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1 General description

1.1 Purpose

At BFO we synchronize seismic data acquisition systems

the clocks are operated in the laboratory building, the

1 PPS signal must be distributed to the instruments in the

mine. We use optical fibres (FO) to transmit the signal
6 over distances of several hundred meters.

The circuits described below are used to convert the

8 TTL level 1 PPS signal to an FO signal. And they are used
to serve mutiple FOs from one single input signal. A dis-
tributor (sec. 2.1) is installed in the electronics vaulttie
mine. This circuit receives the 1 PPS signal through one
FO input and feeds six FO outputs. Finally the optical sig-
nal is converted to TTL, RS422, or RS 232 near the data
acquisition system (secs. 2.2 and 2.3).

14

14

1.2 FO Signal converters

We use FO converters provided by ratioptagthe trans-
mitting diode 905SE850ST1Z1 produces a wavelength of
850 nm and is attached to the optical fibre through ST con-
18 nectors. The parameters for the transmitter are provided in
19 Tab. 16. Its I/V characteristic curve is displayed in Fig. 8a
20 On the receiving side we use the 905EM850ST1Z2

Prototype FO diode board. 20with open collecter inverted TTL output. Its parameters

are listed in Tab. 17. The results of a sensitivity-test is
21 shown in Fig. 8b.
21

»» 1.3 FO Signal polarity

The FO signal polarity with respect to TTL polarity is de-

23 fined due to the 905EM850ST1Z2 FO receiver. The logic

24 |evels are provided by Tabs. 1 and 9. At high level the FO
light is switched off and vice versa. TTL+ outputs have a
positive logic, while TTL- outputs have negative (inverted
logic). TTL inputs are always positive as well as FO inputs
and outputs. When driving the TTL input from the Mein-
berg GPS167 the systems must synchronize on the rising
edge of TTL+ and RS232- outputs and on the falling edge
of TTL- and RS232+ outputs. Voltage levels of available
output signals are discussed in sec. 2.3. Further comments
on polarity conventions of clock systems and 1 PPS signal
clients at BFO are given in sec. 4.1.

25

26

27

28

29 Logic level

High
Low

FO light

off
on

\oltage level

TLL high: > 2V
TLL low: < 0.8V

30

Table 1: Definition of signal levels in all circuits described in
this document. At high level the FO light is switched off. et
that polarity at the consumer side can be different.

31

1.4 LED indicators

Control LEDs in the distributor (sec. 2.1) and the receiver
(sec. 2.2) will be bright when the FO is dark. A bright con-
trol LED is thus identical with a logic high level. Table 2

to a 1 PPS (pulse per second) signal generated by GPS dis- http://www.ratioplast.com/opto/docs/efeews.htm
ciplined clocks (Meinberg GPS 166 and GPS 167). While
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summarizes possible states of the system indicated by théme delays. However, if too many FO modules are used

crontrol LEDs. in parallel with one switching module, the performance of
the switching module can deteriorate.

LED state possible reason Fast switching of the transmitters is accomplished by

blinking circuit operates well: the 1PPS by-passing the drive current through transistor T3 of the

high-speed switching module. By keeping the current

signal is indicated o
g through T1 and R3 constant the slew rate and the transition

bright no FO signal is received: FO is . - o )
dark or EO receiver is defective frequency of T1 will not limit the switching speed. High-
dark general failure: LED is defective speed switching transistors T2 and T3 together with speed-

up capacitors C6 and C7 and the Shottky diodes D2 and
D3 (Horowitz and Hill, 1989, sec 13.23, so-called Baker
clamps) control the switching performance. The circuit
performance is discussed in sec. 3.4.

The input signal can be provided by FO via IC4 or by
TTL from connection E to IC5 in the signal inputand TTL
output circuit (SIOC). Connect only one of them to the in-

; ; HE put of the next stage. Optional connections to be used al-
2 Circutt descrlptlon ternatively are shown by dashed lines in Figs. 9 and 10.
S Connection D provides the input signal to the fast switch-
2.1 Distributor ing module (SC).
The purpose of the 1 PPS distributor is to receive a 1PPS  The signal input and TTL output module (SIOC) pro-
signal from one source either through an optical fibre (FO)vides auxilliary TTL outputs (direct and inverted). While
or as a TTL signal and to provide this signal to severalthe circuit diagram (Fig. 9) shows only two of each of
clients at once either through an optical fibre (FO) or as athem, the board layout is prepared for three each (Fig. 10).
TTL signal. It comprises four modules: If desired external pull-up resistors to a higher voltage ca
be used at the outputs. The board layout is also prepared
FO: The FO diode (transmitter) module, possibly with to drive an LED display which is not shown in the circuit
several diodes in series (part list in Tab. 14). diagram. A luminescent LED indicates that the FO light
CCS: A constant current source that drives the transmitter > of and that the Iog!c I_evel is high. In norm_al operation
. the LED should be blinking synchronously with the 1 PPS

(partlistin Tab. 11). signal. If the LED is permanently off, this might indicate

SC: A high-speed switching circuit (part list in Tab. 13). &t problemwith the electronics. If the LED is permanently
on, this could indicate problems with the FO signal recep-
SIOC: A signal input and TTL output circuit (part list in  tion. See also Tab. 1 and section 1.4.

Tab. 15). Alternatively to the SIOC in Fig. 10 and Fig. 9 the mul-
tifunctional receiver circuits in Fig. 20 or Fig. 23 should b
used if the focus is on voltage level outputs. The circuits
are described in sec. 2.3. They are more flexibel than the

or power supply is missing or in-
put is permanently high

Table 2: States indicated by the control LEDs.

The circuit diagram is displayed in Fig. 9.
Circuit description starts at it (FO) output and proceeds
to the input (SIOC): The transmitting diodes (FO, Tab.16)

. ) solution in Fig. 10.
are driven by a constant current source (CCS, Fig. 9). The pure wiring diaaram s displaved in Fia. 15 and the
The constant current source is adjusted to provide the P gdiag p'ay g

. . . part placement is available from Fig. 16. A photograph of
tmh?c))(lljmrl: rt?]gr\'/\c/)i;ugz:g Ogi?c?sméﬂ}igigseiggf ;zn;iighe prototype board is displayed in Fig. 11 and the corre-
9 9 P j ponding FO diode board for six FO output is shown in

thus be selected to have the exact resistance &f @Ben Fig. 12
setting the voltage at TP1 to 2V (see sec. 3.2). To drive = =
several transmitting diodes at once, they may be placed in

series as shown for the FO diode module in Fig. 9. Ifthe2 2  Receiver

total forward voltage drop becomes too large, which will

happen folN > 3 at a supply voltage of 13V, more than A single receiver is used to convert the FO 1 PPS signal to
one FO diode module must be used. Each FO diode modITL or RS 232 signal levels near the data acquisition sys-
ule must be connected to its own constant current moduldem. While the 905EM850ST1Z2 directly provides TTL
via connection B. In fact the single constant current sourcecompatible signal levels, we have supplemented the circuit
module (CCS) is provided with a layout for two identical with a TTL buffer IC and the MAX 232 circuit to generate
constant current sources (Fig. 10). Connection C of theRS 232 signal levels as required by the Quanterra Q330
switching circuit module (SC) in Fig. 9 may be connected data acquisition systems. For this circuit only the board
to connection C of several FO diode modules, since theylayout is provided by Fig. 17.

are decoupled by D5. The series resistor R9 is used to pro- The pure wiring diagram is displayed in Fig. 18 and
vide a faint biasing for the FO diodes to reduce switch-onthe part placement is available from Fig. 19.

Black Forest Observatory, 31st July 2013 Thomas Forbriger



4 FO-transmission of a 1 PPS signal

The simple receiver module has been supersededne of the outputs. Connect the cathode to pins LED1 or
by the multifunctional receiver with RS-422 output LED2 and the anode to +5V. A parts list is provided in
(sec. 2.3.6). See sec. 4.1.3 for the standard layout at BFOTab. 20. Since non-inverting circuits are only available in

their open-collector form, it can be appropriate to operate
2.3 Multifunctional receiver IC_23 an_d IC4 in series with inverting totem pole out_put de-
vices like the SN7404 or SN74LS04. By connecting two
In Fig. 20 and Fig. 23 the layout for alternatives to the sim- of them in series, TTL signals of both logical polarity are
ple signal receiver circuit and to the signal input and TTL provided. Fig. 21 shows both alternative wirings. TTL
output module (SIOC, part of the 1 PPS signal distributor) voltage levels are given in Tab. 3 (Horowitz and Hill, 1989,
are displayed. These circuits essentially contain the sameec. 8.02).
circuit groups as those mentioned previously. However,
they are more flexibel in terms of output signal character- signal logic level  voltage
istics and the possibility to omit parts of the circuit thet a

not required in an application. The circuit consists of six TTL  high < +0.8V
modules. Only TTL low >+2.0V

e the 5V power supply, Table 3: TTL voltage levels.

e the 1 PPS signal input,

e and the TTL output a 2.3.4 TTL high voltage open collector output

are mandatory. For the TTL output modules and theThis module can switch larger currents from higher volt-
TTL high voltage open collector output all chips listed in ages than TTL voltage levels. This module is fully op-
Tab. 24 are appropriate. However, TTL output modulestional. If required it can be connected to the same supply
a and b do not provide pull-up resistors for open collec-rail as the TTL output modules. Open collector outputs are
tor outputs. In the BFO standard layout (sec. 4.1.3) IC3provided by IC5 and and such chip may be selected from
is populated with a SN74LS04 inverting buffer with totem Tab. 24. SN74LS06, SN7406, SN74LS07, or SN7407 are
pole output. recommended here. The outputs are provided with pull-up
The pure wiring diagram is displayed in Fig. 21 and resistors. The diodes are used to decouple higher switch-
the part placement is available from Fig. 22. The RS-422ing voltages from the +5V supply line. Inputs |1 to 16 have
variant is provided in Fig. 24 and Fig. 25, respectively.  to bo connected to one of the outputs Oal to Oa5 or Obl to
Ob5 each. Input 11 controls output Ocl, input I2 controls
2.3.1 Power supply output Oc2, and so on. Unused inputs should be connected
to GND or +5V. A parts list is provided in Tab. 21.
The module takes 12V as input and provides 5V power
_srugpllySto the TTL circuitry. A parts list is provided in 235 TTL to RS-232 level converter
ab. 18.
This module provides voltage level conversion. IC6 is
2.3.2 1PPS signal input used to drive an RS-232 level output from a TTL level
input. TTLa input controls 232a output and TTLb input
This module provides an FO and a TTL logic level input controls 232b output. This module is fully optional. If
(pin E) alternatively. Connections to IC3 must be maderequired it can be connected to the same supply rail as the
appropriately (dashed green wire). A parts list is providedTTL output modules. The input signals should be obtained

in Tab. 19. from one of the outputs of the TTL output module. Unused
inputs should be connected to GND or +5V. A parts list is
2.3.3 TTL outputa andb provided in Tab. 22. Notice that RS-232 voltages have re-

h modul di llel to the i verse polarity (Horowitz and Hill, 1989, sec. 10.19) when
Both mo lules are connected In parallel to the Input. T_TL compared to TTL. A TTL rising edge is converted to an
output b is fully optional and may be discarded. The in- RS-232 falling edge. The MAX232 integrated circuit in-

put (or IC2) must drive up to 12 buffers. TTL_ typically ternally inverts the signal. RS-232 voltage levels aremive
has a fanout of 10. If you want to use all possible buf“fersin Tab. 4

be careful. Possibly use a buffer from IC3 to drive IC4.
Or disconnect some of the buffer inputs if your fanout

signal logic level voltage
is insufficient. Inputs of unused buffers should be con- g .g g
nected to GND or +5V. Any of the chips listed in Tab. 24 RS-232 high —5Vto-15V
can be used for IC3 and IC4. However, notice that these RS-232  low +5Vto+15V

modules do not provide pull-up resitors. The totem pole
Output type should be preferred for this reason. Each OfTabIe 4: RS-232 voltage levels. Notice that RS-232 has reverse
the buffers provides a series resistor to drive an LED onPolarity.

Thomas Forbriger Black Forest Observatory, 31st July 2013
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2.3.6 TTL to RS-422 level converter . . differential mode
signal logic level
voltage level

RS-422 (A-B) high (H) Uy —Uz=+2V
RS-422 (A-B) low(L) Uy-Uz=-2V

This module provides voltage level conversion. IC6 is
used to drive an RS-422 level output from a TTL level in-
put. Four channels for level conversion are available. This
module is fully optional. Since RS-422 uses differential
signals, polarity can easily be inverted by swapping sig-
nal wires. If required the module can be connected to the
same supply rail as the TTL output modules. The input SigA sigY sigZ sigA sigY sigZ
signals should be obtained from one of the outputs of the voltage level

TTL output module. Unused inputs should be connected logic level TTL RS-422

to GND or +5V. A parts list is provided in Tab. 23. The
circuit uses an SN75ALS192 quadruple differential line H H L >2V 25V 05V

Table 5: RS-422 voltage levels used by the SN75ALS192.

driver. Several other pin-compatible integrated circaits L L H <08V 05V 25V
available on the market for this purpose. The board layout
ist displayed in Figs. 23, 24, and 25. Table 6: Conversion polarity of SN75ALS192.

The standard configuration for the multifunctional
RS-422 receivers as used at BFO is described in sec. 4.1% Technical aspects

RS-422 signal definition: RS-422 is designed for differ- 3.1 Transmitting diodes in series
ential voltage signal transmission. It provides a high @ois
immunity. Transmitter outputs are commonly labelled A
and B, where A is positive and B is inverted. Correspond-
ing receiver inputs are labelled A and B'. Some devices
(like the SN75ALS192) replace Aby Y and B by Z.

The RS-422 standard is defined by TIA-422. The def-
inition can be obtained from ITU-T recommendation V.11
(International Telecommunication Union, 1996). Signal
under different conditions are discussed by Soltero et al3.2 Calibration of constant current source
(2010). Both references are at variance with respect to al- ]
lowed signal voltage levels. The voltage at each of the TO support the use of different voltage regulater ICs for
inputs may be in the range from -6V to +6V and the IC1, R18, R19, and Rx19 ca_n_be us_ed to adjus_ttheforward
diffrential mode voltageUa — Ug must not exceed the current through the transmitting diodes. Notice, that the
range from -10V to +10V. A differential mode voltage L78L02 has a nominal output yoltage of 2.6V, while the
Ua — Ug > 300mV corresponds to high (H) or logic 1, L78L05 has one of 5.0V. 1U, ist the output voltage of

The emitter voltage of T1 is set to 2V. The minimum
collector to emitter voltage of T1 in case of saturation is
2.5V. The drop across D1 will be about 1.1V. Hence, at
an operating voltage of 12 V the total forward voltage drop
across all sending diodes D4 should not be largerthan 6 V.
This limits the numbeN of diodes in series tbl < 3.

while a differential mode voltagéa —Ug < 300mV cor- €1, than you should choose

respondsto low (L) or logic 0. The meaning of differential R

mode voltages between -300 mV and +300 mV is not spec- Ry19 = Ua 18 Rig (1)
ified. RS-422 voltage level as used by the SN75ALS192 01AR; L

are given in Tab. 5 and in Tab. 6.

The differential output voltagely — Uz) swing be-
tween H and L state recorded at the output of al
SN75ALS192is about 7 V without signal termination, 6 V
with 130Q termination, and about 5.5 V with 1@termi-
nation. Termination resistors are placed beween Y and Z Uo
outputs. Ras= 5574 ~ R~ Rue. (2)

to obtain a forward current of 100mA. At the same time

nyou should choosB;s+ Ri9+ R«19 appropriatly for a rea-
sonable bias current to load IC1. For a bias current of
10 mA choose

Suggestions for appropriate initial values are given in
RS-422 cable recommendations: Recommendations Tab. 12.
for appropriate cabling are given by Hess and Goldie
(1993, Tab. 3), Wilson (2000), Abbot and Goldie (1993), . .
and Horowitz and Hill (1989, Sec. 9.14). We use a 3-3 General considerations
shielded twisted-pair 24 AWG cable. Connections should3_3_1 Jitter immunity
be terminated. Termination resistors should have about
100Q. We use 12@. Wilson (2000, Fig. 7) recommends Consider a harmonic signal
to add transient surge supressors (TransZorb) for ESD-
protection of source and receiver. f(t) = Asin(wt) 3

Black Forest Observatory, 31st July 2013 Thomas Forbriger



6 FO-transmission of a 1 PPS signal

Effect of sampling clock’s phase-iitter and slew-rate usually is low at their outputs resulting in

‘ —— signal propagation delays of more thapsl The delay

harmonic signal . . L.

L1 sample at itself is not critical. However, the low-slew rate together
true time /\ / \ with 50 Hz pickup can modulate the signal thus causing

05 a jitter. RS-422 voltage converters usually are powered

from 5V and have signal propagation delays in the range

of 10ns. Since the Q330HR takes 1 PPS signals also op-

tionally with RS-422 voltage level, we make the transition
to RS-422 for all data acquisition systems which not di-

-0.5
\/ sample at_ \/ rectly take TTL level 1 PPS signals.
1 expected time Proper use of twisted pair signale cables properly ter-

minated together with the differential mode RS-422 sig-
nals provide comparably high noise immunity (sec. 2.3.6).

sample value / amplitude
o

-0.5 0: 0.5 1 1.5
time / signal period

Figure 1: Jitter noise is a result from unstable sampling time. . .
3.4 Circuit performance

fsamp iy Thy max. At The prototype circuit was tested for its performance. A
100Hz 50Hz 0.02s 0.32ns photograph of the setup is shown in Fig. 14. The board
80Hz 40Hz 0.025s 0.4ns was supplied with 13.8V and 293 mA (total power con-

1Hz 05Hz 2s 32ns sumption, Fig. 13) during the test. Each constant current
0.1Hz 0.05Hz 20s 320ns source (CCS) was calibrated to provide 100 mA or slightly

less to an accurancy of 3mA. A high-frequency TTL test
Table 7: Maximum 1 PPS jitter allowed for 24 bit data acquisi- signal was obtained from a laboratory signal generator and
tion systems at different sampling rates (eq. 7). provided at input E of the signal input and TTL output
module (SIOC).

sampled at expected timeThe actually sampled value at
sampling time will be 3.4.1 Signal propagation delay

g(t) = Asin(w(t +At)) (4)  Fig. 3a displays the signal propagation delays in the SIOC
module from the TTL input (E) to the TTL outputs (TTL+
and TTL-). Delay times for rising and falling edges are
less than 100 ns. As has to be expected the performance for
rtat) =g(t) - f(t) = ft+4) - f(t) = the falling edge of open collector TTL outputs is slightly
2A sin(wAt/2) cofw(t+At/2)) (5)  better than for the rising edge. For this reason push-pull
_ ) _ . outputs should be preferred over open collector outputs if
can b_e understood as noise. The amp_lltude O_f residual siggg i appropriate for the next stage’s input. However, the
nal with respect to amplitude of true signal with peribd delays in the circuit are much smaller than the propagation
IS 2Asin(wAt /2) oTiAt delay ovgr_sev_eral hundrgd meter long optical fibres and
—Fa WAt = 5 (6)  are not critical in our application.
The worst case is a data signal close to the Nyquist,[0 tl;g?TBLboirld 4 display the signal propqgatlon delays
. N . put of an external FO receiver. For the
frequ_ency ?t full amplitude. T(.) ensure .that thej|tter.-E_x?|s rising edge the total delays are less than 200 ns and for
zgi)gxde is below the LSB in a 24bit data acquisition the falling edge they are less than 300 ns and thus are not
critical in our application. The internal delay to the input
of the swichting module (SC) is much smaller (Fig. 3b).
The rising edge delay to the FO diode is less than 50 ns.

: : - Hence there must be a significant contribution of the re-
's required (Tab. 7). The jitter produced by DCF77 re .ceiver 905EM850ST1Z2 to the overall delay times.

ceivers is too large for standard 24 bit seismic data acqui-

sition systems but can be tolerated for the BFO (HPMO) [N factthe total delay times (Fig. 4) are smaller than for
data acquisition system (Tab. 8). the module DI/2LWT-8-1R/AHS provided by Meinberg

which is specified for transmission speed up to 100 kHz
and which turns out to have delay times of @s2and
1.5ps, respectively.

RS-422 appears superior to RS-232 in our applications. Compared to time delays observed in DCF77 receivers
The RS-232 signal converters usually require an internalused at BFO (sec. 4.2.2) the signal propagation delay in the
power supply to provide:12V. This is of limited power 1 PPS signal distribution system is negligible.

due to clock jitteiAt (Fig. 1). The residual signal

E(T;At) =

! !
E<10’ or At<16-10%Tyy (7)

3.3.2 Prefer RS-323 or RS-422 level signals?

Thomas Forbriger Black Forest Observatory, 31st July 2013



FO-transmission of a 1 PPS signal 7

DCF77 carrier frequency: 77.5kHz (period: 19
PZF509 internal reference frequency: 2.5MHz (period: 40 n
Jitter of 1 PPS signal from Meinberg DCF77 receiver: 400ns

Required for GRSN data acquisition (24 itam=80Hz): <0.4ns

0.2Hz 0.1Hz 10s 1s

BFO data acquistion system (20 bit):

Table 8: The Meinberg DCF77 receivers produce a time jitter of 400mpléude (see section 4.2.2). This is too large to the GRSN
data acquisition system which would require the jitter tesbmller than 0.4 ns. The BFO (HPMO) data acquisitions systenever
can safely be operated with a PZF509.

3.4.2 Switching module (SC) performance 4 Time synchronization at BFO

Fig. 5 displays the performance of the switching module4.1 1 PPS polarity

(SC) on two different time scales. While the overall delay . _ . ] )
50ns and is thus highly satisfactory, the performance forsection 1.3 and Tab. 9. Below a definition of signal polarity
the falling edge appears not optimal. Already the voltage!S given interms ofthe edge to SY“ChTOWZ_? on with respect
at the collector of T2 (TP6) reveals a larger time constant.to 1 PPS signal sources and data acquisition systems.
This potentially could be improved by reducing the value

of R7. But refering to the specifications required in our 4,.1.1 Meinberg GPS167

application the performance is fully satisfactory. A GPS-disciplined clock manufactured by Meinberg

(GPS167) is used as the primary source of 1 PPS for digi-
tizer synchronization. The GPS167 provides an electrical
and an optical output.

A by-pass switch is used to avoid large voltage swings of

the circuit controlling the constant current source. This Electrical output: We use the signal BEC at DB9

is done to avoid the influence of the OpAmp’s slew rate connector ESYNTH. The beginning of each second is in-
or the transition frequency of T1. Fig. 6 displays the per- dicated by a rising TTL edge. The TTL signal remains in
formance of the constant current source module on twathe high state for 200 ms (Tab. 25).

different time scales. Transients generally are small but

reach a level of 10% for the current observed at TP5 bygjp e optic output:  The polarity of the FO output is se-

the voltage drop accross R3. This is due to the compeneciaple by jumpers on the LWLAT board that hosts the
sation capacitor C3 that is required to stabilize the circui g transmitters. The jumpers at BFO are set such that

that otherwise would have a tendency for high-frequencyihe peginning of each second is indicated by a falling edge
oscillations. The current transients are not desirabieesi (Tabs. 9 and 26). The falling edge is indicated by a tran-
they add inertia to the switching of the FO diodes. They gjiisn from bright to dark FO. The FO remains dark for

are of the wrong polarity. While a circuit without R1, R2, 500 ms. This polarity matches that of the 1 PPS distributor
and C3 would heavily oscillate in response to each edge,q gefined in Tab. 9 and sec. 1.3.

of the 1 PPS signal, the circuit behaves quite well. The
collector of T1 at connection B certainly has a signifcant
voltage swing since it must follow the switching cycle.

3.4.3 Constant current source (CCS) performance

circuit location edge to synchronize on

fibre optics FO bright to dark
1PPS distributor TTL D  rising edge

3.4.4 Supply power performance
Table 9: Edges to synchronize on.

The main module (CCS) that contains the large by-pass
capacitors for the supply power uses power line wiring in

a starlike arrangement to avoid cross-talk due to voltage4
drops along supply lines. The other modules are supplied
through rather thin wires as can be seen in Fig. 11. For thisApplying the 1 PPS signal from the clock with polarity
reason supply voltage transients can be observed (Fig. 7) atescribed above (sec. 4.1.1), synchronization has to take
connection A on the FO board. Even differences betweerplace on a transition from bright FO to dark FO. Edges
ground levels of different modules may reveal transients.to synchronize on are listed in Tab. 9. The distributor
Proper probe grounding in test setups is thus necessary. (sec. 2.1), the receiver (sec. 2.2), and the multifunctiona

1.2 1PPS receiver and distributor

Black Forest Observatory, 31st July 2013 Thomas Forbriger



8 FO-transmission of a 1 PPS signal

receiver (sec. 2.3) all use the same circuitry (SIOC) for
converting the FO-signal to a TTL level signal. This cir-
cuit is shown in Fig. 9 (bottom).

C D E F

-out blue black
+out green red
-out blue black
+out green red
-out blue black
+out green red
-out blue black
+out green red

Internal signal voltage levels: The timing diagrams of
signals in the different circuits are given in Tab. 26. The
falling edge fibre optics signal is received by IC4 and in-
verted to a rising edge TTL level signal. Alternatively the
TTL level signal is provided from the Meinberg reference
clock (sec. 4.1.1) directly through circuit point E and a
buffer (1/6 IC5). In both cases the rising edge signal is Table 10: 1 PPS wiring in cabinet of the BFO vault's wall instal-
present at circuit point D. In the case of the distributog, th 1ation. A: section on the RS-422 multifunctional receiveatd
signal is propagated to the high speed switching circuit(Fig- 23). B: pin no. of the D-Sub DA15 female socket in the
(SC, middle of Fig. 9). A TTL high level at point D ac- bpx of the. R_S-422 m_ultl_functlonal receiver. C: RS-_422 o_ltltpu
tivates the by-pass for the transmitter current thus tgmin rsé%gilérD'Evf"\:ﬁrgoéz'lrc:??;g; bg_xsifbtgi?ss ;tznzng?gf‘tj:%?(nof
;he rising edge TTL signal into a transition from bright to the RS-422 multifunctional receiver to Buccaneer 400 cotore
ark at the FO OUtPUt' Th(_a MAX232 anverter (sec. 2'3'_5)inside fixed cabinet on vault's wall. F: pin no. of Buccane@® 4
has to take the signal with the polarity present at pointggcket (Fig. 2).
D (rising TTL edge) at its input, in order to provide an
RS-232 falling edge (RS-232+ signal) as expected by the RS422 connector
Q330HR (sec. 4.1.4, Tab. 27). The RS-422 converter must socketn box as seen fiom outside

be driven from a TTL- signal (falling edge) to match the N
specification in Tab. 26 (sec. 4.1.3).

Output signal voltage levels: The edge polarity of dif-  Figure 2: 1PPS signal connector socket in fixed cabinet on
ferent output signals provided by the multifunctional re- Yaults wall. Pin location is displayed as seen from outdtuie
ceivers are defined in Tab. 26. TTL+ and TTL- signals arehouslng. The socket is a female Buccaneer 400 PX0412/02S.
produced by using inverters and concatenating converters
(Tab. 24). In the same way RS-232+ and RS-232- are pro-

- ) . In each vault of the mine a cabinet is bolted to the wall.
duced by driving the MAX232 either witha TTL+ or TTL- . ) . .
level signal in the multifunctional receiver. The RS-422 This cabinet contains a power supply, a LAN switch, and a

. ~— 1 PPS multifunctional receiver. Signals (LAN and 1 PPS)
output signal level however always must match the defini- . . :
are received from optical fibres and are converted to volt-

:'On gi;rlvgrgln Tallio.nzt6;/vlifr R§-4r]2dZ§|gnrz]il ?n(:lalnt)é re\\/;rsal '3 age signals in the cabinet. For this purpose an RS-422 mul-
Tehqeu ReS- 4%’2"’1; enaf voltea ealevel C%Ias;it plg asczrgﬁpeto'tifunctional receiver is installed in a box inside the catin
9 9 P y 910 1he output signals from the RS-422 multifunctional re-

the standard wiring used at BFO (next section: sec. 4'1'3)Ceiver are presented at a D-Sub DA15 female socket. The
wiring in the cabinet picks these signals up and presents

4.1.3 BFO standard RS-422 multifunctional receiver ~ them on Buccaneer 400 female sockets (Fig. 2) at the out-
side of the cabinet. The wiring inside the RS-422 multi-

Since most clients at BFO take an RS-422 voltage levelfunctional receiver box and inside the cabinet is given in

1 PPS signal to synchronize, all locations are equippedrab. 10. Consequently pin 1 of the Buccaneer 400 socket

with an RS-422 multifunctional receiver. The RS-422 (Fig. 2) in the cabinet provides a falling edge, while pin 2

multifunctional receiver board (Fig. 23) is populated with provides a rising edge RS-422 signal voltage level.

7404 or 74LS04 inverters (Tab. 24) with totem pole output

for IC3 and IC4, both. Both ICs are connected in series, by _

taking the wiring alternative which connects output pin 12 4-1-4 1 PPS clients at BFO

of IC_3 to the inputs _of ICA4. Th_is way the outputs of IC3 The 1PPS signal edge polarity as expected by several
provide TTL- level signals, while the outputs of IC4 pro- ¢jients ysed at BFO are given in the following tables:
vide TTL+ signals (Tab. 26). IC6 is the TTL to RS-422

converter. Allits TTL inputs are connected to TTL- level Q330: Tab. 27
signals present at the outputs of IC3 (PD uses red wires).

To match the specification for the LED inidcator as de- DAC-3, SG056: Tab. 28
fined in sec. 1.4 the LED1 must be populated. This is the
output of the first inverter (IC3 in Fig. 23). The LED is EarthData digitizer: Tab. 29
connected with its cathode to the series resistor at pin 2 of
IC3 and with its anode to +5 V. PDAS-100: Tab. 30

hho.)o.)l\)l\)l—\l—“zb
PNWAO O~ T
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FO-transmission of a 1 PPS signal

4.1.5 Meinberg PZF509

The PZF509 provides both, rising and falling egde signals.
After the transition that indicates the beginning of a sec-
ond, the signal remains in its new state for 200 ms.

4.1.6 Old EarthData supply box

The old pair of EarthData supply boxes uses an FO trans-
mitter (OSDH 50M2) and an FO receiver (OEDH 50M2)
which was produced by Hirschmann and that is no longer
on the market. These modules are used in this old sys-
tem to transmit the 1 PPS sign@lotice: The polarity of
these modules is non-inverting. Thus supplying an elec-
trical 1 PPS signal to them will produce and FO-signal of
opposite polarity compared to the 1 PPS distributor as de-
fined in section 1.3 (Tab. 9).

4.2 Clock performance
42.1 DCF77

The DCF77 receivers provide a correction factor for radio

. The GPS167 is more precise than the PZF509 by

about a factor of 1000 (one thousand).

. The influence of the wave reflected by the iono-

sphere still can be neglected at a distance of 200 km
to the DCF77 radio transmitter.

. Offsets of the PZF509 up to 18 can easily be ex-

plained by calibration tolerance and the installation
of the aerial.

. The observed drift is that of the TCXO oscillator in

the PZF509. It should become smaller after warm-
ing up. The size of the correction steps are the pe-
riod of the internal counter at 2.5 MHz.

. Due to the much higher carrier frequency the GPS-

system can be more precise than the DCF77 system.
Further the GPS receiver is able to derive an appro-
priate travel-time correction himself from the posi-
tion coordinates obtained from the analysis of the
GPS signals.

wave travel times. For this purpose the receiver must beReferences

configured with the correct distance to the DCF77 trans-

mitter at Mainflingen. The distance from BFO to Main- apnot 3. and Goldie J., 1993. Transmission Line Drivers

flingen is approximately 195 km. However this apparently
does not provide the optimal correction (see next subsec-
tion).

4.2.2 GPS167 and PZF509

On June 6th 2008 the optical output of the GPS167 (GPS-
receiver) was compared to the TTL output of the PZF509
(DCF77-receiver).
travel times in the DCF77 receiver both 1 PPS signals are
offset by 76Qus, where the PZF509 is delayed compared
to the GPS167’s signal. The delay is minimized when set-
ting the PZF509 to a distance of 231km for the travel-
time correction. The clock apparently uses the speed of
light in vacuum, which is 310°ms1. This is consistent

with the travel-time estimate used for the transmission to
Braunschweig by Piester et al. (2004). Using a distance

of 200km for the corrections the PZF509 is delayed by piester D., Hetzel P. and Bauch A., 2004.

101ps. This is at the magnitude of travel-time differences

between the ground-coupled wave and the wave reflected

by the ionosphere as well as variations of the travel-time
of the wave reflected by the ionosphere at 200 km distance
to the DCF77 transmitter (Piester et al., 2004, Fig. 15)

The mean time difference between the GPS167 and

PZF509 is stable, but sometimes changes abruptly by a

few microseconds to be then stable at a new value. At
least one of the clocks does not synchronize continuously.
The time difference drifts by about 50 ns per second and
is abruptly adjusted by a correction of about 400 ns after a

Teledyne Geotech, 1989. PDAS User’'s Guide. Garland,

and Receivers for TIA/EIA Standards RS-422 and
RS-423. National Semiconductor Corporation. Ap-
plication Note 214.

Hess D. and Goldie J., 1993. A Practical Guide To Ca-

ble Selection. National Semiconductor Corporation.
Application Note 916.

Without correction for radio wave Horowitz P. and Hill W., 1989. The art of electronics.

Cambridge University Press, Cambridge, second edi-
tion.

International Telecommunication Union, 1996. Electri-

cal characteristics for balanced double-current inter-
change circuits opertaing at data signalling rates up to
10 Mbits/s. ITU-T Recommendation V.1 http:/
www.itu.int/rec/T-REC-V.11-199610-l/en

Zeit-
und Normalfrequenzverbreitung mit DCF77. PTB-
Mitteilungen, 114(4): 346—368<http://www.ptb.de/
delorg/4/44/442/index.htm.

Soltero M., Zhang J., Cockril C., Zhang K., Kinnaird C.

and Kugelstadt T., 2010. RS-422 and RS-485 Stan-
dard Overview and System Configurations. Texas In-
struments Inc. Application Report SLLAO70D.

Texas, USA.

few seconds. The variation of the residual with time thuswilson M.R., 2000. TIA/EIA-422-B Overview. National

has a sawtooth shape.
According to Werner Meinberg (pers. comm., 2008)
these observations are reasonable. His statements are:

Black Forest Observatory, 31st July 2013

Semiconductor Corporation. Application Note 1031.
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FO-transmission of a 1 PPS signal

Part# Parameters

IC1 L78L05

IC2 LM358N

T1 BD675 (provide a heat sink!)
D1 1N4001

C1 1pF ceramic multilayer
Cc2 220 nF ceramic multilayer
C3 100 pF

C4 470uF electrolyte

C5 1pF ceramic multilayer
R1 2210

R2 10kQ

R3 20Q,1W

R18 332

R19 220

Rx19 0Q

Table 11: 1 PPS distributor: Parts for the constant current source
module.

IC1 R3 R18 R19 Rx19
L78L0O5 20Q 300Q 200Q 0Q
L78LO5 20Q 270Q 180Q 0Q
L78L05 20Q 330Q 220Q 0Q
L78L02 20Q 60Q 200Q 0Q
L78L02 20Q 56Q 180Q 4.7Q
L78L02 20Q 68Q 220Q 10Q

Table 12: 1PPS distributor: Calibration of constant current

Part # Parameters

IC3 MC7805CT (provide a heat sink!)
IC4 905EM850ST1Z2

IC5 74LS07

IC6 74LS06

D6...D18 1N4148

C9 470uF electrolyte

C10 1pF ceramic multilayer
C11 1pF ceramic multilayer
R10...R18 56@

R19 33002

Table 15: 1 PPS distributor: Parts for the signal input and TTL
ouput module.

Parameter Value
Diode number: 3
Wavelength: 850nm
Data rate: 85 MHz

Coupled power: >29uW at 100mA into

50/125pm glass fibre

Max. forward current:  100mA
Typ. forward voltage: 1.8V at 100mA
Operating temperature: -40...+85

Table 16: Parameters of Ratioplast FO transmitter number
905SE850ST1Z1. The IV characteristiv curve of the transmit

ter is displayed in Fig. 8.

source module. See section 3.2. Parameter Value
Receiver number: 4
Part# Parameters Wavelength: 850 nm
T2 2N2219A Data rate: max. 5 MBit/s
T3 2N2905 Opt. sensitivity: min. 3IW
D2 BAT43 Supply voltage: 5V (4.5V min., 7V max.)
D3 BAT43 Supply current: 15mA
C6 100 pF Output signal: digital, TTL compatible, inverted,
Cc7 50 pF open collector, 18V max.
c8 1pF ceramic multilayer Min. pull-up resistor: 39@ (VCC=5EHV)
R4 560Q Delay times: tpLHrR = 65nS, tpuir = 49ns
R5 35kQ (8w, 560Q pull-up, output
R6 1kQ voltage transition from 0.5V to
R7 3.6KQ 2.4V)
R8 3.3K2 Operating temperature:  -40...+85

Table 13: 1PPS distributor: Parts for the high-speed by-pass
switching module.

Part# Parameters

D4 905SE850ST1Z1

D5 1N4148

R9 (N1V—-2V)/100mA, whereN is the num-

ber of diodes D4 to be used; use®@01 W
inthe case oN =3

Table 14: 1 PPS distributor: Parts for the FO diode module.

Thomas Forbriger

Table 17:

Parameters of Ratioplast FO receiver number

905EM850ST1Z2. The signal sensitivity of the receiver & di

played in Fig. 8.

Part# Parameters

C1 A70uF
C2 1pF ceramic
IC1

MC7805CT (provide a heat sink!)

Table 18: 1 PPS multifunctional receiver: Parts for the power

supply module.

Black Forest Observatory, 31st July 2013



FO-transmission of a 1 PPS signal 11

Part# Parameters

IC2 905EM850ST122

R1 560Q

c1 AT70uF

Cc2 1uF ceramic

IC1 MC7805CT (provide a heat sink!)

Table 19: 1 PPS multifunctional receiver: Parts for the 1 PPS
signal input module.

Part # Parameters

IC3,IC4 select from Tab. 24; totem pole outputs are
recommended

R2, R3 63@ for 5mA LED current; 33@ for
10 mA,; select current and LED type appro-
priately (Tab. 24)

C3,C4 220nF ceramic

chip output

Part # type type loL Vou
Table 20: 1 PPS multifunctional receiver: Parts for the TTL out-
put modules. SN74LS04 INV TP 8mA TTL

SN7404 INV TP 16mA TTL
SN74LS05 INV OC 8mA TTL
SN7405 INV OC 16mA TTL
SN74LS06 INV OC 40mA 30V

Part#  Parameters SN7406 INV.  OC 40mA 30V
IC5 SN74LS06, SN7406, SN74LS07, or SN74LS07 DIR  OC 40mA 30V

SN7407: see Tab. 24 SN7407 DIR  OC 40mA 30V
C5 1uF ceramic SN74LS14 STINV TP 8mA TTL
R4...R9 56@ SN7414  STINV TP  16mA TTL

D1...D6 1N4148

Table 24: 1 PPS multifunctional receiver: Buffer ICs. TP: totem
Table 21: 1 PPS multifunctional receiver: Parts for the TTL high pole, OC: open collector, INV: inverter, DIR: buffer, ST INV

voltage open collector output module. Schmitt trigger inverter
Part # Parameters
IC6 MAX 232

C6...C11 1yF ceramic

Table 22: 1 PPS multifunctional receiver: Parts for the TTL to
RS232 level converter module.

Part # Parameters

IC6 SN75ALS192
C6and C7 1uF ceramic

Table 23: 1 PPS multifunctional receiver: Parts for the TTL to
RS422 level converter module.

Black Forest Observatory, 31st July 2013 Thomas Forbriger



12 FO-transmission of a 1 PPS signal

PPS (P_SEC at Meinberg GPS 167)

Table 25: Definition of the PPS signal provided by the Meinberg refeesolocks. The beginning of a new second is indicated by
the front edge of a 200 ms wide pulse. All systems must symiheato the front edge. Since clients expect different \gdtéevel
polarities (rising or falling edge) there is a finite risk topdy the wrong polarity causing the client to synchronizetloa rear edge of
the 200 ms pulseThe only bullet-proof method to check the correct polarity is to record the PPS signal itself on the respective
data acquisition system thus checking whether each front ek coincides with the beginning of a new second.

Signal  Edge polarity

FO (light)

E (TTL)

D (TTL)

C

TP6

LED (light)

TTL+ out

TTL- out

RS232+ out

RS232- out

+ out, Y (RS-422 A)
— out, Z (RS-422 B)
RS-422 (Ua — Upg)

Table 26: Polarity of 1 PPS edges provided for synchronization. Fght)ilevels are defined in Tab. 1. All other diagrams (excéfibL
signal) are given for voltage levels of electric signalsinBoE, D, C, and TP6 refer to the circuit diagram in Fig. 9. Fpecification
for the LED is as given in secs. 1.4 and 4.1.3. TTL, RS-232,R8e422 voltage levels are defined in Tab. 3, Tab. 4, and Tadnsd B,

respectively.

Client/ Signal  Edge polarity

Q330/ RS-232, pin F, X41PPSIN
Q330 / RS-422, pin H, X41PPS+
Q330/ RS-422, pin J, X41PPS-
Q330/ RS-422, Upin 1 — Upin s

Table 27: Polarity of 1 PPS edges as expected by the Q330. Given aageditvels on the pins of the EXT GPS port (plug type: ITT
Canon KPT06F12-14P, Q330 manual page 226). Notice that323x@s reverse logic level definition (Tab. 4). RS-232 valtkayels
are given with respect to GPS COM (X4GND, pin C). Synchratidrato RS-232 falling voltage level edge is due to Kinenostri
Technical Support (email to RWS 28.2.2008). RS-422 poglavis confirmed by PD and RWS due to tests (10.5.2012).

Client/ Signal  Edge polarity

UIPC DAC-3/ RS-422, J3-11 RB(B)-GPS_1PPS
UIPC DAC-3/ RS-422, J3-12 RB(A)-GPS_1PPS
UIPC DAC-3/ RS-422, A-B

Table 28: Polarity of 1 PPS edges as expected by the DAC-3 controll&&056. Given are the voltage level signal diagrams at GPS
connector (J3, pins 11 and 12) on the back panel of the DA8aer. This pins take the GPS 1 PPS signal from an extemaice
with RS-422 voltage level. The J3 connector is of type CP&4.7Beware: The internal wiring on the RS-422/RS-232 optoisolator
module in the DAC-3 is highly confusing (Drawing No. 981032; GWR Inst. B2000-028 Rev. RAC- 3- 2B. SCH, sheet 2)! J 3 pidl

is called RBB)-GPS1PPS and is connected to U 11 i) which is inputA of the 75ALS180. Similary J 3 pih2 is called RBA)-
GPS1PPS and is connected to U 11 fiih which is inputB of the 75ALS180.

Client/ Signal  Edge polarity

EDD/pin4orpinF TTL

Table 29: Polarity of 1 PPS edges as expected by the Earth-Data digizDD). The EDD has two connectors to receive a 1 PPS
signal. It expects a rising edge TTL signal like producedieyGRAMIN GPS 35HV receiver on pin 2 or pin F with respect tougrd
on pin 2 or pin D, respectively.

Thomas Forbriger Black Forest Observatory, 31st July 2013
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Client/ Signal  Edge polarity
PDAS/TTL

Table 30: Polarity of 1 PPS edges as expected by the PDAS-100 dates#tamusystem. The user's manual (Teledyne Geotech, 1989)
specifies the expected signal to be rising edge (Teledynée@weol989, Fig. 3-22) with 5V CMOS logicl levels and TTL thhelds

(Teledyne Geotech, 1989, sec. 2.4.2, page 2-15). \oltaglesvD.8 V indicate low (L) state and voltages larger than\2ifidicate
high (H) state.

Black Forest Observatory, 31st July 2013 Thomas Forbriger



14 FO-transmission of a 1 PPS signal

a)
1PPS FO sender (SIOC): electronic signal delay
10
+TL inpht signa‘l atE [ a)
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Figure 3: 1 PPS distributor: Internal signal propagation perfor- ime / s

mance. a) Propagation of electric input signal (E, black)ds-

itive (TTL+2, thick red) and inverted (TTL-2, blue dottedpe- Figure 4: 1PPS distributor: Signal propagation performance.
tric TTL signal outputs. b) Propagation of TTL input sign&l, (  Propagation of TTL input signal (E, black) to the output of an
black) to switching circuit input (D, thick red) and to thetput external receiver (thick red) on two different time scales.

of an external receiver (blue dotted). Signals are offgenition-

ally for better visibility (see graph legend).
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- U1 U2
a) IV characteristic F—>’<—>\
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Figure 8: Characteristics of the FO sender and receiver. The chaistide are recorded by applying a symmetric triangulatage to
the resistor and diode connected in series. a) IV charatitecurve for the FO sender diode 905SE850ST1Z1. The diada forward
Blaskdares\DRBeRVEEY, SilistbINa3ham current of 100 nA The sensitivity of the receiver 905EMSB0STEF QN igea

receiver are connected by a short (approx. 1 m long) optibeg.fiThe receiver switches at a transmitter forward curoépprox.
8mA.
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a)

1PPS FO sender: switch (SC) performance
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1PPS FO sender: switch (SC) performance
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Figure 5: 1 PPS distributor: Switching circuit (SC) performance
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on two different time scales. black: TTL input signal (E)icth
red: signal at switching circuit input (D). dotted blue: rsid at
collector of switching transistor T2 (TP6). thick dottechnge:
signal at output of switch (C), i.e. collector of switchimgnsistor

T3.
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a)

b)

1PPS FO sender: current source (CCS) performance
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Figure 6: 1 PPS distributor: Current source (CCS) performance
on two different time scales. E: TTL input signal. TP2: Outpl
OpAmp IC2. TP3: Base of Darlington power transistor T1 (cur-
rent regulator). TP4: Inverting input of OpAmp IC2. TP5: Emi
ter of Darlington power transistor T1 at current sensingstes
R3. B: Collector of Darlington power transistor T1. Signats
TP2', TP3’, TP4’, and TP5’ are recorded with AC coupling in
b). Some of the signals are offset intentionally for betisitbil-

ity (see graph legend).
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1PPS FO sender: supply power performance
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Figure 7: 1 PPS distributor: Supply voltage performance. The
supply power (A) is recorded at different locations AC cauapl
thick red: FO board with reference to GND on SIOC board. dot-

ted blue: CCS board with reference to GND on SIOC board.
thick dotted orange: CCS board with reference to GND on CCS

board. The signals are offset intentionally for better hility
(see graph legend). In the lower panel the TTL input signal (E

is displayed for timing reference.

Black Forest Observatory, 31st July 2013
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18 FO-transmission of a 1 PPS signal

1PPS FO Sender Date/Version

24.4.2008 V1.0 thof
23.5.2008 V1.1 thof

converts electric 1PPS to FO introduced calibration resistors
FO power is controlled by constant current source
pulses are generated by high—speed by-pass switch

$ld: 1PPSsender_circuit.fig 10515 2012-02-17 11:39:25Z tforb $
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Lo
Optional TTL Switching Circuit: FO Diode:
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R4 1=
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Figure 9: 1 PPS distributor: Circuit schematics.

Thomas Forbriger Black Forest Observatory, 31st July 2013
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Date/Version
1PPS FO Sender Board Layout Datelversion
. s . 9.5.2008 V1.1 thof
Layout is split into different modules Corrections in SC and CCS
23.5.2008 V1.2 thof

Calibration resistors in CCS

$ld: 1PPSsender_layout.fig 10515 2012-02-17 11:39:25Z tforb $
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Figure 10: 1 PPS distributor: Board layout.

Black Forest Observatory, 31st July 2013 Thomas Forbriger
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Figure 11: 1 PPS distributor: Prototype board.

Figure 12: 1 PPS distributor: Prototype FO diode board.

Black Forest Observatory, 31st July 2013
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Figure 14: 1 PPS distributor: Performace test setup.
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Figure 15: 1 PPS distributor: Board layout wiring diagram.
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1PPS FO Sender Board Layout

Date/Version
24.4.2008 V1.0 thof

Layout is split into different modules

$ld: 1PPSsender_layout.fig 10515 2012-02-17 11:39:25Z tforb $

9.5.2008 V1.1 thof

Corrections in SC and CCS
23.5.2008 V1.2 thof

Calibration resistors in CCS

Constant Current Source (CCS):

+12V...15VA A A A
O o 0 O O

Signal input and TTL output circuit (SIOC):
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Figure 16: 1 PPS distributor: Board layout parts placement.

Black Forest Observatory, 31st July 2013
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FO-transmission of a 1 PPS signal

Date/Version

1PPS FO-Receiver
1.4.2008 V1.0 (thof)
Receiver for 1PPS signal with FO input 5:6.2008 V1.1 (thof)
signal polarity convention

Outputs: TTL and RS-232 levels with rising and falling
edge are available. If RS-232 levels are not required, IC3
and C4-C8 can remain unpopulated. Connect IC2’s outputs
only in parallel if using an open—collector SN74LS06.
$ld: 1PPSempfaenger.fig 10515 2012-02-17 11:39:25Z tforb $

Component side:

T

905EM850ST1Z2
out NP +

1A =

9]
=
40) l

C7

TTL+ TTL- 232+

OVe

IC1: 7805

IC2: SN74LS04 (open collector output SN74LS06 can be used alternatively)
IC3: MAX232

D1: 1N4004

D2: LED rot (evtl. auf Létpfosten)

R1: 390 Ohm

R2: 560 Ohm

C1: 100 uF/40V

C2-C8: 1 uF Kermaik

Figure 17: 1 PPS FO receiver: Board layout.

Thomas Forbriger Black Forest Observatory, 31st July 2013
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Figure 18: 1 PPS FO receiver: Board layout wiring diagram.

Black Forest Observatory, 31st July 2013 Thomas Forbriger
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Date/Version

1PPS FO-Receiver
1.4.2008 V1.0 (thof)
Receiver for 1PPS signal with FO input 5:6.2008 V1.1 (thof)
signal polarity convention

Outputs: TTL and RS-232 levels with rising and falling
edge are available. If RS-232 levels are not required, IC3
and C4-C8 can remain unpopulated. Connect IC2’s outputs
only in parallel if using an open—collector SN74LS06.
$ld: 1PPSempfaenger.fig 10515 2012-02-17 11:39:25Z tforb $

Component side:

T
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our Ne ¥
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@) (@]
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IC2: SN74LS04 (open collector output SN74LS06 can be used alternatively)
IC3: MAX232
D1: 1N4004
D2: LED rot (evtl. auf Létpfosten)
R1: 390 Ohm
R2: 560 Ohm

C1: 100 uF/40Vv
C2-C8: 1 uF Kermaik

Figure 19: 1 PPS FO receiver: Board layout parts placements.

Thomas Forbriger Black Forest Observatory, 31st July 2013
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1PPS FO Multireceiver Date/Version

2.7.2008 V1.0 thof
16.2.2009 V1.1 IC3 and 4 in series

Receiver for electrical and FO input. Distributes 1PPS signal
to TTL outputs and optionally to open collector and RS232
level outputs.

$ld: 1PPSmultireceiver_layout.fig 10515 2012-02-17 11:39:25Z tforb $
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Figure 20: 1 PPS multifunctional receiver with RS-232 output: Boargblat.
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Figure 21: 1 PPS multifunctional receiver with RS-232 output: Boarngblat wiring diagram.
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1PPS FO Multireceiver Date/Version

2.7.2008 V1.0 thof
16.2.2009 V1.1 IC3 and 4 in series

Receiver for electrical and FO input. Distributes 1PPS signal
to TTL outputs and optionally to open collector and RS232
level outputs.

$ld: 1PPSmultireceiver_layout.fig 10515 2012-02-17 11:39:25Z tforb $
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Figure 22: 1 PPS multifunctional receiver with RS-232 output: Boargblat parts placement.

Black Forest Observatory, 31st July 2013 Thomas Forbriger
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1PPS FO Multireceiver with RS-422 output Date/Version

2.7.2008 V1.0 thof
16.2.2009 V1.1 IC3 and 4 in series

Receiver for electrical and FO input. Distributes 1PPS signal | 2642010 v1.2 Rs422 replaces RS23p
to TTL outputs and optionally to open collector and RS422
level outputs.

$Id: 1PPSmultireceiverRS422_layout.fig 10515 2012-02-17 11:39:25Z tforb $
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Figure 23: 1 PPS multifunctional receiver with RS-422 output: Boargblat.

Thomas Forbriger Black Forest Observatory, 31st July 2013
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Figure 24: 1 PPS multifunctional receiver with RS-422 output: Boarngblat wiring diagram.

Black Forest Observatory, 31st July 2013 Thomas Forbriger
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1PPS FO Multireceiver with RS-422 output Date/Version

2.7.2008 V1.0 thof
16.2.2009 V1.1 IC3 and 4 in series

Receiver for electrical and FO input. Distributes 1PPS signal | 2642010 v1.2 Rs422 replaces RS23p
to TTL outputs and optionally to open collector and RS422
level outputs.

$ld: 1PPSmultireceiverRS422_layout.fig 10515 2012-02-17 11:39:25Z tforb $
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Figure 25: 1 PPS multifunctional receiver with RS-422 output: Boargblat parts placement.

Thomas Forbriger Black Forest Observatory, 31st July 2013



