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SECTION |
INTRODUCTION

The Model SP-801A Square Wave Pulser is a source of a high powee s@var pulse that can
be used to drive an ultrasonic transducer. The pulses are rectamigiularnominal maximum
output voltage level of —400 volts. The output source impedance of the drivingt ¢s
approximately 4 ohms. The rise and fall times are less thanntse@onds when working into a
50 ohm load. The response of the ultrasonic transducer is normallyzgatimhen the width of
the square wave corresponds to one half the period of the resonant fregiuthecyransducer.
Four fixed widths corresponding to 0.5 MHz, 1 MHz, 2.25 MHz and 5 MHz caelbetad on
the front panel. In addition to these fixed widths, the width can be ofiedtr from
approximately 25 nanoseconds to greater than 10 microseconds, by seleetofgour variable
width ranges. This allows the instrument to generate half-pegyicales wave pulses from below
50 kHz to 20 MHz. A minimum pulse width of approximately 20 nanoseconddenaitained
when a fixed 10 ohm resistive load is placed on the output. A swikettasi@dle 10 ohm load is
available in the RDX-2 diplexer.

The repetition rate is adjustable from 10 kHz to 0.17 Hz in 20 ste¢hsawiO, 5, 2.5, 1.7 ratio
sequence. The instrument can be triggered from an external syusither a positive or a
negative TTL/CMOS compatible logic. Protection has been incorporated intoténeadxrigger
circuitry so that an existing spike generator can be used getripe SP-801A. Up to 1W of
average power can be dissipated in the protection circuitry.

The SP-801A is limited in duty cycle, calculated as the peraerttme or the burst width
multiplied by the repetition rate, by the impedance of the transdudde load on the output
connector. For example, when driving a typical 500 kHz ceramic tramsdhe maximum duty
cycle will be slightly greater than 2%. If the load is redute 20 ohms, the maximum duty
cycle will be 0.15%. With a 20-Ohm load, the peak current will be approximately 16esnaer
the current will be determined by the sum of the external loadhrendutput source impedance
or 24 ohms in total. The peak pulse power in the load will be 5 kilo{{&&s16%20). The
average power dissipated in the load will be the peak pulse powéplidlby the duty cycle or
7.5 W (5KW x 0.15%). The average current draw from the SP-801 will be approkmate
24 mA. The duty cycle into 50 ohms is 0.3%. A heavier load or a higher duty cyldleswlt in

a larger average current draw from the power supply. Thisetillate the internal high voltage
shut down mechanism. If this occurs, the yellow overload light willllb@inated and the high
voltage supply will be turned off. If such an overload occurs, the “Matage” switch must be
turned off. The “High Voltage” switch can be turned back on aftedttecycle is decreased by
either reducing the repetition rate or reducing the width of the square. With a 4-ohm load,
the instrument can operate at a duty cycle of 0.045%.

The maximum power transfer will occur when the load impedance ethwlsutput source
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impedance of 4 ohms. In this case, approximately 10 KW of peak poWdryewprovided in
each pulse. When greater amplitude is required, a broadband high power stepfanprzacsn
be used to increase the output voltage. A square wave of 650 V canebatge in a 50-ohm
load by using a 1:2 step-up transformer. A 1200 V driving signal caremeraged in a high
impedance piezoelectric transducer by using a 1:3 step-up transforikrase note the
bandwidth of the transformer decreases as the step-up ratio exreatep-up transformers can
be supplied for either inverting or non-inverting operation as requireldeblpad characteristics.

The average power levels available from the SP-801A are modestsidér the following
examples: Driving a 50 Ohm resistive load at a 0.2% duty cyeeguerage power dissipated in
the load will be 5.6 W. Driving a 4-ohm resistive load at the 0.045% cute, the average
power dissipated in the load will be 4.5W.

A monitor for the high voltage output is provided on the front panel. Thegeoétppearing at
the monitor will be 1/100 (-40 dB) of the high power output when the monitor cable is
terminated in 50 ohms at the oscilloscope or digitizing card.



SECTION I
A BRIEF DESCRIPTION OF OPERATION

The SP-801A has three sections of active electronics. Thedugbn is mounted on the rear of
the front panel; it contains the repetition rate generator, whick TU$e/CMOS compatible
logic, and the low-level pulse width generator. The pulse width tiyasibased on the emitter
coupled logic (ECL) devices with very fast switching speeds andtiamsition times. The
second section contains the power amplifiers and mounts inside a dhibglde The third
section contains the circuitry to enable the high voltage supplalsdt contains the current
monitoring circuitry to turn off the high voltage supply during an overload condition.

The width of the ECL width generator is converted to a +5V TTL/@GvOmpatible level and
amplified before it is sent to the first stage of the power outpard. On the power output
board, it is applied to the gates of six N-channel pull-down metaeogémiconductor field
effect transistors (MOSFETS) and to three P-channel MOSFEfs.pull-down devices switch
the output to approximately —400 volts during their on time. The actualgeofiroduced in an
external load will be determined by the impedances of the outsidealwh the internal series
output impedance of the instrument. This output impedance is made upoof thgistance of
the MOSFETs (Bs on), @ 5.6 Ohm, non-inductive series resistor in the drain of each oixthe s
N-channel MOSFETSs, and the board and wiring inductances connecting theNdOBEETS to
the front panel connector. When the drive signal is removed from thdqwall transistors, it is
restored to the pull-up transistors that have 10 ohms in each drairrestittels that the output
impedance during the on time is approximately 4 ohms and during thenwdf it is
approximately 6 ohms.

All of the high voltage power supply circuitry appears on the thictice printed circuit board.
The low voltage supplies are provided by a linear power supply alohgcastventional three
terminal regulators. The high voltage supply is adjustable throdiginapanel switch labeled
“Output Amplitude” which provides eleven pre-set positions to reduceuihgysvoltage from
approximately 430V (which yields a —400V pulse into 50 ohms) to 43V in 2&}i3.stA neon
high voltage indicator is mounted on this board as a reminder of thevdltgige hazard when
servicing the instrument. The limiting of the average curretitehigh power output occurs by
sensing the average current in the 425V high voltage supply. If dietotent, (output current
plus internal consumption) exceeds 60 mA, a shutdown circuit is actiwditieh turns off the
pulse width generator.
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SECTION I11

SPECIFICATIONS
Pulser
PUISE AMPIITUAE ... -400V to —40V in 2 dB steps
Output Impedance .........cccccoeeeieieeeiee i approximately 4 ohms resistive dutiing burst (on-time)
..................................................................... approximately 6 ohms regesturing the off time.
OULPUL DULY CYCIE ..ottt 0.3% into a 50 Ohm load
....................................................................................................... 0.045% into a 4 Ohm load
Fixed Transducer Frequencies............... Pulskhwaptimized for 0.5 MHz, 1 MHz, 2.25 MHz and 5 H
Adjustable FreqUeNCY OPEratiON ............. oo
.......................... Pulse width is adjuseabVer 4 ranges from less than 25 ns to greataritBgs.
............................................ Seélmation data for pulse width control for RangesB\ C and D.
Output Pulse RiSE TIME........ccovviiiiiiiii it ppaioximately 9 ns into 50 ohms
Output Pulse Fall TIME .....covviiiiiiiiiiiiiieeeeee e ppaioximately 9 ns into 50 ohms
Repetition rate ..........ccceeeeeeeiiiiiiiesscmmmme e 0.17 Hz to 10 kHz in 20 stepaif.17, 2, 5, 10 sequence
OULPULS ON FrONT PANEL.......viiiieiiiieeeesmmmms e eeeeeseevseesaessseessessseessseesseeeeeessessesseesesees High Power Output
.............................................................. Output Monitor (-40 dB when termied into 50 ohms)
............................................................. Trigger output; a positive 4 V, % pulse into 50 ohms.
External Trigger INPUL........oeviiiiiieeeeeeeeee et positive or negative TTL pulse
.................................. Or high voltagpke of either polarity with average power of ldssn 1 W.
........................................... Inpotpedance of External Trigger Input is approximafl ohms.
Cabinet
(O] o110 T= ) 0051/ [ TSP Bench-top
DImensions ..........ccceeeevieeereeeiiice e 18.5" (47 cm) side, 4" (10.16 cm) hi@h,5" (26.67cm) deep
Shipping WeIght ... Approximately 21 pounds (10 kg)
Power Supply
AC Line FUSE .....coovvviiiiiieiiieeieeeee Bussman MDL-1 1A 250V fuse for operatiori@0-120VAC
.............................................. Bussman MDL-0.5 0.5A 250V fuse for operation at-220VAC
AC Power Requirements...........cc.cceeeeevvmmmmmenn--... 100, 120, 220, or 240 Volts RMS, 3DHy, (B0 VA
.................................................................................... Voltage saédble on power entry module

Specifications are subject to change without notice
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SECTION IV
PLACING THE UNIT IN OPERATION

Using the SP-801A square wave pulser in an ultrasonic system is, in general, @gite str
forward. However, several pre-cautions should first be noted relating to the trartscheersed
with the SP-801A:

1. Conventional ceramic transducers with internal tuning (impedance matchinghédem
general, will not tolerate the voltage and/or the power available from the SP-801A output
The item that typically fails is the inductor. The failure mechanism is aphadeie to
overheating and/or possible due to voltage breakdown to the metal housing. Many
suppliers will provide their transducers for operation at high voltages/high powers
without the built in tuning inductor. It is suggested therefore to set the “Output Level” t
the minimum value (-20 dB) when setting up the system for the first time or with a new
transducer.

2. Modest heat can be generated internally with conventionally housed ceramic tresmisduce
if the SP-801A is operated at its maximum available output power. Cooling the
transducer may then be required.

The following steps may be used to initially place the instrument into operation:

1. Connect the unit to a proper source of AC power. The unit can be set for 100, 120, 220
and 240 VAC, 50 to 60 Hz. The input voltages can be changed by changing the setting
on the power entry module located on the rear of the instrument. Conventional three-
wire, with one line hot, one line neutral and one line ground is required. The instrument
is normally set to the voltage that is typically available in the area to wthels been
shipped, based upon the best knowledge we have available. If the local line voltage is
not consistent with the setting shown on the power entry module, the proper line voltage
may be selected by changing the setting on the power entry module.

2. Connect the “Trigger Output” from the SP-801A to the “Trigger Input” on the
oscilloscope using a BNC cable. Set the trigger select switch on the SP-801A to
“Internal.”
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3. Set the “Repetition Rate” switch to “1 kHz.”

If a 1 MHz transducer is to be used, the instrument may be adjusted as follows:

4. Set the “Transducer Operating Frequency” control at 1 MHz. The actual pulse width wi
be approximately 500 ns. If finer tuning is required, set the switch to the B tuning range
and adjust the ten-turn “variable” control. The A, B, C and D ranges along with the
variable control permit the width to be precisely set for the maximum response in the
echo field using a given transducer. If a different frequency transducer is to be used, an
appropriate change in the pulse width to make it equal to approximately one-half the
period of the new transducer will be required. Typically, it has been found
experimentally that tuning to slightly wider pulse widths (corresponding tolgligiater
frequencies than the nominal setting for the transducer) provides the maximum response
The response on the transducer to adjustments of the “Repetition Rate” and the
“Transducer Operating Frequency” controls may be observed by monitoring the output of
the “Output Monitor” into a 50 Ohm input on the oscilloscope, setting the “Output
Amplitude” to “-20 dB,” and turning on the “High Voltage” switch.

Before actually driving a transducer, it is suggested that the high power output pexsariieed
by following the next steps:

5. Connect a non-inductive 50-ohm load such as the RITEC RT-50 termination, to the
“Pulse Output” connector. This load should have a power rating of at least 10 watts if the
unit is to be operated at the maximum output level and duty cycle.

6. Connect a BNC cable from the “Output Monitor” to a 50-ohm input on the oscilloscope.

7. Set the “Output Level” control to “-20 dB” and then turn on the “High Voltage” switch.

A 400mV replica (corresponding to the 1:100 division of the output pulse amplitude) will
be displayed on the oscilloscope as in Step 4 above. The various controls may now be
adjusted and their affects on the output pulse may be observed.

8. The current limit function may be checked by setting the repetition rate to “1 kHz” and
the variable frequency control to a width of 3 microseconds. If the “Output Level”
control is now set to “-2dB,” a nearly 4 V signal should be observed at the “Monitor”
connector. Increasing the output to the maximum level should still allow the instrument

to function, but the current overload circuitry will be on the edge of shutdown. If the
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width is then slowly increased, the output will suddenly disappear and the “Shutdown”
light will illuminate. Normal operation can be re-established by turning off tigh*H
Voltage” switch briefly (until the amber “Shutdown” light is extinguished), reduthe

pulse width back to approximately 180 ns and again enabling the high voltage supply by
switching the “High Voltage” switch to the on position. It should be noted that the
average power delivered to the 50-ohm load under these maximum duty cycle conditions
is nearly 10 watts.

After successfully driving the 50 ohm resistor as a dummy load and reviewing thre cfdte
various controls, it is appropriate to consider some of the requirements for drivingdutiar in
actual experiments as opposed to demonstration techniques. Cabling from the insgrument i
generally carried out in a conventional manner when doing through-transmission or “Pitch
Catch” operation where two transducers are used, one for transmitting and one Yorgecei
“Pulse-echo” operation with a single transducer requires some carefulosttendixternal

coupling techniques to take advantage of the very low output impedance of the SP-801A in the
off condition.

Two possible arrangements appear below in Figures 4A and 4B.

High Power
______ | Fast Silicon
From | Diodes
SP-801 To Transducer .
Pulser Receiver
= 30Q
______ — 500 Input
Diode Expander —
__L__To Receiver _L
- High Power
Diodes

Figure 4A

V-3



i_ -7 High Power Diodes
From PN _
SP-801 (O o) # To Transducer Receiver

e ®
T ‘ 10 0= To Receiver
FastSignal ~ ¥®#i— v &L T T T T T
Diodes | l__
L -
ransformer
diplexer -

Figure 4B

In the first arrangement, Figure 4A, the high power pulse passes through the bottsdiceee

of the diode expander and is applied to the transducer and the protected input of the receiver.
This technique works fairly well for receiving signals back from the transducaube the

output impedance of the SP-801A is effectively raised to a very high level for dighalsthe
conduction threshold of the diodes. The technique is not efficient, however, from either a driving
power point of view or a received point of view. Much of the transmitted power is coupled to the
receiver where it is absorbed by a resistor of approximately 50 ohms. If the SP-801A is
operating at a high duty cycle, this limiting resistor could be dissipating ap@@yni0 watts.

It is also necessary, of course, that the diodes to ground be able to handle the high peak currents
In addition, the return signal undergoes a 6 dB loss if the input impedance of the receiver is

50 ohms. This is a direct degradation in the signal-to-noise performance of thengesgstem.

In the second arrangement, Figure 4B, the high power pulse again passes through the bottom
diode of the “diode expander” in parallel with the transformer diplexer. The diode isllepar
with the primary winding of the broadband transformer. This is the arrangement inXh2 RD
diplexer. Almost all of the available power is transferred to the transducerskemaly a very
small voltage, corresponding to the threshold voltage of one diode junction (approximately
0.7V), is induced into the secondary winding of the transformer. A small resistor iestee
the “Out to Receiver” connector so that small signal diodes may clip any regckes soupled
across the transformer so that they will not be coupled to the delicate input of a low noise
receiver or pre-amplifier. Returned signals from the transducer are developssithe top
winding of the transformer because they are typically much smaller than thehtiesieotd
voltage. In addition the very low output impedance of the SP-801A, in the region of 6 ohms
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during the “off” time, results in nearly all the returned signal being coupled todbieee (via

the secondary winding of the transformer) with only a very small loss. No degradattien i

signal to noise ratio will take place. The 10 ohm load of the RDX-2 can be switched into the
circuit when operating at higher frequencies to maintain the pulse fidelity.ufeoreflections

from the 10 ohm load in the 50 ohm cable, the RDX-2 should be placed as close to the SP-801A
with as short as cable as possible, (preferably a male-to-male BNC adaquissjble).

If signals larger than 1 V peak to peak are to be received from the test piece, thecoatmit |
the SP-801A should be reduced until the level of the returned signal to be examined isless tha
1V peak to peak.

Because of the very low output impedance of the SP-801A, a 1:2 or 1:3 step-up transformer may
be used to drive many types of loads if their impedances are in the region of 50 ohmsor greate
An example of a 1:2 step up transformer is shown along with the diplexer in Figure 4C.

| |
— = |
High Pulse Power

Step-Up (1:2) L i —_— _T
Transformer Tr

To Receiver

From § T T _1
SP-801 (o ) — — —K
Pulser %\% _l__ 4:—
I
|

Figure 4C

If a load significantly different than 50 ohms is to be driven in a remote location, af 1ste
transformer should be installed at the “Pulse Output” of the SP-801A. This will altowg a

50 ohm coaxial cable to be used. A second impedance matching device should be installed at the
remote location to convert from the 50 ohm cable to the load impedance. A transformer diplexe
may also be used, preferably at the load end of the cable with a receiver precasaipife same
location. If a 50 ohm load is placed on the output of a 1:2 step up transformer driven by the
output of the SP-801A, approximately 725V will be present on the load; if a 1:3 transformer is
used, approximately 825 V peak will be on the load. If a high impedance load is placed on the
output of a 1:2 step up transformer driven by the output of the SP-801A, approximately 830 V
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will be present on the load; if a 1:3 transformer is used, approximately 1300 V peak will be on
the load.

All the foregoing material has been presented to aid in understanding how to take advfantage
the high pulse power available from the SP-801 and to assist in preventing damage&ecsrecei
pre-amplifiers and/or delicate transducers. If questions arise concernimgsvaratching
techniques and signal transfer techniques, further information can be found on the RITEC web
site under the applications section or can be obtained by contacting factory personnel.

The next step in the set-up procedure is to actually drive a transducer. If the “through
transmission” or “Pitch-Catch” arrangement is to be used, the transducer can lee cinguily

to the “Pulse Output” of the SP-801A. If the “pulse-echo” arrangement is to be useda either
diode expander or a transformer diplexer should be used as explained above. After obtaining
return signals from the material being examined, the “Transducer OperamgeRcy” controls
may be used to optimize the return signals.
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APPENDIX C
CHANGING POWER ENTRY MODULE VOLTAGE SETTING

The correct power line voltage should be supplied to the AC powerreattyle that is mounted
on the rear of the unit. Different line voltages can be acceptedopgerly setting a small circuit
board mounted in the module. Access to this board is provided by removingastie pbver
plate on the module by gently prying out one edge with a small screwdriver. (Aatbegpower
line fuse is achieved in this same manner.) A small projectiohenard protrudes through one
of the four holes on the cover plate to indicate at which line vottegenit has been set. If the
unit has been previously operated at a different line voltage, the dloanti be removed and
carefully re-set so that the projection appears through the cholecto match the available line
voltage.

For 90Volts to 109Volts use the 100 Volts setting on the Power entry module.
For 110Volts to 125Volts use the 120 Volts setting on the Power entry module.
For 215Volts to 224Volts use the 230 Volts setting on the Power entry module
For 225Volts to 245Volts use the 240 Volts setting on the Power entry module
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Remove the power selector card, and move the white plastic indstatbat the arrow for the

desired voltage will be pointing into the power entry module. For plarthe setting for 120V
is shown below:

The left hand side of the board (with the 120 and the arrow pointing to thedett e inserted
into the power entry module. To set the voltage for 230V, the indicatoldvibe moved so that
the indicator stub is pointing up and the rounded end is pointing forward the\280¥he
arrow.
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APPENDIX W
WARRANTY

All RITEC instruments are warranted against defects in miaatend workmanship for a period
of one year after date of shipment. RITEC agrees to repair or replace anglgssesomponent

found to be defective under normal use during this period. RITEC's aiiganhder this

warranty is limited solely to repairing any such instrument, whic RITEC's sole opinion,
proves to be defective within the scope of the warranty when retumethet factory.

Transportation to the factory is to be prepaid by the purchaser. Stighmauld not be made
without prior authorization by RITEC.

This warranty does not apply to any products repaired or altered $yngenot authorized by
RITEC, or not in accordance with instructions furnished by RITEC. If the instrumeriecide
as a result of misuse, improper repair, or abnormal conditions oriopsratpairs will be billed
at cost.

RITEC assumes no responsibility for its product being used in adwagaor dangerous manner
either alone or in conjunction with other equipment. High voltage usexnhia mstruments may
be dangerous if misused. Special disclaimers apply to thesenmestis. RITEC assumes no
liability for secondary charges or consequential damages and, gvany RITEC's liability for
breach of warranty under any contract or otherwise shall not exiceguurchase price of the
specific instrument shipped and against which a claim is made.

Any recommendations made by RITEC for use of its products are bpsedests believed to be
reliable, but RITEC makes no warranty of the results to be obtaifiled. warranty is in lieu of
all other warranties, expressed or implied, and no representatiperswn is authorized to
represent or assume for RITEC any liability in connection withstide of our products other
than set forth herein.



