


RADIO DATA SYSTEM (RDS) DECODER

This article describes a radio data system (RDS) decoder based on Motorola's
MC68HCOSEOmicroprocessor. The present decoder boasts a number of features
that were not available on an earlier design published in Elektor Electronics.

Based on Motorola Application Note AN460, by Peter Topping

THE Radio Data System (RDS) adds
digital data capability to the VHF

FM broadcasts on band 111(87.5 to
108 MHz), and is in use in most of
Western Europe. The specification is
defined in EBU technical document
number 3244 (see Ref. I). A descrtp-
tion of the capabilities of RDS can be
faund in previous Elektor Electronics
articJes (Refs. 2 and 3). Abrief recap is
approprtate here.
Te transmit the data. a subcarrier is

added at 57 kHz, three times the
stereo pilot tone. This subcarrier is
amplitude-modulated with abi-phase
coded stgnal. The subcarrier itself is
suppressed to avoid data-rnodulated
croes-talk in phase-locked loop stereo
decoders. and to maintajn compatibil-
ity wtth the German AR! (Autofahrer
Rundfunk Information) system, which
uses the same subcarrier frequency.
Information Is sent in groups of four
26-bit blocks. Each group of 104 bits
te one of several types containing dif-
ferent information. It is up to the
broadcaster which features are trans-
mitted as long as the spectfred format
is adhered to, and PI. PTY and TP are
included. Each group contains a differ-
ent sub-set of the RDS features. A list
of all currently defined RDS features is

MAIN SPECIFICATIONS
• Permanent display 01 PS name and time or date and time (depending on
mode).

• Optional display of PI code and secondary RDS features (RT, PTY, PIN, MS, 01,
TA, TP, MJD and EON) on demand. including the principal
frequencies of up to 11 other networks.

e Full use of CT providing auto-setting, accurate clock with au-
tomatie date and summertime adjustment.

elmplemented as an alarm clock wh ich can control the power
ta the radio and/or sound an alarm.

• Sieep timer.
• TA=TP=1 (traffic announcement taking place) outpur.

shawn in Table 1.
The retneval of data is carried out

by demodulation hardware which gen-
erates clock and data signals that can
be used by a microprocessor. Suttable
devtces that can perform thts Iunctton
incJude the SAF7579T, SAA6579.
TDA7330 and LA2231. The Elektor
Electronics RDS demodulator board
(Ref. 2) is based on the SAF7579T. The
SAA6579 ts a stmtlar device that inte-
grates the filtenng. and thus requires
fewer external components (Ref. 4). ____
The block diagram of a typical appli-

cation ts shown in F'ig. 1. The mtcro-
processor, in this case a Motorola
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Fig. 1. Typicallayout of an RDS receiver system.

MC68HC05EO, decodes the RDS data
using the cJock and data signals from
the demodulator, and sends selected
data to dot-matri.x modules.
The decoder incorporates an alarm

clock which, if permanently powered,
can be used to switch on the radio
supplymg the RDS data at the re-
quired alarm time. There is a second
output intended to sound an alarrn.
Thts output is cancelled when any key
is pressed, leaving the contral output
acuvc. This could control the power
supply of the radio, or only the audio
stage. If an audio mute is used, RDS
data can be updated even when the
radio ts 'off". Aliematively, the decoder
can be used to simply display RDS
data with its power being supplied
frorn the radio, and manual1y switched
on and off.

Feature Information

PI
PTY
PS
RT
CT
AF
TA
TP
MS
DI
PIN
EON
TDC
INH

Program identification
Program type
Program service name
Radiotext
Clock time and date
Alternative frequencies
Traffic announcement
Traffic program
Music/speech switch
Decoder identification
Programme item number
Enhanced other netwarks
Transparent data channel
ln-hause data

Table 1. RDS features.
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RDSfeatures supported

The present decoder supports PI. PTY.
PS. RT. CT, TP. TA. MS, DI, PIN and
EON. lt facilitates permanent display
of tbe 8~digit station name (PS) and
time (CT) and, on request. can display
program type (P1Y). radiotext data (RT)
and the status of the other RDS fea-
tures. EON data can be displayed, but
the retuning features associated with
AF and EON are not supported as
there is 00 capability to control the
tuned frequency. In a car radio. EON
data ts used to swttch the radio to a
station which ts broadcasting IDeal
trafftc Information. while AF data is
used to tune the radio to the strengest
signal carrying the selected device.
Program identification (PI) is a two-

byte number which identifies the
country, coverage area and service. It
can be used by the control rntcro-
processor, bu t ts normaJly tntended for
display. A change in PI code causes the
initialization of all RDS da ta as it indi-
cates that the radio has been detuned.
This decoder facilitates the dtsplay of
the current PI code on request.
Program type (PTY)is a ö-btt nurn-

ber which indicates the type of pro~
gram being broadcast. At present. 16
of these types are defined. Examples
include 'no programme type', 'current
affairs' arid 'pop music', although the
actual syntax which is displayed is de-
tennined by the software of the con-
trolling microprocessor. In this
example, PTY can be displayed on re-
quest - Table 2 shows the display
used for each P1Y code.
Program Service Name (PS) is the

eight character name of the station.
and is permanenlly displayed (except
in standby mode).
Radiotext (RT) constitutes a string

of up to 64 eharacters which gtve addi-
tional information regarding the ser-
vice or programme being trarisrnttted.
In this application. Rf is displayed on
request on the 16~digit dot matrix
using scrolling. The data often con-
tains extra spaces to centre the text on
a 2x32 character display. As these are
not appropriate for a 16-character
scrolling dtsplay. the software reduces
all sequences of two or more spaces to
a singlc space.
Clock Time (CT)data is transmttted

every minute on the minute, and pro-
vides a very ace urate clock. traceable
to national standards. The (modified
Julian) date and local time variation ts
also transrrutted. Time is permanently
displayed. In standby mode (see
below), the date is displayed instead of
the PS name. The MJO number, which
is the form in which the date is trans-
mitted, can also be displayed. The rni-
croprocessor converts this number
into day-of-week, day-of-month,
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month-of-year.
Alternative Frequencies (AF) would

be used by a car radio to retune to the
strongest stgnat car-rytng the selected
service. AF data, along with TDC and
INH, is not used in this application.
Traffic Announcement (TA) and

Tralfic program (TP)are Ilags. TP is set
tf the transrrutter nonnally carries traf-
fic information, and TA is set if a trafftc
announcement ia in progress, The
combination TA=1 and TP=Ois used to
indicate that EON data ts being used
to supply information to other riet-
works, including traffic announce-
ments. The status of these üags can be
displayed. and the combtnatton
TA=TP=I is brought out to a pin. and
can be used to control an LEO or ex-
ternal hardwat-e. This could demute
the radio. or switch from cassette
when a trafftc announcement is taking
place.
Musre-Speech (MS) is a single bit in-

dicating either music or speech. and is
tntended to be used to make a tone or
volume adjustment to a radto's audio
stage. The MS bit is displayed on re-
quest.
Decoder Information (OI) consu-

tutes four bits indicating the type of
transmission (mono, stereo, binaural.
etc.). It is not essentially in use in the
UK. but can be displayed as a number
between 0 and 15.
The Programme ltem Number (PIN)

is used to identify the programme cur-
rently being broadcast. The fonnat is a
2-byte number which includes the
scheduled time and date (day-of-
month) of the start of the programme.
It can be displayed as four hexadeci-
maI dtgtts. or fully decoded to day-of-
month and time. Once It ts fully
implemented, PIN Information will be
able to facilitate automatte switch-on
or recording of a pre-selecled pro-
grarrunewhen rt actually starts, even if
this ts not at the scheduled time.
Enhanced Other Networks (EON)re-

places the older Other Network (ON)
format. lf type-Lc groups are used to
provide EON data, then typc-S groups
(ON) will nol be used (Table 5 shows
the currenlly defined group types).
Type-14A groups are used to send in-
formation about other networks. The
PS name and principal frequency of up
to 11 other networks can be displayed
on request. Type-14B grou ps are used
to switch to trafftc announcements on
other stations in a radio in which the
microprocessor can control the tuned
frequency.

Circuit
Ftgure 2 shows the circuit diagram. As
different demodulator devices can be
used, the circuitry for the demodulator
is not shown. The complete RDS de-

PTV Display

o no programme type
1 News
2 Current affairs
3 Information
4 Sport
5 Education
6 Drama
7 Culture
8 Science
9 Varied
10 Pop musie
11 Rockmusic
12 Easy listening
13 Light elassies
14 Serious classics
15 Other musie
16~31 No programme type

Table 2. PTY types.

coder/dock can be built ustng the de-
coder described here. tho Elektor
Elecrrcrucs demodulator board (Ref 2).
and apower supply. The ctrcutt of the
decoder ts very simple as the
MC68HC05EO uses a non-multtplexed
bus, and includes its own chip selects.
The only other chip required is thus
the EPROM. an 8~KByte 27C64 of
whtch 4~ K is used.
In order to facilitate a chotce of dis-

play technology, thc decoder drives
both a parallel LCD module (based on
a I-lD44780 driver, wtth or without an
HD44100) and aserial VFD mod ule
(based on an MSC7128 driver). The
dtsplays show the same data (within
the !imitations of thetr character
ROMs). Either or both modules can be
connected.
LCD modules using only the

HD44780 use divtde-by-Lö multiplex-
ing. The software is written for this
type of display, and will also work with
modules incorporating the additional
HD44100. Modules wtth both chips
are capable of htgher contrast. by em-
ploying divide-by-B multiplexing. To
use thts capability the data at EPROM
address $IFF3 should be changed
from $38 (716 multiplexing) to $30 (78
multiplexing). Software modified in
this way will not operate correctly on a
display whtch does not include an
HD44100. If the LCD module is not
eonnected. a pu ll-down resistor should
be connected to bit 7 of port C. This bit
IS read by the microprocessor to check
that the controller in the module is
ready to recetve a command, and may
cause the software to hang up if it is
left open-ctrcuit.
The serially driven VFD module

shows the same data as the LCDmod-
ule. The display driver used has a dif-
ferent character set from the standard
ASCll set used by the LCD module,
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Fig.2. Circuit diagram of the RDSdecoder.

and a table is used to convert ASCII
data into the required characters on
the VFD module.
The only other components required

are a crystal, the 4-key keyboard and a
few passive components. Correct opera-
tion of the clock in the absence of an RDS
stgnal requires that a 4. I94-MHz crystal
be used (the trtmmcr on pin 6 should be
adjusted for accurate timekeeping).
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Principle of operation

On power-up, the software initializes
the dtsplay modules [the displays show
'Mon 0 tnv 00:00' until a valid group
4A ts received) and an idle loop regu-
larly checks the local keyboard for a
key press, compares the current time
with the alarm time, and performs
other ume-dependent functions re-
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lated to the dtsplay modules and the
sleep timer.
The keyboard software scans the 4-

key matrix for a key press every 16 ms.
If the same key ts pressed on three
successrve scans, it acts on this key
function by calling the relevant sub-
routine. These routrncs also control
the repeat rate of the SLEEP and RDS
keys. This rate is set at 6 Hz [after an
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KEY

MODE
On/Off Sieep Alarm RDS

Standby (Off) mode normal (On) -
mode alarm

AT

Normal (On)
PTY
PI

mode stndby (Off) mode sleep (On)
TAITP
PIN(h)

Alarm OFF mode alarm ON PIN(d)
MJD
MS/DI
EON 1

Alarm ON mode alarm set-up

mode alarm OFF
EON 11

Alarm SETUP toggte hr/min dec. hr/min irre. hr/min

Table 3. Key functions.

initial 750-ms delay) when the keys
are used to change the alarm time. and
1 Hz for their normal function. The
other keys do not repeat if held down.
Table 4 shows the various functions
available in each mode.
The On/Off key loggles between ON

and standby modes. A port pin (3, Port
E) can be used to control the power to
the VHF radio and/or other external
hardware. It ts active high (low in
stand-by). In stand-by mode. wtth the
alarm dtsabled, the time and date are
displayed. If the alarm is enabled, the
alarm time is displayed along with Ihe
current RDS PS-name. Table 5 shows
these display formats.
The Alarm key facilitates the display

of the current alarm status. A second
press changes the alarm armed status.

Dillplav mode Format

Slandby A1armol! Thu ]0 Apr- 18:05

(Off) Alarm ctt, no eT Moo o Lnv 0:00

Alarm on 0659 M.AAM 18,05

Normal Wllh RDS PS name SBC R~ 18 :05

(On) Wilhoul RDS
_______ 1B:05

Alarm Alarm oll Mann - 0"
Alarm on Alarm - 6:59

Sleep Sleep 60 min.

RO' RT BBC Radio 4

PTY N~'
PI PI code - C204

TA&TP TP - 0 TA - 1

PIN(hexl PIt< no . - F480

PIN(deeod) 30th ac 18:00

MJO KJ day - 48742

MS&DI Mf' N DI 15

EON 1 SBC R3 92 .10

2 B8C R.Se 10].60

3 8BC NWcl 96.00

4 .sBC sccc 94.)0

5 SBC Mtrne 92 .50

6 SBC 'IWed 9).50

7 B"" " 909kHz, BBC Eng. 100.00

9 BBC Rl 99.50

10 BSC R2 89.90

11 ----

Table 4. Display formats.
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When armed, the alarm time is dis-
played. In this mode, the On/Off key
can be used to select either hours or
minutes {tndtcated by flashtngj. and
the Sleep and RDS keys to increase
and decrease the settings. If the alarm
has trtggered, the first press of any key
cancels tt. The alarm display has one
of the two alarm formats shown in
Table 4. according to whether or not
the alarm is armed. As a11 the keys
have a spectal function in the alarm
set-up mode. the only way to exit this
mode is to watt for a time-out. lf no
keys are pressed for five seconds, the
mode returns to normal.
The Sleep key controIs the sleep

timer. If the decoder is in the standby
mode, the first press of SLEEP
switches it on, and initializes the sleep
time to 60 minutes. When the sleep
timer is runntng, this is indicated by a
flashing decimal point in the rtght-
most character of the display modules.
Subsequent presses of the SLEEP key
decrease the time remaining by 5 min-
utes. When the sleep time has elapsed,
the decoder returns to stand-by. In the
alarm set-up mode, this key decreases
the alann time.
The RDS key steps through the var-

ious RDS data displays. Holding down
this key steps through the displays at
1 Hz. The displays are RT (scrolling).
P1Y, PI, TA/TP, PIN (hex), PIN (de-
coded), MJD, MS/DI and EON (11 net-
works) as shown in Table 4. In the
alarm set-up mode, this key Incre-
ments the alarm time.

Alarm functions
The alarm time can be entered as de-
scribed above. If the alann ts enabled
(alarm time displayed on the ftrst press

of the ALARM key, and permanently
displayed in stand-by mode) then, at
the alarm time. the auxil1ary control
line will go high. This can be used to
control extern al hardware, Ior exarn-
pie, to switch on the VHF radio supply-
ing the RDS data. If the auxiliary line
is already high (decoder fully on, or on
via the sleep timer), then it stays high.
The operation of the sleep timer is not
affected if bit 0 of Port E is high. If this
1/0 line is low at the alarm time, the
sleep timer is actuated for an hour.
Thts takes place whether the decoder
was previously on, off. or running the
sleep timer, and has the effect of
swttching the auxiliary line low an
hour after the alarm time, regardless
of its condition prtor to the alarm.
At the alarm time. the alarm output
will also be actuated (active low) as
long as it is enabled by bit I of port E
being held low. This is intended to
drive an alarm sounder. When this
output is actjve. a press of any key
cancels tt until the next alarm. This
cancellation does not affect the auxil-
iary output.

Groups handled
If a complete group has been received,
the data can be processed. The PI code
is checked to see if it has changed. If it
has. the displays are trüttaltzed. In an
applicatlon ustng the AF capability of
RDS. more use would be made of the
PI code. All RDS data, except date and
time. ts cleared If no valid RDS data is
detected for aperiod of 10-seconds.
next, P1Y and TP are updated, and

the group type identified. Group types
OA.OB. IA, IB, 2A, 4A, 14A and 15B
are handled. Table 6 shows the type of
information contained in each group,
and Table 7 shows the detailed struc-
ture of these groups.

Group Features

All PI, PTY, TP
0 TA, DI, MS, PS, AF
1 PIN
2 RT
3 ON (replaced by EON)
4A CT
5 TDC
6 INH
14 EON
15B TA, DI, MS

Table 5. RDS groups

Groups 0 and 15B
As AF data is not handled, there ts no
difference in the treatment of groups
OAand OB. PS data is extracted and
placed in RAM according to the ad-
dress bits in block 2 (see Table 6). TA,
DI and MS data are then read, DI is
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Block 1 Block 2 Block 3 Block 4

bitls} use

15-12 : group no.
11· group type

chek
Group 0 and PI 10 : TP flag AF

C
PS name

chck
158 code

chck A 9-5 : PTY code chck B
D

{PI code In type 08 and 15Bl
or

(as block 2 for 15B)4: TA flag C'
3: M/S brt
2: DI bit

1-0 : PS/DI address

15-12 : 0001 chek PIN data

11: group type not used C chckPI
chck A 10 : TP flag chck B 15-11 : day-of-monthGroup 1 or

Dcode
9-5 : PlY code (PI code In Iype 1BI C' 10-6 : hour
4-0 : notused 5-0 minute

15-12 : 0010
11: 0

RT RTPI 10 : TP flag chek chekGroup 2A
code chck A

9-5 : PTY code
chck B

C D
2 ASCII cherecters 2 ASe!! charecters

4· text NB flag
3-0 : text address

15-12 : 0100 CT CT
11: 0

Group 4A
PI 10 : TP flag

chck B
15-1 : MJD (14-01 chck 15-12 : hour (3--O) chek

code
chck A

9-5 : PTY code 0: hour (A) C 11-6 : mirtute {5-01 D
4-2 : not used 5: offset sense
1-0 : MJD 116-151 4-0 : offset (4-0)

15-12 : 1110 EON Information
11: 0 code: 0-3 . PS

Group l4A
PI

chck A
10 : TP flag

chck B 4: AF chck
PIIOnl

chck
code 9-5 : PTY code 5-9 : AF (rnapl C D

4· TP (Onl flag 10-11: not used
3-0 : usage code 12-15 : not imp.

Table 6. Detailed structure of RDS groups handled.

sent a single bit at a time and uses the
same address bits as the PS name to
deterrrune which of the four bits is
being updated. Groups of type 15B
also contain all this switching informa-
non. They are used to increase the rep-
etttton rate of this data. but eontain no
PS or AF tnformatton.

Group 1
Group types lA and l B are again
treated identieally as they contam the
same data exeept for the repetition of
the PI code in type 1B. The PIN data is
recovered and saved in RAM.
At present the decoder strnply al-

lows the display of PIN data both in its
raw hexadecimal form, and fully de-
coded to day-of-month and time. Full
use of PlN data would require conünu-
ously cornpartng the PIN day-of-month
and time with the current day-of-
month and time, and switching on ex-
ternal hardware (radio ano /or cassette
recorder) when there Is a match.

Group 2A
RT data from blocks 3 and 4 is written
to RAM according to the address in-
cluded in block 2. There are four ad-
dress bits and four ASCII encoded
bytes, gtvtng the possibility of 64 char-
acters, If the Text AlB !lag changes

state, the RT area in RAMis cleared as
this tndtcates that the message has
changed. Group 2B is not handled as
it is rarely tf ever used.

Group 4A
Two of the more complex tasks to be
perforrned are required by the CT cal-
culations for group 4A. These are for
the Ioeal time difference. and the con-
version of the MJD number into a rec-
ognizable date.
The broadcast time is Universal

Coordinated Time (UTC. effectively the
same as GMT). Time differences from
UTC, including surnmer (daylight sav-
ing) time, are sent as an offset of up to
±12 hours in half-hour increments.
The software includes c-functton 9-

digtt integral BCD arithmetic which is
used to decode the date Irom the MJD
number ustng the formulae:

Y" = int UMJD-15078.2J/365.251
M· = int [(MJD-14956.1-int{Y·x365.25Jlj30.6001]

Day =: MJD-14956-int{Y"x365.25)-

inL(M·x30.600 I)

Ir M·=14 er M·=15 then K=l: else K=O
Year = Y·+K
Month = M·-1-12K

Group 14A
This group contains EON data. A large

amount of information can be sent
using this group, and it can take up to
two minutes for all the data to arrive
after the radio has been retuned. This
appltcatton saves the PI code. PS name
and prineipal frequency of up to
11 networks. although rnore networks.
each with many frequenctes. and other
data (e.g.. PTY(ON). PIN(ON), TA(ON),
etc .. may be sent. Table 4 shows the
forrnat of the EON display. All the in-
formation shown in Table 4 is real data
from the Black Hill transmitter in
Central Scotland. •
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FM STEREO SIGNAL GENERATOR
The construction project
described here consists of
two units: an FM stereo
multiplex generator and a
three-stage VHF FM exciter.
Together, they form an FM
stereo signal generator
intended for testing and
aligning FM stereo receivers.

Design by J. Barendrecht

GENERATING an FM stereo stgnal
with a clean spectrum. and sutt-

able for test purposes is not simple.
However. it can be done with relatively
simple means, as demonstrated here,
prcvtded you have some experience in
working with high-Irequency ctrcutts.
The stgnal generator described has an
output frequency range that covers the
VHF FM broadcast band (87-108
MHz). and supplies an output power of
about 150 mW into a 50-n load. Owing
to the absence of an output filter, har-
monies are insufficiently suppressed
to enable the generator to be con-
nected to an antenna. Fortunately,
that ts not a problem for the main ap-
plication of the slgnal generator: test-
ing and aligning FM receivers. where a
dummy load will be used.

The FM stereo multiplex
signal
Ftgurc 1 shows the theoretical Ire-
quency spectrum of the stereo multr-
plex (MPX) stgnal applied to the
modulation input of a VHF FM broad-
cast transmitter. The two stereo stg-
nals L (Ieft) and R (right) are added as
weIl as subtracted to gtve the corre-
span ding sum (L+R) and difference
(L-R) components. The L+R component
occupies the lowest part of the spec-
trum. up to about 15 kHz, and affords
compatibility with mono receivers. The
L--R component is converted into a
double-sideband signal with a sup-
pressed carrter at 38 kHz. This type of
modulation is called DSCC (double-
stdeband, suppressed carrterl. It
causes an upper eideband (USB) and a
lower sideband (LSBl, mirrored against
a suppressed ('Invlstble'} carrter (here,
38 kHz). The carrier is su ppressed to

Ei %-;i's~
'C

"~E
15 -1,------, "I

f ,:: ~~_R ----l-~'ot -, .-- ..,

~ 10 --------------- ---- i I L - R L - R

o
I

15 19 230.03 3. 53

f (kHz)-----'
920155 -11

Fig. 1. Theoretical spectrum 01 the stereo MPX signal (EBU recommendation).
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PLL
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38kHz 19kHz
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Fig.2. Block diagram 01 the stereo MPX generator. A PLL is used to synchronize the 19-kHz
(pilot) and 38-kHz signals.
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Fig. 3. Circuit diagram of the stereo MPX generator. The two XR2208s have different functions: IC3 is wired as a phase-Iocked toop (PLL),
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keep the total deviation of the trans-
mitter within limtts.
At the receiver side, lhe 38-kHz car-

rier ts recovered with the aid of the 19-
kHz pilot tone contained in the MPX
signal (relative level: 10%), which also
serves to indicate a 'stereo' transmis-
sion. The 19-kHz pilot tone ts doubled
to gtve 38 KHz, and enables coherent
demodulation of the L-R infonnation.
Next, a matrtx is used La 'dtsttll' the L
and R signals from the components
L+R and L-R.
Retuming to the transmitter slde,

the levels of the components in the
MPX signal are fixed to optimize the
channel separation gtven the available
bandwidth for the FM stgnal, and also
to ensure that the sound quality on a
mono receiver is not Impaired.
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XGAIN

"

MPXgenerator block
diagram

The block diagram of the stereo MPX
generator. or stereo coder. 15 gtven in
Ftg. 2. A quartz-controlled digital clock
oscillator/divider supplies 19-kHz and
38-kHz signals to Iow-pass filters that
turn the reetangular waves into sine-
waves. In between the 19-kHz clock
output and the input of the associated
low-pass filter sits a phase shifting cir-
cuit controlled by a PLL (phase locked
loop). The PLL compares the phase of
the 19-kHz and the 38-kHz stne-waves,
and supplies an errar stgnal to the
phase shtfter ahead of the 19-kHz low-
pass filter. Stncc the PLL will altempt
to achieve an error signal of nought,
the 19-kHz and 38-kHz stne-waves will
have a Iixed phase relattonshtp.

".
'"

'" MPX t
1000

caa '" «a
66011 tA,~

'" -
'"

9t0155·13

The left and rtght audro stgnals are
taken through pre-emphasts networks
befare they are summed and sub-
tracted to gtve the L+Rand L-R cornpo-
nents. The L-R component is
multiplied with the 38-kHz stgnal to
give the DSSC bands in the MPX spec-
trum. A surnrmng circuit combines the
19-kHz pilot tone. the L+R component.
and the DSSC signal. The result ts the
stereo multiplex signal, whlch ts fed to
the modulation Input of the FM trans-
mitter.

MPXgenerator circuit
description
The circuit diagram of the MPX gener-
ator. Ftg. 3, clearly reflects the block
diagram discussed above. The central
oscillator is butlt areund a 2.432-MHz
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Fig.4. Circuit diagram of the VHF FM exciter. The output power is adjusted with preset PS.

quartz crystal and the familiar CMOS
Type CD4060 oscillator/divider (lCI).
The phase shifter at the 19-kHz output
is realized with the aid of a dual vart-
cap (DI) and an opamp (lC2). The L-C
pi-type lew-pass filters convert the rec-
tangular stgnals produced by the di-
vider and the opamp tnto sine-waves
that can be applied to the inputs of the
analogue multiplier. lCB. an XR2208
from Exar, which functions as a PLL
here. The PLL error stgnal controls the
capacitance of D 1, and thus the phase
relation between the 19-kHz and the
38-kHz sine-wave. The phase is accu-
rately adjusted with the aid of preset
PI.
The left (L) and rtght (R) audio sig-

nals are first given a 50-~s pre-empha-
sts by the networks at the -inputs of
opamps ICöa and ICSb. Next, the
opamps contained in Ie5 and ICs turn
the audio input stgnals into L+R and
R-L components. The second XR2208
in the circuit. IC6. multiplies the 38-
kHz sinewave with the R-L component.
The multiplier also inverts the R-L
component, so that its DSCC output
stgnal has the L-R component as re-
quired.
The 19-kHz pilot tone, the DSCC

stgnal and the L+R signal are summed
by resistors at the -input of opamp
IC7. The levels of the pilot tone and the
L+R component are adjusted wtth pre-

sets P3 and P2 respectively. The opamp
functtons as a buffer for the multiplex
signal. Aseparate AC-coupled output.
marked 'A', rs avai1able for test pur-
poses.
Finally, opamp IC4 serves as a 6-V

(half the supply voltage) reference
source.

VHFFMexciter
The VHF FM signal generator (exeiter)
is a stratghtforward destgn based on
three transtetors - see Ftg. 4. The
first. Tl, Juncttons as an FM modula-
tor, and operates at half the generator
output frequency. i.e .. 44-54 MHz. The
MPX stgnaj arrtves on dual vartcap D3
via a modulation level control. P4, and
DC and RF decoupling parts C31. R46
and Ls. Note that the varicap fonns the
only capacttance acrcss the oscillator
Inductor, L9. This is done to keep FM
distortion (caused by U:fnon-linearity)
to a minimum. The modulator is pretty
sensitive: the maximum devtattcn ts
achieved at an MPX level of 80 mVpp
already. The feedback in the oscillator
is inductive via L9.
The second transistor, T2, works as

an amplifier. bandfilter LID-L6 being
tuned to the first harmonie of the 05-

cillator (100 MHz). The bandfilter is a
critically coupled type. It is very selec-
tive. and gtves a suppression of about

'"
~

,,
a ,,,,

2NS109

'"C41 c C431

1"'~I":
I

50 dB at the oscillator frequency
(50 MHz). Preset Ps serves to adjust
the gain of T2, and thus to control the
generators output power. Power level
control ts must where two of these gen-
erators are used, for instanee, for in-
termodulation distortion (lMD)
measurements, which require equal
power levels for the two test tones.
The power amplifier transistor. T3,

is opera ted in class A, and supplies a
maximum output power of about
l50 mW into a 50-Q load. lnductor La
in the collector line of T3 ts tuned to
the output frequeney by trimmers C46
and C47, which also take care of the
output impedance matching.
The RF exciter and the MPXgenera-

tor are powered by a 12-V supply,
which must be regulated, and capable
of supplymg about 200 mA.

Construction
The FM stereo stgnal generarer is built
on two printed circuit boards. whtch
have to be separated. One board con-
tains the MPXgenerator. the other, the
RF exciter. The artwork of the double-
sided, though-plated, board is given in
Ftg. 6. Before you start cutting and
populating the boards, however. we
recommend that you make the induc-
tors.
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Fig. 5. lIIustrating the construction and connection of the horne-made inductors in the VHF
FM exciter. The numbers in brackets indicate the number of turns of a particular winding,
while the dots indicate the start of a winding.

Inductor construction
Since the success of the present pro-
ject will depend to a large extent on the
construction of the inductors. we
strongly recommend that you follow
thts secnon closely. The basic con-
structton of the horne-made inductors
is gtven in Ftg. 5. The figures in brack-
ets indicate lhe number of turns of a
particular winding. In the descrtptlon
below. 'CuL' stands for enamelled cop-
per wire. The dots in the drawings in-
dtcatc the start of the winding.

L9 rs wound on a Neosid 7TlS inductor
assembly [yellow core). Primary wind-
ing: 10 turns 0.3 mm dia. CuL.
Secondary wtndtng: 3 turns 0.2 mm
dia. CuL at the 'cold' (earthy) side of
the primary wtndtng.

LIDis wound on a Neasid 7V1S induc-
tor assembly (green core). Prirnary
winding: 2 turns 0.2 mrn dta. CuL at
the 'cold' (earthy) side of the secondary
wtndtng. Secondary winding: 8 turns
0.4 mm dia. CuL.

Lt t is wound on an Amidon Associates
(Micrometals) T50-12 Ierrtte ring core.

ELEKTOR ELECTRONICS MAY 1993

Primary winding (1-3): 8 turns 0.7 mm
dta. CuL, tap (2) at 4 turns. Secondary
winding (4-5): 2 turns 0.5 mrn dia. CuL
at the 'cold' (earthyl side of the primary
winding.

L6 is wound on a Neosid 7VlS inductor
assembly (green core). Eight turns
0.4 mrn dta. CuL. tap at 4 turns.

L7 is wound on a small ferrite bead. for
instance, an FB-43-10 1 from Amidon
Associates (MicroMetals). It consists of
4 turns of 0.2 mm dia. CuL.

La is an air-cored inductor. lt consists
of 7 c1osewound turns of 0.5 mrn dia.
CuL. The tnstde diameter is 3 mrn.

Before fitting the Neosid tnductors on
to the board, check the continuity of
the windings at the base pins. Also
check for short -circuits between the
windings and the screening can.

MPXgenerator board construction
This part of the ctrcurt is simple to
build. The two audio input sockets, KI
and K2. are mounted direct on to the
board. After fitting all the components,

FM STEREO SIGNAL GENERATOR

sold er 20-mm high tin plate screens
over the dashed lines on the overlay.
Set all three presets on the board to
mid-travel.

RF exciter board construction
Some remarks are in order here. par-
ticularly for those with little experience
in bullding RF circuits. Start the con-
strucuon by ütung the three Neosid in-
ductor assemblies. 00 not mount the
screentng cans as yet. Next. mount the
resistors. the diodes, the presets and
the capacitors. The latter are fitted
with the shortest possible lead length.
Proceed with the trimmers and the

transistors. Attention: the type print
on MOSFETTI is legtble from the corn-
ponent side. while that of T2 is legtblc
from the track side of the board. Both
MOSFETs are fitted at the track side of
the board.
The RF power transistor. T3. is

mounted at a height of about 2 mm
above the board surface. It ts fitted
wi th a small clarnp-on (TO-5) he at-
sink.
Solder 20-rnm high brass or tin

plate screens on to the board at the 10-
cations marked by the dashed lines.
Alternattvely, bend a 'frame' [Tom a 20-
mm wide strip of tin plate, and solder
it on to the board, making sure that
nearby components are not darnaged
by overheating. The screen at the side
of trtmmera C46 and C47 1S drilled to
accept a BNC socket for single hole
mounting. The centre pin of the BNC
socket is soldered straight to the RF
output solder pin. Fmally, cut and
bend a cover plate from the same ma-
terial as used for making the screens.
Drill holes in the cover to enable the
adjustment points (trimmers, preset
and inductors) to be accessed.

MPXgenerator
adjustment
Connect a dual-channel oscilloscope to
test points TPI and TP2. Apply power,
and adjust preset PI until the zero-
crosstngs of the 19- kHz signal and the
38-kHz signal comctde. This 1S illus-
trated in Ftg. 7.
Next, adjust the L+R and pilot lev-

els. Connect the scope to the MPXout-
put. Apply a j-kj-lz. I-Ypp sine-wave to
the L inpul, and a 300-Hz. I-Vpp stne
wave to the R input. Turn the wiper of
P3 (pilot level) fully counter-clockwtse
(to the +6 Y side). Next, adjust P2 until
the levels of the two components at the
MPXoutput are equal (Fig. 8). Remove
the Land R input signals. and adjust
P3 for a pilot level of 100 mYpp al the
MPXoutput.

VHFexciter adjustment
Start by connecting a 50-Q dummy
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Fig.6a. Component and solder side track layouts (mirror images) and component mounting plan of the MPX generator board.
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Fig. 6b. Component and solder side track layouts (mirror images) and component mounting
plan of the VHF exciter board.
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FM STEREO SIGNAL GENERATOR

o
o

COMPONENTS LIST

Induclors:
Winding details are given in the text
1 100~H choke L5
2 7V18 assembly (Neosid*) L6;L10
1 7T18 assembly (Neosid') L9
1 T50-12 (Micrometals") L11
1 3-mm ferrite bead L7
Enamelled copper wire:
dia.'s 0.2mm, 0.3mm, O.4mm, 0.5mm,
0.7mm

Miscellaneous:
1 BNC socket K4
1 T05 heat-sink
1 Printed circuil board 920155 (see

page 70)

• Neosid Ud., Icknield Way West,
Letchworth, Herts 8G6 4A8. Telephone:
(0462) 481000. Fax: (0462) 481008 .
.. Cirkil PLC (0992) 444111.

VHF FM EXCITER

Resistors:
1 10kQ
2 33Q
1 1kQ
2 100k!1
2 270k!1
1 39Q
1 22Q
1 470n
1 3k!19
1 10kn preset H
1 100kn preset H

Capacitors:
1 220nF
1 100~IF16V
1 100pF ceramic
3 4nF7 ceramic
2 1OnFceramic
2 8pF2 cerarme
2 1pF ce rarnie
2 1nF cerarme
1 20pF foil trimmer
2 60pF toll trimmer
2 100nF ceramic

Semiconductors:
1 BAT85 02
1 BB204 03
1 1N4148 04
1 BF981 T1
1 BF982 T2
1 2N5109 T3

R44
R45;R55
R46
R47;R51
R48;R49
R50
R52
R53
R54
P4
P5

C31
C32
C33
C34;C41 ;C44
C35;C45
C36;C39
C37;C38
C40;C43
C42
C46;C47
C48;C49

load to the generator output. Next,
turn the wiper of P4 (modulation) fully
counter-clockwise (towards the
screen). Couple a frequency rneter in-
ductively to LI, and adjust the core for
half the desired generator output fre-
quency. Lacking a frequency meter,
use an FM radio to find the first har-
monie of the oscillator.
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COMPONENTS LIST

MPX GENERATOR 1 1OOkn preset H P2 1 LF411CN IC2
1 250kn preset H P3 2 XR2208CP' IC3;IC6

Resistors: 1 OP77 IC4
1 2kn2 Rl Capacltors: 1 LF357N IC7
1 lMn5 R2 2 68pF ceramic Cl;C2 2 TL072 IC5;IC8
3 47kn51% R3;R4;R6 2 470pF ceramic C4;C6
1 220kn R5 3 lnF C5;C8;Cl0 Miscellaneous:
5 22kn R7;R9;RI6; 9 100nF C7;C23-C29; 1 2.432MHz quartz crystal;

RI7;R34 C31 30pF parallel resonance X1
2 82kn R8;Rl0 1 4nF7 C9 2 PCB-mount cinch socket K1;K2
2 8kn2 Rll;R12 1 1~MKT Cll
2 120kn R13;R14 1 680pF ceramic C12 • Rahm Electronics (UK) LId., Whitehall
1 1Mn R15 2 330nF C13;C20 Avenue. Kingston, Milton Keynes MK10
4 l00kn R18;R21 ; 2 471lF 16V C14;C15 OAO. Telephone: (0908) 282666. Fax:

R40;R42 2 150nF C16;C18 (0908) 282528.
2 lkn5 R19;R22 2 3nF3 C17;C19
3 15kn R20;R23;R32 1 18pF ceramic C21 Attention:11 10kn R24-R31 ;R36; 1 IOIlF 16V C22 although the artwork for the MPXR38;R41 1 4700llF 16V C30 generator board and the RF exciter1 7kn5l% R33 1 150pF ceramic C3 board are shown separately in this1 56kn R35

article, these boards are supplied as1 3kn9 R37 Inductors:
ONE unit, order code 920155. This1 1kn8 R39 2 47mH (Toko 181 LY473J) Ll;L2
board has to be cut as described in1 680n R43 2 100mH (Toko 181 LY104J) L3;L4
the text 10 separate the MPX gener-2 4kn7 R56;R57
ator and the RF exciter sections.1 47kn R58 Semiconductors:

1 1DOn R59 1 6B212 01
1 25kn preset H PI 1 C04060 ICI

···1 .
I

er \
\
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f--i--i--i--+-4'\I/~'i--i--i--+-''...;"~~ I, 2 v

oe- a
10~5 1 v

C;Q 1.&1 V ec
..rc..

CHI>.2 v,~_
CfQ .1 v,~•

Fig.7. The zero-crossings 01 the 19-kHz and
38-kHz sine-waves can be made to coincide
by adjusting preset P1 in the PLL.
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Fig. 8. Multiplex signal with L+R level cor-
rectty adjusted (no pilot).

Unless you have a lOO-MHz scope
with a low-capacttance probe, you will
have to build the simple RF signal de-
tector drawn in Ftg. 9. Connect the
scope or the detector to the drain of Tt.
and adjust the core of LlO for maxi-

mum RF srgnal amplitude. Similarly,
measure the RF signal level at the tap
on L6, and peak the inductor. Measure
the DC voltage across R52. and adjust
preset P5 for a reading of about 0.44 V.
This corresponds to a drajn current of
about 20 mA through T2.
Move the probe to the secondary of

LI1, and adjust C42 for maximum RF
signal. Next, carefully re-adjust LIO
and L6.Thts is necessary to correct the
effect of the load capacitance Intro-
duced by the scope probe or the RF de-
tector input.
Connect the probe or the detector to

the output of the generator. Adjust
trimmers C46 and C47 for maximum
output power delivered to the dummy
load. Note that the trimmer settings
will interact slightly.
Connect the Land R input stgnals

(1 Vpp typ.), and use an FM radio to lis-
ten to the stereo signal. Carefully ad-
vance the modulation preset. P4, unttl
the desi.red deviation ts achieved. This
is best done by comparing the sound
level to that of a couple of stereo
broadcast stattons in the FM band .
Typtcally. the MPXmodulation voltage
will be between 40 mVpp and 80 mVpp
at the wiper of P4.
If you have not done so already, fit

the ferrite cups and the screening cans
on the Neosid formers. This will cause
some detuning of the inductors, so
small re-adjustments may be required.
The final remarks in this article

concern the power supply of the gener-
ator. Because of the high sensttrvtty of

4p7

0--I1---+- ........-+--~
2x

AA119

100p mV

920155 • 17

Fig. 9. Build this RF sniffer to adjust the ex-
eiter. The millivoltmeter ean be a OMM set to
its most sensitive direet voltage range (usu-
ally 200 mV).

the modulator, mains transformers
should be kept as far as possible from
the VHF exciter. lf at a11possible, the
mains transformer should be left out
of the signal generator case. •
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Fig. Ga. Component and solder side track layouts (mirror images) and component mounting plan 01the MPXgenerator board.
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COMPUTERS ANDMICROPROCESSORS

100 REM Test program tor 4·fold OAC using BurrBrown OAC4815. OAC4.BA5
110 5=&H300: REM set card address 10 0300 HEX.
120 REM
130 REM •.•...._. set channell to + 10.000V •••...••..
140 OUT 5+0,255 : REM 00 ..07 L5B = 0..255 ( 8·Bit )
150 OUT 5+ 1,15: REM 08 ..011 M5B = 0.. 15 (4·Bil)
160 REM •••_-_. set channel2 to ·10.000V ••••.•._.
170 OUT 5+2,0
180 OUT 5+3,0
190 REM ... _-_. set channel3 to O.OOOV•••.•.•...
200 OUT 5+4,0
210 OUT 5+5,8
220 REM ••.•••._. seI channel4 10 +5.000V .•......••
230 OUT 5+6,255
240 OUT 5+7,11
250 A=INP(S): Read channell·4 in one goi
260 REM done!

930040 - 15

Fig. 6. Listing 01 a simple GWBASIC program used to test the card.

CLR LE CS WR A2 Al AO Function

, , 0 0 0 0 0 Load DO - 07 into DAC-A LS Input register, , 0 0 0 0 , Load 03 (MSB) - 00 into DAC-A MS input register, , 0 0 0 , 0 Load 00-07 into DAC-B LS input register, , 0 0 0 , , Load 03 (MSBI . oe into OAC·B·MS input register, , 0 0 , 0 0 Load 00 - 07 into DAC-C LS input register, , 0 0 , 0 , Load 03 (MSBI . 00 into OAC-C MS input register, , 0 0 , , 0 Load Da - 07 into DAC-D LS input register, , 0 0 , , , Load 03 (MSBI - 00 into OAC-O MS register, 0 0 , x x x Load all DAC registers simultaneously, 0 0 0 x x x All DAC registers transparent, x , x x x x No data transfer, , x , x x x No data transfer
0 x x x x x x Clear input registers, set DAC registers to 800H

x ;::= don't care

Table 2. PC-to-DAC interface lagie.

FFFH
800H
7FFH
OOOH

+ full scale
zero

zero - (J LSB)
- full scale

Since the DAC4815 comes Iaser-
trimmed by the manufacturer, no ex-
ternal adjustments are required. •

The prlnted ctrcult board for the
four- fold DAC 10 avallable ready-
made from

Kolter Electronlc
Steinstrasse 22
D-5042 Erflstadt
GERMANY
Telephone (+49) 2235 76707
Fax: (+49) 2235 72048

Digital Audiojvisual
system (Multi-purpose zao
card)
May and June 1992
An extensive descrtptton of a modifica-
tlon to the memory backup circuit on
the Multi-purpose Z80 card ts avail-
able free of charge through our
Technical Queries servtce.

FMstereo signal
generator
May 1993
Capacitors Cl7 and C19 should have a
value of 33nF, not 3nF3 as indicated
in the ctrcutt diagram and the parts
list of the multiplex generator.

Workbench PSU
May 1993
The polarity of capacitor CIS is incor-
rectly indicated on the PCB component

CORRECTIONS
AND UPDATES

overlay (Fig. 5a), and should be re-
versed. The circuit diagram (Fig. 2) is
correct.
Transformer TR2 is incorrect1y spec-

tfled in the ctrcutt diagram (Fig. 2) and
in the parts list. The eorrect ratfng of
the secondary is 2 x 12V/ 5A. Also note
that the secondary wtndmgs are con-
nected in sertes to give 24 v.

Audio DAC
September 1992
The polarity of capacitors C25 and C58
is incorrectly indicated on the cornpo-
nent overlay of the D-A board (order
code 920062-2), and should be re-
versed.

U2400BNiCd battery
charger

February 1993
The value of resrstors R17 through R27
should be 2.7kQ, not 12.7kQ as stated
in the parts list.

VHF/UHFreceiver
May 1993
In Fig. 4, the connections to ground of
the AF amplifier outputs, pins 5 and 8,
should be removed. The amplifler out-
pu ts are connected to the loudspeaker
only. The relevant printed circuit
board is all rtght,
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ELECTROMAGNETIC COMPATIBILITY (1)

E1eetromagnetic compatibility (EMC) is
the property of an electronic/electrical

apparatus to function satisfactorily with-
out radiating unacceptable interference into
its electromagnetic environment. At the
same time, it should be immune to inter-
ference from other electroniclelectrical equip-
ment. A non-EMC-compatible situation 18
shown in Fig. 1.

coupling
source ~
emitting susceptible
EM energy ~ device

path

920077·11

Fig. 1. The three elements that make elec-
tromagnetic interference noticeable.

Electromagnetic interference (EMI) in-
dicates an interference problem, but 18not
the interfering signa1. In practice, it may
wel1 be that an apparatus is subject to in-
terference from more than one sourceorthat
an equipment adversely affects the opera-
tion of a number of other apparatuses.
It 1Sclear from F1g. 1 that if one of the

three elements in the drawing 1Smissing,
there 1Sno interferenee 01', rather, it is not
noticed. In practice, the eoup1ing path usu-
ally eonsists of a eombination of eonduc-
tion (eable, dielectrtc) and radiation (at-
mosphere).
The member states of the European

Community (EC) have differing require-
ments as regards products that are sold and
imported. This means that electricallelec-
tronic products of a manufacturer made
accordingto the laws ofhis/hercountry some-
times cannot be sold in other member states.
However, one of the goals of the Treaty of
Rome (1957) is that there shall be free
movement of goods and services within the
Community. In other words, a manufacturer
in anyofthe member states must be allowed
to sell his/her goodsJservices to any of the
other member states.
As formanyother products, the European

Commission has issued, and the European
Council ofMinisters has approved, a Directive
(89/336/EEC) on EMC. Such a directive,
which is a law at European Ievel, combines
the requirements agreed by the member
states as regards Public Health, Consumer
Protection, Safety and the Environment.
To indicate that a product eomplies with

the stringent requirements of the direc-
tive, it must earry the CE (Conformite
Europeenne) mark-an example of which
can be seen on the toy in Fig. 2. Note, how-
ever, that this certification is not intended
as proof of quality to the consumer. An

By J. Ruiters

eJectric eoffee grinder that is EC-eertified
may not be very good at grinding coffee,
but it can be sold in all ccuntt-ies of the
European Community.

EMC Directive & standards

The EMC Directive is a law resuJting from
political endeavours toopen up theEuropean
markets.ltrequires an electronic/electrical
equipment that ean cause interference or
be affected by interference to comply with
the EMC gnide lines. From 1January 1996,
a11manufacturers must be able to show that
their equipment complies with the guide
lines. At the same time, a11relevant elec-
trical/electronic equipment may, from 1
January 1996, bemarketed in the Community
only ifthey are CE-certified (and also com-
ply with any other directives, of course).
Itis important to note that manufacturers

can aI ready incorporate the EMC guide
lines in their products to ensure that they
can bemarketed anywhere in the Community.
Tofacilitate proving and control1ing con-

formity with the EMC guide lines, the Euro-
pean Electrotechnieal Standardization
Committee, CENELEC (Corni te Europeen
Norma.lisation Electrotechnique), has for-
mulated EMC standards. In contrast to
the Directive, these standards da give a
detailed technical specification In other
words, the standards ccntain methods of
measuring and concrete requirements on
the basis of which manufacturers can de-
fine and test their products for comp1iance
with the specification. Principally, compli-
ance with the standards is not a require-
ment, but for large manufacturers it is

Fig. 2. This toy is CE-certilied as shown
at its lower rim.

probably the least expensive way of indi-
cating that their products satisfy the guide
lines. This IS because manufaeturers who
apply the fu.ll standards need only give
their own solemn declaration that their prod-
ucts aatisfy the guide lines. National govern-
ments are obliged to aecept this declara-
tion as proof of compliance with the guide
lines.
Ir an equipment has beeu developedlde-

signedlmanufactured not in ac cord an ce
with tbe standards, the rnanufactureror im-
porter must, at his/her own cost, have it
tested and cer tified by a competent test
organization. A manufacturer who applies
the standards only partly saves on the cost
of external testing, because the test pro-
cedure is much simpler if only acheck is
required to see which standards have been
applied than when a complete test has to
be carried out.
There are foul' types of standard: basic

standards; general standards, productfam-
ily standards, and dedicated product stan-
dards. It is noteworthy that in this se-
quence the range ofelectricallelectronic prod-
ucts to which the standards apply becomes
smaller and smal1er.
The general standards provide EMC

specifications for those instances where no
product group standard is available (as
yet). For example, Standard EN50081-11ays
down limits of emission for equipment in-
tended for domestic use. That is, gener-
al.1y,equipment for operation frorn the 240 V
mains supply. The standard requires, for in-
stanee, that all apparatuses provided with
a process 01' control eircuit operating at a
clock frequency high er than 9 kHz must
be tested for interfering radiation. Legal
Iimits have been set for the eleetrie field:
30 dB ~V m-! in the frequency range of
30-230 MHz and 37 dB ~Vm-! for the range
230-1000 MHz. The speeified distance from
the apparatus is 10 m (33 ft). These limits
have been chosen to give a high probabil-
ity of non-i.nterference with radio and TV
reeeption 10 m (33 ft) away. The limits are
shown in graphie form in Fig. 3; Fig. 4
shows a possible test setup.
There are exceptions for dom.estic equip-

ment, fluorescent lights and apparatus in-
tended for communication via the mains
supply. Dom.estic equipment is covered by
Standard EN55014, while fluorescent lights
and, forexample, baby alarms via the mains
fall under different product standards.
Specification EN50065, covering equip-

ment for operation over mains (power) lines,
deals with EMC as weIl as the transmis-
sion specification (operatingfrequeney, trans-
mit power). This shows that product stan-
dards cover EMC as well as operating re-
quirements. Also, it explains why produet
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Fig. 3. Characteristic 01 the permissible electric field at a distance 01 10m (33 ft).
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Fig. 4. Typical setup lor measuring electromagnetic radiation.

standards have priority over general stan-
dards. As far as radiation limits are COTI-

cerned, this does not make much difference,
however.
Furthermore, EN60555·2 puts limits

on the generation of harrnonics on to the
mains supply (power) lines. Such harrnon-
ics arise, for inatance, from non-linear op-
erations with the mains voltage-something
every mains rectifier does.
In centrast to radiation standards, there

are as yet few specific product standards
dealing with imm uni ty to irrte'rference,
other than General Immunity Standard
EN50082-L

Legal considerations
EMC guide lines atfect not only engineer-
.ing, but also management and legal de-
partments. Final responsibiIity for com-
pliance with the EMC guide lines rests
with the person or organization who mar-
kets the product or who takes it into use.
In other words, the guide lines are of im-
portance to producer aa wen as consumer.
The liebility of the user is limited to strict
observance of the instructions in the user
handbook, provided the equipment has
been type-approved and EC-certifi.ed.
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Marketing aspects
EMC is a problem that cannot be tackled
by one discipline 01' one person: it requires
the entire orgaruaation. Those who are ac-
quainted with integrated quality assurance
(BS9000) will know that EMC is more than
just a technical quality aspect or a form of
product quality. Brief1y,EMC must be con-
sidered right from the research/development
stage of the product through production
engineering, manufacture, to qua1ity as-
surance and quality controI-see Fig. 5.

Fig. 5. Schematic representation ofthe de-
partments that are (or should be) involved
in ensuring compliance with EMC guides.

ELECTROMAGNETIC COMPATIßILlTY (I)

Quality assurance, and thus EMC, is very
much a markering responsibility. In its
market analysis, markefing management
must ask the question which EMC specifi-
cations are mandatory or desirable or both
for the sectors of the market in which the
organization is active. From such an ana-
lysis, it is possible to formulate an EMC
strategy to ensure that any EMC specifi-
cations and guide lines can be incorporated
in theproduct(s) in the most economical way.
It should be noted here that compliance

with the EMC guide lines does not neces-
sarily mean that no interference problems
can occur. It rnay well be that designers
and rnanufacturers have to work to even
more stringent specifications to keep the
nurnber of complaints within reason.

Circuit engineering
The circuit designer has the special re-
sponsibi Lity for ensuring that the equipment
meets the marketing specificaticn, which
consists, among others, ofthe technica.l re-
quirements and the EMC guide lines (there
are also limits as to cost, the time scale for
the design, after which it must be handed
over to production engineering, and cthers).
Many circuit engineers were trained

when EMC was not yet thought ofand they
must, therefore, acquirethe necessary knowl-
edgeand experience inpractical work.Younger
designers were taught the fundamentals
of EMC, but do not yet know how to apply
these. This aspect willbe reverted to in Part 2.
Suffice it for now to say that it is not

enough to design an electrically well-Iunc-
tierring circuit. It isofreaJ importance to look
also at the side effects of the design, such
as the generating ofinterference 01' its im-
munity thereto. Again, a11electrical/elec-
troniccircuits must.be designed withregard
to the predicted electromagnetie environ-
ment in which they will operate. Only by
incorporating the neeessary safeguards in
the design will it be possible to present pro-
duction engineers with a prototype from
which a marketable and economically viable
product can be manufactured.

Production engineering
The production engineering departrnent
makes the design su itable for full-seale
manufacture. Its task is, for instance, to
specifya proper enclosure for the appara-
tus. The constituent parts of metal enclo-
sures should not be painted 01' anodized
before they are assembled to ensure that
their junctions remain lowimpedance (which
reduces any interference).
Another frequent cause of problems is

the location of a mains filter. 'I'his filter is
often plaeed in any odd available corner,
where it may not be able to perform its
task properly.
The layout of a wiring 100m requires an

experienced engineer, as does the feeding
through of cables. If a cable, irrespective
of whether it carries the mains supply, the
power lines, or signals, has to pass through
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a screen, it must be filtered at the screen.

Purchasing
The purchaser 01' purchasing department
18a vital link in the production chain. It
stands to reason that he/she/they must en-
sure that al1 components and other elec-
tricaI parts complywith the EMCguide lines.
If, for inatance, an Je 1S required, the PUT-
chaser must realize that the (faster) HCT
version of this device radiates an electri-
cal field that is three times as streng as
that of an LS version. This illustrates the
need for good communications between the
various departments of'amanufacturingor-
ganization.
The properties of components and other

electrical/electronic parts play a vital role
in the decision by the designer whether 01'
not to incorporate it. For instance, a good
rule of thumb 18to aes urne that each and
every solderjoint, includingthoseon a PCB,
has a self-inductance of 1 nH mm+,
Itmay wen be necessary, in view ofEMC

requirements, to use or add components to
the design thatare not essential for the elec-
trical performance. The layout of the PCB
normally needs tobevaried quite a few times
during the design stage. In this context, 'it
may weil be that a design based on a dou-
ble-sided PCB (with copper eat'th planes)
may be less costly to manufacture than
one using a single-sided PCB, because the
additional measures needed to restriet in-
terference from the latter design often more
than nullify the cost advantages of the
board-see Fig. 6.

Are you up to the Mark on the
EECEMCDirective?
A 50-page report from ERA Technology,
entitIed 'The EEC EMC Directive - Status
asat IJanuary 1993'providesan up-to-date
picture of the European EMC regulations
now the single market has come into force.
The report gives the background to the

Directive and its requirements, deals with
the EN (European} standards which are
in place or in preparation, details the routes
to compliance, and looks at tbe current po-
sition regarding the CE mark. Reference
is also made to the UK legal regulations in
the Statutory Instrument 1992 No. 2372

research development lest produclion application
EMC

measures

+ \
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I
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\
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Fig. 6. EMC measures and their cost as a lunction 01 time.

with respect to radio interference and im-
munity.
Tbe report, 92-0768R 'The EEC EMC

Directive - Status as at 1 January 1993' 1S
available at a cost of .f30 from Publication
Sales, ERA Technology Ltd, Cleeves Road,
Leatherhead, Surrey KT22 7SA.Telephone
(0372) 374 151; Fax (0372) 377 927.

Furtherinformation
Further information may be obtained:

In the Uni ted Kingdom

General from
Technical Information Unit
Institution of Electrical Engineers
Savoy Place
London WC2R OBL
Telephone 071 240 1871
Fax 071 497 3557

On the Directive from
The Department of Trade and Industry
151 Buckingham Palace Road
London SW1W 9SS
Telephone 071 215 5000

On radio frequency issues from
The Radiocommunications Agency

Waterloo Bridge House
Waterloo Road
London SEI 8UA
Telephone 071 215 5000

On standards from
British Standards Institution
Linford Wood
Milton Keynes MK14 6LE
Telephone (0908) 221166

Outside the UK in the EC from
European Committee for Electrotechnical
Standardization (CENELEC)
rue Brederode 2, Bte 5
B-1000 Brussels
Telephone +32 2519 6811
Fax +32 2 519 6819

Outside tbe European Community from
International Electrotechnical Commission
(IEC)
3, rue de Varembe
CH-1211 Geneva 20
Telephone +41 22 7340150
Fax +41 22 733 3883

Part 2, which will bepublished next month,
will deal with a number of fundamental
design considerations.

4-MByte printer butter
insertion card tor Pes

(April 1993)
The components list on page 56 should
be corrected to read:

3 BC557B T1 ;T2;T3

Contrary to what is stated in the parts
list, EPROM 6041 is not supplied with
printed circuil board 920009, and has
to be ordered separately.

I CORRECTIONS I

Watt-hour meter

(February 1993)
Contrary to what is stated in the
caption below Ftg. 3 (p. 14), the
front panel forl for tbis project is
not available through the Readers
Services.
The following item should be

added to the parts list:

Metal enclosure LC970 (Telet)

Video digitizer for PCs

(April 1993)
The Iype number of the relays used in this
projecl should read V231 00-V4005-A01 0,
nol V23100-A4005-A01 O.
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11
MAKING SENSE OF MEASUREMENTS

(PART 1)

"EVER wondered how to weigh a
bull?" John's question took me by

surprise. When he's not being an elec-
tronic bobbiest, my friend 15 the agt-icul-
ture aide to a well-known V.S. Senator
from a western state. John doesn't ex-
actly look like the Outlaw Jasie Wales, 01'

even the Marlbora Man for that matter.
His boyish face belies the fact that he
had spent the first 22 years ofhis life rid-
ing horses to Tape, brand and curse cattle
on his father's western U.S.A. ranch (yes,
there are still real cowboys, and they ride
real borses). "No," I averred, "weighing
bulls hasn't weighed very heavily on my
mind lately." "No really, I'm sertous," he
retorted, "... there's some interesting
rneasurement principles faund in weigh-
ing cattle for merket".
John had just returned to Washington

from his horne state, where he'd seen a
new electronic scale at the cattle market.
The problem is simple: until after they
are slaughtered for beef, cattle are
weighed alive, and it is nearly impossible
to get them to stand stilliong enough for
a conventional seale to read a steady
value. As a result, the scale makers turn
to a rnethod that is based on simple sta-
tistics - and these rnethods are just as
applicable to other electronic measure-
ments and to tbe calibration of electronic
instruments.
Before looking at the specific method

used for weighing a cow, let us take a
look at some basics.

The basics
Measurements are "...the assignrnent of
numerals to represent [physical] proper-
ties."' Measurements are made to fulfill
one or more of several different goals: ob-
tain information about a physical phe-
nomenon, assign a value to some
fundamental constant, record trends,
control sorne process, correlate behaviour
with other parameters in order to obtain
insight into their relationships, or figure
out how much to pay for a beef cow. A
measurement is an act that is designed
to "derive quantitative information
about ..." some physical phenomenon
"...by comparison to a reference ..."2 or
standard. The physical quantity being
measured 1S called the measurand.
All measurements are subject to a cer-

tain amount of variation caused by
small errors in the measurement
process, and by actual variation in the

By Joseph J, Carr J

a x X
X X

XX X X
XXX X X
X X X XXXXXX
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GRAMS 920109+11.

b

-3a -2a -la

1.6 1.7 1.9 2.01.8

+Ia +2a +3a
920109+11b

Fig. 1. a) Data points of actual capacitor weights are dispersed (note that none actually are at
the design value of 1.42 grams; b) normal distribution curve.

measured parameter. In this context, the
idea of 'error' does not mean 'mistake',
but rather anormal random variation
due to inherent limitations ofthe system.
There are many different causes of ran-
dom variation. Some of them are depen-
dent on the particular type of
measurement being made (and are a
function ofthe type of meter being used),
while other error is due to inherent vari-
ation in the process being measured.
Consider an ordinary meter stick as

an analogy. It is divided into 100 Iarge
divisions of 1 cm each, and 1000 smal1 di-
visions of 1 mrn each. Or is it? In truth,
the distance from 0 to 100 cm is not ex-
actly 100.0000 cm, but rather 100 ± e cm,
where E 1S some smalJ error. In addition,
the spaces between divisions (either
1 mm 01' 1 cm) are not exactly the same
size, but vary somewhat from mark to
mark. As a result, when you measure the
size of, say, a printed circuit board there
will be some error.
Randorn variation causes the data ob-

tained when making measurements to
disperse. Consider a practical situation.

Suppose we want to measure the mass of
an electronic component, say a capacitor.
The design specification weight is sup-
posed to be 1.42 grams, but when a sam-
ple of thirty identical capacitors are
weighed on a very good scale the results
shown in the crude bar graph of Fig. 1,
and Table 1, were obtained. Even though
the capacitors are all identical, there was
a dispersion of the data pcints. Not one
capacitor in the sarnple lot actually met
the 1.42-grams specification exactly, but
rather were dispersed around
1.42 grams.
If you examine a large number of capaci-
tors, and plot their weights as in Fig. 1a.
you will find that a pattern emerges. As

Table 1, Sorted data points (Iow 10
high sort)

1.2, 1.2, 1.26, 1.26, 1.26, 1.3, 1.3,
1.3, 1.35, 1.4, 1.4, 1.4, 1.4, 1.4,
1.43, 1.48, 1.5, 1.5, 1.5, 1.5, 1.53,
1.6,1.6,1.6,1.62, 1.65, 1.7, 1.7,
1.7
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lang as certain conditions are met, the
var-ious weights will form into the famil-
iar 'bell-shaped' curve (Eig. 1b) that is
called, variously depending on country
and context, the normal distribution
curve, the Gaussian curve or the
Laplacean. Regardless of what it is
called, the normal distribution pattern of
Fig. Ib is extremely common in a11of sei-
ence and technology.
The normal distribution curve plots

frequency of occurence against scme
other parameter. Note in Fig. la that,
even with cnly a few da ta points, some
values are beginning to stack up more 'X'
check marks than cther values. When
thousands are measured, it is likely that
the result is a kind of bar graph. The
mean is usually designated IJ. when the
entire population of values is plotted, or
X when only a sample of the population
is taken.
One ofthe uses ofthe normal distribu-

tion curve is that it offers us a measure of
the dispersion of the data. This property
of the data can be summed up as the
variance and standard deviation of
the data. For the entire population, var-i-
ance 'is denoted by 02 and standard devi-
ation by 0". Variance is defined by:

NL<Xj-X)2
(J2 = -"j-"Jl~ _

N

and standard deviat.ion, which 1S the
square root of variance, by:

" = N

NL(Xj -X)'
i-I

Equations [1] and [2] define the variance
and standard deviation for the entire
population of data. If a small sample 1S
taken, then replace 02 with 52, crwith s,
and N in the denominators with Ns-L,
If the process 1Struly random, then the
value that one would report in making
the measurement is the mean value, IJ..
But it is also necessary to specify either
the var-iance 01' standard deviation. We
know that any particular measurement
may 01' may not be IJ.. We also know that
68.27% of all values lay between ±o (see
Fig. 1b); 98.45% between ±2a and
99.73% between ±3".

Cotegories of
meosurement
There are three general categories of
measurement: direct, indirect and
null.
Direct measurements are made by

holding the measurand up to some cali-
brated standard and comparing the two.
A good example is the meter stick used to
cut a piece of cable to the correet length.
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r mark and cut here

-c:=====f.. =============11;
cable

meter stick
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920109-1-12

Fig. 2. Example of a direct measurement.

[I J

You know that the cable must be cut to a
length of 24 cm, so you hold a meter stick
(the standard or reference) up to the
piece of cable (Fig. 2), set tbe zero cen-
timeters point at one end, and make a
mark on the cable adjacent to the '24'
mark on the meter stick, and then make
your cut.
Indirect measurements are made by

measuring something other than the ac-
tual measurand. Although frequently
considered 'second best' from the per-
spective of measurement accuracy, indi-
reet methods are often used when direct
measurements are either difficult 01' dan-
gerous. For example, one rnight measure
the temperature of a point on the wall of
a furnace that 1Smelting meta! (Fig. 3a),
knowing that it is related to the interior
temperature by a certain faetor (Fig. 3b).
There was once a tnirricomputer man-

ufacturer who used an indirect tempera-
ture measurement to ease the job of the
service technicians. They created a smaH
hole at the top of the rack mounted cabi-
net where the temperature would be
<39 "C when the temperature on the
electronic circuit boards was with.in spec-
ification. They used this method for two
reasons: a) the measurement point was
available to the outside world, and thus
did not require any disassernbly; and b)
the service technician could use an ordi-
nary household medical fever thermome-
ter (30°C to 42°C) as the measurement

[2J

instrument. No special laboratory ther-
mometers were needed.
Perhaps the most common example of

an indirect measurement is the human
blood pressure. It is measured by mea-
suring the press ure in an occluding cuff
placed around the arm; a process called
sphygmomanometry (Fig. 4). Research
showed that the cuff pressures at two
easily heard events (onset and cessation
of 'Korotkoff sounds') are used to detect
the systolic (Ps) and diastolic (Pd) arterial
pressures. Direct blood pressure mea-
surement ie dangerous because it is an
invasive surgical procedure.
Null rneasurements are made by com-

paring a calibrated source to an un-
known rneasurand, and then adjusting
either one 01' the other until the differ-
ence between them 1Szero. An electrical
potentiometer is such an instrument; it
is an adjustable calibrated voltage source
and a comparison meter (zero-centre gal-
venometer). The reference voltage from
the potentiometer is applied (Fig. 5) to
one side of the zero-centre galvanometer
(01' one input of a difference measuring
voltmeter), and the unknown is applied
to the other side of the galvanometer (or
remaining input of the differential volt-
meter). The output of the potentiometer
1Sadjusted until the meter reads zero dif-
ference. The setting of the potentiometer
under the nulled condition is the same as
the unknown measurand voltage.

a

temperature

probe TA

b

OL-----------~--
o X
wall thickness (ern)

920109-1-13b

Fig. 3. Exampie of an indirect measurement: a) temperature probe is piaced in the side of a
meiting furnace; b} relationship between normaiized temperature ratio T rrfT A and wall

thickness.



TEXT AND MEASUREMENT

systolic detected

Ps

Pd

pressure waveform

diastolic
detected

stethoscope

occluding cu!!

920103-1-14

Fig.4. Example 01 an indirect measurement: human blood pressure by sphygmomanometry.

Factors in making
measurements

The 'goodness' of measurements involves
several concepts that must be under-
stood. Some of the more significant of
these are: error, validity, reliability,
repeatability, accuracy, precision,
and resolution.
In a11measurements there is a certain

degree of error present. Recall that the
ward 'error' in this context refers to nor-
mal random variation, and in 110 way
means 'mistakes' or 'blunders'. In short
order we will discuss error in greater
depth.
Ifmeasurements are made repeatedly

on the same parameter (which is truly
unchanging), or if different instruments
or instrument operators are used to
make successive measurements, it will
be found that the measurements tend to
cluster around a central value (Xo in
Fig. 6). In most eases, it is assumed that
Xo is the true value, but if there is sub-
stantial inherent error in the measure-
ment process, then it may deviate from
the true value (Xi) by a eertain amount
(M) - whieh is the error term. The as-
sumption that the eentral value of a se-
ries of measurements is the true value is
only valid when the error term is small.
As 6X -so, Xo ------)x;
The validity of a measurement is a

statement ofhow weil the instrument ae-
tual1y measures what it purports to mea-
sure. An electrcnic pressure sensor may

aetual1y be measuring the defleetion of a
thin metallic diaphragm (of known area,
of course), which 1S in turn measured by
the strain applied to astrain gauge ce-
mented to the diaphragm. What deter-
mi nes the validity of a sensor
measurement is the extent to which the
measurernent of the defleetion of that di-
aphragm relates to applied pressure
... and over what range 01' under what
conditions. Many measurement devices
exist where the output readings are only
meaningful under the right eonditions or
over a speeified range.
The reliability ofthe rneasurement is

a statement ofits consistency when dis-
cerning the values of the measurand on
different trials, when the measurand
may take on very different values. In the
case of the pressure sensor diseussed
above, adeformation of a diaphragm may
change its characterist.ics sufficient to
alter future measurements of the same
pressure value. Related to reliabi1ity is
the idea of repeatability, whieh refers
to the ability of the instrument to return
the same value when repeatedly exposed
to the exaet same stimulant. Neither re-
liability nor repeatabi1ity are the same
as accuracy, for a measurement may be
both 'reliable' and 'repeatable' while
being quite wrang.
The accuracy of a measurement

refers to the freedorn frorn error, 01' the
degree of conformanee between the mea-
surand and the standerd. Precision, on
the other hand, refers to the exactness of
suecessive measurements, also some-
times eonsidered the degree of refine-
ment of the measurement. Aecuraey and
preeision are often confused with one an-
other, and these words are often erro-
neously used interchangeably. One way
of stating the situation is to note that a
preeise measurement has a small stan-
dard deviation and var-iance under re-
peated trials, while in an accurate
measurernent the mean value of the nor-
mal distribution curve is elose to the true
value.
Figure 7 shows the coneepts of accu-

racy and precision in various measure-
ment situations. In a11of these cases, the
data form a normal distribution curve
when repeatedly performed over a large
number of Iterations of the measure-
rnent. Compare Figs.7a and 7b. Both of
these situations have relatively low aeeu-
raey beeause there is a wide separation
between Xo' the measured vaIue, and Xi'
the aetual value of the measurand. The
rneasurement represented in Fig. 7a has
relatively high precision compared with
Fig. 7b. The differenee is seen in the fact
that Fig. 7a has a substantially lower
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Fig. 5. Electrical voltage measurement using a null method.
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Fig. 6. Error fiX is the difference between the
actual value XI and the measured value Xo·

variance and standard deviation around
the mean value, Xo; this curve shows
poor accuracy but good precision. The
var-iance of Fig. 7b is greater than the
variance of the previous curve, so it has
both low accuracy and poor precision.
Somewhat different situations are shown
in Figs. 7c and 7d. In both of these distri-
butions, the accuracy 18better than the
previous cases, because the difference be~
tween Xo and Xi 15reduced (of course, a
perfeet, error-free, rneasurement has a
difference of zero). In Fig. 7c, the mea-
surement has good accuracy, and good
precision, while in Fig. 7d the measure-
ment has good accuracy and poor preci-
sion (its var-iance is greater than in
Fig. 7c).
The standard deviation of the mea-

surement 1Sa good indication of its preci-
sion, which also means the inherent
error in the measurement. One of my
more fondly remembered college profes-
sors taught us to reduce error in our lab-
oratory experiments by several methods:

1. Make the measurement a large num-
ber of times, and then average the re-
sults.

2. Make the measurement using differ-
ent instruments, if feasible.

3. When using instruments such as
rulers or meters, try making the suc-
cessive measurements on different
parts of the scale. For example, on
rulers the distance between tick
marks is not really constant because of
manufacturing error. The same is also
true of electrical meter scales. The pro-
fessor had us measure lengths using
different points on the scale as the
zero reference point (e.g. on a meter
stick use 2, 12, 20, and 30 cm as the
zero point), and then average the re-
sults. By taking the measurements
from different sections of the scale,
both individual errors and biases that
accumulate will be averaged to a lcwer
overall error.

Resolution refers to the degree which
the measurand can be broken into identi-
fiable adjacent parts. An example can be
seen on the standard television test pat-
tern broadcast by same stations in the
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early morning hours between 'broadcast
days'. Various features on the test pat-
tern will include parallel vertical or hori-
zontal lines of different densities. One
patch may be 100 lines per inch, another
200 lines per tuch, and so forth up the
scale. The resolution of the video system
is the maximum density at wh ich it is
still possible to see adjacent lines with
space between them, For any system,
there is a limit above which the lines are
blurred into a single entity.
In a digital electronic measuring in-

strument, the resolution is set by the
number of bits used in the data word.
Digital instruments use the binary (base-
2) numbers system in which the only two
permissible digits are 0 and 1. The bi-
nary 'word' is a binary number repre-
senting a quant.ity. For example, 0001
represents decimal 1, while 1001 repre-
sents decimal 5. An 8-bit data ward, the
standard for many smal1 computers, can
take on values from 000000002 to
111111112, so ean break the range into 28
(256) distinct values, or 2'_1 (255) differ-
ent segments. The resolution of that sys-
tem depends on the value of the
measured pararneter change that must
oecur in order to change the least signifi-
cant bit in the data wcrd. In digital sya-
tems, this resolution 1Soften specified as
the 'I-LSB' resolution.

Measurement errors
No measurement is perfeet, and mea-
surement apparatus are never ideal, so
there will always be some error in a1l
forms of measurement. An error is a de-
viation between the aetual value of a
measurand and the indieated value pro-
duced by the sensor or instrument used
to measure the value. Let me reiterate:
error is inherent, and is NOT the fault of

the person making the measurement.
Error 1S not the same as mistake!
Understanding error can greatly improve
our effectiveness in making measure-
ments.
Error can be expressed in either (so-

called) 'absolute' terms, er using a rela-
tive seale. An absolute error would be
expressed in terms of 'X ± x cm,' or same
other such unit, while a relative error ex-
pression would be 'X ± 1% em'. Which to
use may be a matter of eonvention, per-
sonal choice or best utif ity, depending on
the situation.
There are four general categories of

error: theoretical error, statie error,
dynamic error, and instrument inser-
tion error. Next time we will take a
eIoser look at these categories of error -
and figure out how to weigh a cow. 0
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WORKBENCH POWER SUPPLYUNIT

A stabilized power supply unit
with current limiting is de-

scribed that not only provides
but also accepts power. This
property is indispensable, tor
example, tor the testing ot bat-

teries.

In principle, the power supply unit.
psu. is fairly straightforward. The part

that provides power consists of a main
ctrcutt whose outputvoltage is converted
into a variable. stabilized potential with
the aid of apreset voltage regulator. A
resrstor in series with the outputfaciJi-
tates current measurements and is also
needed Ior the current limiting circuit,
Apart frorn the main circuit, there ts

an ancülary ctrcutt that provides power
for the measurement and control cir-
cuits for the voltage eetung and the vari-
able current limiting respectively.
Moreover. the PSU contains a ctrcutt

that makes it possible for power applied
to the output Irom an external source to
be accepted. This facility enables the
chargtng and discharge currents of bat-
teries. battery chargers arid other power
supplies to be tested. It could also en-
able the PSU to serve as apower zener
in eertain measurements. Owtng to its 'bi-
valent' nature, the unit strongly resem-
bles a battery. This is achteved not with
an esoterie destgn. but wtth a rrurr-or
iInage of the main circuit,

Circuit description
The upper part of the main circuit in
Fig. 2 provides power, whereas the Jower
part accepts power froman extemal source.
The mams transformer-not shown

in Ftg. 2-is connected to K3' Its sec-
ondary voltage (24 V) ts converted by
reetifier 01-04 into a direct voltage of
about 35 V. Capacilor q is a smoothing
element. Additional smoothtng and sta-
bützatton is provided by double darling-
ton output stage T4-T6.which is driven
by IC3aand T2'The collector-emitter ctr-
cuit of the output stage is in series with
the +ve terminal of the output of the
unit, K,. The -ve termtnal of K, is linked
direct to the negative terminal of CI'
Series regulator T4-T6obtains its base

eurrent normally from T2. which is con-
neeted as a eonstant-eurrent souree.
This source contains a potential dtvtder,
Rg-Rg. whose terminals are connected to
the +ve and.l terminals of regulator lei,

Design by K. Schönhoff v

which provides the 5 V ancillary supply.
The input ofthe regulator is obtained Irörn
the sccondary winding ofT'r. bridge rec-
tifier B1and smoothing capacttor y. The
valueof R7determines the level ofthe cur-
rent provided by T2:here 8 mA,
The output stage does not need the

same base current all the time. of course.
It must be able to adapt its output volt-
age and peak current to the requtre-
ments of the user as well as to the pos-
sible variations in the load. Therefor, the
constant current provided by T2 can be
varted by IC3a.This ICdecreases the base
current (by lowertng tts output voltage)
to T,-T6 if the output voltage of the PSU
tends to become larger than the set value.
Part of the current provided by T2 then
no langer flows LaT4-T6.but to the out-
put of IC3avia D5'
Since a darlington has a double base-

emttter junctjon. It will com-
mence conducttng onlywhen
the base voltage is 1.2 V. If
the cathode of D5 is held at
earth potential by the out-
put ofIC3a,the voltage at the
anode of the diode is at most
0.6 V. which is weil below
the 1.2 V necessary for the
output stage to cornrnence
conducting. Ln other words,
the output stage is cut off.
This has the advantage that
there is then not even a qut-
escent current through the
darlington.
In thrs way IC3a controls

the output voltage ofthe PSU.
Before tt can do so, however,
it must have information as
to the leveloftheoutputvolt-
age. In other words. and as

usual in a regulated supply, before any-
thing can be control1ed. measurements
will have to be carrtcd out.
Measurements for IC3a are effected as

folIows. The non-inverting input of 1C3a
(pin 3) is connected to preset PI via Rj

and ~-~ (see also Fig. 2). However, pin 3
is also connected to the -ve terminal of
K, via R2·(after a jump lead has been
placed between REF and -).
The inverttng input of IC3a (pin 2) is

linked to the +ve terminal of ~ via R3
(this link is connected to the.l of the an-
cillary supply ctrcuit.
In this way, the inputs of IC3a are sup-

plied with the potential difference across
the +ve and -ve terminals of ~. The JC
compares this potential with the set (PI)
reference voltage. Oependingon the rnea-
sured result. the output of 1C3abecomes
higher or lower. and in this way the IC

CURRENT LIMIT VOLTAGE
+

CURRENT
+

K6 , "'D9•,
•
10

"14
16 st

" Gao

+
A·METER 930033 - 12

Fig. 1. The control and indicator clrcuits,
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WORKßENCH POWER SUPPLY UNIT
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Fig. 2. Circuit diagram of the workbench power supply unit,
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POWER SUPPLIES & BATTERY CHARGERS
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Fig. 3. Printed-circuit board tor the auxiliary supply tor the digital meter modules.
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Fig. 4. Wiring diagram ot the complete workbench power supply unit.
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WORKBENCH POWER SUPPLY UNIT

"
rLlf_1C1,
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PARTS LIST

Fig. 5a. Printed-circuit board for the power supply unit - component layout.

Resistors:
RI = 15 kQ
R2= 100 kQ
R3. R17. R18. R23, R24 = 10 kQ
R4. R28 = 3.3 kQ
R5, RI2 = 33 kQ
R6. RI3 = 82 kQ
R7. RI5 = 220 n
R8, R9, R14. RI6 = I kQ
RlO. Rll = 47 kQ
R19, R20, R25. R26 = 068 o, 5W
R21. R22 = 68 kQ
R27 = 4.7 kQ
PI-P3 = 10 kQ (multiturn)

Capacitors:
CI = 4700 ~F, 63 V
C2, C3 = 470 ~F. 25 V
C4. C5 = 22 ~F, 25 V
C6, C8 = 100 nF
C7 = 39 pF
CIL CI2, CI4 = 33 pF
C9, CI5 = 10 ~F, 25 V
ClO. C13 = 470 nF
CI6 = 47 ~LF,16 V
C17=33nF
CI8 = 47 ~F. 63 V

Semiconductors:
BI = B80C1500
DI-D4 = FR606
D5. D6 = IN4148
D7. D8 = IN4004
D9, DIO = LED, 3 mm, red
Tl, T5 = BDV64 (orTlP14 7)
T2 = BC557
T3 = BC547
T4, T6 = BDV67 (or TlP142)
ICI = 7805
IC2 = 7905
IC3 = TL074

P022 OES;Telephone 0243553031)
2 off flatcable socket. 20-way
Short length of 20-way flatcable
2 offDVMLCDmodule (Conrad 136026)
PCBTYPe930033
Front panel foi!Type 930033-F
Enclosure (Telet LC1050)

MODULE SUPPLY

Capacltors:
Cl, C4, C5, C8 = 47 ~F, 25 V, radial
C2, C3. C6, C7 = 100 nF, ceramte

Miscellaneous:
KI-K3=2-wayterminalblock,7.5mm pitch
K4 = 4-way terminal block, 5 mm pitch
K5. K6 = 20-way box header
K7 = matns entry
SI = single-pole change-over swttch
S2 = double-pole rnains switch
FI = fuse holder with 630 mA slow-blow
fuse for PCB mounting

Tr 1=matns transformer, 2x9 V, 100 mA
secondary (Monacor VTR3209)

Tr2 =toroldal mams transformer, 2x15 V,
5 A secondary (Ampltmo 410 12)

Reat sink SK47/ 100 SA (Dau UKLtd;
70-75 Barnham Road; Barnham

Semiconductors:
Dl-D8 = IN4004
ICI, IC2 = 7809

Miscellaneous:
Kl =2-way terminal block, 7.5mmpitch
TrI =mains transformer, 2x9 V. 1.5 VA
secondary (Monacor VTR1209)

PCBTYPe920075
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POWER SUPPLIES & BATTERY CHARGERS

o

o

O~
Fig. Sb. Printed-circuit board for the power supply unit - copper track layout.

controls the output voltage at K!. With
values of R] and Rz as shown, the out-
put voltage can be varied to about 33 V.
The current limiting operates roughly

in the same mann er, but here IC3bCaT-
rtes out the controlling and measuring.
Also, the inputs of this Je are not con-
nected across the -ve and -ve terrrunals
of K!. but across a current-measuring
reslstance in sertes with the outpu t. This
resistance consists of emitter resistors R19
and R2S'Since the entire output current
Ilows through these resistors, It is eval-
uated simply by measuring the vertage
across the resistors and applying Ohm's
law.
The measurtng ctrcutt for the current

limiting Ie based on IC3b. The inverting
tnput of this opamp (ptn 6) ts Itnked to
one side of RJ9 via Rl7 and to one side of
R25 via R23. The other tnput (ptn 5) is con-
nected to the current-limiting preset, P2
(see Ftg. 2). As soon as the potential
across the emttter resistors rtses above
the level set with P2 (corresponding La
the peak currenü. 1C3b reduces. or com-
pletely cuts off. the base current La the
DUtpu t stage. That current ts then cliverted
to the output of IC3bvia DJO(Ptg. 2). Thus,

02 ICI

7809 + 9V
1/ • +.... ico-uoaot«

C2 C3 C4 A

47, 100n 100n 47,
25V 25V

0
0

IC2

7809 + 9V
1/ • +.... LCD~Module

ce C7 C' B

47, 100n 100n 47,
25V 25V

0
0

920075 . 13

D1...D8 = lN4148

7"

Kl

Fig. 6. Circuit diagram of the auxiIiary supply for the digital meter modules.

2.9V
WA5
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WORKBENCH POWER SUPPLY UNIT
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Fig.7. Front panel design for the workbench power supply unit. Dimensions are shown in millimetres.

the lighting ofthis LEDindicates that cur-
rent lmuttng ls in operation. With com-
ponenl values as shown, the maximum
current that can be set with P2 is 2.9 A.
The lower half ofthediagram functions

in virtually the same way as the upper
half. Double darlington D[-D5 operates
as a variable connection between the
+ve and -ve termmale of ~. The base
current of this output stage is also con-
trolled by IC3a•
Constant maximum base current Ior

the outputstage is provided by Tg: opamp
IC3dcuts off the stage if the level of the
current provided by the 'load' exceeds
the sct level. Lnthfs case, also. the base
current of the output stage is diverted
to a diode, Dg• The Iighting of thts LED
tbus indicates that the upper current level
has been reached or exceeded. Since the
current is an tncoming, not an outgo-
ing, one, inverter 1C3cts needed to pro-
vtde IC3dwith the correct reference level.
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Frorn the foregoing description, tt ts
c1ear that the diagram in Ftg. 2 does not
show the entire ctrcutt: the rematnder is
gtven in Fig. 1. 'Tlus part of the circuit is
constructed on an ancillary printed-clr-
cuit board that 1S connected to the mother
board bya short length of Ilatcable link-
tng I<;; and 1<;;.
Ftgure 1also contains swttch S1,which

enables choostng between controlling the
limits of both the outgoing and the in-
coming currents with one preset and
controlling each of them separately
The complete wtrtng diagram ts given

in Ftg. 3. This also shows the main trans-
former. conneeted to K3, and a supply
board, whjch is required if digital meter
modules are used. The suppltcs to these
mdules must be kept iso lated from each
other and from the remainder of tbe cir-
cuit. Diagrams of the circutt and assoct-
ated PCB of the modules are gtven in
Fig. 3 and Ftg.ö res pectively.

930033· F

Ftgure 3 shows that the supply ts a
straightforward destgn, usjng a mains
transformerwith two separate secondary
wtndtngs. rectifiers, smoothing capaci-
tors and regulatcr TCs, that provtdes two
iso lated 9 V supply raüs.

Construction
The mother board and ancillary board are
shown in one piece in Ftg. 6. The two parts
must be separated before any work is done
on them. The suggested front panel is
shown in Ftg. 7. The boards and front
paoel follare avallable through our Readers'
services-see page 70.
Duc care must be taken in the con-

structton ofthe power supplies and other
matns [power ltne) carrytng parts. Paypar-
ucuar attentton to retatmng safe dis-
tances between power car-rytng parts
and the enclosure and the low-power
ctrcutts. Use heavy-duty. insulated ctr-
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cuit wire for the power canying lines.
Mount power tranetstcrs. Tl. T2.T5.and

T6. as follows. Replace the rear panel of
the enclosure by a heat sink as speci-
fied in the parts list. Drill four fixing
holes for the transistors tnto the heat sink,
ustng the board as template. Fit the tran-
sistors on to the heat sink with the aid
of tnsulating washers and heat conducting
paste. Bend the transistor terminals
such that they fit neatly into the rele-
vant holes in the board when this ts laid
on to the heat sink assembly. It is as-
sumed here that the board has been
completely populated. Ir all is well, fit
the board on to the heat sink assembly
ustng 10 mm (3/8 in) spacers. Then, with
a slim soldering iron. solder the tran-
sistor tcrmtnals to the copper side of the
board. Finally, flx the complete assem-
bly to the enc1osure.
When populating the ancillary board,

note that the LEDs must be fitted to the
copper side of the board.
The interwiring ts shown clearly in

Fig.3.
Ifdtgttal meter modules a.reused (butlt

on the board in Ptg. 5). note that a volt-
meter is used to measure current, so
that an additional resistor ts required. If
you lay the module in front of you on
the table with tts copper side up and the
inputs at the nght, there are some sol-
der pads at the bottom leftwhere a through
connection must be made to enable a
range to be selected. Make that connec-
tion at the second pad from the left (2 V
range). Soldera576kQ,±1%, resistorbe-
tween that connection and the -ve input.
Then, remove the 1 kQ resrstor at the
extreme nght of the voltage dtvtder. The
module will then read input and output
currents in A.
Voltage measurements can be taken

with an unmodified module set to the
200 V range.
With reference to Fig. 3, note partic-

ularly that the through connections at~,
as well as C18• must be placed at the ter-
minals behtnd the front panel, that Is,
CIBis fitted in parallel with the termi-
nals.
Next, test the unitwith open enclosure

by checking whether all direct su pply volt-
ages are present.
Check that on K.; the -sve terminal is

connected to ground and the -ve termi-
nal to REF.

Turn thevoltage control and check that
the voltmeter module shows a voltage.
Then, connect a suttable Ioad to the

outputand check that theanunetermod-
ule reacts correctly.
Check whether the current Itnuttng is

actuated when the aappropriate preset
is turned down.
If all these checks and tests are sat-

isfactory, carry them outagam with higher
voltages and currents. Usea suitable rated
load reststor,
Ifeverything ts still a11nght. check that

the current-sink section operates cor-

11-0ec-92
14:14:06

Hain Menu X Chan 1 vi1 ~s >.1
...

II

r
7 I\J

- - ... .. .. ~. ... Chan 1
20 us .1 V

CH1 5B mV OC
~

CH1 10mV l'o"
CH2 2 v s-
T/div 20 f.lS

Fig. 8. The measured dynamic performance 01the power supply uni!. The output cur-
rent was a square-wave at a level of 2 A. The peak in the upper curve shows the re-
action to the switching off 01 the current, while the dip shows what happens at
switch-on. The lower curve shows the peak magnified.

rectly. For safety's sake, connecta resistor
in sertes with one ofthesupply lerminals:
this will functton as an emergency cur-
rent Ilmiter if somctlung is disastrously
wrong.
Connecta variable voltage source to K.;

and increase its output gradually.
Check that the current limiter ctrcutt

Is actuated when the relevant preset ts
turned.
Then. remove the sertes resistor and

check the correct acttcn of the current
lirniting preset agam,
If all ts correct. the enclosure can be

closed, whereupon theworkbench power

supply untt is ready for use. •
Brief Technical Data

Output voltage continuously variable
between 0 V and 30 V

Peak output current 3 A
Peak sink current 3 A
Separately presettable current Itmtttng
for output and sink currents

Current hmtttng indication by LED
Switch for independent/tracking
selection.
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Fig. Sb. Printed-circuit board tor the power supply unit - copper track layout.

controls the output voltage at Kt. With
values of R1 and R2as shown, the out-
put voltage can be varied to about 33 V.
The current limiting operates roughly

in the same manner, but here 1C3bcar-
ries out the controlltng and measuring.
Also, the inputs of this IC are not con-
nected across the +ve and -ve terminals
of Kt, but across a current-measuring
resistance in series with the output. This
resistance consists ofernitter resistors RI9
and R25. Since the entire output current
flows through these resistors, it is eval-
uated simply by measunng the voltage
across the resistors and applying Ohm's
law.
The measunng circuit for the current

limiting is based on 1C3b'The mverttng
input of this opamp (pin 6) is linked to
one side of Rl9via Rl7 and to one side of
R25 via R23. The other input [pin 5) is con-
nected to the current-ltmtting preset, P2
(see Ftg. 2). As soon as the potential
across the emitter resistors rises above
the level set with P2 (corresponding to
the peak current), 1C3breduces, or com-
pletely cuts off, the base current to the
output stage. That current is then diverted
to the output ofIC3bvia DIO(Fig.2). Thus,

01...08 = 1N4148
IC1

7809 + 9V
I) • +.... LCD-Module

C3 C4 A

100n 100n 47~
25V

0
0

IC2

7809 + 9V
I) • +.... LCD-Module

ca B

Trl

47~
25V

Fig. 6. Circuit diagram of the auxiliary supply for the digital meter modules.
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COMPUTERS ANDMICROPROCESSORS

100 REM Test program tor 4·fold OAC using BurrBrown OAC4815. OAC4.BA5
110 5=&H300: REM set card address 10 0300 HEX.
120 REM
130 REM •.•...._. set channell to + 10.000V •••...••..
140 OUT 5+0,255 : REM 00 ..07 L5B = 0..255 ( 8·Bit )
150 OUT 5+ 1,15: REM 08 ..011 M5B = 0.. 15 (4·Bil)
160 REM •••_-_. set channel2 to ·10.000V ••••.•._.
170 OUT 5+2,0
180 OUT 5+3,0
190 REM ... _-_. set channel3 to O.OOOV•••.•.•...
200 OUT 5+4,0
210 OUT 5+5,8
220 REM ••.•••._. seI channel4 10 +5.000V .•......••
230 OUT 5+6,255
240 OUT 5+7,11
250 A=INP(S): Read channell·4 in one goi
260 REM done!

930040 - 15

Fig. 6. Listing 01 a simple GWBASIC program used to test the card.

CLR LE CS WR A2 Al AO Function

, , 0 0 0 0 0 Load DO - 07 into DAC-A LS Input register, , 0 0 0 0 , Load 03 (MSB) - 00 into DAC-A MS input register, , 0 0 0 , 0 Load 00-07 into DAC-B LS input register, , 0 0 0 , , Load 03 (MSBI . oe into OAC·B·MS input register, , 0 0 , 0 0 Load 00 - 07 into DAC-C LS input register, , 0 0 , 0 , Load 03 (MSBI . 00 into OAC-C MS input register, , 0 0 , , 0 Load Da - 07 into DAC-D LS input register, , 0 0 , , , Load 03 (MSBI - 00 into OAC-O MS register, 0 0 , x x x Load all DAC registers simultaneously, 0 0 0 x x x All DAC registers transparent, x , x x x x No data transfer, , x , x x x No data transfer
0 x x x x x x Clear input registers, set DAC registers to 800H

x ;::= don't care

Table 2. PC-to-DAC interface lagie.

FFFH
800H
7FFH
OOOH

+ full scale
zero

zero - (J LSB)
- full scale

Since the DAC4815 comes Iaser-
trimmed by the manufacturer, no ex-
ternal adjustments are required. •

The prlnted ctrcult board for the
four- fold DAC 10 avallable ready-
made from

Kolter Electronlc
Steinstrasse 22
D-5042 Erflstadt
GERMANY
Telephone (+49) 2235 76707
Fax: (+49) 2235 72048

Digital Audiojvisual
system (Multi-purpose zao
card)
May and June 1992
An extensive descrtptton of a modifica-
tlon to the memory backup circuit on
the Multi-purpose Z80 card ts avail-
able free of charge through our
Technical Queries servtce.

FMstereo signal
generator
May 1993
Capacitors Cl7 and C19 should have a
value of 33nF, not 3nF3 as indicated
in the ctrcutt diagram and the parts
list of the multiplex generator.

Workbench PSU
May 1993
The polarity of capacitor CIS is incor-
rectly indicated on the PCB component

CORRECTIONS
AND UPDATES

overlay (Fig. 5a), and should be re-
versed. The circuit diagram (Fig. 2) is
correct.
Transformer TR2 is incorrect1y spec-

tfled in the ctrcutt diagram (Fig. 2) and
in the parts list. The eorrect ratfng of
the secondary is 2 x 12V/ 5A. Also note
that the secondary wtndmgs are con-
nected in sertes to give 24 v.

Audio DAC
September 1992
The polarity of capacitors C25 and C58
is incorrectly indicated on the cornpo-
nent overlay of the D-A board (order
code 920062-2), and should be re-
versed.

U2400BNiCd battery
charger

February 1993
The value of resrstors R17 through R27
should be 2.7kQ, not 12.7kQ as stated
in the parts list.

VHF/UHFreceiver
May 1993
In Fig. 4, the connections to ground of
the AF amplifier outputs, pins 5 and 8,
should be removed. The amplifler out-
pu ts are connected to the loudspeaker
only. The relevant printed circuit
board is all rtght,
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FIGURING IT OUT

PART5 - INDUCTOR MATHS
By Owen Bishop t...-

This series is intended to help you with the quantitative aspects of electronic design:
predicting currents, voltage, waveforms, and otber aspects of the bebaviour of circuits.

Our aim is to provide more than just a collection of rule-of-thumb formulas.
We will explain the underlying electronic theory and, whenever
appropriate, render some insights into the mathematics involved.

•

Inductors are in many ways
the converse of capaeitere. An

obvious difference 15 that a ca-
pacitor has an insulating dielectric
between its plates, so that no
conduction 18 possible. In aetu-
ality, it is an open circuit. By
contraet., the coi! of an induc-
tors is often (though not neces-
sarily) of extremely low or neg-
1igible resistance. It 15virtually
a closed circuit. There ia a spe-
cial term in electronics for this
sort of correspondence between
two features ofproperties of a cir-
cui t or part of a circuit. The mern-
bers of such a pair are called
duals of each other. With re-
spect to the ability to conduct a
current, an open circuit is the
dual of a closed circuit, To this
extent, an inductor is the dual
of a capacitor. Tbe duality of in-
ductors and capacitors extends
to far more than the physical
ability to conduct a current. This
month we contrast the two types
of component and the mathe-
matics associated with them.
Although inductors as such

are not found in electronic cir-
cui ts as often as they used to be
(being replaced by opamps in
active fiJters, for example), most
components havea certain amount
of inductance. The self-induc-
tance of the leads of a capacitor
or resistor becomes ofmajor im-
portance in high-frequency cir-
cuits, which is why lead-less sur-
face-mount resistors and capac-
itors are sooften used in such ap-
plications.

A recap on caps
We dealt with several aspeets
of eapacitor maths in Part 2, but
will brieflyquote the main points
again so that the duality of the
inductor may be better under-
stood. The basic equation for ca-
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pacitors is that by which the
farad is defined:

C=Q/U, [Eq. 19]

where C is the capacitance in
farad, Q 1S the charge in coulomb,
and U is the pd between the plates
in volts. (This equation was also
given unnumbered in Part 2).
From Eq. 19, we derive an

equation of the form

Q= fldt+e (Eq.20]

where c is the Initial charge, if
any. This equation was used in

38
5

dlldl (A sec-u

I{A}

4

3

several ex am pIes in Part 2 to
calculate charge on a capacitor
in various charging eonditions.
Having found Q, we can easily
ealeulate U from Eq. 19:

1 f eU = C ldt + C·

An importantpropertyofaca-
pacitor 1S that, if aperiodic cur-
rent is supplied to it (typieally a
current that varies sinusoidally),
the charge on the capacitor and
the voltage ac ross 'it also vary
sinusoidally. The charge or vclt-
age curve 18 a negative ccaine
curve, or we ean think of it as a

[Eq.21]

I
I
I
I
I
I
I
I
I
I
I
I
I
I

----~

gradient '" J

dlldl,,3

_I{S)

9JOO!O·5·"

si ne curve tbat lags behind the
current curve by rr/2 rad (90°).

Inductor equations
The basic equation which de-
fines the henry, the unit of in-
ductance, is

L = N<1>
I . (Eq.22]

Referring to a single coil, its self-
inductance in henry is the flux
linkage (the magnetie flux ~ in
weber multiplied by the num-
ber of turns N, since the flux
threads through eaeh turn), when
a unit current flows through it
(1 = 1 A). A more useful defini-
tion may be derived from Eq. 22,
using Neumann's equation. This
states that:

U = Nd<P.
dt

[Eq.23]

What this equation says 15 that
the e.m.f. induced in a coil is
proportional t.o tberate of change
offluxlinkage. The faster the!lux
changes, the greater the induced
e.m.f. FOT exarnple, if the flux
through the coil is inereasing at
the rate of 2 mWb s+, and the
coil has 25 turns, then U = 25x2
= 50 V. The direction ofthee.m.f.
is such that it opposes the change
in flux according to Lenz's Law.
This fact is sometimes indicated
by preceding the right side of
theequation with a negative sign
but, provided that we state that
U is the back e.m.f., the sign
may be omitted.
We shall take up this discus-

sion again later, but next we
need to examine the equation
in more detail.

Differentials
The expression d<PIdt in Eq. 23
represents what we have termed
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the rate of change offlux. The
expression is known as the dif-
ferential of <c witb respect to t,
and a whole branch of mathe-
matics is devoted to dealing with
expressions ofthis kind. The ex-
pression has the form ofOlle quan-
tity(d<P) divided by another quan-
tity (dt). Differentials are used
to relate various pairs of quan-
tities: dyldx, for example, relates
quantities x and y. If a graph 18
plotted with values ofx aJongthe
horizontal axis and values of y
along the verfical axis, dy/dx
represents the steepness of the
slope, or gradient, ofthe grapb.
If U IS the gate-source voltage
of a FET, with I being the eorre-
spondingdrain current, then dIldU
speci.fies the amount by which I
changes for given changes in U.
Inother words, dl/dU is the ta-ans-
conductance. In the context
ofinductors, d<l>/dt is the rate of
change of flux with time.
Calculating a differential is

the inverse operation to inte-
gration, which we described in
Part 2.There is not enough space
here to go into the theory of dif-
ferentiation, but we can set out
a table of frequently used ex-
pressions and their differentials.

Standard differentials

Functionof I DifferentialdI Idt
at"

ea'
sin(at+bl
cos(at+bl

a eos(at+b)
-asin(at+b)

The table uses land t as the
variables in place of the cus-
tomary x and y, so that its con-
tents are more directly applica-
ble to electronics. FOT example,
given that I ~ 3t+2, the way I
varies with time is shown in the
graph ofFig. 38. Th find tbe rate
of change of1 at any given time,
we calculate cU/dt, using the
table. The first expression in the
function is 3t or, to put it in the
form ofthe first line ofthe table,
3t'. Ir n ~ 1, the differential is
31'-'~ 3&. Sinee tO~ 1, the differ-
ential is 3. The second expres-
sion is 2, which can be written
as 2&. This makes n ~ 0, and the
value ofthe differential is zero.
The differential of a constant is
always zero. Putting these two
together, we have

dIldt~3.

In this example the differential
does not contain t, so the differ-
ential is independent of time.

B I~2t (a Tamp current);
U"'O dl/dt = 2 A S-I. Given a coil

0 5 7 8
withL ~ 0.25H, thebaeke.m.f.

--------. t (s) is eonstant at 0.25x2 ~ 0.5 V.
93OO!O·~·I30

C I ~ 4sin1.5t (the sinusoidal
current given in an earl ier •

40b example; dIldl ~ 6eos1.5t.
I (lJ.A)

1=3C
Given a eoil witb L ~ 0.1 H,

r
300 the back e.m.f at any instant
200 is 0.6 eos 1.5t. The baek e.m.f.
'00 8 follows the differential curve
0 of Fig. 39, but with ampli-

-100 tude 0.6 V instead of 6 A.
~ 200

- 300 D We leave until a later issue
- 400 the interesting case of what
- 500 happens when a voltage is
~ 60'

applied to a coil instantly by
'l3OO10·5·1lb closing a switch.
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In other words, the slope or gra-
dient of the curve in Fig. 38 ia 3
at all instants oftime.
Figure 39 shows the curve

foranotherfunction,I = 4sin1.5t.
Referring to the table, a ~ 1.5
and b ~ Oin this function. According
tothetable,dIldt ~ 4x1.5eos1.5t
= 6cos1.5t. This teils us the rate
ofchange ofIat any instant. For
example,att ~ O.4,dIldt ~ 6eosO.6
~ 4.95. Thiscan be seen in Fig. 39,
where the curve for6 cosO.6t has

tbevalue4.95wbent ~ 0.4. Iteao
also be seen that the slope ofthe
CUTve4sinl.5t when t = 0.4, as
shown by the tangent to the curve
at that point, is 4.95 (taking ae-
count of the different scales on
the two axes). When t = 1t/3, a
point at which the current is at
its maximum and is neither in-
creasing nor decreasing, then
dIldt ~ 6cos(1.5x7t/3l ~ 0, corre-
sponding to zero change of CUT-
rent. Conversely, when t = 2rr/3

dl/dt (A sec-u

I(A)

3

I",2.09(=21t13},,
I
I
I
I maxtrnum
I eecreese
I 01current

V

no change In current

"'-. I
/,

1",4.95 I
I,
I

gradient I

'" 4.95

/:4sin 1.51-:

~ 2

I
2 I,

,

I,
dlldl=6cos1.5t I

.> :,
I
I
I
I
I,

_I(S)o .•

~3~.
~5

~ 6

9lII01D·5· \2

U(V) 40a

r

and the current is changing at
maximum rate from positive to
negative, dI/dt ~ 6eos7t ~ -6, its
maximum negative value, sbow-
ing maximum decrease of cur-
rent.
The practical advantage of

differentials is that they rnake
it possible to calculate rates of
change for functions much more
complicated than 1= 4sinL5t,
and without the need to plot the
eurves. We sball be looking fur-
ther into this in future issues.

39 Back to induction
Rearranging the terms ofEq. 22
gives

<I>~~I
N '

whereLandN areconstant, but
<PandI rnayboth vary with time.
Differentiating both si des ofthis
equation with respect to time:

[Eq. 24]

d<P L dI
dt N dt

Writng this equality into Eq. 23,
we obtain

[Eq. 25]

U~N L dI ~LdI.
N dt dt

[Eq. 26]

This is an alternative way of
defming the henry. In words, in
a coil of self'-inductance 1 H, a
change of current of 1 A s+ pro-
duces a back e.m.f of 1 V.
Given a function which de-

terrnines how a current varies
with time, Eq. 26 alJowsus to cel-
culate the back e.m.f at any in-
stant. Here are some examples.

A 1=3 (a constant current of
3 Al; dIldt ~ o. There is no
change ofcurrent so the back
e.m.f. is zero.



Duals again
Equations 21 and 26 are the volt-
age equations of a capacitor and
an inductor respectively:

1f cU = C Idt+C'
[Eq. 21]

U=L dl
dt

They tell us the voltage produced
across the device by a CUTTent
varying in time according to a
given function.
Let us see wh at happens if

we differentiate both sides of
Eq. 21 with respeet to time:

[Eq. 26]

dU = -.!. I
dt C

Since differentiation and integra-
tion are inverse operations, dif-
ferentiating JIdz undoes the inte-
gration, leaving simply I.The dif-
ferential of the constant cl C ia
zero. Rearranging terms gives:

I =C dU.
dt

'I'his tel1s us the current flow-
ing tnto or out of a capa ci tor
when the applied voltage varies
according to a given function.
It isjust a mathematical way of
statingtheobvious: that the CUf-
rent flowing into (or out of) a ca-
pacitor equals the capacitance
multiplied by the rate ofincrease
(or decrease) ofpd.
The interesting point is that

this currentequation forthe C8-

pacitor has the same form as
the voltage equation (26) ofthe
inductor. Capacitance and in-
ductance are duals. Likewise, pds
and currents (and also rates of
change of pd and current) are

[Eq. 27]

42

,
U(V)
I(A}

r
,12

ELEKTOR ELECTRONICS MAY 1993

duals when applied tocapacitors
and inductors.
Ta complete tbe quartet of

equations, we integrate both
sides of Eq. 26 with respect to
time:

f U dz e c = LI.
The integral of dI Idt is I. Re-ar-
rangi ng terms gi ves

I=±fUdt+f

This has the same form as Eq. 21,
again illustrating the dual na-
ture of capacitance and induc-
tance, and of pd and current.
We now have a set of foul'

equations for solving problems
associated with capacitors and
inductors. Examples using Eq. 21
and Eq. 26 have already been
given. Eq. 27 can beused to solve
problems such as the fo11owing.

[Eq. 28]

A voltage pulse applied to a
100 ~F capacitor has the shape
shown in Fig. 40a, and is de-
scribed by this piecewise func-
tion:
U=O z s o
U=3t 0</,;4
Ud2e2-O.& 4< t.
Calculate the current flowing

to or from the capacitor and plot
its graph.
Solution: for the first stage,

using Eq. 27:

I = C· dU = O.
clt

For the second stage, when U 1S
increrasing at a constant rate:

dU1= C·- = 3C = 300j.tA.
dt

This is a constant charging current.

1= 'oslnml

U = U,cosml

3rcf2

I
I
I
I I

"','~-----"I:Q = nf2

For the third stage, when Uis de-
creasing expcnential ly:

I=C. dU
dt

= 12CHJ.5e2-O.S')

= _600e2-05t j.tA.

Current flows away from the ca-
pacitor at an exponentially de-
creasingrate. Theflowofcurrent
is plottecl in Fig. 40b.

Phase relationships

41
I

".~
back e.m.f.
= L(dlldt)

930010-5-14

In Fig. 41, an alternating pd is
applied to an inductor. Atany in-
stant, the instantaneous applied
pd is:

u = Uo cosrut, [Eq. 29]

where U, is the peak value of 3.
the pd. Treating the circuit as a
Joop, by KVL in a clcckwise di-
rectiou:

dIUocoscvt -L·- = 0,
dt

dI u,
:. - = _·cosrut.
dt L

Integrating both sides of this
equation:

I = (~~) sinwt.

!l3OO10-5·15

FIGURJNG IT OUT - PART 5

But, given that the current 18
sinusoidal, the expression in
brackets must be equal to the
peak eurrent, 10:

1= 10sinmt. [Eq. 30]

A comparison ofEq. 29 and 30
shows that land U have the
same frequency and that I lags
behind U by n/2. Their curves
are plotted in Fig. 42.
Tbe relationship for the in-

duetor contrasts with that of
the capaeitor as described in
Part 2. In the inductor, the cur-
rent lags the pd by n/2, but in
the capacitor it leads the pd,
another manifestation of their
duality.

Test yourself
1. The current in A at time t s
through an inductor,L = 0.1 H,
is 1= 3-0.5t. Calculate the
back e.m.f. and state its di-
rection.

2. The current in A at time t s
through an inductor,L = 0.2 H,
isI= j -a-u.What is tbe back
e.m.f. after 2 s?

The voltage in ~V at time t
aeross an inductor,L = 100 ~H,
is defined by

U=O t,;O
U = 2t 0< t.

Calculate the current through
the inductor after 3 s.

Answers to
Test yourself (Part 4)
a. -0.032 A (-1131)
b. 0.259 A (22/85)
c. 0.250 A (1/4)
d. -0.166 A (-112/676)

Author's note
The last paragraph of Part 2
is misleading, since it implies
that the phase lag of a low-
pass Re filter is always 90°.
This assumes that the re ac-
tance of the capacitor ts infi-
nite, which is tbe prectical sit-
uation at high frequencies.
Although output lags input at
any frequeney, as impl ied in
that paragraph, the phase angle
is less than 90° at lower fre-
quencies. I am sorry if I have
mislead the reader. The action
of filters will be discussed in
more detail in next month's isaue.



A progressive and holistic design
for an economical soundwall

Look at a pair of dynamic high-quäl-
ity headphones and you will see that

the 'phone' 18actually almost ident.ical
to a very small loudspeaker cuahioned
and placed elose to the ear.
Thus, we can infer that the frequency

response of a loudspeaker depends on the
amplitude of the signal and also that an
entire wall of 'headphone loudspeakers'
operating at normal volume should make
a pleasing sound.
There 18a tension between the require-

ment for good high-frequency (treble) re-
sponse, which requires a small moving
cone-mass so that the accelerations re-
quired da not absorb too much energy, and
that for good low-frequency(bass) response
for which a large-diameter cone Is needed.
This tension is, of course, the reason for
the traditional eross-over network to feed
separate tweeters, howlers, woofers, and
subwoofers.

Uniting the requirements in
one device
Evidently, at very 10wsound levels a suit-
ably mounted small loudspeaker will pro-
vide reasonably good sound reproduction.
These levels are far tao 10wfor the human
ear, however, and thus wemust use a num-
ber of small loudspeakers to produce ade-
quate sound levels. In this way, the two re-
quirements outlined earlier ean be met:
the sound wall beeornes possible. Buy a lage
number ofsmall, inexpensive loudspeakers,
mount them elose together on a baffie and,
for what turns out to be a very modest out-
lay, a quality speaker system ean be con-
structed. This array, square with columns
parallel connected and whole rows in series,
turns out in operation to have the proper-
ties of a very efficient loudspeaker system
that does not require any auxiliary units,
excepta subwoofer. Noton1y is the efficiency
quite remarkabIe, but only low power is
required from the amplifier.
The reason for the very good efficiency

1S that the cone movement in each loud-
speakeris verysmall: displacementis smaller
than one per cent of the Iimits of move-
ment. Therefore, an the work is done in
the region where very nearly al1 the en-
ergy is used in movtng the voiee eoil and
cone,rather than working against mechanieal
impedanee.
A baffle must be used, of course, be-

eause the speaker response is much af-
fected by the surround: press ure waves
tend to 'nip around' an unbaffied speaker
to the back. Thus, in a region of the audio

By S. Courtney

spectrum wherepressure changes are great-
est, the degradation ofperformance is most
marked. This is, of course, also true in the
proposed design, but only inasfar the very
low frequencies are eoncerned.

Removing bandwidth
restrietions
At very low sound levels, smaU drive units
are excellent. ncn-speci alized tweeters.
Nevertheless, a purist designing a project
like this may wish to shop around for the
best type and not consider the 60 mm di-
ameter units (cost 90 pence or 50 ~) used
for the prototype for this article.
Since the drive units are mounted elose

together on the baffle, the low-frequency
bandwidth limitation is overcorneto a large
degree. This is because the individual eone
movements are very small and not con-
strained by the movements of the suspen-
sion. As a large number of drive units is
required, eeramic models are preferable.
In this context,job lots ofinferiordrive units
need not be ignored, because the extent to
which the very lowlevelsofoperation broaden
the frequency response is not predictable
and depends very much on the individual
units. Here then is a nice field for experi-
mentation: the reader is invited to try with
about 280 drive units for a soundwall at
whatever bargain price can be had. Wholesa1e
purchase would seem the best way, but
sometimes retailers wish to seIl off old
stock!

What advantages?
1. Efficiency. The cone movements are
very sma1l so that the cone meets little
non-linear mechanieal irnpedance. Con-
sequent1y, hardly any energy is lost.
2. Large area. The proposed arrangement
1S ideal for asoundwall, which is much less
conspicuous and obvious than large speaker
cabinets that many wornen find objection-
able in their living area. Four inches of
foam behind the units is an adequate amount
of 'depth' with this design.
3. Linear cone movement. With a large
in-phase array, the sound has many ofthe
properties ofa Iinear-phase speaker system,
which is often said to embody the most ra-
tional approach to hi-fi principles.
4. Small depth. With the addition of a
subwoofer (disguised as a cupboard), a one-
brick thicker wall can be asoundwall, thus
achievingthe goal(with a suitably decorated
grill on the flat unit) of a space-saving and
non-intrusive sound source.

5. Compatibility with room acoustics.
T'his system produces asound that blends
with room acoustics and is not shadowed
by furniture in the room.
7. Compatihility with room decor. Hi-
fi cabinets, normally bought by men, tend
to have an assertive design because of the
male psychology. Left to a wornan, the de-
sign would not be intrusive. The scund-
wall harmonizes with the horne, providing
domestic peace and a solution that blends
in with the decor.

Construction
Assess the area that has to be covered and
buy a baffle suitable for that area. Cut the
holes fcr the speakers as appropriate. Note
that an hexagonal pattern is better than
reetangular rows and columns that tend
to set up resonances.
Buy as many speakers as initially pos-

sible to fi11the baff1e. The curve below
shows how the bass response improves
when the nurnber of drive units is doubled
from ten to twenty.

1.5

20 units

I
2.0

1.0 L-__ -~-~-~-_
64 128 256 512 1024

_Hz

930013-11

Over the range 64-1024 Hz, the maximum-
miniraum for a curve, which we shall cell
the variation, is rough1y halved when the
number ofdrive units is doubled.ln fact, the
vat-iation of frequency response with this
sm all number of drive units drops from
5.6 dB to 2.6 dB when the number ofunits
is doubled.
Onee the drive units are mounted on

the baflle, construct a 2-4 in (5-10 cm)
deep reetangular faced cabinet behind the
baffle. Fill tbe space in the cabinet with
sheets offoarn, laid one on to the other and
taeked into place. The larger depth is prefer-
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able, but 2 in (5 cm) should be acceptable
with a very large number of drive units.
Wire the.N2drive units asN series 'blocks',

eachofN driveunitsin parallel.Theimpedance
will then be electrically the same as that
of a single speaker.
Complete the structure to personal taste,

after which it should look superficially like
a decorative wall panel. Ifthe finish matches
the room decor and colour, a virtually in-
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visible, uncbtrusive sound system results. of the small speakers, the best response 1S
obtained by facing the soundwall; to either
side there is a slight lass of top.
The high-frequency response given this

cavil is nicely uncoloured and natural; the
puristcan mount a single tweeter disguised
as some kind of ornament above each wall
to correct this effect.

Listening
Like all linear-phase systems, the scund-
wall seems low on bass. The overall re-
sponse can be improved by the addition of
a subwoofer (mounted in a cupboard with
a gap at the bottom ofthe door), Since the
high frequency sound beams straight out



I
EXTERNAL FERRITEAERIAL UNITS FOR

SHORT, MEDIUM AND LONG WAVE RADIOS

Qver the years, the writer has often-
needed handy, external aerials for short,

medium and lang wave radio receivers,
such as communication, vintage and mod-
ern domeetic models. This involves a wide
varietyofaerial inputimpedances with, per-
haps, coaxial, twin-feed 01' simple end-red
aeriaVearth sockets. Furtherrnore, these
aer-ial units should be capable of being
taken to the Ioeation of the radio, rather
than the more usual method of taking the
radio to the aerial. The immediate target
was a frequency range of 150 kHz (2000 m)
up to, and including, the 15.10-15.45 MHz
(19 m) band.
In the event, it was possible to produce

two simple ferrtte-rod-based circuits cov-
ering [1] 150 kHz (2000 m) continuously
up to 2143 kHz (140 m), and [2]3333 kHz
(90 rn) to 16 MHz (16.7 m). Furthermore,
simple impedance matehing arrangements
enable them to be used with a wide range
ofreceiverinputimpedances, whethercoax-
ial, twin-feed or end-fed.

The short-wave unit

er

500p

K1 K2

K3

-:- 930051 - 11

Figure 1.

Figure 1 shows the short-wave circuit that
is based on a 6V,in (158 mm) long by Vjin
(12.5 rnm) dia. ferrite rod madeofhigh-grade
nickel-zinc Type 61 material. The rod is
cut from a standard 71/, in (190 mrn) long
by 1/2 in (12.5 nun) dia. ;od.
Twelve turns of SWG16 (AWG14) wire

are wound on to the rod to form coilL. The
coi1is tuned by a 2-gang, 500+500 pF, vari-
able capaci tor in a bal anced circui t.Various
methods ofconnection to receivers were tried,
and the simple C coupling was found to be
the best to cover ther wide frequency range
and impedance requirements.
The unit can be coupled to receivers

with a coaxiaJ input via socket K3 and to
receivers with a twin-feed or single input
via sockets K2 and Kl.
In operation, L is resonated by Cj-C2 to

By Richard Q. Marris, G2BZQ

the receiver frequency formaximum signal.
Since the unit is narrow-band and direc-
tional, it eliminates much ofthe inter-sta-
tion and man-made interference. Maximum
signal is received when the long side ofthe
aerial rod is towards the received station,
and the minimum signal is at the ends of
the rod. The polar diagram is a figure of 8.
The frequency range on the prototype

is 90 m (3333 kHz) to 16.7 m (18 MHz). No
preamplifier has been required with the
high-gain receivers used, but, ifnecessary,
a small one rnay be placed between the
aertal unit and the receiver, or even built
into the aerial unit.

Long and medium wave unit

K2 K1

L3

L2

930051 - 12

Figure 2.

The circuit, shown in Fig. 2, is based on a
standard commercial MWILWferrite aerial
rod (LI/Lj) that can be salvaged from an
old domestic radio or purchased from a
numberofsuppliers. As will be shown later,
in the construction details, the MW and
LWcoils, LI and L2 respectively, are moved
outwards towards the ends ofthe rod, where-
upon a couplingwinding, L3, is wound near
Lj• Here again, a 2-gang, 500+500 pF, vari-
able capacitor is used to tune the circuit:
C2 tunes LI and Cz tunes L2 to provide con-
tinuous coverage from 150 kHz (2000 m)
to about 2143 kHz (140 rn). This range in-
cludes that interesting frequency spectrum
between the medium and long wave band
and has a tuning overlap near the low-fre-
queney end ofthe medium wave band.
Again, socket K3 is for use with receivers

that have a coaxial input, whereas K, and
K2 are for use with twin-feed or end-fed in-
puts with an earth connection.
Since the unit is narrow-band and di-

rectional-its polar diagrarn 1S a figure of
8--it appreciable reduces, or even removes,
the mass of interference met during the

hours of darkness.

Construction
General. A straighforward, basic form of
construction laycut has been adopted for
both the short wave and the long/medium
wave units-see Fig. 5.
An all-plastic box (children's sandwich

box with hinged lid), about 61/jx41/jx2 in
(165x1l5x50 mm) (LxWxD) box was used
for the prototypes. The dimensions and the
type ofbox are not very important, however.
The 2-gangvariable capacitor is bolted into
the box, after any preset paddingcapacitors
have been removed. The capacitor used
had a built-in slow-motion drive. If a dif-
ferent type of variable capacitor is used,
there is plenty of room for aseparate slow-
motion drive to be added.
Three sockets are fitted at the rear of

the box. A complete set ofinter-connecting
feedlines for use between the aerial units
and receivers consists of:
1. A 3-feet long RG58 coaxial cable with
auitable coaxial plugs at either end.
2. A 3-feet length of twin feedline with
4 mm banana plugs at one end and match-
ingplugs at the otherend. Twin loudspeaker
extension cable is a good compromise. This
feedline can also be used with receivers that
have an input for end-fed aerial wires and
earth.

Short wave unit. The general layout is
shown in Fig. 6. The unit uses the basic
layout afFig. 5 plus afabricatedfenitecored
coil L (see Fig. 3) and capacitor C3.
The construction of coil L is shown in

Fig. 3. Cut a standard 71/jin long by I/j in
dia. (190xI2.5 mm) ferrite rod (Amidon
Type R61-050-750) to length with a sharp
hacksaw blade (Fig. 3A). Cut a length of
5/8in (16 rum) dia. plastic pipe to the same
length (Fig. 3B). Insert the ferrite rod into
the tube, with turns of masking tape at
either to ensure core rigidity (Fig. 3C).
Note that it is essential to use the spec-
ified type of ferrite rod.
Wind 12turns ofSWG16 (AWGI4) tinned

copper wire on to a 9/16in (14.5 rnm) dia.for-
mer, slip the winding on to the assembly of
Fig. 3C and evenly space it out to 2% in
(60 mrn) as shown in Fig. 3D.
Mount the inductor in the plastic box

on plastic stand-off wall clips as shown
in Fig. 6 and then wire up the unit as il-
lustrated in Fig. 1. An end-ef-eeil tap as
in Fig. 6 enables the winding to be re-
duced by a turn or thereabout, if neces-
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sary, to make the unit include the 19 m
band. All wiring should be in SWG16
(AWG14) wire for rigidity.

MWILW unit. Again, the basic layout 18
as in Fig. 5. The fmal1ayout, with the coils
and wiring added, is shown in Fig. 7.
The MWILW aerial inductor is made from
a standard 5 in (127 mm) long, 3!ain(9.5 mm)
dia. ferrite rod antenna coil salvaged from
an old valve radio. Push the MW (Ll) and
LW (Lz) windings outwards to the ends of
the rod, leaving just enough room for the
plastic cable clips used for mounting the
asembly-see Fig. 7. Wind two turns of
masking tape on the Tod, elose to LI>and
on to this elose-wind La. which consists of
30 turns of SWG32 (AWG29) enalled cop-
per wire-see Fig. 4. Note that a new eom-

Figure 5.
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mercial MW!LW ferrite rod aerial can, of
course, be used; the rod length is not criti-
cal, but 5 in (127 mrn) appears to bethe stan-
dard length.
Mount the ccil assembly into the box as

shown in Fig. 7, seenring it with stand-off
plastic c1ips at both ends. The wiring is as
shown in Fig. 2 and 7.

Testing and operation
Connect each unit in turn to a suitable re-
ceiver and resonate it to the receiver fre-
quency by rotating Cj-Cz for maximum sig-
nal. Turn the unit through 90° to check for
directional properties.
A simple way to check the frequency

range of each unit 1Sthe use ofa calibrated
receiver and an electronic calculator. The

"

Figure 6.

Figure 4.

calculator produces 'noise' that is picked
up by the aerial coil, which will peak when
it is tuned to the receiver frequency.
In operation, the units should be kept

well away frorn walls, large metal items and
electrical wiring.

Conclusion
These units have been found particularly
useful by the author; when not in use they
can be stacked on a bookshelf. They can be
taken to a receiver, rather than the more
usual act of having to take the receiver to
a fixed aerial. A preamplifier has not been
found necessarywith highRFgain receivers,
but could be inserted between the unit and
the receiver.
The performance ofboth the short wave

" "

Figure 7.
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Readers should note that Butterworth-
Heinemarm books may be ordered direct
]rom

Reed Book Services Ud
P.O_ Box 5

Rushden NNJO 9YX
England

Instrumentation and Test Gear Circuits
Manual
By R. M. Marston
ISBN0 7506 0758 0
Price .&16.95(soft cover)
This untque book is prtmanly a manual
of modern instrumentation and test gear
ctrcutts of value to the tndustrtal. com-
mercial, or amateur electrontcs engmeer
or designer. It presents almost 500 out-
standingly useful and carefully selected
practical ctrcutts, diagram, graphs and
tables. backed up by masses ofinformative
text on 'how tt works' and 'how to destgn
It'. The book Is divided into twelve chap-
ters and descrtbes practical eireuns rang-
ing from simple attenuators and bridges
to complex digital panel meters, wave-
form generators, scope trace doublers.
timebases, digital frequency meters. ete.
Instrumentation and Test Gear Circutis

Manual Is atmed pIimarily at the practt-
cal design engtneer, techrucian and ex-
perimenter, but will also be of great in-
terest to the electronics student and am-
ateur.
Butterworth-Heinemann
Linacre House
Jordan Hili
Oxford OX2 8DP
England

Understand Electrical & Electronics
Maths
By Owen Bishop
ISBN0 7506 0924 9
Price .&14.95 (soft cover)
People who find maths difficult often
have, as a result, difficulty in grasping
electrtcal and electronics theory. Understand

Electrical and Electronics Maths has been
WIitten to help such students really to un-
derstand the mathematical pnnciples un-
derlymg their subject so that they can
go on with confidenee to taekle prob-
lems in praetieal crrcutts.
The first part of the book deals with

elementary maths, offering a bridge be-
tween sehool maths and the maths basic
to a course of study in electrical engt-
neertng or electronics. It gives a chance
to 'Illl in the gaps'.
PartTwo deals with the more advanced

topics: here the bndge Is between theor-
etical maths and its applications in prac-
tical ctrcutts. Only a minimal knowledge
of circuits is assurned. and the text con-
centrates on just those aspects ofmaths
that are applicable to electronics and elec-
trical studtes.
Every opportunity has been taken to

reinforce and consolidate understand-
ing as the studen t progresses: 'Test your-
self questions are provided at each stage,
and concise boxed Information is used
to summanze essentials or, where ap-
propriate. amphfy particular points of dis-
cussion.
An indispensable book for students

taking electronics and courses related
to electrical engineertng at levels up to
and tncludtng HNC/HND and first year de-
gree level.
Butterworth-Heinemann
Linacre House
Jordan Hili
Oxford OX2 8DP
England

Analog Interface andDSP Sourcebook
By Alan Clements
ISBN0 07 707694X
Price .&65·00(hard cover)
Here, in over 1100 pages, is a carefully
chosen selection of the best data sheets,
artic1es and appbcatton notes from Jead-
ing semiconductor manufacturers. More
than a design cookbook, this is a com-
prehensive and authoritative source-
book, whieh is stronglytutorialin nature.
The author. who is Motorola Professor

in the School of Computing and Mathe-
maties at The University ofTeesside, has
provided a uruque eombination of mate-
rial dtrect from the manufaeturers on both
analog and digital Signal processors. in-
cludtng introductory theory, product in-
formation and application notes on a
wide range of analog and DSP devices
available.
McGraw-Hill Book Company Europe
Shoppenhange~Road
Maidenhead SL6 2QL
England

Error Detection Circuits
By Michael Gössel and Steffen Graf
Price .&35·00(hard cover)
EITor detection ctrcutts detect errors as
they oceur in the ctrcurt and thus pre-
vent the output of incorreet signals from
tt. Incorporating error detection circuits
tnto digital systems Is thus a vital part
OfVLSI circuit destgn. Fur electronics and
hardware destgners, and parttcularty
those involved in the design of fault-tol-
erant and reltable computers or safety
critieal systems, this book is essential
reading.
Errar Detectiori Circuits provides the first
description of completely new methods
for designtng optimal error detection cir-
cuits for combinational and sequential
digital circutts. The authors have taken
a unique and systematic approach to error
deteetion ctrcutt design and clearly de-
seribe how the models they propose will
detect all the errore of the error model
specified by the destgner.
McGraw-HiUBook Company Europe
Shoppenhangers Road
Maidenhead SL6 2QL
England

and the MWfLW units has been found to
be very satisfactory with a considerable
reduction in general noise and interference.
At the time ofwriting, aversion for use

on Band 2 (VHF 87.5-108 MHz) is being
worked on. Hopefully, details will be passed
on in the future.

Ports list
1. For basic layout (Fig. 5)
Plastie box about 6lf2x41/2x2 in (LxWxD)
(165x150x50 mm).

CI-C2 = 2-gang, 500+500 pF variable ea-
pacitor with built-in slow motion drive
(but see text for extern al drive) and
knob.

KI•KZ=4 mrn banana sockets (blackand red
respeetively): TandylRadio Sback Type
274-725 or similar. Also, suitable black/red
eable end plugs to fit: Tandy/Radio Shaek
Type 274·721 or sirnilar.

2. For short wave assembly (Fig. 6)
Basic layout as above.
Ferrite rod 61/4 in (158 mm) long by 1/2 in
(12.5mm) dia. cut from a Type R61-050-750
rod (7lf2in [190 mml longby 1/2 in [12.5mm]
dia. from Amidon Associates Inc. P.O. Box
956, Torrance, CA 90508. USA.

61/4 in (158 mm) long by % in (16 mm} out-
side dia. plastic pipe from hardware or
DIY store.

2 clips, stand-off wall mounting type to fit
the plastic pipe from hardware or DIY

store.
SWG16 (AWI4) tinned eopper wire.
Ca = 100 pF silver mica or ceramic disc ca-
pacitor.

3. For MWfLW assembly (Fig. 7).
Basic layout as in Fig. 5.
LI and L2 = commercial LWIMW ferrite rod
antenna assy (3fs in or 9.5 mm dia. rod).
May be salvaged from old receiver or pur-
chased new from various suppliers; for
instanee, in UR, use Type LB12N from
Maplin Eleetronies, P.O. Box 3, Rayleigh
SS62BR.

2 plastic clipe, stand-ofwall mounting type,
to fit the aeria1 rod. Available from most
DIY stores.

SWG30 (AWG28) enamelled eopper wire.
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PHILIPS PREAMPLIFIER

Computer-controlled hi-fi equipment
is no langer a novelty. Such appara-

tus has gtven rtse to special analogue
les becorrung available that are provtded
with a computer mterface. Since hi-fi
equipment is gctttng smaller, these les
are normally made in surface mount
technology-SMT.
This article Is concerned primarily

wtth two of such ICe from Philips: a
stereo control amplifier and a five-band
stereo equalizer. The computer Interface
is an Pe type. The performance of the
ICs can be evaluated with theaid ofa spe-
cial program (for Pos only). This pro-
gram enables the control of all functions
with a mouse or the cursor keys. Even
an I2C interface is not required, for that
is simulated via the printer port. The
prograrn uses an 8-column text display.

By T. Giesberts

Control amplifier Type TEA6330T
The block schematic of this Ie is shown
in Fig. 1. The audio input is taken direct
to thevolume/balance control. Thevolurne
for the left-hand and right-hand channel
can be set independently between -66 dB
and +20 dB. In thts way, the volume con-
tral also acts as balance control.
Both the bass and the treble control

adjust the two channels in tandem. The
bass contra I has a range of -t2 dB to
+15 dB. while the treeble control range is
±12 dB. The software can adjust the tone
controls in accardance with the position
of the volume control to gtve phystological
volume control.
The tone control ctrcuits may also be

used as input for an equahzer. but the
treble control is then out of action and

the bass controI is restricted to (}-t5 dB.
The output circuit conststs oftwo dou-

ble stages. Particularly for application in
car radtos, the balance between the stages-
can be controlled independently of the
volurnewith the aid oftwo faders.The stages
may also be muted independently orjointly.
Joint mutmg may also be effected via an
additional inpu Iof the ICwithou t ustng the
12einterface.
The design of the bass control ts shown

in Fig. 2, where sections a. b, and c, indi-
cate bass ampllflcation. neutral, and bass
attenuation respectively. Ftgurc 2dshows
howthe RCnetworkin a, b. and cis trans-
formed into a vartable ülter. The switches
are not part of the JC: the resistors are
switched bymulti-inputopamps.According
to the manufacturer, this solu tion givesbet-
ter results than other soluttons as regards

EQUALIZER
(TEA6360)

3~~HI
Cal1 CSL2 CTl

17 16 15

li" TEA6330T ~~ ;:: 5.6 nF
GND2 Cel1 CBl2 CTl

10 17 16 15 9
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12C-BUS ~ 13 OlF ,
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+1
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03,~ "F r-, r-,-I. 19 , 14 OlR 0
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+U, 4.7
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Fig. 1. Block schematic 01the Philips preamplilier.
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noise .. distortion and dynamic range.
The circuit diagram of the treble con-

tro! is gtven in Ftg. 3. The design is fun-
dementally identical to that of the bass con-
trol circutt, but the postnon of Cl is dif-
ferent.

Equalizer Type TEA6360
The equalizer (see Ftg. 7) consists of not
more than a couple of filter seetions and
an I2Cinterface. The frequency-determin-
ing components. in the form of aT-filter.

• •sr

930003- 12

Fig. 2. Basic design 01the bass control circuit.
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Fig. 3. The basic design 01the treble control is identical to that 01the bass contro!.

PHILIPS PREAMPLIFIER
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Fig. 4. The filter can operate with con-
stant Q (a) or variable Q (b).
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Fig. 5. lI the equalizer is not used, the tre-
ble control circuit can amplify in ascco-
rance with these characteristics.
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Fig. 6.The effect oleach discretelilter sec-
tion, l.e., one seetion at maximum (or
minimum) and the others at zero.
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are externa1 to the le. This arrangement
makes it possible, at least in pnnctple. to
arrange the amplification and attenuation,
the resonance frequency. and the Q-fac-
tor of each filter section, as required. In
practlce. this is notso straightforward, par-
ticularly when it is borne in mind that
the Ie is opttmtzed intemally for an am-
plification Cf attenuation of 12 dB. Moreover;

in a Ilve-band equalizer, the resonance
frequenctes and Q-factors asre never far
away from those of the standard applica-
tion. Although it is not shown, there is a
facility for switchmg off the equalizer via
the software. The inputs and outputs are
then interconnected.
The design of each filter section-given

in Ftg. 8-is very similar to that of the

tone controI in the TEA6330. It is based
on aT -section, R2·CI'0j, which is shunted
by resistor R1 to enable the amplification
or attenuation to be made vartable with
SI or ~ respectively. With this design, the
amplification or attenuation may be var-
ied with constant Qorvariable Q. Variable
Q is the mcre usual invariable fllters. The
rnore the arnplification or attenuation de-

>--
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Fig. 7. Block schematic of equalizer Type TEA6360.
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PHILIPS PREAMPLIFIER

Fig. 8. The filter sections of the
equalizer are based on a T-til-
ter.

creases, the smaller Q gets and the Ilat-
ter the filter response becomes. The dif-
ference between constant Q and variable
Q operation can be seen in Ftg. 4.
The two ways of fütenng are obtained

by operanng swttches SI and S2 dtffer-
ently. Invariable Q operation. the method
of switchtng is the more logtcal. To obtain
amplification. Sj is set 10position I and
SI is adjusted to get the desired gain. To
obtain attenuation. SI is set to position 1
and Sj for the required attenuation.
In constanl Q operanon. tbe relevant

switch is set for maximurrt attenuation or
ampltflcatton, as the case may be, and
the other for the requtred level of attenu-
ation or amplification. Thts way of work-
tng has its drawback when a range of sig-
nals is being amplified. Since at the onset

•

'1
93l1OO3 . 15

PARTS LIST
All reslstors and capacitors, except
electrolytic types, are surface-mounl
cornponents.

C16, CH, C26, C27 = 1 nF
C18, C28 = 18 nF
C19, C29 = 12 nF
C20, C30 = 68 nF
C21, C31 = 47 nF
C22, C23, C32, C33 = 180 nFResistors:

Rl, R3, R4, R6, R8, R9= 5.1 kn
R2, R5, R7, Rl0 = 6.2 kQ Semiconductors:

ICl = TEA6330T (Philips)
IC2 = TEA6360 (Philips)Capacitors:

Cl, C7 = 330 nF
C2 = 100 ~LF,10 V, radial
C3, C9 = 33 nF
C4, Cl0 = 5.6 nF (see text)C5, C6,
Cl1, C12=4.7I'F, 63 V, radial
C8 = 22 I'F, 25 V, radial
C13, C34 = 100 nF
C14, C24 = 4.7 nF
C15, C25 = 3.3 nF

Miscellaneous:
JP1, JP2, JP3 = 2-way header with
jumper
K1-K6 = audio socket tor PCB
K7, KB = 6~waymlni-DIN-socket tor
PCB
PCB Type 930003
Diskette Type 1861
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Fig. 9. The printed-circuit board for the amplifier has a double-sided component layout.
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there is maximum arnplification, streng
signals may cause overdrive. Ta prevent
that happerung, a mix of the two methods
may be used: the filter will then have a
quast-constant Q. In this way, maximum
amplification is used only if it is abso-
lutely necessary. Thts matter will be re-
verted to in the descrtpnon ofprogramming
the le.

Circuit description Which audio outputs (Ieft or nghtj be-
long together is inclicated by the second let-
ter: F(ront) or R(ear).
If the mute Input of le 1 is not used. it

may be left open: the extern al mute is
then off. 111emute function is enabled by
making the Input low (51.5 V). The mute
funcüon is disabled notonlywhen the Input
ts 1eftopen, but also when the input stg-
nal is high er than 3 V (but sthe supply

Apart from the two les discussed earller,
the prearnplifier ctrcutt in Ftg. 10 consists
of the necessary input and output sock-
ets and some penpheral capacitors and
resistors. The mini-DIN-connectors are
for use with the rc interface. This inter-
face is, as regards wtrtng. identical to the
one published last year I,

C13.rLRQ~,---f1 330n
18

VP
2 INA lNL 19

r-r- ~4 caat CBll ~,,-,7~ _
* see lex!

K2 K5
1-__ -"5'1 CBR2 CBl2 1-"16"--"=-1

lC1
f-:-:-c--7'-1 aRR
63V

f---''1 QRF QlF 1-"13,,-.::.::~
TEA6330T,+- -"-'-12 SDA

r-I--I-----....!..!..j SCL

,----''-ICTR

CPS

9V RFt
Cf+9V +9V K3

JJ {1
5V

+5V Cf +5V
JJ {1

0 0
JJ 1 {1

SOA SOA

SCL SCL

INT INT

MUTE~9 +-.
CTL1-"15::.... _

VREF
GNDA GNDD

3 10

* C3. *JP1 C.

Doon
C10 JP2

* :J!n6 :J!n6 *,.
VP

VI1 VI2 32

13 V01 IC2 V02 20

15 SDA,.
SCL

TEA6360
F1Al F1A2

F181 F182

F2Al F2A2

F281 F282

F3Al F3A2

F381 F3B2

F4Al F4A2

F4Bl F482

F5Al F5A2

FS81 F5B2

GNDA MAO GNDD
19 17

930003 - 16

Fig. 10. Circuit diagram 01 the complete preamplifier.
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voltage).ln otherwords, the external mute
input can be driven not only with open-
collector outputs or discrete transistors,
but also with standard TTL outputs.
If the equaltzcr is definitely not re-

quired, bndges.Jl', andJP2maybeieftopen
and capacttors C4 and Cw used. The equal-
izer is then disabled and the treble con-
trol ts enabled.
The sub-address for the equalizer on tbe
rc bus, 1000010000; or 10000110aL" may
be set with JP3 (see Table I). On the PCB
thls jumper Is aJready in place: break the
relevant copper track for a higb level: if
JP3 is then placed. the level is low again.

Construction
The doubled -sided board (Ftg. 9) uses
both sides for the components. The +Cs.
resistorsand capacitors (exceptelectrolytic
types) must be fitted on the 'copper track'
side. while the electrolytic capacttors, con-
nectors and wire brtdges Uumpers) are to
be fitted on the component side.
Note that C4 and CIO must be fitted only

ifthe equalizer is not used Gumper bridges
JPI and JP2 openl, The IC (TEA6360) and
associated components rnay then. ofcourse,
also be omitled.
The lCs are best mounted by flrst sol-

dertng the two pins at dtagonally oppos-
tng corners.
The control amplifier and equalizer

cannot be used withou t a mtcroproces-
sor. This controller converts the (ana-
logue) sfgnals from the operattng controls
into data for the ampliller and equalizer.
Itwould be ideal, of course, to use a con-
troller with an 12e interface (such as the
80C552 2), but this not really essential,
because the J2e stgnals are easily gen er-
ated with relevant software 3. Philips uses
the Centronics Interface for expertmental
purposes. on the basts that thts interface
has both open-collector outputs and in-
puts wtth a pull-up resistor. Ftgure 11a
shows how the Centrortics connector of a
PC must be wired for this purpose. Pigtrc
l l b gives a solution for PCs that (agatnst
a1l protocols) have no open-collector out-
put.
The evaluation pro gram is based on

the assumption that the interface is con-
nected as standard to prtnter port LPT1.
This may be changed to, for tnstance,
LPT2by adding the instruction SE:!'llcPORT=2
to the DOS prompt before starting the
program. The speed of communtcatton
on the Pe interface must not exceed
100 kbit s+. To prevent this speed being
exceeded in fast pes, slowing down is
achieved with a DOS environment-vari-
able, for instance, SET IICSPEED=4. Values
from 0 (no slowtng down) 10 9 (maximum
slowtng down) may be entered: 4 is the
default value. Some retardations mea-
sured on an 8 MHz IBM PC/ AT-03 are:
IICSPEED=O:0.43 ms byte+: =1: 0.68 ms
byte-': =2: 0.98 ms byte-I: =3: 1.28 ms
byte:l: =4: 1.58ms byte+, Valueslargerthan
4 will be required only with 386 machines
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Fig. 11. The 12Cinterface may be controlied via the Centronics port. A standard
Centronics interface with open collector outputs is shown in a, while a printer port
without open collector outputs is shown in b.

S slave address A sub-address A data P

S:::: start blt
A = acknowledge bit
p:::: stop bit
data: see Tables 2-4
sub-address:see Table 2
slave address: TEA6330: 1000000x

where x:::: read/wrtte> bit (1/0)
TEA6360: 10000100
when pin 18 is low

10000110
when pin 18 is high/open

When more than 1 data byte is sent, the sub-an-
dress is increased automatically by 1 after each
byte.

Gain Oata
(dB) VL5 VL4 VL3 VL2 VL1 VLO

VR5 VR4 VR3 VR2 VR1 VRO

+20 1 1 1 1 1 1
+18 1 1 1 1 1 0

+2 1 1 0 1 1 0
0 1 1 0 1 0 1
-2 1 1 0 1 0 0

-64 0 1 0 1 0 1
-66 0 1 0 1 0 0
mute 0 1 0 0 1 1

mute 0 0 0 0 0 0

Table 1. I'C bus format. Table 2. Volume setting lett and right.

Function Sub-address byte nata byte
07 06 05 04 03 02 01 00

volume left 0 0 0 0 0 0 0 0 0 0 VL5 VL4 VL3 VL2 VL1 VLO
vatume righl 0 0 0 0 0 0 0 1 0 0 VR5 VR4 VR3 VR2 VR1 VRO
bass 0 0 0 0 0 0 1 0 0 0 0 0 BA3 BA2 BA1 BAD
treble 0 0 0 0 0 0 1 1 0 0 0 0 TR3 TR2 TR1 TRO
fader 0 0 0 0 0 1 0 0 0 0 MFN FeH FA3 FA2 FA1 FAO
audio swilch 0 0 0 0 0 1 0 1 GMU EQN 0 0 0 0 0 0

VLx ls volumelbalance left-hand channet
VRx is volumelbalance right-hand channel
BAx is bass control both channels
TRx ls Ireble centrot bolh channels
FAx ls fader setting frontlrear

FeH is seleet fader channel, 1 ::: front; 0 ::: rear
MFN is mute-selected fader channel (mute front or rear)
GMU ls general mute
EQN 18external equalizer, 0 ::: connected; 1 ::: not availeble

Table 3. Control functions TEA6330.
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Gain (dB) Data

Bass Treble BA3 BA2 BA BAD
EQN=l EQN=O EQN=l EQN=O TR3 TR2 TRl TRO

+15 +15 +12 0 1 1 1 1
+15 +15 +12 0 1 1 1 0
+15 +15 +12 0 1 1 0 1
+15 +15 +12 0 1 1 0 0
+12 +12 +12 0 1 0 1 1
+9 +9 +9 0 1 0 1 0
+6 +6 +6 0 1 0 0 1
+3 +3 +3 0 1 0 0 0
0 0 0 0 0 1 1 1
-3 0 -3 0 0 1 1 0
-6 0 -6 0 0 1 0 1
-12 0 -12 0 0 0 1 1
-12 0 -12 0 0 0 1 0
-12 0 -12 0 0 0 0 0

Table 4. Tone control settings.

Gain (dB) Oata

MFN=l MFN=O
FCH=l F R F R
FCH=O R F R F FA3 FA2 FAl FAD

0 0 0 0 1 1 1 1
-2 0 -84 0 1 1 1 0
--4 0 -84 0 1 1 0 1
-6 0 -84 0 1 1 0 0
-8 0 -84 0 1 0 1 1
-10 0 -84 0 1 0 1 0
-12 0 -84 0 1 0 0 1
-14 0 -84 0 1 0 0 0
-16 0 -84 0 0 1 1 1
-18 0 -84 0 0 1 1 0
-20 0 -84 0 0 1 0 1
-22 0 -84 0 0 1 0 0
-24 0 -84 0 0 0 1 1
-26 0 -84 0 0 0 1 0
-28 0 -84 0 0 0 0 1
-30 0 -84 0 0 0 0 0

Table 5. Fader settings.

Function Sub-address byte Oata byte
D7 D6 D5 D4 D3 D2 Dl DO

filter 1/defeat 0 0 0 0 0 0 0 0 DEF lB2 lBl lBO 0 lC2 tci lCO
filter 2 0 0 0 0 0 0 0 1 0 2B2 2Bl 2BO 0 2C2 2Cl 2CO
fllter 3 0 0 0 0 0 0 1 0 0 3B2 3Bl 3BO 0 3C2 3Cl 3CO
filter 4 0 0 0 0 0 0 1 1 0 4B2 4Bl 4BO 0 4C2 4Cl 4CO
filter 5 0 0 0 0 0 1 0 0 0 5B2 5Bl 5BO 0 5C2 5Cl 5CO

nBQ-.-nB2 is boast centrot for filter n
nCD-nC2 is cut contral lor filter n
DEF is defeat bit: DEF:::O, equalizer on: DEF=1, equalizer disabled with filter settings retained

Table 6. Control functions TEA6360

Gain Data
(dB) nB2 nBl nBO nC2 nCl nCO

+12 1 0 1 0 0 0
+9.6 1 0 0 0 0 0
+7.2 0 1 1 0 0 0
+4.8 0 1 0 0 0 0
+2.4 0 0 1 0 0 0
0 0 0 0 0 0 0
-2.4 0 0 0 0 0 1
-4.8 0 0 0 0 1 0
-7.2 0 0 0 0 1 1
-9.6 0 0 0 1 0 0
-12 0 0 0 1 0 1

Table 7. Filter with variable Q.

Gain Data
(dB) nB2 nBl nBO nC2 nCl nCO

+12 1 0 1 0 0 0
+9.6 1 0 1 0 0 1
+7.2 1 0 1 0 1 0
+4.8 1 0 0 0 1 0
+2.4 0 1 1 0 1 0
0 0 0 0 0 0 0
-2.4 0 1 0 0 1 1
-4.8 0 1 0 1 0 0
-7.2 0 1 0 1 0 1
-9.6 0 0 1 1 0 1
-12 0 0 0 1 0 1

Table 9. Filter with quasi-constant Q.

Gain Data
(dB) nB2 nBl nBO nC2 nCl nCO

+12 1 0 1 0 0 0
+9.6 1 0 1 0 0 1
+7.2 1 1 1 0 1 0
+4.8 1 1 1 0 1 1
+2.4 1 0 1 1 0 0
0 0 0 0 0 0 0
-2.4 1 0 0 1 0 1
-4.8 0 1 1 1 0 1
-7.2 0 1 0 1 0 1
-9.6 0 0 1 1 0 0
-12 0 0 0 1 0 1

Table 8. Filter with constant Q.

wilh a 25 MHz clock.
The data that must be sent via the Pe

bus have been summarized inTables 1-9.
Table 1 shows inwhat sequence the bytes
must be sent. The slave address tndtcates
for which IC lhe data is intended. !fthe IC
is connected to the bus. it sends an ac-
knowledgment to the microcontroller. The
equalizer Ie may be set to one of the two
available addresses with jumper JP3. The
ICaddress ts followed by the sub-address
that tndicates for which function of the JC
the data ts intended. These functions are
gtven in Tables 3 and 6, which also show
the composition of the data for the rele-
vant functions.
Functions such as balance and physt-

ological volume control must be set upwith
the atd of software. Bass control may be
independent for the loft-hand and right-
hand channe!s [balance]. Physiological vol-
urne control is obtatned by increasing the
bass tones when the volume is decreased.
Tables 2. 4and 5 show howthe bits have

to be cornpleted for the control arnplifier,
while Tables 7-9 clarify how to control
the equalizer with a different Q of lhe fil-
ter. Note that at the setttngs for quasi-
constant Q the arnplification ts lower than
at constant Q, so that overdrtvtng of the
equalizer happens fatrly slowly. •

References:

I. ']2Cinterfacefor PCs·, Elektor Electronics,
February !992.

2. '80C552MicroprocessorSystem' ,Elektor
Electronics, December 1992.

3. Various projects with an rc interface pub-
lished in Elektor Electronics during the past
!2 months.
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creases, the smaller Q gets and the flat-
ter the filter response becomes. The dif-
ference between constant Q and variable
Q operation can be seen in Fig, 4.
The two ways of ftltering are obtained

by operating switches SI and S2 differ-
ently. In variable Q operation, the method
of switching is the more Iogical,To obtain
amplification, ~ is set to position 1 and
SI is adjusted to get the desired gain. To
obtain attenuation, SI is set to position 1
and ~ for the required attenuation.
In constant Q operation, the relevant

switch is set for maximum attenuation or
amplification, as the case may be, and
the other for the required level of attenu-
ation or amplification. This way of work-
ing has its drawback when a range of stg-
nals is betng amplified. Since at the onset

PHILIPS PREAMPLIFIER

Fig. 8. The filter sections of the
equalizer are based on a T-fil-
ter.

S'
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S2

PARTS LIST
All resistors and capacitors, except
electrolytic types, are surface-mount
components.

016,017,026,027 = 1 nF
018,028 = 18 nF
019,029 = 12 nF
020, 030 = 68 nF
021,031 = 47 nF
022, 023, 032, 033 = 180 nF

Semiconductors:
101 '" TEA6330T (Philips)
102 :: TEA6360 (Philips)

Miscellaneous:
JP1, JP2, JP3 = 2-wa.y neader with
jumper
KI-K6 :: audio socket förPOB
K7, K8== 6-way mini-DIN-socketför
POß
PCß Type 930003
DiSkette Type 1861

•

Resistors:
H1, H3, H4, H6, H8, H9:: 5.1 kn
R2, R5, R7, Hl0 = 6.2 kn

capacitors;
01, 07 = 330 nF
02 ==100 I1F,10V,. radial
03,09= 33 nF
04, 010 = 5,6nF (see text)05, 06,
OH, 012 = 4,711F,63 V, radial
08 = 22 I1F,25 V, radial
013,034", 100 nF
014,C24:::: 4.7 nF
015, 025= 3,3 nF
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Fig. 9. The printed-circuit board for the amplifier has a double-sided component layout.
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VHF/UHF RECEIVER
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The extremely wide tuning range and the AM/FM compatibility
of the receiver described here allows you to listen to virtually
any RF signal in the ether between 47 MHz and 890 MHz. Based
on a ready made TV tuner unit, the receiver is simple to
construct, and has a minimum of adjustments. Build it, and
listen in on various types of communication: aircraft, ships,
radio amateurs, mobile and portable radio networks, cellular
radio, and carphones. In addition, the receiver covers TV
sound channels in the VHF and UHF band, and in the S band
and Hyperband used on cable networks.

Design by J. Barendrecht and B. Romijn

1

I
47 •..860MHz I

I
I
1
I
j
I

loeal I
oscillator I

84.3· 897.3MHz :

I I
1 I
I 1
I 1
1 1------------_.

Fig.1. Block diagram of the VHF/UHF receiver.

r--oc---------j
I amplifier I
I S meter I

I--!I-+I ---- [> i
'----!I 1

1 1
I squelch I
I I
I I
I -0'- 1
I 1
I 1

I I
I
I loudspeaker :

I [> II I
I 1

I I 1 I
I : I AF amplifier JIL ~ • _

926001X ·11

1st IF
amplifier

2nd 2nd IF
amplifiermixer

[>[>
37.3MHz 10.7MHz

X-tal
oscillator
48MHz

THE emphasis during the destgn
phase of thts project was on re-

peatability and ease of adjustment. Ta
begtri wtth, any problems that could
possibly be expected to arise from the
construction of the VHF/UHF front
end of the receiver are eradicated by
using a commercially available 1V
tuner module. Further-more, the se-
lecuvtty of the IF (intermediate fre-
quency) stage is ensured by a
ready-made filter, which obviates in-
ductor construction and adjustment.
The result of these design goals is an
exciting project aimed at the more ad-
vanced radio enthustasts among you,

AM/FM
detector
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VHF/UHF RECEIVER
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22p joc FM

R5

82k

X1
48MHz
3rd01

AM

Fig.2. Circuit diagram of the RF and IF sections of the receiver. Note that a single le Type NE605 handles IF amplification, FM and AM detec-
tion, as weil as AGC and S meter driving.

Those of you keen on knowing
'where they arc' in the extremely wide
frequency spectr-um covered by the re-
cerver will be pleased to learn that a 4-
digtt digital frequeney read-out will be
described in a future rssue of Elektor
Electronics.

Block diagram
The block diagram in Ftg. 1 shows a
superheterodyne (dual frequency con-
version) receiver, whose most remark-
able feature is its wide input frequency
range covering more than 800 MHz.
Everything contatned in the left-

hand block is contained in a ready-
made 1V tune module from Philips
Cornpo-ncnts. The home construction
part actually starts with the lF amplt-
fier and detector contained in the cen-
tre bleck, The selectivity of the fu-st lF
amplifier Ia ensured by a single ce-
ramie filter with a bandwidth of about
6 MHzeentred around 37.5 MHz. Such
a filter is contained in most modern TV
receivers, and has the same function
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as the three or flve IF inductors fttted
in yesteryears' models. Since the pre-
sent receiver is essentially a narrow-
band type. the 7-MHz bandwidth ofthe
first IF stage has to be reduced to
about 100 kHz. This aehieved by rnix-
ing the 37.5-MHz signat down to
10.7 MHz. at which frequency the de-
rnodulatton (AM or FM) takes place.
The second rntxer uses an inexpensive
48 MHz crystal for this purpose. The
AM (amplitude demodulation) option Is
aimed at those of you interested in lis-
terung to aircraft communication (108-
120 MHz).
Ftnally. the rtght-hand bleck con-

tains the S-meter drtver. the mute
(squelch) ctrcu it, and the AF output
amplifier. The mute function may be
used to 'stlence' the recetver noise
when there is no input signal. If a sig-
nal 1S picked up. tho mute automati-
cally 'opens'. and the demodulated
stgnal will become audtble. The mute
function Ia partrcularly useful when
the receiver ts on stand-by and tuned
to a voice communtcatton charmel.

Circuit description

Front end
Figure 2 shows the RF and IF sections
of the receiver. The antenna signal (47-
860 MHz) is fed to the RF Input of the
1V tuner via a 75-Q coax input socket.
The down converted stgnal leaves the
tuner via pin 17, arid is fed to ceramic
filter FL3. The pin connections of the
Philips tuner module are given in
Fig. 3. Filter LI-C2 prevents RF noise
entering the tuner via the supply volt-
age. The turung voltage (0.7-28 V) is
connected to pin 11 of the tuner. Since
tt 15 technically almost impossible to
have a stngle local oscillator cover the
enure frequency range of 84-897 MHz,
the tuning range ts divided into four
bands, whtch are selected by applying
+12 V to the approprtate tuner ptns (7-
10). This is achieved with the aid of ro-
tary switch SI. The AGC (automatie
gatn control) input pin of the recetver,
pin 5, is driven with a control voltage
supplied by the NE605 oscil-
lator/mixer/demodulator,ICI.
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MECHANICAl DATA Dimensions in mm

13,5 . 84,3 mal( _

±O,' 1-

& ~'
p

C

= P=
12,7
e c.t

10 11 12 13 ,. 15 15 17 --.l,
MT211 I

j 1.-"":0 -_1-1'2
Unless otherwise stated the toterance is ± 0,05 mm.

Pin/connector
identitv
A '= aerial input (t EC female 75 n)
5 '" AGC voltage, + 9,2 to + 0,85 V
6 '" supply vottace, tuning part, + 12 V
7 '" supply voltage, low VHF, + 12 V
8 '" supply voltage, high VHF, + 12 V
9 '" supply volteqe, hyperband, + 12 V
10 '" supply voltage, UHF, + 12 V
11 '" tuning voltage, + 0,7 to + 28 V
12 = supply voltage, frequency divider, + 5 V
13, , 4 = balanced outpur voltage of frequency divider (1 kill
15 = prescaler switch mode (UV616S/64561

with pin 15 tlcetinq, division rette= 1:64
with pin 15 grounded, division ratic e 1:256

: : IF symmetrical outpur (approximately 75 S1j

for UV616S vers ions only

16
17 926001X ·15

Fig. 3. Electrical connections of the UV616S/6456 four-band TV tuner from Phitlpa
Components.
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Fig.4. Circuit diagram of the AF output amplifier, squelch and S meter circuits.

The tuner module used has an in-
ternal prescaler IC, which divides the
local oscillator frequency by 256 (or
64). The prescaler outputs are avail-
able on tuner pins 13 and 14 (connec-
tions marked Fand G in the circuit
dtagram). and may be used to drive a
PLL (phase locked loop) or a counter.
Since pin 15 of the tuner is tied to
ground, the prescaler divides by 256,
which results in an output frequeney
range of 0.33 MHz to 3.5 MHz.

IF amplifier/demodulator
The centre block in Fig. 1 is realized by
IC 1 and its surrounding components.
The tuner output signal arrtves at
pin 1 of the NE605 via ceramic filter
FL3. An amplifier contained in the
NE605 is turned into a 48·MHz oscilla-
tor with the atd of a quartz crystal and
a handful of passive components (L3,
CIO, Ot t and C12. and R4). The quartz
crystal used here is a third overtone
type. Parallel tuned circuit L3-C 10
short-ctrcuits the fundamental fre-
quency, 16 MHz, and so forces the
crystal to resonate at tts third over-
tonc.
The 48-MHz stgnal and the first IF'

stgnal (37.3 MHz) are mixed in ICI.
and the mixer output stgnal is applied
to the input of the second IF' amplifier.
Like the first, this amplifier is con-
tained in the NE605. and only its ex-
ternal components, eapacitors C4-C7
and ceramic filters FLI and F'L2, are
visible. The 10,7 -MHz ceramte filters
gtve the receiver an effective band-
width of about 100 kHz.
The FM detector (demodulator) in

the NE605 is driven by the output of
the seeond IF amplifier, and has only
three extern al components: CI, Cs and
an lF transformer, 1..6, whtch is used as
the quadrature inductor. By the way,
1..6 is the only Inducto r in the recetver
that needs to be adjusted! The output
signal produced by the FM demodula-
tor is available on pin 9 of lCI.
Capacitor Cl4 suppresses any residual
10.7~MHz eomponents that may upset
the AF output amplifier.
AM detection is aehieved with a

trick. Actually, the NE605 has no AM
demodulator proper. However, it does
have an output to connect an S-meter
with a logarithmie scale. Here, the S-
meter output is used as an AM take
off. The fact that the demodulated stg-
nal ts heavily compressed by the lin-
to-log converter is useful rather than
annoytng: with AM, the compression
produces a kind of fast automatie vol-
urne control, and also a qu ite effective
limiter that keeps notse peaks away
from the loudspeaker or head phones.
Like the FM output. the AMoutput has
a eapacitor to suppress residual 10.7-
MHz components.
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Automatie gain centrot (AGC)
Although thc S-meter output of the
NE605 ts 'mtsused' to provide AM de-
modulation, we have not forfeited its
proper function: drtving a moving-cotl
meter that indicates the relative stgnal
strength of tbe received signal. The
output voltage at pin 7 of ICI is used
for yet another purpose. namely drt-
vtng the AGC circuit in the TV tuner.
This ts achieved with the aid of tran-
stetor Tt . which functtons as an invert-
ing direct voltage amplifier - the
htgher the stgnal strength. the high er
the voltage at pin 7 of ICI. and the
lower the control voltage at the AGC
input of the TV tuner. Ta prevent a too
fast response of the AGC (for instance,
as a result of AM stgnals}. a low-pass
Iilter. Rs-R6-CIB, removes all audto
components. and feeds a 'alow' direct
current Into the base of Tt , via base re-
sistor R7.
Ftnally, the NE605 is operated from

a well-filtered 6-V supply voltage ap-
p!ied to pin 6 of the devtce. Pin 15 is
the negative supply (ground) connec-
tion.

AF amplifier and squelch
The audio arnplifier in the receiver has
few surprises. and few components.
too - see Fig. 4! FET T2 serves to
buffer the AM and FM output ltnes.
This ts necessary because load varta-
tton could upset the Svrneter ctrcutt
and the squelch shown in the lower
part of the circuit diagram. A single JC
Type TDA7052 is used to provide the
current gatn required to make the de-
modulated AMand FM signals audible
in a loudspeaker (16 Ql, or a pair of
headphones. The supply voltage of the
AF amplifier is decoupled with the aid
of C22and C34.
The squelch Is formed by opamp

IC2a and two electronic switches. IC3a
and IC3b. Below a certain stgnal
strength (adjustable with potenttome-
ter PI), the swttches elose, and short-
ctrcutt the noise voltage to ground.
'Two switches are used to prevent any
!ikelihood of signals 'Ieaking through'
to the gate of the FET. The squelch
opamp has some hysteresis and a low-
pass filter, RI1-CI9, to prevent oscilla-
tion.

VHF/UHF RECEIVER
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Fig.5. The receiver's power supply.

lhe circutt around transistor T3.
Actually. diode D6 does the job: this ts
a temperature-compensated zener
diode specially designed for tuning
vertage suppltes. An equivalent of the
tndtcated diode Type ZTK33 is the
TAA550. Tbe zener diode ts fed with a
constant current of about 2.5 mA,
which is supplied by current source
05- R 19-R2o- T3. This ts dimensioned
such that a constant voltage of I V is
maintained across resistor R2o. The
stable 33-V reference voltage is turned
into a variable tuning voltage with the
aid of potentiometer P5. The full tuning
voltage range is limited somewhat by
reststors R21 and R22 connected in se-
ries with the ftxed terrrunals of the tun-
ing potentiometer.

Construction
Tbe receiver is built on a high-quality
double-sided printed circuit board

S meter
The control voltage at juncnon RI1-C15
is not onIy sent to the squelch, but
also to the S meter drtver. Note that
the S meter driver does not require the
control voltage to be tnverted as with
the squelch. Hence, the control voltage
is applied to the non-Inverttng input of
IC2b. The function of this opamp is
strntlar to that of FET T2: prevent the
control voltage line from being unduly
loaded (in this case, by the S meter
dnver). Without this buffering function Fig.6. Populated printed circuit board ready for testing.
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of the voltage follower {ampltftcauon
xI}, the demodulated AMstgnal would
affect the AGC and the squelch. The
output current supplied by lC2b
causes the S meter, MI, to deflect. The
amount of deflection is adjusted with
the aid of preset P2. The other presel,
P3, serves to null the meter when no
signal is received. The meter coil is
shunted by diodes Dland D2 to pre-
vent darnage caused by noise peaks or
voltages greater than about 0.6 V.

Power supply
The rcccrver's power supply 1S a
stratghtforward destgn - see Ftg. 5.
The circuit supplies regulated output
voltages of 6 V, 12 V. and the tumng
voltage, 0.7-28 V. Thc tuntng voltage
supply starts with a voltage doubler.
C25-03 and C26-D4.which produces an
unregulated voltage of about 50 V
across C26 and C27. Thts ts converted
into a stable 33-V reference voltage by
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Fig.7a. Track layouts (mirrar images) 01 the double-sided printed circuit board designed tor the receiver.

supplied through the Readers
Services. If you want to make the PCB
yourself, you may use the artwork
given in Fig. 7a.
Construction is relatively easy, and

there are few potnts to note in thts re-
gard. The most irnportant of these is
that the PCB is not through plated,

which means that there are 18 loca-
tions where a component wire has to
be soldered at both sides of the board
(for example, one wire of C34), IC sock-
ets are best not used in vtew of the
high frequencies on the board. 00 not
yet mount lC3 (4066) and the TV
tuner.

Chokes LI, L2, L4 and L5 are horne
made. They consist of 6 turns of 0.2-
mrn dia. enamelled cop per wtre
through a small (3-mm long) ferrite
bead. Pay attentton to the ortentation
of the ceramic filters: pin 1 is marked
with a dot (FLI and FL2) or a 'I' (FL3)
on the filter body (Fig. 8). Regulators,
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Fig. 7b. Component mounting plan.

ues agatnst the peB overlay and the
parts list.

IC5 and lee are mounted on heatsinks
uaing ceramte or mica isolation ele-
ments. The heat-smk for ICü need not
be as large as that for ICs.
Before proceedtng with the initial

tests and adjustment of the recetver,
inspect your solder werk carefully. and
check all component positions and val-

Initial tests and
adjustment
First, check that the power supply out-
put voltages are present. The tuning

ELEKTOR ELECTRONICS MAY 1993
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G1968 SFE 10.7MHz

1 INPUT
ZINPUT . GROUND
3 CASE - GROUNO
4 OUTPUT
5 OUTPUT

1 INPUT
2GROUNO
3 OUTPUT

926001X -14

Fig.8. Pin connections of the 10.7-MHz fil-
ters used.

voltage supply takes about 1 mtnute to
stabi!ize. Check that the tuning volt-
age can be adjusted between about
0.7 V and 28 V. Connect the loud-
speaker, the 5 meter and the two po-
tentiometers, PI and P4, to the relevant
peB terminals. Turn P4 to maximum
volume and touch the wtper. The loud-
speaker should produce hum. The
same hum should be audible when
you touch the eentre peE terminal of
the AM/FM swttch, 52.
Proceed wi th the S meter and the

squelch circuits. First, switch off the
recetver, and fit lC3 (4066). Set P2 to
mimrnurn and P3 about midway. The
next test requires a signal to be simu-
lated on the 'AM' ltne. Ttus can be
aehieved with the aid of a small dtrect
voltage taken from the top side of PI.
Conneet a test lead with eroc clips to
the PCB terminal of PI elosest to C30.
and the 'AM'PCB terminal of 52. The S
meter should deflect. and the amount
of deflection should be adjustable with
P2, and, to a much smaller extent. with
P3. The hurn that is audible when the
centre pin for 82 is touched should
disappear when PI ts turned to its top
position. If this just about falls, it
sbould be possible in any ease to
aehieve the same effect by removing
the test lead between the AM Une and
the top side of P J.
If all of this checks out, you are

ready to proceed with the HF/IF sec-
tron of the circuit. The best point to
start there Is the crystal. Lacking an
osctlloscope. you may use a portable
FM radio to check that the 48 MHz os-
cillator werke. Simply tune the radio to
96 MHz, hold its antenna elose to the
crystal, and check for the first har-
monlc.
Next. conneet the band seleetion

switch. SI, to the PCB. and check that
the + 12·V band selection voltage ap-
pears at the rtght solder spots for the
TV tuner. Also check the presence of
the tuning voltage and the tuner sup-
ply voltage.
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COMPONENTS LIST

Resistors: 47~F 63V radial C25 1 Quartz crystal 48MHz Xl
1 18kQ Rl 100~F 63V radial C26 2 Heatsink isolation set
1 3kQ9 R2 2200J.lF 50V radial (IC5;IC6)
1 56Q R3 (pitch 10mm) C27 1 Loudspeaker8-16fU1VV Lsl
2 22kQ R4;R9 1J.lF63V radial C28 1 1mA moving coil meter MI
1 82kQ R5 1OO~F40V radial C29 1 2x9V @1.66A toroid
1 33kQ R6 470J.lF 40V radial C30 mains transformer TrI
1 100kQ R7 1 1O~F 63Vaxial C31 200mAT fuse Fl
4 2kQ2 R8;RI3;RI8; not fitted C23;C24 PCB terminal block;

R22 pitch 5mm Kl
1 4MQ7 RIO Induetors: Mains appliance socket
2 lMQ Rll;R15 4 3mm ferrite bead with with integral fuseholder K2
1 820Q R12 6 turns 0.2mm CuL LI ;L2;L4;L5 I-pole 4-way rotary
1 47kQ R14 I~H5 choke L3 switch SI
2 4kQ7 R16;R17 KACS1506 (Toko) L6 1 SPOT switeh S2
1 68kQ R19 1 OPOT mains switeh S3
1 390Q R20 Semleonduetors: 2 Heatsink (IC5;IC6)
1 15kQ R21 1 B80C1500 BI 1 Metal enclosure, e.g., Telet LC860
1 4kQ7 lin. potentiometer PI 2 lN4148 01;02 1 Printed eireuit board 926001 (see
1 5kfl preset H P2 2 lN4001 03;04 page 70)
1 500Q preset H P3 1 LEO, red, 3mm 05
1 4kQ7 log. potentiometer P4 1 ZTK33 or TAA550 06 Suggesled eomponent suppliers for this
1 100kQ multiturn preset P5 1 BC547B Tl projeet are: .

1 BF256C T2
Capaeitors: 1 BC557B T3 Bonex LId. (0753) 549502;
Ceramie types unless otherwise noted 1 NE605N ICI Cirklt Distribution Ltd. (0992) 441306;
16 100nF Cl-C7;C9; 1 CA3240 IC2 Crieklewood Eleetronies LId. (081) 452cu ;CI3-C17; 1 4066 IC3 0161;

C33;C34 1 TDA7052 IC4 C-I Eleetronies, fax (+31) 45 241877;
1 lpF5 C8 1 7812 IC5 EleetroValue (0784) 433603.
1 22pF Cl0 1 7806 IC6
1 10pF C12
1 4nF7 C19 Miscellaneous:
1 10nF C20 1 UV616S/6456 TV tuner
1 220nF MKT C21 module (Philips Components)
1 lJ.lF MKT C32 2 SFE10.7 eeramie filter

(Murata) FL1;FL2
Eleetrolytie eapaeitors: G1968 eeramie filter
2 47J.lF 16V radial C18;C22 (Siemens) FL3

Fig.9. Inside view of the completed prototype of the receiver.

Ftnally, switch off and mount lhe 1V
tuner module on to the board.
Connect a wire with a length of

about 75 cm to the tuner input, and
apply power. Wait about one minute to
allow the tuntng voltage to stabilize.
Switch the band selection to ·A· (47-
110 MHz), and tune the receiver wtth
P5. lt should be possible hear some
VHF FM broadcast stations. Dtscon-
neet the antenna for a moment, and
carefully adjusl L6 for highest noise
output. Next. adjust P3 until tbe S
meter reads zero. Connect the antenna
agam, and tune to a streng signal,
Adjust P2 for maximum meter deflec-
tion (the needle should reach a point
just before the mcchamcal stop).
Disconnect the antenna. and if neces-
sary redo the adjustment of P3.
Connect the antenna, and disconnect
it agatn. lf the AGC works properly, it
should respond by regulating the tuner
gam from rruntmum to maxlmum. This
should result in a slowly increasing
noise level, and an even slower reduc-
tion of the S meter deflection.
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Fig. 10. Suggested front panel layout (not available ready-made).

Ftnally, switch over to the other
bands. in which. with some Iuck, you
should be able to detect signs of life
{1V slgnals. aircraft beacons. car radio
repeaters. ete.) too.

Finishing touch
The photographs in this arttele should
gtve you a number of useful sugges-
tions regarding the way the receiver ts
butlt into a metal enclosure. Before
you start Ftltng and drühng. however.
fit a 20-rrun high screening box around
the IF /demodulator seetion on the
board. The postnon of thc box is Indi-
cated by the dashed lines on the com-
panent overlay printed on the board.
The box ts fitted with a cover to enaure
complete shielding from the rest of the
circuit. Ta reduce the radtauen pro-
duced by the crystal. you may want to
connect Ite case to the peB ground via
a short wire (note that this requires
scratching away sorne of the protcctrve

lacquer on the board). In some cases.
the sensitivity of the receiver may be
tmproved a little by connecting the
ground terminal of a number of corn-
ponents to the PCB ground plane at
the component side. The relevant
potnts are (grounded terminal only):
Co, C5, Cs, Cl4 and the tabs of L6. At
the underside of the PCB. a drop of
solder tin may be landed between
pin 15 of lC land the finger-shaped
ground area undemeath the JC. After
improving the grounding of Le, thts in-
ductor may have to be re-adjusted fcr
highest noise output in the absence of
an RF input signal.
Front panel control elements P5

(turung). P4 (volume) and AM/FM
mode selecUon (52) should be con-
necled to the PCB using shielded
audio wire. of which the bratd is con-
nected at the PCB side only.
The loudspeaker may be built into

the cabinet. or connected as an cxter-
nal unit via a socket on the rear panel.
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Fig. 11. Close up of the power supply section in the receiver case.

Alternattvely. you may want to fit a
headphones socket on the front panel.
The matns transformer, preferably a
toroidal type. should be fitted as se-
curely as possible. Your trans former
suppber should be able to advtse you
on this.
Finally. the choice of the an tenna to

be connected ta the receiver will de-
pend on the frequency range you wish
to recetve. In many cases. anormal
VHF FM dipole and a 1V band yagi an-
tenna wiLl already bring in a host of
stgnals. For VHF mobile radio recep-
tian we recommend a ground plane
like the one shown in Fjg.12. The
clever thing about this antenna IS that
it can be 't.uned' frorn VHF-FM to the
cornmunication sections in the UHF
band (460 MHz) by pullmg out or
pushing in the elements of the faur
telescope antennas it consists of. The
base impedance of this graund plane IS
about 70 Q, which gives a fair enough
match to the receiver input. •

Fig.12. An adjustable ground plane antenna

made from four FM radio telescope antennas
and a BNC socket.
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Fig. 7a. Track layouts (mirror images) of the double-sided printed circuit board designed for the receiver.

supplied through the Readers
Services. If you want to make the PCB
yourself, you may use the artwork
given in Fig. 7a.
Construction is relatively easy, and

there are few points to note in this re-
gard. The most important of these is
that the PCB is not through plated,

which means that there are 18 loca-
tions where a component wire has to
be soldered at both sides of the board
(for example, one wire of C34).IC sock-
ets are best not used in view of the
high frequencies on the board. Do not
yet mount IC3 (4066) and the TV
tuner.

Chokes LI, L2, L4 and L5 are horne
made. They consist of 6 turns of 0.2-
mm dia. enamelled copper wire
through a small (3-mm long) ferrite
bead. Pay attentton to the orientation
of the ceramic filters: pin 1 is marked
with a dot (FLI and FL2) or a 'I' (FL3)
on the filter body (Fig. 8). Regulators

I
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COMPUTERS ANDMICROPROCESSORS

100 REM Test program tor 4·fold OAC using BurrBrown OAC4815. OAC4.BA5
110 5=&H300: REM set card address 10 0300 HEX.
120 REM
130 REM •.•...._. set channell to + 10.000V •••...••..
140 OUT 5+0,255 : REM 00 ..07 L5B = 0..255 ( 8·Bit )
150 OUT 5+ 1,15: REM 08 ..011 M5B = 0.. 15 (4·Bil)
160 REM •••_-_. set channel2 to ·10.000V ••••.•._.
170 OUT 5+2,0
180 OUT 5+3,0
190 REM ... _-_. set channel3 to O.OOOV•••.•.•...
200 OUT 5+4,0
210 OUT 5+5,8
220 REM ••.•••._. seI channel4 10 +5.000V .•......••
230 OUT 5+6,255
240 OUT 5+7,11
250 A=INP(S): Read channell·4 in one goi
260 REM done!

930040 - 15

Fig. 6. Listing 01 a simple GWBASIC program used to test the card.

CLR LE CS WR A2 Al AO Function

, , 0 0 0 0 0 Load DO - 07 into DAC-A LS Input register, , 0 0 0 0 , Load 03 (MSB) - 00 into DAC-A MS input register, , 0 0 0 , 0 Load 00-07 into DAC-B LS input register, , 0 0 0 , , Load 03 (MSBI . oe into OAC·B·MS input register, , 0 0 , 0 0 Load 00 - 07 into DAC-C LS input register, , 0 0 , 0 , Load 03 (MSBI . 00 into OAC-C MS input register, , 0 0 , , 0 Load Da - 07 into DAC-D LS input register, , 0 0 , , , Load 03 (MSBI - 00 into OAC-O MS register, 0 0 , x x x Load all DAC registers simultaneously, 0 0 0 x x x All DAC registers transparent, x , x x x x No data transfer, , x , x x x No data transfer
0 x x x x x x Clear input registers, set DAC registers to 800H

x ;::= don't care

Table 2. PC-to-DAC interface lagie.

FFFH
800H
7FFH
OOOH

+ full scale
zero

zero - (J LSB)
- full scale

Since the DAC4815 comes Iaser-
trimmed by the manufacturer, no ex-
ternal adjustments are required. •

The prlnted ctrcult board for the
four- fold DAC 10 avallable ready-
made from

Kolter Electronlc
Steinstrasse 22
D-5042 Erflstadt
GERMANY
Telephone (+49) 2235 76707
Fax: (+49) 2235 72048

Digital Audiojvisual
system (Multi-purpose zao
card)
May and June 1992
An extensive descrtptton of a modifica-
tlon to the memory backup circuit on
the Multi-purpose Z80 card ts avail-
able free of charge through our
Technical Queries servtce.

FMstereo signal
generator
May 1993
Capacitors Cl7 and C19 should have a
value of 33nF, not 3nF3 as indicated
in the ctrcutt diagram and the parts
list of the multiplex generator.

Workbench PSU
May 1993
The polarity of capacitor CIS is incor-
rectly indicated on the PCB component

CORRECTIONS
AND UPDATES

overlay (Fig. 5a), and should be re-
versed. The circuit diagram (Fig. 2) is
correct.
Transformer TR2 is incorrect1y spec-

tfled in the ctrcutt diagram (Fig. 2) and
in the parts list. The eorrect ratfng of
the secondary is 2 x 12V/ 5A. Also note
that the secondary wtndmgs are con-
nected in sertes to give 24 v.

Audio DAC
September 1992
The polarity of capacitors C25 and C58
is incorrectly indicated on the cornpo-
nent overlay of the D-A board (order
code 920062-2), and should be re-
versed.

U2400BNiCd battery
charger

February 1993
The value of resrstors R17 through R27
should be 2.7kQ, not 12.7kQ as stated
in the parts list.

VHF/UHFreceiver
May 1993
In Fig. 4, the connections to ground of
the AF amplifier outputs, pins 5 and 8,
should be removed. The amplifler out-
pu ts are connected to the loudspeaker
only. The relevant printed circuit
board is all rtght,
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