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1 Intr oduction

The PD20R4is afour-channellinear amplifier for driving piezoelectric actuatasd other loadsThe
output voltage angecan be unipolar, bipolar, or asymmetfrom 50Vto 200V.Up to ++200V can be
achieved using two channels with a bridged ld@dfer to the specifications table for the available
output voltage ranges. Front panel switches and dedicated connectors for independent and bridgec
loads make it easy to switch between four independent cteds and two bridged channels with

double the voltage range.

The PD20R4can driveany load impedance includingilimited capacitive loads such as stack
actuators; standard piezoelectric actuators; two wire benders; and thviee piezoelectric benders
requiring a bias voltagaias voltages can be generated using two auxiliary outputs linked to the
power supply voltage or by using ma amplifierchannel with a constant DC offset.

A range of user controls and ordering options are available to prowad@num goplication

flexibility. The DC offset of each channel can be controlled by a front panel potentiometan be
fixed to zero as an option. The maximum positive and negative output voltages can be restricted
using two front panepotentiometers. AL5-pin DSUB connector on the front panel includegals

for inputs, voltage monitors, current monitors, temperature measurement, a digital status output,
and a digital shutdown input.

The autput connectors includ BNC for independent channel&sMOOBTor bridged channels, and a
plug-in screw terminalThe PD200X4 is suited to a wide range of applications including etguios,
ultrasonics, vibration control, nanopositioning systems, and piezoelectric motors.

Compatible Actuators

StackActuators Up to 200V(4 Channels)

+/-100Vor +200Mwvith a grounded load (4 Channels)
+/-200Vwith a bridged load (2 Channels)

+/-100Vor +200Mwith a grounded loag4 Channels)
+/-200V with a bridged loaf? Channels)

Up to 200V with+200V biag4 Channels + Bias source)
+/-100V with +£100V bias (4 Channels + 2 Bias sources)

Plates and Tubes

Two Wire Benders

Three Wire Benders

2 Warnings / Notes

This device produces hazardous potentials esgliressuitably
gualified personnelith an observetrained infirst-aid training. Do not
operate the device when there are exposed conductors.
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3 Output Voltage Range s

Theoutput voltage range is specified when orderifignestandardvoltage ranges and associated
current limits are listed beloyfurther optionscan be found in Sectioh8. The PD20R4 has front
panel controls for reducing the positive andgagive output voltage rangen a voltagesqual to, or

slightlygreater thanthe required voltage isscommended

Negative Positive Bridge RMS Peak Order

Voltage Voltage Mode Current  Current Code

oV +200V +/-200V  057A 2A PD200X4200

oV +150V +-150V  0.91A 2A PD200X4150

oV +100V +/-100V  120A 2A PD200X4100
-25V +125V +/-150V  0.91A 2A PD200XN25P125
-25V +75V +/-100 V 1.20 A 2A PD200XN25P75
-50V +150V +/-200V  0.57A 2A PD200XN50-P150
-50V +100V +/-150V  0.91A 2A PD200XAN50-P100
-50V +50V +/-100V  120A 2A PD200XAN50-P50
-75V +75V +/-150V  0.91A 2A PD200X4N75-P75
-75V +25V +-100V  1.20A 2A PD200X4N75-P25
-100V +100V +/-200V  057A 2A PD200X4N100-P100
-100V +50V +-150V  0.91A 2A PD200X4N100-P50

Tablel. Voltage range configurations

4 Output Current

The peakandaverageoutput current of each channel is listedTiablel. The RMS current limit
defines the maximum frequency that is achievable with a capacitive ladherical values and an
online calculator can be found Bectionl0.

In addition to the current limits on each channel, the total RMS current is limit8btArms
Exceeding this limit will result in an overload condition on all channels, or a temporargti@uin
output voltage.

During shortircuit, the output current is limited to the rated maximum. The peak current can be
drawn for up to five milliseconds before the output is disabled for approximately three seconds. The
average current limit has a timeonstant of 30 milliseconds and isse¢ 100 milliseconds after a
previous current pulse.

High peak currents are available using giR8JLSE option, whichdsscribed in Sectiof.
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5 Specifications

Theamplifier specifications depend on theutput voltagespan which ishe difference between the
positive andhegative output voltageangelisted inTablel. For example, moutput voltage range of
-50Vto +100V, hasan output voltagespanof 150V (peakto-peak)

ElectricalSpecificationgper Channel)

Output VoltageSpan 100 Vpp 150 Vpp 200 Vpp
PeakCurrent 2A 2A 2A
RMS Currerit 1.2A 0.91A 0.57 A
Pulse Currentoptional) 10.0 A 100 A 10.0 A
Power Bandwidth 470kHz 310kHz 230kHz
Gain 20 VIV (Custom gain available)

Slew Rate 150V/us

Signal Bandwidth 680kHz

Load Any

Noise 714uVRMS(10uF Load0.03 Hz to 1 MHz
Protection Continuous shortircuit, thermal

Voltage Monitor 1/20VIV

Current Monitor 1 V/A

Analog Input +/-10V, Zin =33k, protected up to +20V
Output Connectors BNC ScrewTerminals LEMO 0B02
Power Supply 90 Vac to 250 Vac

Mechanical Specifications

Environment 0-40 C (32104 F) Norcondensing humidity
Dimension&* 212 x 304.8 x 88 mm (8.35 x 12 x 3.46 in)
Weight 2 kg (4.4 1b)

* For AC signals greater than 100 He total RMS currentmit for all four channels i8.5 Arms,
whichcan occuwith 100 Vpp models, or withlarge load capacitancdbat result in apower
bandwidthbelow 100 Hz.

** A 3D Model is available atww.piezodrive.com
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6 Signhal Path

The signal pathfor channels 1 and @re shown inFigurel, which are identical to channels &4
The signal path includes a DC offset and voltage limit, warieket by front panel controlsThe DC
offset function can be disabled with ti®SD option, e.g. order code PD200XD0,1000SD.

Channels Iand 3)have a fixedhon-inverting gain however, channels @&nd 4 can be switched
between independent nofinverting channels, or inverting channels that are connected to channel 1
(or 3). This function is useful for driving bridged loads, wisahiscussed in the followingection.

CHZ1 Front Panel DC Offs
(Disabled with;OSD option

CH1 Power
Amplifier
Channel : Voltage )
o >(+ : .9 Channel :
Inpt Limit Output
\ 4
:1 Bridge Mode
Output A
Bridge Mode
Switch
: ¢ Voltage Channel :
Channel : Limit A
Input
CH2 Power
CH2 Front Panel DC Offs Amplifier

(Disabled withcOSD option

Figurel. Signal path for channels 1 and 2, whihdentical to channels 3 and 4.
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/ Bridged Mode

In bridged mode, twahannelsare connected in series to double the output voltage range and
power. For example, the PD200XL00-P100 has four independent channels with a range of
+/-100V. When the Bridge Mode switeienabled, channel 2 isverting, which results in +200 V
across the loadTherefore, he effective voltage gain is doubled to 40.

In bridged modethe load is connected between the outputs of two channels and is not connected tc
ground. Grounded loads cannot be driven udaniglged mode. Care should be taken not to connect
the negative side (channel 2 and 4) to ground accidentally, for example, by using a grounded
oscilloscope probe.

T sy T 100V

\/

Voltage across loac

/ 200V
Channel 1 J 20 T/\ R
Input °© " ‘ \/ -

] r

Bridge Mode
Switch

_____________ =0

100V

Figure2. Bridged load configuration to obtain +200 V using two +100 V channeld\Note that the
inputs to channel 2 (and 4) are not used. The offset and voltage brare not shown for simpicity.

In bridged mode, the overload conditions for both channels are linked. For example, if channels 1 a
2 are operated in bridged mode, an overload condition in eittteannelwill trigger a shutdown in
both channels

The current limits in bridge nd® are identical to the single channel limits. The power bandwidth
calculator in SectioO can also be used faredictingbridgemode performance; howevethe load
capacitance used in the calculator must be doubled, and all of the voltages refer to a single channe
For exampleconsider @D200X4/100,100used to drive a 1uF loaalith +/-200V in bridged mode.

The correct calculator inputs are shownRigure3.
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Input Parameters

Output Voltage Range (single channel) [-100V to +100V| V

|
Load Capacitance (effective) c | 2| uF
Output Voltage (peak to peak)  Vpp | 200] vV
Frequency (optional) fo 100] Hz

Figure3. Calculator inputs fodriving a bridged 1uF load with/-200V.

The recommendedrder codes fobridgemode operation ardisted inTable2. Note that any
PD200X4 mplifier can be operated with a bridged load; however, asymmetric voltage ranges (e.g. C
to +200V) requirghe offset of each channel to be set to the middletlod voltage range (e.g. +10QV

Negative Positive Bridge RMS Peak Order

Voltage Voltage Mode Current Current Code

-50 +50 +-100V  1.20A 2A PD200XAN50-P50
-75 +75 +-150V  0.91A 2A PD200XN75-P75
-100 +100 +/-200V  057A 2A PD200X4N100-P100

Table2. Recommended amplifier configurations for bridged mode operation.

8 Overload and Shutdown

Each channel is protected against skhartuit, overcurrent, and ovetemperature. During these
conditions, the effected outputs are disabled and the overloaticatorwill illuminate An ovetoad
on any channebk also reported by a logic high on tR&ULT signalocated onthe auxiliary signals
connecbr.

At turn-on, some or althe overload indicators may illuminateiefly.

An overtemperaturecondition willdisable all channels for a few seconds until the temperature
returns to a safe levelf this occurs, ensure the air intake and exhaargtnot obstructed.

The amplifier can be shut down by an external source by applying a voltage of between +3V and +:
to the DISABLE signal on the auxiliary signals connddtemput impedance of theshutdown input
is approximatelyi01 K ®
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9 Pulse Current Option

For applications that require a higieak current the peak current limit can be ineased tol0 Amps
by appending therderO2 RS -6 A [I K9 & D206X4/®,200td !t [ {Irdtiisdeonfiguration, the
average current limit remains the same; however, the peak curigmt is increased td0 Amps and
the maximum pulselurationis reducedo the time listed inTable3. The output voltage span is the
differencebetweenthe positive and negative outp voltage range, for examplan amplifierwith an
output voltage range o0V to +100V has a span of 150V.

Output VoltageSpan Pulse Current Pulse Time
200V 10A 100 us
150V 125V 10A 150 us
100V, 75V, 5¢/ 10A 400 us

Table3. Maximumpeak current duration in the pulse configuration

Fora current pulse less than the peak current limit, thereasedduration isdescribed inFigure4.
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[42]
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o
cE’é 200V 150V 100V and 50V
| u
| | ! :_—_-I_=
0
0 2 4 6 8 10

Peak Current (A)

Figure4. Maximum pulseduration versus peak current andutput voltage span

PD200X4 ¥Manual 9 Modified 7/01/2022



10 Power Bandwidth

Launch Online Power Bandwidth Calculator

Theonline power bandwidth calculator takes into accotimé current limit, slewrate, output
impedance and smalkksignal bandwidth.

With a capacitive load, thRMScurrentfor a sinewaveis

w6 Q
Vig

O

wherew is the peakio-peak output voltage{ is the load capacitance andis the frequency.
Therefore the maximum frequency for a given RMS current liidit hcapacitanceand voltage is

O U .
SR

"0 —
w o

The above equation is also trier any periodic waveform, including triangle waves and square
waves.

¢KS WL 6 SINGS IAVEAR diAKFS Y I Eull Yutkaivt vokag@hdadhgé éndplifier butput

IS opencircuit, the power bandwidth is limited by the sleate; however, with a capadie load, the
maximum frequency is limited by the RMS current and load capacitance. The power bandwidth for
range of capacitive loads is listed below

Load Capacitance 100VSan 150VSpan 200VSpan

No Load 470 kHz* 310 kHz* 230 kHz*
10 nF 470kHz* 270 kHz 130 kHz
30 nF 180 kHz 91 kHz 43 kHz
100 nF 56 kHz 27 kHz 13 kHz
300 nF 18 kHz 9.1 kHz 4.3 kHz
1 uF 5.6 kHz 2.7 kHz 1.3 kHz
3 uF 1.8 kHz 910 Hz 430 Hz
10 uF 560 Hz 270 Hz 130 Hz

Table4. Power bandwidthversus load capacitance and output voltage span

In the above table, the frequencies limited by sleate aremarked with an asteriskand the
frequencies limited by smadlignal bandwidth are marked with a double asteriBkeslewrate is
approximatelyl50 V/uSwhich implies anaximum frequencyf

puLUTP T

"0 —
w
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The maximum peako-peak voltageas plotted against frequency irigureb.
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Figure5. Maximum peakto-peak voltage versus frequency and load capacitan
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11 Small Signal Bandwidth

The smalkignal frequency respseand-3 dB bandwidth is described Figure6 and Tableb.
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Figure6. Small signal frequency respons$er a range of load capacitances

Load Cpacitance Bandwidth

No Load 684 kHz
10 nF 759 kHz
30 nF 720 kHz
100 nF 388 kHz
300 nF 172 kHz
1 uF 60 kHz

3 uF 21 kHz

10 uF 6.4 kHz
30 uF 2.4 kHz
110 uF 940 Hz

Table5. Small signal bandwidth versus load capacitanegdB)
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12 Noise

The output noise comtinsalow frequency component0.03 Hz t®0 Hz) that is indgendent of the
load capacitanceanda high frequency20 Hz to 1 MHzgomponent thatis approximatelyinversely
proportionalto the loadcapacitance.

The noise is measured withpaeamplifierwith a gain of 1000, an oscilloscopeand Agilent 34461A
Voltmeter. The lowfrequerncy noise is plded inFigure7. The RMS values 650uV with a peako-

peak voltage off.3 mV.

Figure7. Low frequency noise from 0.0dz to 20 Hz

The high frequencyioise(20 Hz to 1 MH2z} listed in the table belowersus load capacitanc&he
total RMSnoise from 0.03 Hz to 1 MHgfound by summing the RMS values, thafis .

Load Cap. Bandwidth HF Noise RMS Total Noise
No Load 684 kHz 1.60 mV 1.72 mV
10 nF 759 kHz 1.65 mV 1.77 mV
30 nF 720 kHz 1.75 mV 1.86 mV
100 nF 388 kHz 2.08 mV 2.17 mV
300 nF 172 kHz 2.18 mV 2.27 mV
1 uF 60 kHz 998 uv 1.19 mV
3 uF 21 kHz 414 uVv 771 uVv
10 uF 6.4 kHz 295 uv 714 uv
30 uF 2.4 kHz 280 uVv 708 uVv
110 uF 940 Hz 264 uv 702 uvV

Table6. RMS noise versus load capacitan@03Hz to 1 MHz)
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