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Special Project Title Devetopment of MPCVD for Diamond Thin Film Coating
Name Miss Chatkaco Watchanuphaphom
Department Applied Physics Faculty of science
Program Applied Physics
Academic Year 2007
Special Project Advisor Asst.Prof.Dr.Warawoot Thowladda
ABSTRACT

This special project proposes a development of MPCVD for diamond thin film coating. In
this project, plasma was generated in a glass chamber by microwave induced plasma process. The
2.45 GHz microwave power from a magnetron source was coupled to the glass chamber through a
standard WR340 rectangular waveguide. Hydrogen and methane were introduced into the chamber by
mass flow controllers. In situ diagnosis of the plasma discharge of hydrogen (H,), methane (CH,) and
hydrogen-methane gas mixture were carried out by the spectrophotometer. From the experiments
found that CH,/H, plasma discharge could be generated by the developed system. The CH (387 nm
and 430 nm) emission lines were observed in the CH/H, plasma. This emission of CH species has

been correlated with the quality of diamond deposition.
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M1519% 4.1 HaMINAaIN 1#91NAINAADYI Mass Flow Controller (0-2sccm) F9RIN15NAADS

Tavl¥fMae15nou
MFC Pressure Gauge Calculated Pressure MFC Test point
Input {V) Qutput (V) Pressure (mbar) (mbar) Qutput (V) V)
0.0 2.710 0.005 0.006 0.01 -0.523
0.1 2.810 0.006 0.008 0.1 -3.330
0.2 3.022 0.010 0.011 0.2 -3.445
0.3 3.117 0.012 0.014 0.3 -3.512
0.4 3.226 0.015 0.016 0.4 -3.422
0.5 3.390 0.020 0.020 0.5 -3.455
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MFC Pressure Gauge Calculated Pressure MFC Test point
Input (V) Qutput (V) Pressure (mbar) (mbar) Output (V) v)
0.6 3.450 0.023 0.022 0.6 -3.486
0.7 3.480 0.024 0.024 0.7 -3.505
0.8 3.520 0.025 0.026 0.8 -3.525
0.9 3.550 0.027 0.027 0.9 -3.540
1.0 3.570 0.028 0.029 1.0 -3.592
1.1 3.600 0.029 0.030 1.1 -3.609
1.2 3.630 0.031 0.032 1.2 -3.623
1.3 3.650 0.032 0.032 1.3 -3.636
1.4 3.680 0.033 0.034 1.4 -3.647
1.5 3.700 0.034 0.036 1.5 -3.657
1.6 3.730 0.036 0.038 1.6 -3.667
1.7 3.750 0.037 0.038 1.7 -3.678
1.8 3.770 0.038 0.040 1.8 -3.688
1.9 3.790 0.039 0.040 1.9 -3.698
2.0 3.810 0.041 0.042 2.0 -3.637
2.1 3.810 0.041 0.042 2.1 -3.651
22 3.840 0.043 0.044 2.2 -3.664
23 3.860 0.044 0.046 2.3 -3.676
24 3.870 0.044 0.046 24 -3.693
2.5 3.890 0.046 0.048 2.5 -3.704
2.6 3.900 0.047 0.050 2.6 -3.715
27 3.920 0.048 0.050 2.7 -3.728
2.8 3.930 0.049 0.050 2.8 -3.737
29 3.950 0.050 0.055 2.9 -3.748
3.0 3.960 0.051 0.055 3.0 -3.756
3.1 3.970 0.051 0.055 31 -3.766
3.2 3.980 0.052 0.055 3.2 -3.781
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MFC Pressure Gauge Calculated Pressure MFC Test point
Input (V) Output (V) Pressure (mbar) (mbar) Output (V) (¥)
33 3.990 0.053 0.055 33 -3.790
34 4.010 0.054 0.060 34 -3.798
35 4.020 0.055 0.060 35 -3.909
3.6 4.030 0.056 0.060 3.6 -3.821
3.7 4.040 0.057 0.060 3.7 -3.830
18 4.050 0.058 0.060 38 -3.838
3.9 4.060 0.058 0.060 39 -3.846
4.0 4.080 0.060 0.065 4.0 -3.855
4.1 4.090 0.061 0.065 4.1 -3.870
4.2 4.100 0.062 0.065 4.2 -3.879
4.3 4.110 0.063 0.065 43 -3.887
4.4 4.120 0.063 0.065 4.4 -3.894
4.5 4.130 0.064 0.065 4.5 -3.902
4.6 4.140 0.065 0.070 4.6 -3.910
4.7 4.150 0.066 0.070 4.7 -3.917
48 4.160 0.067 0.070 4.8 -3.863
4.9 4.170 0.068 0.070 4.9 -3.871
5.0 4.180 0.0691 0.070 5.0 -3.882
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. . 4 .
A15197 4.2 wam‘smamﬁ"lﬁmﬂmmﬂam Mass Flow Controller (0-5 scecm) FaN1015 NG00

Taoldmaersneu
MFC Input | Pressure Gauge Calculated Pressure MFC Test

V) Output (V) Pressure (mbar) {mbar) Output(V} | point (V)
0.0 2.701 0.005 0.0055 0.01 -0.635
0.1 3.480 0.024 0.0240 0.1 -3.528
0.2 3.510 0.025 0.0250 0.2 -3.647
03 3.560 0.027 0.0280 0.3 -3.833
0.4 3.660 0.032 0.0320 0.4 -3.810
0.5 3.740 0.036 0.0380 0.5 -3.892
0.6 3.800 0.040 0.0420 0.6 -3.950
0.7 3.870 0.044 0.0480 0.7 -3.950
0.8 3.920 0.048 0.0500 0.8 -4.300
0.9 3.970 0.051 0.0550 0.9 -4.140
1.0 4.020 0.055 0.0600 1.0 -4.190
1.1 4.060 0.058 0.0600 1.1 -4.450
1.2 4.090 0.061 0.0650 1.2 -4.030
1.3 4.130 0.064 0.0650 1.3 -4.370
1.4 4.160 0.067 0.0700 1.4 -4.470
1.5 4.180 0.069 0.0700 1.5 -4.320
1.6 4.210 0.071 0.0750 1.6 -4.250
1.7 4.240 0.074 0.0750 1.7 -4.340
1.8 4.270 0.077 0.0800 1.8 -4.500
1.9 4.280 0.078 0.0800 1.9 -4.870
2.0 4310 0.081 0.0850 2.0 -4.15
2.1 4.340 0.084 0.0850 2.1 -4.21
22 4.370 0.087 0.0900 2.2 -4.24
23 4.400 0.091 0.0900 23 -4.35
24 4.420 0.093 0.0950 24 -4.31
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MFC Input | Pressure Gauge Caiculated Pressure MFC Test
W) Output (V) Pressure (mbar) (mbar) Output(V) | point (V)
2.5 4.450 0.096 0.0950 2.5 -4.32
2.6 4.470 0.099 0.1000 2.6 -4.34
27 4.500 0.102 0.1000 2.7 -4.35
2.8 4520 0.105 0.1000 2.8 -4.38
29 4.540 0.107 0.1000 29 -4.39
3.0 4.560 0.110 0.1000 3.0 -4.31
3.1 4.590 0.113 0.1200 3.1 -4.41
3.2 4.610 0.116 ¢.1200 32 -4.36
3.3 4.630 0.119 0.1200 33 -4.43
34 4.650 0.121 ¢.1300 34 -4 .46
35 4.670 0.124 ¢.1300 35 -4.47
3.6 4.690 0.127 0.1300 3.6 -4.50
3.7 4.710 0.130 0.1400 37 -4.50
38 4.730 0.132 0.1400 38 -4.52
3.9 4.750 0.135 0.1400 3.9 -4.53
4.0 4.770 0.138 0.1500 4.0 -4.56
4.1 4.790 0.141 0.1500 4.1 -4.56
42 4810 0.144 0.1500 4.2 -4.58
43 4.820 0.146 0.1500 43 -4.59
4.4 4.840 0.149 0.1600 4.4 -4.59
4.5 4.860 0.152 0.1600 4.5 -4.62
4.6 4.880 0.155 0.1600 4.6 -4.66
4.7 4.900 0.159 0.1600 4.7 -4.67
4.8 4910 0.160 0.1700 4.8 -4.66
4.9 4930 0.164 0.1700 49 -4.70
5.0 4950 0.167 0.1700 5.0 -4.70
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Digitalmultimeter

A9A 4.3 HaMINAaeR 1A9InMINARBIEARIURNEATINIG Tnavoames

Voltage Input (V) Digitalmultimeter (V) Meter 1 (V) Meter 2 (V)
0.05 0.052 0.05 0.05
0.10 0.101 0.10 0.10
0.15 0.151 0.15 0.15
0.20 0.202 0.20 0.20
0.25 0.251 0.25 0.25
0.30 0.301 0.30 0.30
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Voltage Input (V) Digitalmultimeter (V) Meter 1 (V) Meter 2 (V)
0.35 0.352 0.35 0.35
0.40 0.400 0.40 0.40
0.45 0.451 0.45 0.45
0.50 0.501 0.50 0.50
0.55 0.551 0.55 0.55
0.60 0.601 0.60 0.60
0.65 0.650 0.65 0.65
0.70 0.701 0.70 0.70
0.75 0.751 0.75 0.75
0.80 0.800 0.80 0.80
0.85 0.851 0.85 0.85
0.90 0.901 0.90 0.90
0.95 0.950 0.95 0.95
1.00 1.000 1.00 1.00
1.05 1.050 1.05 1.05
1.10 1.100 1.10 1.10
1.15 1.151 1.15 1.15
1.20 1.201 1.20 1.20
1.25 1.251 1.25 1.25
1.30 1.30t 1.30 1.30
1.35 1.351 1.35 1.35
1.40 1.400 1.40 1.40
1.45 1.450 1.45 1.45
1.50 1.501 1.50 1.50
1.55 1.550 1.55 1.55
1.60 1.600 1.60 1.60
1.65 1.651 1.65 1.65
1.70 1.700 1.70 1.70
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Voltage Input (V) Digitalmultimeter (V) Meter 1 (V) Meter 2 (V)
1.75 1.750 1.75 1.75
1.80 1.800 1.80 1.80
1.85 1.850 1.85 1.85
1.90 1.901 1.90 1.90
1.95 1.949 1.95 1.95
2.00 2.000 2.00 2.00
2.05 2.050 2.05 2.05
2.10 2.099 2.10 2.10
2.15 2.151 2.15 2.15
2.20 2.200 2.20 2.20
2.25 2.249 225 2.25
2.30 2.300 2.30 2.30
2.35 2.350 2.35 2.35
2.40 2.400 2.40 2.40
2.45 2.450 2.45 2.45
2.50 2.500 2.50 2.50
2.55 2.550 2.55 2.55
2.60 2.600 2.60 2.60
2.65 2.651 2.65 2.65
2.70 2.700 270 2.70
2.75 2.750 2.75 2.75
2.80 2.801 2.80 2.80
2.85 2.850 2.85 2.85
2.90 2.900 2.90 2.90
2.95 2.949 295 2.95
3.00 3.000 3.00 3.00
3.05 3.050 3.05 3.05
3.10 3.099 3.10 3.10
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Voltage Input (V) Digitalmultimeter (V) Meter 1 (V) Meter 2 (V)
3.15 3.150 3.15 3.15
320 3.200 3.20 3.20
3.25 3.249 3.25 3.25
330 3.300 3.30 3.30
3.35 3.350 3.35 3.35
3.40 3.399 3.40 3.40
3.45 3450 3.45 345
3.50 3.500 3.50 3.50
3.55 3.549 3.55 3.55
3.60 3.599 3.60 3.60
3.65 3.650 3.65 3.65
3.70 3.699 3.70 3.70
3.75 3.749 3.75 3.75
3.80 3.800 3.80 3.80
3.85 3.849 3.85 3.85
3.90 3.899 3.90 3.90
395 3.950 3.95 3.95
4.00 3.999 4.00 4.00
4.05 4.049 4.05 4.05
4.10 4.100 4.11 4.10
4.15 4.149 4.15 416
4.20 4.199 4.20 4.20
4.25 4.248 4.25 4.26
4.30 4.299 4.30 4.30
4.35 4.350 4.36 4.36
4.40 4.398 4.41 4.41
4.45 4.449 4.46 4.46
4.50 4.499 4.51 4.51
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Aana (0-2 sccm)

Voltage Output(V) Pressure
Input Control (V) Meter Display (mbar)
0.0 0.002 0.00 0.0042
0.1 0.101 0.10 0.008
0.2 0.201 0.20 0.012
0.3 0.306 0.30 0.015
0.4 0.408 0.40 0.019
0.5 0.506 0.50 0.022
0.6 0.601 0.60 0.024
0.7 0.7 0.70 0.026
0.8 0.803 0.80 0.029
0.9 0.901 0.90 0.03
1.0 1.001 1.00 0.032
1.1 1.102 1.10 0.034
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Voltage Output(V) Pressure
Input Control (V) Meter Display (mbar)
1.2 1.202 1.20 0.036
1.3 1.302 1.30 0.038
1.4 1.401 1.40 0.04
1.5 1.495 1.490 0.042
1.6 1.602 1.60 0.044
1.7 1.701 1.70 0.046
1.8 1.796 1.79 0.048
1.9 1.899 1.90 0.048
2.0 1.994 1.99 0.05
2.1 2.093 2.09 0.05
22 2.199 2.20 0.055
23 2.294 2.29 0.055
24 2.394 2.39 0.055
2.5 2.499 2.5 0.06
2.6 2.596 2.59 0.006
2.7 2.697 2.69 0.06
28 2.797 2.80 0.06
29 2.892 2.89 0.06
3.0 2991 2.99 0.06
3.1 3.089 3.09 0.065
32 3.192 3.19 0.065
33 3.292 3.29 0.065
3.4 3.383 3.38 0.065
35 3484 3.48 0.07
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Voltage Output(V) Pressure
Input Control (V) Meter Display (mbar)
36 3.583 3.58 0.67
37 3.685 3.69 0.07
38 3.785 3.79 0.07
39 3.88 3.88 0.07
4.0 3.982 3.98 0.075
4.1 4.083 4.08 0.075
4.2 4.184 4.19 0.075
4.3 4284 428 0.075
44 4388 4.39 0.075
4.5 448 448 0.08
4.6 4,576 4.58 0.08
4.7 4.679 4,68 0.08
4.8 4774 478 0.08
49 4872 4.88 0.085
5.0 4.974 4.98 0.085
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»
Alaua (0-5 sccm)

Voltage output (V) Pressure
Input Control (V) Digitalmultimeter (V) Display (V) (mbar)
0.00 0.002 0.00 0.008
0.10 0.101 0.10 0.012
0.20 0.201 0.20 0.021
0.30 0.306 0.30 0.027
0.40 0.408 0.40 0.032
0.50 0.506 0.50 0.038
0.60 0.601 0.60 0.042
0.70 0.700 0.70 0.046
0.80 0.803 0.80 0.050
0.90 0.901 0.90 0.055
1.00 1.001 1.00 0.060
1.10 1.102 1.10 0.065
1.20 1.202 1.20 0.070
1.30 1.302 1.30 0.070
1.40 1.401 1.40 0.075
1.50 1.495 1.49 0.080
1.60 1.602 1.60 0.085
1.70 1.701 1.70 0.085
1.80 1.796 1.79 0.090
1.90 1.899 1.90 0.095
2.00 1.994 1.99 0.100
2.10 2,093 2.09 0.100
2.20 2.199 2.20 0.110
2.30 2.294 2.29 0.110
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Voltage output (v) Pressure
Input Controt (v) Digitalmultimeter (v) Display (v) {mbar)
2.40 2.394 2.39 0.120
2.50 2.499 2.50 0.120
2.60 2.590 2.59 0.130
2.70 2.697 2.69 0.130
2.80 2.797 2.80 0.140
2.90 2.892 2.89 0.140
3.00 2.991 2.99 0.140
3.10 3.089 3.09 0.150
3.20 3.192 3.19 0.150
3.30 3.292 3.29 0.160
3.40 3.383 3.38 0.160
3.50 3.484 3.48 0.160
3.60 3.583 3.58 0.170
3.70 3.685 3.69 0.170
3.80 3.785 3.79 0.180
3.90 3.880 3.88 0.180
4.00 3.982 3.98 0.180
4.10 4.083 4.08 0.180
4.20 4.184 4.19 0.180
4.30 4284 4.28 0.180
4.40 4.388 439 0.180
4.50 4.480 4.48 0.190
4.60 4.576 4.58 0.190
4.70 4.679 4.68 0.190
4.80 4.774 4.78 0.190
4.90 4.872 4.88 0.190
5.00 4.974 4.98 0.190
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Series FC-77X/ 77XX, Series FC-78X / 78XX, and Series FC-79X MFCs

Product Overview

PRODUCT DESCRIPTION AND THEORY OF
OPERATION

The MEFC provides analog control, an array of possible mechanical and electrical
connections, and a wide variety of flow ranges. As shown in Figure 2-1, the MFC
(mass flow controller) is composed of a PC board that is integrated with the following
sections:

* Flow and temperature sensor
* Bypass
» Electronics

« Control valve

PC board Contro!
™~ L~ Valve
Sensor
Gas outlet
Gas inlet /

Figure 2-1. MFC cutaway view

5700512-C Product Overview 2-1



Series FC-77X 7 77XX, Series FC-78X / 78XX, and Series FC-79X MFCs

Input Power
—— Qutput Indication
—< Command Signal

Control
Valve

oz

Figure 2-2. MFC functional block diagram

Flow Sensor Assembly

The flow sensor consists of a capillary tube wound by two self-heating resistance
wires through which electrical current is passed. The resistance wires heat the sensor
tube and when gas flows through the flow sensor a temperature differential is
produced between the upstream and downstream wires. The temperature change
causes a change in resistance which is detected as an electronic signal by the bridge
circuit of the electronics assembly.

The MFC uses the mass gas flow measurement because the heat exchange between
the gas and the self-heating resistance wire depends on the mass flow. When gas is not
flowing, heat is distributed evenly over the upstream and downstream wires, therefore
the resistance of upstream and downstream wires is equal and the bridge circuit
outputs zero. When gas flows, heat is exchanged between the gas and the self-heating
resistance wires, The temperature distribution between the upstream and downstream
resistance wires changes causing an imbalance. The imbalance of the upstream and
downstream temperatures results in a resistance differential that is detectable by the
bridge circuit as an electronic signal. The electronic signal represents the mass gas
flow.

5700512-C Product Overview 2-3



Series FC-77X/ 77XX, Series FC-78X/ 78XX, and Series FC-79X MFCs Chet
apter

4

/0O Connections and
Communication

The following sections provide information on the MFC’s electrical connectors and
communication interfaces for MFC control, read back, and alarm indications.

20-PIN CARD EDGE CONNECTOR AND 20-
PIN HONDA CONNECTOR

Card Edge Connector

Figure 4-1 shows the pin names on the card edge connector.

o|lo|~|lo|lo|a|lw|n]| =
Rl mO|Ol®| »

-
o

Figure 4-1. 20-pin card-edge corinector

5700512-C 1/0 Connections and Communication 4-1
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Honda Connector

Figure 4-2 shows the pin numbers on the 20-pin Honda connector.

-
(4]
Ol N DO AW N =

n
o
-
[=]

Figure 4-2. 20-pin Honda connector

20-Pin Connector Signal Descriptions

Table 4-1 provides the pin and signal descriptions for the 20-pin card-edge connector
and the 20-pin Honda connector.

Table 4-1. 20-pin connector signal descriptions

Pin Signal Name Signal Description

1 CASE GND Case ground terminal, This terminal is
connected to the base of the MFC. All other
terminals must be insulated from this

terminal.
2 POWER Common line that carries the majority of the
COMMON MEFC operating current.

Note: POWER COMMON (pin 2) and
SIGNAL COMMON (pins B and C for
the card edge connector, pins 12 and 13
for the Honda connector) must be
connected at the power supply.

4-2 /O Connections and Communication 5700512-C



Series FC-77X / 77XX, Series FC-78X / 78XX, and Series FC-79X MFCs

Table 4-1. 20-pin connector signal descriptions (Continued)

Pin

Signal Name

Signal Description

oureur

Flow output terminal. Flow is represented by
a signal scaled between 0 VDC and 5 VDC:

e 0VDC=0%
e 5VDC = 100% of full-scale flow

+15VDC

For specifications on this signal, see the
supply power section of the specifications
table for the specific MFC model (see “Model
Specifications” on page 6-1).

UNASSIGNED

This pin is unassigned and should not be
connected.

VALVE TEST
POINT

Terminal for monitoring the voltage of the
valve drive. The scale is 0 VDC to -13 VDC
(maximum valve voltage).

Key (card
edge)

7 (Honda)

KEY

or

UNASSIGNED

The key is a slot in the card-edge connector
that ensures the connector can not be
connected backwards.

For Honda connectors, this pin is unassigned
and should not be connected.

AILARM H

This pin provides an alarm output, which does
not need to be connected. For more
information see “Alarm Output {(Error
Detection) Signals™ on page 4-7.

ALARM L

This pin provides an alarm output, which does
not need to be connected. For more
information see “Alarm Output (Error
Detection) Signals™ on page 4-7.

ALARM OFF

This pin resets the alarm signal on pins 8 and
9. It does not need to be connected. For more
information see “Alarm Qutput (Error
Detection) Signals™ on page 4-7.

5700512-C

1/0 Connections and Communication
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Table 4-1. 20-pin conneclor signal descriptions (Continued)

Pin Signal Name Signal Description
A (card edge) | SET POINT Analog flow control set point signal. The
11 (Honda) INPUT signal range is 0 VDC to 5 VDC:
* 0VDC=0%
* 5VDC = 100% of full-scale flow
(card edge) SIGNAL Return for control signals.
COMMON .
12 (Honda) Note: POWER COMMON (pin 2) and
SIGNAL COMMON (pins B and C for
the card edge connector, pins 12 and 13
for the Honda connector) must be
connected at the power supply.
C (card edge) | SIGNAL See pin B (12)
COMMON
13 (Honda)
D (card edge) | VALVE OPEN/ | This signal controls the position of the control
CLOSE valve and allows you to use the purge function
14 (Honda) on the MFC. The controls for this function
vary with connector and MFC type. For more
information, see “Control Valve Purge
Function Signals” on page 4-8.
E (card edge) | UNASSIGNED | This pin is unassigned and should rot be
connected.
15 (Honda)
F (card edge) | -15VDC For specifications on this signal, see the
supply power section of the specifications
16 (Honda) table for the specific MFC model (see “Model
Specifications” on page 6-1).
Key (card KEY The key is a slot in the card-edge connector
edge) or that ensures the connector can not be
17 (Honda) UNASSIGNED | connected backwards.
For Honda connectors, this pin is unassigned
and should not be connected.
J (card edge) UNASSIGNED | This pin is unassigned and should not be
connected.
18 (Honda)
K (card edge) | UNASSIGNED | This pin is unassigned and should not be
connected.
19 (Honda)
L (card edge) UNASSIGNED | This pin is unassigned and should nor be
connected.
20 (Honda}

4-4
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Data Sheet

3%/, Digit, LCD/LED Display, A/D
Converters

The Intersil ICL7106 and ICL7107 are high performance, low
power, 31/2 digit A/D converters. Included are seven
segment decoders, display drivers, a reference, and a clock.
The ICL7106 is designed to interface with a liquid crystal
display (LCD) and includes a multiplexed backpiane drive;
the ICL7107 will directly drive an instrument size light
emitting diode (LED) display.

The ICL7106 and ICL7107 bring together a combination of
high accuracy, versatility, and true economy. It features auto-
zero 1o less than 10pV, zero drift of less than 1uV/°C, input
bias current of 10pA {Max), and rollover error of less than
one count. True differential inputs and reference are useful in
alt systems, but give the designer an uncommon advantage
when measuring load cells, strain gauges and other bridge
type transducers. Finally, the true economy of single power
supply operation (ICL7106), enables a high performance
panel meter to be built with the addition of only 10 passive
compenents and a display.

Ordering Information

ICL7106, ICL7107, ICL7107S

FN3082.8

December 1, 2005

Features

* Guaranteed Zero Reading for OV Input on All Scales
+ True Polarity at Zero for Precise Null Detection

* 1pA Typical Input Current

* True Differential input and Reference, Direct Display Drive
- LCDICL7106, LED ICL7107

< Low Noise - Less Than 15uVp_p

* On Chip Clock and Reference

» Low Power Dissipation - Typically Less Than 10mW
= No Additional Active Circuits Required

« Enhanced Display Stability

+ Pb-Free Plus Anneal Available (RoHS Compliant)

TEMP. RANGE
PART NO. PART MARKING c) PACKAGE PKG. DWG. #
ICL7106CPL ICL7106CPL Oto 70 40 Ld PDIP E40.6
ICL7106CPLZ (Note 2) ICL7106CPLZ 010 70 40 Ld PDIP{Pb-free) (Note 3) E40.6
ICL7106CM44 ICL7106CM44 01070 44 .d MQFP Q44.10x10
ICL7106CM442Z (Note 2) ICL7106CM44Z 01070 44 Ld MQFP (Pb-free) Q44.10x10
ICL7106CM44ZT (Note 2) ICL7106CM44Z 01070 44 1.d MQFP Tape and Reel (Pb-free) | Q44.10x10
ICL7107CPL ICL7107CPL 0to 70 401Ld PDIP E40.6
ICL7107CPLZ (Note 2) ICLT107CPLZ 01070 40 Ld PDIP(Pb-free) (Note 3) E40.6
ICL7107RCPL ICL7107RCPL 0to 70 40 Ld PDIP (Note 1) E40.6
ICL7107RCPLZ (Note 2) ICL7107RCPLZ 0to 70 40 Ld PDIP (Pb-free) (Notes 1,3)  |E40.6
ICL7107SCPL ICL7107SCPL 0to 70 40 Ld PDIP (Notes 1, 3) E40.6
ICL7107SCPLZ (Note 2) ICL7107SCPLZ 0to70 40 Ld PDIP (Pb-free) (Notes 1,3) | E40.6
ICL7107CM44 ICL7107CM44 0to70 44 Ld MQFP Q44.10x10
ICL7107CM44T ICL7107CM44 Dto70 44 Ld MQFP Tape and Resl Q44.10x10
ICL7107CM44Z (Note 2) ICL7107CM442Z 0to70 44 Ld MQFP (Pb-free) Q44.10x10
ICL7107CM44ZT (Note 2) ICL7107CM442 01070 44 |d MQFP Tape and Reel (Pb-free) |Q44.10x10

NOTES:

1. “‘R" indicates device with reversed leads for mounting to PC board underside. "S" indicates enhanced stability.

2. Intersil Pb-free plus anneal products employ special Pb-free material sets; molding compounds/die attach materials and 100% malte tin plate
termination finish, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Intersil Pb-free products are
MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.

3. Pb-free PDIPs can be used for through hole wave solder processing only. They are not intended for use in Reflow solder processing applications.

H CAUTION: These devices are sensitive to slectrostatic dischargs; follow proper IC Handling Procedures
1-8B8-INTERSIL or 1-888-468-3774 | Intersil (and design) is a registered trademark of Intersit Americas Inc.

Copyright (ntersil Americas Inc. 2002, 2004, 2005. All Rights Resarved

All other trademarks mentioned are the proparty of their respective owners



ICL7106, ICL7107, ICL7107S

Pinouts
ICLT106, ICL7107 {PDIP) ICL7107R (PDIP)
TOP VIEW TOP VIEW
v+ [ b [45] osc 1 v,
( 01 [Z] [39] osc 2 osc1 [1] E"'**
c1 3 [33] osC 3 osc2 [Z) 35] o
81 [ [37) TEST 0sc3 [3] 3] c
(1s) ¢ A1 3] [36] REF HI TEST [4] 37] &1
F 5] [35] REF LO REF HI [5] [36] A1 3 (1'8)
REF LO [€] [35] F1
61 [7] [34] CRer+
e 3] [33] Crer- Crer+ [7] [34] G1
02 [ [32] COMMON Crer- [B] [33] E1
c2 9] [37] INHI COMMON [T 32] b2
1 30] IN LO INHI [10] 31] c2
(t0s) 4 52 il Ed INLO [T7] [30]
A2 [12] 3] Az B2 8 10s)
F2 [13] 28] BUFF Az [12] 5] A2
E2 [T} [Z7] INT BUFF T3] 28] 2
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(100's) « A3 [] 23] E3
(1000) AB4 [i5] [2Z] 63
mvsy POt [ [Z1] BPIGND . :; I;—_: %I (1000) AB4
GND [21] 21] PoL {MINUS)
ICL7106, ICL7107 {MQFP)
TOP VIEW
5
=0
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A1 F1 Gi E1 D2 C2 B2 A2F2 E2 D3
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ICL7106, ICL7107, ICL7107S

Absolute Maximum Ratings

Supply Voltage
ICL7TA06, V+to V-, ... 15V
ICL7T107, V+to GND . ... ... ... ... ... 6vY
ICL7107, V-toGND . .. ... . ... -9V
Analog Input Voltage (Either Input) (Note 1) . ... ........ V+1to V-
Reference Input Voltage (Either Input). . ............... V+to v-
Clock (nput
ICLTA06 . . . ... TEST toV+
ICLTA0T . e GND to V+

Operating Conditions
TemperatureRange . ........................... 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 2) 9,5 (PCW)
PDIPPackage . . ................. ... ...... 50
MQFP Package .. ... ....................... 75

Maximum Junction Temperature . .. .................... 150°C

Maximum Storage Temperature Range. . ........ -65°C to 150°C

Maximum Lead Temperature (Scoldering 10s) . ............ 300°C

(MQFP - Lead Tips Only)

NCTE: Pb-free PDIPs can be used for through hole wave sclder
processing only. They are not intended for use in Reflow solder
processing applications.

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage o the devics. This is a stress only rating and operation of the

device at these or any other conditions above those indicated in the operational sections of this spacification is not implied.

NOTES:

1. Input voltages may exceed the supply voltages provided the input current is limited to £100uA.

2. 84p is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications (Note 3)
PARAMETER TEST CONDITIONS | mn | Tve | max | uni
SYSTEM PERFORMANCE
Zero Input Reading Vi = 0.0V, Full Scale = 200mV -000.0 | +000.0 | +000.0 Digital
Reading
Stability (Last Digit) (ICL7106S, ICL7107S Fixed Input Voltage (Note 6) -000.0 | +000.0 | +000.0 Digital
Only) Reading
Ratiometric Reading VIN = VREF, VREF = 100mV 999 999/10 | 1000 Digital
00 Reading
Rollover Error “VIN = V| = 200mV - 0.2 1 Counts
Difference in Reading for Equal Positive and Negative
Inputs Near Full Scale
Linearity Full Scale = 200mV or Full Scale = 2V Maximum - 0.2 1 Counts
Deviation from Best Straight Line Fit (Note 5)
Common Mode Rejection Ratio Ve = 1V, Viy = 0V, Full Scale = 200mV (Note 5} - 50 - uVV
Noise VN = 0V, Full Scale = 200mV - 15 - Y
(Peak-To-Peak Value Not Exceeded 95% of Time)
Leakage Current Input Vin = 0 {Note 5} - 1 10 pA
Zero Reading Drift VN = 0, 0°C To 70°C (Note 5) - 0.2 1 uv/ec
Scale Factor Temperature Coefficient VN = 199mV, 0°C To 70°C, - 1 5 ppm/°C
(Ext. Ref. Oppm/x°C) (Note 5)
End Power Supply Character V+ Supply V|n = 0 (Does Not Include LED Current for ICL7107) - 1.0 1.8 mA
Current
End Power Supply Character V- Supply Current [ ICL7107 Only - 0.6 1.8 mA
COMMON Pin Analog Common Voltage 25k} Between Common and 24 3.0 32 Vv
Positive Supply (With Respect to + Supply)
Temperature Coefficient of Analog Common 25kQ2 Between Common and - 80 - ppm/°C
Positive Supply (With Respect to + Supply)
DISPLAY DRIVER ICL7106 ONLY
Peak-To-Peak Segment Drive Voltage V+=to V- = 9V (Note 4) 4 55 6 Vv
Peak-To-Peak Backplane Drive Voltage
FN3082.8
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ICL7106, ICL7107, ICL7107S

Electrical Specifications

{Note 3) (Continued)

PARAMETER | TEST CONDITIONS | MIN ‘ TYP | MAX | UNIT
DISPLAY DRIVER ICL7107 ONLY
Segment Sinking Current V+ =5V, Segment Voitage = 3V
Except Pins AB4 and POL 5 8 - mA
Pin AB4 Only 10 16 . mA
Pin POL Only 4 7 ) mA

NOTES:

3. Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 at Ta = 25°C, fo| ock = 48kHz. ICL7106 is tested in the circuit
of Figure 1. ICL7107 is tested in the circuit of Figure 2.

4. Back plane dnive is in phase with segment drive for “off” segment, 180 degrees out of phase for “on” segment. Frequency is 20 times conversion
rate. Average DC component is less than 50mV.

5. Not tested, guaranteed by design.
6. Sample Tested.

Typical Applications and Test Circuits

IN
- "‘lll
Ry RsS
c 16slc
Rs e 3 ! i J-Imspmv
Cq=0.4,F
2 slglﬁls 2 I':I;:“]:."Is Ells]f : % I"II"IFIIJ'I Cp=04T,F
p— —— ; C3=0.22,F
- oo < 5 0N L [ 3 H
338@;#%ES§§‘53> 52848 Cq = 100pF
o 0 Q c WO o = @ Cg = 0.02:F
D Ry = 24k
ICL7106 Ry = 47k0
o =

3506 scbou888IrN3R8BSR Rtk
N el E R R EEEE] R Rs = 1MQ

FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL
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00" guwo° = Cs = 0.02uF
Rq = 24k
f IcL7107 iy
E =
sssszroudoEyenggceadd e
T“ ell=]l=l=lH=le IR =R R Rs = 1MQ

g

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL

SCALE
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ICL7106, ICL7107, ICL7107S

Design Information Summary Sheet
* OSCILLATOR FREQUENCY + DISPLAY COUNT

v
fosc = 0.45/RC COUNT = 1000 x VA
Cosc > 50pF; Rosc > 50k REF

fosc {Typ) = 48kHz
= CONVERSION CYCLE
+ OSCILLATOR PERIOD _
lcye = toLock x 4000

tosc = RC/0.45 toye = tosc x 16,000

+ INTEGRATION CLOCK FREQUENCY when fosc = 48kHz; teyc = 333ms
- COMMON MODE INPUT VOLTAGE

(V-+1V) < Vg < (V+-0.5V)
« AUTO-ZERO CAPACITOR

fcLock = fosc/4
* INTEGRATION PERIOD

tinT = 1000 x (4/fosC) 0.014F < Caz < InF
» §0/50Hz REJECTION CRITERION « REFERENCE CAPACITOR
tINT/t60Hz OF iNT/tgHZ = Integer 0.1pF < Cregr < 1uF
s OPTIMUM INTEGRATION CURRENT * Veom
IINT = 4RA Biased between Vi and V-.
» FULL SCALE ANALOG INPUT VOLTAGE * Vcom=V+-2.8V

Regulation lost when V+ to V- < =6.8V

ViNEs (Typ) = 200mV
INFs (Typ) mV or 2V If Voo is externally pulled down to (V+ to V-)2,

* INTEGRATE RESISTOR the Voo circuit will turn off.
RiNT = VI'I:FTS * ICL7106 POWER SUPPLY: SINGLE 9V
V-V =9V
« INTEGRATE CAPACITOR Digital supply is generated internally
o = tinD)Cinp) VGND = V+ - 4.5V
INT = Vit * ICL7106 DISPLAY: LCD

Type: Direct drive with digital logic suppiy amplitude.
+ ICL7107 POWER SUPPLY: DUAL 15.0V

* INTEGRATOR QUTPUT VOLTAGE SWING

Vi = SNDUing)
INT= g o V+ = +5V to GND
V- =-5V to GND
+ ViNT MAXIMUM SWING: Digital Logic and LED driver supply V+ to GND
(V- + 0.5V) < ViNT < (V+ - 0.5V), VinT (Typ) = 2V + ICL7107 DISPLAY: LED

Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier Output Waveform (INT Pin)

DE-INTEGRATE PHASE
0 - 1999 COUNTS

F

| i

| t

! AUTO ZERO PHASE ! SIGNAL INTEGRATE
| (COUNTS) 1 PHASE FIXED
| 2999 - 1000 1 1000 COUNTS
| |

| |

) 1

r
1 _—_ - -

A J

+ > & Ll g

TOTAL CONVERSION TIME = 4000 x tc) ok = 16,000 x tggg

i H FN3082 8
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ICL7106, ICL7107, ICL7107S

Detailed Description

Analog Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement cycle is divided into three
phases. They are (1) auto-zero (A-Z), (2) signal integrate
(INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and low
are disconnected from the pins and internally shorted to analog
COMMON. Second, the reference capacitor is charged to the
reference voltage. Third, a feedback loop is closed around the
system to charge the auto-zero capacitor Caz to compensate
for offset voltages in the buffer amplifier, integrator, and
comparator. Since the comparator is included in the lcop, the A-
Z accuracy is limited only by the noise of the system. In any
case, the offset referred to the input is less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
interna! short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between IN Hi and IN LO for a
fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has no return with respect to the
converter power supply, IN LO can be tied to analog COMMON
to establish the correct common mode voltage. At the end of
this phase, the polarity of the integrated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the
integrator output to return to zero. The time required for the

]L
STRAY == Y = STRAY
=

CRreF

IN HI
INT DE- DE+

DE+ DE-

L3
~

COMMON

output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is:

v
DISPLAY COUNT = 1000(\7—@-) X
REF.

Differential input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1V above the negative
supply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator
output does not saturate. A worst case condition would be a
large positive common mode voltage with a near full scale
negative differential input voltage. The negative input signal
drives the integrator positive when most of its swing has been
used up by the positive common mode voltage. For these
critical applications the integrator output swing can be
reduced to less than the recommended 2V full scale swing
with little loss of accuracy. The integrator output can swing to
within 0.3V of either supply without loss of linearity.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
(decrease voltage} when called up to de-integrate a negative
input signal. This difference in reference for positive or negative
input voltage will give a roll-over error, However, by selecting the
reference capacitor such that it is farge enough in comparison
to the stray capacitance, this error can be held to less than 0.5
count worst case. {See Component Value Selection.)

RiNT l Caz J‘ CinT
BUFFER V+ AZ IINT
27

INTEGRATOR

T0
: R + DIGITAL
Ve SECTION
ﬁg AZ

COMPARATOR

INPUT
LOW

- N el
»
é

INT
30 8 ® A-Z AND DE(1)

INLO

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107
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ICL7106, ICL7107, ICL7107S

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7106) or for any system
where the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is
approximately 2.8V more negative than the positive supply.
This is selected to give a minimum end-of-iife battery voltage
of about 6V. However, analog COMMON has some of the
attributes of a reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the COMMON voltage will have a low voltage coefficient
(0.001%/V), low output impedance (=15Q), and a
temperature coefficient typically less than 80ppm/x°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7107, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package
thermal resistance can increase noise near full scale from
25uV to 80uVp_p. Also the linearity in going from a high
dissipation count such as 1000 (20 segmentis on) to a low
dissipation count such as 1111(8 segments on) can suffer by
a count or more. Devices with a positive TC reference may
require several counts to pull out of an over-range condition.
This is because over-range is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between over-range and a non-over-
range count as the die alternately heats and cools. All these
problems are of course eliminated if an external reference is
used.

The ICL7106, with its negligible dissipation, suffers from
ncne of these problems. In either case, an external reference
can easily be added, as shown in Figure 4.

Analog COMMON is alsc used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a commoen mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply commen for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the
converter. The same holds true for the reference voltage. If
reference can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the reference system.

Within the IC, analog COMMON is tied to an N-Channel FET
that can sink approximately 30mA of current to hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10uA of source current, so COMMON may easily be tied to a
more negative voltage thus cverriding the internal reference.

v+
v
REF H! *
|\ 6.8V
REF LO |— A
ICL7106 llz
ICLT107
V-
FIGURE 4A.
V+
v 6.8kQ
ICL7106 20k
ICL7107 k
REF HI | ICLB069
1.2V
REF LO b REFERENCE
COMMON
FIGURE 4B.

FIGURE 4, USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves two functions. On the ICL7106 it is
coupled to the internally generated digital supply through a
5004 resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No mere than a 1mA load should be applied.

v+ ™M

TO LCD

DECIMAL

POINT

ICL7108
|
BP 15 IF}__J
TEST
7 o TOLCD
BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT

The secend function is a “lamp test”. When TEST is pulled
high (to V+} all segments will be turned on and the display
should read “1888". The TEST pin will sink about 15mA
under these conditions.

CAUTION: In the lamp test mode, the segments have a constant DC
voltage (no square-wave). This may burn the LCD display if main-
tained for extended periods.

7 intersil
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ICL7106, ICL7107, ICL7107S

absorb the relative large capacitive currents when the back
I _Lw plane (BP) voltage is switched. The BP frequency is the

v+ Bp T ] clock frequency divided by 800. For three readings/sec., this
__|_D—|— is a 60Hz square wave with a nominal amplitude of 5V. The
) : ! segments are driven at the same frequency and amplitude
1ICL7106 DECIMAL —:D_:_ DosE L and are in phase with BP when OFF, but out of phase when
sgl?Elg m:_ POINTS ON. In all cases negligible DC voltage exists across the
T ] segments.
TEST —:®+ Figure 8 is the Digital Section of the ICL7107. Itis identical to
! codoso ! the ICL7106 except that the regulated supply and back plane
-T-GND drive have been eliminated and the segment drive has been
increased from 2mA to 8maA, typical for instrument size
FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE common anode LED displays. Since the 1000 output {pin 19)

must sink current from two LED segments, it has twice the
. . . drive capability or 16mA.

Digital Section panlly
Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107, respectively. In the ICL7106, an internal digital
ground is generated from a 6V Zener diode and a large
P-Channel source follower. This supply is made stiff to

In both devices, the polarity indication is “on” for negative
analog inputs. If IN LO and iN H! are reversed, this indication
can be reversed also, if desired.

a a d
- a f b f b f b
¢ 300 q [l Ei 5( g g g
U e Ry [ -
d d d
BACKPLANE
——————————————————————————— —— Fl 4 == =] H 4+ - JdJERE --21-(’----:
t
[}
LCD PHASE DRIVER .
L L At :
7 7 7
TYPICAL SEGMENT OUTPUT SEGMENT | | SEGMENT | § SEGMENT =200 :
v+ DECCDE | | DECODE ] | DECODE X
0.5mA 1111 1111 (111 1
1
SEGMENT LATCH X
T I '
ma I L .
1000's 100's 10's 1's | 1
COUNTER] |cOUNTER] |COUNTER] | COUNTER]™ 1
INTERNAL DIGITAL GROUND 1
]
TO SWITCH DRIVERS + )
FROM COMPARATOR QUTPUT 1 v
<Q +
CLOCK ¥ '
ol -4 »] LoGIc cONTROL 6.2v
]
T 5000
+ THREE INVERTERS INTERNAL - VYV 3'79 TESY
ONE INVERTER SHOWN FOR CLARITY DIGITAL Vin=1V !
GROUND :
261 v
a0 39 38 T ¥
_________________ Q= w moem = - - as ms s e - e e s mm e e e em e o em o em e e e o o
-
0SC1 0SC 2 0sC3

FIGURE 7. ICL7106 DIGITAL SECTION

H e FN3082.8
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ICL7106, ICL7107, ICL7107S

a a a
- B, T 0 O 0
e 30 q . q 5! g g 9
L C 3730 (0 A % A" A"
d d d
--------------------------- “HtH - -1 H -4AtHHt+-------
]
1
]
7 7 7 1
SEGMENT | | SEGMENT | | SEGMENT 1
DECODE | { DECODE | | DECODE 1
]
TYPICAL SEGMENT QUTPUT LIy T, ] .
v+ LATCH + 1
0.5mA !
- | (ifg {00 fI0] :
1000’s 100's 10's s |
SEGMENT COUNTER] JcounTER] |counTeEr] |cOUNTER]® X
8mA f
TO SWITGH DRIVERS 4 )
DIGITAL GROUND FROM COMPARATOR QUTPUT 1;
v+ p t ve
CLOCK © TEST
S s| Locic conTroL 37
L 5000 |
+ THREE INVERTERS & DIGITAL
ONE INVERTER SHOWN FOR CLARITY 27) GROUND
40 38 38 !
_________________ . Qi — e« S e T T R T S
F 3 F 3
0SsC 1 05C 2
JL
- 18
FIGURE 8. ICL7407 DIGITAL SECTION
System Timing i R e e
; . . ' INTERNAL TO PART \
Figure 9 shows the clocking arrangement used in the ' )
ICL7106 and ICL7107. Two basic clocking arrangements : +4 f— CLOCK :
can be used: ' )
] ]
1. Figure 9A. An external oscillator connected to pin 40. : :
2. Figure 9B. An R-C oscillator using all three pins. Lda0 cmmmmwd39 emm == d3 e m e e = N
The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three GND ICL7107
convert-cycle phases. These are signal integrate (1000 TEST ICL7106
counts), reference de-integrate (0 to 2000 counts) and FIGURE $A.
auto-zero (1000 to 3000 counts). For signals less than full
scale, auto-zero gets the unused portion of reference L L L e e e e e e e e e e e ——— "
de-integrate. This makes a complete measure cycle of 4,000 INTERNAL TC PART
counts {16,000 clock pulses) independent of input voltage. +al— cLock

For three readings/second, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 331/3kHz, etc. should be selected. For 50Hz
rejection, Oscillator frequencies of 200kHz, 100kHz,
662l3kHz, 50kHz, 40kHz, etc. would be suitable. Note that
40kHz (2.5 readings/second) will reject both 50Hz and 60Hz
{(aiso 400Hz and 440Hz).

P e |

FIGURE 9B.
FIGURE 9. CLOCK CIRCUITS

RC OSCILLATOR
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ICL7106, ICL7107, ICL7107S

Component Value Selection

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 4uA of drive current with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V full scate, 470ks2 is near optimum and
similarly a 47k<} for a 200mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance buildup will
not saturate the integrator swing (approximately. 0.3V from
either supply). In the ICL7106 or the ICL7107, when the
analog COMMON is used as a reference, a nominal +2V full-
scale integrator swing is fine. For the ICL7107 with +5V
supplies and analog COMMON tied to supply ground, a
+3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for CyT are 0.22pF and
0.10uF, respectively. Of course, if different oscillator
frequencies are used, these values should be changed in
inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
errors at reasonable cost.

Aufo-Zero Capacifor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full scale where noise is
very important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of
recovery from overload and is adequate for noise on this
scale.

Reference Capacitor

A 0.1uF capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e.,
the REF LO pin is not at analog COMMON) and a 200mV
scale is used, a larger value is required to prevent roll-over
error. Generally 1uF will hold the roll-over error to 0.5 count
in this instance.

Oscillator Components

For all ranges of frequency a 100k(2 resistor is recommended
and the capacitor is selected from the equation:

f= % For 48KkHz Clock (3 Readings/sec),

C = 100pF.

Reference Voltage

The analog input required to generate full scale output {2000
counts) is: Vi = 2VRgg. Thus, for the 200mV and 2V scale,
VREeF should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the
transducer is 0.662V. Instead of dividing the input down to
200myV, the designer should use the input voltage directly
and select Vrpr = 0.341V. Suitable values for integrating
resistor and capacitor would be 120k and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7107 with +5V supplies can
accept input signals up to +4V. Another advantage of this
system occurs when a digital reading of zero is desired for
V[N = 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between iN
HI and COMMON and the variable (or fixed} offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies

The ICL.7107 is designed to work from +5V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive IC. Figure 10 shows this application. See
ICL7660 data sheet for an alternative.

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than +1.5V.

3. An external reference is used.

V+o
[
. CD4009
1
1
v+ )
0SC 1 . )
]
0sc2 —A"W—t |
1
0S¢ 3 -,
]
ICLT107 ) L
GND 1
V- | —-I-Doq
t
— L R

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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ICL7106, ICL7107, ICL7107S

Typical Applications

The ICL7106 and ICL7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatility
of these A/D converters.

The following application notes contain very useful
information on understanding and applying this part and are
avaitable from Intersil Corporation,

Typical Applications

—_ TO PIN 1 4——
0sC 1

48 T00k0
oscz2 |29
0sc3 |38 SET VRer
TEST [37 100pF ’[ = 100mV
REF HI E—*
REF LO E Av‘v‘v=‘ vAvA
1K@ 22%Q
Crer A——1 . ¢
Crer [B—T
COMMON [32} 1Ma .
A1 -
L = 001;';' N
INLO [30} 3 o
ady 0.47uF °
az [B—————
47k N
BUFF [B———WA———¢ = ov
INT [ZT}——HA}———— "
v.[H 0.22uF
62 [29)
c3 |z
D) TO DISPLAY
A3 73]
G3 7]
BP [Zl|——— TO BACKPLANE

Values shown are for 200mV full scale, 3 readings/sec., floating
supply voltage {3V battery).

FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE

Application Notes
NOTE # DESCRIPTION

ANQ16 |"Selecting A/D Converters”

ANQ17  |"The Integrating A/D Converter”

AN018 |“Do’s and Don'ts of Applying A/D Converters”

AN023 |“Low Cost Digital Panel Meter Designs”

ANO032 ["Understanding the Auto-Zero and Common Mode
Performance of the ICL7136/7/9 Family”

AN046 |“Building a Battery-Operated Auto Ranging DVM with the
ICL71086"

ANO52  |"Tips for Using Single Chip 31I2 Digit A/D Converters”

ANS609 |“Overcoming Common Mode Range Issues When Using
Intersil Integrating Converters”

TO PIN 1 ey

—_—
OSC 1[40 100k<2
osc 2 [39
0sc 3 [38 SET VRer
TEST [37 100pF '/ = 100mV
REF HI E——————__l'
REF LO [35} AM—AW——o *5V
1KQ 22k
c 3
ReF [A—a .
Crer [BF—T
COMMON E_._.__...._ Ma .
IN HI {31} ! o
NLo ﬁ L= 0.01,F oM
0ATaF M 2
AZ [B——
A7kQ !
BUFF E—Wv—-- 1
wrf——p—
v. [® 0.22uF X o SV
1
62 |25 .
c3 2 '
| TO DISPLAY 1
A3 23] ]
63 2] :
GND E__L ......... "

Values shown are for 200mV full scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON).

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE

11 intersil

FN3082.8
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Typical Applications (continued)
TO PiN 1 4—————

v rr
OSC 1 [40p To0k0:
0SC 2 [B——WA——¢
0SC 3 [SB———b——— T Vg
TEST [37] 100pF '( = 100mV
REF HI E_l
REF LO |35}——y AMV—3-AA v+
1k 10kQ | 10k
CREF Eﬁ 0.AF +
Crer [B}——T 1.2V (ICLBO0GS)
COMMON [32}———«——4¢ 1MQ +
INHI [31}- +—— Wy o
N Lo Fat = 0.01F oM
= 0.47,F " M -
AZ 29— ———
47kQ2 !
BUFF [2§———AWA——9 '
INT [F—— ——— :
v-[H 0.22uF . oV
1
62 73 1
caz !
L) TO DISPLAY t
a3 [33) 1
o [ :
d s hER ‘

IN LO is tied to supply COMMON establishing the correct common mode
voltage. If COMMON is not shorted to GND, the input voltage may float
with respect to the power supply and COMMON acts as a pre-regulator
for the reference. If COMMON is shorted to GND, the input is single
ended (referred to supply GND) and the pre-regulator is ovemidden.

FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP
REFERENCE (1.2V TYPE}

—_ TO PIN 1 4——

[40]
OSC1 140 100k
osc 2 [39
osc3 |38 SET VRer
TEST {37 100pF ’( a1V
REF HI E—‘
REF LO [35] AA—AAN o V+
25K 24kQ
Crer |34
Rer [F—— | ¢
Crer [Bp—T
COMMON F3Z}rroemee—g 1MQ .
IN HI |37} A ° N
el T o2
INLO B0 garar *—* <
A-Z E——.”_.........._
4T0KQ
BUFF [28}———AWA——4
INT [ZF}——f |———
v- [ 0.22,F o V-
G2 |7
ciz
E| TO DISPLAY
A3 [273]
G3 [27]
BP/GND [71]

FIGURE 15. ICL7106 AND ICL7107: RECOMMENDED
COMPONENT VALUES FOR 2V FULL SCALE

——

TO PIN 1 ey

0SC 1
SC1 140 100k0
osc 2 [39
osc 3 [38 SET Vrer
TEST [37] 100pF / =100mV
REF HI E—;
REF LO [35} AN —AT g +5V
1k 100k
c 34
Rer (——y 0.14F 6.8V
Crer [B—T
COMMON (32} MO .
IN HI [3T}- — 001‘.‘\,*. ° N
T Vu
INLO (30 TATIF °
47k L
BUFF [Z8——AW——gt s
INT [ZT——— —— ]
V- E 0.22,\F o SV
Gz 75
c3fz
24 TO DISPLAY
A3 E
G3 [
i Ly

Since low TC zeners have breakdown voltages ~ 6.8V, diode must
be placed across the total supply {10V). As in the case of Figure 12,
IN LO may be tied to either COMMON or GND.

FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE

—_—— TOPINT e
0SC 1 140 100k '
0sC 2 [3J—WA——
0SC 3 |38 SET VRer
TEST [37) 100pF = 100mV
REF HI Zs]—*
REF LO [38] {i"ﬁ‘a‘uf 1;:0 +5V
Q 0
Crer [— ¢ »
Crer [3— 1.2V (ICL8069)
COMMON [32}——w—g Me .
IN HI [37} AN
— = 0.0, F N
IN LO [30] M o
A-Z [29 [ M—
47k
BUFF E—.—-—.—m——-—.—
INT j—2|2 !_
0.22,F
v-19
G2 [2§
cifz
E] TG DISPLAY
A3 [
G3 [
GND [Z1}

friad

An external reference must be used in this application, since the
voltage between V+ and V- is insufficient for correct operation of the

internal reference.

FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V
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Typical Applications (Continueq)

_\J—se—m TO PIN {1 ¢————0 V+
0sC1 140 100k

osc 2 [{——WA——4

0SC 3
TEST
REF HI
REF LQ
CREF
Cref
COMMON
IN HI
INLO
A-Z
BUFF
INT

V-

G2

c3

A3

G3
GND

A
YV y—o—\yy

LA

TO DISPLAY

B|E|E]N)

=

The resistor values within the bridge are determined by the desired
sensitivity.

FIGURE 17. ICL7107 MEASUREING RATIOMETRIC VALUES
OF QUAD LOAD CELL

(=]
~N
[w]
o
4
=
=]
z
w

0SC 1

0SC 2
0sC 3
TEST
REF HI
REF LO
CReF
CREfF
COMMON

TO PIN 1 4——

IN HI
INLO
A-Z
BUFF
INT
V-

4 00K
KE)
38 SCALE
77] 100pF FACTOR
=) ADJUST T
E AAA—AAN 2 22k0)
= 100k 1MQ | $
0.1uF 100ks2 220k() ﬂ' - E
33 AA e A AA
YYy—NY¥Y
231 | N
ot A N oo
ZERO SILICON NPN
o 0.01uF — ADJUST} | mPs 3704 OR
0.47,F SIMILAR
25— —
47kQ =
@-——‘VW—' = gv
27|—|22|-—— T
76 0.22uF
23
4
& TO DISPLAY
&
Z]]——» TO BACKPLANE

A silicon diode-connected transistor has a temperature coefficient of
about -2mVv/°C. Calibration is achieved by placing the sensing
transistor in ice water and adjusting the zercing potentiometer for a
000.0 reading. The sensor should then be placed in boiling water
and the scate-factor potentiometer adjusted for a 100.0 reading.

FIGURE 18. ICL7106 USED AS A DIGITAL CENTIGRADE

\'Ad
— [T ve ' osc 1
v [Z] o1 0SC 2
70{,-3:'5 3] c 05C3
[#] & TEST
[5] a1 REF HI
6] REF LO 0
]
[
[

B

BB B|B|BIE| E|B| BB S| BB 5|

<

e RimllﬂlﬂLiél

O/RANGE
U/RANGE
CD4023 OR G(-
74C10 cD4077

FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS

THERMOMETER
+5V

™ osc 1 {a@]

osc2 [39]

osc 3 [38)

| TEST [37]

| REF H! [36]

TO LOGIC REF L 39

Vce Crer [34]

| Crer [33]

12k0 3; COMMON [33]

The LM338 is required to N HI 3]

ensure logic compatibility IN LO [30]

with heavy display loading. A-Z E

LM339 BUFF [25]

P AL INT [3]
< -

O/RANGE : : ¢z [

| CE—<, El c3 (24

t 1 A3 E

r‘CE_—qur 63 [
UIRANGE ' 4 , 5 71

CD4023 OR !
74C10 Lot

FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND

i:ﬂk!l

—

—

OVERRANGE SIGNALS FROM ICL7107 OUTPUT
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ICL7106, ICL7107, ICL7107S

Typical Applications (Continued)

ot TOPIN1 ¢
I 100k
0sc2 [3 = 10,F SCALE FACTOR ADJUST
osc 3 [ (VREF = 100mV FOR AC TO RMS)
TEST {37}

REF HI
REF LO

IL
11
100pF 5 CA2140 100k02
uF "
AC IN

470k

pl
T 4.3kQ)
. MW

CreF

LﬁEjﬂljﬂL&J[
:

B E3
&
-
S
m
-
b
A
Yy

Crer
COMMON
INHI
INLO
AZ
BUFF
INT
V-
G2
c3
Al
G3
BP

1

, 047uF

' 4tk

e

L[]

100pF
- (FOR OPTIMUM BANDWIDTH)

.—|.|‘——1
!
:

0.22uF

M@T

TO DISPLAY

TM@M

TO BACKPLANE

Test is used as a common-mode reference level to ensure compatibility with most op amps.

FIGURE 21. AC TO DC COCNVERTER WITH ICL7106

+5V

L hd I__ DM7407 LED
SEGMENTS
ICLT107 I': 1300

13002

D>t
D——'M—g—

FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT
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ICL7106, ICL7107, ICL7107S

Dual-In-Line Plastic Packages (PDIP)

E40.6 (JEDEC MS-011-AC ISSUE B)

40 LEAD DUAL-IN-LINE PLASTIC PACKAGE
E1
N2 iINCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES
E3 A - 0250 | - 6.35 2
A-
Al 0.015 - 0.39 - 4
BASE A2 0.125 0.195 3.18 4.95 -
PLANE
L B 0.014 0.022 0.356 0.558 -
SEATING
PLANE B1 0.030 0.070 0.77 1.77 8
D1 c 0.008 0.015 0.204 0.281 -
B1 D 1.980 2095 | 503 53.2 5
D1 0.005 - 0.13 - 5
0.010 (0.25; C|A|B
( )®I l l ©| E 0.600 0.625 | 15.24 15.87 6
NOTES: E1 0.485 0.580 | 12.32 14.73 5
1. Controlling Dimensions: INCH. In case of conflict between English e 0.100 BSC 2.54 BSC -
and Metric dimensions, the inch dimensions control. on 0.600 BSC 1524 BSC 5
2. Dimensioning and tolerancing per ANSI Y14 5M-1982. 0700 1778 7
3. Symbols are defined in the “MO Series Symbol List" in Section 2.2 °8 . ’ - i
of Publication No. 95. L 0.115 0.200 2.93 5.08 4
4. Dimensions A, A1 and L are measured with the package seated in N 40 40 9
JEDEC seating plane gauge GS-3. Rev. 0 12/93
5. D, D1, and E1 dimensions do not include mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).
6. E and are measured with the leads constrained to be per-
pendicular to datum E
7. ep and ec are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.
8. B1maximum dimensions do not include dambar protrusions. Dam-
bar protrusions shall not exceed 0.010 inch (0.25mm).
9. N is the maximum number of terminal positions.
10. Cornerleads (1, N, N/2 and N/2 + 1) for EB.3, E16.3, E18.3, E28.3,
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).
FN3082.8
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ICL7106, ICL7107, ICL7107S

Metric Plastic Quad Flatpack Packages (MQFP)

Y

e
| ARAAARRR
= &
E E1 1_% +
R

i

=

1]

Hh

SEATING
(-] P A PLANE
THRRAERHEF
JWHEH AT Y
0.076
\ VMolgee
12°-16° ) <
o40 ) 0.20
0.07¢ MIN = !$|0_008®IC|A-B@|D@
T —>f b [
1 A2 Al P
! —b‘ b1 qu—_
ﬁ 0.13/0.17 j— |
©.005/0.007
120'160 T L -
BASE METAL T
WITHPLATING 7
0.005/0.009

Q44.10x10 (JEDEC MS-022AB ISSUE B)
44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE

INCHES MILLIMETERS
SYMBOL| MIN | MAX | MIN | MAX | NOTES
A - 0.096 - 2.45 -
Al 0.004 | 0010 | 010 | 025 -
A2 0077 | 0083 [ 195 | 210 -
b 0012 | 0018 | 030 0.45 6
b1 0.012 | 0016 | 030 0.40 -
D 0515 | 0524 | 1308 | 1332 3
D1 0389 | 0399 | 988 | 10.12 4.5
E 0516 | 0523 | 1310 | 13.30 3
E1 0.390 | 0398 | 980 | 10.10 4,5
L 0020 | 0040 | 0.73 1.03 -
44 44 7
0.032 BSC 0.80 BSC -
Rev. 2 4/99
NOTES:

1.

Controlling dimension: MILLIMETER. Converted inch
dimensions are not necessarily exact.

2. All dimensions and tolerances per ANSI Y14.5M-1982.
3. Dimensions D and E to be determined at seating plane ‘

. Dimensions D1 and E1 to be determined at datum plane

L]

. Dimensions D1 and E1 do not include mold protrusion.

Allowable protrusion is 0.25mm (0.010 inch) per side.

. Dimension b does not include dambar protrusion. Allowable

dambar protrusion shall be 0.08mm (0.003 inch) total.

. "N" is the number of terminal positions.

All Intersil U.S. products are manufactured, assembled and tested utilizing 1ISO9000 quality systems.
Intersil Cerporation’s quality certifications can be viewed at www.intersil.com/design/quality

intersit products are soid by description only. Intersii Corporation reserves the right to make changes in circuit design, software andfor specifications at any time without
notice. Accordingly, the reader is cautioned to venify that dala sheels are current before placing orders. information fumished by Intersit is believed to be accurate and
relfable. However, no responsibility is assumed by Intersil or ils subsidiaries for ils use; nor for any infringements of patents or other rights of third parties which may resuft
from its use. No licensa is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidianes.

For information regarding Intersil Corporation and its products, see www.intersil.com
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Common Anode {(CA) 7-segment LED Displays
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intersil.

Data Sheet

37/, Digit, LCD/LED Display, A/D
Converters

The Intersil ICL7106 and ICL7107 are high performance, low
power, 3112 digit A/D converters. Included are seven
segment decoders, display drivers, a reference, and a clock.
The ICL71086 is designed to interface with a liquid crystal
display (LCD) and includes a multiplexed backplane drive;
the ICL7107 will directly drive an instrument size light
emitting diode (LED) display.

The ICL7106 and ICL7107 bring together a combination of
high accuracy, versatility, and true economy. it features auto-
zero to less than 10uV, zero drift of less than 1uV/°C, input
bias current of 10pA (Max), and rollover error of less than
one count. True differential inputs and reference are useful in
ali systems, but give the designer an uncommon advantage
when measuring load cells, strain gauges and other bridge
type transducers. Finally, the true economy of single power
supply operation (ICL7106), enables a high performance
panel meter to be built with the addition of onty 10 passive
components and a dispiay.

Ordering Information

ICL7106, ICL7107, ICL7107S

December 1, 2005

FN3082.8

Features

» Guaranteed Zero Reading for GV Input on All Scales
* True Polarity at Zero for Precise Null Detection

« 1pA Typical Input Current

+ True Differential Input and Reference, Direct Disptay Drive
- LCD ICL7106, LED ICL7107

= Low Noise - Less Than 15uVp_p

+ On Chip Clock and Reference

» Low Power Dissipation - Typically Less Than 10mw
* No Additional Active Circuits Required

* Enhanced Display Stability

* Pb-Free Plus Anneal Available (RoHS Compliant)

TEMP. RANGE
PART NO. PART MARKING (°C) PACKAGE PKG. DWG. #
{CL7106CPL ICL7106CPL Oto 70 40 Ld PDIP E40.6
ICL7106CPLZ (Note 2) ICL7106CPLZ 0to 70 40 Ld PDIP(Pb-free) (Note 3) E40.6
ICL7106CM44 ICL7106CM44 0to 70 44 Ld MQFP Q44.10x10
ICL7106CM44Z (Note 2) ICL7106CM447 0to 70 44 Ld MQFP (Pb-fres) Q44.10x10
ICL7106CM44ZT (Note 2) ICL7106CM44Z 0to70 44 Ld MQFP Tape and Reel (Pb-free) | Q44.10x10
ICL7107CPL ICL7107CPL 0to 70 40 Ld PDIP E406
ICL7107CPLZ (Note 2) ICL7107CPLZ Oto 70 40 Ld PDIP{Pb-free) (Note 3) E40.6
ICL7107RCPL ICL7107RCPL Oto 70 40 Ld PDIP (Note 1) E40.6
ICL7107RCPLZ (Note 2) ICL7107RCPLZ Oto70 40 Ld PDIP (Pb-free) (Notes 1, 3) E40.6
ICL7107SCPL ICL7107SCPL Oto70 40 Ld PDIP (Notes 1, 3) E40.6
ICL7107SCPLZ (Note 2) ICL7107SCPLZ Oto 70 40 Ld PDIP (Pb-free) (Notes 1, 3) E40.6
ICL7107CM44 ICL7107CM44 0to 70 44 Ld MQFP Q44.10x10
ICL7107CM44T ICL7107CM44 0to 70 44 Ld MQFP Tape and Reel Q44.10x10
ICL7107CM44Z {Note 2) ICL7107CM442Z 0to70 44 Ld MQFP (Pb-free) Q44.10x10
ICL7107CM44ZT (Note 2) ICL7107CM442Z 0t 70 44 Ld MQFP Tape and Reel (Pb-free) |Q44.10x10

NOTES:

1. "R” indicates device with reversed leads for mounting to PC board underside. “S" indicates enhanced stability.

2. Intersil Pb-free plus anneal products employ special Pb-free matarial sets; molding compounds/die attach materials and 100% matte tin plate
termination finish, which are RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Intersil Pb-free products are
MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J STD-020.

3. Po-free PDIPs can be used for through hole wave solder processing only. They are not intended for use in Reflow solder processing applications.

CAUTION: These devices are sensitive to electrostalic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or 1-888-468-3774 | Intersil {and design) is a registered trademark of Intersil Americas Ing,

Copynght Intersii Americas Inc. 2002, 2004, 2005. Al Rights Reserved
Al other trademarks mentioned are the property of their respective owners,



ICL7106, ICL7107, ICL7107S

Pinouts
ICL7106, ICL7407 {PDIP) ICL7107R (PDIP)
TOP VIEW TOP VIEW
mY;
v+ 1] [40] 08¢ 1
\J
o1 2] 35] osc 2 osc1 [1] 0] va
ci 3] [35] 0sC 3 osc 2 [Z] [39] b1
B1 E E TEST 0S8C3 E 38| c1
51§ a1 5] [35] REF HI TEST [4] 37] B1
F1 €] [35] REF LO REF HI [ 3] 36] A1 ()
&1 [0 5% Crer* REF LO [§] [35] F1
[ &1 [F] 5] Crer- rer* [T 4] ot
p2 [ [32] COMMON Crer- [T 53] €1 |
c2 [in] T] IN 1 COMMON [3] 32] b2
B2 [M] [30] INLO IN HI [0 3 c2
{10’s) < INLO E [30] B2
a2 [12] 28] Az b (10'8)
F2 [13] 78] BUFF Az 12 78] a2
E2 [13] [Z7] INT BUFF [13) 28] F2
03 3] %] v- INT 34 2] €2 |
.. ] B3 [18] 5] G2 (10's) v- 3] %] D3
(100's) < F1 [T 3 cs G2 (10's) [1g] Zs] B3 .
o3 [ O e
E3 [18] [73] A3 » (100's) F3
(100's) ¢ A3 [T8] 23] E3
(1000) AB4 [T9] [22] 63
mus) "ot 27] BP/GND BPIG:3 o o oo aae
D |20 21
Z] Por us)
ICL7106, ICL7107 (MQFP)
TOP VIEW
3
T 9 L oL § - O w
w . w I J u -
EES&E8zz338 3
NC t NC
NC 2 G2
TESTLCI 3 c3
osc3CI— 1|4 A3
nNe(T 5 G3
osc2 6 BPI/GND
osc1 I 7 POL
v+ [T 8 26| T )AaB4
pICT—{ s 25(~1es
c1C—f{10 24[—TF>
1 3|y
B1 l_z 13 14 15 16 17 18 19 20 2123 83
A1 F1 G1 E1 D2 C2 B2 A2 F2 E2 D3
2 FN3082.8

intersil



ICL7106, ICL7107, ICL7107S

Absolute Maximum Ratings

Supply Voltage
ICL7106, VHto V-, . ... 15V
ICL7107, V+toGND ........ ... i 6V
ICL7107, V-to GND . . ... .o -9V
Analog Input Voltage (Either Input) (Note 1) ... ......... V+to V-
Reference Input Voltage (Either Input). .. .............. V+ to V-
Clock Input
ICL7I106 . . . .. e TEST to V+
ICL7107 . .. e GND to V+

Thermal Information

Thermal Resistance {Typical, Note 2) 0,4 (°CIW)
PDIPPackage ..................... ... .... 50
MQFPPackage .................. . it 75

Maximum Junction Temperature ... .. ............... ... 150°C

Maximum Storage Temperature Range. . ........ -65°C to 150°C

Maximum Lead Temperature (Soldering 10s) . ............ 300°C

{MQFP - Lead Tips Only)

NOTE: Pb-free PDIPs can be used for through hole wave solder
processing only. They are not intended for use in Reflow solder

Operating Conditions

Temperature Range . .. ....................

processing applications.

..... 0°C to 70°C

CAUTION: Stresses above those listed in “Absolule Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

1. Input voltages may exceed the supply voitages provided the input current is limited to £100pA.

2. 8, is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications (Note 3}
PARAMETER TEST CONDITIONS | mn [ e | max | unr
SYSTEM PERFORMANCE
Zero Input Reading VN = 0.0V, Full Scale = 200mV -000.0 | £000.0 | +000.0 Digital
Reading
Stability (Last Digit) {ICL7106S, ICL7107S Fixed Input Voltage (Note 6) -000.0 | £000.0 | +000.0 Digital
Only) Reading
Ratiometric Reading VIN ® VREF. VREF = 100mV 999 999/10 | 1000 Digital
00 Reading
Rollover Error -Vin = #Vy = 200mV - +0.2 +1 Counts
Difference in Reading for Equal Positive and Negative
Inputs Near Full Scale
Linearity Full Scale = 200mV or Full Scale = 2V Maximum - 0.2 +1 Counts
Deviation from Best Straight Line Fit {Note 5)
Common Mode Rejection Ratio Vem = 1V, VN = 0V, Full Scale = 200mV (Note 5) - 50 - pviv
Noise VN = OV, Full Scale = 200mV - 15 - pv
(Peak-To-Peak Value Not Exceeded 95% of Tima)
Leakage Current Input ViN = 0 (Note 5) - 1 10 PA
Zsro Reading Drift ViN = 0. 0°C To 70°C (Note 5} - 0.2 1 uvrec
Scale Factor Temperature Cosfficient Vi = 189mV, 0°C To 70°C, - 1 5 ppm/°C
{Ext. Ref. 0ppm/x°C} (Note 5)
End Power Supply Character V+ Supply Vin = 0 (Does Not Include LED Current for iCL71G7) - 1.0 1.8 mA
Current
End Power Supply Character V- Supply Current | ICL7107 Only - 0.6 18 mA
COMMGOCN Pin Analog Common Voltage 25k() Between Common and 24 3.0 3.2 \
Positive Supply {With Respect to + Supply)
Temperature Coefficient of Analog Common 25k() Between Common and - 80 - ppm/°C
Positive Supply (With Respect to + Supply)
DISPLAY DRIVER ICL7106 ONLY
Peak-To-Peak Segment Drive Voltage V+=to V-=9V (Note 4) 4 5.5 6 v
Peak-To-Peak Backplane Drive Voltage
FN3082.8
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ICL7106, ICL7107, ICL7107S

Electrical Specifications (Note 3) {Continued)

PARAMETER | TEST CONDITIONS [ wn [y [ wax [ uwir
DISPLAY DRIVER ICL7107 ONLY
Segment Sinking Current V+ = 5V, Segment Voitage = 3V
Except Pins AB4 and POL 5 ] - mA
Pin AB4 Only 10 16 - mA
Pin POL Only 4 7 - mA
NOTES:

3. Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 at Ty = 25°C, o ook = 48kHz. ICL7106 is tested in the circuit
of Figure 1. ICL7107 is tested in the circuit of Figure 2.

4. Back plane drive is in phase with segment drive for “off” segment, 180 degrees out of phase for “on” segment. Frequency is 20 times conversion
rate. Average DC component is less than 50mV.

5. Not tested, guaranteed by design.
6. Sample Tested.

Typical Applications and Test Circuits

+1N<- v
-+ -
‘ — I
Ry 5:>
<cs|. I’
C. C. 2 C
Ry Cs i h M H E 3 I_I_‘DISPLM
€y =0.1F
s =I:=‘FIIEI$ 3!5:]:13F1Fs1f&|’:lﬁew:ls QIFIRIRS Caz04TF
-8 m - T O L LT TONLESLN®m®E @ 3=0.22u
233 0e; gQzz<527 00 <0oa Cy = 100pF
cooFguwod = = Cs = 0.02F
’ ICL7106 21 = i:g
2=
-
- R.

ta5mzrseadarusaecgl? e
- =3 - o~ ~” - Ll w P Ll o (=3 -

SElE]le el ETEE R Rs = 1MQ

DISPLAY

FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL
SCALE

R3 A DISPLAY
|l| Cqy=0.4uF
s|El=]lE el Fl[R][=][= C2% 0.47,F
N 3oz2gal = C3=0.22pF
29 § i z Ca = 100pF
o0 Cg=0.02,F
b) Ry = 24kQ)
Ry = 47k
- - - 38 Ry = 100k
2483 nm 22828 R:=1m
TCIEE EEEEER

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL
SCALE

i H FN3082 8
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ICL7106, ICL7107, ICL7107S

Design Information Summary Sheet
+ OSCILLATOR FREQUENCY

fosc = 0.45/RC
Cosc > 50pF; Roge > 50k
fosc (Typ) = 48kHz

*+ OSCILLATOR PERIOD
tosc = RC/0.45

+ INTEGRATION CLOCK FREQUENCY
foLock = fosc/4

+ INTEGRATION PERIOD
tinT = 1000 x (dfosc)

+ 60/50Hz REJECTION CRITERION
tinTitsoHz OF inT/ts0HZ = Integer

* OPTIMUM INTEGRATION CURRENT
IINT = 4uA

« FULL SCALE ANALOG INPUT VOLTAGE
Vines (Typ) = 200mV or 2V

+ INTEGRATE RESISTOR
VinFs

Rint = I
INT

+ INTEGRATE CAPACITOR

_ Uiy
Cint ™ —~V——
INT

« INTEGRATOR OUTPUT VOLTAGE SWING
_ Gnp)UinT)

INT CINT

* Vint MAXIMUM SWING:
{V- +0.5V) < Vi1 < (V+ - 0.5V), ViNT (Typ) = 2V

DISPLAY COUNT
Vin

COUNT = 1000
VREF

CONVERSION CYCLE

teye = tocLock x 4000

teye = tosc x 16,000

when fogc = 48kHz; toyg = 333ms
COMMON MODE INPUT VOLTAGE

(V- + 1V} < Vi < (V+- 0.5V)
AUTO-ZERO CAPACITOR

0.01pF < Cpz < 1pF

REFERENCE CAPACITOR

0.1uF < Crgg < 1uF

Veom

Biased between Vi and V-,

Vecom = V+ - 2.8V

Regulation lost when V+ to V- < =6.8V

If Voou is externally pulled down to (V+ to V-)/2,
the Voom circuit will turn off.

ICL7106 POWER SUPPLY: SINGLE 9V
V+-\-=9V

Digital supply is generated internally
Venp = V+-4.5V

ICL7106 DISPLAY: LCD

Type: Direct drive with digital logic supply amplitude,

ICL7107 POWER SUPPLY: DUAL +5.0V

V+ = +5V to GND
V- = -5V to GND
Digital Logic and LED driver supply V+ to GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier Output Waveform (INT Pin)

|
|
AUTO ZERO PHASE |
{COUNTS) I
I
|
I
]

T

1

1

: SIGNAL INTEGRATE
| 2999 - 1000

|

!

1

PHASE FIXED
1000 COUNTS

I
|
DE-INTEGRATE PHASE I
0 - 1999 COUNTS |

|

1

[}

>
L

TOTAL CONVERSION TIME = 4000 x tc_ gck = 16,000 x tosc
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ICL7106, ICL7107, ICL7107S

Detailed Description

Analog Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement cycle is divided into three
phases. They are (1) auto-zero (A-Z), (2) signal integrate
{INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and low
are disconnected from the pins and internally shorted to analog
COMMON. Second, the reference capacitor is charged to the
reference voltage. Third, a feedback loop is closed around the
system to charge the auto-zero capacitor Caz to compensate
for offset voltages in the buffer amplifier, integrator, and
comparator. Since the comparator is included in the loop, the A-
Z accuracy is limited only by the noise of the system. In any
case, the offset referred to the input is less than 10uV.

Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between iN Hl and IN LO for a
fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has no return with respect to the
converter power supply, IN LO can be tied to analog COMMCN
to establish the correct common mode voltage. At the end of
this phase, the polarity of the integrated signal is determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the

integrator output to return to zero. The time required for the
JL

STRAY — o = STRAY
X CRrer I
Crert) REFHI REF LO] Cpee-

output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is:

VrN]
VREF.

DISPLAY COUNT = 1000(

Differential Input

The input can accept differential voitages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1V above the negative
supply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator
output does not saturate. A worst case condition would be a
large positive common mode voltage with a near full scale
negative differential input voltage. The negative input signal
drives the integrator positive when most of its swing has been
used up by the positive common mode voltage. For these
critical applications the integrator cutput swing can be
reduced to less than the recommended 2V full scale swing
with little loss of accuracy. The integrator output can swing to
within 0.3V of either supply without loss of linearity.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If there is a large common mode voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
(decrease voltage) when called up to de-integrate a negative
input signal. This difference in reference for positive or negative
input voltage will give a roll-over error. However, by selecting the
reference capacitor such that it is large enough in comparison
to the stray capacitance, this error can be held to less than 0.5
count worst case. (See Component Value Selection.)

RiNT
BUFFER V+

=== P Qo = mmm - - - = m = -
, Ve 34 36 35 33
1
1 A-Z A-Z TO
. 104A — DIGITAL
)31 SECTION
IN Hi o——®
: INT DE- DE+ INPUT
. HIGH
)
AZ
: ® COMPARATOR
N
]
32 DE+ DE-
COMMON ¢ s
! INT A-Z AND DE(%) INPUT
1 30 LOW
INLO @ ® et
T T T T T —— B T T g g i g
V-
FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107
FN30828
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ICL7106, ICL7107, ICL7107S

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7106) or for any system

where the input signals are floating with respect to the power

supply. The COMMON pin sets a voltage that is
approximately 2.8V more negative than the positive supply.

This is selected to give a minimum end-of-life battery voitage

of about 6V. However, analog COMMON has some of the
attributes of a reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the COMMON voltage will have a low voltage coefficient
(0.001%/V), low output impedance (=15(}), and a
temperature coefficient typically less than 80ppm/x°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7107, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package
thermal resistance can increase noise near full scale from
25uV to 80pVp_p. Also the linearity in going from a high
dissipation count such as 1000 (20 segments on) to a low
dissipation count such as 1111(8 segments on) can suffer by
a count or more. Devices with a positive TC reference may
require several counts to pull cut of an over-range condition.
This is because over-range is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between over-range and a non-over-
range count as the die alternately heats and cools. All these
problems are of course eliminated if an external reference is
used.

The ICL7106, with its negligible dissipation, suffers from
none of these problems. In either case, an external reference
can easily be added, as shown in Figure 4.

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However, in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the
converter. The same holds true for the reference voltage. If
reference can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the reference system.

Within the IC, analog COMMON is tied to an N-Channet FET
that can sink approximately 30mA of current to hold the
voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10pA of source current, so COMMON may easily be tied to a

more negative voltage thus overriding the internal reference.

v+
v
REF Ht >
REFLO |—» 6.8v
0 ZENER
IcL7106 1'2
ICL7107
V-
FIGURE 4A.
V+
v 6.8kQ
ICL7106 20kQ
IcL7107 &
REF Hi j—~» ICL8069
1.2V
REEF LO b REFERENCE
COMMON
FIGURE 4B. {i

FIGURE 4. USING AN EXTERNAL REFERENCE

TEST

The TEST pin serves two functions. On the ICL7106 it is
coupled to the internally generated digital supply through a
50002 resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

v+ M0
TO LCD
DECIMAL
POINT
ICLT106
ep s
21 II—+__|
TEST
a7 TOLCD
© BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT

The second function is a "lamp test”. When TEST is pulled
high (to V+) all segments will be turned on and the display
should read “1888". The TEST pin will sink about 15mA
under these conditions.

CAUTION: in the lamp test mode, the segments have a constant DC
voltage (no square-wave). This may burn the LCD display if main-
tained for extended periods.

7 intersil
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ICL7106, ICL7107, ICL7107S

absorb the relative large capacitive currents when the back

| J_w- plane (BP) voltage is switched. The BP frequency is the
v+ Bp ¥ - - ‘I clock frequency divided by 800. For three readings/sec., this
__|_D—|— is a 60Hz square wave with a nominal amplitude of 5V. The
: ! segments are driven at the same frequency and amplitude
\CL7106 DECIMAL :D_I— DL and are in phase with BP when OFF, but out of phase when
s;?e'g; m_;_ POINTS ON. In all cases negtigible DC voltage exists across the
1T 1 segments.
TEST —_:D_:_ Figure 8 is the Digital Section of the ICL7107. It is identical to
! cp4o3o ! the ICL7106 except that the regulated supply and back plane
-rGND drive have been eliminated and the segment drive has been
increased from 2mA to 8mA, typical for instrument size
FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
Digital Section drive capability or 16mA.

In both devices, the polarity indication is “on” for negative
analog inputs. If IN LO and IN HI are reversed, this indication
can be reversed also, if desired.

Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107, respectively. In the ICL71086, an internal digital
ground is generated from a 6V Zener diode and a large
P-Channel source follower. This supply is made stiff to

i ! 7 g 5 5
L-’ l E 3 -I 5 E ’ 5 9 b a [ -] C, e [+
d d d
BACKPLANE
——————————————————————————— - - - b - = 1 =1 - —-— —21—<'— - -:
1
1
LCD PHASE DRIVER )
JRELILL LLitids LIbIlE :
7 7 7 .
TYPICAL SEGMENT OUTPUT SEGMENT | | SEGMENT | | SEGMENT =200 .
v+ DECODE pecoDE | | DECODE X
0.5mA 1111 1111 L1111 1
]
SEGHE@I_T LATCH .
OUTPU
]
ma [ L LR T .
1000's 100's 10's s |, 1
couNTER| JcounTER] JcounTerR] JcounTER]™ )
INTERNAL DIGITAL GROUND .
i
TO SWITCH DRIVERS + '
FROM COMPARATOR OUTPUT 1
24 v+
CLOCK y i
ol =4 ;{ LOGIC CONTROL I 6.2V |
I 50002
* AP TEST
'f' THREE INVERTERS INTERNAL 47
ONE INVERTER SHOWN FOR CLARITY DIGITAL V=1V, !
GROUND :
261
h g V-
40 39 38
_________________ G = = i us () o ar o am e dm w4 b e b e e e = = = = = = d
r 3 r
0sC 1 0SC 2 0sC 3
J L
i

FIGURE 7. ICL7106 DIGITAL SECTION
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ICL7106, ICL7107, ICL7107S

a a a
— f b, f b, f b,
r1y 0 l_l q ’_—' 1 q 5 ] 9 9
LWICI730 15 A% A" A"
d d d
___________________________ L~ - -HIHE--[AHEH - U
]
1 3
| | i
7 7 7 ]
SEGMENT | | sSEGMENT | | SEGMENT '
pecOpE [ § pecope | | DEcobE i
]
TYPICAL SEGMENT OUTPUT L1111 [111 L1l )
v+ LATCH + i
|
0.5mA
- L JdHE 4 :
1000’s 100's 10's s |,
SEGMENT couNTeRr] lcounter] lcounter] lcounter]® :
8mA 1
TO SWITCH DRIVERS + '
DIGITAL GROUND FROM COMPARATOR OUTPUT 1i
v+ 1 ; v+
CLOCK [ Q TEST
>l 4 »{ Locic controL I |
| s000
+ THREE INVERTERS & DIGITAL
ONE INVERTER SHOWN FOR CLARITY 271 GROUND
40 39 38 1
_________________ . S . S - o e m e e - — -
» 3
o0sc1 osc 2
FIGURE 8. ICL7107 DIGITAL SECTION
SystemTiming = =000 e ese e e mmm e m—m - ——— 1
: ) ) INTERNAL TO PART
Figure 9 shows the clocking amangement used in the
B CLOCK

ICL7106 and ICL7107. Two basic clocking arrangements
can be used:

1. Figure 9A. An external oscillator connected to pin 40.
2. Figure 9B. An R-C oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and
auto-zero (1000 to 3000 counts). For signals less than fuli
scale, auto-zero gets the unused portion of reference
de-integrate. This makes a complete measure cycle of 4,000
counts (16,000 clock pulses) independent of input voltage.
For three readings/second, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 331l3kHz, etc. should be selected. For 50Hz
rejection, Oscillator frequencies of 200kHz, 100kHz,
66213kHz, 50kHz, 40kHz, etc. would be suitable. Note that
40kHz (2.5 readings/second) will reject bath 50Hz and 60Hz
(also 400Hz and 440Hz).

P

GND ICL7107
TEST ICL7106
FIGURE SA.
____________________________ 1
INTERNAL TO PART

= CLOCK

o e =
e = = -

- T

RC OSCILLATOR

FIGURE 9B.
FIGURE 8. CLOCK CIRCUITS
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ICL7106, ICL7107, ICL7107S

Component Value Selection

Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 4uA of drive current with negligible nonlinearity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not ptaced on
the PC board. For 2V fuli scale, 470k is near optimum and
similarly a 47kQ for a 200mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance buildup will
not saturate the integrator swing (approximately. 0.3V from
either supply). In the ICL7106 or the ICL7107, when the
analog COMMON is used as a reference, a nominal +2V full-
scale integrator swing is fine. For the ICL7107 with +5V
supplies and analog COMMON tied to supply ground, a
+3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cyyt are 0.22uF and
0.10uF, respectively. Of course, if different oscillator
frequencies are used, these values should be changed in
inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a low dieleciric absorption to prevent roil-over
errors. While other types of capacitors are adequate for this
application, polypropyiene capacitors give undetectable
errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full scale where noise is
very important, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of
recovery from overlpad and is adequate for noise on this
scale.

Reference Capacitor

A 0.1uF capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e.,
the REF LO pin is not at analog COMMON) and a 200mV
scale is used, a larger value is required to prevent rolt-over
error. Generally 1pF will hold the roll-over error to 0.5 count
in this instance.

Oscillator Components
For all ranges of frequency a 100k resistor is recommended
and the capacitor is selected from the equation:

f= % For 48kHz Clock (3 Readings/sec),

C = 100pF.

Reference Voltage

The analog input required to generate full scale output (2000
counts) is; V| = 2VReF. Thus, for the 200mV and 2V scale,
VREeF should equal 100mV and 1V, respectively. However, in
many applications where the A/D is connected to a
transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the
tfransducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltage directly
and select VRep = 0.341V. Suitable values for integrating
resistor and capacitor wouid be 120k and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7107 with x5V supplies can
accept input signals up to +4V. Another advantage of this
system occurs when a digital reading of zero is desired for
ViN # 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be convenientiy
generated by connecting the voltage transducer between IN
HI and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies

The ICL7107 is designed to work from +5V supplies,
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive IC. Figure 10 shows this application. See
ICL7660 data sheet for an alternative.

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than +1.5V.

3. An external reference is used.

Vio- —] h’j:_

V+
0sC1

0sC 2

0sC3

iICL7107

GND
V-

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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ICL7106, ICL7107, ICL7107S

Typical Applications

The ICL7106 and ICL7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatility
of these A/D converters.

The foliowing application notes contain very useful
information on understanding and applying this part and are
available from Intersil Corporation.

Typical Applications
—_— TO PIN 1
osc 1 ET
0sc 2 Ss——wWA"—4
08C 3 [38l———qF———  sETVgee
TEST {37] 100pF ‘n 100mv
REF HI E—————;
REF LO [35}- AWNV—AA
Crer [F—— . 1 22k
CreF [BF——T " g
COMMON g— NG .
l::l:; % = 0.01;.':"' jm
az [B—jf ;
BUFF E——“M‘Tm_ = 9v
INT [F——————— -
V- E 0.22uF
Gz |25
cs (A TO DISPLAY
A3 |3
3 [Z]
8P [3]— 3 TO BACKPLANE

Values shown are for 200mV fuli scale, 3 readings/sec., floating
supply voltage {9V battery).

FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE

Application Notes

NOTE # DESCRIPTION

ANO016 | "Selecting A/D Converters”

ANO17 [*The Integrating A/D Converter”

ANO018 |“Do's and Don'ts of Applying A/D Converters”

AN023 [“Low Cost Digital Panel Meter Designs”

AN032 |["Understanding the Auto-Zero and Common Mode
Performance of the ICL7136/7/9 Family"

ANQ046 |*Building a Battery-Operated Auto Ranging DVM with the
ICL7106”

ANO052 |“Tips for Using Single Chip 3112 Digit A/D Converters”

AN9609 |“Overcoming Common Mode Range Issues When Using
Intersil Integrating Converters”

TO PIN 1 ¢———vmy

—_
oscC 1 “I—wom

osc 2
osc3 SET Vrer
TEST [37) 100pF ’[ = 100mV
REF Hi
REF LO
CRreF

CRer
COMMON

INHI
INLO
A-Z
BUFF

INT [2Z}——wo

v. 0.22,F

G2
Cc3
Al
G3
GND

TT

|

AAA e A A +
"77"" d sv

1k 22k2

(&]

0.1uF

U

IT

™M .

= 0.01F

L&l

0.47uF
47k

!

A U T

o -5V

TO DISPLAY

NEISIN|E

/

Values shown are for 200mV full scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON).

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
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ICL7106, ICL7107, ICL7107S

Typical Applications (continued)
TO PN 1 44—

Y ose s [ ——
0sc 1 [40 Tl
osc 2 [3{H——wWAv—
osc3f3g—Jb——} ger VREF
TEST {37 100pF % =100mV
REF HI E————-‘
REF LO E ‘v‘v‘v#vAv‘ Av‘v‘ Ve
1kQ  10kQ | 10kQ
C 3
reF [M——a o »
Crer [B—T 1.2V (ICL8069)
COMMON 33— g MO .
IN HI [37] A0
\ = = 0.04,F oM
NLO 04T v °
A2 B ——
47k !
BUFF |Z8———AMWA———1% !
wr f——p——1
V- E 0.22uF N ovV-
1
G2 {7 .
cifz !
&l TO DISPLAY 1
G3 {22 !
22} .
GND E__L _________ a

INLO is tied to supply COMMON estabiishing the comect common mode
voltage. If COMMON is not shorted to GND, the input voltage may float
with respect to the power supply and CCMMON acts as a pre-regulator
for the reference. if COMMON is shorted to GND, the input is single
ended (referred to supply GND) and the pre-regulator is overridden.

FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP
REFERENCE (1.2V TYPE)

TOPIN 1 ¢

Vo5t [ —
0SC 1 [40 TR
0SC 2 [3——W——t
05C 3 [Bi————— st vger
TEST [37] 100pF '[zw
REF HI E—*
REF LO [35} AW—AW—b—o V4
25k 24kQ
Crer [——
LA
Crer [T
COMMON |[32}——«————9 MQ .
IN Hi 31} +—WA—o
w Lo B = 0.0%F oM
0.047,F .
AZ B b
470k
BUFF [Z8——AW——4
INT [F————
v- [ 0.22,F oV
e
c3 |2
24 TO DISPLAY
x (3
o1 [
BPIGND [Z1]

FIGURE 15. ICL7106 AND ICL7107: RECOMMENDED
COMPONENT VALUES FOR 2V FULL SCALE

—_———

0SC 1
0SC 2
0sc 3
TEST
REF Hi
REF LO
CReF
CREF
COMMON
IN Hi
INLO
AZ
BUFF
INT

V-

G2

c3

A3

G3
GND

TOPIN 1 4——

J

40 100k
39|
BE——————  seT veer
37 100pF { = 100mV
o
E M :'Ava',' o +5V
1k 100k)
34—
0.1uF 6.8V
= " x
E_.__.__.. ma R
= Lyt
o 1= 0.01uF oM
0ATLF °
:l._..___|29 I —
4Tk} -
ZBl_Wt_' s
6 0.22uF Lo -5v
23
24
TO DISPLAY
&
22]

Since low TC zeners have breakdown voltages ~ 6.8V, diode must
be placed across the total supply {(10V). As in the case of Figure 12,
IN LO may be tied to either COMMON or GND.

FIGURE 14. 1CL7107 WITH ZENER DIODE REFERENCE

—_— TO PIN 1 ¢——————
0SC 1 |40 T -
osc 2 [3—wWAv——9
0SC 3 [3———F—— SETVRer
TEST [37] 100pF ’( = 100mV
REF HI j———_‘ss
REF LO |35} AMA—AM—-A—8-0 +5V
1 10k | 15k02
CREF E__L 0.14F +—
Crer [BF— 1.2V (ICL8069)
COMMON [33————¢ 1m0 +
IN Hi [37] Wy ©
0.01, IN
INLO 3 Ly —
AZ [B—— —
47k0
BUFF [Z8——WA—F

V-
G2

C3 {2

23
74
A3 [T
22
—

Gl

GND {21}

INT %——?ﬂ}———

TO DISPLAY

An external reference must be used in this application, since the
voltage between V+ and V- is insufficient for correct operation of the

internal reference.

FIGURE 16. ICL7107 QPERATED FROM SINGLE +5V

12 intersil

FN3082.6



ICL7106, ICL7107, ICL7107S

Typical Applications (continued)

“osc 1 40}

TO PIN 1 ¢——0

osc 2 |39
0sc3
TEST
REF HI
REF LO
CREF
CRrer
COMMON
IN HI
INLO

100k

&l 100pF

30
A-Z [ i

BUFF E—M—47kn ]

INT

Gz 2§
c3 24
A3 173
G3 i3
GND 21}

v. 33: o.zlzluF

v+

The resistor values within the bridge are determined by the desired

sensitivity.

FIGURE 17. ICL7107 MEASUREING RATIOMETRIC VALUES
OF QUAD LOAD CELL

v

TO LOGIC
Vee

O/RANGE

FCE' (=

U/RANGE

\J

0SsC1
0sc2
QsC
TEST
REF HI
REF LO
Crer
CRreF
COMMON
IN Hi
INLO

A-Z

BUFF

INT
V-
G2
c3
A3
G3
BP

-
[+

LOGIC
GND

5]l el (=l ls] [l (2l ]| o] [<f | ]t 2] 8]

<

| = NL’.&'JLﬂL'iILfI

CD4023 OR q
7

4C10 CcD4077

FIGURE 18. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS

TOPIN 14—

~—
0SC 1 [40] T
osc z [39
0sc 3 |38
100F SCALE
TEST [37] P FACTOR
REF H 35"_——4 ADJUST "]
REFLO E AAA—AAN :» 22k}
100k MO | 3
Crer [Blh—o—q | 1 --
0.1pF 100k(2 220k
Crer [3— AW
commON [32} & __
INHI[H ZERO SILICON NPN
Lo 0.01uF — ADJUST| | mPs 3704 OR
i, 35 a7, SIMILAR
4Tk =
BUFF [Z8————w\—4 =9v
Ll 2 e | me—— T
0.22uF T
v- @
G2 E
c3
24 TO DISPLAY
A3 [273
G3 [
BP [F1lssmsmcp TO BACKPLANE

A silicon diode-connected transistor has a temperature coefficient of
about -2mV/°C. Calibration is achieved by placing the sensing
transistor in ice water and adjusting the zeroing potentiometer for a
000.0 reading. The sensor should then be placed in boiling water
and the scale-factor potentiometer adjusted for a 100.0 reading.

FIGURE 18. ICL7106 USED AS A DIGITAL CENTIGRADE

THERMOMETER
+5V
L [T] v+ ™ osc1 (4]
[z] b osc z [39]
3] c osc 3 [38
L [3] B4 TEST [37]
| [5] a1 REF Hi [36]
TO LOGIC 5]~ REF LO [35]
el ge Crer (3
[E E1 Crer E
120 EE [5] o2 common [37)
The LM339 is required to [ [ €2 W 3]
ensure logic compatibility [17] B2 INLO [30]
with heavy display loading. [12] A2 AZ E
LM33e [13] F2 BUFF |2§]
[14] E2 INT {77
& <H G- - v
GIRANGE : 1) B3 6z [29
J'Gl-q: F3 c3 |24
! [18] E3 A3 [3]
r‘CE4'¢ 73] AB4 63 [3}—
UIRANGE 20] POL BpP E—I
CD4023 OR ' N
74C10 t-- i 23K02 J_

FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNALS FROM ICL7107 OUTPUT
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ICL7106, ICL7107, ICL7107S

Typical Applications (Continued)

o s TOPINT « .
0sC1 [40
100k
0SC 2 |39 o= 10F SCALE FACTOR ADJUST
osc 3 [} | / (VRer = 100mV FOR AC TO RMS)
TEST [37] R / sur €210 |4 10060
+
REF HI [36 o . AC IN
REF LO E AAA- AN—P 1N914
CReF 334 o 1k 22k() ) 4‘7?59 A
LAu v¥y 2.2M0
Crer E—.—.—'r J- J-
COMMON (32— 1uF 1060 S == 1WF S10KQ I 14F
N i [31] -|— 43k ] ]— ]
INLO [30} . : ANy . i
Az [ Thadiod 0.22)F
=] " 4T + ——
BUFF E'—'_WV_ 1uF —ov 100pF
INT [77] i - (FOR OPTIMUM BANDWIDTH)
V- E 0.22uF ]
G2 E
c3 [24
El TO DISPLAY
» (5]
s [2]
BP [21]|——vp TO BACKPLANE
Test is used as a common-mode reference level to ensure compatibility with most op amps.
FIGURE 21. AC TO DC CONVERTER WITH ICL7106
+5V
I_ hed I__ DM7407 LED
SEGMENTS
ICL7T107 |': 1300
I 1300 %
E 1300 2
1 [ ] [ | 1
) ] [ ] ] 1
[ 2 [ ] ] 1
FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT
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ICL7106, ICL7107, ICL7107S

Dual-In-Line Plastic Packages (PDIP)

E40.6 (JEDEC MS-011-AC ISSUE B)
40 LEAD DUAL-IN-LINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES
A - 0.250 - 6.35 4
A1 0.015 - 0.39 - 4
A2 0.125 0.195 3.18 4.95 -
PLANE
A B 0.014 0.022 0.356 0.558 -
SEATING =)
PLANE B1 0.030 0.070 0.77 1.77 8
D1 C 0.008 0.015 0.204 0.381 -
B1 D 1.980 2.095 | 50.3 53.2 5
B
D1 0.005 - 0.13 - 5
0.010 {0.25 C|A}B
( )®| I I ©] E 0.600 0625 | 15.24 15.87 6
NOTES: E1 0485 | 0580 | 1232 | 1473 5
1. Controlling Dimensions: INCH. In case of confiict between English e 0.100 BSC 2.54 BSC -
and Metric dimensions, the inch dimensions control. P 0.600 BSC 1524 BSC 5
2. Dimensioning and tolerancing per ANS| Y14.5M-1982.
. ) o . eg - 0.700 - 17.78 7
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2
of Publication No. 95. L 0115 | 0200 ( 293 5.08 4
4. Dimensions A, A1 and L are measured with the package seated in N 40 40 9
JEDEC seating plane gauge GS-3. Rev. 0 12/93

5. D, D1, and E1 dimensions do notinclude motd flash or protrusions.
Mold flash or protrusions shalt not exceed 0.010 inch (0.25mm).

6. Eand are measured with the leads constrained to be per-
pendicular to datum E

7. eg and eg are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.

8. B1 maximum dimensions do notinclude dambar protrusions. Dam-
bar protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Comerleads {1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3,

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).
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ICL7106, ICL7107, ICL7107S

Metric Plastic Quad Flatpack Packages (MQFP)

- D -
- D1 > Q44.10x10 (JEDEC MS-022AB ISSUE B)
44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE
E INCHES MILLIMETERS
ﬁ H H H H H H H HH SYMBOL, MIN MAX MIN MAX NOTES
Lo | 11 A - 0.096 - 245 -
| - — 11
| = A1l 0.004 0.010 0.10 0.25
I:l: — - | E A2 0.077 0.083 1.95 2.10 -
| o m— 11
E E1 P + — b 0.012 0.018 0.30 0.45 [
fl:l: | ==1 bl | 0012 | 0016 | 030 | 040 :
- — 1
D 0.515 0.524 | 13.08 133
[ — {—3 0 2 8
c— D1 0.389 0.399 9.88 10.12 4,5
— _ :E‘t E 0516 | 0523 | 1310 | 13.30 3
HHHHH JHHHHH e E1 0.390 0.398 9.90 10.10 4,5
J L 0.029 0.040 073 1.03 -
PIN1
& 44 44 7
\ SEATING e 0.032 BSC 0.80 BSC -
-H- P . A PLANE
l ] / Rev. 2 4/99
J 2= NOTES:
/ Py 0.076 . . . :
\ ‘f 0.003 1. Controlling dimension: MILLIMETER. Converted inch
12°_.1g° ' -C-| dimensions are not necessarily exact.
0.40 ! 0.20 i i N
0016 MIN - H}l 0.008®| Cl A-B@[D@ 2. All dimensions and tolerances per ANS| Y14 .5M-1982.
0° MIN T . 3. Dimensions D and E to ba determined at seating plane .
b
i { Az a4 ™ 4. Dimensions D1 and E1 to be determined at datum plane
0°.7° T ! b1 r-— [-R-].
{ & j_ _i 5. Dimensions D1 and E1 do not include mold protrusion.
m 0.13/0.17 Allowable protrusion is 0.25mm (0.010 inch) per side.
T o0, 160 0.005/0.007 2 6. Dimension b does not include dambar protrusion. Allowable
L e
dambar protrusion shall be 0.08mm (0.003 inch) total.
BASE METAL “N"is th ber of terminal it
WITH PLATING / vols 7. is the number of terminal positions.
0.005/0.009

All Intersil U.S. products are manufactured, assembled and tested utilizing 1ISO3000 quality systems.
Intersil Corporation's quality certifications can be viewed at www.intersil. com/design/quality

Intersil products are sokd by description only. intersil Corporation reserves the right fo make changes in circuit design, software and/or specificalions at any time without
nofice. Accordingly, the reader is caulioned to verfy that data sheels are cument before placing orders. information fumished by Intersil is believed to be accurate and
reliable. However, no responsibility is a d by Intersil or its subsidiaries for its use; nor for any infringements of paten!s or other righls of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersii or its subsidianes.

For information regarding Intersit Corporation and its products, see www.intersil.com

i z F :
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Series FC-77X / 77XX, Series FC-78X / 78XX, and Series FC-79X MFCs ch
apter

2

Product Overview

PRODUCT DESCRIPTION AND THEORY OF
OPERATION

The MFC provides analog control, an array of possible mechanical and electrical
connections, and a wide variety of flow ranges. As shown in Figure 2-1, the MFC
{mass flow controller) is composed of a PC board that is integrated with the following
sections:

* Flow and temperature sensor
* Bypass
* Electronics

* Control valve

PC board\ ] | Control
N L ‘A ~Valve
i I /
Sensor
Gas outlet
Gas inlet

Figure 2-1. MFC cutaway view

5700512-C Product Overview 2-1



Advanced Energy®

When gas flows through the MFC it is split into two streams. A larger stream is routed
through the bypass assembly, and a smaller stream that is proportional to the larger
stream is routed through the flow sensor. The MFC is designed so that the ratio
between these two streams remains constant over the entire measurable flow range of
the instrument.

The flow sensor measures the flow of the smaller stream which represents the total gas
flow through the MFC. The flow sensor consists of a small stainless steel capillary
tube with two thermal resistors wound around the outside. Current passes through the
thermal resistors that function as heaters to warm the sensor tube, The thermal
resistors form part of a bridge circuit that senses the resistors’ resistance balance,
When gas is flowing, heat is transferred from the upstream to the downstream thermal
resistor. The degree of imbalance is proportional to the rate of the gas flow.

The control valve adjusts gas flow through the MFC based on the flow sensor reading
and the set point to ensure a stable gas flow from the MFC.

For more detailed information regarding the components in the MFC, see “MFC
Components” on page 2-2.

MFC COMPONENTS

The main components of the MFC are the flow sensor, bypass, electronics (bridge,
amplifier, and comparator circuits), and valve assemblies. Figure 2-2 illustrates these
major components.

2-2
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Series FC-77X / 77XX, Series FC-78X / 78XX, and Series FC-79X MFCs

Input Power
— Output Indication
~——< Command Signal
I v \
ADC  CPU
I |
Bridge v
Circuit
: Control
| I Valve
Sensor
 — | )
| —

2702

Figure 2-2. MFC functional block diagram

Flow Sensor Assembly

The flow sensor consists of a capillary tube wound by two self-heating resistance
wires through which electrical current is passed. The resistance wires heat the sensor
tube and when gas flows through the flow sensor a temperature differential is
produced between the upstream and downstream wires. The temperature change
causes a change in resistance which is detected as an electronic signal by the bridge
circuit of the electronics assembly.

The MFC uses the mass gas flow measurement because the heat exchange between
the gas and the self-heating resistance wire depends on the mass flow. When gas is not
flowing, heat is distributed evenly over the upstream and downstream wires, therefore
the resistance of upstream and downstream wires is equal and the bridge circuit
outputs zero. When gas flows, heat is exchanged between the gas and the self-heating
resistance wires. The temperature distribution between the upstream and downstream
resistance wires changes causing an imbalance. The imbalance of the upstream and
downstream temperatures results in a resistance differential that is detectable by the
bridge circuit as an electronic signal. The electronic signal represents the mass gas
flow.

5700512-C
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As aresult of the techniques of thermal mass flow measurement, gas flow can be
measured independently of factors which affect volume and density, such as
temperature and pressure.

Bypass Assembly

The bypass assembly diverts a small stream of incoming gas through the flow sensor
and channels the rest through the bypass and toward the valve assembly of the MFC.
The bypass assembly design ensures a constant flow ratio between the flow sensor and
the larger flow passing through the instrument, making the output signal of the flow
sensor proportional to the total (or mass} gas flow. A comparator circuit in the
electronics assembly compares the output signal from the flow sensor and the flow set
point. The signal created from this comparison drives the control valve until the
difference between the set point and the sensor cutput signal decreases to zero.

Electronics Assembly

The electronics assembly consists of a bridge circuit, a high resolution analog
converter, a valve drive circuit, and an analog I/O. The signal generated by the bridge
circuit is amplified and fed into the analog converter which outputs this signal into the
CPU (central processing unit). The CPU compares the set point signal to the sensor
reading to generate a signal to drive the control valve.

Valve Assembly

The valve assembly consists of a normally closed or normally open, solenoid control
valve.

2-4 Product Overview 5700512-C
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Chapter

3

Installation and Operation

PREPARING TO INSTALL THE UNIT

The following sections provide information that you need to understand before
installing the MFC.

Installation Requirements

Install the MFC according to the following requirements.

/N WARNING:
Operating and maintenance personnel must receive proper training
before installing, troubleshooting, or maintaining this equipment.

+ Do not use this product for medical or life-support purposes.
* Use the appropriate tube size for the MFC fitting.

The MFC does not come with mounting screws and gaskets. The selection and
preparation of appropriate screws and gaskets is your responsibility.

Note: For product and attachment dimensions, see “MFC Dimensions” on
page 6-33.

* Connect the MFC with the gas flowing in line with the arrow marked on the front

of the MFC.

» Make the electrical connection according to the instructions in “Making the
Electrical Connection” on page 3-5.

+ Use optional functions such as error detection and the purge function according to
the relevant instructions.

+ Perform the gas connector leak test with a helium leak detector.

Note: For models with a normally closed control, perform the leak test with the
valve open (by providing a set point voltage to the MFC).

* After power on, warm up the MFC for at least 15 minutes before supplying gas.

5700512-C
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» The MFC can be mounted in any position, but the zero point may shift if the MFC
is in a nonvertical position.

Adjust the zero point in the intended mounting position (see “Zeroing the MFC”
on page 3-9 for more information).

* AE recommends that you use a filter on the MFC primary side. A clogged MFC
can result in inaccurate control and measurement and subsequent process failures.

» AE recommends that you use a dedicated regulator on the MFC primary side.
Excessive service pressure can cause control errors and MFC failure. Unstable
pressure (or multiple MFCs below a single regulator) can cause unstable output.

INSTALLING THE UNIT

The following sections explain how to install the unit.

/N WARNING:
Hazardous voltages exist inside the mass flow controlier (MFC). Do not
remove the MFC cover.

Overview of Unit Installation

To install the MFC, do the following:
1. “Confirming the MFC Model” on page 3-3.
. “Preparing the Installation Site” on page 3-3.
. “Unpacking the MFC” on page 3-3.
. “Positioning the MFC” on page 3-3.

. “Making the Mechanical Connections” on page 3-4

2

3

4

5. “Mounting the MFC” on page 3-4.

6

7. “Making the Electrical Connection” on page 3-5.
8

. “Testing the System for Leaks” on page 3-6.

3-2 installation and Operation 5700512-C
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Confirming the MFC Model

Before you install the MFC, ensure that you have the correct model for your system
requirements. The part number, serial number, calibration gas, and full-scale flow are
listed on the label of the MFC. See “Product Label” on page 6-40 for an example
MFC label.

Preparing the Installation Site

Before installing the MFC, thoroughly clean, dry, and purge all piping associated with
the entire flow control system (in accordance with your company’s procedures). The
MFC control valve is not capable of completely shutting off gas flow. You must
install another shut off valve downstream of the MFC to completely stop gas flow.

Unpacking the MFC

Configuration
Note

The MFC is manufactured in a cleanroom environment and delivered in
contamination-free packages. Unpack MFC products in a cleanroom.

Unpack and inspect the MFC carefully, looking for obvious physical damage. If no
damage is apparent, locate and save all documentation, and then proceed with the
installation procedures.

If you do see signs of shipping damage, contact Aera, an Advanced Energy company,
and the carrier immediately (see “AE Global Services” on page 5-6 for contact
information). Save the shipping container for submitting necessary claims to the
carrier.

Save any undamaged shipping materials in the event you must ship the MFC in the
future. For more information on shipping an MFC, see “Packing an MFC for
Shipping” on page 5-10.

Positioning the MFC

Position the MFC so the gas flow is in the direction of the arrow stamped on the MFC
base. The MFC can be mounted in any position, but the zero point may shift if the
MFC is mounted in a non-vertical position. Adjust the zero point in the intended
mounting position before running the MFC (see “Zeroing the MFC” on page 3-9 for
more information).
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Mounting the MFC

Look to the following information to correctly mount the MFC.

Note: If you are using an MFC with IGS connections, you must make the mechanical
connections before mounting the MFC. See “Making the Mechanical
Connections” on page 3-4 for more information.

Note: The MFC may be retrofitted into any system because it has been manufactured
for drop-in replacement for all existing MFCs and is backward compatibility
with all older analog MFCs.

To Mount the MFC:

1. Match the mounting holes on the bottom of the MFC with those on the mounting
surface.

2. Using two #8-32 UNC-2B screws mount the MFC. Ensure it is securely attached
and will resist vibration from external sources.

See “MFC Dimensions’ on page 6-33 for dimensional drawings of the MFC, as well
as the specifications of the MFC mounting footprint.

Making the Mechanical Connections

To make the mechanical connections for the MFC, connect the inlet and outlet fittings
of the MFC to the gas supply line. Depending on the fitting type, use one of the
following procedures to connect the MFC.

Note: See “Model Specifications™ on page 6-1 for more information about your fitting
type.

To Make VCR Fitting Connections:
1. Verify the MFC is correctly mounted (see “Mounting the MFC” on page 3-4).

2. Inspect the tubing, ferrules, and fittings for dirt, dust, contamination, or damage.
If necessary, replace damaged components and clean the tubing, ferrules, and
fittings in accordance with your company’s procedures.

3. Insert associated tubing until it rests flush against the shoulder of the fitting.

4. Tighten nut to finger tight and then 1/8 of a turn past finger tight.
To Make IGS Connections:
1. Inspect the mounting blocks for dirt, dust, contamination, or damage.

If necessary, replace damaged components and fittings in accordance with your
company’s procedures.

2. Insert appropriate metal seals for your seal type.

Note: Metal seals are not included with the MFC.

Installation and Operation 5700512-C
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3. Mount the MFC and tighten screws according to IGS torque specifications (see
“Mounting the MFC” on page 3-4).

Making the Electrical Connection

Connect the system to the MFC using an appropriate mating connector and cable. For
electrical connector pin and signal information, see Chapter 4, “I/O Connections and
Communication.”

Note: If possible, securely fasten the connector with jack-post screws to the MFC to
prevent the connector from vibrating loose. Signals at this I/O port can be
sensitive to electrical noise. Take standard preventative measures against
electromagnetic interference (EMI), including using shieclded cable.

POWER SUPPLY REQUIREMENTS

For specific power supply requirements, see the specifications for your MFC model in
“Model Specifications” on page 6-1.

Nore: The power supply used with the MFC must be sufficient to handle the larger
current demand during operation. Additionally, the ripple voltage of the power
supply should be less than 20 mV.

If needed, Aera recommends using the following Aera power supplies for use with
Aera MFCs:

+ PS94UA (For use with up to 4 MFCs)
» PS76DA (For use with up to 6 MFCs)
» PS74DA (For use with up to 4 MFCs)

GROUND CONNECTIONS

The MFC employs both signal and power commons. Proper grounding of these
common leads is essential for the MFC to operate accurately and safely. Improper
grounding practices may result in inaccurate actual and indicated flow. Follow all
appropriate industry and local practices and standards in making these connections.

Note: For electrical connector pin and signal information, see Chapter 4, “I/O
Connections and Communication.”
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Testing the System for Leaks

A(AL TION:

Do not use liquid leak detectors to leak test connections. They may
damage the MFC.

R S

TR T

After installing the MFC in your system, you should test the leak integrity of the gas
connections with a helium leak detector.

Note: MFCs equipped with a normally closed control valve should be leak tested with
the valve open (by providing a set point voltage to the MFC). For more
information about setting the set point voltage, see Chapter 4, *“I[/O Connections
and Communication.”

CONNECTING THE MFC TO PERIPHERAL
EQUIPMENT

The following illusirations provide guidance for connecting a MFC to peripheral
equipment. The illustrations list Aera part numbers for equipment.

When RO-Box is used

—_— —

7
I

/ 8 ™

RO-100 e
RO-51D i
RO-520 - Dedicated cable !
RO-52D-2 | i} RO Monitor Flow rate indicator is to be added.
R0O-53D . ! {RO-520, 53D, 54D)
ROSD ~—{(__ - l

100 Vac

RO-100 requires use of LC-MFC-xxN.
2652
Figure 3-1. Connection to peripheral equipment using a RO-Box power
supply
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LC OUTN, LC OUTNC

T Flow rate setting indicator H H h H e
PS-71DA RO-40 0va
PS-74DA |
PS-76DA|

— =
100 Vac

-~ Flow rate adjuster

(UI]?) 3610

R Flow rate indicator
i:]], DP-455

*Cannector is assigned to 3610C, DP-455C and LC-OUT-NC.

26853

Figure 3-2. Connection to peripheral equipment using a dedicated power

supply

5700512-C
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[ | MFC-1 output (red) H
\mE OutputuC(ngMON T I
gl R ey TS \/
g oV gy () | (D) iy
-g 5y - NS \\/z
= (whilefgreen)] Adjuster 1|Adjuster 2Adjuster 3 Ad|uster 4
[MFC-2 PS-74DA L :
o CE o [ ] MFCA1 f
100 Vac 1 - IMFG-2 output (white))  Sonol |
= NI = i) |
st § IMFC-2 control (white/black) }
MFC-3 .g MFC-3 control (yeRow/black) ‘L
2 MFC4 control (browniwhite) \
de—=h Adjuster 3610 is used.

,,,,,, MFC-1 {green/black)
—— MFC-2 {blyeiwhite}

- ; H }MFCanutput tyedow) MEC-3 (greer/white) For VALVE positive-openiclose
5 - L ; - — MFC- (blue/black}
= il
Sk
_g - OV(,reen:blue)jL fﬁm) COMMCN
[=

[ V {purp!
. i___ji_A4evrP_%

ALARM H forownflack} |

t—— ALARM L (black/green) For MFC-1 efror detection
?, ALARM OFF (greenfred)

—— H MFwﬂmﬂibW)g ALARM H (yellow/blue) ]
r Lo ALARM L (brown/red) For MFC-2 arvor detection
|~.— ~~ ALARM OFF (yellow/white}

{

|——— ALARM H (brown/green)

, k' ALARM L (white/blug) For MFC-3 error detection

b ALARM OFF (yeflowhed)
t -~ ALARM H {rediblue)

- ALARM L (red/green) For MFC-4 ermor detection
+—— ALARM OFF (yelluwfgreen)
i_ -15 Vdc {pink}

o

C E N (green)

|Indicator 4

Indicator DP-455 is used

1. Ground and spiral colors are applied in the codes.

2. Treat the unused terminal of line code LC-OUT-N 2654
with care not to establish a short.

Figure 3-3. Example of connections using dedicated line code LC-OUT-N

OPERATING THE UNIT

The following sections explain how to operate the unit.
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/N WARNING:
Hazardous voltages exist inside the mass flow controller (MFC). Do not
remove the MFC cover.

First-Time Operation

The first time you operate the MFC:

1. Ensure that you have installed the MFC properly by following the procedures in
“Installing the Unit” on page 3-2.

2. After energizing the MFC (turning on power) through the appropriate
communications interface, allow the MFC to warm up for at least 15 minutes
before supplying gas to the MFC.

If you observe deviation in the zero output, perform a zero-point adjustment {see
“Zeroing the MFC” on page 3-9).

3. When using the MFC with vapors at room temperature, set the supply pressure at
the minimum value capable of securing the full-scale flow rate to avoid liquid
recondensation in the pipes. Be sure to maintain stable temperature for all pipes.

Zeroing the MFC

Look to the following information to adjust the MFC to the zero point,

Note: Contamination can negatively affect proper flow rate control and measurement,
despite zero point adjustment.

Before Zeroing the MFC, Review the Following:

* Make sure that your MFC has a zero-point adjustment hole. To identify this hole,
see Figure 3-4 on page 3-10. If your model does not have this hole, you can not
adjust the zero point. In this situation, contact AE Global Services (see “AE
Global Services” on page 5-6).

* The MFC can be mounted in any position. However, if the MFC is in a vertical
position, thermal siphoning can occur with a gas that has a molecular weight that
is 140 or less, which may cause the zero point to shift. Make sure to adjust the zero
point in the intended mounting position and with pressured service gas.

* Adjust the zero point at the service operating temperature. Temperature
deviations, even within the specified range of operating temperatures, may cause
the zero point to shift.
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To Adjust the MFC Zero Point:

1. Make sure that the MFC has reached ambient temperature.

2. Energize the MFC, then wait at least 15 minutes. During this time, make sure that
the ambient temperature remains constant and that the output stabilizes.

3. Close the shut-off valves upstream and downstream of the MFC to ensure that

there is no gas flow.

4. For normally closed MFCs set the set point signal to 0 V. For normally open
MEFCs, set the set point signal to 5 V. For more information on the set point

command, see Chapter 4, “I/O Connections and Communication.”

5. Use a small, flat head screw driver to make the zero-point adjustment as shown in

Figure 3-4.
<gg Counterclockwise
=3 (decrease in output
“[E?_ ( put)

Clockwise _
{(increase in output)

Zero-point adjustment holeté\ i
4

2558

Figure 3-4. MFC zero point adjustment
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MAINTENANCE

Recalibration and repair should be performed by Advanced Energy. See “AE Global
Services” on page 5-6 for contact information.

Note: Removal of an MFC should be done only after adequate purging with a
nonreactive gas such as nitrogen gas (N,). You should follow your company
procedures for removing gas line components.

Reactive gas calibrated MFCs may receive severe contamination or
corrosion from exposure to air or moisture. Check plumbing for leaks,
and purge thoroughly with dry nitrogen before operating or
disconnecting from the system.

STORAGE

Observe the following requirements when placing an MFC in storage:

*» Temperature between 5°C (41°F) and 45°C (113°F)
* Relative humidity less than 60%

Additionally, prevent any mechanical impact or corrosion.
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Chapter

4

/O Connections and
Communication

The following sections provide information on the MFC’s electrical connectors and
communication interfaces for MFC control, read back, and alarm indications.

20-PIN CARD EDGE CONNECTOR AND 20-
PIN HONDA CONNECTOR

Card Edge Connector

Figure 4-1 shows the pin names on the card edge connector.

olo|l-|lofaislwiNn] =
Fl X[~ mMio|O| W] >

—_
(=]

Figure 4-1. 20-pin card-edge connector

5700512-C 110 Connections and Communication 4-1



Advanced Energy®

Honda Connector

Figure 4-2 shows the pin numbers on the 20-pin Honda connector.

11 1
12 2
13 3
14 4
15 5
16 6
17 7
18 8
19 9
20 10

Figure 4-2. 20-pin Honda connector

20-Pin Connector Signal Descriptions

Table 4-1 provides the pin and signal descriptions for the 20-pin card-edge connector
and the 20-pin Honda connector.

Table 4-1. 20-pin connector signal descriptions

Pin Signal Name Signal Description

1 CASE GND Case ground terminal. This terminal is
connected to the base of the MFC. All other
terminals must be insulated from this

terminal.
2 POWER Common line that carries the majority of the
COMMON MFC operating current,

Note: POWER COMMON (pin 2) and
SIGNAL COMMON (pins B and C for
the card edge connector, pins 12 and 13
for the Honda connector) must be
connected at the power supply.
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Table 4-1. 20-pin connector signal descriptions (Continued)

Pin

Signal Name

Signal Description

OuUTPUT

Flow output terminal. Flow is represented by
a signal scaled between 0 VDC and 5 VDC:

« OVDC =0%
* 5VDC = 100% of full-scale flow

+15VDC

For specifications on this signal, see the
supply power section of the specifications
table for the specific MFC model (see “Model
Specifications” on page 6-1).

UNASSIGNED

This pin is unassigned and should nor be
connected.

VALVE TEST
POINT

Terminal for monitoring the voltage of the
valve drive. The scale is 0 VDC to -13 VDC
(maximum valve voltage).

Key (card
edge)

7 (Honda)

KEY

or

UNASSIGNED

The key is a slot in the card-edge connector
that ensures the connector can not be
connected backwards.

For Honda connectors, this pin is unassigned
and should nor be connected.

ALARM H

This pin provides an alarm output, which does
not need to be connected. For more
information see “Alarm Output (Error
Detection) Signals” on page 4-7.

ALARM L

This pin provides an alarm output, which does
not need to be connected. For more
information see “Alarm Output (Error
Detection) Signals™ on page 4-7.

10

ALARM OFF

This pin resets the alarm signal on pins § and
9. It does not need to be connected. For more
information see “Alarm Output (Error
Detection) Signals” on page 4-7.
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Table 4-1. 20-pin connector signal descriptions (Continued)

Pin Signal Name Signal Description
A (card edge) | SET POINT Analog flow control set point signal. The
INPUT signal range is 0 VDC to 5 VDC:
11 (Honda)
* 0VDC =0%
* 5 VDC = 100% of full-scale flow
(card edge} SIGNAL Return for control signals.
COMMON .
12 (Honda) Note: POWER COMMON (pin 2) and
SIGNAL COMMON (pins B and C for
the card edge connector, pins 12 and 13
for the Honda connector) must be
connected at the power supply.
C (card edge) | SIGNAL See pin B (12)
COMMON
13 (Honda)
D (card edge) | VALVE OPEN/ | This signal controls the position of the control
CLOSE valve and allows you to use the purge function
14 (Honda) on the MFC. The controls for this function
vary with connector and MFC type. For more
information, see “Control Valve Purge
Function Signals™ on page 4-8.
E (card edge) UUNASSIGNED | This pin is unassigned and should not be
connected.
15 (Honda)
F (card edge) -I5 VDC For specifications on this signal, see the
supply power section of the specifications
16 (Honda) table for the specific MFC model (see “Model
Specifications” on page 6-1).
Key (card KEY The key is a slot in the card-edge connector
edge) or that ensures the connector can not be
17 (Honda) UNASSIGNED connected backwards.
For Honda connectors, this pin is unassigned
and should not be connected.
J (card edge) UNASSIGNED | This pin is unassigned and should not be
connected.
18 (Honda)
K (card edge) | UNASSIGNED | This pin is unassigned and should nor be
connected.
19 (Honda)
L (card edge) UNASSIGNED | This pin is unassigned and should nor be
connected.
20 (Honda)
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9-PIN SUBMINIATURE-D CONNECTOR

Connector

Figure 4-3 shows the pin numbers on the 9-pin subminiature-D connector.

Ping Piné

107

Figure 4-3. 9-pin subminiature-D connector

Pin and Signal Descriptions

Table 4-2 provides the pin and signal descriptions for the 9-pin subminiature-D
connector.
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Table 4-2. 9-pin connector signal descriptions

Pin

Signal
Name

Signal Description

VALVE
OPEN/
CLOSED

This signal controls the position of the control
valve and allows you to use the purge function on
the MFC.

* Open = Common or +15 VDC
* Closed =-15 VDC
* Normal = Floating

For more information, see “Control Valve Purge
Function Signals” on page 4-8.

Note: Complete shut off of a gas cannot be
achieved by the control valve of an MFC.

ouUTPUT

Analog flow output signal. The signal range is
0VDCto 5VDC:

* OVDC=0%
* 5VDC = 100% of full-scale flow

+15VDC

For specifications on this signal, see the supply
power section of the specifications table for the
specific MFC model (see “Model Specifications”
on page 6-1).

POWER
COMMON

Common line that carries the majority of the MFC
operating current.

Note: POWER COMMON (pin 4) and SIGNAL
COMMON (pins 7 and 8) must be connected
at the power supply.

-15vDC

For specifications on this signal, see the supply
power section of the specifications table for the
specific MFC model (see “Model Specifications™
on page 6-1).

SET POINT

Analog flow control signal. The signal range is
0VDCto 5 VDC:

* 0VDC =0%
* 5VDC = 100% of full-scale flow

SIGNAL
COMMON

Return for control signals.

Note: POWER COMMON (pin 4) and SIGNAL
COMMON (pins 7 and 8) must be connected
at the power supply.

4-6
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Table 4-2. 9-pin connector signal descriptions

Pin Signal Signal Description
Name
g SIGNAL See pin 7.
COMMON
9 VALVE Test point signal indicating the position of the

TEST POINT | control valve:

¢ Open=-13VDC
¢ Closed =0 VDC

SPECIAL FUNCTION SIGNAL DESCRIPTIONS

The following sections provide detailed signal information for signals that are
dedicated to specific functions.

Alarm Output (Error Detection) Signals

Not all MFC models provide these signals. To see if your model provides alarm output
signals see the specifications for the MFC model in question (see “Model
Specifications™ on page 6- ). For signal descriptions, see Chapter 4, “I/O Connections
and Communication.”

FC-77X and FC-77XX MFCs provide error detection as a standard feature. The
function is an option on some other models.

For MFCs with the error detection feature, the MFC provides alarm output if it detects
a difference between the flow rate set point and the actual flow rate for longer than
eight seconds.
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