Nanosecond-pulse generator for laser diodes
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A high-current, nanosecond-pulse generator is descrived, ideal for driving low-impedance loads
such as laser diodes. The generator utilizes step recovery diodes in a unique biasing scheme to
produce 0.1-5 A pulses with pulse widths varying from 2 to 10 ns.

Optical fiber propagation studies such as high-resolution op-
tical time domain reflectometry (OTDR ) require short laser
pulses. Typically, laser pulses between 2 and 10 ns wide are
needed to resolve a fault location within a length of several
meters. ' The main objective of this work was to construct a
relatively high-power semiconductor laser pulse generator
with pulse width and current fully adjustable in the nanosec-
ond regime. The other criteria were low-voltage power sup-
ply, small size, and the use of inexpensive off-the-shelf com-
ponenis. Avalanche-type generators are ruled out due o the
difficulties involved in controiling pulse amplitude and
width, > Normaily, these parameters are adjusted by varying
the distributed parameters of the avalanche circuit. Further-
more, the high avalanche breakdown voltages of most tran-
sistors produce considerable electromagnetic impulses when
nanosecond switching occurs. This situation is especially un-
desirable when the laser pulse transmitter must be located in
ciose proximity to a high-gain optical receiver. Shunt-series-
type step recovery diode (SRD) pulsers have been in use for
many years. These circuits are known for ease of adjustment
and low-voltage operation.

SRDs can be used as charge-controlled switching ¢le-
ments, with transition times lower than 100 ps ** A for-
ward-bias current is used to store charge in the diode. A
reverse-bias signal is used to deplete the diode of stored
charge. When depleted of stored charge, the SRD rapidly
switches from a low-impedance state to that of high imped-
ance. Figure I shows the classic shunt-series SRD pulise gen-
erator >, In this circuit, the SRD1 shunts the slowly rising
edge of the incident palse to the ground, depleting stored
charge and preventing propagation of the pulse through the
network. When the stored charge is depleted, SRD1 snaps
off and presents a rapidly rising edge to the second stage of
the network. SRD2 allows the pulse to pass through the load

unti! the depleticn of stored charge causes a rapid cutoff of

current when the diode changes state.
The charge stored on a SRD from dc forward bias is
given approximaiely by ©

O=1,71, (1

where @ is the stored charge, 7, is the biasing current, and 7
is the minority-carrier lifetime in the diode. Hence, bias cur-
rent on SRD2 controls pulse width.

Using the SRD wave shaper to drive nonreaciive 50 {1
loads is straightforward when standard microwave circuit
construction rulés are followed. Required bias currents for
those loads are in the neighborhood of 10 mA. However,
driving low-impedance high-current loads such as laser di-
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odes can require de bias currents exceeding 100 mA per di-
ode [Fig. 1(a)]. Note the addition of Schotiky diode D1 to
prevent damaging reverse biases to the laser diode. Higher
bias currents are necessitated by greater load currents, caus-
ing faster charge removal from the SRD junctions. Hence,
for the same pulse width, a high-current circuit requires pro-
portionately more bias current than a lower current pulse
generator. ’

Fortunately, many nanosecond-pulse applications re-
guire low duty cycles. This allows a more efficient means of
injecting charge into the SRDs, thus greatly reducing time-
averaged bias current and its associated heat dissipation.
Charge may be injected into the SRDs by a short, high-cur-
rent bias pulse just before the incident pulse event (Fig. 2}.
Upon removal of the bias pulse, stored charge in the dicde
wiil decay with exp{ — 7 /7)., and so the arrival of the main
driving pulse in the network should be timed to arrive short-
ly after the bias pulse for maximum utilization of stored
charge. It should be noted, however, that should the main
pulse arrive during the bias period, pulse parameter adjust-
ments will cease to be independent of each other due to cross
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F1G. 1. Basic circuit diagram for a shunt-series-type step recovery diode
pulse generator.
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F1G. 2. Timing diagram showing application of bias pulse to SRDs.

flow of bias current from the shunt stage of the circuit to the
series stage or vice versa. Timing of bias and main pulses is
coordinated by an internal two-phase clock that is triggered
in response to an input signal.

The pulse generator was constructed using readily avail-
able components (Fig. 3). The circuit was built on a 10-cm?
ground plane with ordinary care taken to keep lead lengths
short and stray inductances low. Application of a TTL trig-
ger puise to flip-flop U1 initiates pulse generation by produc-
ing a 50-ns bias pulse through the SRDs. Bias pulses are
formed by discharging capacitors C1 and C2 through MOS-
FETS Q3 and Q4. The MOS transistors were type IRFF111,
chosen for their rapid rise time characteristics. Any similar
device may be substituted. MOSFETS are driven by U3, se-
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F1G. 3. Complete pulse generator with pulsed biasing scheme.
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lected for its ability to rapidly charge the large gate capaci-
tance of power MOSFET devices. Step recovery diodes
SRD1 and SRD2 are M/A-COM 43-007, selected for their
long minority-carrier lifetime and low package inductance.
The bias pulse through SRD?Z causes a smali negative vol-
tage to appear across the laser diode. Since diode lasers can
be damaged by application of a reverse bias greaterthan 1 V,
Schettky diode D1, a IN5817, was selected to minimize this
reverse bias and help control ringing in the output. Q2 iso-
lates the bias currents through SRD1 and SRD2 so that
pulse parameter adjustments may be made independently
via potentiometer R1 and R2. As the bias pulse is decaying,
the main driving pulse is being formed (Fig. 2). Capacitor
3 is discharged through Q1 providing 2 multiampere pulse
with about 15-ns rise time to the charged step recovery di-
odes in the shaping network. Using a 4.7-0) resistor for the
icad, a 2-A pulse can be generated (Fig. 4).

Using this circuit, a maximum peak voltage of around
10 V was obtained for loads ranging from 2 to 10 . Current
through the load was controlled by adjustments of VDD.
Operation is satisfactory when VDD is between 0 and 12 V;
higher voltages raise the source voltage of Q1 and Q2 beyond
the drive capabilities of the MOS driver {IDS0026). Note the
negative-going prepulse event in Fig. 4, due to the charging
of the step recovery diodes. Adjusting the width pot R2 con-
trols the amount of stored charge on SRD?2 and the width of
the output pulse. Rise pot R1 controls the amount of charge
on SR, affecting rise time and pulse delay. A maximum
setting of this pot works well, reducing the setting when
pulse overshoot is a problem. Total current consumption of
the circuit was 70 mA, with a large 48-mA share of this going
to power the MOS driver IC. SRD bias current for a 1 kHz
PRF was under 4 mA, greatly reduced from the dc bias case.

Operation of the circuit with laser diodes is accom-
plished by using a suitable bandwidth series resistor to moni-
tor laser current. The negative prepulse was small in magni-
tude and did not present any problems during operation.
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F16. 4. Output of pulse generator into a 4.7 €} resistive load.
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Many high-power semiconductor laser dicdes may be driven
by this circuit.

In conclusion, the finished pulse generator met 2l of our
original design criteria. Pulse parameters were adjustable
not by physical changes to the circuit, but by potentiometer
adjustments. No power supply voltages higher than 15 V
need be used, reducing the amount of EMI generated. Final-
ly, the circuit may be built on a 100-cm® area with ample
room for laser diodes and other circuitry.
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A simple implementation of a commercially available high-voltage power supply is described
whereby the power supply can be used for voltage biasing of a photomultiplier tube operating
either in a constant dynode voltage or in a constant output current mode. In the constant current
mode, low frequency fluctuations in the current are suppressed without attenuation of a high
frequency signal. Both the phototube output current and the dynode voitage can be set by external
voltages in the range from — 10to 4+ 10V, making computer control easy with standard digital-

to-analog converters.

in polarization modulation ellipsometry or polarimetry, as
well as in many other applications involving photomultiplier
tubes (PMTs), it is often desirable to maintain a constant de
current from the PMT while detecting the variations in a
high-frequency signal, This is accomplished by changing the
high voltage (i.e., the gain} of the PMT to compensate for
slow variations in the light intensity incident upon the pho-
tocathode. Previcus sclutions™ involved building a feed-
back control circuit to regulate a2 high-voliage power supply.
In this note, we describe the much easier use of a commercial
high-voitage operational power supply (Kepco OPS 1000B)
which is implemented for this purpose, simply by strapping
resistors to the rear programiming terminals, -

Figure 1 shows a schematic of the rear programming
terminal and the output terminal of the Kepco OPS 10008
high voltage operational power supply (PS), along with the
added resistors. A schematic diagram of the external resis-
tors as well as many of the important internal components of
the PS is shown in Fig. 2. In both figures, the circle with a
central dot represent BNC connectors to input or output
currents or voltages.

In the operation of this PS, the PMT output current is
applied to a 10-k{} load resistor and the voltage developed
drives the resident uncommitted 741 operational amplifier
of the PS. The 10-k(} load is sufficiently small that a 100-
kHz signal is not appreciably attenuated by the capacitance
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Kepco OPS 1000B
Rear Terminal Configuration
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Fic. 1. Schematic diagram of the rear programming and rear output termi-
nals of the Kepco OPS 1000B high-voliage power supply. Also shown are
the programming resistor values used in our work, as well as the input and
output voltages used for control of the bias voltage of the photomultiplier
tube.
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