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Initial checks
Some digital cameras do not use a 

preflash so you should find out before 
proceeding. However, if your camera is 
a Canon, Olympus, Epson or Nikon it 
is most likely to use one. You can usu-
ally see the double flash if you observe 
from a distance. If not, check with the 
manufacturer. Find out also that your 
camera gives only one preflash – there 
are some professional Nikon and Ol-
ympus single-lens reflex cameras (and 
probably others) that use two.

Slave flash circuits designed for a 
digital camera must therefore ignore 
any preflash and there are two pos-
sible approaches. One is to count the 
flashes and disregard the first one. 
The other is to use a time delay so 
that, when the preflash is detected, 
the slave units trigger a little later so 
that they synchronise. This circuit is 
of the first type.

Circuit description
The complete circuit for the Digi-

Flash Slave is shown in Fig.2. Current 
is drawn from the 6V battery pack, B1, 
via on-off switch S1 and diode D8. 
Capacitor C4 provides a reserve of en-
ergy and allows the circuit to operate 
effectively when the battery is nearing 
the end of its service life. The diode 
protects the circuit against connecting 
the supply the wrong way round. The 
specified diode is a Schottky device. 
This minimises the forward voltage 
drop, which is ‘lost’ to the circuit.

When phototransistor TR1 detects 
light from the master flash, the voltage 
between its collector (c) and emitter 
(e) falls momentarily. This results in 
an increased voltage appearing across 
resistor R1 and preset VR1, and hence 
at the left-hand side of capacitor C1. 
The voltage pulse is transferred by C1 
to the clock input (pin 14) of decade 
counter IC1. Resistor R2 maintains this 
in a normally-low condition which 
prevents false triggering.

The purpose of C1 is to provide AC 
coupling between TR1 and IC1, which 
makes the circuit practically immune 
from slow changes in light level. The 
quiescent voltage appearing across 
R1/VR1 is dependent on the ambient 
light level and VR1’s adjustment – it 
is set for correct operation at the end 
of construction.

Counting pulses
Decade counter IC1 has ten outputs 

(Q0 to Q9) which go high in turn as 

each clock pulse arrives. To ensure 
that output Q0 is high on powering-
up, capacitor C2 delivers a momentary 
pulse to the Reset input (pin 15). The 
high state of Q0 then operates the 
green standby (S/B) LED D2. Resistor 
R3 limits its operating current to some 
12mA. As well as signalling that the 
circuit is ready for use, D2 also behaves 
as the on-off indicator.

When the preflash and then the 
main flash arrive, IC1 output Q1 goes 
high, followed by Q2, which then 
remains high until the circuit resets 
– this aspect will be discussed pres-
ently. Outputs Q1 and Q2 operate the 
red LEDs (C1 – Count 1, C2 – Count 
2, D3 and D4) respectively.

It will be noted that the group of 
three LEDs (D2 to D4) share current-
limiting resistor, R3. This is acceptable 
practice because only one of them can 
be on at the same time. The ‘C1’ and 
‘C2’ LEDs allow operation of the circuit 
to be monitored as an aid to setting 
up. When working correctly, D3 will 
light briefly on the preflash then D4 
will operate.

Trigger happy
Ignore diodes D6, D7 and associated 

components for the moment. With the 
arrival of the main flash, the high state 
of IC1 Q2 directs current through re-
sistor R6 and the LED sections (pins 1 
and 2) of optically-coupled triacs, IC2 
and IC3, connected in series. Resistor 
R6 limits the current to a safe work-
ing value.

The light from the internal LEDs 
triggers the associated triacs so that 
pins 4 and 6 in each device become 
effectively short-circuited. This, in 
turn, operates external triacs SCR1 
AND SCR2 by directing current into 
their gate (g), via resistor R7 or R8, as 
appropriate. Once triggered, the main 
terminals (MT1 and MT2) of these 
devices become effectively closed 
switches.

This allows conduction between 
the trigger contacts of the slave flash 
units connected to them through plugs 
PL1/PL2. Note that the power supply 
for the triacs is obtained from the 
‘trigger voltage’ that exists across the 
contacts of the slave flash units. Due 

Parts List – Digi-Flash Slave

1 PC board, code 625 available 
from the EPE PCB Service, 
size 68.5mm × 52mm

1 plastic case, size 102mm × 
78mm × 38mm

4	 AA-type alkaline 1.5V cells 
(B1)

1	 four-cell (AA) battery holder, 
with leads and clips

1	 miniture toggle or rocker 
switch (S1)

2	 3-pin panel type plugs – see 
text (PL1, PL2)

2	 line-sockets to fit 3-pin plugs 
– see text (SK1, SK2)

2	 6-pin DIL sockets (IC2, IC3)
1	 16-pin DIL socket (IC1)
1	 2-way PCB mounting screw 

terminal block (TB1)
2	 plastic PC stand-off insulators 

or Nylon bolts (2) and nuts (6)
Multistrand connecting wire; 
small  plastic cable tie, see text; 
solder etc.

Semiconductors
4	 1N4148 signal diodes (D1, D5 

to D7)
2	 3mm red LEDs (D3, D4)
1	 3mm green LED (D2)

1 1N5819 40V 1A Schottky 
diode (D8)

1	 SFH300-2 phototransistor or 
similar – see text (TR1)

2	 TIC206D 400V 4A triacs 
(SCR1, SCR2)

1	 74HC4017 decode counter 
– see text (IC1)

2	 MOC3023 opto-coupled triacs 
(IC2,  IC3)

Capacitors
1 10nF polyester, 5mm pitch 

(C1)
1	 22nF polyester, 5mm pitch 

(C2)
1	 470nF polyester, 5mm pitch 

(C3)
1	 47mF radial elect. 16V (C4)

Resistors (0.25W 5% carbon)
1	 16M4 (2 × 8M2 – see text) 

(R4)
1	 1M5 (R5)
1	 1MW (R2)
3	 1kW (R1, R7, R8)
1	 390W (R6)
1	 330W (R3)

Potentiometer
1	 47kW min. round carbon    

preset, vertical mounting
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to the bidirectional nature of the triacs, 
it does not matter which way round a 
slave flash is connected.

High voltage
The triac section of the circuit will 

withstand up to 400 volts. This is nec-
essary because the trigger voltage will 
be in the region of 200V to 300V with 
older flash guns. Modern equipment 
uses a much lower trigger voltage but 
it is thought that most users will use 
inexpensive older flash units.

Modern flash units using a low trig-
ger voltage may not operate with the 
arrangement used here. You would need 
to find out on an individual basis. The 
optical isolation provided by IC2 and 
IC3 prevents any high-voltage pulse de-
stroying semiconductors in the circuit.

It will be seen that there are two 
independent channels to which slave 
flash units may be connected. It is 
often possible simply to connect the 
trigger contacts of several flash units 
in parallel so, if you wish to use three 
or more slave flash units, simply try 
this. However, there might be a clash 
of polarity which could prevent op-
eration of some units. The separate 
channels allow ‘mixing and matching’ 
of various types of equipment.

Resetting
After a photograph has been taken, it 

is necessary for IC1 to reset so that the 
circuit is ready to operate again. This is 
done by taking a signal from Q1 or Q2 
and directing it, via diode D6 or D7 and 
fixed resistor R5, to capacitor C3. With 
either of these outputs high, the capaci-
tor will charge and the voltage across it 
rise. The reason for considering Q1 is 
because there is a chance that only one 
flash will be detected (possibly due to 
poor setting-up ). If IC1 did not reset, it 
would ‘freeze’ with pin 2 high.

The voltage developed across C3 is 
applied to IC1’s reset input, via diode 
D5. When it reaches a sufficient value 
(which takes less than one second), 
the reset pin will interpret the signal 
as ‘high’ and the counter will reset. 
Output Q0 then reverts to high and 
the S/B LED will operate again.

Resistor R4 provides a discharge path 
for capacitor C3 and maintains the reset 
input in a normally low condition which 
prevents false resetting. Note that, in 
normal operation, Q1 will only go high 
momentarily. This will not reset IC1 be-
cause the voltage across C3 will not rise 
significantly in the available time.

There is a possibility that IC1 could 
count ‘3’ (perhaps due to an additional 
flash of light being picked up from an-
other source). If three flashes were de-
tected in rapid succession, the circuit 
would not reset on the first or second 
because the voltage across C3 would 
not rise sufficiently and IC1 would 
‘freeze’ with Q3 high. If this ever hap-
pened, a reset signal would be applied 
to the reset input via diode D1.

If there is an excessive input of light 
from the master flash and preset VR1 is 
poorly adjusted, this can cause insta-
bility and IC1 may register a few false 
counts. This can result in the IC ‘locking’ 
with one of the unused outputs high and 
none of the LEDs operating. If this should 
happen, switch off for a few seconds to 
allow capacitor C4 (which maintains the 
state) to discharge. The circuit will reset 
when switched on again.

Construction
The device specified for IC1 is the 

74HC4017 decode counter. This provides 

a higher output current than the 4017B, 
which is not suitable. Various phototran-
sistors could be used for TR1 but make 
sure the one chosen is not an infra-red 
device housed in an opaque package. It 
must respond to visible light.

Construction of the Digi-Flash Slave 
is based on a single-sided printed cir-
cuit board. This board is available from 
the EPE PCB Service, code 625. The 
component layout and actual size cop-
per master pattern is shown in Fig.3.

Begin construction by drilling the 
two board mounting holes. Solder the 
IC sockets and screw terminal block, 
TB1, in place. Follow with all resistors 
(including preset VR1) and capacitors. 
Mount capacitor C4 flat on the circuit 
panel (see photograph) taking care 
over its polarity.

Resistor R4 should have a value of 
16MW approximately. This may com-
prise two 8.2MW units connected in 
series and two pairs of pads have been 
provided on the PCB for that purpose 
(both labelled R4).

Fig.3: Printed circuit board component layout and full-size copper foil master. 
Note the phototransistor TR1’s package is the same as an LED, i.e. ‘flat’ equals 
collector pin
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Taking care over their polarity, add 
diodes D1 and D5 to D8, also triacs SCR1 
and SCR2. Mount the LEDs (D2 to D4) 
using the entire 25mm length of their end 
leads so that the tops stand higher than 
everything else. If the leads are shorter 
than 25mm, you will need to extend 
them. Mount phototransistor TR1 so that 
its top stands a little below that of the 
LEDs. Note that, with the specified unit, 
the collector (c) (connected to supply 
positive) has the shorter lead, also there 
is a ‘flat’ on the body next to it.

Insert the ICs into their sockets. 
However, before handling the pins 
remove any static charge from your 
body by touching something which 
is earthed (for example, a metal water 
tap) to avoid possible damage.

Boxing up
Decide on suitable positions for the 

various parts inside the box and hold 
the PCB in place. Mark through the 
mounting holes, remove the PCB again 
and drill these holes through. Mount 
the PCB temporarily on short stand-off 
insulators so that the tops of the LEDs 
are a little higher than the lid of the box. 
Measure their positions and drill holes 
in the lid for them to show through.

Drill a further hole in the lid, hav-
ing a diameter of 4mm approximately, 
directly above phototransistor TR1’s 
position to allow light from the master 
flash unit to reach it. Drill holes for on-
off switch S1 and for the two panel plugs 
(PL1 and PL2), which will be used to 
connect the slave flash units.

It is important that the matching 
line-sockets (which will be fitted to 
the flash leads) are of a type where it 
is impossible to touch the pins. This 
eliminates the possibility of an un-
pleasant electric shock if the pins were 
to be touched when the flash unit was 
charged. Miniature 3-pin mains-type 
panel-mounting plugs and line sockets 
were used in the prototype, with only 
two of the pins used in each case.

An optional hole drilled in the side 
of the box would allow easy adjust-
ment to VR1 with the lid of the box 
in place.

Finishing off
Secure the PCB and, referring to 

Fig.4, complete the wiring. Provide 
some strain relief at the switch termi-
nals by securing the wires to its body 
using a small cable tie (see photo-
graph). With the arrangement shown, 
the battery holder is held between the 
side of the box and the circuit panel 
and needs no further support. Do not 
use a 9V (say, PP3) battery – more 
than a nominal 6V supply would 
destroy IC1.

The best way to connect the slave 
units is to use commercial extension 
leads. The most common connector 
used on flash units is a small coaxial 
type and matching sockets seem to be 
almost impossible to source. Some flash 
units do not have an integral connecting 
lead because they are designed to be 
attached to the camera’s ‘hot shoe’. It is 
then necessary to buy a ‘hot shoe adap-
tor’. All these items may be obtained 
from a good photo shop. Cut the plug 
off the extension leads and fit the new 
line-sockets instead.

Layout of components on the prototype circuit board, the phototransistor is just 
to the left of the terminal block. Note that the radial electrolytic capacitor (C4), 
top right, is mounted flat on the PCB, its leads being carefully bent at 90o before 
inserting on the board.

Fig.4: Interwiring details to off-board components. Don’t forget to use the full length (25mm min) of LEDs D2, D3 and D4 
pins/leads so that their tops ‘sit’ comfortably in the case lid holes provided for them.
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Testing
Do not connect any slave flash units 

yet. Adjust VR1 to approximately two-
thirds of its total clockwise travel (as 
viewed from the right-hand side of 
the circuit board). This should be ap-
proximately correct with the specified 
phototransistor. Insert the batteries 
into their holder.

Place the lid of the box in position 
temporarily and point the unit away 
from bright sources of light. Switch 
on – the green S/B LED should oper-
ate. Test the circuit using the digital 
camera’s flash. The ‘C1’ LED should 
flash briefly followed by ‘C2’, then the 
circuit should revert to standby.

Adjust preset VR1 as necessary for 
reliable operation – under average room 
lighting, the voltage measured across 
R1/VR1 (between TR1’s emitter and 
supply negative) was 0.5V approxi-
mately in the prototype. Best results are 
obtained when the ambient light is not 
too bright and the phototransistor can 
‘see’ the camera’s flash directly, but at a 
distance. Allow ten seconds minimum 
between tests to allow capacitor C3 to 
discharge sufficiently.

Synchronisation
When satisfied that the unit is trig-

gering correctly, connect a flash unit 
to one of the outputs. Include this 
in a trial photograph and check that 
it shows as a bright patch of light. 
This proves that the slave unit has 
synchronised with the shutter (see 
photograph). Check that the other 

output works and check with the other 
flash units. 

With both outputs tested, take some 
trial photographs and experiment with 
various arrangements. Best results are 
obtained with the light reflected from 
large pieces of foam polystyrene or 
similar material.

There may be times when light from 
the inbuilt flash can still cause prob-
lems with harsh shadows. This will 
depend on the relative power of the 
various flash units and their distance 
from the subject. If this is found to be 
the case, use a small piece of alumin-
ium foil to shield the inbuilt flash so 
that its direct light does not reach the 
subject. The foil should be angled so 

that the light is reflected to 
the sensor on the unit. The 
author directed the light 

downwards and placed the unit on the 
floor for the ‘shadowless’ photograph 
of the rose. The harsh photograph of 
the same subject was taken with the 
camera’s flash only.

All too much!
If the camera is set to ‘automatic’ or 

if the exposure control on ‘manual’ is 
too limited, you might very well end 
up with too much light. This gives 
a very pale ‘burnt out’ image, which 
might not be satisfactory even when 
processed using imaging software. 

You could switch the slave units 
to a lower power setting (if this is 
possible) or reduce the light with 
layers of paper tissue over the flash 
head. Another idea is to reflect the 
light from the walls or ceiling of the 
room.                                       EPE 

Soft result using two slave flash unitsHarsh result using inbuilt flash

(above) Proof of synchronisation with the camera shutter is 
provided by the bright patch of light, see text.

(left) Tight fit of components inside the finished prototype unit. 
Note also the small cable tie around the lid-mounted on/off switch




