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HIGH-EFFICIENCY, DUAL CURRENT SINK 
LASER DODE DRIVER 

CROSS-REFERENCED TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/215,873, filed on Aug. 23, 2011 and 
entitled “HIGH-EFFICIENCY, DUAL CURRENT SINK 
LASER DIODE DRIVER'', the entirety of which is hereby 
incorporated by reference. 

TECHNICAL FIELD 

0002 Various embodiments are described herein relating 
generally to the field of activating laser diodes and the like, 
and more particularly to driving laser diodes in master oscil 
lator (MO), power oscillator (PO), and optical power ampli 
fier (PA) applications. 

BACKGROUND 

0003 Power scaling of a laser refers to increasing a laser's 
output power without Substantially changing the geometry, 
shape, or principle of operation. Power Scalability is consid 
ered an important advantage in a laser design. Usually, power 
Scaling requires a more powerful pump Source, stronger cool 
ing, and an increase in size. It may also require reduction of 
the background loss in the laser resonator and, in particular, in 
the gain medium. One such approach for achieving power 
scalability is referred to as a “MOPA' (Master Oscillator 
Power Amplifier). A MOPA includes a master oscillator 
(MO) e.g., a stable, low power laser source producing a highly 
coherent beam, which provides an input, or seed to an optical 
power amplifier (PA). The optical PA increases the power of 
the 'seed' beam, while generally preserving its main proper 
ties. Consequently, the MO has no need to be powerful, and 
no need to operate at high efficiency because the efficiency is 
determined largely by the PA. The MO is normally not used as 
a standalone entity, because of its low output. However, by 
seriesing multiple laser diodes in a light emitting array (i.e., 5 
10, or more diodes) to pump a single gain medium; a “power 
oscillator (PO) is created. The PO is conceptually the same 
as a MO; but with significantly more laser light output power. 
The PO is nothing more than a high power MO that is suitable 
for medium power applications like near earth range finding. 
The PO usually has a smaller output than a MOPA. A 
MOPAPA can be created in which the 1PA creates seedlight 
for the 2" PA. By continually adding more and larger PAS to 
the chain kilowatt or even megawatt laser outputs are pos 
sible. 
0004 Generally, optical PAS include again medium. The 
gain medium comprises a host material which contains a 
particular concentration of dopant ions. An optical pumping 
Source (e.g., a laser diode array) excites dopant ions of the 
gain medium to a higher energy state from which they can 
decay, via emission of a photon at the signal wavelength back 
to a lower energy level. Photonic emission may be spontane 
ous or stimulated, in which Such transition of a dopant ion is 
induced by another photon. Preferably, pumping of the gain 
medium is sufficient to achieve a population inversion, in 
which more ions exist in an excited State than a lower energy 
state. Stimulated emission is induced within the gain medium 
by incoming light introduced in the form of a seed beam. 
Example structures include doped optical fiber waveguides, 
rods, slabs, and planar waveguide. 
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0005 Pumping such optical systems generally requires a 
Substantial amount of energy. For example, when such pump 
ing is accomplished using laser diodes, the diodes are driven 
at current levels that can reach into the hundreds of Amperes. 
Laser drive currents for pumping again medium can be both 
single pulse and periodic in nature. Typically, the pulses are 
provided periodically, for short durations, followed by an off 
or no current period. Suitable laser diode currents for pump 
ing MOs and PAS can be provided by laser diode driver 
circuits. Traditionally, in such MOPA configurations, two 
fully independent current driver circuits are generally pro 
vided, one for the PA laser diode array and another for the MO 
laser diode array. Each current driver circuit generally con 
tains its own separate charge source. Such as a storage capaci 
tor. In operation, Such current driver circuits are configured to 
provide rectangular current pulses (i.e., on/off, current/no 
current). 

SUMMARY 

0006. Described herein are embodiments of systems and 
techniques for activating light emitting devices, such as laser 
diodes, as may be used in connection with an optical PA or 
MO or PO. Multiple PAS can be used with a single MO to 
further enhance the output energy of a MOPA system. The 
light emitting devices referred to herein may be configured as 
a single optical emitter oran array of optical emitters arranged 
in a series, parallel, or parallel sets of series connected optical 
emitters. For the purpose of simplicity, these light emitting 
devices will be referred to as light emitting arrays but could, 
in practice, be in any of the afore mentioned arrangements. 
0007. In one aspect, at least one embodiment described 
herein provides a multi-stage laser drive circuit configured to 
draw current from a common potential source. The drive 
circuit includes a current node (a current node is defined here 
to be a particular voltage node through which current flows) 
and a first light-emitting array in electrical communication 
between the common potential source and the current node. 
The drive circuit also includes first and second current sinks 
in electrical communication with the current node and in a 
parallel arrangement with respect to each other. The first 
current sink has a first control terminal and is configured to 
draw a first current from the common potential source, 
through the current node, in response to a respective current 
control output signal received at the first control terminal. 
Likewise, the second current sink has a second control termi 
nal and is configured to draw a second current from the 
common potential source, through the current node, in 
response to a respective current control output signal received 
at the second control terminal. An aggregate current drawn 
through the first light-emitting array is determined Substan 
tially by a combination of the first and second currents. The 
first light-emitting array is further configured to emit light in 
response to current drawn therethrough. 
0008. In some embodiments, the multi-stage laser drive 
circuit further includes at least one current-drive circuit. The 
current-drive circuit has a current-enable input, a current 
level setting input and a current control output. The current 
control output is in electrical communication with one of the 
first and second control terminals of the two current sinks. 
The current-drive circuit is configured to selectively provide 
a respective current control output signal in response to a 
signal received at the current-enable input. The respective 
current control output signal, when provided, is further deter 
mined by a signal received at the current-level setting input. 
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0009. In some embodiments, the multi-stage laser drive 
circuit further includes a second light-emitting array (e.g., an 
MO or additional PA light-emitting array). This second light 
emitting diode array is in electrical communication with the 
second (MO) current sink, such that current drawn through 
the light-emitting array is Substantially determined by the 2nd 
current (MO current sink). The MO light-emitting diode array 
is configured, in turn, to emit light in response to current 
drawn therethrough. The second light-emitting array includes 
at least one light-emitting device. 
0010. In some embodiments, at least one said light-emit 
ting device becomes an optical pumping Source for the gain 
medium being illuminated. 
0011. In some embodiments, the multi-stage laser drive 
circuit further includes a controller. The controller, when 
provided, is in electrical communication with the current 
enable and current-level setting inputs of the at least one 
current drive circuits. The controller is configured to provide 
a current-enable signal to the current-enable input and a cur 
rent-level setting signal to the current-level setting input. 
0012. In some embodiments, the multi-stage laser drive 
circuit further includes at least one current sensing device in 
electrical communication with a respective one of the first and 
second current sinks and with the controller. The current 
sensing device is configured to provide a respective output 
signal indicative of a respective current drawn therethrough. 
0013. In another aspect, at least one embodiment 
described herein relates to a process for driving a first light 
emitting array. The process includes receiving first and sec 
ond current control signals. A first current is drawn from a 
common potential Source through a current node in response 
to the received first current control signal. A second current is 
drawn from the common potential source through the current 
node in response to the received second current control signal. 
The first and second currents are in parallel with respect to 
each other. An aggregate current is drawn through a first 
light-emitting array. The aggregate current is determined Sub 
stantially by a combination of the first and second currents 
(Io-I), wherein the light-emitting array emits light in 
response to the aggregate current drawn therethrough. 
0014. In some embodiments, the process further includes 
receiving a current-enable signal into the current-drive cir 
cuit. The current-enable signal includes at least two states, 
corresponding to “active' (i.e., drawing current) and 
'standby' (i.e., not drawing current). A current-level setting 
signal is also received, and at least one of the first and second 
current control output signals is determined in response to the 
received current-enable and current-level setting signals. In 
Some embodiments, the received current-level setting signal 
varies while the current-enable signal is in the active state. 
This allows for Arbitrary Waveform Generation (AWG) of 
each current sink pulse. The respective one of the first and 
second currents is selectively drawn responsive to the current 
enable signal being in the active state. 
0015. In some embodiments, the process further includes 
emitting light from a second light-emitting array in response 
to the first current. 

0016. In some embodiments, the process can include 
pumping a laser gain medium by light emitted from at least 
one said light-emitting arrays. 
0017. In some embodiments, the current-level setting sig 
nal for the current-drive circuit includes a momentary peak 
configured to induce a momentary peak output current for at 
least one said light-emitting arrays. Such a momentary peak is 

Sep. 17, 2015 

adapted to optically excite the gain medium being pumped, 
thereby providing synchronization of the optical excitation 
with respect to the laser output. 
0018. In yet another aspect, at least one embodiment 
described herein provides a MOPA laser optical pumping 
system, including means for receiving first and second cur 
rent control signals. Means for drawing a first current from a 
common potential Source through a current node in response 
to the received first current control signal and means for 
drawing a second current from the common potential source 
through the current node in response to the received second 
current control signal, are also provided. The first and second 
currents are in parallel with respect to each other. The MOPA 
current source also includes means for drawing an aggregate 
current through a first light-emitting array, means for emitting 
first pump light in response to the aggregate current (I+ 
I), and means for communicating first pump light into a 
power amplifier (PA) gain medium. The aggregate current is 
determined substantially by a combination of the first and 
second currents, wherein the light-emitting device emits light 
in response to the aggregate current drawn therethrough. 
0019. In some embodiments, the MOPA laser optical 
pumping system further includes means for drawing said 2" 
current through a second light-emitting array, wherein the 
light emitting array emits light in response to the current 
drawn therethrough (I). Means for emitting second pump 
light in response to the 2" current (Ic) and means for com 
municating 2" pump light into a MO gain medium are also 
provided. 
0020. The number of current sinks and control terminals 
for said current sinks can be three, four, five, or more current 
sinks in parallel to increase aggregate current capacity and to 
improve overall aggregate reliability. Only two current sinks 
will be discussed in the remainder of this document for sim 
plicity. Additionally, the current sinks could just as easily 
been designed as current Sources located between the com 
mon potential source and the top first and second light-emit 
ting arrays. An actual design was completed and simulated 
using 6 current sinking circuits in parallel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not neces 
sarily to Scale, emphasis instead being placed upon illustrat 
ing the principles of the invention. 
0022 FIG. 1 illustrates a block diagram overview of an 
embodiment of a multi-stage laser diode driver driving a 
single light emitting diode array with two paralleled current 
sinks. This is an example of the power oscillator (PO) topol 
Ogy. 
0023 FIG. 2 illustrates a block diagram overview of 
another embodiment of a multi-stage laser diode driver simi 
lar to that illustrated in FIG.1, providing more detail as to how 
the diode driver is powered and controlled. 
0024 FIG. 3 illustrates a block diagram overview of yet 
another embodiment of a multi-stage laser diode driver, illus 
trating how a MO diode array and a PA diode array are driven 
in tandem from a common potential source. This is an 
example of the Master Oscillator Power Amplifier (MOPA) 
topology. 
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0025 FIG. 4 illustrates a schematic diagram of an embodi 
ment of a current sink circuit portion of a multi-stage laser 
diode driver with the current sense feedback included. 
0026 FIG.5 illustrates a schematic diagram of an embodi 
ment of a charge storage circuit portion of a multi-stage laser 
diode driver with digital control of the output voltage. 
0027 FIG. 6 illustrates a block diagram overview of an 
embodiment of a modularized multi-stage laser diode driver 
for driving the MO and PA light-emitting diode arrays for a 
planar waveguide laser. 
0028 FIG. 7 illustrates a series of traces of representative 
current sink driverpulses aligned with an optical output pulse 
from the PA gain medium. 
0029 FIG. 8 illustrates an example of a non-rectangular 
current driverpulse and corresponding storage capacitor Volt 
age obtainable by the types of multi-stage laser diode drivers 
described herein. 
0030 FIG. 9 illustrates another example of non-rectangu 
lar current driver pulses and corresponding storage capacitor 
Voltage obtainable by the types of multi-stage laser diode 
drivers described herein. 
0031 FIG. 10 illustrates a process 600 for driving a first 
light-emitting array. 

DETAILED DESCRIPTION 

0032. A description of embodiments of systems and pro 
cesses for activating light emitting devices, such as laser 
diodes, as may be used in connection with an optical amplifier 
follows. More particularly, a laser diode drive circuit is pro 
vided with at least two controllable low-side current sinks (or 
two high-side current sources). Each current sink can be 
operated to control current drawn from a common shared 
Source. Such as a storage capacitor, through pumping laser 
diodes. In some embodiments, each of the two current sinks 
draws a respective portion (e.g., half) of the total laser diode 
drive current, thereby reducing the current load of either 
current sink. Operating components, such as the current 
sinks, at reduced current levels allows for lower temperature 
operation thereby improving device and overall system reli 
ability. 
0033. In other embodiments, one of the current sinks is 
operated to draw a relatively high, first current through a first 
laser diode array configured to pump an optical gain medium. 
Another of the current sinks is operated to draw a relatively 
lower current through a second laser diode array to pump a 
laser MO which in turn provides an optical seed signal. Such 
a seed output is applied to and amplified by the optical gain 
medium, suitably pumped by the first laser diode array. In 
particular, both laser diode arrays are operated in a series 
arrangement. Such an arrangement allows for sharing a com 
mon storage capacitor. Such sharing results in less compo 
nents (i.e., one storage capacitor and charging circuit) thereby 
offering improved efficiency over prior arrangements using 
independent storage capacitors. 
0034. A block diagram overview of an embodiment of a 
multi-stage laser diode driver 100 (PO) is shown in FIG. 1. 
The laser diode driver 100 includes a first light-emitting array 
102. In the illustrative embodiment, the light-emitting array 
102 is series-coupled, including three semiconductor devices, 
such as laser diodes 104a, 104b. 104c (generally 104), 
arranged in series with respect to each other. One end of the 
laser diodes 104 is in electrical communication with a first 
terminal of a common potential source 106. The common 
potential source 106 can be any Suitable source providing 

Sep. 17, 2015 

Sufficient electrical charge to Support an electrical current of 
a Sufficient magnitude through a circuit including the laser 
diodes 104. Some examples include a battery, a storage 
capacitor, and a power Supply. The opposite end of the series 
coupled laser diodes 104 is in electrical communication with 
a current node 108. 

0035 A first current sink 110 is in electrical communica 
tion between the current node 108 and an opposite (negative) 
terminal of the common potential source 106, thereby com 
pleting a circuit. The first current sink 110 is arranged to draw 
a first current I from the common potential source 106 
through the current node 108. In the illustrative embodiment, 
the first current sink 110 has a first control terminal 112 
adapted to receive a respective current control output signal. 
A second current sink 120 is in electrical communication 
between the current node 108 and an opposite (negative) 
terminal of the common potential source 106. The second 
current sink 120 is also arranged to draw a second current I 
from the common potential source 106 through the current 
node 108. In the illustrative embodiment, the second current 
sink 120 has a first control terminal 122 also adapted to 
receive a respective current control output signal. The first 
and second current sinks 110, 120 are arranged in parallel 
with respect to each other. Being positioned in a third inde 
pendent circuit leg to the current node, a current drawn 
through the light-emitting array 102 is a Sum of the currents 
drawn by each of the current sinks 110, 120 (i.e., I+I). The 
series-coupled laser diodes 104 preferably emit light 105 in 
response to the aggregate current I+I drawn therethrough. 
0036) Each of the current sinks 110, 120 draws a respec 
tive contribution of electrical current through the node 108 in 
response to stimulus at its respective control terminal 112, 
122. Even though the term current "sink” is used in the 
illustrative examples described herein, it can be replaced or 
otherwise referred to as a current “source.” The designation 
sink or source depends upon perspective. In the case of a 
high-side current source implementation, the dual current 
Sources is moved in between the common potential source 
106 and the light-emitting array 102. The bottom of the light 
emitting array is then tied to the negative terminal of the 
common potential source 106. At least one advantage offered 
by using high-side current sources (instead of low-side cur 
rent sinks) is improved diode array protection, for example, 
from short circuits to ground, however, at the cost of greater 
circuit complexity. In a simplistic embodiment, each of the 
current sinks 110, 120 can be provided by a series combina 
tion of a resistor and a single-pole/single-throw (SPST) ana 
log, or mechanical Switch. Operation of such a Switch can be 
accomplished by stimulus received at the respective control 
terminal 112, 122, for example by operation of a solenoid or 
other Suitable actuator. It is contemplated that in some 
embodiments electronic Switches, such as transistors can be 
used in place of the analog Switch. Control of such electronic 
switches can be accomplished by stimulus received at the 
respective control terminal (e.g., a gate Voltage). When the 
Switch is open, no current is drawn by the respective current 
sink 110, 120. When either switch is closed, a respective 
current is drawn through the respective resistor. The magni 
tude of current drawn would be determined at least in part 
according to the electrical circuit traced through the common 
potential source and laser diodes 104 and the value of the 
resistor. In Such configurations, the control terminal stimulus 
operates the current sinkin a binary fashion, the current being 
either on or off according to the stimulus. In at least some 
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embodiments, the circuit design is not a simple Switch but 
rather a linear, closed-loop servo system, as shown in FIG. 4. 
0037. It is also contemplated that any of the current 
Sources or sinks described herein, Such as the two current 
sinks 110, 120 of the illustrative example, can include a 
controllable current Source, in which a current magnitude 
drawn by the current sink 110, 120 is determined by a voltage 
and/or current stimulus provided at the respective control 
terminal 112, 122. Such controllable current sinks 110, 120 
can include one or more active elements, such as transistor 
devices. In a particular embodiment, at least one of the current 
sinks 110, 120 includes a power metal oxide semiconductor 
field effect transistor (MOSFET), such as part no. 
IRFP4368PbF, HEXFETR power MOSFET, commercially 
available from International Rectifier of El Segundo, Calif. In 
Such a device, the drain-to-source current Is is controllable 
by the gate-to-source Voltage Vs, the device being capable of 
sinking a drain-to-source current Is of over 250 Amperes at 
a gate-to-source Voltage Vs of 10 Volts. 
0038. In laser power scaling applications, light 105 emit 
ted by the laser diodes 104 can be coupled into an optical gain 
medium 140. Preferably, wavelength of light 105 emitted 
from the laser diodes 104 resides within a suitable band and 
has sufficient amplitude to “pump' ions of the gain medium 
140 to an elevated energy state. Such pumping can be accom 
plished with one or more pulses of radiant energy from the 
laser diodes 104. Under Such a pumping mode, the electrical 
current drawn through the diodes 104 corresponding to a 
pumping current II+I. Typically, I is an appreciable 
current (e.g., one hundred Amperes or more) being Sufficient 
to cause laser diodes 104 to emit optical energy sufficient to 
pump the optical gain medium 140 and emit laser light 142. 
Since the first and second currents I, I are additive, each can 
be less than the power amplifier current. For example, each 
current can be substantially equal, being one-half of the 
power amplifier current. At least some benefits realizable 
with Such power sharing is reduced operating temperature 
and more generally, reduced stress on electronic components, 
such as the first and second current sinks 110, 120. Reduced 
electronic component stress translates to improved system 
reliability. Other embodiments are possible having more than 
two current sinks arranged in parallel to further share the total 
laser current load on each of the current sink modules. 
Although only two current sinks are shown in FIG. 1, it is 
contemplated that more than two can be used, particularly in 
view of constant current sinkS/sources being high-impedance 
entities that are well Suited to sharing current. In this case each 
current sink/Source added contributes to the overall aggregate 
current through the light-emitting diode array at 102. 
0039. A block diagram overview of another embodiment 
of a multi-stage laser diode driver is shown in FIG. 2. Once 
again, the laser diode driver 200 includes a first light-emitting 
array 102. In the illustrative embodiment, the light-emitting 
array 102 is series coupled, including three semiconductor 
devices, such as laser diodes 104a, 104b, 104c (generally 
104), arranged in series with respect to each other. One end of 
the series-coupled laser diodes 104 is in electrical communi 
cation with a first terminal of a common potential source 206. 
The common potential source 206 in this example is provided 
by a storage capacitor 206. A capacitor charging circuit 207 is 
in electronic communication with the storage capacitor 206 
and configured to charge the capacitor to a preferred Voltage 
level V at least during periods of charging. The capacitor 
charging circuit 207 is generally powered by another source, 
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Such as a power Supply Vs (e.g., an alternating or direct 
current power Supply or facility power). 
0040. A first current sink 110 is in electrical communica 
tion between the current node 108 and an opposite (negative) 
terminal of the storage capacitor 206. The first current sink 
110 is arranged to draw a first current I from the storage 
capacitor 206 through the current node 108. Once again, the 
first current sink 110 also has a first control terminal 212 
adapted to receive a respective current control output signal. 
A second current sink 120 is in electrical communication 
between the current node 108 and an opposite (negative) 
terminal of the storage capacitor 206. The second current sink 
120 is arranged to draw a second current I from the storage 
capacitor 206 through the current node 108. In the illustrative 
embodiment, the second current sink 120 has a first control 
terminal 222 also adapted to receive a respective current 
control output signal. The first and second current sinks 110. 
120 are arranged in parallel with respect to each other. Each of 
the current sinks 110, 120 operates as described above in 
relation to FIG. 1, e.g., drawing a current in response to a 
respective control stimulus (e.g., a control Voltage). 
0041. In some embodiments, one or more of the current 
sinks 110, 120 includes a respective second control terminal 
213, 223. Each of the second control terminals 213, 223 is 
configured to receive a current-level control signal corre 
sponding to a preferred current level to be drawn by the 
respective current sink 110, 120. More generally, in at least 
Some embodiments, a current-level control signal also con 
trols a pulse shape of current to be drawn through the respec 
tive current sink 110, 120. In such embodiments, each of the 
current sinks 110, 120 is configured to draw a current during 
periods of stimulus at its respective first control terminal 212, 
222. Such that the magnitude of current drawn (constant or 
time-varying) corresponds to the respective current-level 
control signal received at its respective second control termi 
nal 213, 223. In particular, variation of either current-level 
control signal during periods in which a current is being 
drawn results in the value of drawn current varying with 
respect to time. It is contemplated that, in general, any arbi 
trary pulse shape to current drawn through either current sink 
110, 120 may be obtained. Examples include rectangular 
pulses, ramp pulses, triangular pulses, stepped pulses, com 
binations of Such pulses, and the like. 
0042. The laser diodes 104 emit light 105 in response to an 
electrical current drawn thereto. In the exemplary embodi 
ment, the current value is the combination II+I. As 
described above, pumping an optical amplifier requires 
appreciable power, such that the total current I may be 100 
Amperes or more. Beneficially, either current sink 110, 120 
need only draw a portion of the total current (e.g., I/2). 
allowing the devices 110, 120 to run at lower currents, also 
generating less heat. Consequently, overall reliability of the 
laser diode driver 200 can be improved. Emitted light 105 can 
be used to pump an optical gain medium 140. Such that an 
amplified optical output 142 is produced through stimulated 
emission. 

0043. In at least some embodiments, the laser diode driver 
200 includes a controller 230. The controller 230 is in elec 
trical communication with at least the first control terminal 
212, 222 of each current sink 110, 120. The controller 230 is 
adapted to provide a stimulus (e.g., a Voltage) to each of the 
current sinks 110, 120 causing each current sink to draw a 
respective electrical current to achieve desired operation of 
the laser diodes 104. Such stimulus may include, for example, 
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a rectangular pulse distinguishing between current and no 
current states. Such stimulus may be pre-programmed, or 
otherwise configured to provide desired pulse durations at a 
desired duty cycle. 
0044) For embodiments in which either of the current 
sinks 110, 120 includes a second control terminal 213, 223, 
the controller can also be in electrical communication there 
with and configured to provide the respective current-level 
control signal. Once again, such stimulus may be pre-pro 
grammed or otherwise configured to provide for the desired 
current pulse shape. In at least some embodiments, the con 
troller 230 provides a numeric (e.g., digital) stimulus. For 
embodiments in which either current sink 110, 120 is config 
ured to receive an analog current-level signal, a respective 
digital-to-analog converter (DAC) 214, 224 is provided 
(shown in phantom) to convert a digital control signal to an 
analog signal. Such as a Voltage or a current. 
0045. In some embodiments, the laser diode driver 200 
includes one or more current sensors 215, 225. In the illus 
trative embodiments, a respective current sensor 215, 225 is 
provided in each leg of the circuit including a respective 
current sink 110, 120. In such a configuration, each current 
sensor 215, 225 is configured to sense a respective current 
drawn from the node 108. For example, the current sensor 
may be an inductive current sensor measuring current through 
an inductive field, or a precision resistor (e.g., 2.2 milliohms) 
shunted with a Voltage sensor measuring a Voltage across the 
precision resistor indicative of the current. A respective out 
put 216, 226 of each sensor 215, 225 can be coupled to the 
controller 230. For embodiments in which the sensor output is 
an analog signal and the controller 230 is adapted to process 
digital values, a respective analog-to-digital (ADC) converter 
217, 227 can be provided (shown in phantom) between a 
respective current sensor 215, 225 and the controller 230. In 
Some embodiments, the sensed current can be used by the 
controller 230 in a feedback loop configuration with the cur 
rent-level control signals 213, 223 to more precisely control 
the value of current drawn by each current sink 110, 120. 
0046. It is contemplated that in at least some embodi 
ments, the controller 230 is infurther communication with the 
capacitor charging circuit 207. For example, the controller 
230 can provide a charge control signal 232 (shown in phan 
tom) to the charger 207 for controlling charging of the storage 
capacitor 206. Such signal may control a rate of charging, or 
a Voltage applied to the charge capacitor 206. Alternatively or 
in addition, the controller 230 can receive a charge status 
signal 234 (shown in phantom) from the charger 207, for 
example, indicative of a state of the storage capacitor 206 
(e.g., fully charged, or a Voltage level). The controller can be 
implemented on or otherwise configured for operation with a 
computer adapted to execute a set of pre-programmed 
instructions. Alternatively or in addition, the controller can be 
implemented in whole or in part by a field programmable gate 
array (FPGA). 
0047. A block diagram overview of yet another embodi 
ment of a multi-stage laser diode driver 300 is shown in FIG. 
3. The driver 300 is similar in all respects to the driver 200 
described above in FIG. 2, except for a second laser diode 
array 304 (MO diode array) coupled in series with one of the 
current sinks (MO current sink 220). In particular, in such an 
embodiment, the first current sink (PA current sink 210) and 
the second current sink (MO current sink 220), can be 
arranged to draw a power amplifier (PA) pumping current 
I+I from the storage capacitor 206 through the PA light 
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emitting array 202 and into the current node 208. The result 
ing diode laser light 205 pumps the PA gain medium 240 until 
laser light is emitted 242. The second current sink 220 (MO 
current sink), can be referred to as a master oscillator (MO) 
current sink 220, because it creates the current through the 
MO diode array that emits the diode laser light 305 that 
pumps up the MO gain medium 241. The resulting seed light 
243 from the MO gain medium 241 is the optical drive fre 
quency for the PA gain medium 240. An example would be if 
it was desired to set the PA diode array current to 200 amps 
and the MO diode array current to 150 amps (considering that 
in a planar waveguide the MO current is generally equal to or 
less than the PA current). Thus, the MO current sink is com 
manded to 150 amps by inputs 222 and 223 and the PA current 
sink is commanded to 50 amps by inputs 212 and 213. The 
beauty of this approach is that both laser diode arrays are 
seriesed and powered from a single common potential source. 
In at least some embodiments, the MO diode array 304 is 
capable of producing an amplified pulse through stimulated 
emission of Suitably pumped ions in the MO gain medium 
241. In this instance, the seed light pulse is the pulse that 
comes out of the MO gain medium 243 and drives the PA gain 
medium 240. 

0048 Although a single laser diode 304 is illustrated, it 
can be replaced by an array of one or more laser diodes 304 
arranged in series. Preferably, all of the diodes 204, 304 are 
arranged to emit light in response to electrical currents having 
common direction. In particular, Such an arrangement pro 
vides for a greater number of laser diodes 204, 304 being 
arranged in series with a common storage capacitor 206, 
thereby providing an improved efficiency over traditional 
MOPA laser diode drivers in which PA and MO laser diodes 
are driven independently. 
0049. With the various techniques and circuit topologies 
described herein, it is possible to command current from a 
first controllable current sink (e.g., PA current sink 210) 
around the second laser diode array (e.g., the MO laser diode 
array 304), which is configured in series with a second current 
sink (e.g., MO current sink 220). This enables operation of 
both the first and second laser diode arrays 202,304, while 
simultaneously drawing different current amplitudes through 
each diode array from a common potential source. In the 
example illustrated in FIG. 3, a first current of I+I, is 
drawn through the PA laser diode array 202, while a different 
current of Imo is drawn through the MO laser diode array 304, 
despite both diode arrays 202,304 being series coupled. 
0050. A more detailed schematic diagram of an embodi 
ment of the MO current sink 220 is shown in FIG. 4. The MO 
current sink topology 220 and the PA current sink topology 
210 can be identical. Thus, a single schematic is shown for the 
MO current sink. The circuit 220 includes a controllable 
current sinking device Q4 in electrical communication with 
the master oscillator diode array 304 (FIG.3), and configured 
to draw or otherwise "sink” a controllable current I there 
through. In the illustrative embodiment, the current sinking 
device Q4 is a power MOSFET, such as device model no. 
IRFP4368PbF, commercially available from International 
Rectifier, of El Segundo, Calif. The example current sinking 
device Q4 can sink up to 350 Amperes of drain-to-source 
current Is under the control of a gate-to-source Voltage Vs. 
For example, at a junction temperature of 25°C. Is is about 
100 Amperes for Vs of about 4.6 Volts and about 200 
Amperes for Vs of about 4.9 Volts. 



US 2015/0263485 A1 

0051. The current sink 220 includes a gate driving circuit 
in electrical communication with a gate terminal (G) of the 
current sinking device Q4. The gate driving circuit includes 
an integrator at U3B and a current sense differential amplifier 
at U5A connected to produce a closed loop, low-side current 
sink (the implementation can be either low-side or high-side). 
In a high-side configuration, the current sink would be 
arranged at the anode of MO diode 304. Once again, at least 
one advantage of high-side current drive is if the MO or PA 
laser diode array 202,304 is inadvertently shorted to ground, 
the expensive laser diodes are protected. The cost of high-side 
drive is additional complexity, when compared to the low 
side current sink approach. 
0052. In the example embodiments, the integrator U3B is 
model no. LM6172, commercially available from National 
Semiconductor Corp. of Santa Clara, Calif. A non-inverting 
input (+) of the integrator at U3B is in electrical communica 
tion with a controllable SPST switch U8. In the example 
embodiment, the switch U8 is an iCMOS SPST switch model 
no. ADG 1401, commercially available from Analog Devices, 
Inc. of Norwood, Mass. In the example embodiment, the 
switch U8 is normally closed (e.g., DD FIRE2 being a logi 
cal 1), which connects the non-inverting input to a low Voltage 
level (e.g., -0.6 Volts or N 0.6V2) and turns the current sink 
off. The control input of the controllable switch U8 is in 
electrical communication with a first signal input 222 (e.g., 
DD FIRE2). In response to a suitable control (e.g., 
DD FIRE2 being a logical 0), the switch U8 is opened, 
removing the low voltage reference of -0.6 Volts from the 
non-inverting input and allowing the input signal 223 (e.g., 
I SET2) to control the amount of current delivered by the 
current sink servo loop (e.g., 50amps per Volt in this particu 
lar example shown in FIG. 4). 
0053. The non-inverting input (+) of the amplifier U3B is 
in further electrical communication with a second signal 
input 223 through a resistive divider network including two 
resistors R44, R45. It is worth noting here that any device 
values, such as the resistance of R44 and R45, included herein 
are provided by way of illustrative example only and are not 
meant to otherwise limit the selection of other values, ranges, 
and devices. When this input is varied and the input signal 222 
to U8 is a logic Zero, the output of the closed loop current sink 
circuit generates a current that is proportional to the current 
sense resistor (R53); the gain of the differential amplifier at 
USA (determined at least in part according to the values of 
R49 and R52), the voltage divider network (R44 and R45), 
and the magnitude of the Voltage. In the illustrative example, 
the formula in amps-per-volt is: I/V in amps/volt=(R52)x 
(R45)/(R49)x(R53)x(R45+R44). Where the “V” input is 
the I SET2 voltage 223. 
0054 The inverting input (-) of the integrator U3B is in 
electrical communication with an output of a current moni 
toring circuit 225, and a positive Supply Voltage (e.g., +15 
Volts), connected through a suitable pull-up resistor R42. An 
output of the integrator U3B is coupled to the inverting input 
through an R-C circuit including feedback resistor R43 in 
series with capacitor C29. The capacitor C29, at least in part, 
configures the device U3B as an integrator, while R43 in 
combination with C29, at least in part, creates a “Laplace 
Zero' for servo-loop compensation of the current sink. The 
R-C combination R43, C29 is shunted by a diode CR2 
arranged with its cathode coupled to the amplifier output. The 
shunting diode CR2 in combination with pull-up resistor R42 
form a negative clamp that guarantees that Q4 comes up in the 
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“off” state. The shunting diode CR2 clamps the integrator 
U3B output and thus the current sinking device's Q4 gate to 
about -0.7V. With the particular arrangement, an output of the 
amplifier U3B, when “fired (e.g., when the switchU8 is open 
circuit) follows the integrated difference between one half of 
the second input signal 223 (I SET2) and an output of the 
current sensing circuit 225 or the I SENSE2 signal 228. The 
amplifier output Voltage is coupled to the gate terminal (G) of 
the current sinking device Q4 through a series resistor R48. 
The series resistor R48 isolates the integrator U3B from the 
high capacitance of Q4's gate and prevents unwanted ringing 
of the current sink servo loop. 
0055. In this arrangement, the current sinking device Q4 
will sink or otherwiseconduct a controllable current when the 
first signal input 222 (DD FIRE2) is a logic input of 0. A 
value of gate driving Voltage is determined by the integrated 
difference between the current sense output 228 (I SENSE2) 
and one half the second input signal 223 (I SET2). The sec 
ond input signal 223 (I SET2) can be substantially constant, 
such that the Drain-to-Source current through the current 
sinking device Q4 is a pulse output corresponding to the first 
signal input 222 (DD FIRE2). Alternatively or in addition, 
the Drain-to-Source current through the current sinking 
device Q4 follows one half of the second input signal 223 
(I SET2), while the first signal input is active. When the 
second signal varies during time periods when the first input 
signal 222 (DD FIRE2) is active, the output gate voltage will 
vary in a corresponding manner, such that the current sink 
current Is will also vary in a like manner. In at least some 
embodiments, a similar circuit can be provided for the first 
current sink 210 (PA current sink). 
0056. In the illustrative example, the voltage monitoring 
circuit 225 includes a precision high-current sensing resistor 
R53 connected in series with a source terminal (S) of the 
current sink Q4. In the example embodiments, the sensing 
resistor R53 has a value of 0.0022 Ohms, with a tolerance of 
1%, provided by model no. SMV-R0022-1.0, commercially 
available from ISOTEK Corp. of Swansea, Mass. A current 
I drawn through the sensing resistor R53 will give rise to a 
corresponding Voltage drop. The Voltage drop is applied to 
input terminals of a second, precision differential amplifier 
USA. In the illustrative embodiment, the second amplifier 
USA is model no. OP467GS, commercially available from 
Analog Devices Inc., of Norwood, Mass. 
0057 The inputs to the current sense differential amplifier 
USA are coupled through a resistor network as shown. 
Namely, a first side of the sensing resistor R53 is coupled to a 
non-inverting input (+) of the differential amplifier USA 
through a series resistor R51 and a shunt resistor R50. An 
opposite side of the sensing resistor R53 is coupled to the 
inverting input (-) through a series resistor R52. A feedback 
resistor R49 is coupled between an output of the amplifier 
USA and the inverting input. Resistors R49 through R52 form 
a differential amplifier topology with opamp USA. The cur 
rent to voltage gain in the illustrative example is I/V=(R52)/ 
(R49)x(R53) amps/volt. Thus, for every 100 amps of cur 
rent flowing through the sensing resistor R53, the current 
sense output 228 (I SENSE2) will be 1.0V for the particular 
embodiment shown in FIG. 4. Accordingly, an amplifier out 
put voltage follows a Voltage drop across the precision resis 
tor. In at least some embodiments, the output Voltage indica 
tive of the drain-to-source current Isis provided as an analog 
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current sense signal 228 (I SENSE2). Further signal condi 
tioning (e.g., amplification or buffering) can be applied to the 
amplifier output as necessary. 
0058 Aschematic diagram of an embodiment of a storage 
capacitor charging circuit 207 of a multi-stage laser diode 
driver is shown in FIG.5. The circuit includes a power module 
PS1 coupled between an external power supply Vs. and 
the storage capacitor 206 V (FIGS. 2, 3). In the illustrative 
example, the power module PS1 is a DC-DC converter, model 
no. V28C36T100BL, commercially available from Vicor 
Corp. of Andover, Mass. In this example, the power module 
PS1 is operable for an input voltage ranging from 9 to 36 
Volts. A positive output Voltage is coupled to a positive side of 
the storage capacitor 206 through a relatively high-power 
series resistor R5. In the illustrative example, the series resis 
tor R5 has a value of 20.0 Ohms and is rated for power 
dissipation of about 100 Watts. A charging time constant t of 
the storage capacitor is determined at least in part by the 
capacitor value (e.g., 30,000 uFarads) and the series resistor 
R5. Here, tRC, or about 0.6 sec. After initial turn on and full 
charge of V. R5 is shunted by a much smaller resistor 
(e.g., 1.00 ohm—not shown), so that V can be much more 
quickly charged to its full Voltage. This allows for operation 
up to a pulse repetition frequency (PRF) of 30 Hz. 
0059 An adaptive resistive network is coupled to a sec 
ondary control terminal SC of the power module PS1. In 
particular, a Voltage at the secondary control terminal SC can 
be varied to “trim' or otherwise adjust the value of the output 
Voltage of the Supply module PS1 up or down, as may be 
necessary. In the illustrative embodiment, a first resistor R6 is 
coupled between a positive (+OUT) output terminal of the 
power module PS1 and the secondary control terminal SC. R6 
can be installed, for example, when it is desired to trim up 
from the nominal output of PS1. If it is not required to trim up, 
R6 need not be installed. A second resistor R7 is coupled 
between the secondary control terminal and the negative 
(-OUT) output terminal of the power module PS1. R7 can be 
installed, for example, when it is desired to trim down from 
the nominal output of PS1. If it is not required to trim down, 
R7 need not be installed. Two shunt resistors R76, R77 are 
provided in parallel with the second resistor R7. In particular, 
the shunt resistors R76, R77 can be selectively shunted indi 
vidually or collectively with the second resistor R7 in order to 
vary the resistance value between the secondary control ter 
minal SC and the negative output terminal. 
0060 Application of either shunt resistor R76, R77 is 
obtained by selective control of SPST switches U9 and U10. 
Each switch U9, U10 is independently controllable by a 
respective input signal Vo V. In the example embodiment, 
switches U9, U10 are also model no. ADG 1401. The switches 
U9, U10 are closed for a logic input of 1 and opened for a 
logic input of 0. In at least Some embodiments, an output 
monitor terminal 234 is provided for monitoring an output 
voltage of the power module PS1. The voltage at the output 
monitor terminal 234 can be provided as an input to the 
controller 230 (FIG. 2, 3) as an indication of the power mod 
ule output voltage level. If the output voltage is determined to 
be too low or too high, Suitable adjustment can be made by 
way of TTL control terminals V, V, for example, from 
Controller 230. It should be noted that the coarse adjustment 
provided by U9 and U10 in the embodiment shown in FIG. 5, 
could easily be replaced by a “digital potentiometer con 
trolled, for example, by a FPGA contained in Controller 230. 
This would in turn give a much finer adjustment of the capaci 
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tor Voltage (V) from the power module PS1. The V 
Voltage is adjusted for the purpose of minimizing the Voltage 
drop across the current sink MOSFETs Q4 (FIG. 4), while 
simultaneously keeping these same MOSFETs Q4 in their 
linear region. Efficiency is maximized by minimizing the 
power consumed by the current sink pass element (power 
(Vds)x(Ids)). This concept can be enhanced by monitoring 
the temperature of both the Laser Diodes (204 and 304 in FIG. 
3) and the temperature of the circuit board near the storage 
capacitor. By monitoring these two temperatures PS1 can be 
adjusted to compensate for variations in the equivalent series 
resistance (ESR) of the storage capacitor and variations in the 
voltage drop of the Laser pump diodes at 204 and 304. By 
keeping the drain-to-source voltage Vds of the MOSFET Q4 
close to about +0.7V, maximum efficiency can be achieved. 
0061. A block diagram overview of an embodiment of a 
modularized multi-stage laser diode driver is shown in FIG. 6. 
The illustrative embodiment includes three modules: a con 
trol logic module 450; a diode drive module 460; and an 
optical module 470. A separate power source 409 is illus 
trated as not being included in any of the driver modules. The 
power source 409 can be any suitable power source capable of 
Sourcing Sufficient current and Voltage to charge a Supply 
capacitor 406. Examples include batteries, facility power, 
other ac and/or dc power Supplies. The power may be alter 
nating current, direct current, or a combination of alternating 
and direct currents. 

0062. The particular arrangement and number of modules 
450, 460, 470, as well as the division of circuits and/or func 
tions among the modules is provided by way of example. It is 
contemplated that other modular arrangements are possible. 
The modules can be separate and interconnected. For 
example, each of the three modules 450, 460, 470 can be 
provided in a separate chassis and/or housing. One or more 
interconnects, such as cables, can be provided between the 
modules. In some embodiments two or more of the modules 
450, 460, 470 may be included in a common housing or 
chassis. Interconnection between modules can also be 
accomplished by interconnects configured on the modules 
themselves, for example, along a common backplane, or as a 
motherboard-daughterboard arrangement. 

0063. The optical module 470 includes a first array of one 
or more pump diodes 404, configured to receive a first pump 
or drive current, e.g., I+I. The first array of pump diodes 
404 is configured to emit pump light 474 in response to the 
drive current. The pump light 474 is directed toward the 
Power Amplifier (PA) optical gain medium (not shown) and 
configured to pump ions of the gain medium to a predeter 
mined elevated energy state through well known techniques. 
A second array of one or more master oscillator diodes 405 is 
configured to receive a second drive current, e.g., Iao having 
a magnitude that is at least nominally equal to or less than the 
first drive current. The second array of master oscillator 
diodes 405 is also configured to emit light 475 in response to 
the drive current. The master oscillator light 475 is also 
directed toward a completely separate Master Oscillator opti 
cal gain medium (not shown) and configured to stimulate 
emission of gain medium ions pumped to the elevated energy 
state. The output light energy from the Master Oscillator 
(MO) gain medium is used to drive the Power Amplifier (PA) 
gain medium, which amplifies the light from the MO gain 
medium. Effectively, the master oscillator seed light (not 
shown) is amplified by the PA optical gain medium. 
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0064. The diode drive module 460 includes a storage 
capacitor 406, a capacitor charger 407, and first and second 
current sinks 410, 420. The capacitor charger 407 is in elec 
trical communication between the external power source 409 
and the storage capacitor 406, converting or otherwise con 
ditioning electrical power from the power Source to charge the 
storage capacitor 406. The storage capacitor 406 is in further 
communication with a series combination of the first and 
second arrays of diodes 404, 405. The first current sink 410 is 
coupled to a circuit node 408 disposed between the first and 
second arrays of diodes 404, 405. The node 408 can be pro 
vided in one of the modules (e.g., the diode drive module 460, 
the optical module 470), or along an interconnecting cable or 
trace interconnecting both modules 460,470. The first current 
sink 410 is in communication between the circuit node 408 
and a return of the storage capacitor 406 (e.g., ground). The 
second array of diodes 405 is positioned between node 408 
and the second current sink 420. The second current sink 420 
is also in electrical communication with the return of the 
storage capacitor 406 (e.g., ground). 
0065 One or more of the first and second current sinks 
410, 420 can include or otherwise be in electrical communi 
cation with a respective current monitor circuit 415,425. The 
current monitor circuits are configured to provide an indica 
tion of the current level being drawn through a respective 
current sink 410, 420. In at least some embodiments of the 
diode drive module 460, additional circuits can be provided, 
Such as a capacitor charge indication circuit 434a, providing 
an indication whether the storage capacitor is charged 406, 
for example, to a predetermined charge value. Alternatively 
or in addition, the diode drive module 460 can include a 
storage capacitor Voltage monitoring circuit 434b. 
0066. In the illustrative example, the control logic module 
450 includes a controller circuit or module 430. The control 
ler 430 can include or otherwise be implemented by program 
mable semiconductor devices that are based around a matrix 
of configurable logic blocks connected via programmable 
interconnects, generally referred to as field programmable 
gate arrays (FPGAs). Such devices are commercially avail 
able, for example, from XILINX, Inc. of San Jose, Calif., for 
example, the Virtex-6Q family of devices. Such devices can 
be configured through known techniques to implement con 
trol and monitoring of various functions, such as those 
described herein in relation to operation of the laser diode 
drivers 400. Also shown in phantom is a separate or auxiliary 
controller 431, such as a computer that can be included in at 
least some embodiments. 

0067. In some embodiments, as shown, the control logic 
module 450 includes one or more ADCs (Analog to Digital 
Converters). In the illustrative embodiment, ADCs 417, 427 
are provided to convert a respective sensed analog current 
value to a digital value for further processing by the controller 
module 430. Another ADC457 can be provided to convert an 
analog value of the sensed storage capacitor Voltage to a 
digital value. Likewise, any other sensors providing analog 
output signals, such as a temperature sensor 458, can be 
coupled to the controller module 430 through a respective 
ADC 459. Some temperature sensors have a serial digital 
output without a need for the ADC 459. 
0068. Similarly, control logic module 450 can include one 
or more digital-to-analog converters (DACs) to convert any 
digital outputs provided by the controller module 430 to 
analog values, when appropriate. Examples include the DACs 
414, 424 provided to convert respective current sink drive 
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signal from digital value to an analog Voltage level Suitable 
for controlling the respective current sink 410, 420 with ana 
log control signals 413, 423 respectively. 
0069. A series of traces of representative current driver 
pulses aligned with an optical output pulse is shown in FIG. 7. 
A first waveform is illustrated, indicative of a current pulse 
I+I, as may be applied to the PA laser diode array of a 
MOPA configuration (e.g., FIG. 3). The example pulse has a 
leading edge at a reference time t, and lasts for a pulse 
duration time Tes. The amplitude of the pulse can be 
adjusted according to values of one or more of the individual 
currents I, Io. In at least some embodiments, the pulse 
amplitude is set to a level to yield a preferred output pulse 
energy of an optical amplifier pumped by laser diode array 
driven by an electrical current corresponding to the first wave 
form. 

0070 A second waveform is illustrated, indicative of a 
current pulse I as may be applied to the MO laser diode 
array of a MOPA configuration (e.g., FIG. 3). The example 
pulse has a coincident leading edge att, and lasts for a pulse 
duration time Tes. The amplitude of the pulse can be 
adjusted according to the value of I. In at least some 
embodiments, the pulse amplitude is set to a level to yield a 
preferred output pulse at a fire time T, measured relative to 
T. A third waveform is indicative of an optical output of a 
MOPA gain medium excited by laser diodes driven by elec 
trical currents of the first and second traces. In the illustrative 
embodiment, the fire time is approximately 240 us. In at least 
some embodiments, there can be a jitter associated with the 
fire time. Such that the pulse is not consistently reproduced at 
To with respect to Tree, but rather to a value differing by a 
jitter time. 
0071. An example non-rectangular current driver pulse 
520 and corresponding storage capacitor voltage 510 obtain 
able by the types of multi-stage laser diode drivers described 
herein is shown in FIG.8. The current driver pulse 520 has a 
base width of 3500 us, a peak amplitude of 200 Amps, and 
varies by 50 Amps steps, each 500 us wide, providing a 
generally step-wise triangular shape. The storage capacitor 
Voltage starts out at a maximum value, then decreases linearly 
with each step in which current is drawn, to a lower value. The 
storage capacitor Voltage is charged once again to the maxi 
mum value for Subsequent pulses. Such a drive current pulse 
can be obtained for example, by varying a current-level con 
trol signal, during an active pulse period. 
0072 Another example of non-rectangular current driver 
pulses and corresponding storage capacitor Voltage obtain 
able by the types of multi-stage laser diode drivers described 
herein is shown in FIG.9. More particularly, a first waveform 
550,560 is indicative of a PA laser diode current pulse (e.g., 
I+I). The pulse rises sharply at about 151 ms to a value 
of about 200 Amps. The pulse remains substantially level 
over the remaining pulse width, except for a brief period at the 
end of the pulse, during which the pulse amplitude rises 
substantially. In the illustrative example, the total pulse width 
is about 255 us, having an initial amplitude of 200 Amps for 
approximately the first 200 us, then rising to about 300 Amps 
for approximately the final 15us. A second waveform 540 is 
indicative of a master oscillator laser diode driving pulse 
(e.g., I). The pulse rises sharply coincident with the first 
pulse, to a slightly lesser value of about 150 Amps. The pulse 
remains substantially level over the remaining pulse width of 
255 us. Also shown is a representative waveform 530 of a 
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storage capacitor Voltage during discharge producing the first 
(Io-I) current pulse and the Second (I) current pulse. 
0073. The complex shape of the first pulse can be pro 
duced by the arbitrary waveform generation capabilities of 
the laser driver circuits described herein. Beneficially, such a 
current spike 560 can be used to induce an optical pulse 
output from the gain medium at a more precise time corre 
sponding to the current peak (e.g., at 240 us) (thus reducing 
pulse to pulse jitter). This method of Q-switching is called a 
“Pump-triggered (composite pulse) Saturable Absorber'. 
Such a sudden increase in laser diode drive current produces 
a corresponding increase in laser diode output toward the gain 
medium of a MOPA configuration, inducing an optical pulse. 
Such a pulsing scheme can be used to simplify circuitry, for 
example, by eliminating a bleaching diode and bleaching 
diode driver circuitry. 
0074 FIG. 10 illustrates a process 600 for driving a first 
light-emitting array. The process includes receiving first and 
second current control signals at 610. A first current is drawn 
from a common potential Source through a current node at 
620. The first current is drawn in response to the received first 
current control signal. A second current is drawn from the 
common potential source through the current node at 630. 
The second current is drawn in response to the received sec 
ond current control signal. In particular, the first and second 
currents are arranged in parallel with respect to each other. An 
aggregate current is drawn through a first light-emitting array 
at 640. The aggregate current is determined Substantially by a 
combination of the first and second currents. The light-emit 
ting array emits light in response to the aggregate current 
drawn therethrough. 
0075 Although the first and second currents are described 
as being drawn from a common potential source, the particu 
lar direction of the current is determined by one or more of the 
light-emitting array and the common potential polarity. For 
example, current can be “drawn from a positively biased 
common potential source through a forward biased junction 
of a semiconductor light-emitting array. Likewise, current 
can be “pushed to a negatively biased common potential 
Source through a forward-biased junction of a semiconductor 
light-emitting array. 
0076. In some embodiments, the process further includes 
receiving a current-enable signal, for example, having at least 
two states corresponding to active and standby, and receiving 
a current-level setting signal. The current-level setting signal 
determines at least one of the first and second current control 
signals in response to the received current-enable and current 
level setting signals. The respective one of the first and second 
currents is selectively drawn responsive to the current-enable 
signal being in the active state. 
0077. In some embodiments, the process further includes 
emitting light from a second light-emitting array in response 
to the first current. For example, in a circuit arrangement, Such 
as the embodiment shown in FIG.3, the second light-emitting 
array (e.g., at least one laser diode) will emit light when a first 
current I of an appropriate magnitude is drawn through the 
forward-biased junction of the laser diode. 
0078. In some embodiments, the process further includes 
receiving a current-enable signal comprising at least two 
states corresponding to active and standby; receiving a cur 
rent-level setting signal; determining at least one of the first 
and second current control signals in response to the received 
current-enable and current-level setting signals, the respec 
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tive one of the first and second currents being selectively 
drawn responsive to the current-enable signal being in the 
active state. 
0079. In some embodiments, the process further includes 
pumping a laser gain medium by light emitted from at least 
one said light-emitting arrays. 
0080. In some embodiments, the received current-level 
setting signal varies while the current-enable signal is in the 
active state. 
I0081. In some embodiments, the current-level setting sig 
nal comprises a momentary peak configured to induce a 
momentary peak output of at least one said series connected, 
light-emitting arrays adapted to optically excite the gain 
medium being pumped, thereby providing synchronization in 
the optical excitation with respect to the laser output. 
I0082) Any of the light-emitting devices described herein 
can be any Suitable light source for pumping or seeding an 
optical power amplifier. Such devices include semiconductor 
laser diodes, flash lamps, light emitting diodes and the like. 
0083. The number of current sinks and control terminals 
for said current sinks can be three, four, five, or more current 
sinks in parallel to increase aggregate current capacity and to 
improve overall aggregate reliability. Only two current sinks 
will be discussed in the remainder of this document for sim 
plicity. Additionally, the current sinks could just as easily 
been designed as current Sources located between the com 
mon potential source and the top first light-emitting array. 
I0084 Any of the circuits described herein can be fabri 
cated as integrated circuits having one or more electrically 
conductive layers (e.g., traces and ground planes) separated 
from each other by one or more insulting layers. Such circuits 
can be formed on a semiconductor Substrate. Such as Silicon, 
Germanium, III-V materials, such as Gallium-Arsenide 
(GaAs), and combinations of Such semiconductors. In some 
embodiments, the circuits are formed as a monolithic inte 
grated circuit. Alternatively, circuits can be formed as multi 
chip assemblies. 
I0085 Comprise, include, and/or plural forms of each are 
open ended and include the listed parts and can include addi 
tional parts that are not listed. And/or is open ended and 
includes one or more of the listed parts and combinations of 
the listed parts. 
I0086 One skilled in the art will realize the invention may 
be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof. The foregoing 
embodiments are therefore to be considered in all respects 
illustrative rather than limiting of the invention described 
herein. Scope of the invention is thus indicated by the 
appended claims, rather than by the foregoing description, 
and all changes that come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

What is claimed is: 
1. A multi-stage laser drive circuit configured to draw 

current from a common potential source, comprising: 
a current node; 
a first light-emitting array in electrical communication 

between the common potential source and the current 
node: 

a first current sink in electrical communication with the 
current node, the first current sink having a first control 
terminal and configured to draw a first current from the 
common potential Source, through the current node in 
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response to a respective current control output signal 
received at the first control terminal; and 

a second current sink in electrical communication with the 
current node and in a parallel arrangement with respect 
to the first current sink, the second current sink having a 
second control terminal and configured to draw a second 
current from the common potential source, through the 
current node in response to a respective current control 
output signal received at the second control terminal, 

whereby an aggregate current drawn through the first light 
emitting array is determined substantially by a combi 
nation of the first and second currents, the first light 
emitting array configured to emit light in response to 
current drawn therethrough. 

2. The multi-stage laser drive circuit of claim 1, further 
comprising at least one current-drive circuit having a current 
enable input, a current-level setting input and a current con 
trol output in electrical communication with one of the first 
and second control terminals, the current-drive circuit con 
figured to selectively provide a respective current control 
output signal in response to a signal received at the current 
enable input, the respective current control output signal, 
when provided, being further determined by a signal received 
at the current-level setting input. 

3. The multi-stage laser drive circuit of claim 1, further 
comprising a second light-emitting array in electrical com 
munication with the first current sink, such that current drawn 
through the second light-emitting array is Substantially deter 
mined by the second current, the second light-emitting array 
optical output adapted to pump up the gain medium, which, in 
turn, is configured to emit light in response to current drawn 
through said second light-emitting array comprising at least 
one light-emitting device. 

4. The multi-stage laser drive circuit of claim3, wherein at 
least one said light-emitting device comprises an optical 
pumping Source. 

5. The multi-stage laser drive circuit of claim3, wherein at 
least one said light-emitting device comprises a Laser diode. 

6. The multi-stage laser drive circuit of claim3, wherein at 
least one of the first and second current sinks comprises a 
semiconductor device. 

7. The multi-stage laser drive circuit of claim 6, wherein the 
semiconductor device is a metal-oxide-semiconductor field 
effect transistor (MOSFET) device. 

8. The multi-stage laser drive circuit of claim 3, further 
comprising at least one current-drive circuit having a current 
enable input, a current-level setting input and a current con 
trol output in electrical communication with one of the first 
and second control terminals, the current-drive circuit con 
figured to selectively provide a respective current control 
output signal in response to a signal received at the current 
enable input, the respective current control output signal, 
when provided, being further determined by a signal received 
at the current-level setting input. 

9. The multi-stage laser drive circuit of claim 8, further 
comprising a controller in electrical communication with the 
current-enable and current-level setting inputs of the at least 
one current drive circuit, the controller configured to provide 
a current-enable signal to the current-enable input and a cur 
rent-level setting signal to the current-level setting input. 

10. The multi-stage laser drive circuit of claim 9, further 
comprising at least one current sensing device in electrical 
communication with a respective one of the first and second 
current sinks and with the controller, the current sensing 

Sep. 17, 2015 

device configured to provide a respective output signal 
indicative of a respective current drawn therethrough. 

11. A method for driving a first light-emitting array, com 
prising: 

receiving first and second current control signals; 
drawing a first current from a common potential source 

through a current node in response to the received first 
current control signal; 

drawing a second current from the common potential 
Source through the current node in response to the 
received second current control signal, the first and sec 
ond currents being in parallel with respect to each other; 
and 

drawing an aggregate current through a first light-emitting 
array, the aggregate current determined Substantially by 
a combination of the first and second currents, wherein 
the light-emitting array emits light in response to the 
aggregate current drawn there through. 

12. The method of claim 11, further comprising: 
receiving a current-enable signal comprising at least two 

states corresponding to active and standby: 
receiving a current-level setting signal; 
determining at least one of the first and second current 

control signals in response to the received current-en 
able and current-level setting signals, the respective one 
of the first and second currents being selectively drawn 
responsive to the current-enable signal being in the 
active state. 

13. The method of claim 11, further comprising emitting 
light from a second light-emitting array in response to the first 
Current. 

14. The method of claim 13, further comprising: 
receiving a current-enable signal comprising at least two 

states corresponding to active and standby: 
receiving a current-level setting signal; 
determining at least one of the first and second current 

control signals in response to the received current-en 
able and current-level setting signals, the respective one 
of the first and second currents being selectively drawn 
responsive to the current-enable signal being in the 
active state. 

15. The method of claim 14, further comprising pumping a 
laser gain medium by light emitted from at least one said 
light-emitting arrays. 

16. The method of claim 14, wherein the received current 
level setting signal varies while the current-enable signal is in 
the active state. 

17. The method of claim 16, wherein the current-level 
setting signal comprises a momentary peak configured to 
induce a momentary peak output of at least one said series 
connected, light-emitting arrays adapted to optically excite 
the gain medium being pumped, thereby providing synchro 
nization in the optical excitation with respect to the laser 
output. 

18. A Master Oscillator Power Amplifier (MOPA) laser 
optical pumping System, comprising: 
means for receiving first and second current control sig 

nals; 
means for drawing a first current from a common potential 

Source through a current node in response to the received 
first current control signal; 

means for drawing a second current from the common 
potential Source through the current node in response to 
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the received second current control signal, the first and 
second currents in parallel with respect to each other; 

means for drawing an aggregate current through a first 
light-emitting array, the aggregate current determined 
substantially by a combination of the first and second 
currents, wherein the first light-emitting array emits 
light in response to the aggregate current drawn there 
through; and 

means for emitting first pump light in response to the 
aggregate current; and 

means for communicating first pump light into a power 
amplifier (PA) gain medium. 

19. The MOPA laser optical pumping system of claim 18, 
further comprising: 

means for drawing a second current through a second light 
emitting array, wherein the second light emitting array 
emits light in response to the current drawn there 
through, the second current being less than or equal to 
the aggregate current through the first light-emitting 
array by an amount equal to the first current, which is 
shunted around the second current and second light 
emitting array, 

wherein the second current through the second light emit 
ting array offers a means for communicating second 
pump light into a master oscillator (MO) gain medium. 

k k k k k 


