. The
parameters are passed through the System1 Structure.

Example:
Retum¥yal = SendGetSys1() tell unit to transfer System
parameters
do while(ChkCommDone == -1) wait for comm sequence to finish
Returnval = GetSys1(&Sys15truct) Sys1Siruct contains
System info

SetSys?
Parameters: Pointer to a System2 Structure.

Retumn : 16 Bit Integer, always refums a 1.

SefSys2 is used to set the System?2 Parameters. The parameters are
passed o the function through the System2 Structure.

Example:
Retum¥yal = SetSys2(&35ys25truct) set System?Z parameters to
Sys25iruct values

do while(ChkCommDone == -1) wait for comm to finish



SendGetSys?
Parameters: None.

Retumn : 16 Bit Integer, always refums a 1.

SendGetSys2is used to get the System2 Parameters from the unit. This
function must precede the use of the GetSys2? function.

GetSys2

Parameters: Pointer to a System2 Structure.
Retum : 16 Bit Integer, always refums a 1.

GetSys2 is used to retrieve the System2 Parameters from the dil. The
parameters are passed through the System?2 Structure.

Example:
ReturmnVal = SendGetSys2() tell unit to transfer System2
parameters
do while(ChkCommDone == -1) wait for comm sequence to finish
Retumyal = GetSys2{&Sys25truct) Sys25tnuct contains
System2 info

SendGetNumCh
Parameters: None.
Retumn : 16 Bit Integer, always refums a 1.

SendGetNumCh is used to get the number of channels installed from the
unit. This function must precede the use of the GefNumCh function.

GetNumCh
Parameters: Mone.
Retumn : 16 Bit Integer, Number of channels installed.

GetNumCh is usaed to refrieve the number of channels installed from the
dll. The number of channeals is returmed by the function.

Example:
ReturmnVal = SendGetMumChi{}  tell unit to transfer Number of
channels
do while(ChkCommDone == -1) wait for comm sequence to finish
Retumyal = GetNumCh() ReturmVal contains Number of
channels
ZeroStapTime

Parameters: None.
Retumn : 16 Bit Integer, always refums a 1.

FeroStartTime 1s used to zero the beginning time before acquiring data
with GetAliData.



SendGetAllData
Parameters: None.
Retumn : 16 Bit Integer, always retums a 1.

SendGefdiliData is used to get the data from the unit. This function must
precede the use of the GetdllDafa function.

GetAllData
Parameters: Pointer to an AllData Structure.
Return : 16 Bit Integer, always refums a 1.

GetAliData is used to retrieve the data from the dil. The parameters are
passed through the AllData Structure. If the TimeStamp parameter of the
AllData structure retumed is equal to -1 then the unit does not have new
data available.

Example:
Returmnyal = ZeroStartTime() zero the run
time
do
RetumVal = SendGetallDatal) tell unit to transfer
AllData
do while(ChkCommDoneg == -1) wait for comm to finish
RetumVal = GetallData(&AllDataStruct) AllDataStruct contains
run info
if (AllData. TimeStamp 1= -1) then if new data available
ProcessData() then graph or save
data

while(Running)

SendCrystallife
Parameters:16 Bit Integer

Return : 16 Bit Integer, always retums a 1.

SendCrystalLife is used to get the crystal ife for a channel from the unit.
The parameter is the channel number to retrieve This function must
precede the use of the Crystallife function.

Crystall ife
FParameters: None.
Retum : Double.

CrysfalLife is used to retrieve the Crystal life remaining for the channel
requested by SendCrysfallife from the dll. The Crystal life is retumed by

the function.
Example:
Returnval = SendCrystalLife{XtalMum) tell unit to transfer Life for
XtalMum
do while(ChkCommDone == -1) wait for comm to finish
Retumyal = CrystalLife() RetumVyal contains Life for

XtalNum



ZeroReadings
Parameters: None.
Return : 16 Bit Integer, always retums a 1.

ZeroReadings is used to command the unit to zero the rate and thickness
values for all channels and the average rate and thickness.

Example:
Retumyal =ZeroReadings() tell unit to reset Rate and
Thickness
do while(ChkCommDone == -1) wait for comm sequence to finish

ZeroTime
Parameters: None.
Return : 16 Bit Integer, always retums a 1.

FeroTime is used to command the unit to zero the system time.

Example:
Retumyal =ZeroTime() tell unit to reset time
display
do while(ChkCommDone == -1) wait for comm to finish
ShutterState

Parameters: 16 Bit Integer
Return : 16 Bit Integer, always refums a 1.

ShutterState is used to command the unit to set the shutter open or
closed.

Example:
Retumyal =Shutter(0) tell unit to toggle open the shutter
do while(ChkCommDone == -1) wait for comm sequence to finish

SendGetShutter
Parameters: None.
Return : 16 Bit Integer.

SendGetShufter is used to retrieve the condition of the shufter, open or
closed, from the unit.



Data Structures:

The size of each data type in the structures is :
double : 8 bytes, the LSEB is thrown out before transmission to the

unit.
int : 2 bytes.
char : 1 byte.
Film Data
douhle Density
double  Tooling
double  ZFactor
double FinThk
double  ThkSet
double  TimeSet
double  SnsAvg
char Mame[8]
int FilmMum

System1 Data

douhle
douhle
douhle
double
douhle
douhle

TimeBase
SimMode
FreqDisp
RaieRes
RateFilt
XTool[6]

System2 Data

douhle
douhle
douhle
double
douhle
douhle
douhle

AllData
douhle
douhle
douhle
douhle
douhle
douhle

FMin
FiMax
RMin
RMax
TMin
Thax
EtchMode

TimeStamp
AvgRate
AvgThick
ChRate[8]
ChThick[6]
ChFreq[f]

film density

film fooling

film zfactor
film End Thickness
film Thickness Setpoint

film Time Setpoint

Sensors to average

film Name

film Number

simulation mode (1 = on, 0 = off)
frequency display (1 = on, 0 = off)
rate resolution (1 = hi, 0 = low)
rate filter depth (1 - 20)

six individual crystal tooling

minimum frequency
maximum frequency
minimum rate
maximum rate
minirmum thickness
maximum thickness
Etch mode onfoff

time relative to start time data was acquired
average rate

average thickness

up to six individual channels of rate

up to six individual channels of thickness

up to six individual channels of frequency



E. EC Declaration of Conformity

This is to cerify that this equipment, designed and manufactured by:

INFICON Inc.
Two Technology Place
East Syracuse, NY 13057
Usa

meets the essenfial safety requirements of the European Union and is placed on
the market accordingly. It has been constructed in accordance with good
engineering practice in safety matters in force in the Community and does not
endanger the safety of persons, domestic animals or property when properly
installed and maintained and used in applications for which it was made.

In addition, this is to certify that this equipment has also been designed and
manufactured, having regard to the state of the art, to ensure complies with the
Protection Requirements of EMC directive 2004M108/EC.

A Technical Documentation File is also available for review by competent
authorities and will be maintained for a penod of ten years afier the date on
which the eguipment was last manufactured. In additional o this file, technical,

installation, maintenance and application information conceming this equipment
can also be found in the Operating Manual(s) for this product or product family.

Equipment Description: SQM-160 Rate / Thickness Monitor {including all
options).

Applicable Directives:  2006/95/EC (LVD)

2004/108/EC (General EMC)
2002/95/EC (RoHS)

Applicable Standards:
Safety: EMN 61010-1:2001

Emissions: EM 61326-1:1987/A1: 1508/42: 2001 (Radiated &
Conducted Emissions)
Class A: Emissions per Table 3
(EMC — Measurement, Control & Laboratory Equipment)



Immunity: EN 61326-1-1957/A1: 1998/A2: 2001 (General EMC)
Class A Immunity per Table A1
(EMC — Measurement, Control & Laboratory Equipment)

RoHS: Fully compliant

CE Implementation Date: January 2003 (Updated December 2008)

Authorized Representative: Duane H. Wright
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h_..}h.m.q /:)i‘?f L L!‘{t -

- -
Operations Quality Manager, 1SS
INFICON Inc.

ANY QUESTIONS RELATIVE TO THIS DECLARATION OR TO THE SAFETY
OF INFICON'S PRODUCTS SHOULD BE DIRECTED, IN WRITING, TO THE
VICE-PRESIDENT OF OPERATIONS AT THE ABOVE ADDRESS.

Revised 12/24/08 (Rev B)





