




DISPLAY

Our earlier publications on 12C-compatible circuits having
met with a great deal ot interest, we now move on to a
tour-digit seven-segment LED display unit that can be
used in many applications as a bright and easy to drive
readout.

Design by J. Ruffell

SO far it has appeared a matter of course
that the readout function in a compu-

terized measurement system is invariably
provided by the screen 01 the Pe. The pres-
ent 4-digit LED display unit may, however,
prove an attractive alternative in many
cases. It allows a pe fitted with an rc con-
troller card (Ref 1), or any other J'C control-
Ier, to indicate, for instance, measured data
in bright green, red or yellow numbers on an
LED dlsplay. In other words, it is no langer
necessary to reserve apart of the re's screen
for displaying measured values. This means
that the pe can continue to run its main pro-
gram, while a background program takes
care of outputting measurement data to the
LED display at regular intervais.
Another possibility is to use the display

as a time and/ or date indication. In a pe, the
parameters needed for this application are
eesily copied from the system software or
the PC's internal real-time clock. Another
possible application that comes to mind is to
use the display to bring to your attention the
status of a certain measurement program
that runs in the background.

The present display is, of course, soft-
ware-compatible with the rc device driver
published earlier (Ref 2), and its control is,
therefore, 'food for programmers'. Those of
you who work with microcontrollers will
also find that the J'C display unit is readily
used and fairly simple to contro1. Today. an
Increasmg number of microcontrollers is
available with an on-chip rc Interface,
which rnakes connecting the present display
unit a piece of cake.

The circuit
The circuit shown in Eg. 1 Is best described
with three words: cornpect, simple and inex-
pensive. Apart from one TC, two transistors
and, of ccurse, four 7-segment LED displays,
only a handful ofpassive parts is required to
complete the circuit. As with the other cir-
cuits in our rc series, the communication
with the outside world is via two miniature
6-way DIN sockets. A length 016-way cable
is all that Is required to convey the two serial
signals, ground, the supply voltage and an
interrupt signal (the +5 V supply voItage is
carried via two wires).

The heart of the circuit is formed by a
Jour-digit J'C-compatible LED driver Type

SAA1064 from Philips Components. This JC
is manufactured in rt, technology, and is ca-
pable 01 driving four 7-segment LED dis-
plays including decimal points as two
multtplexed blocks. The block diagram 01
the SAA1064, Fig. 2, shows that the lC con-
tains an rc transceiver thatcan be located at
four rc bus addresses, a power-reset flag,
16 outputs that operate under software con-
trol (each capable 01 sinking up to 21 m.A},
two multiplexed outputs, and oscillator, a bit
that selects between static and dynamte
mode, and. finally. a bit for test purposes.
As could be expected 01 an rc applica-

tion circuit, the ccntrol of the display driver
is a matter of sending the right command to
a previously determined address, which is
the "location' of the IC in the rc network.
Here, the address of the SAA1064 can be set
with the aid 01 jumpers. Remerkably. only
one Ie pin is used to select one of four
possible addresses in the system. Resistors
R3, R4 and Rs form a voltage divider which
supplies the address selection voltage to the
ADR pin 01 the SAAlO64. The voltage Ievel,
i.e., the Ie address, is determined by three
jumpers. The four voltage levels that can be
set are 0 V, ';sVcc, %Vcc and vcc. Bach 01
these levels corresponds to Olle of the four
combinations of the two address bits. AOand
Al.
The base address 01 the SAA1064 is

o 1 1 1 0 Al AO x

To seleet an addrcss, fit the jumpers as
shown in Table 1. All other bits in the rc ad-

Table 1.

AO Al JP1 JP2 JP3
0 0 0 1 0
1 0 0 0 0
0 1 0 0 1
1 1 1 0 0

o ~ open
1 ~ jumper fitted
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dress are 'burnt' in the Ie hardware, and can
not be changed. As usual with rc com-
patible K's, the 'x' at the end of the address
is a bit that selects between a read (x=L) or a
write (x==O)operaticn. The 'read' addresses
are 70H, 72H, 74H and 76H. The 'write' ad-
dresses are 71H, 73H, 75H and 77H.
Transistors Tl and Tz are required to

multiplex the four common-anode displays
pair-wise. They function as switches, with
the hardware in the SAAI064 determining
the current flow through the display scg-
ments. Software control allows the segment
current to be set between 3 mA and 21 mA in
steps of 3 mA. In dynamic mode. the seg-
ments light about half the time (48.2% typ.
rnin.). The circuit configuration used here re-
sults in a multiplex frequency of about
150 Hz, which can be increased to about
800 Hz or 1,500 Hz by reducing es to 820 pF
or 390 pF respectively.
The multiplex duty factor results in an

average segment current that is about half
the programmed current. Sirtee the bnght-
ness of the Type HDll050 LED displays
(manufacturer: Siemens) is sufficient at a
segment current of 4.5 mA, a segment CU!-

rent of 9 mA is programmed.
Jumper JP4 allows the display to be

powered by aseparate supply. which may
be requi.red when more than one display is
used. The external voltage is applied via PCB
terminal 'U+', and may be up to 15 V, pro-

.w 5Vep ."ß ß

~ "T u,
ß

m"• ·ß ~
0

BC547C BC541C

= ~,- - w, , • ,~,
" '0 • CA U U ." , u u

'" '" " :: a=o " .: a=o • • : a=o" " , " ,
" = " s '0,= ·,

: 0::00" ~ : OCJVo " , ; CJDo " .
sv " , a ·,

" .' , .,
+ • • • • • • •

.' • • • •
W, ..L04" HDIIOS0

H-~-+'[;~;;";;]"HJI--'''''I_~ ~~~~~i ~;<3 13

•
nUll

."

,CO
5"Al064

24 5I;L

;! JP2

92DDC14·11

Fig. 1. The circuit for driving four 7-segment displays is very compact thanks to the power
of the 12C protocol.
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Fig. 2. Internal diagram 01 the SAA1064 LED display controller (courtesy Philips Components).
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COMPUTERS AND MICROPROCESSORS

Fig. 3. Track layout (mirrar image) and component mounting plan 01 the printed circuit
board designed for the r2c display module.

COMPONENTS LIST

Resistors:
2 330[1
1 10k!l
1 22k!l
1 18k!l

R1;R2
R3
R4
RS

Capacitors:
2 100nF
2 47~F 16V radial
1 2nF7

C1;C3
C2;C4
CS

Semiconductors:
2 BCS47C
1 SAA1064

T1;T2
IC1

Miscellaneous:
2 6-way peB-mount

mini-DIN socket
4 HD110S0/GIY/R (see text)
1 Printed circuit board
1 Contra! software on disk

K1;K2
LD1-LD4
920004
ESS 1671

vided the total dissipation in the SAA1064
does not exceed 1 W.

Resistors Ri and R2, finalJy, ensure that
the rc bus is correctly terminared.

Construction
The printed circuit board for the rc com-
patible display unit is compact - see Fig. 3
and the photographs. One of the mini-DIN
sockets may be omitted if the unit is the last
(or the only) device on the r'c bus. Since the
two sockets are connected in parallel. it
makes no difference which of them is
ornitted. If you can not get hold of the special
DIN sockets. or wish to reduce the cost of
building the unit, use separate wires and the
rca termirrals marked +5 V, 0 V, SDA, SCL
and INT instead.
Start the construction by fitting the wire

links. Next, mount the passive compcnents.
followed by the le and the two transistors. If
you solder the displays directly on to the
board, make sure that they are not over-
heated - in general, it is better to fit the dis-
plays in Je sockets.

Set the jumpers as folIows:

)PI and )p3 open;
)p2 cJosed;
)p4 position 'B',

and connect the display unit to the rc bus.
We built a few prototypesof the unit with

different display colours. The suffix of the
display type number indicates the colour:
HDl1050: orange; HDl105G: green,
HDl105R: red; HDl105Y: yellow.

Software control
As already mentioned, the display is control-
Ied by an rc controller board described in
Ref. 1. The control softwate has been de-
scribed in Ref. 1, and is available on disk
under order nwnber ESS 1671.
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Figure 4 shows how the controller com-
murucates with the SAA1064. Reading re-
sults in a status byte, which, among others,
shows the state of the power-reset flag. This
flag is set by the SAA 1064 when power is ap-
plied, after which all registers contain ze--
roes. and the display is blank.
There are a number of ways inwhich we

ean write to the SAA1064. Writing to the de--
viee requires the relevant control register to
be set to the right mode, and data to be sent
to the display digits. After addressing the
SAAlO64, an instruction byte is sent that se-
lects one of the eight internal registers.
Which register is selected fust is determined
by the level of bits SA, SB and Sc. The auto-
increment function of the le ensures that the
next register is automatically selected for
writing to. The pointer of the autö-increment
function is eyelic, and changes to '0' again
after '7'. The three least-signifieant bits of the
instruction byte select the registers as fol-
lows:

b2 bl bO

0 0 0 contral register
0 0 1 LDI register
0 1 0 LD2 register
0 1 1 LD3 register
1 0 0 LD4 regtster
1 0 1 free
1 1 0 free
1 1 1 free

where b7 to b3 = 0

The structure of the conrrcl byte is as follows:

bO = 1: dynamic mode (multiplex digits)
b1 = 1: enable digits 1 and 3
b2 = 1: enable digits 2 and 4
b3 = I: segment test, a11outputs active
b4 = 1: inerease segment current by 3 mA
b5 = 1: increase segment current by 6 mA
b6 = 1: increase segment current by ]2 mA
b7: reserved

A segment is aetuated (switched on) by mak-
ing the associated bit '1'; a '0' switches it off
agam. This means that we are not limited to
just displaying numbers 0 through 9: charac-
ters A through F are also possible, which is
useful for making a hexadecimal readout.

Diskette ESS 1671 contains a demonstra-
tion file, LDlS.PAS, which contains the I'C
driver as weil as the routines for controlling
the A-D/D-A converter and the 1/0 port.
LDIS.PAS 15 written in Turbo PascaL Fig-
ure 5 shows the main procedure, which
starts with moving the decimal point of the
most significant digit to the least significant
digit. Next, the program counts up from 0 to
9999, and starts again. The counter values
appear on the displayas weH as on the pe
screen. •

References:
1. "I2C interface for pes". Elektor Electronics
February 1992.
2. "ADC/DAC and 1/0 for rc bus", Elektor
Etectronics March 1992.
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00 1 1 1 0 Al AO '0PR 0 0 0000 om
sreve address status byte

12 C bus format; READ mode.

SOll 1 0 Al AO 0 A 0 0 0 0 0 SC SB SA A X C6 e5 C4 C3 C2 Cl CO A

srave address lnstruction bvte control bvte

······040 EEJ······020 ~L:D:..:3::.7 ..._. .::D.::3D=-I~047........ D10~D27 .. -

data digit 1 data digit 2 data digit 3 data digit 4

IlC busformat;WRITE mode.

S =start conditicn
p 0: stop condition
A " acknowledge
X '" ocn't care

Al, AO
SC SB SA
C6 to CO
PR

'" programmable address bits
'" subaddress bits
""control bits
"POWER RESET flag

920004- 13

Fig. 4. Sending commands to the controller is pretty simple if you make use of the 12C
driver contained on the floppy disk supplied for this project.

begin (~ LedDisplayTest k)
Stact; (Bus); (-Start communication on I2C-bus.)

InitLedDisplayTest;

Address (DisplayAddr) : {-AfteI: being addressed, the LEO-driveI:
expects an instruction byte.)

t ns t :=GetlnstI:uctionByte (l); (-The byte following the instruction
byte will be stored in the contI:ol
ceq.r s t e r .... )

write(Bus,lnst);

Ctrl:=GetContI:olByte(I);
Counte r:=0;

{-Prepare loop. )

Repeat
w rLt.e(Bus,Ctrl); (- qo ! I

w i t.h Digit do {-Copy coun t er t o LEO-display.
begin

SplitICounter,Ol,D2,D3,D4);
w rLt.e(Bus, DCode [Dl), DCode [02], DCode [03J ,DCode [D4]1;

end;
Screen (1);

write(Bus,Du,Du,Du) ; (-AfteI: these three dummy bytes have
been sent, the LED-driver expects
a control byte again .... !

delay(t.);

if Counter=O I-Shift decimal points.}
t.hen

fOI: CounteI: =5 downto 0 do
begin

write(Bus,Ctrl,OP,Bl,Bl,Bl,Du,Du,Dul; Screen(21; delay(t)
w rite (Bus, Ctrl, BI, OP, Bl, BI, Du, Du, Du); Sc reen (31; delay (t)
wI:ite(Bus,Ctrl,Bl,Bl,DP,Bl,Du,Du,Dul; Screen(4); delay(t)
w ri t e (Bus, Ctrl, BI, BI, Bl, DP, Du, Du, Du); Screen (5); delay (t1

end;

Lnc (Count.e r} ;
if Counter>MaxCount

then
coun t e ri=Dc

Until keYPI:essed;

UnlnitLedDisplayTest;

Close (Bus)
end. (* LedDisplayTest ~l

(-Stop communication on 12C-bus.

920004-14

Fig. 5. Main procedure in the display test program LOIS.PAS.



COMPUTERS AND MICROPROCESSORS

Fig. 3. Track layout (mirror image) and component mounting plan of the printed circuit
board designed for the 12C display module.

COMPONENTS LIST

Resistors:
2 330Q
1 10kQ
1 22kQ
1 18kQ

R1;R2
R3
R4
R5

Capacitors:
2 100nF
2 471!F16Vradial
1 2nF7

C1;C3
C2;C4
C5

Semiconductors:
2 SC547C
1 SAA1064

T1;T2
IC1

Miscellaneous:
2 6-wayPCS-mount

mini-DINsocket
4 HD11050/GN/R (seetext)
1 Printedcircuit board
1 Controlsoftwareon disk

K1;K2
LD1-LD4
920004
ESS1671

vided the total dissipation in the SAA1064
does not exceed 1W.
Resistors Ri and R2, finally, ensure that

the 12Cbus is correctly terminated.

Construction
The printed circuit board for the rc com-
patible display unit is compact - see Fig. 3
and the photographs. One of the mini-DIN
sockets may be omitted if the unit is the last
(or the only) device on the rc bus. Since the
two sockets are connected in parallel, it
makes no difference which of them is
omitted. If you can not get hold of the special
DIN sockets, or wish to reduce the cost of
building the unit, use separate wires and the
PCB terminals marked +5 V, 0 V, SDA, SCL
and INT instead.
Start the construction by fitting the wire

links. Next, mount the passive components,
followed by the IC and the two transistors. If
you solder the displays directly on to the
board, make sure that they are not over-
heated - in general, it is better to fit the dis-
plays in IC sockets.
Set the jumpers as folIows:

JPl and JP3 open;
JP2 closed;
JP4 position 'B',

and connect the display unit to the rc bus.
We built a few prototypes of the unit with

different display colours. The suffix of the
display type number indicates the colour:
HDl1050: orange; HDl105G: green,
HDl105R: red; HDl105Y: yellow.

Software control
As already mentioned, the display is control-
led by an rc controller board described in
Ref. 1. The control software has been de-
scribed in Ref. 1, and is available on disk
under order number ESS 1671.
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GUITAR TUNER
Design by W.Herrmann

This tuner was designed because many commercial
(analogue) models were found not robust enough for the
practical, hard use required of them. After all, a guitar is an

instrument that needs to be tuned daily.

INTHE design of the tuner, hands-off oper-ation was a pr ime requirement. Conse-
quently, all functions are either automatie or
foot-opera ted. The input is connected to the
output as long as the tuner is not in use. That
means that it can remain in the signal path
between the guitar and the amplifier system.
When the 'on' button is pressed (by foot),

the unit Is switched on. provided a plug is
inserted into the input socket. At the same
time, the output of the unit is rernoved from
the amplifier,so thatno tuning signals are out-
put over the speakers.
When the unit is on, the LED associated

with the high E (JE= 329.63 Hz - equal tem-
perament tuning) Ughts. When the high-E
string is plucked, several LEDs light. If the
band of light appears to rnove to the left,
the played tone is too low; if it moves to the
nghr. the played tone is too high. There is a
period of 20 seconds to tune the string: cor-
reet tun.ing is indicated by the band of light
standing stilL
Each subsequent pressing of the 'on' but-

ton switches the tone to the next lower note,
B], C], ... E2, indicated by the lighting of the
associated LED. In each case, there is a pe-
riod of 20 seconds to tune the relevant string.
At the seventh pressing of the bu tton, the LED
associated with the high E hghts again.
Tuning may be ended with the second

footswi tch, whieh swi tehes the tuner to stand-
by, whereupon the guitar signal is recon-
neeted automatieally to the arnplifier.
If the 20-seeond period is not long enough

to tune a strmg. the unit must be returned to
operation at the relevant frequency by re-
peatedly (six tirnes) pressing the 'on' button.
Neither on-switchingnor off-switching causes
any audible noise or contact bounce.

Crystal control
The circuit in Fig. 1 depends for its eorrect
operanon on a erystal-controlJed oscillator,
ICs,-ICSb-IC5d' and a divider, IC6-ICS-IC9"
that is programmed by a diode matrix. To
keep the current drain down to a minimum,
all ICs used are CMOS types.
The oseillator output is used to dock IC6.

The Qo-Qn outputs of this cireuit are fed to
a diode matrix: with which a number of sca.le
factors ean be preset. Only six of the eight
columns of the matrix are used here: one for
each string of the guitar.
The scaled-down oscil.latoe frequency is

used as a reference and as clock for binary
counter IC2, which controls multiplexer ICI

via its outputs 0-3.
An LED 1S connected toeach of the 16 out-

puts of the multiplexer. The LEOs form a
'running light' that, depending on the fre-
quency of the plucked string, mcves from
01 to 016 or vice versa. The 'rwming light'
effeetarises because the E inputof JCl is con-
trolled by the signal from the guitar. Only
when the reference frequency Is an exact
quadruple or octuple of the measured guiter
signal, will the running light stand still. If
the frequency of the guitar signaJ is not cor-
reet, the running light moves in a direcrion
that depends on whether the frequency is
too high or too low. The larger the difference
between the reference and guitar signal fre-
quencies, the faster the running light moves.
Opemps IC3a (threshold switch) and IC3b

(amplifier) convert the sinusoidal output
voltage from the gutter pickup into a rectan-
gular signal to drive the multiplexer.
Immediately after switch-on, a11outputs

oflC6 are logic low, theoscillator begins to op-
erate, end JC6 starts to count. The reverse-bi-
ased diodes of the first matrix column and
pull-up resistor R20 at the input of 0 bistable
JCB provide an AND function: the level at
pin 3 ofICs can go high only when those out-
puts of IC6 that are connected to diodes in
the first matrix column are high. That condi-
tion is met only at certain states of IC6. The
consequent logic 1 becomes available at the
output of 1C9 (pin 1), whereupon JC 6 is reset.
WithoutlC9, the resetpulsewould be tooshort
to doek IC2.
Counter IC lldrives the three addresslines

of leB in binary form; it proceeds one step
every time a clock pulse, debounced by
R13--CS-IClOa, arrives from 'on' swltch S, atits
input. At the same time, demultiplexer JC7,
which operates in step with res, eauses one
of LEDs D17-D22 to light to indieate whieh
of the guitar strings can be tuned.
After 51 has been pressed six times, out-

put 6 of JC7 goes high, which causes areset

----.. -

of ICn.
After switeh-on, the tuner is always pre-

set to the high E string frequency because of
the reset provided by R]9-C]3-
In the standby mode, battery power is

available but the tuning mode Is disabled, In
this state, only three ICsare powered: quadru-
pie analogue switeh IC,; bistable IC9; and
inverter IClOa ... f. In this mode, the current
drain is a mere 1.51lA.
When, in the standby mode, 51 is pressed,

bistable IC9a isreset, whereupon Tl isswitched
on to provide power to the remaining Ks.
At the same time, analogue switch IC4b con-
nccts the gultar output to the amplifier; IC4c
beeomes high-impedance, and IC4d short-cir-
cuits the output of the tuner.
Capaeiter C12 is charged slowly via RI6.

After about 20 seconds, the voltage across it
has reached the threshold level of JC lOb,and
this inverter then switches off the tuner via
gate IClOC' If before the 20-second period
has elapsed. the 'on' button is pressed. for
instance, to allow the next string to be tuned,
C12 discharges via JC lOa, 026 and R2S, where-
upon there is a further delay of 20 seconds
before the tuner is switched off.
Stop button Sj can, ofeourse, resetbistable

IC9a at any moment if required .
In practice, aperiod of 20 seconds has

been found just right for tuning astring. The
period may, however, be made longer by in-
creasing the value of C12.
The battery voltage is monitored by IClOe,

• Tuning indication by LED running light
• Suitable for bass and guitar
• Foot operated
• Six referenee frequeneies with a toleranee of <0.05 Hz
• Loop-through eonnection
• Amplifier muted during tuning
• Low eurrent drain: 20 mA during operation; 1.5 llA duriog standby
• Battery life about 2 years
• Low battery indication
• Automatie or foot-operated swirch-off
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whieh has a threshold voltage of about U/2.
Diodes D28and D29provide a reference volt-
age of 2.8 V.Therefore, if the battery voltage
drops below 2x2.8~5.2 V,the Iogic level atpin
10 of 1ClOechanges from 1 to 0, whereupon
oscillator lC10d is enabled, which causes the

relevant string LED to blink. seale faetor~J,/ J, -1,

GUITAR TUNER

Setting up where Je is the crystal frequency and Ir is the
reference frequency, which is

The scale factors for the six reference fre-
quencies are calculated from:
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Fig. 1. Clrcuit diagram of Ihe guilar luner
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where j, is the fundamental frequency of the
relevant string-see Table 1. On ce the scale
factor has been deterrnined, it has to be in-
corpora ted into the diode matrix.
For instance, the scale factor for the E

string (equal temperament tuning) is ca1cu-
lated as folJows.
f,~2.4576 MHz;
f,~329.63 Hz;
f,~8x329.63~2637.04 Hz.

Seale factor e 2.4576x106/2657.04-1 ~
~931-see Table 2.

The outputs of IC6 have been given bi-
nary values as shown in Fig. 1. The diodes
in thematrix must be connected in sucha man-
ner that the sum ofsixof the outputs is equal
to the scale factor, How this is done for the E
string is shown in Table 2. The string, its fun-
damental frequency (equal temperament tun-
ing), the reference frequency and the result-
ing scale factor are tabulated in Table 3. The
maximurrt tolerance on the tuned frequency
is <0.05 Hz.

Construction
Building the tuner on the ready-made printed-

TABLE 1

string harmonic equal rernp.
frequeney tuning tuning

fE2 82.50 Hz 82.41 Hz
fA2 110.00 Hz 110.00 Hz
fot 146.83 Hz 146.83 Hz
!Gt 195.56 Hz 196.00 Hz
fst 247.50 Hz 246.94 Hz
JE 330.00 Hz 329.63 Hz

TABLE2

QO= 1
QI ~2
Q3=4
Q4=8
Q5 ~32
Q6~64
Q7 = 128
Q8 = 256
Q9 = 512

-+1
-+ 2

-+ 32

-+128
-+256
-+512

Total 931

'fABLE 3

string J, Je seale factor

E2 82.407 Hz 659.25 Hz 3727
A2 110.000 Hz 880.00 Hz 2792
D[ 146.832 Hz 1174.65 Hz 2091
Gt 195998 Hz 1567.98 Hz 1566
Bt 246.942 Hz 1975.83 Hz 1243
E 329.628 Hz 2637.02 Hz 931

Fig. 2. Printed-circuit board tor the gUitar tuner.
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circuit board-see Fig. 2-should not present
any problems. Mount the LEDs on the board
without soldering. insert the board into the
prepared enclosure and turn the enclosure
over, The LEDs can then be correctly accom-
modated into previously drilled and squared
(filed) holes in the front panel, after which
they can be soldered on to the board.
A reedy-made front panel foi! is avail-

able-see Fig. 3.

Swi tches SI and 52 can be linked to the
board with normal circui twire: beca use of the
short length of these connections, screened
cable was not found necessary.
The negative terminal of the battery must

be connected to the contact on the stereo
input socket to ensure that the tuner is switched
on only when the cable from the guitar is in-
serted into the tuner. •

PARTS LIST

DESIGN IDEAS
The eontents of thls eolumn are based solely on Information supplled by

the author and do not imply praeHcal experlenee by Elektor Elecfron/cs

Resistors:
R1 = 47 kQ
R2, R3, R17, R1B, R21, R22, R24 = 10 kQ
R4, RB, R9, R19 = 1 MQ
R5=4.7kQ
R6 = B20 kQ
R7 = 680 kQ
R10, R11 = 2.7 kQ
R12, R25 = 1.2 kQ
R13-R15 = 100 kQ
R16 = 3.3 MQ
R20 = 2.2 kQ
R23 =5.6 MQ

Capacitors:
C1 = 1 nF
C2= 1 ~F, 16V
C3, CB, C9, C13-C22 = 100 nF
C4, C5, C12 = 10 ~F, 16 V
C6 = 40 pF trimmer
C7 = 33 pF
C10,C11 =4.7~F, 16V

Miscellaneous:
01-016 = rectangular LEO, green
017-022,028,029 = rectangular LEO,
red

023-027 = 1N4148
03O-0xx = 1N4148 (for matrix-see text)
T1 = BC327
IC1 = 4067
IC2, IC11 = 4024
IC3 = TLC272
IC4 = 4066
IC5 = 4049
IC6 = 4040
IC7. ICB = 4051
IC9 = 4013
IC10 = 40106

Miscellaneous:
81, 82 = single-pole on-oft switch. press
to close

K1 = 6.35 mm stereo audio socket with
switch for PCB mounting

K2 = 6.35 mm mono audio socket for PCB
mounting

Bt1 = PP3/6F22 (9 V)
X1 = quartz crystal 2.4576 MHz
Enclosure (tor instance, Pactec Hp-9Vb)
with battery compartment

PCB 920033
Front panel foil 920033F

PLANT WARMER
by Samuel Dick

GUITAR TUNER EIl
/1 should be noted that this article assU/nes equal
temperament tuning throughout. In this, each
semitone is made an equal intervol, wh ich has
the advantage tlun the instrument may be played
in virtually any key. The disadvantage. however,
is that the tones da not sound 'natural', which is
why many guitarists prefer 10 lUlle their instru-
ments (0 harmonics. (Ed).

~ ~
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GlRTAR JVIIfIR

1/'[\ .. _ OR' ES"'u

Fig. 3. Front panel foil.

Frost is a gardener's nightmare. II is especially damaging in the
late autumn when plants may not (yet) have been moved to Iheir
winter slte or during the spring when growing conditions are

normally favourable but a sudden, unexpected frost
can kill many young plants.

THE classic solution ta the problem offrost
for small gardens is a coldframe. Itoccu-

pies less space than a greenhouse, while still
providing storage for many plants or seed
trays. But during cold weather, the tempere-
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ture in a coldframe may still drop below
freezing and, during the spring, the temper-
ature rnay not rise high enough to significantl y
boost the growth of seeds and young plants.
The'plantwarrner' offers a solution tothese

problems. By placing a sensor and two heat-
ing elements in the cold frame, a simple heat-
ingsystem may beconstructed. In this design.
the two heating elements are controlled in-
dependently; one heateris set for a higher tem-
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where fs is the fundamental frequency of the
relevant string-see Table 1. Once the scale
factor has been determined, it has to be in-
corpora ted into the diode matrix.
For instance, the scale factor for the E

string (equal temperament tuning) is calcu-
lated as follows.
fc=2.4576 MHz;
fs=329.63 Hz;
fr= 8x329.63 =2637.04 Hz.

Scale factor=2.4576x1Q6/2657.04-1 =
=931-see Table 2.

The outputs of IC6 have been given bi-
nary values as shown in Fig. 1. The diodes
in the matrix must be connected in such aman-
ner that the sum of six of the outputs is equal
to the scale factor. How this is done for the E
string is shown in Table 2. The string, its fun-
damental frequency (equal temperament tun-
ing), the reference frequency and the result-
ing scale factor are tabulated in Table 3. The
maximum tolerance on the tuned frequency
is <0.05 Hz.

Construction
Buildingthe tuner on theready-madeprinted-

TABLEI

string harmonie equal temp.
frequency tuning tuning

fE2 82.50 Hz 82.41 Hz
fA2 110.00 Hz 110.00 Hz
fDI 146.83 Hz 146.83 Hz

fGI 195.56 Hz 196.00 Hz
fBI 247.50 Hz 246.94 Hz

JE 330.00 Hz 329.63 Hz

TABLE2

QO= 1 --t 1
Ql=2 --t 2
Q3=4
Q4=8
Q5 =32 --t 32
Q6=64
Q7 = 128 --t128
Q8 = 256 --t256
Q9 =512 --t512

Total 931

TABLE3

string !s Ir seale factor

E2 82.407 Hz 659.25 Hz 3727
A2 110.000 Hz 880.00 Hz 2792
DI 146.832 Hz ] 174.65 Hz 2091
GI 195.998 Hz 1567.98 Hz 1566
BI 246.942 Hz 1975.83 Hz 1243
E 329.628 Hz 2637.02 Hz 931

Fig. 2. Printed-circuit board for the guitar tuner.
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circuit board-see Fig. 2-should not present
any problems. Mount the LEDs on the board
without soldering. insert the board into the
prepared enclosure and turn the enclosure
over, The LEDs can then be correctly accom-
modated into previously drilled and squared
(filed) holes in the front panel, after which
they can be soldered on to the board.
A reedy-made front panel foi! is avail-

able-see Fig. 3.

Swi tches SI and 52 can be linked to the
board with normal circui twire: beca use of the
short length of these connections, screened
cable was not found necessary.
The negative terminal of the battery must

be connected to the contact on the stereo
input socket to ensure that the tuner is switched
on only when the cable from the guitar is in-
serted into the tuner. •

PARTS LIST

DESIGN IDEAS
The eontents of thls eolumn are based solely on Information supplled by

the author and do not imply praeHcal experlenee by Elektor Elecfron/cs

Resistors:
R1 = 47 kQ
R2, R3, R17, R1B, R21, R22, R24 = 10 kQ
R4, RB, R9, R19 = 1 MQ
R5=4.7kQ
R6 = B20 kQ
R7 = 680 kQ
R10, R11 = 2.7 kQ
R12, R25 = 1.2 kQ
R13-R15 = 100 kQ
R16 = 3.3 MQ
R20 = 2.2 kQ
R23 =5.6 MQ

Capacitors:
C1 = 1 nF
C2= 1 ~F, 16V
C3, CB, C9, C13-C22 = 100 nF
C4, C5, C12 = 10 ~F, 16 V
C6 = 40 pF trimmer
C7 = 33 pF
C10,C11 =4.7~F, 16V

Miscellaneous:
01-016 = rectangular LEO, green
017-022,028,029 = rectangular LEO,
red

023-027 = 1N4148
03O-0xx = 1N4148 (for matrix-see text)
T1 = BC327
IC1 = 4067
IC2, IC11 = 4024
IC3 = TLC272
IC4 = 4066
IC5 = 4049
IC6 = 4040
IC7. ICB = 4051
IC9 = 4013
IC10 = 40106

Miscellaneous:
81, 82 = single-pole on-oft switch. press
to close

K1 = 6.35 mm stereo audio socket with
switch for PCB mounting

K2 = 6.35 mm mono audio socket for PCB
mounting

Bt1 = PP3/6F22 (9 V)
X1 = quartz crystal 2.4576 MHz
Enclosure (tor instance, Pactec Hp-9Vb)
with battery compartment

PCB 920033
Front panel foil 920033F

PLANT WARMER
by Samuel Dick

GUITAR TUNER EIl
/1 should be noted that this article assU/nes equal
temperament tuning throughout. In this, each
semitone is made an equal intervol, wh ich has
the advantage tlun the instrument may be played
in virtually any key. The disadvantage. however,
is that the tones da not sound 'natural', which is
why many guitarists prefer 10 lUlle their instru-
ments (0 harmonics. (Ed).
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Fig. 3. Front panel foil.

Frost is a gardener's nightmare. II is especially damaging in the
late autumn when plants may not (yet) have been moved to Iheir
winter slte or during the spring when growing conditions are

normally favourable but a sudden, unexpected frost
can kill many young plants.

THE classic solution ta the problem offrost
for small gardens is a coldframe. Itoccu-

pies less space than a greenhouse, while still
providing storage for many plants or seed
trays. But during cold weather, the tempere-
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ture in a coldframe may still drop below
freezing and, during the spring, the temper-
ature rnay not rise high enough to significantl y
boost the growth of seeds and young plants.
The'plantwarrner' offers a solution tothese

problems. By placing a sensor and two heat-
ing elements in the cold frame, a simple heat-
ingsystem may beconstructed. In this design.
the two heating elements are controlled in-
dependently; one heateris set for a higher tem-
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peraturethan the other, so that maximum heat
is supplied only dunng the coldest weather.
By altering both trigger points, the tem-

perature in the coldframe may be raised by
10-15 "C to allow the coldframe to be used
as a propagator during the spring.

Circuit description
The temperature in the coldfrarne is sensed
by an LM335Z chip, D1. This is used as a
temperature-dependent zener diode; R1 is
chosen to pass a current of roughly 1 mA
through the device. The voltage drop across
the chip is 10 mV K-I. At freezing point
(0 °C=273 K), this would be 2.73 V, rising to
2.98 V at 25 "C, The volta ge frcm the sen-
sor is compared with tWQ other potentials
by IC1_ The two potentials are set with pre-
set potentiometers Pl and P2;both of these are
multiturn types tomake theprocessofsetti.ng
accurate values as easy as possible. They,
and the rest of the circuit, are supplied with
a regulated voltage derived fromzener diode
D2 and filtered by C2 and C3. A current of
areund 20 mA is required by the control cir-
cuit. Capacitors Cl, C4 and es filter noise on
the inputs to TC I.
When the volta ge from the sensor drops

below one of the comparison potentials, leI
detects this and switches on the appropriate
output. The output signal is fed to the gate
of a silicon controlled rectifier-SCR-that
acts as a switch for the hearing element. Note
that the SCRs are fed from an unsmoothed
d.c. supply. As the supply voltage drops to
zero every 10 ms, the SCRs are deprived of
holding currcnt and so turn off. They remain
off unless they are retriggered on the next
a.c. eyeIe by IC1. This ensures that the heat-

ing element is on only when the tempera-
ture is below the comparison potential set
by the user.
Voltage cornparators have a very high

gain so that the transition voltage range (be-
tween on and off) is very small. This would
mean that the circui t would far ever be swi tch-
ing on and off, sinee even a smalJ tempere-
ture change (perhaps only 0.01 0C) would
result in the controller changing state. As
this could happen twice every a.c. cycle, that
is, 100 Hz since rectified a.c. is used, a lot of
switching noise might possibly be created.
To prevent this happening, some hysteresis
has been designed into the circuit. When the
temperature has dropped below one of the
trigger polnts. it must rise above the original
trigger temperature by about 2 "C before the
controller will switch the heater off. This pre-
vents rapid switclung and consequent noise.
The hysteresis is built in as foUows. The ac-

tual circuit rnay be converted into a simpler
form to ease understanding of its operanon
-see Fig. 2. In this simplified circuit, Va rep-
resents the supply voltage, Vb the output
voltage ofJC1a or leIb, and Ra-Rb one of the
preset potentiometers (its wiper represented
by the junction Ra-Rb). When the heater is
off, the outputvoltage oHe1a or Je lb isaround
0.2 V. The voltage at junction Ra-Rb is low-
ered because Re drains current from Rb; thus,
since the voltage across a resistor is propor-
tional to the current flowing in it, the volt-
age aeross Rb is smaller than it would if Re
were not connected, When the temperature
falls, the voltage on the inverting (-) Input of
IC1a or IClb drops below that on the non-in-
verting (+) input and the output ofthe com-
para tor goes high. In practice, this is Iimited
by the gate 01 the SCR to around 0.7 V.

Since Re now has 0.7 V rather than 0.2 V
at its right end, the current flowing through
it 1S reduced, so more current flows through
Rb, and the voltage at junction Ra-Rb rises.
By representing the voltages byvoltages sources,
the rule may be applied that the surn of volt-
agesarounda loop inacircuitmustequalzero.
In Fig. 2, there are two loops: loop 1 contains
Va/Ra and Rb, while Ioop 2 contains Vb, Rb
and Re. The current flowing through Rb may
be defined as i1 and that through Re as i2;
then:

and

Since thevalueof Rcshould causeachange
of at least 20 rnV (equal to 2 0C) in the volt-
age across Rb when Vb changes from 0.2 V to
0.7 V, these equations rnay be rewritten in a
form to enable il to be calculated as a func-
non of Vb and Re. Since Rb is about 1.2 kQ
for a trigger voltage of 2.8 V (equal to 7 "C),
R, is 3.8 kQ (as the potentiometer is 5 kQ).
Therefore,

For Va=12 V and the values of Ra, Rb and
Vb as given, with Re=33 kO, the required
20 mV change will take place when the out-
put 01 rc I, (rC Ib) goes from low to high, so
providing the desired hysteresis.
To provide the higher temperature op-

tion for when the cold frame is used as a prop-
agator, R12is shorted by closing S2. The val ue
of Rn for different higher temperatures may

P2

A
n"

~i---t--1---r--~G K

D.
Cl C4 C5

920050·11

Fig. 1. Circui! diagram 01!he plan! warmer.
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PARTS LIST

Reslstors:
(all resistors 250 mW)
R1 = 8.2 kn
R2, R3 = 33 kQ
R4 = 390 kn
R5 = see text
R6, R8 = 2.2 kQ
R7 = see text
R9 = 2.7 kQ
R10, R11 = 6.8 kn
R12=150Q
P1, P2 = 5 kQ preset, multiturn

Capacltors:
C1 = 6.8 ~F,63 V
C2, C4, C5 = 100 ~F,16 V
C3 = 47 ~F,25 V

Semiconductors:
01 = lM335Z (temperature sensor)
02 = BZY88C, 12 V, 500 mW zener
03 = 1N4002
04, 05, 06 = lEO, green
IC1 = lM319 (voltage comparator)
N1 = mains voltage neon, green,
with integral resistor

Miscellaneous:
BR1 = 100 V, 6 A bridge rectilier
T1 = 0-15 V, 2 A secondary mains
transformer
51 = OPOT, 250 VAC, 2A
52 = 5P5T, low voltage
Case, with leet
Grommets (2)
4-core cable for heater wires
Audio-quality coax cable lor

temperature sensor
Heatshrink sleeving to cover R5
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be calculated as follows-see Fig. 3.The volt-
agewith R12 incircuit isV01=V,l\"I (R.+Rt,+RJ,
where V, is the supply voltage (12 V). With
R12 (Ra in these equations) is shorted, the
new outputvoltage. V02=V,I\"/(Rb+I\,,). Note
that Rb+Rc:::::P1 in the circuit. Consequently,

whereev Is thevoltage increase required (say,
0.15 V corresponding to 15 "C higher than
the frostprotection set point). When theprop-
agatormode is required, Re isgivenby V",P, IV,.

Construction
The plant warmer was constructed on the
printed-circuit board shown in Fig. 4 and
fitted into a suitable box.
The two heating elements, Rs and R71 may

be made as follows. The lower-powered heater,
R7. is made from thirty 1.0 Q resistors, 501-
dered together in seriesand then inserted into
heatshrink sleeving for protection. The htgher-
powered heater, Rs, is made from two re-
sistor chains, identical to R7,connected in par-
allel. The values of the resistars and the num-
ber used have been ca1culated so that each
resistor runs within its rated power dissipa-
tion. There is no need to shrink the sleeving
after construction-indeed, this is undesir-

1
SW2

Sensor
"""111-1-._

PLANT WARMER

able since it makes the element less easy to
bend, which could make fittingitto the cold-
frame difficult.
As the heating elements and sensor have

to operate in damp conditions, care should
be taken to cover the connections with an
epoxy pottingcompound to prevent ingress
of dampness.

In use
The heatingelementsshoold beplaced araund
the bottom of the cold frame and the sensor
mounted near the bottom, tOD, but clear of
either element. Same attention should be
paid to the thermal insulation of the cold-
frame. If at all possible, an insulating layer
should beplaced between the ground and the
elements and plant pots. This prevents the
heat from being absorbed by the ground.
Similarly, insulation over the top of the cold-
frame wilJ help contain heat-the most suit-
able form of insulation is transparent plastic
sheetsof air-filled bubbIes, like thoseused for
packing delicate items.
The val ues of Pj and P2 should be set,

with the heating off with the aid of a digi-
tal multimeter to give voltages of 2.80 V
and 2.76 V respectively. •

R7

o AC in

Fig. 4. Printed-circuit board lor the plant warmer.
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PARTS LIST

Resistors:
(all resistors 250 mW)
Rl = 8.2 kn
R2, R3 = 33kQ
R4 = 390 kn
R5 = see text
R6, R8 = 2.2 kQ
R7= see text
R9=2.7kQ
R10, Rll = 6.8 kn
R12=150Q
Pl; P2 = 5 kQ preset, multiturn

Capacitors:
Cl = 6.8 J.LF,63 V
C2, C4, C5 = 100 J.LF,16 V
C3 = 47 J.LF,25 V
Semiconductors:
D1 = LM335Z (temperature sensor)
D2 = BZY88C, 12 V, 500 mW zener
D3 = lN4002
D4, D5, D6 = LED, green
ICl = LM319 (voltage comparator)
Nl = mains voltage neon, green,
with integral resistor

Miscellaneous:
BRl = 100 V, 6 A bridge rectifier
T1 = 0-15 V, 2 A secondary mains
transformer
Sl = DPDT, 250 VAC, 2A
S2 = SPST, low voltage
Case, with feet
Grommets (2)
4-core cable for heater wires
Audio-quality coax cable for

temperature sensor
Heatshrink sleeving to cover R5
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be calculated as follows-see Fig. 3.The volt-
agewith Rj- incircuitis VoI=VsRc/(Ra+Rj,+R,),
where Vs is the supply voltage (12 V). With
R12 (Ra in these equations) is shorted, the
newoutputvoltage, Vo2=VsRc/(Rb+Rc).Note
that Rb+Rc=PI in the circuit. Consequently,

where 11V is the voltage increase required (say,
0.15 V corresponding to 15°C higher than
the frost protection set point). When the prop-
agatormodeisrequired,RcisgivenbyVsetPdVs·

Construction
The plant warmer was constructed on the
printed-circuit board shown in Fig. 4 and
fitted into a suitable box.
The two heating elernents, Rs and R7,may

be made as folIows.The lower-powered heater,
R7, is made from thirty 1.0 Q resistors, sol-
dered together in series and then inserted into
heatshrink sleeving for protection. The higher-
powered heater, Rs, is made from two re-
sistor chains, identical to R7,connected in par-
allel. The values of the resistors and the num-
ber used have been calculated so that each
resistor runs within its rated power dissipa-
tion. There is no need to shrink the sleeving
after construction-indeed, this is undesir-

SW2

Sensor

PLANT WARMER

able since it makes the element less easy to
bend, which could make fitting it to the cold-
frame difficult.
As the heating elements and sensor have

to operate in damp conditions, care should
be taken to cover the connections with an
epoxy potting compound to prevent ingress
of dampness.

In use
The heating elements should beplaced around
the bottom of the cold frame and the sensor
mounted near the bottom, too, but clear of
either element. Some attention should be
paid to the thermal insulation of the cold-
frame. If at all possible, an insulating layer
should be placed between the ground and the
elements and plant pots. This prevents the
heat from being absorbed by the ground.
Similarly, insulation over the top of the cold-
frame will help contain heat-the most suit-
able form of insulation is transparent plastic
sheets of air-filled bubbles, like those used for
packing delicate items.
The va lues of PI and P2 should be set,

with the heating off, with the aid of a digi-
tal multimeter to give voltages of 2.80 V
and 2.76 V respectively. •

o AC in

Fig. 4. Printed-circuit board for the plant warmer.



Mains (power line) voltages are not listed
in the articles. It is assumed that our readers
know what voltage is standard in their part
of the world.
Readers in countries that use 60 Hz sup-

plies, should note that our circuits are usu-
ally designed for 50 Hz. This will not nor-
mally cause problems, although if the mains
frequency is used for synchronization, same
modificat.ion may be required.
The international letter symbol' U' is used

for voltage instead of the ambiguous 'V'.
The letter V is reserved for 'volts'.

CORRECTIONS
Plant warmer (June 1992)

Resistor Re was omitted from Fig. 2. The
correet diagram is shown below.

Inductance-capacitance meter (March 1992)
The value of Rt6 and R'7 should be 39 0,
not 30 0 as shown in the parts list.

8751 Emulator (March 1992)
The features list in the first column on page
53 should read:
- download, modify, and upload 8751 pro-
grams without having to erase and pro-
gram an 8751.

- put breakpoints in programs.
- display register and memory contents.

ete.

FM tuner - Part 3 (May 1992)
In the PSU parts list on page 54, R301should
be 1500,1%, not 150 kO, 1%.

Video enhaneer (July 1992)
Preset P2 is best adjusted for a signal level
of2 Vpp at the collector of Tj. Output tran-
sistor T3 may run fairly hot: this is normal.
The third paragraph of the text on page

73 should read: The frequeney characteris-
tie of the signal at the base of T 3 is shaped
by P" R6 and C8, and is, therefore, to a cer-
tain extent under the contral of the user (with
P,).

Mark 2 QTC 80/40 loop antenna (July 1992)
The frequeney '3800 kHz' mentioned twiee
under 2. 40-metre band (page 90) should
have read '7300 kHz'.

Audible fluid level indicator (July 1992)
Owing lO a printing error, the diagram in this
article is incorrect. The right diagram is shown
below.

+
lO ... 16V
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Switehboardallows all PRIVATEREADERS
of EJektor Electronics one FREE advertise-
ment of up to 108 characters, including
spaces, commas, numerals, etc., per month.

Write the advertisement, which MUST
relate to electronics, in the coupon on this
page; n MUST INCLUDE a private telephone
number or name and address; post office
bcxes are NOT acceptable.

Elektor Electronics (Publishing) can not
accept responsibility for any correspondence
or transaction as a result of a free advertise-
ment cr of any inaccuracy in the text of such
an advertisement.

Advertisements will be placed in the order
in which they are recefved.

Elektor Electronics (PubHshing) reserve
the right to refuse advertisernents without
giving reasons or without returning them.

WANTED: Signeties linear LSI data & appli-
eations manual 1985., or article p.9-198.
Phone Frank Cosgrove on (0202) 432 973.

FOR SALE. Tektronix 465 100 MHz portable
scope, calibrated, manuals and probes. Very
good.t295. Phone (0344)27869.

FOR SALE. Atari 520 STFM computer, 1 M
drive, mouse, joystick, manual. t200. Phone
092684279.

WANTED. Helpwith laserPSU, 150 mW, argon
ion; heater OK; tube current and voltage con-
trol. All expenses paid. Write to Mr W. Owen,

ELEKTOR ELECTRONICS SEPTEMBER 1992

SWITCHBOARD
59 Scott Crescent. Tayport, Fife, SeoUand.

HELP. Electrohome ECM1311 monitor. Anyone
who hassuecessfully replaced the CRT, please
phone (0543) 491 867.

WANTED. Sindair ZX81 ULA logic chip or
working ZX81. Phone Jon on (0602) 307 140
belween 6 and 7 p.m.

WANTED. Cireuit diagram for TEAC FD-55
disk drive fitted with Apple 2 adapter. Please
write to Stephen Shaw, 21 KanferSt, GreenhilIs
1760, South Afriea.

WANTED. Ouantity of 18-pin RAMs type
numbers5514 HM4334 M58981 6514. Phone
Mark on 081 6938200.

LOAN. Schematic for Ferguson hi-fi system
15 model ML40001 C. Write to R. Barnell, 26
Roseholme Road, Northampton NN1 4TO.

FOR SALE. Intel8-bit embedded controllers
handbook 1991 ed. Contains 8051 data. t15
ono. Phone John on 0920 462 414.

FOR SALE. PC-based disassemblerfor8031/32
produces souree code with labels. t20. Phone
Mark on (0626) 779 987.

FOR SALE. Electronic Components (book)
by D.T. Horn (McGraw-HiIl1992)orexchange
for Elektor Electronics issues 5, 7-8, 10 and
111991 and 11987. WritetoJarkko Laukkanen,
Heleniuksenk 36A 17, SF-05860 Hyvinkaa,
Finland.

Wantto EXPERIMENT with tubes? 20 valves

incl. triodes, pentodes, rectifiers, etc. t15.
Phone (0254) 760 003.

Send this coupon to
Elektor Electrontcs (Publishing)

P.O. Box 1414
Derchester DT2 SV"

England

Block capitals please - one cnaracter 10 each box

ELEKTOR ELECTRONICS 09/92

Name and address MUST be given



AUDIO-VIDEO PROCESSOR
TYPE AVP300 - PART 2

Input circuits and
chroma-VBS separation filter

THE circuit in Fig. 3 serves to selecr one of
the inputsand toseparatethechroma and

VBSsignals. Note that,inspiteof the English-
language front panel, some rear panels have
theannotation 'FBAS' instead ofCVBS. FBAS
Is theacronymof theGermanFarbbild Austast
Synchronsignal = chroma, video, blanking,

An ELV design

synchronization signal.
The input signals may be divided into

two groups: CVBS and S-VHS signals. In case
of the former, the chroma and the VBS sig-
nals must be separated; with S-VHS signals
that has already been done.
TheCVBSsignalsareappliedfrom theinput

selectorcircuit to two filters via 5201-Both these
filters, L'03-C227 and L'02-C212, are tuned to
the colour subcarrier. Filter L203-C227is a
band-stop filter that passes only the VBS sig-

nal to the output. The other filter passes only
the subcarrier; and thus the colour signal, to
the chroma output.
Filter L203-C227 operates in conjunction

with four transistors, T209-T212, that share a
common emitter resistance, R260. The d.c.
operating points of the transistors ensure
that at any one time only one of them is
switched on: the others are off. which one is
switched on depends on the selected input
and the colour standard identified by the
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Fig. 3. Circuit diagram of the input stages and the chroma-VBS separation filter.
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multi-standerd decoderelsewhere in the pro-
ceSSOT.

Assuming that an input with a CVBS sig-
nal has been selected, a potential of about
2.5 V will be put on to the switching lines
of the multi-standerd decoder. Only T211is
then switched on, resulting in the complete
CVBSsignalbeingapplied to terminal K.This
has the additional advantage that in case of
a black-and-white sigrial (when thedecoder
cannot identify a colour standard) no Hl-
ters are switched into circuit, which is ben-
eficial to the picture quality.
If a colour standard has been identified,

the potential on one of the switching lines,
B-E, becomes 5.5--6 V. That voltage is used,
via D214-D217,to set the d.c. cperating point
of T212.The drop across RZ60then rises to a
value that causes T211to switch off.The CVBS
signal is then forced to pass through band-
stop filter L203-C227before it becomes avail-
able, via K, at T212.
If the multi-standerd decoder has also

recognized that the signal is an NTSC signal
with a 3.58 MHz subcarrier, diode D211is
switched on. This causes Cjjg tobe connected
in parallel with the band-stop filter so that
the resonance frequency is shifted appropri-
ately. Although the band-stop frequency for
al.l other signals is 4.434 MHz, it should be
noted that the SECAMsubcarrier of 4.286MHz
is also suppressed adequately.
lf no CVBS signal has been selected, the

control logic ensures that T209and T210are
switched on. The VBS signal of one of the
S-VHS inputs is then passed directly to ter-
minal K. At the same time, the drop across
R260ensuresthatboth T211and T212areswitched
off.
The circuit associated with the chroma

filter operates in a manner similar to that of
the VBSband-stop filter. Hefe, the common
emitter resistance of transistors T2oTT206is
RZ16.The resonant frequency and Q of the

AUDIO-VIDEO PROCESSOR TYPE AVP300- PART 2

filter are chosen for the SECAM signal
(4.286 MHz). To enable the filter to handle
the greater bandwidth of PAL and NTSC
4.434 MHz signals, it is shunted by R222via
T206and decoupling capacitor C234.The Q
ofthenetworkwill then drop, while theband-
wid th increases. The small dilference with the
required bandwidth is negligible, so that the
filter doesnotneed retuning. Toenable the fil-
ter to handle NTSC 3.58 MHz signals, it is
shunted by capacitor C213via T2051while at

the same time the bandwidth is increased
because the Q factor is lowered by R221'

The chrorna filter selects between CVBS
and 5-VHS signals with the aid of T203.In
contrast to the VBSband-stop filter; the chroma
filter is always in circuit. This does not affect
the quality of the output signal.
When T203isswitched on (by its base volt-

age), one of the two S-VHS signals is passed
to the chroma output, depending on the base
potential of T202.When that transistor is on,
T201is off and the VBSsignal at input Video
5 is passed. When T201is on and T202is off,
the signal at Video 1/6 is selected.
The switching of input signals is effected

by IC201-IC203.Video signals (audio signals
will be reverted to later) are present at one
of the four input connectors. The standard
value of their signal strength is 1 VPP' All
Inputs are terminated into a 75 Q rcsistor,
R203~R206'The stgnals are passed to ana-
logue multiplexer IC201(2x4 positions) via
coupling capacitors C203-C206.The multi-
plexer selects one of the signals, which is
indicated by the associated LEDs.
The control signals for the multiplexer

are provided by counter IC202,which is op-
erated by switch TA301.
The selected signal is applied to bu fferI in-

verter T201T208.The processor may be set
for positively or negatively modulated slg-
nals by switch Sjjjj. From that switch, thesig-
nal is split into two: one part to the chroma
filter and the other to the VBS band-stop
filter.
Sirtee SCART connector BU20lalso serves

as an S-VHS input, the signal at pin 20 is
passed not only to the multiplexer, but also
directly to the VBSband-stop filter.
S-VHS signals are not switched by the

multiplexer, but by transistor stages in the
filter sections: T201~T202and T209~T21O'The
necessary swi tching signals are deri ved from
the state of counter IC202by 1C203.
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Fig. 4_Circuit diagram 01the multi-standard decoder and the video colour controller.
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RADIO, TELEVISION AND COMMUNICATIONS

Multi-standard decoder and
video colour controller

The circuit of the multi-standard decoder
and video colour controller, shown in Fig. 4,
carries out the decoding and processing of
all video signals.
The actual decoding is effected by JC 101.

The standard of the incoming signal is de-
termined by IC101on the basis of the chroma
signal at pin 15. The chroma filter is set up
(wide band) to enable any chroma signal to
bepassed correctly The standard is translated
into appropriate voltage levels at input/out-
put pins 25-28. Four levels are recogruzed:
0.5 V-standard out; 2.5 V-search mode;
6 V-standard on; 9 V-forced acceptance
01 a standard.
Although the multi-standerd decoder is

a fairly complex circuit, it has only three cal-
ibration points, which, by theway, have noth-
ing to da with the internal of the TC, but are
merely intended for adjusting some external
components. These are (1) the SECAM refer-
ence circuit, L101-'=104, (2) Q101 and (3) Q102'
Because NTSC signals lack a colour burst,

there is no reference for the chroma signals.
R111 is provided to make sure that the refer-
ence of the decoder is, nevertheless, the same
as that of the transmitter. Maladjustment of
this potentiometer results in unnatural colour-
ing of the picture.
The output of leWl consists of two colour

difference-signals that are applied to delay
line JC103- The output of this Une is also two
colour-difference signals but with corrected
transit times. These signals are then ready
for the final stage in the decoding and for
being processed into a picture signal. Those
tasks areperformed by IC104, the videocolour
controller.
Inaddition to the colour-difference signals.

the inputs 10 IC104 consist of the VBS signal
that is provided via delay line VZ101,or the
RGBsignals that are input via Video 2 and ter-
minalsH-J.
Circuit IC104 synthesizes the colour-dif-

ference and VBS signals to an RGB signal. This
synthesis may be affected by the setting of
Rn1 (colour saturation control). Apart from
its white-point adjustment, the RGB signal
can be modified in respect of brfghtness and
contrast. The final RGBsignalisapplied to the
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Fig, 5. Circuit diagram 01Ihe PALINTSC encoder

PAL/NTSC encoder via pins 1,3 and 5.

PAL/NTSCencoder
The diagram of the circuit that reconverts
the RGB signal into a CVBS signal, PAL or
NTSC standard, is shown in Hg. 5. Apart
from the RGB signal, the Type TPE1378A en-
coder, IC301,requires a number of other sig-
nals. The first of these is the synchronization
signal at pin 15, which is provided by the
synchronization circuit tobe discussed inPart 3
of this article.
Generation of the colour subcarrier re-

quires a generator: since NTSC 4.43 MHz as
weil as NTSC 3.56 MHz signals can be
handled, two generators are needed. When
eitherof these ls energized, the relevant band-
pass filter, BPF301 or BPF302, is also aetuated.
Tocompensate for the delay of the chroma sig-
nal in the filter, the VB5 signal is also de-
layed: in VZ301'
The RGB input signal is also available as

a buffered output OfIC301' The RGB lines are
connected to the relevant pins of connector
BU302 (Video 4 output) via coupling capaci-
tors and terminating resistors. A voltage can
be applied to this connector by 5301 to force
the equipment connected to the processor to
use the RGB signals instead of the CVBS sig-
nal on pin 19 as input.
The CVBS signal is available at pin 5 01

IC301. It is applied to 5304 via a coupling ca-
pacitor and a terminating resistor, and to
electronic switch IC302. That switch ensures
that, if Video 4 is used as input and as out-
put, for instance, during format conversion,
the eVBS signal Is replaced by a composite
sync (BS or Blanking/Synchronization) slg-
nal. This arrangement prevents the arising
of noise and interference between the colour
subcarriers of the Input and output signals
in theconnectingcable. This means. ofcourse,
that in the final analysis only the RGB signal
can be used as an output signal.
The remaining signals provided by IC301

are the VBS and chroma signals for the 5-VHS
outputs. These signals are applied to the rel-
evant connectors, BU301 and BU303, via a
buffer stage. To ensure that the terminating
impedance of the VBS or chroma signal is
correct, connectors 8U301 and BU303 must
not be used simultaneously, unJess 5304 is in
pcsition CVBS and no S-VHS equipment is
connected to BU301. •

Tue instalment in tne July issue will describe the
audio. power supply and syncltronization circuits,
while timt in the September issue will deal with
tne col1struction and seiting up .
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FM TUNER
PART 4: KEYBOARD, DISPLAY AND MODE CONTROL

In this instalment we deal with the construction 01 the
synthesizer board, and the operation 01 the combined
keyboard/display/controls unit.

Design by H. Reelsen

The introductory photograph shows the
completed FM tuner in a 19-inch rack style
enclosure, whlch follows the line of other
high-end audio equipment published over
the past year or so in this magazine. Inside
the enclosure are six printed circuit boards:

1. Main tuner board (peB no. 920005) which
combines a11RF and audio electronics; de-
scribed in Elektor Electronics March 1992.
2. Power supply (peB no. 920005-2) de-
scribed in Elektor Electronics April and May
1992.
3. Mode control board (peB no. 920005-3)
described in this instalment.
4. Keyboard and display board (peB no.
920005-4) also described in this instalment.
5. Synthesizer board (920005-5); circuit diag-
rarn described in Elektor Elecironics May
1992, construction in this instalrnent.
6. Field strength indicator (peB no. 920005-
6), to be described in next month's instal-
ment, together with the construction of the
keyboard/display unit, and, possibly, de-
tails on wiring.

Audio mode end
mono/stereo control unit
While the large keyboard and display key-
board control and indicate a11 synthesizer
functions, a smaller board, described here,
arranges the audio mode switching of the
main tuner board. The circuit shown in
Fig. 12 operates independently of the micro-
processor on the synthesizer board, so that it
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is also userul if the synthesizer is orni tted,
and 'replaced' by manual tuning (by a preci-
sion multiturn potentiometer). The printed
circuit board for the mode control unit
(Fig.13) is designed such that itcan be fitted
at theinside of the receiver's front paneL The
peB accommodates five push-buttons, of
which lour have a built-in LED. Starting at
the left, the first three keys are used to select
different modes 01 the TDA3810 audio Je,
while the remaining two serve to control the
mono/stereo switching of the TDA1578 ste-
reo decoder Je. Both the TDA3810 and the
TDA1578 are located on the main tuner
board.

The function of the push-buttons is as fol-
lows (left to right):

5203: NORMAL audio mode (audio pw-
cessor TDA3810).
5204: WrDE audio mode (audio proces-
sor TDA3810). The stereo image is wid-
ened, and LED Dzcs lights.

WIDE
1SV NORMAL + P-STEREO
+

STEREO 0205

D

MUTE +"20'
C

BASIS B +"20'
A

P-STEREO H0202
B

H

r---~--~--~~~----~~.+SV

IC201cpo

16 MODE
SELECT A
E, D

MODE
SELECT B
F

a 2

Q'
IC202 a 7

5 D

IC201 = 74HC02

Q
+----"CjCLR

t--+----=',' D a
74HC175 Q

12 aD _
acU< ...

MONO~SV

5202 6 ~ 6 .t.201
tel tel 11-1 IC201 b

6

920005 -111 -11

Fig. 12. Circuit diagram of the audio mode and mono/stereo control unit.



Since push-buttons are used to select the dif-
ferent modes, bistables are required to set the
logic levels of the control lines to the main
tuner board. The mono/stereo selection re-
quires only one bistable, which consists of
NOR gates TC201a and IC201b. When the 'ste- Fig. 13. Artwork for the audio mode and mono/stereo control board.
reo' key. 5201, is pressed, the bistable output
(terminal 'G' 01 the board) goes to 0 V. Ter-
minal 'G' is cannected to terminal 'MONO'
an the main tuner board. When a stereo
broadcast is received, the 'stereo' indicator,
LED D205,Jights. Terminal rD' is connected
to the terminal marked 'STEREO LED' on
the main tuner board. When the 'mono' key
is pressed, the bistable is reset, and terminal
'G' goes to +5 V. This causes the stereo
decoder to switch to mono, and the 'stereo'
LED to go out. Components C201-R201 form a
powcr-up network that sets the bistable at
power-on. This means that 'stereo' reception
is selected automatically when the receiver is
switched on.
The switching between the three audio

modes offered by the TDA3810 works in a
manner similar to that of the TDA1578 de-
scribed above. Three of the four D-type bi-
stables contained in the 74HC175 package
are used. The three bistable inputs are con-
nected to ground via 22-kQ resistors. Push
buttons 5203, 5204 and 5205 at these inputs
have toggle (change-over) contacts. They are
normally closed (as indicated by the circuit
symbol), so that the bistable inputs are held
at +5 V. When one of these push-buttons is
pressed, its contact switches to the other po-
sition, so that the corresponding bistable

RADIO AND TELEVISION

COMPONENTS LIST

AUDIO MODE CONTROL BOARD

Resistors:
2 150k.Q
7 22kQ

R201 ;R209
R202-R208

Capacitors:
2 1~FsolidMKT
2 100nF

C201;C202
C203;C204

Semiconductors:
1 1N4004
4 green LED,

rectangular
74HC02
74HC175

0201

0202-0205
IC201
IC202

Miscellaneous:
5 Digitast push-button with
12.3-mmwide cap
Printed circuit board

S201-S205
920005-3

5205: PSEUDO STEREO mode (audio
processor TDA3810). This effect can be
switched on with the stereo decoder in
mono as well as stereo mode. When se-
leered. LEDD202lights.
5201: STEREO mode (stereo decoder
TDA1578).
5202: MONO mode (stereo decoder
TDA1578). Mono/stereo mode is indi-
cated by LEDD20S.

B
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PRESET STA TlON

FM TUNER- 4

FREQUENCY MHz
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Fig. 14. Circuit diagram 01 the keyboard/display unit.

Input goes low. At the same time, the level at
the dock input (pin 9) changes from low to
high. When this positive transition occurs,
the logic level at the D (data) Input of the bi-
stable is transferred to the Q output, where it
remains stable until the next positive edge at
the dock input. This basic operation results
in the following switching behaviour:

When the 'NORMAL' key (5203) is
pressed. the output of the first bistable
(terminal 'E') goes low. and that of the
third bisfable (terminal T), high.
When the 'WillE' key (5204) is pressed,
both 'E' and 'F' go logic high.
When the 'PSEUDO' key (5205) is
pressed, 'E' goes high, and 'F' low.

The two outputs 'E' and 'F' are connected to
the MODE 5ELECT A and MODE 5E-
LECT B termirrals on the main board. where
the logic levels result in the following modes:

Mode
Stereo
Wide Image
Pseudo stereo

A
L
H
H

B
x
H
L
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The associated indicators. LEDs D202 and
0203, are driven by the rnain board. The con-
nections are as follows: terminal 'A' goes to
'BASIS B LED' on the tuner board, and ter-
minal 'B' to 'P-5TEREO' on the tuner board.
The UNLOCKED (out oflock) signal sup-

plied by the synthesizer requires to be in-
verted before it can be used. This is achieved
with gate rC201D, whose output is fed to the
'MUTE' input of the tuner board via terminal
'H'. The muteindication is also driven by cir-
cuitry on the main board: the 'MUTE LED'
output (at R46) is connected to terminal 'C'
(at D204) on the smaU controls board.

Keyboard and display
The circuit diagram of the keyboard/ display
unit is given in Fig. 14. This unit is con-
structed on aseparate printed circuit böard
which is also fitted at the inside of the re-
ceiver's front panel. Cut clearances in the
front panel to enable the keys and the LED
displays to protrude. The keyboard consists
of 15 push-buttons of the 'Digttast' (ITT-
5chadow) type with 12.3-mm wide caps, like
the ones used on the smaller controls board.

SIl2

~r
920005· ~I· 12

The readout consists of seven 7-segment
LED displays.
Onlya single 8-bit bidirecttonal port is re-

quired to drive the displays and read the
keys. However, this port must be capable of
sinking as weH as sourang a current of 5 mA
per llne. This requirement is met by IC405 on
the synthesizer board. The outputs of IC40S
are connected to inputs DO to 06 on the dis-
play board.

Da talines 00 to D3 are connected to all in-
puts of display drivers ICI to lC7, which are
Type 4511 7-segment LED display lat-
ches/decoders/drivers. A 'low' level at the
LE [latch enable) Input of a 4511 clocks the
data into the display decoder. Address
decoder IC8 determines which display
driver accepts the data. The selection ismade
with the aid of the logic levels on the D4, 05
and D6 lines that exist when IORW is actu-
ated. This forms the strobe signal that indi-
cates that the data on DO-D6 are stable and
valid.
The keyboard is encoded with the aid of

diodes. which also serve as straight connec-
tions. This method is traditional as well as
economic, since it enables the use of a single-
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Fig. 15. Track layout (mirror image) and component mounting plan of the synthesizer board.

COMPONENTS LIST

SYNTHESIZER BOARD

Resistors:
3 1kl1
3 2kl12
1 33kl1
2 56n
1 68n
2 10kl1
1 270n
1 2kl17
1 237kQ 1%
1 18kl1
1 4kl17
1 1Mn
1 8-way 10kl1 SIL array
1 4-way 2kl17 SIL array

R401 ;R403;R405
R402;R413;R414
R404
R406;R415
R407
R408;R416
R409
R410
R411
R412
R417
R418
R419
R420

Capacitors:
1 220nF C401
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2 33pF
3 1~F solid MKT
1 1nF
3 4nF7
2 56pF
1 33nF
1 330nF
1 100~F 25V radial
6 100nF

Semiconductors:
2 1N4148
1 BC547B
1 6264LP-15 RAM
1 27C256 (ESS6101)

EPROM
74HC573
80C32
74HC245
74HC138

C402;C403
C404;C409;C411
C405
C406;C412;C415
C407;C408
C410
C413
C414
C416-C421

0401;0402
T401
IC401

IC402
IC403
1C404
IC405
1C406

74HC02 IC407
74HC04 IC408
NJ8821 (GEC-Plessey)
SP8795 (GEC-Plessey)
74HCOO
TL081

IC409
IC410
IC411
IC412

Miscellaneous:
1 Lithium battery CR2032

with peS-mount holder
Quartz crystal 2MHz
Quartz crystal16MHz
Printed circuit board

Bt1
X402
X401
920005-5



sidedPCB.
Pressing a key on the tuning keyboard

causes a high level on one or more datalines,
but only when the driver on the synthesizer
board is switched to "receive'. When this is
so, the key code is applied to IC40Svia Rst-
Rs4 and datalines DO-D3. When it happens
that a key is pressed while the driver "trans-
mits", no bus conflict occurs because the
driver 'overcomes' the keyboard lines with
their l-kQ. resistors. Resistors RsI-Rs4 then
function as pull-ups onJy.
Push-button 5115, which is connected to

the 'P' and 'E' terminals via I-kn reslstors.
has a special function. We are talking about
the reset key. When 5115 is pressed, the reset
input line of the synthesizer tuning system is
pulled to ground. As described last month,
the synthesizer is switched off during nor-
mal operation of the receiver. The push-but-
ton that causes the reset action is labelled
'ENTER' because it restarts the mierocon-
troll er, and needs to be pressed before every
newentry.

A further novelty of the cireuit is the 'EX-
ECUTE' key, S111, which is used to termi-
nate entries. The parallel R-C network
R156-C103 ensures that an 'execute' key action
is simulated at power on.

The tuning functions
The upper part of the keyboard has the nurn-
ber keys 0 to 9 to enter frequencies and sta-
tion presets. The receive frequency is shown
on the live LED displays to the right 01 the
readout, while the first two digits show the
preset number. This means that a total of
99 presets is available.
In addition to the 9 numerical keys there

are 5 function keys:

ENTER to start every entry;
STORE to store a frequeney entered or
displayed;
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EXECUTE to dose off any entry (except
when STORE is used);
UP to increase the tuning frequency;
DOWN to decrease the tuning Irequency
in steps 0150 kHz.

The operation of the keyboard is simplicity
itself. When power is applied, the receiver is
automatically tuned to the station it was last
tuned to, and the display shows the station
frequency. The lollowing keys have to be
pressed to seleet another station from the
memory:

ENTER - Station number (1-99)-
EXECUTE

Alternatively, you may want to enter the sta-
tion Irequency. e.g. 98.50 MHz:

ENTER - 9850 - EXECUTE
When it is desired to store the displayed fre-
quency as preset (station number) 15, press

ENTER -15 - STORE
To tune the receiver up or down press

ENTER-UP
or

FMTUNER-4 EI
ENTER-DOWN

The frequency changes as long as you hold
the ur or DOWN key pressed. When the key
is released, the frequency remains static for
about 3 seconds, after which the rnicrocon-
troller switches itself off. in the other entry
modes, the microcontroller is switched off
when the 'EXECUTE' or 'STORE' key is
pressed, and 'woken up' again when the
'ENfER' key is pressed.
The lithium battery on the synthesizer

board ensures that stored frequencies and
station preset numbers remain intact for at
least ten years. All entry errors, for instance,
an out-ol-band frequency (lower than 87.50
or higher than 108.00), are signalled by the
display clearing to all zeroes, and flashing
five times. After this error indication, you
can attempt a new entry.

The frequeney raster is 50 kHz in direct
frequency entry mode. This means that the
last digit can only be '0' or '5'. When another
value is entered. the tuning program auto-
matically rounds it to the nearest raster
value.

Synthesizer board
Although the synthesizer is a fairly complex
circuit, its construction is entirely straight-
lorward. Start your work by fitting the
27 wire links on the board (see the compo-
nent overlay in Fig. 15). The rest of the work
is mostly positioning components, and ben-
ding. soldering and cutring component
wires. It is recommended to use sockets for
all JCs.

Finally, note a small error in the circuit di-
agram 01 the synthesizer (Fig. 11): the 4.7-nF
capacitor at the OSC input should be labeUed
C415, not C407.

A further error has been made with elec-
trol ytic capacitor C70 on the main tuner
board: C70 is shown with the wrong polarity
both in the circuit diagram. Hg. 4, and on the
eomponent overlay of the tuner board (also
Fig. Sb). CI
The constructiolT 01 the readout/keyboard unit
will be discussed in next 1l1011th's instalment.



RADIO AND TELEVISION

COMPONENTS LIST

AUDIO MODE CONTROL BOARD

Resistors:
2 150kn
7 22kQ

R201;R209
R202-R208

Capacitors:
2 111Fsolid MKT
2 100nF

C201;C202
C203;C204

Semiconductors:
1 1N4004
4 green LEO,

rectangular
74HC02
74HC175

0201

0202-0205
IC201
IC202

Miscellaneous:
5 Oigitast push-button with

12.3-mmwide cap
Printed circuit board

S201-S205
920005-3

- 5205: PSEUDO STEREO mode (audio
pracessor TDA381O). This effect can be
switched on with the stereo decoder in
mono as weil as stereo mode. When se-
lected, LED D202Iights.

- 5201: STEREO mode (stereo decoder
TDA1578).

- 5202: MONO mode (stereo decoder
TDA1578). Mono/stereo mode is indi-
cated by LED D205.

Since push-buttons are used to select the dif-
ferent modes, bistables are required to set the
logic levels of the contral lines to the main
tuner board. The mono/stereo selection re-
quires only one bistable, which consists of
NOR gates IC201aand IC201b.When the 'ste-
reo' key, S201,is pressed, the bistable output
(terminal 'G' of the board) goes to 0 V. Ter-
minal 'G' is connected to terminal 'MONO'
on the main tuner board. When a stereo
braadcast is received, the 'stereo' indicator,
LED D205,lights. Terminal 'D' is connected
to the terminal marked 'STEREO LED' on
the main tuner board. When the 'mono' key
is pressed, the bistable is reset, and terminal
'G' goes to +5 V. This causes the stereo
decoder to switch to mono, and the 'stereo'
LED to go out. Components C201-R201form a
power-up network that sets the bistable at
power-on. This means that 'stereo' reception
is selected automatically when the receiver is
switched on.
The switching between the three audio

modes offered by the TDA3810 works in a
manner similar to that of the TDA1578 de-
scribed above. Three of the four D-type bi-
stables contained in the 74HC175 package
are used. The three bistable inputs are con-
nected to ground via 22-kQ resistors. Push
buttons S203,S204and S205at these inputs
have toggle (change-over) contacts. They are
normally closed (as indicated by the circuit
syrnbol), so that the bistable inputs are held
at +5 V. When one of these push-buttons is
pressed, its contact switches to the other po-
sition, so that the corresponding bistable

~ e:-aooose !
o oo o o

~

~c ~o ~
~~c~~o~ ~[J205

'/ @ @ @ @

'T~biriM! -. ~~!J ~~.<;ll.:Ofi.~.~.)........~
~ "'--tu) ~~-IJ!~ -Jot ~",ö--=ttW·'aI~-1 !:.I~ a ~ll ~C2g3 I ~

Fig. 13. Artwork tor the audio mode and mono/stereo control board.
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RADIO AND TELEVISION

Fig. 15. Track layout (mirror image) and component mounting plan of the synthesizer board.

COMPONENTS LIST

SYNTHESIZER BOARD 2 33pF C402;C403 74HC02 IC407

3 1IJ.Fsolid MKT C404;C409;C411 74HC04 IC408

Resistors: 1 1nF C405 NJ8821 (GEC-Plessey) IC409

3 1kQ R401 ;R403;R405 3 4nF7 C406;C412;C415 SP8795 (GEC-Plessey) IC410

3 2kQ2 R402;R413;R414 2 56pF C407;C408 74HCOO IC411

1 33kQ R404 1 33nF C410 TL081 IC412

2 56n R406;R415 1 330nF C413
1 68n R407 1 1OOIJ.F25V radial C414 Miscellaneous:

2 10kQ R408;R416 6 100nF C416-C421 1 Lithium battery CR2032

1 2700 R409 with PCB-mount holder Bt1

1 2kQ7 R410 Semiconductors: Quartz crystal 2MHz X402

1 237kQ 1% R411 2 1N4148 0401;0402 Quartz crystal 16MHz X401

1 18kQ R412 1 BC547B T401 Printed circuit board 920005-5

1 4kQ7 R417 1 6264LP-15 RAM 1C401
1 1Mn R418 1 27C256 (ESS6101)
1 8-way 10kQ SIL array R419 EPROM 1C402

1 4-way 2kQ7 SIL array R420 74HC573 1C403
80C32 1C404

Capacitors: 74HC245 1C405

1 220nF C401 74HC138 IC406
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MAX660 INVERTERjDOUBLER
Design by J. Ruiters

A small circuit is described that inverts a positive voltage into a
negative one or doubles its level. It does not use inductors and is

based on a single Type MAX660 chip.

THE power supply for a battery-operated
design can often cause a few headaches

as regards the level of the voltage or whether
a symmetrieal supply should be used. The Iat-
ter, for instance, norma11y means a doubling
of the nurnber of batteries, which take twice
the space originally allowed for and increase
the weight: two undesirable factars. The ob-
vious solution is a switch-mode supply, but
the construction and Ior dimensions of the in-

ductor requlred for that isanother unwelcome
element.
There is, however, another solution, pro-

vided the output current is not required to
be larger than 100mA: the Type MAX660 in-
tegrated circuit. This IC needs only a few ca-
pacitors and a diode to provide, from a pos-
itive supply, a negative voltage at the same
level ordouble thevoltage. It is, ofcourse, pos-
sible to use a number of these Ks to increase

the output current or voltage. but the pro-
posed design is based on just one.

The circuit
The internal of the MAX660 circuit is shown
in Fig. 1; Fig. 1a is a design for a voltage in-
verter and Pig. Lb, for a voltage doubler.
Within the JC, one of two pairs of CMOS
switches is opened or closed by the internal

a b
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Fig. 1. Basic eireuil of a vollage inverter (a) and a vollage doubler (b) based on a Type MAX660 inlegraled clrcult,
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Fig. 2. The two circuits of Fig. 1 can be combined into one that can serve either as an inverter or as a doubler.
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TABLE}
Connections

inverter doubler

JPt A B
X ground in (2.5-5.5 V)
Y in (l.5-5.5 V) out
Z out ground

oscillator that operates at 10 kHz.
If, in Fig. 1a, SI and So are closed (52 and

54 are then open), C, will be charged. When
these switches change over, Cl and C3 are in
parallel, whereupon charge is transferred
from C, to C3. Also, the polarity of C, with
respect tc earth is reversed (pin 2 was COIl-
nected to EBUb and is nQW connected to earth,
while pin 4 was connected to earth and is
now connected to pin 5). The voltage across
C3will thus be negative with respect to earth.
In the absence of a Ioad. a negative voltage

TAßLE2
Function 01' various componenrs

component inverter doubler

CI pump pump
C2 input buffer output reservoir

C3 output reservoir input buffer
DI polarity proteenon starr up

TAßLE3
Measurement results

Uin RL lin Uout Uripple Efficiency
(V) (Q) (mA) (V) (mV pp) (%)

Inverter

2.5 cc O.! -2.5 5
2.5 22 80 -1.8 LOO 74
5.0 co 0.2 -5.0 5
5.0 47 97 -4.5 LOO 89

Doubler

2.5 co 0.1 5.0 5
2.5 47 178 4.1 LOO 80
5.0 ~ 0.3 LO.O 5
5.0 100 190 9.5 100 95

Maximum output current = 100 mA.

Fig. 3. Printed-circuit board for the inverter/doubler

ELEKTOR ELECTRONICS JUNE 1992

MAX660 lNVERTERIDOUBLER

will arise across C31 whose level is equal to
that of ffi Ub. When the circuit is loaded, that
negative voltage will not only decrease, but
will also have a ripple. This is, of course, be-
cause Cl can transfer only a limited charge,
smaller than the one required. per unit time.
On average, therewillremaina smallercharge
in C3, so that the voltage across this capaci-
tor will drop.
When the switches are connected as in

Hg. Ib, and a diode, Dj , is added, the JC will
double the input voltage. When the supply
is switched on, C2 is charged immediately to
the supply voltage (Iess the forward voltage
of the diode) via 01. This is necessary to en-
sure a supply to the oscil.lator. Furthermore.
the charge need not be transferred via the
Ie. Here aga in, Cl is the reservoir. Itischarged
when the switches are in the position shown.
When the position of theswitches is reversed,
C1 is in series with the supply voltage, Ub,

so that the potential across it is 2Ub. At the
same time, C2 is connected, so that charge is
transferred from C1 to C2. In that way, and
provided the the circuit is not loaded, a volt-
age arises across C2 that is twice Ub. As in
Fig. 'la, when a load is connected to the cir-
cuit, the output voltage, 2Ub, will decrease
in proportion to the load (see Table 3). Bear
in mind that the input current will be twice
as large as the output: the energy has to come
frorn somewhere.
The circuits in Fig. la and Fig. Ib can be

cornbined as shown in Fig. 2. The position of
jumper JPI and the connections to X, Y and
Z are given in Table 1. Table 2 shows the func-
tionofeachof theexternal components. When
the circuit serves as voltage inverter, D1 is
not reaUy required. but, together witha 160mA
fuse, it serves as protection against polariry
reversal. Should the supply voltage be con-
nected with incorrect polarity, itwill be short-
circuited by D1,whereupon the fuse blows.
The minimurrt input voltage to the dou-

bler circuit cannot be as low as to the inverter
circui t, because, in that configuration, the
oscillator has difficulty in starting at too low
a voltage. This happens particularly at input
voltages below 3.5 V; above that level, the
oscillator starts readily at a11times.
Although the circuit is perfect for build-

ing into an existing design. there may be ap-
plications where it is used by itself and for
those a printed circuit board-see Fig. 3-is
provided. •

PARTS LIST

Capacitors:
C!-C3 = 220!JF, t6 V, radial

Semiconductors:
D1 =BAT85
IC! = MAX660



TABLEI
Connections

inverter doubler

IPI A B

X ground in (2.5-5.5 V)
Y in (1.5-5.5 V) out
Z out ground

oscillator that operates at 10 kHz.
If, in Fig. Ia, 51 and 53 are closed (52 and

54 are then open), Cl will be charged. When
these switches change over, Cl and C3 are in
parallel, whereupon charge is transferred
from Cl to C3. Also, the polarity of Cl with
respect to earth is reversed (pin 2 was con-
nected to ffi Uband is now connected to earth,
while pin 4 was connected to earth and is
now connected to pin 5). The voltage across
C3will thus be negative with respect to earth.
In the absence of a load, a negative voltage

TABLE2
Function of various components

component inverter doubler

Cl pump pump
C2 input buffer output reservoir
C3 output reservoir input buffer
D1 polarity protection start up

TABLE3
Measurement results

o; RL lin Uout Uripple Efficiency
(V) (n) (mA) (V) (mV pp) (%)

Inverter

2.5 00 0.1 -2.5 5
2.5 22 80 -1.8 100 74
5.0 00 0.2 -5.0 5
5.0 47 97 -4.5 100 89

Doubler

2.5 00 0.\ 5.0 5
2.5 47 178 4.1 100 80
5.0 00 0.3 10.0 5
5.0 ]00 190 9.5 100 95

Maximum output current = 100 mA.

~ Iseoosel ~

~~

Fig. 3. Printed-circuit board for the inverter/doubler
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will arise across C3, whose level is equal to
that of ffi Ub.When the circuit is loaded, that
negative voltage will not only decrease, but
will also have a ripple. This is, of course, be-
cause Cl can transfer only a limited charge,
smaller than the one required, per unit time.
On average, there will remain a smaller charge
in C3, so that the voltage across this capaci-
tor will drop.
When the switches are connected as in

Fig. Ib, and a diode, Dj, is added, the IC will
double the input voltage. When the supply
is switched on, C2 is charged immediately to
the supply volta ge (less the forward voltage
of the diode) via Dj. This is necessary to en-
sure a supply to the oscillator. Furthermore.
the charge need not be transferred via the
IC Here again, Cl is the reservoir. Itis charged
when the switches are in the position shown.
When theposition of the switches is reversed,
Cl is in series with the supply voltage, Ub,
so that the potential across it is 2Ub. At the
same time, C2 is connected, so that charge is
transferred from Cl to C2. In that way, and
provided the the circuit is not loaded, a volt-
age arises across C2 that is twice Ub. As in
Fig. Ia, when a load is connected to the cir-
cuit, the output voltage, 2Ub, will decrease
in proportion to the load (see Table 3). Bear
in mind that the input current will be twice
as large as the output: the energy has to come
from somewhere.
The circuits in Fig. la and Fig. Ib can be

combined as shown in Fig. 2. The position of
jumper JPl and the connections to X, Y and
Zaregivenin Table 1.Table2shows the func-
tion of each of the extemal components. When
the circuit serves as voltage inverter, D, is
notreally required, but, together with a 160mA
fuse, it serves as protection against polarity
reversal. Should the supply voltage be con-
nected with incorrect polari ty, itwill be short-
circuited by Dj, whereupon the fuse blows.
The minimum input voltage to the dou-

bler circuit cannot be as low as to the inverter
circuit, because, in that configuration, the
oscillator has difficulty in starting at too low
a voltage. This happens particularly at input
voltages below 3.5 V; above that level, the
oscillator starts readily at all times.
Although the circuit is perfect for build-

ing into an existing design, there may be ap-
plications where it is used by itself and for
those a printed circuit board-see Fig. 3-is
provided. 111

PARTS LIST

Capacitors:
CI-C3 = 220 j..IF, 16 V, radial

Semiconductors:
Dl=BAT85
ICI =MAX660



4-MEGABYTE PRINTER BUFFER

i
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Print files, whether they contain text, graphics or both,
seem to become larger and larger as the programs that
output them, and the printers that produce the 'hard
copy', become smarter every day. That is all very weil, but
we do not want to see our ever so fast PC being held up
bya simple task such as printing. The solution to this
well-known bottleneck is to use a fast intermediate
storage device with a large memory to capture the printer
data supplied by the computer. Such abuHer is described
here: it is Centronics-compatible, and ofters a memory
size of 1 MByte or 4 Mbyte.

Design by R. Degen

THE function of the printer buffer is easiJy
described. It is a device cormected be-

tween the computer's parallel printer (Cen-
trorucs) port, and the input of the printer.
The printer buffer accepts data very fast, and
feeds it out again, patiently, to the printer. In
other words, it is the printer buffer, not the
computer, that has to wait for the printer.
Precisely this feature saves you time, since
the pe returns very quickly from its 'print'
job, leaving the printerdata in the buffer. The
buffer, in turn, communicates with the
printer at maximum speed. Since today's
computers are nearly always faster than any
type of printer, the buffer must be large
enough to temporarily hold the largest
possible "chunk' of the data that forms the
print ftle.

The above already defines the reguired
interfaces: one at the computer side of the
printer buffer, and one at the printer side.
Here, the familiar Centronics interface is
used at both sides. Apart from these (paral-

Iel) interfaces, we reguire a couple of con-
trols and a readout to keep an eye on what
the printer buffer is doing. To keep the cir-
cuit as user-friendly as possible, it has been
given some intelligence in the form of a
microcontrolJer.

Abrief overview
Figure 1 shows a simplified block diagram of
the printer buffer, and Fig. 2 a flow chart of
the control program executed by the internal
microcontroller. Figures 1 and 2 lead up to
the actual circuit diagram of the printer buf-
fer, which is given in Fig. 3. Those of you
familiär with microcontrollers will recognize
the so-called embedded controller applica-
tion, whlch is basically a small computer sys-
tem tailored to a specific application.

The heart of the circuit is formed by three
blocks: the microcontroller, IC9; the DRAM
(dynamic random-access memory) section
(ICl-lC8); and an EPROM, ICl1. Further, the
circuit contains three regtsters, IC13, IC14 and
IC20, which provide a buffer function for the
data that travels between the computer, the

MAIN SPECIFICATIONS

• Simple 10 use
Compacl design

• Uses induslry·slandard DRAMs
or single SIP/SIM DRAM module
One or lour megabyte DRAM

• Power supply: internal or via
printer

• Microprocessor-controlled
(80C31)

printer and the display. Add.ress decoding
and register selection is arranged by IC12, a
74HCTJ38.

The circuit in detail
The control of the DRAM is fairly complex,
and will therefore be looked at in some de-
tail. Since an 8-bit microcontroller can ad-
dress a RAM 01 64 Kbyte only, some
additional Iogic is needed if we want it to
deal with a RAM 01 4 MByte. Here, this ad-
ditional legte consists of 2 bistables. four
NAND gates and a Iittle software.

DRAM refresh circuitry has to be added
also, because is it not provided by the 8031
microcontrolJer. Although this would ap-
pear to call for a refresh ccunter im-
plemented in software, a counting routine
for 512 or 1,024 refresh cycles would, unfor-
tunately. take too much valuable processor
time. A different approach is, therefore,
used.
To keep the refresh time as short as

possible. the microcontroller's 'external
memory access' signal is used. Since the
PSEN output of the 8031 is actuated twice
during every processor cycle (16 MHz/l2 =
750 ns), itcan be used to derive the RAS (row
address strobe) signal needed for the
DRAMs. Address inforrnation being avail-
able during the PSEN pulse, all that is
needed further is ensuring that the correct
addresses are applied to the RAMs. To ar-
range this, the processor jumps to a subrou-
tine that starts at address 1000H, where a
seg uence of 512 2-byte instructions is started .
The only lunction 01 this part 01 the program
is to enable the controller to increase the
value on address lines AO-A9 seguentially.
This type of refresh contro! is usually
referred to as RAS-onJy-refresh.

The control of the read and write func-
tions of the DRAMs is arranged via the WR
line of the rnicrocontroller. To address a
DRAM IC, the column address must be sup-
plied before the row address. This is
achieved by actuating the output of the con-
troller's RAS-€nable function (pin 15). Next,
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the row address is put on to the databus with
the aid of a MOVX instruction. At the same
time, the controller's WR Une is pulled low,
which causes the output of the bistable (pin 6
of ICl8a) to go low also. The signal arrives at
the RAS connections of the DRAMs via
NANO gates IC1Sb and ICISe.ln this way, the
row addresses are conveyed to the DRAMs.

Next, the column addresses have to be
supplied. To begin with, the controller's CAS
(column address strebe) enable function
(pin 14) is aetuated. Next, the column ad-
dress is placed on to the databus with the aid
of a MOVX instruction, while the microcon-
troller's WRlineis pulled low. Thissignal ar-
rives at the CAS inputs of the RAMs via
NANO gate ICI5d, end at the dock input of
bistable IC18b. In this way, the column ad-
dresses are conveyed to the DRAMs.

When the output of IC18b is actuated on
the positive edge of the WR signal, this bi-
stable resets the RAS Une to its normal leveL
An R-C network ensures that IC18b is reset
imrnediately after the RAS line. From then
on, the microcontroller can write data into
theDRAMs.

A further interesting section of the circuit
is the Centtonics input. To enable this to re-
spond sufficiently fast to the computer's
strebe signal, a bistable circuit was designed
that pulls the BUSY line high the instant the
strobe pulse appears. At the same time, data

is stored in a register. The microcontroller
resets the bistable after reading the register.
The fast operation of this circuit prevents
data loss.
The pnnter buffer may be powered in

two ways: by its own, internal, supply, or by
the printer it is connected to. The selection
between these two possibilities is made with
switch Sa on the board. IfCMOS components
a.re used, the current consumption of the
buffer lies between 150 mA and 200 mA.

Control software
After powering up, the interna Imemory of
the buffer is tested. When the test is finished,
the memory size is briefly shown on the 3-
digit LED readout. The indication '1.02'
stands for 1 MByte, and '4.09' for 4 MByte.
By the way, these figures do not indicate that
all bits in the memory function correctly: the
basic memory test is too simple for that, and,
based on a few random tests, serves only to
determine the memory size.

As soon as the memory size has been
determined, the size indication is replaced
by '000'. Atthesame time, the!NT lineon the
Centronics bus is pulled low to reset the
printer to its default mcde. Next, the control-
ler waits for the strobe line of the computer
to go high. When this happens, the buffer is
switched to receive mode. The advantage of

4-MEGABYTE PRINTER BUFFER

Input Output

ClEAR

~
Controller

CO"

~

Display Memory

910110· 12

Fig. 1. Simplified block diagram of the
printer buffer.

this sequence is that the buffer can not be
loaded with incorrect data when the com-
puter is not yet switched on, while the buffer
ison.

RAM test
lt is possible to test every bit in the buffer
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Fig. 2. Flow diagram of the control program developed for the printer buffer.
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COMPUTERS AND MICROPROCESSORS
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Fig. 3. Circuit diagram of the printer buffer. Remarkably, the microcontroller needs very little external hardware to perform a not so simple
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4·MEGABYTE PRINTER BUFFER
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4-MEGABYTE PRINTER DUFFER

Fig. 4. On previous page: track layouts (mirror images) 01 the component side and the solder side 01 the dauble-sided through-plated peB.
Above: camponent overlay.

COMPONENTS LIST

Resistors:
1 47ill
4 10ill
1 8-way 10ill SIL array
1 1000
2 2200
8 1500
3 2k!l2

Rl
R2;R5;R6;R7
R3
R4
RB;R9
Rl0-R17
R1B;RI9;R20

Capacitors:
21 l00nF Cl-CB;CI4;

C16-C27
C9;Cl0
Cll
C12
C13
C15

2 22pF
1 47~F 16V
1 220pF
1 330nF
1 1OO~F16V radial

Semiconductors:
2 LED, red, 3mm
1 1N4001
3 BC557B
8 HYB511000(IMByte)

01;02
03
T1;T2;T3

or MT4Cl004 (4MByte)
OR
1 SIPP or SIMM 1MBytexB,

1MBytex9, 4Mbytex8
or 4Mbytex9

1 80C31BH-l
4 74HCT573

IC1-IC8

IC21

2 Digitast push-button
1 Change-over slide switch

for Pcä mounting, with
angled pins
Quartz crystal16MHz
Printed circuit board
Front panel foil
Enclosure 75-1410J (Vero)
SIMM adapter (if required)

SI;S2

IC9
IC10;ICI3;ICI4;
IC20

2764 (150n5)
(ESS6041) IC11

1 74HCTI38 IC12
2 74HCTOO ICI5;ICI7
1 74HCT04 IC16
1 74HCT74 IC18
1 7805 IC19
3 HOll05G

or TOS3150 LDI ;LD2;LD3

Miscellaneous:
2 36-wayfemaleCenttonics

connector for pes mounting
2-way pes terminal block
(pitch: 5mm)

2 20-way box header

Kl;K2

K3
K4;K5

S3
XI
910110
910110-F
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1
2
3
4
s
6
7
8
9
10
t t

"13
14
ts
16
17

"19 ... 29
30
31
32
33
34
35
36

Centronlcs connector pinning

DATA STRCBE

DATAI
DATA 2

OATA 3

DATA 4

DATA 5

DATA 6

DATA 7

OATA 8

ACKNLG

BUSY
PE

SLTC

AUTO FEEO

ov
OV
+ SV SOmA

GND
INPUT PRIME RET

1NPUT PRIME

FAULT

OV

+ SV (via 4k7)

SLCT1N

910101-13

Fig. 5. Centronics connector pinning.
Check this against the data given in the ma-
nual that came with your printer.

memory. This may be done by keeping the
CLR key pressed while the buffer is switched
on. As lang as no error is found, a countcr
counts from 000 to 1.04 (for 1,048,576 bytes)
or 4.19 (for 4,194,304 bytes). When a faulty
RAM loeation is found, the counter stops,
and the display indicates 'err'. The RAM test,
which takes a few minutes to complete, may
be terminated any time by pressing the CLR
key.

Construction
The PCB section that forms the key-
board/display (controls) unit is cut off from
the board supplied through the Readers Ser-
vices. The artwerk for the double-sided,

through-plated board is given in Fig. 4. The
completed controls board is fitted behind the
front panel of the Vero encJosure. When the
LEO displays are fitted in IC sockets. they
are at about the same height as the key caps
of the push-buttons.

There are several options in regard of the
buffer RAM. One is to use so-called SlM mo-
dules (SIMMs), which arecommonly used in
pes. These are available as I-MByte or 4-
MByte modules with a 'width' of 8 or 9 bits.
SIMMs have pes edge connectors like pe
extension cards, and require a special adap-
tor with snap-in side latches (Fig. 6) to enable
thern to be mounted on to the rnain printer
buffer board.
SIP modules are equally suitable, and

also come in I-MByte or 4-MByte, and 8- or
9-bit, versions. Having pin connections, they
da not require adaptors to be fitted on to the
board.

The last memory option is to use eight 1-
Mbit or 4-Mbit RAM ICs in OlL packages.
Unfortunately 4-Mbit ICslike the MT4CI004
are still pretty expensive and difficult to ob-
ta.in. If you can get them, make sure that they

Fig. 6. A bracket-style adaptor as shown here is required if you want to use a SIM module.

\,
\

J

are 18-pin DIL types - it appears that the
enclosure is not the same with all manufac-
turers. Pinally. it is not possible to fit both a
moduleand discrete RAMs at the same time,
for instance, to create a RAM of 2 Mbyte.

Practical use
Connect the input of the printer buffer (Kt}
to the Centronics output of the computer,
and the output of the printer buffer (K2) to
the input of the printer. These connections
are made with standard Centronics printer
cables.

The amount of data scnt to the printer
buffer is shown on the display. rounded to
whoJe kilobytes. The pnnter buffer starts to
feed out data immediately if it finds that the
printer is 'on Iine". This may be stopped by
presstng the CLR key, whereupon the dis-
play reads 'Clr'. Next, the data in the buffer
is cleared, and the display indicates '000'
again.
The copy function of the printer buffer

may be used to produce copies of the print
file. This function is available only when the
computer is not sending data any more, and
the printer has read all data from the buffer.
The copy function is automaticall y disabled
when a memory overflow occurs, so that
only files that fit in the buffer memory can be
printed more than once (i.e., copied). The
copy function is star ted by pressing the
'COPY' key, whereupon the associated LEO
will start to flash. Copying can be termirated
at any time by presstng the 'CLR' key, and
started again by pressing 'COPY'. If how-
ever, the 'CLR' key is pressed a second time,
the buffer memory is c1eared, and the printer
is initialised. Since it is required for the copy
function that the last received file is dupli-
cated (rather than the complete contents of
the buffer memory), the control software
contains a strebe-timeout routine that marks
the start and end addresses of a file, about
40 s after the last strobe signal received from
the computer. •
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BALUN

r----{+ 12V

920089 - 19

Fig.9. Parallel push-pull amplifier.

tirnes the power available from a single
device.
Unfortunately, in the parallel amplifier

the input and output impedances are 00

longer 50 Q, but rather it is 50/n where 11

is the number of devices connected in par-
allel. In the case shown in Fig. 8, there are
four devices to the input and output im-
pedances are 50/4 01' 12.5 Q. An irnped-
anee matehing device must be used to

4-Megabyte printer butter

June 1992
Two points regarding this project.
(1) The input of the buffer is designed to
be Centronics cornpatible. Problems may
occur when this standard is not respected
by the computer or the software. A num-
ber of 'fast' PCs (in particular 386 and
486 based machines) appear to have
printer interfaces derived from the Epson
standard. These interfaces in general da
not wait for the ACKNOWLEDGE signal,
but instead process the BUSY signal.
Handshaking problems that may occur

between these pes and the printer buffer
rnay be solved by combining the BUSY
and ACKNOWLEDGE signals as shown
in the diagram opposite. The result of the
modification is that the printer buffer be-
haves like an Epson-cornpatible periph-
eral device.
(2) An updated version of the contral soft-
ware (in EPROM) is available that en-
ables I-Megabyte (I M x 8 and IM x 9)
SIP/SIM modules with three ICs to be
used in the printer buffer.
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trans form the lowered impedances to the
50 Q standard for RF systerns. Because
most irnpedance transformation devices
da not have the same wide bandwidth as
the MAR-x devices, there is an obvious
degradation of the bandwidth of the over-
all circuit.
The push-pull configuration is shown

in Fig. 9. In this circuit there are [WO

banks of two MAR-x devices each. The

CORRECTIONS

*1""----
IC17b

*oeelnl

910110·99

BUSY

USING MAR-x SERIES MMlCS

two banks are connected in push-puIl, so
this circuit is correctly called a push-pull
parallel amplifier. This circuit retains gain
and the increase in power level of the par-
allel connection, but improves the second
harmonie distortion that sorne parallel
configurations exhibit. Push-pull arnpli-
fiers inherently reduce even-order har-
mcnic distortion.
The input and outpur transformers (Tt

and T2) for the circuit of Fig. 9 are balun
(BALanced UNbalanced) types, and are
used to provide a 180-degree phase shift
of the signals for the two halves of the arn-
plifier. The balun transformers are typi-
cally wound on ferrite toroidal coil forrns
with #26 AWG or finer wire. Because the
balun transformers are limited in fre-
quency response, this circuit is typically
used in medium wave and shortwave ap-
plications. A common specification for
these transformers is to wind 6 or 7 bifilar
turns on a toroidal form, the turns made of
#28 AWG enameled wire wrapped to-
gether to form a twisted pair of about five
twists to the inch (= 2 twists per cm).
Suitable cores (and a catalog) are avail-
able from Amidon Associates (P.O. Box
956, Torrance, CA 90508, USA).

Conclusion
The MAR-x devices are an extremely
easy way to build RF arnplifiers from fre-
quencies near d.c. to the low microwave
region. They are easy to use, and weil be-
haved. Hobbyists will find them very con-
venient for a wide variety of applications.

•

Inductance-capacitance
meter

March 1992
Terminals 'A' and 'B' should be trans-
posed in the circuit diagram of the meter
circuit proper (Fig. 4 on page 32).

Milli-ohm measurement
adaptor
April 1992
To prevent its contacts buming out,
switch SI must not be opera ted when an
inductive componenl is connected to the
adaptor.
Contrary to wh ar is said under the heading
'Extensions', the reference inputs of the
DYM are connected to the pole of Sib and
ground, while the 'normal' DVM inputs
are connected to the resistor to be mea-
sured.



MULTI-PURPOSE Z80 CARD

PART 2: CONSTRUCTION AND TEST

Following last month's
description of the system
structure and the circuit
diagram, this second and
last instalment looks at
building and testing the
card.

Design by A. Riet jens

Test routines in 8105

The eard can be tested with the aid of a num-
ber of routines contained in the BIOS.These
test routines are called automatica.lly when
only the BIOS is present. However, they may
also be run when an application program is
executed that starts up the card. All that is re-
quired to eall the tests is to keep a key
pressed while the system starts. The way in
which the application is caJJed offers the
possibility to change the 1/0 routines (to a
certain extent) for your own use. This is so
because tWQ routines contained in the appli-
cation EPROM are called when the system
starts: the first before, and the second, after,
the test routines. For example, the first rou-
tine may set up a key code translation table
for the IR rcceiver, which may be verified via
the keyboard test routine. The second rou-
tine then contains the application proper.

Software support
The diskette available for Ws project
(MSDOS 360 KByte 51J4-inch; order code

ELEKTOR ELECTRONICS JUNE 1992

Fig. 7. There is nothing mysterious about
fitting an IOC connector on to a flatcable. As
shown here, a small vise does the trick. For
IOC plugs, make sure that the pins are tem-
porarily inserted into a few pieces of strip-
board.

1711) contains examples that demonstrate
the practical use of some of the software fea-
tures discussed earlier. Among the examples
are the things you have to put in an EPROM
to enable it to be identified by the BIOS, and
a software 'hock' that adds a routine to the
10-ms interrupt of Timer 3.
Also contained on the disk are the Turbo

Pascal procedures used to produce the basic
functions of the RS232 interface. After
switching on the card, the baud rate and
transmission Format are automatically set to
2400bit/s, 8 data bits, no parity, 1 stop bit.
The dlsk contains a file that enables

owners of an EPROM programmer to bum
their own BIOS EPROM. Those 01 you who
da not have an EPROM programmer may

SOFTWARE SUPPORT

The multi-purpose Z80 is supported
by the lollowing software:

• ESS 6111: a sei 01 !wo GALs
tor address decoding and
memory decoding;

• ESS 6121: one programmed
27128 EPROM conlainlng Ihe
BIOS;

ESS 1711: one 5V4-inch
360-KByle MSDOS diskette
conlaining Ihe lollowing files:

description 01 BIOS calls with
examples (lI necessary
depending on the routine's level
01complexity);
example of how the BIOS file
can be incorporated in your own
source code Iile;
description 01 the system
variables;
EPROM listing 01 the BIOS in
hexadecimal and binary format
assembly programming
examples 01 (1) a 'hook' and (2)
an EPROM definition for your
own application;
description of how 10 put Ihe
contents of !wo EPROMs into a
single 27256, so that 64 Kbyte
RAM may be used;
Pascal source code listing of
se rial port contral routines;
descriplion of Ihe serial
command set.

Prices and ordering details relevant
to these software items may be
found on Ihe Readers Services page
elsewhere in this issue.

obtain the BIOS EPROM through our
Readers Services as item 6121. The BlOS file
is also required when you wish to use
64 KBytes of RAM, since in that case the
BIOS and the application are both contained
in a single 27256 EPROM. How the two are
combined is explained on the diskette.

The souree eode (assembler file) 01 the
BIOS is not contained on the diskette; only a
list with call addresses is provided, and in-
structions for use.

Connections to the outside
world

Your own hardware experiments may be
connected to the Z80 card via flatcables. Care
should be taken to observe the polarity of the
IDC headers on the cables. and the box
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t I

3ii&:&uD
Fig. 8. The Hitachi lM092LN Lee is simple to connect via a 16-way flatcable with an IDG
plug at one side, and an loe socket at the other.

headers on the board. On both devices, pin 1
is usually marked by a small arrow. When
making the flatcables, make sure that pins 1
of the IDC sockets YOLIpress on eitherend go
to the same wire in the cable. Ta reduce cost,
one side of the flatcable can be fitted with a
connector for peB mounting. In this wayI
you save on the cost of a boxheader. The
PeB-mount JDe connector should, however,
be fitted at one side of the cable only (prefer-
ably not at the side of the Z80 card). In this
way, the Z80 card ia always available as a
kind of motherboard to which application
circuits can be connected as required. Use a
small vise to clamp the JDC sockets on to the
flatcable. T0 protect the pins of the pes con-
nectors, these are best inserted into two or
three stacked pieces of veroboard (see
Fig.7).

The components list contains a11connec-

LCD CONNECTIONS

K10 Display

1 GND VSS

2 +5V VDD

3 CONTRAST Vo

4 A1 RS

5 AO R/W

6 DISP E

7 DO DBO

8 D1 DB1

9 D2 DB2

10 D3 DB3

11 D4 DB4

12 D5 DB5

13 D6 DB6

14 D7 DB7

15 BL A(node)

16 GND C(athode)

Fig. 9. Pinning of K10 (l80 card) and the
LCD.lf necessary, the LCD back light may be
powered separately via flatcable wires 15
and 16 (see lexI).

tors and flatcables necessary for the applica-
tions implemented on the Z80 card. The
cables required are described below.

Liquid crystal display
The PCB connector for the LCD also pro-
vides the supply voltage for back-llghted
displays. The LCD type given in the parts list
is the easiest to use since it may be connected
via a 'stralght-througb' 16-way cable. One
end of a piece of 16-way f1atcable is fitted
with anormal IDC socket, and the other end
with an IDC plug for PCB mounttng (see
Eg. 8). As already rnentioned in last month's
instalment, almost any LCD with one or two
lines of up to 40 characters, with or without
beck-Iighting. may be used. Although the
pin functions of the LCDs seem to be stand-
ardised, the actual positions of the pins may
cliffer. The back light must be an LED (there
are also LCDs around that use a higher volt-
age for the back light). Depending on
whether current drive or voltage drive is re-
quired, resistor Rzi is calculated to pass the
required current .. or it is short-circuited. If
the back light is powered via two separate
connections instead of two wires in the flat-
cable, it is best to split wires 15 and 16 from
the flatcable, and sold er these directly
(wire 15 = BL = anode; wire 16 = ground =
cathode). The LCD connections are given in

RS232 CONNECTIONS

K11
D9-Connector
(female)

1 1

2 6

3 2

4 7

5 3

6 8

7 4

8 9

9 5

10

Fig. 10. Refer to this pinning overview in
case you are forced to use a solder type
9-way sub-D connector tor the RS232 link.

Fig. 9 for your reference. Whatever LCD
type you US€, make sure you have at least the
connection diagram!

RS232 cable
Pay attention when making the RS232 flat-
cable. The pi.nning of the PCB connector does
not correspond to that of a standard solder-
type 9-way female sub-D connector. Hcrc,
we suggest the use of an IDC-style sub-D
connector, i.e., one for flatcable mounting.
The other end of the 9-way flatcable is fitted
with a 1O-way IDC socket of which pin 10 is
not used. Those of you who wish to use a
solder-type sub-D connector may find the
connections listed in Hg. 10.

When the Z80 card is fitted in an enclo-
sure, the 9-way sub-D connector will nor-
mally be fitted on the rear panel, so that a
very short cable is required. A standard 9-to-
9 male-to-female RS232 cable is then used to
connect the Z80 system to a Pe. If you can
not obtain such a cable, you may have to
make one yourself from a length of flatcable
and two IDC connectors (see Fig. 11). Make
sure that pin 1 of the female connector goes

Fig. 11. A standard a-tc-a rnale-to-female RS232 cable is not ditficult to make trom a length
of flatcable and two IDC connectors.
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to pin 1 of the male connector.

Infra-red remote control
The RC-5 infra-red remote control receiver is
connected to the Z80 card via a length of 14-
way flatcable. One end of the cable is fitted
with an IDC socket, the other with an TIX:
rCB ccnnector (see Figs. 12 and 13). The IR
receiver module may be fitted on a front
panel, together with the LCD. lt is then best
mounted on a small aluminium plate, which
is secured to the rear side of the LCD. This
requires the connections to the LED and the
photodiode to be extended with wires to en-
able these components to be fitted on the
front panel (see Fig. 13).

Printer connection
There are two printer connections: a stand-
ard one, PRN, and another, PRN', for spe-
cific applications. Figures 14 and 15 illustrate
how the PRN connector is wired to a 25-way
fernale D connector, to which a standard
Centron.ics printer cable may be connected.

Battery backup
The memory backup battery may be either a
dry cell, a rechargeable battery, or a lithium
battery. Depending on the battery type used,
oneor twojumpers have to be fitted (Fig.16).

Make sure that the jumpers are correctly
fitted, because dry cells and lithium batteries
must never be charged. When a lithium ceU
is used, this must be shunted by a 3.3-MQ re-
sistor to compensate the leakage currents
that would otherwise cause the battery to be
charged. Although we could not measure
the charge current even at aresolution of
0.1 ~A, it could be shown that the lithium
battery on our prototype board was being
charged, hence the use of the shunt resistor
to prevent problems. The 3.3-MQ resistor is
best fitted at the solder side 01 the PCB.

The minimurrt and maximum battery
voltages are 2 V and 4 V respectively. When
the system is switched off the current con-
sumption 01 the RAM JCs is between 2 ~
and ä u.A.

Construction end test
The rCB designed for this project is remark-
ably compact, and fits in aRetex Type RE.4
enclosure. Although the track layouts of
both sides 01 the rCB are given in Fig. 17,
along with the componcnt mounting plan, it
is not recommended to make this peB your-
self mainly because 01 the high track density
and the large number of through contacts,

Before you start populating the board,
file away a small piece of peB material near
connector Kz. This allows the supply wires to
be bent away more eastly later.

The ICs are best fitted last. It is recom-
mended to use boxheaders in the connector
positions on the board. A boxheader is a pin
header with a plastic endosure around it. It
has a polarizing hole that prevents an IDC
socket being inserted the wrong way
around.H you have never seen a box header
before, look at the photographs in this and
last month's instalment. If the LeD men-
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Fig. 12. The IR receiver is hooked to the ZBOcard via a length ct ta-way lIatcable fitted
with an loe socket at one end, and an lDe plug (for peB mounting) at the other.

Fig. 13. Suggested mounting of the Intra-red receiver on a small piece of aluminium
secured to the rear of the lCO unit. The lEO and photodiode connections need to be extended
in this case to enable the opto components to be fitted on the front panel.

tioned in the parts list is used. fit a wire jum-
per in position R21.

First, connect the 280 card to a suitable
power supply, and check that the current
consumption is normal, i.e., a few milli-amps
(the rcs are not fitted as yet). Next, perform
the step-by-step test procedure given below.
Each time you switch on the card, keep an
eye on the current consumption, which is a
good indicator when something is erniss.
The typical current consumption of the 280
card with alI JC litted will be around
100 mA; about 150 mA with the PC-XT key-
board connected, and about 300 mA with the
keyboard and the back-lighted LCD con-
nected.

Do not forget to switch off the power sup-
ply in between the steps. lf the circuit does
not behave as described, check for errors
around the component(s) last firted.

1. Fit TClS, and use an oscilloscope to check
that the oscillator works (pin 6).

2. Fit the lollowing rcs and jumpers: rC4
(Z80B-CPU); JCBand JC9 (Z80 decoder 1 and
Z80 decoder 2; GALs; order code 6111), JC,9
(benkswitchingj.Il'i to)Ps at the ROM-select
side. Set the memory configuration to '0' by
fitting the 'ccn-D' jumper in position '0', and
the 'con-I' jumper in position '0' also.

3. Fit !Cl (EPROM ESS 6121, a type 27128),
and the LCD. Belore re-applying power,
temporarily connect the cathode of Ds to
ground, and set PI to mid-travel.

PRINTER CONNECTIONS

K9
025·Connector
(fern ale)

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

11 11

12 12

13 13

14 18 - 25

Fig. 14. Printer cable connections.

When power is applied, the Z80 runs a
RAM test. Si.nce there is no RAM as yet, he
result is negative, and the processor is
switched to the 'halt' status, whtch is re-
tained because no interrupts have been in-
itialized as yet. Thus, if the card works
correctly so far. the 'halt' LED must light.

The LeD is not yet initializd, but will in-
dicate an empty line and a black Une when
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Fig. 15. Centronics printer cable details.

correctly connected. If nothing shows on the
LCD, try to adjust the contrast by rurrung
preset PI. lf this does not werk, review the
LCD connections. If YOLIare using a back-
lighted LeD, concentrate on the LED eur-
rent. Measure the current consumption via
the jumper marked 'LCD' - typical values
are of the order of 120 mA to 150 mA. When
current drive is used, the value of R21 must
be determined by experiment. Fit jumper
'LCD' if you wish to have the back light on
permanen tly.

4. FIt IC3 (a 43256 32-KByte RAM), IC,
(Z80B-PIO), ICs (Z80B-CIe). jumper BZ,
IC,O (MAX690), a jumper on pins 4 and 5 01
K14; lR receiver and/ar keyboard. After ap-
plying power, the 'halt' LED will not light
permanently any more, which indicates that
the upper addresses (08000H to OFFFFH) in
the RAM are 'good' (by the way, the RAM
test is non-destructive. i.e., any data that was
present before running the test remains in-
tact and at the original location).

When this part of the RAM test is success-
fully completed, a copyright message is out-
put to LCD, inlorming you that 32 KBytes 01
memory have been found. Also, a beep
sounds to indicate that the 1/0 has been in-
itialised. Next, a second RAM test is run to
check for the presence of RAM in parallel
with the EPROM (10000H to 17FFFH). After
this test, a memory overview is shown. If no
additional memory is found, the 'halt' LED
lights briefly. If additional memory is found.
a second beep sounds. The parallel RAM

BATTERY JUMPER CONNECTIONS

Pin number (K14) 1 2 3 4 5

no battery 4-5

normal battery 3-4
Lithium battery 2-3
NiCd battery 1-2 3-4

1-:00 0L!aa

Fig. 16. Battery options and jumper set-
tings. Fig. 17a. Component side track layout (mirror image).
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Fig. 17b. Solder side track layout (mirror image).
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MULTI-PUR POSE Z80 CARD

configuration is allowed inmemory configu-
rations 1,2 and 3 only. Sinee we have setcon-
figuration '0' for the moment, no parallel
RAM will be found. so that the RAM test will
indicate 32 KByte, and only one beep
sounds.

At this point, the Z80 card is in a wait
cycle, which is left when a key is pressed on
the keyboard. Next, the screen is cleared, and
the system is in the display and keyboard
test procedure.
The system tests the LC displayas fol-

lows. Characters typed on the keyboard are
displayed in the top Iine of the LCD. Next,
the character is read back from the LCD, and
copied to the same position in line 2. When a
line is full, it is deared for a short period,
which results in the display flashing on and
off while a11 positions show the last typed
charaeter. In this way, the system tests the
read and write functions of the display.
When the ESC key is pressed, or the chan-

nel '1' key on the IR transmitter. the system
switches to the next test routine. The system
now responds to keyboard entries by beep-
ing when a key is pressed, and displaying
the charaeter on the LCD. This test allows
you to check that the keys work and produce
the right codes.

5. Fit IC12 (COM8lC17), and 1C13 (MAX232).
Before applying power, remove the wire be-
tween the eathode of 05 and ground, and set
P1 to mid-travel. The RS232 interface is
tested by connectlng it to itself connect RxO
to TxD, and CTS to RTS. This is readily done
by fitting two jumpers on the lO-way box
header: link pin 3 to 5, and pin 4 to pin 6.

After powering up, readjust P1. Skip the
first two tests by pressing the ESC key three
times. In this way, you enter the RS232 test
routine, which is basically the same as the
LCD test. Typed characters are sent and re-
ceived ('echoed') via the RS232 interface. [f

the jumpers are not fitted, you will only hear
beeps, and no characters wilJ appear on the
LCD.

6. Fit Icn (AD7569), and connect a lOO-kfl
potentiometer and a multimeter to Ki, as
shown in Fig. 18.

After powering up, step through the test
routines by pressing the ESC key until the A-
D 10-A test routine is reached. The voltage
reading on the multimeter must change pro-
portionally as you turn the potentiometer.
The voltage range is 0 V to 2.5 V when no
jumper is fitted on pins 1 and 3. lf the jumper
is fitted, the range is 0 V to 1.25 V (in which
case half of the travel of the potentiometer
'does nothing') .

7. Fit IC16 (74HCT574) and IC17 (74.HCT54l).
Press the ESC key as many times as necess-
ary to arrive at the printer test routine. The
message 'Test printer YIN' appears. If you
type 'Y', the Z80 card transmits three lines of
text to the printer. An error message is pro-
duced when the printer is not connected. If
everything is all right so far, the system
prints the text shown in Fig. 19. When the
system has finished printing the text, you are
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Fig. 17c. Component mounting plan.

.,

920002 -11 - 15

Fig. 18. ADCIDAC test circuit.

returned to the start of the test routine. This
a.llows you to run the test repeatedly, which
is useful when errors are to be eliminated.

8. Fit IC14 and Kts. Since the use of the exter-
nal buses EXTl and EXT is application-de-
pendent, no provision is made to test them.

That concludes the test procedure. Depend-
tng on the application of the Z80 card, you
may wish to fit it in an enclosure (as we did
~ see photographs), or build it into the en-
closure of an existing application. In either
case, flatcables are a good way to ensure a
well-finished product (Fig. 20), that is, a neat
looking unit without a wire mess inside. The
flatcables may be left relatively lang to en-
able them to be folded and tucked und er the
peB. Note, however, that Je socket pins can
cause problems by piercing the insulation of
the f1atcable wires when the peB is pressed
tao hard on the flatcable. These problems
may be avoided by cutting the protruding
parts of the Ie socket pins with pliers. Even
better, do this before soldering the pins: fit
the Ie socket, and secure it by soldering two
diagonally located corner pins only. Next,
cut the other pins to the minimurrt length.
Soldering will then not present problems in
any case because the reB is through-plated.

Practical use
Having constructed the Z80 card, you are
ready to concentrate on applications. Unless
you have a fuUy working application pro-
gram in EPROM, you will need an EPROM
simulator and a Z80 assembler to be able to
develop software. Suitable assemblers are,
for instance, the X80 and X280 from
2500 A.D. Software Inc., 109 Brookdale Ave,
Box 480, Buena Vista, CO 81211, U.S.A.
If you expect to exchange EPROMs fre-

quently, it is worthwhile to invest in a ZIF
socket. Do not solder this straight on to the
board, but use two or three stacked, normal,
sockets in between. This has the advantage
of being able to unplug the ZIF socket later,
and use it in another circuit (removing an Ie
socket from a double-sided board is fairly
difficult).
The description of the BIaS on the disk

supplied for this project is sufficiently de-
tailed to use the file, or parts of it, in YOUf
own source code. In many cases, the infor-
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COMPONENTS LIST

Resistors: 1 Z80B-CTC IC5 2 Pce-rnount push-button S1;S2
1 5-way 10kn SIL array R1 2 Z80B-PIO IC6;IC7 1 3-V lithium battery with
12 10k!! R2;R3;R4;R10; 1 16V8GAL connectiing wires, e.q.,

R11;R12;R14; (Z80 decoder- 1) •• IC8 Varta CR 1/2 AA 950 mAh
R18-R20;R23;R24 16V8GAL (no. 6127), or Varta CR 1/4 AA

3 1kn R5;R6;R9 (Z80 decoder-2) •• IC9 360 mAh (no. 6147) BaU1
1 12kn R7 1 MAX690 IC10 Quartz crystal 5.0688 MHz X1
1 47kn R8 1 A07569 IC11 Active buzzer SV Bz1
1 100kn R13 1 COM81C17 IC12 1 50-pin strip for jumpers
1 330n R15 1 MAX232 IC13 15 Jumper
2 2kn2 R16;R17 2 74HCT245 IC14;IC15 1 Hea1-sink tor IC20 and IC21,

1 4Q70.5W R21 1 74HCT574 IC16 e.g. SK59/37.5 SA

1 470n R22 1 74HCT541 IC17 LCD 2x40 characters with

1 10kn preset V P1 1 74HCT04 IC18 back light (e.g. Hitachi LM092LN)

1 74HCT74 IC19 1 Enclosure, e.g., Retex RE.4

Capacitors: 2 7805 IC20;IC21 1 10-way 10C socket (RS232)

2 68pF C1;C2 2 9-way female sub-D flatcable

5 1O~F 16V radial C3-C7 • this EPROM is available ready-pro- connector (RS232)

17 100nF C10-C1 3;C15-C27 grammed: order code ESS6121. 9-way male sub-D flatcable

1 220~F 16V radial C14 .. these GALs are available as a ready-pro- connector (RS232)

grammed set: order cooe ESS6111. 16-way 10C plug (LCO)

Semlconductors:
16-way 10C sockst (LCO)

2 LED red 3mm 01;04 Miscellaneous: 25-way sub-D socket for panel

1 BAT85 02 1 6-way peS-mount mounting (PRN)

1 1N4001 03 OIN socket (240') K1 2 14-way IOC socket (PRN and Remote)

1 5V6 Q.4W zener diode 05 2-way pes terminal block; 1 14-way IOC plug (Remote)

8S170 T1;T2;T5 pitch5mm K2 1 Printed circuit board 920002
3

BC557B 2 10-way boxheader K3;K11 1 Diskette ESS 1711
1 T3
1 BC547B T4 5 14-way boxheader K4;K5;K6; Approx. 2.5m (8 ft.) flatcable with 30 wires

K9;K9' min.
1 27128 EPROM (810S ')

or27256 IC1 2 20-way boxheader K7;K8

27128 EPROM 1 16-way boxheader K10 Options:

or43256 RAM 1 5-way =ca mount DIN 1 RC-5 infra-red receiver (Ref. 2; 910137)

(depends on application) IC2 socket (180') K12 1 Infra-red transmitter Policom IRC301

43256 RAM IC3 50-way boxheader K13 1 PC-XT keyboard

Z80B-CPU IC4 5-way SIL pin header K14 1 mains adapter 9-15V @lA

»»»»»»»> ELEKTOR PRINT TEST ««««««««<
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz

1234567890 !@#$%'&* ( 1_+ -= [ I {1 ; , ; " , . / <>? \ '-

Fig. 19. Printer test text.

Fig. 21. Holes in the side panel give ready
access to sockets Kl and K12, and preset Pl

mation contained on the disk, together with
the variables and the associated addresses
set up by the ~IOS,will prove extremely use-
fuI to write a program quickly and effi-
ciently.

Talking 01 luture applications, the pres-
ent Z80 card will form the 'brains' of an ad-
vanced photographic slide control system to
be described in a forthcoming issue of Elektor
Eiec/ronics. The system, called DiA V (for
Digital Audio/Visual), is capable 01 control-
ling up to 16 slide projectors. Note that the
GALs and the EPROM required for the
DiAVcontroller are not the same as the ones
used here, and order codes will be published

Fig. 20. Folded flatcabJes give a neat impression and add considerably to a 'professional in due course. The DiAV requires a 32-KByte
look'. RAM (43256) to be fitted on the Z80 card .•
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Fig. 15. Centronics printer cable details.

correctly connected. If nothing shows on the
LCD, try to adjust the contrast by turning
preset Pi. If this does not work, review the
LCD connections. If you are using a back-
lighted LCD, concentrate on the LED cur-
rent. Measure the current consumption via
the jumper marked 'LCD' - typical values
are of the order of 120mA to 150mA. When
current drive is used, the value of R21must
be determined by experiment. Fit jumper
'LCD' if you wish to have the back light on
permanently.

4. Fit 10 (a 43256 32-KByte RAM), 10
(Z80B-PIO), ICs (Z80B-CTC), jumper BZ,
IOD (MAX690), a jumper on pins 4 and 5 of
K14;IR receiver and/or keyboard. After ap-
plying power, the 'halt' LED will not light
permanently any more, which indicates that
the upper addresses (08000H to OFFFFH) in
the RAM are 'good' (by the way, the RAM
testis non-destructive, i.e., any data thatwas
present before running the test remains in-
tact and at the originallocation).
When this part of the RAM test is success-

fully completed, a copyright message is out-
put to LCD, informing you that 32 KBytes of
memory have been found. Also, a beep
sounds to indicate that the 1/0 has been in-
. itialised. Next, a second RAM test is run to
check for the presence of RAM in parallel
with the EPROM (10000H to 17FFFH). After
this test, a memory overview is shown. If no
additional memory is found, the 'halt' LED
lights briefly. If additional memory is found,
a second beep sounds. The parallel RAM

BATTERV JUMPER CONNECTIONS

Pin number (K14) 1 2 3 4 5

no battery 4-5

normal battery 3-4
Lithium battery 2-3
NiCd battery 1- 2 3-4

1-:00 0L!DD

Fig. 16. Battery options and jumper set-
tings. Fig. 17a. Component side track layout (mirror image).
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Fig. 17b. Solder side track layout (mirror image).
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configuration is allowed in memory configu-
rations 1, 2 and 3 only. Since we have set con-
figuration '0' for the moment, no parallel
RAM will be found, so that the RAM test will
indicate 32 KByte, and only one beep
sounds.
At this point, the Z80 card is in a wait

cycle, which is left when a key is pressed on
the keyboard. Next, the screen is cleared, and
the system is in the displayand keyboard
test procedure.
The system tests the LC displayas fol-

lows. Characters typed on the keyboard are
displayed in the top line of the LCD. Next,
the character is read back from the LeD, and
copied to the same position in line 2.When a
line is full, it is deared for a short period,
which results in the display fIashing on and
off while all positions show the last typed
character. In this way, the system tests the
read and write functions of the display.
When the ESC key is pressed, or the chan-

nel '1' key on the IR transmitter, the system
switches to the next test routine. The system
now responds to keyboard entries by beep-
ing when a key is pressed, and displaying
the character on the LCD. This test allows
you to check that the keys work and produce
the right codes.

5. Fit IC12(COM8IC17), and IC13(MAX232).
Before applying power, remove the wire be-
tween the cathode of Ds and ground, and set
PI to mid-travel. The RS232 interface is
tested by connecting it to itself: connect RxD
to TxD, and CTS to RTS. This is readily done
by fitting two jumpers on the lO-way box
header: link pin 3 to 5, and pin 4 to pin 6.
After powering up, readjust PI. Skip the

first two tests by pressing the ESC key three .
times. In this way, you enter the RS232 test
routine, which is basically the same as the
LCD test. Typed characters are sent and re-
ceived ('echoed') via the RS232 interface. If
the jumpers are not fitted, you will only hear
beeps, and no characters will appear on the
LCD.

6. Fit ICn (AD7569), and connect a 100-kQ
potentiometer and a multimeter to KI, as
shown in Fig. 18.
After powering up, step through the test

routines by pressing the ESC key until the A-
D/D-A test routine is reached. The voltage
reading on the multimeter must change pro-
portionally as you turn the potentiometer.
The voltage range is 0 V to 2.5 V when no
jumper is fitted on pins 1 and 3. If the jumper
is fitted, the range is 0 V to 1.25 V (in which
case half of the travel of the potentiometer
'does nothing').

7. Fit 106(74HCT574) and 107(74HCT54I).
Press the ESC key as many times as necess-
ary to arrive at the printer test routine. The
message 'Test printer YIN' appears. If you
type 'Y', the Z80 card transmits three lines of
text to the printer. An error message is pro-
duced when the printer is not connected. If
everything is a11 right so far, the system
prints the text shown in Fig. 19. When the
system has finished printing the text, you are
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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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ANAL YSER 111 - A REVIEW

ANALOGUE circuit design
is traditionally difficult be-

cause all designs have to be
tested to confirm that they work
as desired. Even more difficult
is the ability to conduct the
sheer infinite number of tests
over the full frequency spec-
trum that the design is intended
to work over, Furthermore, the
time spent on building bread-
boarded prototypes to conduct
the tests on is preuy expensive
in most cases. Olle way to cut on
development costs is to use a
computer simulation of the de-
sign, and analyse its perform-
ance in theory before anything
is built. Fortunately, computer
programs to da this have de-
scended from 'higher spheres'
LO a level where one encounters
the intrepid hobbyist.
Analyser III is a fast, ad-

vanced and easy to use Linear
Analogue Circuit Analysis pro-
gram. The package allows elec-
tranic designs to be tested
without soldering a single component and,
often more important, without the need for
expensive test equipment. The circuit de-
sign can be tested on a pe and modifica-
tions made until the circuit functions as
required all without using a soldering iron
in anger, cr blowing up any expensive de-
vices.
The system is ideal for the analysis of

filters, amplifiers, eross-over networks,
wideband amplifiers, aerial matehing net-
works, radio and TV IF amplifiers, chro-
minance filters, linear integrated circuits,
etc. Analyser III also has advantages over
physical test equipment in that it allows
analysis over a frequency range from
0.001 Hz 10 999 GHz, showing gain,
phase, group delay, and input and output
impedanees.

by Mike Wooding G6IQM

composed,
A netlist is a file of connec-

tions between the various com-
ponents within the circuit, their
values and any other associated
parameters, such as small-signal
gain (Me) or transition frequency
(fl), for example, for abipolar
transistor. The libraries supplied
within Analyser lli contain
ready-made netlist outlines for
many basic circuit structures and
various popular bipolar and FET
transistors, opamps, etc.

After the eomprehensive
chapter dealing with netlist edi-
ring and produetion, the next sec-
tion in the manuaJ tackles the
actual operation of the analyser.
To begin with, you need to seleet
the input and output connections.
Next, Analyser III calculates and
displays the frequency and phase
response curves of the circuit. In-
itially, the display defaults to a
frequency range of I kHz to
I MHz, but this range, and any
other of the display parameters,

can be changed simply by a few cJicks of
the mouse button or keyboard presses,
whieh are explained in detail in the next
section of the manual.
The 'Grand Tour' then eontinues with

the various different displayed parameters
available, such as group delay, vector se-
lection, scaling the various plots, including
offsets in the analysis, using the display
grids and tabulating the results.
The rernaining seetions of the user ma-

nual deal with printing out the plots, con-
verring circuits to single eomponents for
inclusion in more complex circuits (e.g.,
using the notch filter in the feedback loop
of an amplifier) and adding thern as library
entries, using the libraries, custornising
Analyser HI to your exaet requirements,
using the DOS browser and, finally, a list
of the built-in library component entries is
given.ANALYSER III

Analyser 111 is a linear analogue circuit
analyser program that runs on
PC/XT/ ATI286/386/ or 486 computers
running under MS-DOS 3.0 or later (also
DR-DOS 5 and 6) and with either EGA or
VGA graphics, preferably colour. The
rninirnurn RAM requirement 15
512 Kbytes, and tbe software is supplied
on both 5.25" and 3.5" format floppy disks.

Like almost any cireuit analysis pro-
gram, Analyser II keeps a high proportion
of its ternporary data on disk during oper-
ation. Consequently, when using a floppy

only based rnachine, Analyser 1lI will be
very sluggish.

The program also supports the use of a
mouse, although the software is easy to use
via the keyboard, and a choice of either 9
01' 24-pin dot-marrix printers or HP Laser-
jet TIprinters.

The user manual
The comprehensive user manual is pack-
aged in an A5 ring binder, which allows the
easy insertion of upgrade instructions, per-
sonal nores, erc., and follows the weil es-
tablished pattern of Number One Systems'
program documentation (see photograph).
The first few pages of the manual deal with
an overview of Analyser Ill, the installa-
tion and running oF the program.

The next secti on in the manual is called
'First lmpressions' and gives an outline of
the screen presentations and some of the
basic corrunands used to manipulate these
screens and move around in them. Once the
user is familiar with these basic COITI-

mands, it' s on to the nex t section, 'The
Grand Tour'.

'The Grand Tour' comprises the greater
part of the user manual and takes the user
through a step-by-step simulation; from
entering the initial design netlist to the
final proven cireuit. To assist with the in-
struction, a predesigned simple passive
twin 'T' noteh fllter circuit is used as a
practical example, from which a netlist is

The analyser
Onee a cireuit netlist has been created and
the input, outpur and ground connections
established, Analyser llJ simulates the cir-
cuit operation and displays on the screen a
plot of the frequency and phase versus gain
such as one would see displayed on a cir-
cuit analyser OI spectrum analyser, but
only after the circuit had been built.
The "tilde" key (-) will trigger a prin-

tout of tbe current screen (including any
menus, etc.) in 'extra' dot-rnatrix, Laserjet
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or GEM format, as defined in the Configu-
ration menu.
The display screen is divided into three

main areas. The top cf the screen contains
the main menu, showing Analyser Ul' s
top-level commands, with the currently ac-
tive mode highlighted. The program de-
faults to the analyser mode on start-up. The
other müdes are:

Configuration
Libraries

Customises Analyser III
Maintains Component
libraries
Manipulates Files and
Directories
Help (on-line help
information)
Leave Analyser III

!DOS

FI

Quit

Also shown in the menu area are the file
name of the circuit currently being ana-
Iysed, the frequency limits of the analysis,
the number of steps in the analysis and
whether the scales are logarithmic or li-
near.

Configuration:
This command selects a set of menus
which allow the default parameters for
Analyser 1TI to be set according to the
user's choice. The default search paths for
files, the time and date format, etc., can all
be preset by the user, and the configuration
saved.

Libraries:
The library command allows the various li-
braries to be scanned and manipulated.

!DOS:
Selecting this command displays a menu of
basic DOS commands wh ich are available
for use without leaving Analyser W. Also
selectable is a DOS Shell. which allows
you to exit Analyser III to the DOS
prompt, but without losing any data cur-
rently held in Analyser lll. Quitting the
DOS Shell returns you to Analyser Ill,
exactly where you left it.

Fl (HELP) and QUIT are self-explana-
tory.
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The main area of the screen is devoted to
the analyser display with the moveable
cursor.
At the bottom of the screen is a sub-

menu of cantrol commands for the differ-
ent plots, a display of the relative level of
the plot and the scaling factor for the Y
axis.
With Analyser lU the only limitation to

the frequency range of the analysis is that
it lies within the limits 0.001 Hz to
999 GHz! In other words, just about any
circuit that you eare to analyse ean be ac-
commodated within Analyser lll's capa-
bilities. Having spent most of my working
life in electronic test laboratories, f think I
can safely say that Ido not know of any cir-
cuit or spectrum analysis equipment that
will directly look at frequencies much
above 100 GHz, let alone 999 GHz! The
usual way LO perform such tests is to down-
convert the final signal befare conven-
tional display analysis, and that system has
all sorts of inherent inaccuracies present.
Also, it would have to be 'normalised' to
eliminate the effects that the down-conver-
sion has on the display. Finally, the circuit
has to be prototyped and built before such
analysis can take place.

The libraries
As I mentioned earlier, there are inbuilt li-
braries in Analyser 1Il, which make the
creating of netlists much quicker. The Ii-
braries are:

1, PRIM.ALB: a Iibrary of all the basic de-
vice models.

2. DEVICE.ALB: this library contains a
selection of 'real' device models. All the
components in this Iibrary are made up
from the primitive elements In the
PRIM.ALB library with the appropriate
parameters set. As there are many thou-
sands of different devices, and every en-
gineer has his/her particular favourites, this
library is really intended as a set of
exarnples to help the user create his/her
own personal set of Iibraries.
After building up netlists for a circuit,

and subsequently naming the component

type being used, Analyser III responds by
reading the pin and parameter information
from the library for the device. All you
have to do is enter the various connection
details.
Circuit blocks previously designed and

tested can be added to the libraries, which
is very useful ifyou require a particular cir-
cuit, or part of a circuit, more than onee.

Conclusions
After having familiarised myself a little
with the concept of a netlisr, l successfully
ereated the one for the example circuit.
Following the instructions [ then con-
nected my inputs and outputs, and Ana-
Iyser III analysed the circuit and presented
the plots on the screen.
It soon become evident to me that the

facilities available are quite extensive.
Using conventional circuit and spectrum
analysers often as [ do, [ can imagine that
in a development environment Analyser III
would be far more ideal. The fact that a de-
sign eircuit does not actually have to be
built would be one great advantage. That,
coupled with the ability of Analyser III to
analyse the circuit over as wide a fre-
quency spectrum as you like, plus the
ability to change devices in the circuit for
re-analysis, could prove a great boon to cir-
cuit designers.
I can heartiJy recommend Analyser II to

anyone engaged in linearcircuit design and
testing work. This software enables a de-
signer to test a circuit idealJy up to the pro-
duetion stage, without even raising a
soldering iron in anger and committing any
devices to the breadboard, or dustbin! _

I wisb to thank Mr. Espin aod the staff of
Number One Systems Limited for their
help and advice, and for the review soft-
ware.

ANAL YSER !TI is priced at f195.00 +
p&p + VAT and is available frorn: Number
One Systems, Harding Way, SI. Ives,
Huntingdon, Cambs PEI7 4WR, England.
Telephone: (0480) 61778. Fax: (0480)
494042.



8051/8032 ASSEMBLER COURSE

PART4: FLAGS, BITADDRESSING, PSW, CONDITIONAL
JUMPS, LOGIC OPERATORS
By Dr. M. Ohsmann

in this instalment of the course we will
deepen our knowledge ofthe 8051 instruc-
tian set, and also get to grips with the con-
cept of bit addressing. The new
instructions allow programs to be written
with 'real world' applications such as the
control of a small servo motor in a model
boat, and outputring an analogue voltage.
Both applications make use of the hard-
ware extensions described in last month's
instalment.

Flags and bit addressing
It is often required far a program to wait far
a certain signal to change state, which is
called a condition. Such a conditional sig-
nal may be supplied by an extern al source,
for instance, the output of a comparator,
which is connected to an input port line. Jt
may, however, also be internal, i.e., a bit or
a flag, for instance, bit 3 in the accumulator
(written as ACC.3). The 8051 family of
microcontrollers affer a number of instruc-
tions for bit addressing and logic bit man-
ipulation (for instance, an OR function)
that allow bit states (0 or I) to be evaluated
in a simple way.
The microcontrollers in the 8051 series

can address 256 bits in the range OOOHto
OFFH. As with direct addressing. the func-
tion of the addresses smaller than or equal
to 127 is different from those greater than
127. The addresses from 0 up to and in-
cluding 127 are used to address bits in the
internal RAM. Bit address 0 corresponds
to bit 0 oftbe byte at address 20H in the in-
ternal RAM. Likewise, bit address 127
corresponds to bit 7 of the byte at address
2FH in the internal RAM. Hence, the
16 bytes 20H to 2FH of the internal RAM
store bits 0 to 127 (see Fig. 5 in part I of
the course).
Bit addresses 128 to 255 enable bits in

the special function registers (SFRs) to be
addressed. The effective bit address is the
sum of the SFR address and the bit number
to be addressed. Thus, bit address OE3H is
used to address bit 3 in the accumulator
(SFR OEOH). The assembler used during
this course does all the adding autornat-
ically if you use the so-called point nota-

Bits {flagsJ in program status word {PSW}

carry (overflow) flag, bit accumulator C
aux. flag for BCD applications
available for general applications
selects z-eqi.et er bank; bit RSI
selects register bank; bit RSO
overflow flag
available for general applications
parity in accumulator

Cy PSW.7 Carry Flag
AC PSW.6 Auxiliary Carry
FO PSW.5 FLAGO
RSI PSW ..; Reg. bank select
RSO Psw.3 Reg. bank select
OV PSW.2 Overflow

Psw.1
p ese.» Parity

Register bank selection

RSI RSO Regi5ter bank
0 0 0
0 1 1
1 0 2
1 1 3

Addre55e5
OOH
08H
lOH -
18H -

in internal
07H
OFH
17H
IFH

RAM

910109-4-11

Fig. 13. Function of the flags contained in the PSW (program status word).

tion, which means that a point is inserted
between the SFR and the bit number. For
example:

Note, however, that this requires an EQU
statement for the accurnulator SFR address
to be assigned to constant 'ACC'.
Only those SFRs whose address ends

with three '0' bits are bit addressable; these
are the SFRs marked with an asterisk (*) in
Fig, 8 (see part 2).

JB ACC.3,THERE ;jump to THERE
when Accu bit 3
is set

Instructions that change flags

MNENOMIC C OV AC

ADD x x x
ADDC x x x
SUBB x x x
MUL 0 x
DIV 0 x
DA x
RRC x
RLC x
SETB C 1
CLR C 0
CPL C x
ANL C,bit x
ANL C,/bit x
ORL C,bit x
ORL C,/bit x
MOV C,bit x
CNJE x

x = flag changed
1 = flag set
o = flag reset
/bit = inverted bit corobined

Note: flags also changed by writing to SFR address ODOH.

910109-4-12

Fig. 14. Overview of MCS51 instructions that change the flags in the PSW.
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Program status word (PSW)

The prograrns status word, PSW, is stored
at SFR address ODOH in the 8051. The
PSW contains bits (flags) that indieate, for
instance, whether or not a carry has ocurred
as a result of a subtraction. This informa-
tion is stored in bit 7, and can be accessed
via bit address PSW.7. This bit, wh ich is
also ealled the C-Flag, ean be addressed via
many bit manipulation instructions. Since
it contains tbe result of logic bit combina-
tion operations (OR, AND and NOT), the
C-flag thus forms a kind of one-bit accu-
mulator for bit manipulation.
The parity bit, PSW.O, is set when the

accurnulator contains an odd number of
ones. The flags OY (PSW.2) and AC
(PSW.6) have eheeking funetions when
signed numbers (e.g., BCD numbers) are
used. Bits 3 and 4 in the PSW allow the
programmer to detennine wh ich register
bank is addressed. Sinee only bank 0 is
used during this course, these bits should
not be ehanged. Bits land 5 are free for
general use and may be sei and interro-
gated as required.
Figure 13 shows an overview of the bit

functions and identificaLions, and Fig. 14 a
list of instructions that change the flags in
the PSW.

Conditional jumps
Conditional jurnp instructions are used to
perform certain functions in a program, de-
pending on the state of certain extemal sig-
nals or occurrences. The conditional jump
is made when the relevant condition set up
by the instruction is fulfilled. If the condi-
tion is not fulfilled, the program simply
continues with the next instruction. Practi-
cal examples of the use of conditional
jumps may be found in XAMPLE06.AS I
and XAMPLE07.A51 on your course disk.
The respective list files are given in
Figs. 20 and 21. The microcontrollers in
the MCS-51 series offer the following eon-
ditional jump instructions:

JZ addr ;jump to addr if
accueü

JC addr ;jump to addr if
earry flag (PSW.7)
is set

JE bit,addr ;jump to addr if bit
at bit address is I

JBC bit,addr ;as JE, but elear bit

The first three of these instructions are also
available in the form of a negative condi-
tion, marked by a preeeding 'N'.
Conditional jumps are 'short' jumps,

i.e., tbey ean be used for an address dif-
ferenee within the range +127 to -128
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JOIN THE COURSE!

What you need to follow this course:

• a 803218052AH-BASIC single
board computer as described in
Elektor Electronics May 1991.
The prelerred CPU is a 8051 or
80C32. Alternatively, any other
MCS52-based microcontroller
system (but read part 1 01 the
course);

• a course diskette (IBM: order
code ESS 1661; Atari: order
code ESS 1681) containing
programming examples, hex lile
conversion utilities, and an
assembler;

• a monitor EPROM (order code
ESS 6091);

• an IBM PC or compatible
operating under MS-DOS, or an
Atari ST with a monochrome
display.

Appeared so tar:
Part 1: Introduction (February 1992)
Part 2: First 8051 instruetions (March

1992)
Part 3: Hardware extensions for

80C32 SBC (April 1992)

(refer back 10 'SJMP' in part 2). Beeause
of this, it may be necessary to conditionally
jump to a 'long jump' instruction.

Compare instruction
The 'eompare' instruction of the 8051
takes the form of a eonditional jump:

CNJEop I ,op2,address ;jump to address if
op I is not eq ual
to op2

The operands that may be used are given in
the instruction set overview. This instruc-
tion is particularly useful to direct the pro-
gram flow depending on whether a certain

805t/8032ASSEMBLER COURSE - PART 4

register contains a predetermined value.

Count instruction DJNZ
Wherever program Joops are used, and the
number of iterations is between 1 and 255,
the eommand

DJNZRn,rel

may be used. The DJNZ instruetion firsr
decreases the contents of the ind.icated reg-
ister by one. Next, acheck is made to see if
the register eontent is nought. If not, the
program continues with the instruction at
the indicated jump address, 'rei'; else, the
next instruction is fetched. As shown in the
instruction set overview, it is possible to
use a directly addressable byte instead of a
register.
For a practical example of the use ofthe

DJNZ iostruction, refer to XAMPLE06 on
your course disk. This iUustrates how a
time delay is created. First, a register is
loaded with a value that indieates the
length of the delay. Next, a few 'idle' eom-
mands are executed before the loop is
started again with the DJNZ instruetion.
The value loaded into register R I deter-
mines how many times the loop frorn
line 29 to line 33 is repeated. Sinee eaeh of
the instruetions inside the loop takes 10 I1s
to eomplete (see the 'T' eolumn in the .LST
file), the loop 'W AlT' ereates a delay of
about 10 times RI mieroseeonds. Not
exaetIy IORI I1s, beeause time taken by the
ACALL, RET, CLR and SETB instruc-
tions should be added. These inerease the
actual pulse length by about 5 I1s.

Logic combinations
The MCS-51 mieroeontrollers offer the
following instructions to perform logic
combinations: OR, AND and XR (exciu-
sive OR). The logie eombination eom-
prises all bits of both operands. They are:

ANL target,souree ;target replaeed by
(target AND
source)
;target replaeed by
(target OR source)
;target replaeed by
(target XOR
source)

ORL target,souree

XRL target,source

Again, the possible operands (souree and
target) are taken from the instruction set
overview. Assuming, for instance, that the
accumulator contains the value

1001011iB ~ 97H ~ 151,

and register RO the value
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j j 1I0010B = F2H = 242,

the logic operators give the following re-
sults:

Instruction ANLA,RO ORLA,RO

A berore:

RO berore:

10010111
11110010

10010111
11110010

A afterwards: 10010010 11110111

The ANL instruction may be used, for in-
stance, to reset (clear) certain bits in a byte,
without chan ging the others. Likewise, the
ORL instruction is used to set certain bits.
The setring Of resetting of certain bits in a
byte is called masking. This technique is
used, for example, to check if one of the
birs 0, I 2, or 7 in the accumulator is set, as
shown in the programming example

ANL A,#IOOOOII j ;mask birs 7,2, I
and 0
;A not 0 when one
of these bits is set

JNZ set

The operation of the related instructions

CLRA
CPL A

;c1ear accumulator
;invert bits in ac-
cumulator

speaks Ior itself.

Bit manipulation instructions
The bit manipulation instructions

CLR bit-operand
SETB bit-operand
CPL bit-operand
ANL C,bit-operand

;c1ear bit
;set bit
.invert bit
;C replaeed by
CCAND bit)
;C replaced by
CCOR bit)
;bit replaced by C
;C replaced by bit

ORL Cebit-operand

MOV bit,operand,C
MOV C,bit-operand

allow single-bit manipulalions to be car-
ried out on bytes. Their usage is similar to
that of the logie manipulations. The C-bit
(bit 7 in the PSW) is used as a result regis-
ter. The bit manipulations are often used to
set or reset single bits, for instance, of an
output port, without affeeting the state of
the others.

Testing a servo motor

ate pulses to control a servo motor that
operates the rudder in a remotely control-
led model boat. Fig. IS shows the timing of
the pulses involved. As you can see, it is re-
quired that the pro gram generates 'short'

XRL A,RO

pulses of 800 us when push-button 'A' is
pressed, aod 'long' pulses of 1600 us when
push-button 'B' is pressed. These pulse
lengths result in the rudder being turned to
the left and the right respectively. To keep
the rudder fixed in the centre position (i.e.,
to make the boat sail straight on), the pro-
gram generates pulses with a length of
1200 us. The pulses are separated by 10-
ms lang pauses.
For this example application we make

use of the hardware extensions described
in last month's instalment, Push-buttons
'A' and 'B' are realized with the aid of

10010111
11110010

01100101

Key B pressed Key A pressed

1200I-lS
-+- +-

1600l-lS
--. +-

800\Js
-+-

-ll~-----Il~----~n~------
: Right I LeI!
, long pulse : shorl pulse

I I
I+- I
I I
I I 910109-4-13

I
I
I
I-II
mid-way

Pause
apprcx. 10ms

Fig. 15. Pulses used to control a small servo motor.

PORT P1

P1.0 I--'+-+-l

8051

[>
p1.6!=L'-I---I---j
P1.71-..2B-I---I---j

--n-- -- P1.0 = 0
......J L-- P1.0=1

BlT 6

BIT,

READ
OCOOOH ® ®

short [ong

----~~---------..-----
80C32SBC extension board

910109- 4-14

The function of the program given in the
assembly file XAMPL06.AS I is to gener- Fig. 16. Signat flow in the putse generator.
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SeI porlPl

'0
111111118

Ke.ys stahlS
10LEDs

00

shorl

Rl:= 80

pu"'"

seI PI.O
000

WAIT waUlor
end 01 pulse

pulse ends

910109-4_15

Fig. 17. Flow dia gram of the pulse gener-
ator program.

switches S2 and S3 respectively. The status
of these keys ean be interrogated via ad-
dress OCOOOH(access to memory mapped
110 in extern al RAM). The pulses are to be
output via pin 4 of tbe MfDI socket, K5.
This requires jumper JP3 to be set to posi-
tion 'B'. Because of inverter IC4c on the
extension board, a '0' sent to port P 1.0 re-
sults in a 'high' level at socket K5. The
simplified system diagram is shown in
Fig. 16, and the flow diagram of the control
prograrn in Fig. l7. The lisung ofthe actual
assembly-Ianguage contral program is
given in Fig. 20.
After the initialisation of port PI, the

program enters a endless loop at label
'NEW'. First, the status of the keys is read
and indicated on the LEDs conneeted to
port PI. The ORL instruction in line J4 en-
sures that the pulse output bit, P 1.0, re-
mains 'one'. Lines 16 and 17 illustrate the
use of the conditional jump instructions
discussed above. Here, the JNB instruction
is used in combination with bit-addressing
of the accumulator to deterrnine the status
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of the push-buttons, If push-button 'A' is
pressed, bit 7 in the aceumulator has a '0',
wh ich sets up a condition evaluated by
line 16.
Depending on whieh push-button is

pressed, the vaIue written iuto register R I
indieates the length of the individual pulse.
In line 23, the output bit, PLO, is set to '0'.
This causes the MIDI ourput to go high
(positive), and the pulse starts.
The subroutine 'W AIT' ealled in

line 24 provides the delay that determines
the pulse length. When the required time
has elapsed, the pulse is ended with the aid
of the instruction in line 25. The previously
discussed bit rnanipulation instructions are
used to set and reset the outpur bits.
Next, a pause of about 10 ms is created

by calling subroutine 'PAUSE'. When the
pause has elapsed, the program jumps LO
'NEW', and starts again.

8·bil
databus
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The two timing Joops in the program
(one for the 'mark' time and one for the
'space' time) are implemented with the aid
of the DJNZ instruction.
lf you da not have a servo, ir is, of

course, possible to test the program by con-
necting pin 4 of K5 to an oscilloscope. A
small modification will enable the program
ro be used as a simple sound generator. All
that is required is to change line 36 into

MOVR2,#1

and change bit P l.O into bit P U in lines 23
and 25. This causes the loudspeaker (con-
neeted to PU) to produce asound of
whieh the frequency depends on the push-
button pressed.
It goes without saying that the above

changes to the program can be taken fur-
ther by those or you who want to generate

R·2R network
forms Q·A converler-------~---

.... Analogue

., output

f1 Analogue
Y input

Bit 7 'R
WRITE
OCOOOH

SIlO
+

Comparator

<J

Bit6

~t7

l' 153

READ
OCOODH

0 ® 910109- 4 - 16

Laich

Fig. 18. Basic connection of the D-A converter to the BOC32stnqle-board computer.
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Set
D·A vetue
10128

NEW

send
D-A vatue
loDAC

yes

wall
Sm,

'0

Comparator
outputs
on lEDs

'0

fncrease
D-A vatue

KeyA
pressed?

can not
be decreased

ollerllow!
Q-A velue
=01 y"

y"
D·A vatue
=o?

decrease
D-A vatue

'0

D-A velue = 255

910109-4 -17

Fig. 19. Flow diagram of the D-A converter output routine.

signals with a specific pulse length or pulse
order. The first step towards a program-
mable pulse generator has been taken.

Counting
The following instructions are available to
count wirhin the range of one byte, i.e.,
from 0 to 255:

[NC Byte-operand ;increment byte
by I
;decrease byte
by 1
.increase 16-bit
DPTR by I

DEC Byte-operand

!NC DPTR

As usual, the byte-operands that may be
used are given in the instruction set over-
view in part 2. The TNC and DEC instruc-
tions do not change any of the flags,
including the carry flag. lncreasing the
value 255 results in 0, and decreasing 0 re-
sults in 255. A simple application of the
DEC and !NC instructions may be found in
XAMPL07.
The TNCDPTR instruction is often used

to implernent successive addressing of
tables in the pro gram or data memory.

Testingthe D-A converter
Fig. 18 shows the functional diagram of
the digital-to-analogue (D-A) converter on
the extension board. The output voltage of
the R-2R ladder network is buffered at the
analogue output, and also fed to the -input
of three comparators (the diagram shows
only one of these). This set-up allows the

Below: One of our readers, Mr. W. Otten of
Germany, sent us this photograph of his
remote-controlled model truck 'loaded' with
an 80C32 SBC, batteries and a number of
horne-made extension cards.
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•••••• LISTING
LINE LOC OBJ
1 0000
2 0000
3 0000
4 0000
5 0000
6 0000
1 0000
8 0000
9 0000
10 0000
11 4100 7'> 90 Ff
12 4103 90 cc 00
13 4106 EO
14 4107 44 OF
15 4109 ss 90
16 410B 30 E7 07
17 410E 30 E6 08
18 4111 7978
19 4113 80 06
20 411'> 79 '>0
21 4117 80 02
224119 79 AC
23 411B C2 90
24 4110 31 25
25 Ull'" 02 90
26 4121 31 30
27 4123 BO OE
28 4125
29 4125 AF EO
30 4127 AI'" EO
31 4129 Af EO
32 412B AF EO
33 4120 D9 1'"6
34 4121'" 22
35 4130
36 4130 7A OA
37 4132 79 64
38 4134 31 25
39 4136 DA FA
40 4138 22
41 4139
42 4139

ACC
normal
KEYa
PAUSE

Of EASM51 (XA.MPLE06) •••• , •
T SOURCE

••• ~ •• FILE XAMPLE06 A51

ACC
ei
KEYS
shart
normal
10ng

eov
'ou
sou,ou
,ou
ecu

OEOH
090H
OeODQIi
BQ
iae
163

SFR address of accumulator
SFR PORTI address ~ 0901i
keys address in external data MEM
short pulse 800 microsec.
normal pulse loeo microsec.
10ng pulse 1600 microsec.

program to run from 4100H
all port bits - 1
keys address
eeec keys tb i t e 4,5,6,7)
set bd t s 0,1,2,3 to 1
LEDs eOLrespond to keys. Pl.0~1
key A ~ short pulse
key B - long pulse
1'10 key, normal pulse
do pulse
different length

different length
Pl.O goes low, MIDI goes high
wait for pulse length IRl)
end pulse
10 milliseeonds pause
and another round

subrout~ne Rl'lO microsec
2 microsec. each
get timing right

Rl times 10 eycles of 1 microsee.
end of subrout1ne

10 m.llliseeonds
equals 10'100'10 mieroseconds
wait 1000 microsec. here
eonitinue outer loop
End of sub routine

short : 0050
NEW :4103
WA!!' :H25

910109418

l2i
l2i
121
Ili
Ili
121
12]
l1i
121
11]
12]
111
11]
121
11]
l2i
121

ORG HOOH
MOV Pl,fll111111B
MOV OP'l'R, iKEYS
MOVX A,@DPTR
ORL "',10000I111B
MOV PI,'"
JNB Ace. 1,KEYa
JNB ACC.6,KEYb
MOV Rl, 'normal
SJMP PULSE
MOV Rl, 'short
SJMP PULSE
MOV R1, 110ng
CLR PI. 0
ACALL WAlT
SETB Pl.0
ACALL PAUSE
SJMP NEW

Fig. 20. This program, contained on your diskette as XAMPLE06.A51, gene rates pulses 10r
the control 01a small servo motor.

START
N"

KEYa

KEYb
PULSE

121 WAIT MO' R7, ACC
121 MO' Rl,ACe
121 MO' R7,ACC
121 MO' R7,ACC
12] OJNZ RI,WAlT
121 ""
Ili PAUSE M'" R2, UO
u r PAUSEl MO' Rl,llOO
121 ACALL WAIT
12] DJNZ R2, PAUSE1
I'i Re,

SYMBOLTAßLE
: OOEO
: 0078
: 4115
: 4130

'N'symbols I
; 0090
; OOAO
; 4119
: 4132

KEYS ;COOO
START :4100
PULSE: 411B

•••••• LISTING of EASM51 (XAMPLE071 ••••••
LI NE LOC OBJ T SOURCE
1 0000 ...... FILE XAMPLE07.A51
2 0000
3 0000
4 0000
5 0000
6 0000
7 0000
B 0000
9 0000
10 0000
11 0000
12 4100 75 50
13 4103
14 4103 90 co
15 4106 ES 50
16 410B FO
1741099000
18 410C 31 32
19 410E 90 co
20 4111 EO
21 4112 C4
22 4113 1'"5 90
23 4115 EO
24 4116 30 E7
25 4119 30 E6
26 4l1C BO ES
27 411E ES 50
28 4120 60 EI
29 4122 14
30 4123 FS 50
31 4125 BO DC
32 4127 ES so
33 4129 04
34 412A 70 02
35 41lC 74 FF
36 412E FS 50
37 4130 80 01
38 4132
39 4132
40 4132
41 4132
42 4132
43 4132 75 30 21 [2) TIME
44 4135 02 02 00 (2)
45 4138

ACC
DA VALU
-KEYb

MON

get compa~ators into bits 0,1,2
awap bits 0-3 with bits 4-7
send to LEDs
get key status
key A pI"essed ?, ,
no key pressed, run again
va Iue muSt be lowered
may be nought. then do nothing
lower
and st c r e new value into internal RA!
start again
fetch v<llue from internal RAM
.ioc r ee se
okilY when not 0
otherwise it was and is 255
stOI"e new v ...Lue
and again

; the usual.
MONITOR command, DPTR millisecs delay
MONITOR command memory Loeatien
MONITOR jump address

'""long
l(EYb

PAUSEI

ACC EQU
PI EQU
KEYS EQU
DA_ADDR EQU

OEOH
090H
OCOOOH
OCOOOH

SFR address of accumulator
SFR PORTI Addtess K 090H
keys address in external data MEM.
DA~cOnverter ilddress

RAM definition:!
ee ee eve 1 byte a t, addres3 SOH
i. a . abeve loe. occupied by EMON51
program to run from 4100H

address of DA-converteI"
get current villue into
send tO DA-converter
wait 5 millisec!l

accu

DA AODR ;COOO
-KEYa : 41lE

COMMAND: 0030

910109+19

, RAA
OA_VALU EQU 050H

80 "i
00 "i

111
121

05 I"
I"

00 "i
"i
11]
IIJ
i2i

05 12]
08 "i

"i
111
i2i
l1i
11]
"i
11i
11i
"i
Ili
111
12]

ORG HOOH
START MOV DA VALU, fl28
NEW EQU S-

MOV DPTR, tDA AODR
MOV A, DA VALU
MOVX @DPTR,A
MOV DPTR,'5
ACALL TIME
MOV DPTR, fKEYS
MOVX A, (iDPTR
SWAP A
MOV Pl,A
MOVX A, (!DPTR
JNB ACC. 7, KEYa
JNB ACC.6,KEYb
SJMP NEW
MOV A, DA VALU
JZ NEW -
DEC A
MQV DA VALU,A
SJMP NEW
MOV A, DA VALU
INC A -

JNZ IS OK
MOV A,1255

IS_OK MOV DA VALU,A
SJMP NEW

; MONITOR INTERFACE
ccLTlME EQU 021H
COMMAND EQU 0 3 0 H
MON EQU 0200H

Fig. 21. list file 01 XAMPLE07, a program that turns the 80C32 SBC into a programmable
voltage source.

KEY"

MO'
LJMP

'"'(14 symbols)
Pl : 0090

START :4100
IS ox : 412E
TIME ·4132

COMMAND,'ccLTIME
MON

SYMBOLTABLE
:OOEO
: 0050
; 4127
; 0200

KEYS .cooc
NEW :4103

eeLTIME : 0021
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output voltage of the DAC to be cornpared
to the voltage applied to inputs I, 2 or 3.
The function of program XAMPLE07 is as
foUows: generate an output voltage that
can be increased or decreased by pressing
push-button 'A' or 'B' respectively. In ad-
dition, show the status of the comparator
outputs on the three LEDs.
Sununarizing, the proposed system

allows us to program an output voltage,
and find out if this is greater or smaller than
the voltages at the three cornparator inputs.
The flow diagram of the program we

have in mind is given in Fig. 19. The as-
sembly language program (Fig. 21) has a
couple of insrructions that rnay be new lO

you. Also, internal RAM addressing is
used for the first time. Let us have a look at
the listing in Fig. 21. The current value of
the voltage is stored at address 050H in the
internal RAM. This address is assigned the
label 'DA_ VALU' in line 9. When the pro-
gram starts, the voltage is set to 128 in
line 12. In the loop that starts with the label
'NEW', DA_ VALU, i.e, the value at 050H,
is sent to the DAC (lines 14, 15 and 16).
Next, the program waits 5 ms before send-
ing the comparator outpur signals to the
LEDs (lines 19 to 22). Lines 23, 24 and 25
serve to check if a key is pressed. lf so, the
program jumps to the corresponding sub-
routine, which causes DA_ VALU to be in-
creased (lines 32 to 36) or decreased (Iines
27 to 31). In each subroutine provision is
made to prevent the minimum value being
decreased, and the maximum value being
increased.

Assignment
On the basis of what you have learned so
far, combine XAMPLE06 and
XAMPLE07 is such a way that the position
of the rudder (i.e., the length of the pulses
generated by XAMPLE06) can be control-
led with the push-buttons, just like the out-
put voltage in XAMPLE07.
You mayaIso have a go at outputring a

sawtooth via the DAC, or any other wave-
form you find interesting. This will quickly
take you to a level where you will start
writing your own assembly language rou-
tines, however simple to start with.

Next time: the fifth instalrnent of the course
will address the remaining arithrnetical in-
structions. Based on that information, we
will tackle methods of implementing
simple calculations with the aid ofthe 8051
(calculations are often required to process
measured values). Part 5 will also intro-
duce some programming techniques, in-
cluding those required for receiving and
transmitting (MIDI) data via the serial in-
terface, 0
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ELEMENTSOF PASSIVE ELECTRONIC COMPONENTS

PART2: THE IRON-CORED TRANSFORMER

THE iron-cored powertransfonner is usu-
ally looked on as simply a device for

raising or lowering the voltage of an alter-
nating supply, with acorrespondingdecrease
or increase in the current. but there 15more
to its functions in life than this simplistic view
suggests. The transformer is an electromag-
netic energy converter, whose operation i5 ex-
plainable in terms of the behaviourof a mag-
netic circuit excited by an alternating or
chan ging current. As such, a brief review of
its operational behaviour as a passive elec-
tronic component, is justified.
Faraday, in his experiments into mutual in-

duction, wh ich were described in the first part
of this short series, used an iron-cored trans-
former that differed in construction from the
toroidal forms we have today in nothing but
possibly the technology of the core mate-
rial. Essentially, in the construction of any
trans forrner, there are two insulated windings
wound upon a closed magnetic circuir of
low reluctance: one winding is referred to
as the primary (or input) coil, and the other
as the secondary (or output) coil. In prac-
tice, there may be a number of output coils,
but this does not affect the basic operational
principles of the rransforrner. For clarity,
Fig. 1 illustrates the input and output wind-
ings as being on separate lirnbs of the mag-
netic circuit, but however they are disposed,
both windings are assumed to be linked by
the same magnetic tlux.
There isno direct connection between input

and outpur. the transformer isolates one cir-
cuitfrom theother while allowing an exchange
of energy between them. In addition, the
transformer may be used to trans form not only
voltage and current, but also impedance,
which enables the transferofmaximum power
through impedance matching. Further, since

92005&-2-11

Fig. 1. Sehematie representation of transformer
operation.

by Steve Knigbt, B.Sc.

only alternating orchanging current are trans-
formed, the output circuit can be isolated from
direct-current components in the input sig-
nal. All of these functions can be performed
with high efficiency and precision.
For power applications, the frequeney

range of operation is in general 50-800 Hz,
but special design refinements make the
iron-eored transformer of value over the
audio range of 20 Hz to 25 kHz.

Voltage transformation
Because of the relatively large number of
primary turns and the presence of the closed
magnetic eircuit, the self-inductanee of the
primary coil of a commonplace power trans-
former is large; and beeause of the tightness
of the coupling between primary and sec-
ondary, the coils have a high mutual induc-
tance, When the prirnary coil is connected
to an altemating supply, the transformer will
simply exhibit the characteristics of an iron-
cored inductors. A eurrent will flow and an
altematingflux will beestablished in thecore,
a high proportion ofwhich will link with the
turns of the secondary. A~ e.m.f. of mutual
induction will be set up in the secondary
and, if the secondary circuit is completed
through an externalload, a current will flow
in the load. Energy is, therefore, transferred
from the input ro the outpur cireuit entirely
by way of the rnagnetic coupling.
Assurning for the moment that we have a

near-ideal component, the levels of the pri-
mary and seeondary indueed voltages, eJ
and ez respectively, will be proportional to
the number of turns in the respective wind-
ings, since all the f1ux set up by the primary
can be assumed to link with the secondary and
is changing at the same rate, dqidt, for both
windings.
For a sinusoidal variation in the core flux

ofthe form tjJ= 1'1' IsinWl,the induced e.m.f.s
are, from Faraday's law:

and

where T) and T2 are the turns in the primary
and secondary winding respectively, and E)
and E2 are the r.m.s. values ofthe sinusoidal
e.lTI.f.s. Hence,

demonstrates that the ratio of the indueed
e.m.f.s is equal to the turns ratio, n.. For u> I,
the transformer is a step-up, for uc l , it is a

step-down. These terms areapplied to the volt-
age transformation ratio.

In practical transformers, the terminal
voltages, designated V, differ slightly frorn
the indueed e.m.f.s owing to the presenee of
effeetual internal resistance in both the pri-
mary and the seeondary coil; the terminal vol t-
age ratio is, therefore, not the sameas the turns
ratio, but the difference can be considered
as negligible for most applications.

The unloaded transformer
We have noted thar when the seeondary ter-
minals of a transformet are open-circuit, the
primary winding behaves as a large induc-
tive impedance, through wh ich a small no-
load current, 10, will flow that lags the ap-
plied voltage, V)o by an angle eo, wh ich will
be close to 90°. A component of this current
will set up an altemating in-phase f1ux I/J in
thecore thatin turn produces primary and sec-
ondarye.m.f.s, E) and E2. Therewill bea hys-
teresis loss in the eore when the flux is es-
tablished and this loss will appear as heat,
unaffected by the laruination of the core
wh ich is designed to reduce the other loss
eomponent, eddy currents. The no-load eur-
rent, 10' must, therefore, eontain an iran-Ioss
eornponent in addition to the true magnetiz-
ing component, Im·
The phasordiagram for the unloaded trans-

former is shown in Fig. 2, where I/> is taken
as the reference phasor since it is common
to the primary and secondary circuits. lgnoring
the small difference between the applied
voltage, Vt. and the primary induced e.m.f.,
E)o the latterwill be in anti-phase with the for-

_______ 10
,
I
I
I

to=:==----l~'-.. CI>
Im

v2= E2= - E,N
920058-2·t2

Fig. 2. Phasor diagram of the unloaded trans-
former.
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mer. Further, the altemating flux that links
with the primary turns and induces a back-
e.m.f, of -EI volts also links with the sec-
ondary; consequently, there is induced in
the secondary an e.m.f. E2 that is in phase
with the primary back-e.m.f. For a transfor-
mation ration of n, therefore, E2=-Eln.
The two components of 10 are losin80 in

phase witb the flux, which is the magnetiz-
ing current 'm' a purely reactive component
that is just sufficient to establish the tlux;
and the toss component, Iw=/ocos80 in phase
with lheapplied voltage. This component sup-
plies the iron losses.
Under no-load conditions, the 10R cop-

per loss is very small and the overall losses
are found in the iron cireuit, so that 10 is al-
most equal to Im. Strictly, the magnetizing
current is not sinusoidal for a sinusoidal
input, since the B-H magnetizing curve for
the core material is non-linear, but for srnall
Im the phasor representation is perfectly
valid.
What is important to appreciate atthis stage

is that, since the induced primary e.m.f. rnusr
depend on the magnitude of the altemating
flux, it foUows that this magnitude is deter-
mined solely by the magnitude of the ap-
plied primaryvoltage. Therefore, if VI iscon-
stant, t/J is constant. This has two important
consequences: t/J must remain constant irre-
spective of any other currents that may be
caused to flow in either the primary or the
secondary winding when the transformer is
loaded; and, on fullioad, the core flux is the
same as on no load, so that lhe full-Ioad iron
Josses are identical to the no-load iron Jasses.
Wh at does increase with loading are the PR
copper losses in both windings. II can be
demonstrated that the efficiency ofthe rrans-
former is a rnaximum when the copper losses
are equaJ to the iran lasses.

The loaded conditions
In Fig. 3, the secondary terminals of the
transforrner are connected to a load that, as
an ex am pie, is assumed to be a positive
impedance (the most common circumstance).
fgnoring the cop per lasses, the secondary ter-
minal voltage, V2, will be identical to the
secondary induced e.m.f., E2, and lhe prirnary
applied voltage, VI, will be equal to, and in
anu-phase with, the induced (back-)e.m.f.
in lhe primary winding.
The induced secondary e.m.f., E2, will

cause acurrent, h, toflow through impedance
Z2· This current will lag E2 by an angle 0.,

V,=-E, I Z2

92005&-2·'3

Fig.3.Transformeroperation witha complexsec-
ondary load.
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E21--
2- Z2

Fig.4. Phasor diagramofthe loadedtransformer.

and will attempt to create a flux of its own
in the trans former core. 1t is here that the
constancy of the flux, rp, rnust be taken into
account, since there has been no voltage
change in VI. Same action must, therefore,
take place to neutralize the effect of the sec-
ondary load current on the eore flux; what
happens is that a primary current flows of
such a magnitude and phase the the effect of
the secondary current is nullified. The de-
magnetizing magnetomotive force, rn.m.f.,
'2 T2 ampere-turns, is neutralized, in effect,
by an additional prirnary current that in-
creases the primary m.m.f. to IIT]= /2T2
ampere-turns. Current 11' is known as the
balancing current and must, therefore, be 1800
out of phase with 12 and of such a magni-
tude that the total effective resultant flux in-
troduced by the two currents is zero. This
implies that the new effectual m.rn.f. must
equal the rn.m.f. caused by Im alone, or,

so that,

or,

Notice that the current ratio 12//1 '= I/n. This
accords with the well-known factthat a trans-
former converts a high-voltage, srnaLl-cur-
rent power into a low-voltage, high-current
one, and vice versa,
The phasor diagram for the loaded trans-

former under discussion is given in Fig. 4.
For convenience and clarity, n is taken as l .
The total primary current, I], is the phasor
sum of the no-load current, 1o, and the bal-
ancing current, '1 ',lagging the primary volt-
age by an angle 0.,. In practice, I]' is much
larger than 1o, and 11' and I] can be looked
on as being equat in magnitude. Angle 81

by which the secondary currenr 1ags the sec-
ondary e.rn.f. is then practically equal to
B:2.Thismeans that the power factoris roughly
the same for both the primary and the sec-
ondary winding and that the transformer
does not to any great extent alter the phase
relationship between current and voltage,
Because, in practice, S2 is always slightly
greater than Sj, the use of a transformer
tends to decrease the overall power factor
of a system.

Impedance transformation
When the primary current increases owing
to the applicalion of a secondary load, the
primary impedance effectually falls. There
is c1early a relationship between the load
impedance and that seen at the prirnary ter-
rninals when such a load is connected.
In Fig. 5, suppose the secondary load

impedance 10 be Z2; the secondary e.m. f.
will then be E]II volts and the secondary
current will be E]n/Z2' The primary balanc-
ing current will consequently be n(EII1/Z2)=
=E]n2/Z2 and this will equal the primary
current if the magnetizing eurrent is small.
Therefore, 1]=E]n2/q and E]I I] =Z2/,,2. Thus,
sineeEI/I]=Z], the impedanceseen at the pri-
mary terminals is Z]=~/n2.
Fora step-up turns ratio, 2] will be smaller

than Z2; for a step-down ration, ZI will be
largerthan 22. Jmpedanceis, therefore, trans-
ferred across the transformer from secondary
to primary and is increased or decreased
(from the primary viewpoint) according as
the turns ratio, Il, is (looking from the sec-
ondary side) up or down respectively.
The impedance matehing abilities of a

transformer have little relevance in power
transformers, but are of importance in audio-
frequency transformers.

Audio-frequency transformers
When a transformer is designed for a range
of frequencies, unlike power trans formers
that are made for a single frequency, the
equivalent circuit that the transformer pre-
senrs to the input system is often quite dif-
ferent at one end of the range from what it is
at the other. Ifa reasonably uniform response
over, say, the audio-frequency range is de-
sired, the trans forrner, including interstage
types, output types, input matehing devices,
and so on, requires eareful design consider-
ations. In a practical trans former, there are a
number of lasses that may be represented as

Z2

92005&-2-15

Fig. 5. The transformer used an impedan ce
transfer device.



TEST & MEASUREMENT
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L;

R; L

Fig. 6. Deriving the equivalent 01a transformer model with losses isolated Irom an ideal deviee.

extra components added to the external cir-
cuits of an otherwise 'ideal' transformer, as
illustrated in Fig. 6. The copper losses are
shown as external resistances, R 1 and R2. in
the primary and secondary circuits respect-
ively; hysteresis and eddy current lasses are
represented by a parallel primary resistance,
Ri; f1ux leakages by series inductors L, and
L2; and the self-capacitances of the wind-
ings as parallel capacitors C, and C2. At
power frequencies, the self-capacitances
and the leakage inductances are not particu-
larly important.
By transferring the secondary lass corn-

ponents to the primary circuit, the equiva-

lent model becomes as shown in Fig. 6(b),
where Re' the total copper loss, = R,+R2In2;
the total leakage inductance, Li=L,+Lzln2;
and the total effective winding capacitance
Cw=C,+C2n2. There is also L, the effective
primary inductance with the secondary on
open-circuit, such that V\/wL gives the mag-
netizing current. The remaining ideal trans-
former is then a cornponent without the im-
perfections of the real device.
What happens to this model when it is used

over the audio-frequency range? At very
low frequencies, the input impedance will ap-
proximate that shown in Fig. 7, where the
series inductance Li is negleeted along with

Li

, ,,

~ ~L
..J.;w Cw

L V ~ V

~

,
:

920058-2-17

Fig. 7. The simplified audio-frequency model.

920058-2-16

the shunt resistance and the winding capac-
itance, Cw. Hence, the ratio of the terminal
voltage, V" and the effective primary voll-
age V will be smalI, so the output voltage,
V2,will be small. At some mid-frequency in
the range, the transferred load resistance,
22/,,2, will be very much larger than the re-
sistanee of L; and there will be a tendency
for C; and L to resonate, so making the ratio
V21V, approach n. At high frequencies, the
shunt capacitance. Cw• has a low reactance
relative to that of Li and becomes dominant.
This means that the response falls relatively
rapidly.
The high-frequency response can be ex-

tended by sectionalized windings to reduce
the self-capaeitances and by getting Lheres-
onant condition to fall in the upper third of
the range. In the same way, the low-fre-
quency fall-off can be curbed by rnaintain-
ing a high primary inductance (often achieved
by barring direct currents from the winding)
and by keeping the winding resistances small,
though there is a conflict of requirements here.
The choice of eore material and thin lami-
nations or ferrite is also important. •

Next moruh. 's final instalntetü of this short
se ries will deal with. the capacitor.

SCIENCE & TECHNOLOGY
MEDICAL LASER TECHNOLOGY

THE application of lasers in medicine is
all about the interaction of photons of

radiation with tissue. It is the ability to pre-
cisely deli ver such energy at sufficiently
high continuous power levels or in the form
of discrete pulses of energy that has led to
thesignificantuseof such systems inmedicine.
This use has largely come about as a spin-off
of technology originating in industrial and
military applications.
The human body can be considered to be

an A1addin's cave of diverse types of tissue:
musele, fat, bone, cartilage, and so on. Con-

by Douglas Clarkson

ventional surgical procedures have evolved
from using the scalpel, surgical diathermy,
saws, drill and ultrasonic fragmentator sys-
tems to cut through the various types of tis-
sue. Each ofthe various disciplines of surgery
tends to develop standard techniques for its
various procedures. Table 1 gives abrief
'snapshot' of the various surgical proce-
dures associated with a range of surgical
specialities.
The medical laser is finding particular

application in areas where it allows specific
procedures to be undertaken with reduced pa-

tient stay in hospital and incidence of com-
plications,

Degree of 'unique' role of
laser systems
lt is important, also, to appreciate the de-
gree of 'uniqueness' of laser technology in
medicine. This factor can range from the
one extreme of 'entirely unique', where the
laser is the only way to undertake the proce-
dure to 'non unique', where several alterna-
tives areavailable. One such 'entirely unique'
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the primary and secondary circuits respect-
ively; hysteresis and eddy current lasses are
represented by a parallel primary resistance,
Ri; f1ux leakages by series inductors L, and
L2; and the self-capacitances of the wind-
ings as parallel capacitors C, and C2. At
power frequencies, the self-capacitances
and the leakage inductances are not particu-
larly important.
By transferring the secondary lass corn-

ponents to the primary circuit, the equiva-

lent model becomes as shown in Fig. 6(b),
where Re' the total copper loss, = R,+R2In2;
the total leakage inductance, Li=L,+Lzln2;
and the total effective winding capacitance
Cw=C,+C2n2. There is also L, the effective
primary inductance with the secondary on
open-circuit, such that V\/wL gives the mag-
netizing current. The remaining ideal trans-
former is then a cornponent without the im-
perfections of the real device.
What happens to this model when it is used
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proximate that shown in Fig. 7, where the
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the shunt resistance and the winding capac-
itance, Cw. Hence, the ratio of the terminal
voltage, V" and the effective primary voll-
age V will be smalI, so the output voltage,
V2,will be small. At some mid-frequency in
the range, the transferred load resistance,
22/,,2, will be very much larger than the re-
sistanee of L; and there will be a tendency
for C; and L to resonate, so making the ratio
V21V, approach n. At high frequencies, the
shunt capacitance. Cw• has a low reactance
relative to that of Li and becomes dominant.
This means that the response falls relatively
rapidly.
The high-frequency response can be ex-

tended by sectionalized windings to reduce
the self-capaeitances and by getting Lheres-
onant condition to fall in the upper third of
the range. In the same way, the low-fre-
quency fall-off can be curbed by rnaintain-
ing a high primary inductance (often achieved
by barring direct currents from the winding)
and by keeping the winding resistances small,
though there is a conflict of requirements here.
The choice of eore material and thin lami-
nations or ferrite is also important. •

Next moruh. 's final instalntetü of this short
se ries will deal with. the capacitor.
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MEDICAL LASER TECHNOLOGY

THE application of lasers in medicine is
all about the interaction of photons of

radiation with tissue. It is the ability to pre-
cisely deli ver such energy at sufficiently
high continuous power levels or in the form
of discrete pulses of energy that has led to
thesignificantuseof such systems inmedicine.
This use has largely come about as a spin-off
of technology originating in industrial and
military applications.
The human body can be considered to be

an A1addin's cave of diverse types of tissue:
musele, fat, bone, cartilage, and so on. Con-

by Douglas Clarkson

ventional surgical procedures have evolved
from using the scalpel, surgical diathermy,
saws, drill and ultrasonic fragmentator sys-
tems to cut through the various types of tis-
sue. Each ofthe various disciplines of surgery
tends to develop standard techniques for its
various procedures. Table 1 gives abrief
'snapshot' of the various surgical proce-
dures associated with a range of surgical
specialities.
The medical laser is finding particular

application in areas where it allows specific
procedures to be undertaken with reduced pa-

tient stay in hospital and incidence of com-
plications,

Degree of 'unique' role of
laser systems
lt is important, also, to appreciate the de-
gree of 'uniqueness' of laser technology in
medicine. This factor can range from the
one extreme of 'entirely unique', where the
laser is the only way to undertake the proce-
dure to 'non unique', where several alterna-
tives areavailable. One such 'entirely unique'
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method relates to an application in opthal-
mology, where there is the requirernent to
bombard the retina with pulses of focused
radiation in orderto preserve its function, This
can be achieved by using an argon laser with
an appropriate pulsed delivery system.
This could be contrasted with the use of

a surgical laser to cut tissue during a general
surgical procedure. There may be no signif-
icant advantage over a general -purpose dia-
thermy system that 'cuts and coagulates'

Specialty Type of procedures

General surgery Removal of appendix
or gall bladder

Orthopsedies Hip replacernent:
fracture pinning

Opthalmology Cataractremoval; repair
retinal detachment

Neurology Removal braintumour;-
repair hremorrhage

Cardiology By-pass procedure:
va1ve replacement
angioplasty

Table 1. Types 01 general proeedures un-
dertaken as a lunetion 01 hospital spe-
eiality.

Fig. 1. Simplilied outline 01 the lour main
mechanisms by which lasers can inter~
aet with tissue.

partlally reflecting mlrror totally reflectlng mirror

I I
----
lasing medium

output
beam

AHHH
energy Input

Fig. 2. Basic element of a laser resonator:
the lasing medium receives energy from
an external source and stimulated emis-
sion of radiation is encouraged bythe mir-
ror resonator.

tissue by means of an arc of high-frequency
current established along the line of an inci-
sion. Where, however, extreme care and pre-
cision was necessary in thecuttingprocedure,
such as in the removal of a spinal tumour,
the use of an appropriate laser system would
be relevant as an 'entirely unique' solution.

Medical laser markets
In terms of size, the med.ical laser market is
very much the poor relation of industrial
and rnilitary laser systems. The technology
developed within these larger sectors has,
however, been readily 'transferned' to the med-
ical seetor where produets have been cus-
tomized by generally scaling down the power
and developing delivery systems appropri-
ate for clinical needs. Thus, most laser sys-
tems inuse in medicinehave their 'big brother
counterpart in industrial applications, A good
example of this is the carbon-dioxide laser,
which at kilowart power levels can be used
in industry to cut through thick steel plate
and at levels of tens of waus cut through tis-
sue in medical applications.

Tissueinteraction mechanisms
Figure I shows a simplified outline ofthe four
main mechanisms by which lasers can inter-
act with tissue, Several of these mechanisrns
are considered in detail.

Coagulationlthermal
At reasonably long inreraction times, the
dominant mechanism is thermal. The pre-
eise effects of such thermal processes de-
pend on the wavelength of the radiation and
the level of power intensity, For carbon-
dioxide-C02-lasers with a wavelength
of I0.6 um, energy is absorbed readily by
'f1eshy' tissue, so that the thermal effects tend
to be relatively localized. With Nd:YAG
(neodymium yttrium aluminium garnet) lasers,
however, with a wavelength of 1.06 um, the
emitted radiation penetrates further, so that
a deeper coagulating effect is produced than
with the carbon-dioxide system.
Thermal mechanisms are also employed

in treatments of the retina by argon lasers,
where pulses of laser energy are focused to
precise locations to preserve its viability. Ln
this case, pulses typically of 200 ms dura-
tion at power levels of 0.5 Ware used.

Vaporization
Where local power dcnsities are higher and
are achieved over shorter time intervals, the
higher temperatures reached will tend to
cause tissue to vaporize. This is because
conduction processes cannot operate suffi-
ciently fast to conduct away excess heat.
The actual transfer from coagulation effects
to vaporization effects is a gradual one. Thus,
when high power densities of a carbon-diox-
ide laser are incident on tissue, the tissue
surface will be raised to such a high value
that vaporization takes place and a smoke
plume is ernitted.
In most laser system, the transition between

coagulation and vaporization is underthe con-
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trol of the clinical operator in as much as it
is the powerdensity at the tissue interface that
is being controlled.
Thus, where, for example, the clinical

operator is directing a CO2 bearn on to tis-
sue, the effect on the tissue for a given out-
put power is both a function of the areas
over which the energy is directed and the time
during wh ich the energy is incident. Thus, the
treatment may be 'underdone' or 'overdone'
depending on the skill of the operator.

Photo-ablation
Where pulses of energy are delivered in
shorter and shorter time intervals, so-called
non-linearprocesses become important in de-
terrnining tissue interactions. Generally, en-
ergy is absorbed by a thin superficial tissue
layer with the possible occurrence of non-
thermal bond breaking. Fast thermal expan-
sion can lead to mechanical destruction of
the target. Pulses that perform in this way
are typically between 5 ns and I us dura-
tion. This is, for exarnple, the mechanism that
is used in the opthalrnic pulsed Nd:YAG sys-
tem where energy is dissipated in a very
small volume in a very short time interval.

Photo-disruption
Photo-disruption is in some ways a more
extreme case of photo-ablation in which the
very high field strengths developed in the
delivered beam result in ionization and plasma
forrnation. Shockwave generation can result
from such interactions. The optical systerns
required to deli ver such short pulses are, of
necessiry, more camp lex and expensive.

Range of medicallaser systems
These then are the main mechanisms by
which lasers can interact with tissue. In gen-
eral surgery applications, the emphasis is on
controlled cutting/coagulation of tissue. For
this, vaporization/coagulation rnechanisms
are sufficient. Various processes, such as the
removal of plaque in coronary arteries, ern-
ploying angioplasty techniques, use pulse en-
ergy to photo-ablate deposits. Photo-ablative!
photo-disruption techniques are used in opthal-
mology tocreate highly localized shock waves
to puncture, for exarnple, holes in the iris as
an out-patient treatment for glaucoma.
For each medical procedure dealing with

a specific set of tissue types, there will be an
appropriate means of laser interaction with
tissue to achieve the desired effect. The laser
of choice for that procedure will be one that
performs efficiently and alsocosteffectively.
The laser used in practice for an application
will not necessarily be one that provides the
'ideal' clinical result where ihe ideal laser is
considerably more expensive than the one
which is actually adopted. This is, for ex-
ample, true forthe emerging set of dental Iasers
where there is indication that wavelengths
around 350 nm are more effective in remov-
ing caries infection than those at the Nd: YAG
wavelength of 1.064 um which are actually
used in practice.
Table 2 outlines typical types of laser

used currently with indication of tissue in-
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teraction mode, wavelength, power/energy
levels and, where appropriate, pulse dura-
tion values. The broad rangeofwavelengths,
tissue interaction müdes, power level and
pulse energy levels provides a broad range
of options to the clinician.

Principles of laser systems
Figure 2 shows the basic diagram of a laser
systern. The key element of such a system is
that atorns or moleeules are raised in energy
to an 'excited' state. This ean be achieved
by collision of ions and electrons in an ion-
ized gas, or by thermal excitation of moleeules
of a gas. Also, atoms in solid-state materials
can be excited by, for instance, the outputfrom
a xenon flashlamp.
The atorns Of moleeules that are excited

can return to their base energy by two main
rnechanisms: spontaneous emission and stirn-
ulated ernission. The optical design of the
laser encourages the atoms or moleeules to
release their stored energy by stimulated
emission. This kind of emission takes place,
for example, when a photon interacts with
an excited atorn or moleeule, causing a pho-
ton 10 be released with identical wavelength
and phase.
The optics of the laser encourages light

to build up between two resonating mirrors.
While these can be completely flat, in prac-
tice, at least one is slightly convex. One mir-
ror is usually completely reflecuve, while
the other is partly transmitting, allowing
laser energy to 'escape' frorn the resonator
system.
Usually, the laser is powered essentially

in a continuous mode where the source of
excitation is applied continuously to the las-
ing medium. In some, the excitation is un-
dertaken by a single burst of flashlarnp en-
ergy and the laser is made to lase in a very
short time scale by the operring of an elec-
tronic shutter with a very short 'open' time:
in the region of a few nanoseconds.
There is increasing use of so-called diode

lasers where the excitation mode is that of

current flowing through the diode region.
While there is expectation about the erner-
gence of diodes with wavelengths in the
blue/greenlyellow range, so far, the short-
est wavelength commercially available* is
670 nm, a deep red colour. Such diodes have
not really displaced He-Ne lasers as airning
bearn devices, since the 613 nm emission of
the He-Ne laser is some 5 or 6 times more
visible to the human eye than the 670 nm
output of the diode, Blue/green diodes have
been demonstrated in the laboratory and one
day, perhaps, such diodes costing no more
than hundreds ofpounds will be widely avail-
able,

Specific laser systems
There is a broad range of efftciencies of the
lasing process. The argon laser has a low ef-
ficiency in the region of around 0.05%, whereas
the carbon-diode laser has a high efficiency:
of the order of 20%.
The low efficiency of the argon laser is a

result of the inefficiency in 'purnping up' a
population of excited ions to release their
energy by stimulated emission. A large part
of the released energy is in ultravieler radi-
ation that is notallowed to bettansmitred from
the laser generarion system owing to the op-
tical properties of the laser tube material.
In the laser power generation unit, use is

made of Brewster windows to improve the ef-
ficiency ofthe tube's lasing action, Theangle
at which the windows are slanted allows the
transmission of a significant fraction of the
incident radiation polarized in the vertical
plane of the tube CEvector). Without this
feature, the tube would have to be operated
at higher power levels in order for a set level
of output to be delivered by the tube systern.
Figure 3 shows the details of a typical Brewster
window and mirror resonator assembly.
The resonator of a C02 system is of a

simpler design than that of an argon ion laser.
In conventional systems, one side of the
laser resonator tube is evacuated to a low pres-
sure and a supply of gas introduced frorn the

Mode A. (um) Power Pulse
duration

CO2 CN General surgery 10.6 LOOW

Nd:YAG CN General surgery 1.06 IOOW

Argon C Retina! coagulation 0.54 5 W (max) 200 ms

Krypton C Retinal coagulation 0.63 lW (rnax) 200ms
(typ.)

Nd:YAG P Opthalmology 1.06 20m] 10 ns

Holmium P Orthoptedics 2.06 500mJ 100 ns
YAG

Excimer P Angioplasty 0.308 500mJ 20 ns
(XeCl)

Table 2. Types 01 laser and typieat elinieal uses.

opposite end. The gas is made to conduct
and ionize by the passage of a high-fre-
quency voltage between a pair of electrodes.
A water jacket removes excess heat gener-
ated. Thedesign of such a tube system is shown
inFig. 4. Because the C021aser is so efficient,
there is no need for Brewster windows (0 be
used to improve the efficiency of the laser
power generation system.
TheNd: YAG laserusesessentially the prin-

ciple of tlashlamp excitarion of asolid crys-
tal of Nd:YAG Usually, this crystal is posi-
tiooed at the focus of a parabolic ref1ectorthat
focuses the output from the flashlamp on to
the crystal element. Figure 5 shows details
of a specific Nd:YAG resonator. Light frorn
a xenon tlashlamp is used to pump aNd:YAg

'f'~{
....-~'_~ .-lW:>:ti...--c-t.r.dII ~ .-"""""'_._~ ..........,........... _J\tatoI_~ ...

Fig. 3. Details 01 a typieal Brewster win-
dow and mirror resonator assembly. The
Brewster windows are indicated c and d.
The laser resonator is lormed by the to-
tally ref1eeting mirror e and the partially
relleeting mirror b.

gas in,
mirror ~ water jacket r
-~"~~~____ ~ laser resonator .... mirror

l,

waterout

waterln

Fig. 4. Design 01atypieal CO2 system. Gas
is passed along the resonator spaee be-
tween eleetrodes (not shown) and ex-
cess heat is removed by a water jacket.

Fig. 5. Example 01 an Nd:YAG resonator
uni!. Lighlfroma xenon flashlamp is used
to pump an Nd:YAG erystal.
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Fig. 6.Outlineof argon laser system show-
ing the various delivery interfaces.

Fig. 7.A clinical argon laser, primarily used
for retinal photo-coagulation.

Fig. 8. A dual function CO2 Nd:YAG sur-
gical laser where the articulated arm can
deliver CO2 and Nd:YAG radiation simul-
taneously.
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crystal. Tbe 'enclosure' in wh ich the pump-
ing sysrem is housed is coated with a highly
reflective spluttered gold surface. The res-
onator section with the partially reflecring
mirror on the left, and the totally reflecting
mirror on the right, is morecompact than either
a CO2 system or an argon systern.

Delivery systems
The preferred primary element of a de1ivery
system is certainly an optical fibre.ln Nd:VAg
surgical systems, for instance, the power is
conveniently transmirted along fibres of be-
tween 200 and 500 J.llTI diameter. Typical
Nd:YAG systems merely use a polished fibre
end as the 'contact' with the treatment site.
Same systems use sapphire tips attached to
the end of an optieal fibre as the point of
contact with the tissue. The sapphire tip ab-
sorbs energy from the Nd: YAGbeam and pro-
vides the surgeon with a 'hot Lip'with which
to cut tbe tissue. The correct use of such tips
comes with clinical experience. The surgeon
runs the risk of vaporizing the sapphire tip if
power is applied to it and it is not in contact
with tissue and of tissue adhering to the tip
if it is not at a sufficientJy high temperature,
Specialist optical fibre elements of argon

laser systerns couple the output power from
the laser generation system to the slit lamp
wh ich in turn is used to treat the patient.
Argon lasers are usually configured to more
demanding technieal Iintits with, typically,
50 lJ.IT1 diameter optical fibres and require
invariably more service attention. Figure 6
indicates the typical delivery interfaces of
such an installation and Figure 7 shows a
typical clinicaI system.
The 10.6 J.llTI radiation ofthe carbon-diox-

ide laser, however, is heavily attenuated by
conventional optical fibres.While some promis-
ing results have been reported with the use
of hollow metal wave guides, most systems
use conventional articulated arm units that
comprise six or seven mirror elements. This
difficulty restricts the range of surgical pro-
cedures in which the CO2 radiarion can be
used successfully.
Figure 8 shows a surgical laser that in-

corporates both a CO2 resonator (upper hor-
izontal section) with articulated arm deliv-
ery system and a Nd:YAg resonator with an
optical fibre delivery system. This 'combi-
nation' laser allows dual C02INd:YAg out-
put via the articulated arm section where the
specified benefits of each wavelength can
be used simultaneously.
One ofthe most demanding delivery sys-

tem is that used with laser angioplasty where
a precisely directed beam of pulses laser ra-
diation isdirected to obstructing plaque within
the coronary arteries. The operator usually
views the area to be treated through an opti-
cal fibre. Laser energy is norrnally directed
down an array of fibres to the treatment site.

Conclusion
Lasers have made unique contributions to
modern medicine and will certainly be at
the forefront of future medical technology.
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It is important, however, to be objective as
to their true worth and benefit at a time when
the 'peace dividend' from a reduction in
military expenditure may be spent in in-
creased provision of heaJth care. •

* See, however, 'Red-light diode lasers'.
Elektor Electronics, April 1992, p. 34.

Further reading:
The Laser Guidebook by JeffHecht, ISBN
007 027 737 0, McGraw-HiIi (Reviewed
in Elektor Electronics, April 1992, p.61).



CELLPHONES EXPLAINED
by Bill Higgins

Cellular telephones, once the symbol of people who cannot be
without a telephone, are now becoming commonplace
useful tools. How does the cellular telephone work?
What are its advantages and disadvantages over

other types of communications?

A CELLULAR telephone system is ba-
sically a radio-telephone system that

works duplex and allows connection to the
Public Switched Telephone Network-PSTN.
A geographical area is subdivided into smaller
cells and transceivers si ted at the centre of
each cell. Users of ceUphones carry araund
a hand-portable, or have mounted in their
vehicle the necessary equipment to make cell-
phone calls. In the UK, there are two sys-
tems set up for cellphone use:

(a) Vodaphone,
(b) Cellnet.

At thetimeofwriring (February 1992),Voda-
phone has the most subscribers, 700 000,
against CeUnet's 535 000.
As the name implies, the featureofthe sys-

tern is the way a cell pattern is used to cover
a geographie area. Often, one site has three
directional antennas to create three ceIls.
The siting of base stations is all impor-

tant in the overall cell structure of the ap-
propriate network. Base stations are selected
along with appropriate antennas to create
the desired r.f. wave pattern.
Two main types of antenna are used in

creating the wave pattern: omni-directional
and uni-directional. The latter employ re-
flectors to obtain the directional capability,

Into Europe end beyond
As users of cellphones hop around with their
equipment, a need to have standardization
with ceUular system within Europe and fur-
ther abroad has grown. Combined with the
1992 withdrawal of trade barriers, this gal-
vanized the regulatory authorities to come
up with Groupe Special Mobile-GSM-
standard. The frequency bands in GSM are:

mobile transmit
base transmit

890-915 MHz
935-960 MHz

with a channel spacing of200 IcHz.The stan-
dard uses Time Division Multiple Access-
TDMA-with eight time slots.
Mobile transmitters are allocated into one

of five classes, depending upon the peak
power radiated:

Cl ass 1 - vehicle or portable
Class 2 - vehicle or portable
Class 3 - hand-hold
Cl ass 4 - hand-hold
Class 5 - hand-held

20W
8W
5W
2W

0.8 W.

Gaussian Minimum Shift Keying-
GMSK-modulation with a BT value ofO.3
at a gross data rate of 270 kb/s is used. Phase
and frequency synchronization must allow

Type 7562

870-960

50

Type 7558

Frequency (MHz) 870-960

Impedance (0) 50

VSWR (no beam tilt) <1.5:1
(with beam ritt) <1.3:1

Gain (dBi) 10.5

Horizontal pattern omni ±O.2 dB

Max. power (W) 500

Length(m) 2.8

Material, antenna glass fihre
reflector

<1.5: I
<1.4: l

15

Directional
(60° H; J60V)

300

1.7

brass-copper
aluminium

Table 1. Typical antennas used for cellular radio systems.

for Doppler shift on vehicles travelling at
up to 250 km!h (156 mph). Compensation
must be allowed for propagation delays for
round trips between transmitter and receiver
in ceUs up to 35 km (22 miles) radius.

Digits
As the processing of voice transmissions is
into digital form, the easiest way to think of
the operation ofthe system is in digital terms.

The overall data rate for each radio chan-
nel is 270 kb/s.
Data is sent in bursts of 577 us, each hav-
ing 116 encrypted bits.
There are eight time slots per TDMA
frame-see Fig. 5.
Transmission and reception are staggered
so that the mobile is not able to try to do

)
1YPES 755B,.
75se·D,~
& 751Q-1

;-
TYPE 7562
& 7562 ·0

Antennas Type 7558 and 7562.
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both at the same time.
Monitoring is performed by receivers to
determine signal strength of adjacentcells
to allow for a possible handover.
In Europe, there are a number of opera-

I 11 \
\ / f3 \
1 12 \ 1
\ 1

920085-13

Fig. 1. Cell pattern obtained with the use
01three base stations operating on pairs
01 Irequeneies: '1, '2 and '3. The same
pattern ean be obtained by using diree-
tional antennas sited at the node 01 the

I \ 1 \ 1 \
\ I \ 1 , 1 \
1 \ 1 12 \ 1 \ 1
, 1-'7-' 1-'3-' 1 ,
1 ' 1 11 ' 1 \ 1
\ 1 16' 1 14' 1 \
I \ 1 15 \ I \ -''I' 1 \ 1 \
/ ' 1 \ 1 \ I

'I' 1 \ 1\
1 \ 1 \ 1 \ -'
'I \ 1 \ I \
I \ 1\ / \ /

920085·11

Fig. 2. Ideal situation: seven base stations
working on different pairs of frequen-
eies, '1 to '7. In the real world, four differ-
ent pairs of frequencies are used.

I 12 \
\ I 13 \
I 11 \ ---- 1,---- I 14 \

\ 1
920085·12

Fig. 3. Siting of four base stations rela-
tive to one another, whieh builds up into
the pattern shown in Fig. 4 below.

1 \ 1 \ I ,, 1 \ I , I \
I \ 1 12 \ I \ I
\ 1 13 \ 1 13 , 1 \
1 \ 1 11 \ 1 \ 1, \---- I 12 , / 14 \ 1 \
1 \ ---- 1 13 \ ---- I , I, I \ 1 '---- 1 \
1 \ I \ ---- I \ I
\ 1 \ 1 \ I ,
1 \ I , 1 \ ----1----
\ 1 \ I \ 1 ,
1 \ 1 \ 1 \ 1

920085-14

tors involved in the GSM system. Table 2
shows who is involved where.

Country Operator

Austria
Belgium
Denmark

PTV
RTT
Dansk Mobil Telefon
Tele Danmark Mobil
RadioJinja
Telecom FinJand
Fraace Telecom
SPR
DBPTelekom
Mannesmann Mobilfunk
Telecom Eireann
SIP
PTT
PTTTelecom
Norwegian Telecom
Mobile
CTP
Telefonica
ComvikGSM
Nordic Tel
Televerket Radio
Swiss PTT
PTT
Cellnet
Vodafone.

Finland

France

Germany

Ireland
Italy
Luxembourg
Netherlands
Norway

Portugal
Spain
Sweden

Switzerland
Turkey
UK

Table. 2. European countries and their cell-
phone operators.

Peak performance

Good communication between subscribers
and base stations is dependent on a useable
radio link between the two. Antennas for base
stations haveaJready been diseussed. Mobiles
need to have an antenna that receives the
COITectsignal with as little loss as possible.
They should be mounted verrically on vehi-
cles at the centre of the roof.
System operators go to considerable lengths

in enlightening their subscribers on the mer-
its of having a good radio link. Leaflets are
distributed that feature cartoons, diagrams
and plenty of text to persuade users to have
their antennas mounted at the centre of the
roof. It rnay not look so stylish, but it gives
a much better signal.
With all the complexities of systems, it

is not surprising that accurate test equipment
has been designed to verify the various pa-
rameters of cellphone systems. One such
equipmentiscalled Comtest800/150 by RTT
(Radio Telephone Test) Systems. Marketed

r--------------------:------:-------:-------:-------:--------:-------:---------:------:-------~------~-------~-------:--------:----------1
[ Time slot : 0 I 2 3 4: 5 6 . 7 0 2 3 4 5 [

I Function Rx ; . Tx : Mon: ' Rx ; Tx I
L J l l l .L l l l L ~ l I l i J

Fig. 5. Eight time slots per TDMA frame.
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as an 'Integrated Test System', it can check
modulation, frequency, power and more. It
works up to 1000 MHz and is housed in
one case. Indeed, a very useful device to keep
systems and mobiles at peak performance.

Advantages of cellphones
The ability to have your own handset that
works wherever you are.
By Iinking in with PSTN. the number of
destinations for calls is the total of PSTN
subscribers.
Ease of operation: most cellphones are
designed to be used in a manner sirnilar
to that of a standard telephone.

Disadvantages of cellphones
The sbort delay after speaking to allow
for reception along with any signal fail-
ure can be annoying.
Different, competing systems can make
the choiee of what to use difficult, espe-
cially when the added complexity of 'does
it work with GSM' is taken into account.
High costs. The equipment itself has to
be bought outright or leased on top of
which there are the installation charges.
Then there are subscription charges to
the appropriate system and, last but not
least, there is the cost per individual call.

Personally, I do not use a cellphone as it's
fartoo expensive. Instead, I use a BT Charge-
card*, which enables me to use any public
telephone and charges calls to my regular tele-
phone bill.

Conclusion
Cellphones are increasingly being used by
people in all walks of life as they can be use-
ful tools to people on the move.
Transceivers are used to provide duplex

comrnunication between subscribers and the
appropriate network.
Cell structure is achieved by the useoffour

pairs of frequencies that build up over a ge-
ographical area.
Two types of antenna are used, ornni-

directional and uni-directional.
As trade barriers in Europe are brought

down, increased provisions are made for
subscribers on the move, that is, GSM stan-
dardization.
Advantages of celiular radiophones are

flexibility and ease of operation. The main
dis advantage is the very high cost of using
cellphones compared with that of using reg-
ular payphones. •
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