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Radio Frequency over Glass (RFoG) on tietoverkko, jossa valokuitu tuodaan tilaajalle 

saakka. RFoG-verkko on kuin hybridi-kuitu-koaksiaali-verkko (HFC, hybrid fiber coa-

xial), jonka koaksiaalinen osuus on korvattu passiivisella optisella verkolla. Meno- ja 

paluusuunnan lähetykset jakavat saman optisen kuidun hyödyntäen aallonpituusjakoista 

multipleksointia. Signaalit lähetetään käyttämällä puolijohdelasereita, joiden aallonpi-

tuudet menosuunnalle on 1550 nm ja paluusuunnalle joko 1310 tai 1610 nm. 

RFoG-verkkoyksikkö (R-ONU, RFoG Networking Unit), jota kutsutaan nimellä mikro-

solmulaite, on sijoitettu asiakkaan tiloihin. Mikrosolmulaite on sähköoptinen muunnin: 

sen vastaanotin muuntaa menosuunnan optisen signaalin sähköiseksi ja sen lähetin pa-

luusuunnan sähköisen signaalin optiseksi. Menosuunnan signaalit ovat jatkuvia, kun 

taas asiakkaan tiloissa olevan kaapelimodeemin lähettämät paluusuunnan signaalit ovat 

purskeita. Mikrosolmulaitteen lähettimen laserin biasvirta on katkaistu, kun laitteen 

koaksiaalisessa sisääntulossa ei ole paluusunnan signaalia. Lähetin kytkeytyy päälle, 

kun kaapelimodeemilta saapuva paluusuunnan signaali havaitaan. Tällöin laserin 

biasvirta kytketään päälle ja paluusuunnan RF-signaali ohjataan laserille. Tämä johtaa 

amplitudimoduloituun (AM) signaaliin, jossa kantoaaltona toimii laserin lähettämä op-

tinen teho ja moduloivana signaalina paluusunnan RF-signaali. 

Tämän diplomityön tarkoituksena oli suunnitella konsepti, joka mahdollistaisi RFoG 

mikrosolmulaitteen paluusuunnan lähettimen toiminnan, kun sisääntuleva signaali on 

pursketyyppinen. Eri komponentteja ja elektronisia kytkentöjä vertailtiin, jotta aikaan-

saataisiin  laite, joka täyttäisi laserin syttymiseen ja sammumiseen liittyvät vaatimukset. 

Nämä vaatimukset ovat esitetty Society of Cable Telecommunications Engineers 

(SCTE) RFoG Spesifikaatiossa. Spesifikaatio määrittelee, että laserin tulee syttyä 1,3 

µs:ssa ja sammua 1,6 µs:ssa. Lisäksi spesifikaatio määrittelee sisäänmenotehon alueet, 

joilla laserin tulee syttyä ja sammua. 

Suunniteltu konsepti osoitettiin soveliaaksi RFoG-mikrosolmulaitteeseen. Suunniteltu 

laite saavutti 700 ns:n syttymis- ja 600 ns:n sammumisajan. Lisäksi osoitettiin, että 

käyttämällä hystereesipiiriä jännitevertailijassa, laserin syttymiseen ja sammumiseen 

johtavat sisäänmenotehon alueet saadaan säädettyä siten, että ne täyttävät spesifikaation 

vaatimukset. 

Teleste Oy, jolle tämä diplomityö kirjoitettiin, tarjoaa laajan portfolion verkon optisia 

solmulaitteita. Tässä työssä esitettyä konseptia voidaan hyväksikäyttää modifioimalla 

näitä tuotteita siten, että niitä voitaisiin käyttää RFoG-verkossa. 
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its ability to sense an upstream signal in its coaxial input: the micronode must be able to 

turn on and off the transmitting laser in the presence or absence of upstream signal [4]. 

This will serve as motivation for this thesis. 

The aim of this thesis is to develop and build a laser control circuit that could be utilized 

in Teleste corporations future RFoG micronode product. The developed device must be 

able to turn on and turn off the optical carrier power of the transmitting semiconductor 

laser in the presence and absence of input RF signal. The scope of this thesis is limited 

to the on/off switching of the transmitting lasers carrier power. However, the modula-

tion of the laser is addressed by discussion in Chapter 3 in order to give the reader a 

wider understanding on the technology in question.  

According to the SCTE RFoG specification, the realized device must be able to exhibit 

fast response times. The optical output power of the laser must reach 90 % in 1.3 µs 

from the application of input RF signal. When the input RF signal is removed from the 

device input, the optical power must fall to 10% in 1.6 µs.  

The process of developing the control circuit consisted of design, comparison of appli-

cable components, and verification measurements. The thesis is organized as follows. 

The next chapter presents background on hybrid fiber coaxial and radio frequency over 

glass networks. Chapter 3 discusses background theory on the applied electric and opti-

cal components. The design is discussed in Chapter 4. Measurement results are present-

ed in Chapter 5. Chapter 6 gives a brief summary on conclusions and future work. 
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2. HYBRID FIBER COAXIAL AND RADIO FRE-

QUENCY OVER GLASS NETWORKS 

This chapter will present a brief introduction on hybrid fiber coaxial (HFC) and radio 

frequency over glass (RFoG) networks. In addition, the RFoG optical networking unit 

(R-ONU) is discussed. In the industry, the R-ONU is usually referred as micronode, 

which is also the term used in this thesis. This chapter also explains why cable operators 

would want to deploy an RFoG network instead of an HFC network. 

2.1 Hybrid fiber coaxial network 

A CATV (common antenna television, community antenna television) network was not 

intended to be a multipurpose communications mechanism. It only provided one-way 

analog video transmission through a tree-and-branch coaxial network. The original pur-

pose of these systems was to deliver broadcast signals in areas where sufficient antenna 

reception was not guaranteed [5, p.5]. The signals were transported from the service 

providers headend to multiple customers using coaxial cables, RF power amplifiers, 

power splitters, and directional couplers. Several amplifiers had to be cascaded to over-

come the losses present in coaxial cables and passive components. The signal attenua-

tion in a coaxial cable can be in the order of 50 dB / km [6, p.20]. This suggests that an 

RF amplifier with a gain of 25 dB is required after every 500 meters. Cascading multi-

ple amplifiers result in a degradation of signal quality due to added noise and distortion. 

The third order distortions increase approximately 6 dB, and the carrier-to-noise ratio 

decrease 3 dB, when the amount of amplifiers in cascade is doubled [5, p.6]. In addi-

tion, cascading multiple amplifiers introduces a reliability hazard: a malfunction in just 

one amplifier can result in loss of signal for several customers. 

Nowadays, the modern hybrid fiber coaxial (HFC) networks enable two-way data 

transmission. An HFC network is composed of an optical and a coaxial portion and is 

used to carry broadband content such as video, data, and voice between the headend and 

the customer. The use of fiber technology has led to a reduced number of cascaded am-

plifiers due to the low loss nature of optical data transmission in a fiber. This has led to 

a better signal quality and greater bandwidth [5, p.18]. A typical HFC network is pre-

sented in Figure 2.1.  
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Figure 2.1. Typical HFC network. 

Considering first the downstream direction, the headend combines data and video sig-

nals from satellite transponders, terrestrial broadcast, and video servers using subcarrier 

multiplexing [6, p.12]. After the multiplexing, the broadband RF signal (for example 

from 54 MHz to 1002 MHz) is used to modulate the intensity of a semiconductor laser. 

The headend feeds the optical signal to multiple distribution hubs using a fiber 

trunkline. The data is then sent from a distribution hub to an optical node through an 

optical fiber. The optical portion of the HFC network is used to transmit the signals for 

the long distances, which is 15 - 20 km on average (but can be as high as 40 km) in Eu-

rope [7]. The fiber is terminated at the optical node, which converts the optical signal 

back to electrical RF signal using a photodiode receiver. The electrical signal is then 

amplified and distributed to the coaxial cable network. The optical node usually con-

tains more than one RF ports. Thus, it can feed multiple coaxial networks. [6, p.14]  

Now that the signal is travelling in a coaxial cable, it can be delivered to subscriber 

homes using taps. A tap is essentially a combination of directional couplers and power 

splitters [6, pp.15-16]. Line extender amplifiers are inserted in the coaxial network in 

order to amplify the signal for subscribers located further away from the optical node. 

Several line extender amplifiers can be cascaded, but with the cost of signal degradation 

due to increased noise and distortion. In Europe, a maximum of 4-5 amplifiers are typi-

cally connected in cascade [7]. 

The cable section of an HFC network is fully bidirectional. Upstream signals will travel 

back from the subscriber premises to the optical node using the same coaxial cables, 

taps, and amplifiers as downstream signals. This is achieved with frequency division 

duplexing (FDD).  Frequency division duplexing is enabled with the use of diplexers in 
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2.2 Radio frequency over glass network 

The trend of evolvement in HFC networks is to push the fiber-to-coaxial point of transi-

tion closer to the customer. Radio frequency over glass (RFoG) is a new technology that 

enables a novel approach to implement a fiber-to-the-home (FTTH) network architec-

ture. In addition, RFoG preserves the traditional HFC equipment in the headend and 

customer premises, such as the CMTS (cable modem termination system), QAM set-top 

boxes and DOCSIS cable modems. Instead of the optical nodes utilized in HFC, RFoG 

uses micronodes that are located in subscriber homes.  

Figure 2.3 shows the reference architecture for an RFoG system. 

 

Figure 2.3. RFoG network. Adopted from [4] . 

Located at the headend, the optical hub consists of a downstream optical transmitter, 

downstream optical amplifier and splitter, and an upstream optical receiver. Down-

stream operates on a wavelength of 1550 nm, whereas upstream uses either 1310 or 

1610 nm. 1310 nm upstream wavelength enables more cost effective solutions due to 

the wide availability of active and passive components, whereas 1610 nm permits the 

coexistence of either IEEE 802.ah (EPON) or  ITU G.984 (GPON) system, thus being 

more future-proof [9]. Isolation and multiplexing between the transmitter and receiver 

of the optical hub is achieved with the wavelength division multiplexer (WDM), which 

facilitates the interface between the optical hub and the optical distribution network 

(ODN). Other than the usage of WDM, which allows the downstream and upstream 

signals travel along the same fiber, the downstream architecture is basically the same as 

in a HFC network. At the end of the ODN, the signal is split into micronodes using an 

optical splitter. The micronodes are located either at home (FTTH, fiber-to-the-home), 

or at a building (FTTB, fiber-to-the-building).  
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The transmission technology in RFoG differs from HFC in the upstream direction. In 

RFoG, all micronodes connected to a single optical splitter (maximum split of 1:128) 

are terminated with a single optical receiver (whereas in HFC every optical node has its 

dedicated receiver in central station site). This is achieved with time division multiplex-

ing (TDM) of upstream signals and it significantly reduces the amount of upstream re-

ceivers in the headend [3].  

2.2.1 RFoG micronode 

The optical distribution network is terminated at the micronode, which converts the sig-

nal from optical to electrical (electrical to optical) in the downstream (upstream) direc-

tion. An example of a micronode architecture is presented in Figure 2.4. 

 

Figure 2.4. Block diagram of a micronode. Adopted from [4] . 

The micronode receives downstream optical signal from the network and couples it to 

the downstream receiver through the wavelength division multiplexer (WDM). The re-

ceiver converts the optical signal into RF using a photodiode. The RF signal is then fed 

to the coaxial cable through the diplexer. Finally, a cable modem, QAM set-top-box, or 

a QAM tuner terminates the coaxial cable. 

The micronode upstream transmitter operates in burst mode. The transmitter is switched 

on only when RF power in the upstream band is detected. The TDM-scheme allows 

signals from multiple upstream transmitters to travel through a single fiber to a single 

upstream receiver. Without TDM, upstream signals sent from different micronodes to a 

single receiver would block each other.  
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2.2.2 Benefits of an RFoG network 

An RFoG network benefits from the fact that the fiber is brought all the way to the cus-

tomer, thus lacking the need of amplifiers and active elements in the field. This leads to 

CAPEX (capital expenditure) savings, especially in rural areas [9]. The passive optical 

network that is used to replace the coaxial portion of an HFC network can be construct-

ed using low cost passive components. This leads to more reliable solution and requires 

less maintenance. For example, a local power outage will not affect the passive optical 

network. Furthermore, the optical fiber is immune to RF interference, because it is built 

from non-conducting materials.  

A cable operator can also choose an RFoG network over a HFC network, because it is 

more future proof. RFoG can share the same infrastructure with baseband modulated 

GPON and EPON internet protocol solutions. They can share the same passive optical 

network, because their lasers utilize different wavelengths. The wavelengths for the 

downstream and upstream directions of GPON and EPON are 1490 nm and 1310 nm, 

respectively. As mentioned earlier, RFoG utilizes a downstream wavelength of 1550 

nm. The upstream wavelength can be chosen to be 1610 nm, and thus allowing a 

GPON/EPON overlay. 
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Figure 3.7. Depiction of the elements in a semiconductor laser. Adopted from [6, 
p.143] . 

The pump is an external energy source that provides the energy that is coupled to the 

laser and used to excite the atoms.  In semiconductor lasers, the energy is delivered to 

the laser cavity with an electric current [12, p.432]. With the aid of the front and back 

mirrors, photons are reflecting in the laser cavity and coherent light is formed by stimu-

lated emission. Some of the incident light will pass the front mirror and is lensed into an 

optical fiber.  

There will be a set of optical wavelengths that can propagate through the cavity without 

being severely attenuated. These wavelengths, for which the optical beams of light be-

have as standing waves, depend on the cavity dimensions and optical characteristics. An 

example of the allowed wavelengths is presented in Figure 3.8. 

 

 

Figure 3.8. Allowed wavelengths in a Fabry-Perot laser. 

A Fabry-Perot is a laser, whose optical output consists of many wavelengths around the 

center wavelength. Light can propagate through the cavity at all allowed wavelengths, 

but the light amplification is greatest in the center frequency. 

By periodically modifying the optical characteristics of the cavity, wavelengths other 

than the center can be suppressed. This technique, known as grating, acts as an optical 

filter, and causes wavelengths around the center to be attenuated for more than 50 dB. 

This type of a laser is called distributed feedback (DFB) laser.[6, p.145] 
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As depicted earlier in Figure 3.7, laser modules used in optical communications include 

a photodiode, which is often utilized in a closed loop power control circuit. The monitor 

photodiode is usually connected in the control circuit in reverse bias, meaning its cath-

ode is connected to a higher potential compared to the anode. The photodiode allows 

current to flow from its cathode to anode, if the laser transmits light. The magnitude of 

the photodiode current is proportional to the transmitted optical power.  Thus, the pho-

todiode is a crucial, but a rather simple component in a laser power control circuit. It 

can be used to sense the output power of the laser by measuring its current.  

Figure 3.9 presents an example of a laser diode used in RFoG micronodes. 

 

Figure 3.9. A 1310 nm semiconductor laser. 

The package includes pins for the laser diode and the monitor photodiode. In addition, a 

singlemode optical fiber with a square connector (SC) is integrated to the package. 

3.3.2 Optical modulation index 

Lasers can be modulated either directly or externally. Both schemes are presented in 

Figure 3.10. In external modulation, the light is modulated after it is emitted from the 

laser. The laser produces a constant optical output power and an external modulator is 

used to modulate the light by varying the amount of power it lets through. However, the 

external modulators are often bulky and expensive. In direct modulation, the optical 

power of the laser is modulated with the input current. Thus, an external modulator is 

not required. [16]  
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Figure 3.10. (a) External and (b) direct modulation of a semiconductor laser. 

Semiconductor lasers used in RFoG micronodes are modulated using direct modulation, 

because it is more cost effective and requires less space. In direct modulation, the modu-

lating RF current is applied to the same terminals (laser diode anode and cathode) as the 

bias current. This is presented in Figure 3.11.  

 

Figure 3.11. Direct modulation of a semiconductor laser. 

The bias current sets an operating point for the optical power. When the RF current is 

superimposed on the DC bias, the output power of the laser is modulated. Figure 3.12 

presents an example of semiconductor lasers transfer curve. The transfer curve depicts 

the relation between the input current and the optical output power. 
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Figure 3.18. Depiction of response time for a non-inverting comparator with two dif-
ferent values of input overdrive. 

The excess voltage vin - vref  is called the input overdrive voltage. As presented in Figure 

3.18, greater input overdrive will result to smaller propagation delays [22].  

3.5.2 Hysteresis 

A comparator circuit can be externally modified to exhibit hysteresis. A single supply 

open-collector comparator with a hysteresis circuit and the hysteresis behavior is shown 

in Figure 3.19. 

 

Figure 3.19. A single supply comparator with hysteresis. 

The circuit above is often called a Schmitt trigger. When hysteresis is utilized, the out-

put will change with different input voltages, depending if the output transition is from 

VOL to VOH or from VOH to VOL. Hysteresis is usually deployed to prevent voltage fluc-

tuations in the input, caused by noise or other disturbances, to generate unwanted 

switching between the two output states. This is called comparator chatter. Figure 3.20 

presents the behavior of a comparator with and without hysteresis. 
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Figure 4.3. An RF detector may give false readings if its input is not adequately well 
matched. 

As discussed in Chapter 3.7, unacceptable operation may occur, if the input impedance 

of the detector is not matched with its source in the whole upstream band. Some varia-

tion in the measured power is acceptable, due to the relatively wide threshold ranges 

that were presented in Figure 4.2. However, if the detector is not properly impedance 

matched in some range of the upstream bandwidth, problems may rise in form of non-

uniform turn-on / turn-off operation. 

The input of an RF detector cannot distinguish an unwanted signal from the signal of 

interest. For example, noise from 50 Hz (or 60 Hz) humming, spurious emissions from 

some other block of the device (e.g. clock, oscillator, etc) or emissions from nearby de-

vices may be higher in power than our signal of interest at the lower end of the dynamic 

range. This can lead to high signal-to-noise ratio (SNR). Thus, careful shielding, 

grounding, and filtering is essential.  

4.2.1 Detector 

Three different detector circuits were chosen for testing and comparison: An AD8307 

logarithmic detector [26], an LT5537 logarithmic detector [27], and a discrete solution 

utilizing Schottky diodes [25] with an MC33172 op amp [28]. The application circuits 

of the detectors are presented in Figure 4.4. 

 

Unacceptable operation 

Measured power 

/ actual power 

Frequency Frequency 

Acceptable operation 

1 1 
May cause 

unwanted turn-

on / turn-off 

behavior 

Measured power 

/ actual power 









35 

4.3.1 Current regulation 

When the laser is supposed to be on, its bias current must be regulated. The current reg-

ulation circuit can be designed using an operational amplifier with negative feedback. 

There are two ways of realizing the feedback: the laser bias current can be sensed using 

a small, low tolerance resistor, or by utilizing the built-in photodiode. Although both 

techniques can be used, the method including the photodiode has one major advantage. 

As explained in Chapter 3.3.3, the transfer curve of the laser changes as a function of 

temperature. Thus, when the temperature changes the bias current to obtain a certain 

optical output needs to be adjusted. The feedback resistor cannot compensate on this 

change on its own. However, the photodiode produces a current through it that is pro-

portional to the optical output power. Therefore, while the bias current to obtain a cer-

tain optical power changes as a function of temperature, the photodiode current versus 

optical output power remains almost constant. However, there is a small tracking error, 

but it is much lower than the error that would occur in the utilization of a feedback re-

sistor. 

The most challenging aspect of designing a current control scheme will be the turn-on 

and turn-off times presented earlier in Table 4.1. The turn-on and turn-off delay times of 

1.3 µs and 1.6 µs, respectively, are relatively short. Therefore, response times occurring 

in the control circuitry, must be kept in minimum without risking the stability. A high 

slew rate of the current control circuitry might give rise to ringing and over-shooting, 

and a situation might occur, where a tradeoff between the rise time and settling time 

must be made.  

An op amp MC33172D exhibiting a relatively low slew rate of 2.1 V/µs was chosen to 

serve as the current controlling component due to its instant availability and single sup-

ply operation [28]. A design for bias current control is presented in Figure 4.6.  
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Figure 4.6. A proposed current regulation control circuit. 

The most central component in the laser current control is the negative feedback opera-

tional amplifier supplying the gate of the MOSFET. Together they operate as a current 

regulator. As discussed earlier, there are two different methods to provide feedback for 

the operational amplifier. The feedback can be realized using the photodiode, which 

senses the output optical power, or a resistor sensing the laser current. For the design 

proposed in this thesis, the feedback utilizing the photodiode was chosen.   

As discussed in Chapter 3.4, the operational amplifier loaded with negative feedback 

adjusts its output voltage to achieve a state, where the voltages at the inverting and non-

inverting inputs equal. In the circuit of Figure 4.6 this is achieved as follows. The opera-

tional amplifier adjusts its output voltage to a value, where the photodiode passes a re-

verse (cathode-to-anode) current through it that leads to a voltage at the inverting input 

equaling the voltage at the non-inverting input. The block diagram in Figure 4.7 clari-

fies the mechanism how the optical power is regulated in the circuit. 
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Figure 4.7. Current regulation mechanism of the circuit proposed in Figure 4.6. 

Using a potentiometer, the voltage of the operational amplifiers non-inverting input can 

be adjusted. Thus, the steady-state output power can be adjusted. This can be used to 

fine tune the steady-state optical power to a desired value. 

4.3.2 Current on/off switching 

The laser is supposed to be on only when RF is sensed by the detector. Therefore, the 

bias current regulated through the laser must also be turned on and off. This is achieved 

by manipulating the voltage presented at the non-inverting input of the operational am-

plifier by utilizing a single-pole-single-throw analog switch. This is presented in Figure 

4.8.  

Voltage at the 

inverting input  Output voltage decreases  

MOSFET gate-to-source 

voltage decreases  

Current through the la-

ser decreases  

Optical power of the 

laser decreases  

Photodiode current de-

creases  

Voltage at the inverting 

input decreases  

Output voltage increases  

MOSFET gate-to-source 

voltage increases  

Current through the la-

ser increases  

Optical power of the 

laser increases  

Photodiode current in-

creases  

Voltage at the inverting 

input increases  

vn < vp vn > vp 



38 

 

Figure 4.8. Current regulation circuit with an added analog switch at the non-inverting 
input of the operational amplifier. 

The truth table for the analog switch is presented in Table 4.2. 

Table 4.2. Truth table for the analog switch. 

Input  Switch state 

0 Open (does not conduct) 

1 Closed (conducts) 

  

First, the logical inputs, which are provided by the voltage comparator placed after the 

RF detector, shall be defined. The input of logical 1 (3.3 V) represents the absence of 

RF power presented to the detector, whereas a logical 0 (0 V) represents sufficient pow-

er at detector input.  

When enough RF is present at the detector input, the voltage comparator will output 0 

volts (logical 0). The switch will be open (not conducting), and current is regulated as 

discussed in Chapter 4.3.1. However, when enough RF is not applied, the output of the 

comparator will be 3.3 V (logical 1). The switch will now be closed (conducting) and 

the non-inverting input will be pulled down to ground. Again, the negative feedback of 
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the operational amplifier adjusts its output voltage in order to achieve a state, where the 

voltage at the inverting and non-inverting inputs equal. Consequently, the laser is shut 

down. 

Other solutions for the on/off switching were also considered, but rejected after initial 

measurements. For example, one solution was to insert the analog switch in series the 

laser diode, rather than in the non-inverting input of the op amp. The on-off switching 

would have been achieved by closing and opening the path for the current to flow from 

the power supply to ground through the laser.  The major drawback with this kind of a 

design is that when the switch is opened (no current will be able to flow through the 

laser), the output voltage of the operational amplifier would be driven to the positive 

rail. This is because the negative feedback would  try to achieve a state, where the volt-

ages of the inverting and non-inverting inputs would equal, although in this case it 

would be impossible.  Now, at the time instant when the switch is closed, the voltage of 

the operational amplifier would be initially too high. In addition, the transistors in the 

output stage of the op amp would be saturated, requiring a long time to recover back to 

the linear range, as discussed in Chapter 3.5. The result is a substantial overshoot in the 

optical power before the regulation current achieves the steady state.  

4.4 Construction of the prototype 

A schematic and layout was designed using Mentor Graphics. The realized prototype 

included two types of RF detectors for separate use (selectable with a switch), a voltage 

comparator, and different current control circuits (selectable with a switch). The differ-

ent methods for laser current control were implemented for comparison. The proposed 

design presented previously in Figure 4.8 was found to be the most suitable.  

The prototype board also included DC-DC converters that were used to produce supply 

voltages for the components. The PCB was etched by a third party and the components 

were soldered at Teleste premises using reflow, wave, and manual soldering. The proto-

type is presented in Figure 4.9. 

The prototype included a number of components that were not used in final the design. 

For example, the same PCB was used to test the solderability of components used in a 

different project.  
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Figure 4.9. Realized laser driver prototype. 
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Figure 5.2 RF-to-DC conversion of Detector A. 

 

Figure 5.3. RF-to-DC conversion of Detector B. 
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Figure 5.4. RF-to-DC conversion of Detector C. 

5.1.2 Detector output voltage rise and fall times 

The rise and fall times of the detectors were measured using the measurement setup of 

Figure 5.1, but the voltage meter was replaced with an oscilloscope. Also, the input RF 

signal was pulse modulated. The measurement results for the rise and fall times for a 

pulsed RF are presented in Table 5.2. The measurement results are only presented for a 

100 MHz signal, although the response times were verified for the whole upstream 

bandwidth of 5-204 MHz. The variation in response times versus frequency was not 

significant. 

Table 5.2. Rise and fall times of the measured detectors. 

Sample Type Rise 
time 

Fall 
time 

Detector A Logarithmic   amplifier 264 ns 504 ns 

Detector B Logarithmic   amplifier 328 ns 4300 ns 

Detector C Discrete design using an          

operational      amplifier 

744 us 976 us 
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Figure 5.7. Measurement results for laser turn-on and turn-off powers. Areas inside the 
black lines represent the specification requirements. 

The turn-on and turn-off powers lie within the required ranges. At the lower range of the 

upstream band, the laser turns on with 73 dBuV of input power. At the higher end of the 

band the turn on power is 71 dBuV. The turn-off power is 54 dBuV, with one measure-

ment point being 53 dBuV. 

Note that the measured design did not consist of a directional coupler presented in Fig-

ure 4.1 of Chapter 4. It would be required in a complete RFoG transmitter, because the 

main portion of the RF power would be guided to modulate the laser. The scope of this 

thesis was only to develop a fast switch on/switch off mechanism for the laser. With the 

usage of a directional coupler the actual input power fed to the detector would be less. 

By modifying the hysteresis circuit, the turn on and turn off powers can be moved to 

values, which take into account the difference produced by the coupler. 

5.3 Laser turn-on and turn-off time delays 

The turn-on and turn-off time delays of the prototype were measured using an oscillo-

scope. The oscilloscope was equipped with optical and electrical inputs. A pulsed signal 

was produced with an externally on-off modulated RF signal generator. The generated 

test signal was split to the oscilloscope and the device under test. The splitting of the 

test signal enabled the response time measurement: optical power is measured simulta-

neously with the pulsed RF signal. The diagram and a picture of the measurement setup 
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Figure 5.10 presents two bursts of RF signal, and the turn-on and turn-off of the optical 

power.  

 

Figure 5.10. Turn-on and turn-off of the transmitting laser. 

As seen, the laser is active only when an RF signal is present. This proves that the de-

signed concept works as expected. The measured optical power is 0.2 mW. A 10 dB 

attenuator was placed between the laser and the oscilloscope as presented in Figure 5.8. 

Thus, the actual optical carrier power is 2 mW (~3 dBm). It is also noted that there is a 

slight overshoot, when the laser is turned on.  

The measurement results for optical rise and fall times for 100 MHz input signal are 

presented in Figures 5.11 and 5.12, respectively. Note that the signal in the following 

graphs appear to be approximately 50 MHz rather than 100 MHz. However, it is due to 

aliasing. 
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Figure 5.11. Measured laser turn-on delay. 

The measured time delay from the application of RF to optical power reaching 90 % of 

its steady state value was measured to be 700 ns. The response time is measured from 

the instant that the envelope of the RF signal starts to rise. The envelope rises to the 

maximum value in approximately 250 ns. If the Marconi signal generator would have 

exhibited faster rise times for the RF envelope, the measured response time for the de-

vice could have been even shorter. It is noted, that optical power starts rising approxi-

mately 350 ns after the application. This corresponds to the response time of the detec-

tor-comparator combination.  

Measurement result for the optical 10% to 90% rise time was 450 ns. The specified 

minimum time is 100 ns. The optical rise time is proportional to the slew rate of the 

operational amplifier. By using an op amp with a higher slew rate, smaller optical rise 

time could be achieved. There is a slight overshoot in the optical power, which dissi-

pates approximately in 450 ns.  

The turn-off time delay was measured using the same setup. Result for optical fall time 

is presented in Fig. 5.12. 
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6. CONCLUSIONS  

This thesis presented a concept that could be utilized as the laser bias control circuit in 

an RFoG micronode upstream transmitter. First, the reader was presented the basics of 

RFoG networks and the RFoG optical networking unit, the micronode. In order to fa-

miliarize the reader on the technology in hand, background theory was given on the 

physical phenomena, electrical components, and techniques utilized in the design.  

The objective of this thesis was to develop and build a concept for a laser control circuit 

that could be utilized in Teleste corporations future micronode product. The proposed 

design consists of three building blocks: a detector, comparator and switching current 

regulation circuit. Different components and control solutions were compared and dis-

cussed. The best combination from the available detectors and comparators were chosen 

and realized together with the current control circuit.  

Three different detectors were evaluated by measurements. Two of the detectors were 

logarithmic detectors and one a discrete solution utilizing Schottky diodes. The chosen 

detector was a LT5537 logarithmic detector, which excelled in response time compared 

to the others. Methods for current regulation were also discussed. The current regulation 

was implemented using an operational amplifier with negative feedback. The feedback 

utilized the built-in photodiode of the semiconductor laser. The laser bias current on/off 

switching was achieved by manipulating the voltage at the non-inverting input of the 

operational amplifier. Other switching methods were also discussed, but omitted from 

the final design. 

The SCTE RFoG specification dictates that a micronode transmitter must turn on the 

transmitting semiconductor laser in 1.3 µs, when it senses an upstream signal in its in-

put. When the signal is removed, the laser must turn off within 1.6 µs. The developed 

device met the turn-on and turn-off requirements set by the specification. The obtained 

laser turn-on and turn-off times were 700 ns and 600 ns, respectively. In addition, there 

are specifications for the input powers, which lead to laser turn-on and turn-off. These 

specifications were also met. The results proved that the designed laser driver circuit 

could be utilized in a commercial RFoG product. Also, the concept can be utilized in 

other applications, which require fast RF sensing.  

Teleste Corporation offers several optical products, which incorporate upstream trans-

mitters. However, they are designed to operate in HFC networks: the laser bias is al-

ways on regardless of the input RF power. The laser control architecture proposed in 

this thesis could be utilized in such product. By adding the combination of detector, 
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voltage comparator, and analog switch the optical power regulation circuit in such a 

product could be modified to exhibit the on/off behavior required in RFoG networks.  
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