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Abstract

The F-20 series, the latest table-top pH meter, frees the user from the restraints of conventional cable-linked
electrodes because the electrode contains a signal transmitter. Another new concept is the user-oriented handling of
function keys. This paper describes the construction and features of the F-20 series, centering on the cordless

measuring function, which is this product’s most exciting feature.

1. Introduction transmitter capable of four-channel communication, a
separate free-arm stand, and an automatic calibration unit
that completely automates the task of calibration.

Microprocessors came into common use in pH meter . . :
eonnectlon to a computer or recorder is also possible.

about five years ago, and pH meters have since becom
increasingly sophisticated. Today the typical pH meter2.2 Features

features an extremely large number of functions. In many(tl) Cordless pH measurement

cases, this has resulted in a complexity of operation tha By eliminating the cord connecting the pH electrode and

intensifies, rather than alleviates, the burden on the operat B .
. (t e meter unit, true cordless pH measurement has been
In a survey we recently conducted to determine wha

chieved. There is no longer a need to bring sample

users want from pH meters, we found that the greates . . ;
. ) containers close to the unit, or worry that the cord will catch
concern was not measurement itself but peripheral matters ) .
) . . and cause a sample spill. The F-20 base unit can
including ease of operation. We also encountered long- : .
communicate to remote electrodes using up to four

standing complaints such as a desire for eliminating Scalehannels. This feature allows the user to perform high-

calibration and electrode cords. Our newly developed F-2 L ) .
. : recision measurement by selecting electrodes according
series of pH meters provides answers to these concerns a .
the properties of the sample

represents a major advance toward a next-generation p

meter. (2) Automatic calibration unit
) ) Calibration work, a bother with ordinary pH meters, has
2. System Calibration and Features been completely automated. Just set the timer on the pH
meter to the desired start time, and calibration and cleaning
2.1 System Components is done automatically. Automatic calibration can thus be

The components of the F-20 system are shoWwigime 1. timed to take place overnight so that the F-20 is ready to
The overall system consists of the F-20 unit with aperform measurements at the start of the workday.
detachable printer and cordless receiver, a cordless

. ‘; Automatic calibration unit

: ~$; Printer
i
. |
” Receiver
4 | i &
Cordless transmitter - -§
- @ -

Main unit g
Free-arm stand

Fig. 1 Measuring system of the F-20 cordless pH meter.
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Automated calibration also eliminates the worry of
calibration mistakes due to inexperienced operators.

(3) Wall-mounted display (pH) pH 9
12.060

CH 1] ol

The use of a cordless electrode makes it possible to L
perform measurement with the base unit hanging on a wall 23.61
or vertical surface, as shown Higure 2. This enables
efficient use of space in cramped laboratory conditions.

B'DDDU 200 (SEC)
READY: @ TO MEASURE.

Fig. 4 Graphic display of measurement results

BUTO HOLD  H.M

B

(4) Interactive operation SPEGIES: Nat T

The F-20 is the first to display operator prompts using : ; 25.0°C
Chinese characters. This interactive method, like that of a : READY' , 10 MEASURE. n—
computer, enables the user to configure complex I IEAS, E
measurement conditions with eaBgy(ire 3). Fig. 5 Measurement of ion concentration

Fig. 2 Wall-mounted receiving unit

*1: Isothermal intersecting point.
( ) The point at which the potential of the electrode does not change
even when the solution temperature changes.

SET-U
FLOW MEAS, ON
CORDLESS MEAS. ::%ON
P’EP’GRY/PRINTER::&%R OFF (7) Separate free-arm stand

$HOLD %PE‘EVAL B00SEC The F-20 uses a separate free-arm stand for the electrode
DISPLAY: FNUMERIC  GRAPHIC instead of combining the F-20 unit and electrode stand into
RS-232C:BAUD RATE *9280 g380 %ggﬂ a single unit. With ordinary integrated stands the electrode
WORD LENGTH *55193 TBITS tends to move in an arc and it is difficult to place the
PARITY. « DD ¢ EVE| electrode in the desired position. The separate free-arm

stand provides improved vertical movement for a marked
improvement in operability.

Fig. 3 Configuring measuring conditions using

) : 3. Cordless pH Measurement
the interactive systems

(5) Graphic display of measurement results 3.1 Internal Configuration Diagram

While most instruments made in recent years are digital, F'9ure 6 shows the interal configuration of the F-20.
there is still a strong demand for analog instruments because 1€ fransmitter unit consists of the cordless pH electrode
analog displays allow the user to observe the progress ofdnd the transmitter; the two devices are easily attached and
measurement. With the F-20 Series, simply switch tod_etac;ht_ad_by means ofe_lconnector. An impedance converter
graphic display Figure 4) and the measured values are circuit is incorporated into the cordless pH electrode for

successively plotted on the screen in realtime. MeasuremeUtPUt tO the transmitter at low impedance. The analog pH

progress is displayed in a manner similar to that of an analo§"d €mperature signals from the electrode are converted
a digital signal by a 14-bit A/D converter in the transmitter

device. The time axis (X-axis) and pH measurement rang X O
(Y-axis) can also be configured to match the sample. and read into the CPU as digital data. The data are converted

(6) lon measurement into serial data and encoded to assure signal integrity, sent

Simply connect the ion-selective electrode and switch td€ the high-frequency transmitter, and then transmitted

ion measurement mode, and the F-20 converts into an iof{"ugh the built-in antenna to the F-20 meter.
meter Figure 5). The ion meter supports multiple The receiving unit consists of the pH meter assembly

isothermal intersecting points that differ with the ion type and the receiver. The two devices are easi_ly attach_ed and
and is capable of automatic temperature compensation. detached by mean of a connector. The receiver receives the

transmitted data and sends it to the CPU. The CPU decodes
the data and sends the reading to the pH meter through the
meter’s 1/O board.
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Fig. 6 Diagram of the F-

3.2 Transmitter and receiver
Table 1 shows the specifications of the transmiffable 2
shows the specifications of the receiver.

Table 1 Specifications of transmitter
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20 communication system

3.2.2 Use of 300 MHz frequency band

The characteristics of various frequencies must be taken
into account when choosing a frequency to be used for
cordless communication. The relation of transmission power
to frequency for low-power devices has been established

Type

Measurement unit
Measurement range
Temperature
Transmission frequeng
Modulation method
Transmission method
Transmission output

Control method
Display

Number of channels
Transmission interval
Transmission distance
Power supply

Yy

FW-20T
pH/temperature
pH O -14
0-8C
300 MHz band
FM
PCM
Weak radio
(conforms to Wireless Telegraphy Act)
Microprocessor control
LCD (channel display)
Four (four transmitters per receiver)
Depends on channel setting
Approximately 5 m (depends on environ
Two Lithium batteries (CR2039)

as shown inFigure 7, and output restrictions become
increasingly strict above 322 MHz.

1000 | [ [
500 # V/m SOg M V/m

100

(5

puV/im

10 :
\
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10kHz 100 1MHz 10 100 1GHz 10

t
|
|
|

|
100 1000

Fig. 7 Allowance of field intensity at 3m from

ment) small radio station

At the same time, the effects of interference in the field
from common appliances must be avoided. For example,

local TV frequencies (up to 291 MHz), motors, and high-
voltage power sources can cause interference. Based on

Number of channels:
Reception distance:

Power supply:

Battery life Approximately 5000 samples
(30 seconds per sample)
Table 2 Specifications of receiver
Type: FW-20R
Frequency: 300 MHz band (supplied from pH meter u

Four

these considerations, we chose the 300 MHz band for the
hitycordless pH meter.
3.2.3 Channel transmission system

Approximately 5 m (depends on e”""on’rem) A different transmission frequency is normally used for

7-12V DC

3.2.1 Use of low-power transmitters
In Japan, depending on the frequency band and powefowever, when multiple frequencies are used, a circuit for

used, low-power transmitters, such as those used by the Bach frequency is required in the receiver and selection and

20, are not required to have a license and are not subject i@anagement of the transmitter frequencies is necessary at

restriction by the Wireless Telegraphy Act. The cordlesshe time of purchase.

pH meter uses a low-power transmitter that does not require In the transmission system we developed, one receiver

a license since it is assumed that most applications will bean receive signals from up to four transmitters on the same

within a range of several square meters in a laboratory. Thigequency. This was accomplished by means of multi-

allowed us to create an inexpensive cordless pH meter thahannel TX random transmissiofigure 8), whereby the

is easy for anyone to use.
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each channel when continuously transmitting data from
multiple transmitters because simultaneous transmission on
the same frequency results in jamming of the signals.

transmission interval is varied for each transmitter channel.
For example, data is transmitted once every 850 ms when a
transmitter is set to channel 1. During the 850 ms interval,
actual data transmission only lasts 85 ms and no
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(Four channels) battery life is prolonged.
850 ms,

Transmission Transmission The circuitry has also been designed to minimize power
T gﬁf: *}é;;;;“m“"‘ consumption, and as a result approximately 5000 samples
e — - (30 seconds per sample) can be measured before the battery
M emsms must be replaced.
Txy pee pr— B 4. Automatic Calibration Unit
—_— -
X4 e e . .
1105:ms 1 4.1 Unit Configuration
Fig. 8 TX random transmission with multiple channels Figure 10shows the external appearance of the automatic

calibration unit. The overall assembly consists of a standard
transmission takes place during the remaining 765 msso|ution pack (pH 4 and 7), rinse solution bottle (cleaning
When a transmitter is set to channel 2, transmission agaiater), waste solution bottle, and an encased control unit.
only lasts 85 ms and the remaining 850 ms is free. As such, The control unit consists of a motor, bellows pump,
if one channel transmits when another channel is nogwitch valve, and chamber. Suction and discharge is
transmitting, communication can take place at the sam@erformed by the bellows, and solution switching is
frequency without jamming. In addition, we vary the performed by the switch valve.
transmission interval so that even if two signals overlap at
any particular time, they will not overlap at the next interval  stauws display LED (standby, washing, calibrating)
and thus jamming does not occur.

We designed the F-20 Series for a maximum of four
channels; however, five channels are possible if the
transmission interval is lengthened.

3.2.4 Low power consumption

To reduce the size of the transmitter of the cordless
electrode we used a coin-type battery for the power source,
and a major technical issue was how to minimize power
consumption by the transmitter. Power consumption in the
transmitter can be divided into three intervals: conversion
of electrode input into digital data and transmission of data
(both of which are active states), and the standby state during Fig. 10 Auto calibration unit
which the unit is essentially inactive. Aggure 9 shows,

Electrode attachment

Electrode seal lever

Standard solution pack

Waste solution bottle "\ Rinse solution bottle

4.2 Measurement accuracy of automatic calibration
The calibration sequence is showfrigure 11 Solution

Standby time remaining in the tubes is first discharged and then the tubes
are washed with pure water. Standard solution 1 (for
example, neutral phosphate solution, pH 7) is drawn in,
dual washing takes place, and then the solution is
discharged. Standard solution 1 (pH 7) is once again drawn
in and the calibration sequence begins at the pH meter unit.
considerable power is consumed during transmission, angalibration ends when the electrical potential stabilizes.

thus it is possible to prolong battery life by reducing theThe same process is then repeated using standard solution
number of times transmission takes

200 A

150 4’

850ms

Fig. 9 Transmitter operation and its power consumption

place. One method for accomplishi ===~~~ -~~~ {IEDYlOW} — — - - - -~ o [Eoed -
this is to eliminate the transmission i PUCTAT ) [Siandard soluton [SE ) | | [ S|
unnecessary data. The measured v discharge discharge drawing and discharg rawing T Soibraton :
received from the electrode at (Washing) (co-washing) ! i
|
+

particular instant is compared with t

ow-speed drawingj

previously transmitted data, and if 1

|
|
|
|
|
|
|
|
|
I !
difference between the voltages_ [ S e s Standard solution_'Z EWSO?;iOa;ﬂZ L[ Sterdard
; : solution
within a certain limit, the new data discharge discharge drawing and discharg draving "|caibraton
[

when the pH electrode stabilizes a

H Standard Pure water I I
placement n a Sample, and th—r solution 2 H drawing and —l‘ ; Standby it

.I: h I h | discharge discharge | l
resumes if the voltage changes a | Westing | | !

placement in a new sample. Th L __________________ RS :

unnecessary data is not transmitted and Fig. 11 Calibration sequence

|
| n "
. (Washing) (co-washing)
not transmitted. | | |
For example, transmissionstc | [T TTTTTTTTTTOOOTTOC T T
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|
|
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2 (for example, standard solution of phtalic acid salt, pH 4)
and two points are thus calibrated. Washing with water then
takes place and the calibration sequence ends.

Table 3 shows measurement results for both automatic
calibration and manual calibration. With the addition of the
dual washing process, the two calibration methods agree
to pH 0.01. When calibration is repeated 20 times using
the automatic calibration unit, error is reduced to a level of
pH 0.01 and good reproducibility is obtained.

Table 3 Comparison data of manual and automatic
calibration modes

Automatic calibration value|
Before co-washing When caliprated
pH7 6.86 6.88 6.86
pH4 4.01 4.04 4.01

Manual calibration valug

5. Conclusion

This article introduced the F-20 series of tabletop pH
meters featuring cordless pH measurement and an automatic
calibration unit. The F-20 was developed with consideration
given to not just the pH meter itself but the entire pH
measurement system, and we hope that it will point the
way for future pH measurement. We would be very happy
to hear any comments and suggestions from those who
engage in pH measurement.
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