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Chapter 1 - Overview 

Welcome 
Thank you for purchasing one or more of Picotest’s Signal Injectors.  
 
Regulator and SMPS applications today are much more demanding than ever. Today's designs 
require increases in switching frequency and bandwidth, higher efficiency and lower standby 
current. A high resolution, high fidelity test setup is more critical than ever to getting the 
accurate measurements you need.  
 
Picotest Signal Injectors are designed to greatly improve the accuracy of your test results. 
 
Summary of Benefits: 

 More accurate voltage regulator and power supply measurements 

 Ability to your test systems’ stability and step load non-invasively 

 Ability to your test systems’ stability in the production circuit configuration 

 Ability to make high fidelity PSRR measurements 

 Ability to test output impedance 

 Ability to bias components under test 

 Greatly reduce distortion in Bode and impedance measurements 

 Improve RSA, SA and MDO measurements related to noise and EMI 
 

What’s Included 
 
Your Picotest Signal Injector set includes one or more of the following: 
 

 J2100A Injection Transformer (1Hz-5MHz) – Stability  

 J2101A Injection Transformer (10Hz-45MHz) – Stability  

 J2110A Solid State “Bode Box” voltage injector * – Stability  

 J2111A Solid State current injector * – Non-invasive stability, impedance, and step load 

 J2112A Solid State high current injector * – Non-invasive stability, impedance, and 
step load measurements 

 J2120A Line Injector  - PSRR, Ripple Rejection and Conducted Susceptibility 

 J2130A DC Bias Injector – Component biasing 

 J2140A Attenuators – Stability, noise 

 J2150A Calibrator 

 J2160A Splitter 

 J2170A High PSRR adapter (used to power the J2110A, J2111A, J2112A, J2180A, 
J2190A) 
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 J2180A 0.1Hz – 100MHz Ultra Low Noise Preamp * - Noise, EMI 

 J2190A 0.1Hz – 10Hz Active Filter * - Noise, EMI 

 VRTS-01 Voltage Regulator Test Standard kit* 
 
* Note: the J2170A low noise, high PSRR power adapter, is used to power the J2110A, J2180A, 
J2190A, J2111A or the J2112A. The J2170A is included if you purchase any one of the 
aforementioned injectors. No other power adapter should be used with these injectors. The 
other adapters not listed do not require external power. One J2170A is included with each 
Signal Injector Bundle (set of Signal Injectors). One J2170A will be included with each injector 
requiring external power if the injector is purchased individually. 
 

Documentation and Support 

 
This documentation details the use of various Signal Injectors. Specifications for the individual 
injectors are also included. 
 
The support section of Picotest’s web contains additional documentation and various  
publications on testing power supplies regulators and other equipments in the Picotest Signal  
Injector Set. 

Warranty 

 

Every Picotest product you buy from Picotest is warranted against defects in material and 

manufacturing for a period of one year from the date of shipment. During the warranty 

period, PICOTEST is responsible for necessary repairs as long as the product can be 

proved to be defective.  

For warranty service or repair this product must be returned to a service facility designated 

by PICOTEST. Please contact your local service representative for further assistance. 

Calibration 

 

The Signal Injectors do not require calibration. 
 

Safety Information 
 

To avoid possible electric shock or personal injury, please read and follow these guidelines 

carefully: 

 

 Follow the guidelines in this manual and DO NOT use the Signal Injector if the case is 

damaged. Check the Injector case and terminals, and make sure all the devices are in 
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the proper positions. 

 Do not apply excessive voltage to the Injector. Apply voltage within the rated range 

only. 

 Use caution when measuring voltages above 30 V RMS, 42 V peak, or 60 V DC. These 

voltages pose an electric shock hazard.  

 If you need to open the Signal Injector case or replace any parts, read the instruction in 

this manual first. You must be a qualified personnel to perform this action.  

 Do not try to operate the Signal Injector if it is damaged. Disconnect the power from 

the equipment and consult the local service representative. Return the product to 

PICOTEST service department if necessary. 

Symbols and Terms 
 

 This symbol indicates hazards that may cause damages to the Injector or even result 

in personal injury. 

 

 This symbol indicates high voltage may be present. Use extra caution before taking 

any action. 

 

   This symbol indicates earth (ground) terminal. 

 
This symbol indicates this product complies with the essential requirements or the 

applicable European laws or directives with respect to safety, health, environment 

and consumer protections. 

 
 The crossed out "wheelie bin" symbol means the product must not be placed in the 

trash, but must be recycled as electronic waste according to the European Union 

directive:2002/96/EC. 
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Chapter 2 – Introduction to Signal Injectors 

Introduction 
 
Signal Injectors, also known as test adapters or interface adapters, are used to inject or transmit 
signals into and from various circuits so that the circuit’s characteristics can be tested. Tests 
include Bode plot control loop analysis, circuit and component impedance measurements and 
conducted susceptibility measurements, to name just a few.  
 
The network analyzer, sometimes referred to as a Frequency Response Analyzer (“FRA”) or 
Vector Network Analyzer (“VNA”), is a common piece of equipment in most electronics labs. 
Analyzers are used for a variety of tasks including stability analysis, component 
characterization and of course frequency response measurements. They can vary in features, 
but regardless of the analyzer being used, the analyzer oscillator signal must be injected into the 
circuit being tested in order for a measurement to be made. 
 
The quality of the test signal injector, or test adapter, and the injection method can have a 
direct impact on the test results. For example, it is often the case that we see hobby store 
transformers used to inject signals into the loops of power supplies. In this case, the results are 
likely to be distorted due to the poor frequency response and impedance matching of the 
transformer. 
 
It is critical that you understand the bandwidth limitations and the impedance of the test 
interface adapter, as well as, the impact of the injection signal magnitude on the measurement 
if you want to get accurate and repeatable test results.  
 
Different injectors are used for different tests. In some cases, more than one injector will 
support various aspects of the test. The details can be found in the following sections. 
 
The Picotest Injectors may be used with any network analyzer including those from 
OMICRON Lab, Agilent, Venable, Ridley and others. Please refer to the connection diagrams, 
shown with each injector, to see how each is interconnected with your test equipment. 
 

Injection Transformers – J2100A & J21101A 
 
The injection transformer is by far the prevalent method for connecting the network analyzer 
to a circuit being tested for loop stability (Figure 1). The goal of the transformer is to inject a 
signal into the control loop being measured, without impacting the performance of the loop. 
In order to accomplish this to a reasonable degree, it is important to pick an injection point 
that is unaffected by the terminating impedance of the transformer, which is often in the range 
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of 5 to 50 Ohms. 
 

 

Figure 1:  Sample setup for the injection transformer (J2100A or J2101A) used to perform 

stability measurements. 

 
The transformer itself is outside of the measurement, leading many to incorrectly believe that 
the transformer is a non-critical element. The frequency range of the injection signal is 
dependent on the circuit being measured. The measurement of a typical Power Factor 
Corrector (PFC) control loop generally requires a measurement frequency of 1Hz or lower, as 
it is common for a PFC to have a control loop bandwidth of less than several Hz. The 
bandwidth of a high performance linear regulator can be as high as several MHz. While several 
different transformers can be used to address this range, it is beneficial to use a single 
transformer or two transformers covering different frequency bands at most, due to the high 
cost of the transformers. 
 
The design of a transformer that has significant permeability at 1Hz and minimal attenuation 
at 10MHz or more is difficult to achieve. The core materials are quite expensive and the 
transformers generally must be hand wound. These issues, combined with the relatively small 
market volume size dictate the cost. Engineers often use audio transformers or hum 
eliminators as signal injection transformers. The result is that the incorrect results are 
invariably produced from the use of these poor injection transformers. 
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Solid State Voltage Injector – J2110A 
 
While it is possible to obtain high quality injection transformers with bandwidths as wide as 
1Hz to 5MHz or more, in some cases this is still insufficient for the testing of some circuits. 
For example, a typical heater control loop might have a bandwidth of less than 1Hz while 
some linear regulators and opamp circuits can have bandwidths of up to 100MHz or greater. 
For these applications, a solid state injector can provide the necessary bandwidth. The 
solid-state injector is often called a “Bode Box.” A solid state injector can perform at DC, 
while the upper frequency limit is dictated by the components selected and the printed circuit 
board material and layout. It is possible to obtain a solid state injector with a working range of 
DC – 200MHz, though above 50MHz the interconnection between the injector and the circuit 
being tested can become quite critical. It is essential that ripple from the injector’s power 
supply does not dramatically degrade the dynamic range or the signal to noise ratio of the 
measurement. Bode and other plots are often much cleaner when using a solid state injector 
than compared with those made with an injection transformer.  
 

 
Figure 2:  Sample setup for the solid state injector “Bode Box” (J2110A) used to perform 

stability measurements. 

 
The selection of a valid injection point in the circuit is more critical when using a solid state 
injector than with the injection transformer. The solid state injector presents an infinite 
impedance between the points of injection. In order to provide correct results one side of the 
measurement must present a much higher impedance than the other side. In a typical power 
supply control loop, the voltage sense divider is generally a good injection point, since the 
output impedance of the power supply is very low compared with the impedance of the 
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voltage sense divider. 
 
The solid state injector is sometimes limited by its operating voltage, in this case +/- 12V. This 
is not the amplitude of the injection signal, but the DC operating voltage of the output that the 
injector is connected to. However, most applications requiring a solid state injector fall within 
these operational limits. 
 

Solid State Current Injectors – J2111A & J2112A 
 
The current injector is possibly the most versatile of the Signal Injectors. While it is not 
designed to replace an electronic load, it is capable of performing a transient small-signal step 
loading at switching speeds and bandwidths that electronic loads cannot match. Also, the 
capacitance of an electronic load is generally too high and impacts the measurement where the 
J2111A and J2112A are minimally invasive.  
 
Incorporating a 40MHz current monitor, the current injector can also be used to measure 
output impedance, as well as, the stability of a filter, combined with the negative resistance of 
a switching converter or power supply. An added benefit is that using a current injector, these 
measurements can all be made using the full system loading since the injector is connected in 
parallel with the actual load. 
 

 
Figure 3: Sample setup for the Solid State Current Injector (J2111A) used to perform a 
non-invasive load transient measurement. 
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The J2111A current injector is a bilateral device, which works with positive or negative 
voltages and includes an internal bias for use with a network analyzer. The bias can be 
disconnected for use with an external waveform or arbitrary waveform generator such as the 
Picotest G5100A. 
 
 
The current injector is basically a voltage to current converter with a gain of 10mA/V. Put in a 
1V signal into the modulation port and you get 10mA out of the output port and 10mV out of 
the current monitor port.  The current injector can be controlled by the output of the network 
analyzer (for frequency domain sweeps) or a function generator or arbitrary waveform 
generator (for time domain control and load profiling). 
 
The J2111A current injector is capable of sinking 100mA while the J2112A can sink up to 1A. 
The J2112A is not bilateral and can only operate from positive voltages while the J2111A can 
sink current from either positive or negative voltages. 
 

Line Injector – J2120A 
 
While the injection transformer is a very wideband adapter, it is not useful for measuring ripple 
rejection (PSRR) of a power supply or even an opamp. This is because the attributes that make 
the injection transformer perform so well also result in a transformer that is absolutely 
intolerant of DC current. Even very small DC currents (5mA or less) can greatly reduce the 
signal capacity or even totally saturate the transformer. For this reason, the line injector is 
another essential test adapter.  
 
It allows a test signal to modulate the line or buss voltage. Like the current injector, the line 
injector can be controlled by a network analyzer’s oscillator output or a time domain signal.  
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Figure 4: Sample setup for the Line Injector (J2120A) used to perform a PSRR measurement. 

Bias Injector – J2130A 
When using the network analyzer to measure impedance, such as the capacitance and ESR or 
a capacitor, or the DCR of an inductor, etc., it is often necessary to provide a voltage bias to 
the device being tested. This is true of semiconductor junction capacitances, varactors, and 
some ceramic capacitors (especially X5R). In these cases the impedance is a function of the 
DC bias on the device. The Picotest DC bias injector (J2130A) is used for this purpose during 
impedance measurements. 
 

Attenuators – J2140A 
There are two common uses for attenuators when used in conjunction with the network 
analyzer. One is to attenuate the oscillator source signal. While this may seem odd, one of the 
most common errors in analyzer measurements is using a source signal that is too large. Even 
though the analyzer allows setting of the signal output amplitude, the lowest setting is often 
too high to allow an accurate small-signal measurement to be made. The correct amplitude is 
the smallest amplitude that exceeds the noise floor. 
 
Attenuators are also useful for improving the dynamic range of the measurement. In some 
cases, as in measuring the open loop gain of an opamp as one example, the low frequency loop 
gain will be extremely large (100dB or more is not uncommon). Attenuating the output signal 
increases the effective range of the measurement. 
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Preamplifier – J2180A 

The J2180A low noise preamplifier provides a fixed, AC coupled 20dB gain while converting a 
1 MegOhm input impedance to a 50 Ohm output impedance. With a 3dB bandwidth of 0.1Hz 
to 100MHz, the preamplifier improves the sensitivity of oscilloscopes, network analyzers and 
spectrum analyzers while reducing the effective noise floor and spurious response. The 
preamplifier can also serve as a low frequency DC blocker for a spectrum analyzer or you can 
use it to connect a high input impedance oscilloscope probe to 50 Ohm equipment. 

 

The J2180A preamplifier offers very low noise, fast 100V/uS slew rate for pulse applications 
and very low distortion for audio applications.  

 
 

Active Filter – J2190A 

The J2190A active filter presents a high impedance (approximately 150kOhms) minimizing 
the loading of the circuit being tested.  The output impedance is 50 Ohms allowing low noise 
coaxial connections to all typical test equipment.  The 0.1Hz-10Hz noise band is common for 
opamp measurements, voltage regulators and voltage references.   

The J2190A is a 4th order high pass and 4th order low pass filter with an optimally flat 
response and 0dB gain.  Additional filters can be cascaded for even sharper cutoff. 

The J2190A is not a programmable filter, though it is easily customizable to a particular noise 
bandwidth and/or circuit gain. 
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Chapter 3 - Signal Injectors: Measurements and 
Specifications 

J2100A/J2101A Injection Transformers 
One of the most common tests performed by a network analyzer is the control loop stability 
measurement, or Bode plot. The injection transformer is the most prevalent method for 
connecting a network analyzer to the circuit in order to perform the stability measurements.   
 
There are two different injection transformers, each with different overall bandwidths to 
support various types of applications. 

J2100A  1Hz-5MHz Transformer  

 1Hz supports PFC regulators 

 5MHz high enough for most power supplies and regulators 

 23 Octave range 

 Low distortion for superior precision 

 5 Ohm termination for minimum impact to loop 

 Includes attenuation to assure small signal measurement  
 
J2101A  10Hz-45MHz Transformer 

 10Hz supports off-line power supplies 

 45MHz high enough for even state of the art regulators 

 23 Octave range 

 Low distortion for superior precision 

 5 Ohm termination for minimum impact to loop 

 Includes attenuation to assure small signal measurement  

The goal of the transformer is to inject a signal into the control loop being measured, without 
impacting the performance of the loop.  The test is performed by inserting an oscillator signal into the 
control loop, allowing an OPEN LOOP measurement in a CLOSED LOOP system.  The 
analyzer sweeps the frequency while measuring the voltage at each side of the transformer.  
One side of the transformer is the input signal while the other side is the output signal.  The 
division of the two results in the loop gain and loop phase, or bode response. The transformer 
is isolated and, therefore, capable of floating on a high voltage, such as in a Power Factor 
Corrector (PFC) circuit, which is often close to 400VDC.   
 
The usable bandwidth of an injection transformer is generally significantly greater than its 3dB 
frequency limits.  This is because the transformer itself is outside of the measurement, leading 
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many to incorrectly believe that the transformer is a non-critical element.   
 
The bandwidth of the transformer is strongly related to the terminating impedance (i.e. the 
impedance of the instrument).  The source impedance of the oscillator in the Omicron 
Bode-100, and most other network analyzers, is 50 Ohms.  Assuming this impedance, the 
recommended termination resistor is 5 Ohms.  This significantly attenuates the injection signal, 
which is generally beneficial, as a common error in Bode measurements is using a signal which 
is too large, and therefore, resulting in a measurement that is not a “small signal” measurement.  
This low value termination resistance also improves the low frequency bandwidth of the 
transformer. 
 
An added benefit of this low value is that it can generally be left in the circuit at all times, 
simplifying the connection to the network analyzer without appreciably impacting the output 
voltage of the circuit being tested. 
 
Today’s power systems demand better measurements at both higher and lower frequencies.  
Engineers often use audio transformers or video transformers for signal injection purposes.  
This is unwise, as the low frequency performance of a video transformer is generally quite 
poor while both the low and high frequency performance of the audio transformer are quite 
poor.  Many of the transformers sold as injection transformers use ferrite core materials, which 
are good for high frequency but relatively poor for high frequency. 
 
The design of a transformer that has sufficient permeability at 1Hz and minimal attenuation at 
10MHz or more is difficult to achieve.  The core materials are specially processed and the 
transformers generally must be hand wound.   
 
Most other injection transformer manufacturers use an inexpensive ferrite transformer; the 
price is not indicative of the cost of the transformer. The Picotest injection transformers are 
made of a specially annealed amorphous material in order to obtain nearly infinite permeability 
(>100,000). The difference in the measurement results between a Picotest transformer and 
another variety of transformer depends on the circuit. A switch-mode power supply is less 
demanding, while an opamp or a 3 terminal regulator is more demanding. In particular, the 
LM317 style regulator requires the measurement to be referenced to Vout and not ground. In 
this case the transformer parasitics are much more evident. 
 
The Picotest injection transformers are capable of an impressive 23 Octave bandwidth.  This 
bandwidth is still not sufficient to support all requirements, and so two transformers have 
been designed.  One is optimized for performance from 1Hz to 10MHz while the other is 
optimized for 10Hz to 40MHz. 
 
Either transformer is usable for most applications.  The lower frequency transformer is usable 
for PFC measurements, where the bandwidth is generally below 10Hz while the higher 
frequency transformer is usable for the newest switch-mode converters and LDO’s which 
have bandwidths up to several MHz. 
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While the injection transformer is a very wideband adapter, it is not useful for measuring ripple 
rejection (PSRR) of a power supply or even an opamp.  This is because the attributes that make 
the injection transformer perform so well also result in a transformer that is intolerant of DC 
current.  Even very small DC currents (5mA or less) can greatly reduce the signal capacity or 
even totally saturate the transformer. 
 

 

 
Figure 5: Injection Transformer Connections for stability measurements. 

 
The injection transformer is connected as shown above. The output oscillator of the Bode 
analyzer is connected via a BNC connector to the input of the transformer. The output of the 
transformer is connected across the “in-circuit” injection resistor (Rinj). This allows the 
analyzer oscillator to stimulate the loop while the loop response is recorded. 
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Characteristic Rating Conditions 

Ratio 1:1   

Termination 
Impedance 

5 Ohms   

Nominal 3dB 
Bandwidth 

10Hz - 
5MHz 

10mHz~100Hz, 10Hz~100MHz 

Isolation Voltage 
600V 
CATII 

3kVrms/1min 

Isolation Capacitance 150pF 1kHz 

DC current 10mA 
DC current at which inductance(@1kHz) drops 10% 
(typ) from its value without current 

Temperature range 0-50°C inductance(@1kHz) / 0,50 °C 

Maximum Altitude 6000 Ft   

* Performance at -10dBm input level 
 

 
Figure 6: Frequency Response for J2100A injection transformer. 
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Figure 7: Frequency Response for J2101A injection transformer. 

 

Characteristic Rating Conditions 

Ratio 1:1 
 

Termination 
Impedance 

5 Ohms 
 

Nominal 3dB 
Bandwidth 

10Hz - 
5MHz 

100mHz~100Hz, 10Hz~500MHz 

Isolation Voltage 
600V 
CATII 

3kVrms/1min 

Isolation Capacitance 150pF 1kHz 

DC current 10mA 
DC current at which inductance(@1kHz) drops 10% 
(typ) from its value without current 

Temperature range 0-50°C inductance(@1kHz) / 0,50 °C 

Maximum Altitude 6000 Ft 
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J2110A Solid State Voltage Injector 

J2110A  Solid State Bode Box Voltage Injector 

 DC-45MHz; supports thermal and mechanical controls and highest performance 
regulators  

 Low distortion for superior precision 

 25 Ohm insertion resistance 

 50 Ohm oscillator input 

 < 3uA typical bias current 

 >2 MΩ typical Input Resistance 

 Includes J2170A High PSRR Low Noise Regulator with Universal input 
 

The solid state voltage injector, or “Bode box”, is employed in the same way as the injection 
transformer. As noted in the introduction section, the J2110A injector has a wider bandwidth. 
However, the selection of a point in the circuit to insert the injection connection can be more 
challenging.  In order to provide correct results one side of the measurement must present 
much higher impedance than the other side.  A rule of thumb is that one side should have an 
impedance that is at least 50 to 100 times greater than the other.  In a typical power supply 
control loop, the voltage sense divider is generally a good injection point, since the output 
impedance of the power supply is very low compared with the impedance of the voltage sense 
divider. 
 

The solid state injector is connected in much the same way as the injection transformer. The 
exception, as noted above, is that the impedance on the Vout side must be different from the 
Rtop side.  
 
No injection resistor is used. 
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Figure 8: Solid State Injector Connections for stability measurements. 
 

 
 

Characteristic Rating Conditions 

Max Vs +/-12V 25 degC 

Max Icc 20mA 
 

Max input voltage 
DC+AC 

+/-10.5V 
 

Output Voltage +/-10.5V 
 

Offset Voltage 3mV 
 

-3dB Bandwidth (-10dBm) DC-40MHz 
 

Temperature range 0-50°C 0,50 degC -3dB BW 

Maximum Altitude 6000 Ft 
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J2120A Line Injector 

J2120A  Line Injector 

 10Hz-10MHz usable bandwidth 

 Low loss design 

 5 Amps maximum current 

 50VDC max input 

 Easily measure input filters and PSRR 
 

The line injector allows the input DC supply voltage to be modulated by the network analyzer 
source signal, as in the case of a PSRR measurement.  The line injector must be capable of a 
frequency range well below the AC line frequency and at least above the control loop 
bandwidth of the circuit being tested.   
 

 
Figure 9: Line Injector Connections for PSRR measurements. 

 
The line injector is only capable of sourcing current, so that the output amplitude can be 
significantly impacted by the operating current and the total storage capacitance at the load.  
The Bode-100 network analyzer has a very high selectivity so distortion at the output of the 
line injector generally does not influence the measurement.  Again, this is a small signal injector, 
so the oscillator signals should be kept as small as possible above the noise floor.  As a guide, 
try to keep the input signal amplitude below 50mVpp (-20dBm).  In some cases we want to 



Signal Injectors: Measurements and Specifications 23 

 

attenuate the source signal even further, and so we have included the attenuators in the injector 
kits.  Some analyzers, such as the Omicron-Lab Bode-100 allow shaping the injection 
amplitude as a function of frequency, which helps optimize the signal level. 
 

The line injector can also be used in conjunction with a current probe to measure the input 
impedance of a power supply.  The input impedance of a switching power supply or regulator 
is negative, which is a stability concern when combined with an EMI filter, making the 
measurement an important part of the design, analysis and verification process.  The current 
probe must be set for 1A/V or the results need to be scaled accordingly for different settings. 
 

    

 
Figure 10: Line Injector Connections for input impedance measurements. 
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Characteristic Rating Conditions 

Maximum DC Input 
Voltage 

50V 
 

Maximum Continuous 
Current 

5A 
 

Maximum Voltage Drop 3.25V At 5A 

3dB Frequency 
Response 

15Hz-5MHz Vin=5V RL=50 Ohms 

Useable frequency 
response 

10Hz-10MHz 
 

Recommended 
injection signal 

-20dBm-10dBm 
 

Temperature range 0-50°C 
 

Maximum Altitude 6000 Ft 
 

 

J2130A DC Bias Injector 

J2130A  Bias Injector 

 10Hz-10MHz usable bandwidth Low loss design  

 Easily measure varactors, junction capacitance  

 Measure X5R capacitor voltage sensitivity  

 Bias low power transistor amplifiers and diodes for parameter extraction 
 

The Picotest DC bias injector (J2130A) is used for applying a DC voltage bias on components 
during impedance measurements. 
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Connecting the DC Bias Injector: Component Bias 

 

 
Figure 11: Connections for DC Bias Impedance measurements. 

 

 

 
 

Characteristic Rating Conditions 

Maximum DC Bias 50VDC 
 

Bias Resistance 10kOhms 
 

Maximum Bias Current 5mA At 5mA 

Frequency Response 15Hz-40MHz Frequency sweep 10Hz~500MHz, power=-10dBm 

Temperature range 0-50°C 
 

Maximum Altitude 6000 Ft 
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J2111A/J2112A Solid State Current Injector 

J2111A & J2112A  Solid State Current Injector 

 High PSRR Low Noise Regulator with Universal input 

 20nSec typical rise and fall time  

 DC-40MHz usable range (interconnection dependent) 

 Two Quadrant Bipolar operation works with positive or negative source 

 Build in offset for use with Network Analyzer 

 Precision current monitor with 50 Ohm output 

 Works with AWG, Function generator and network analyzer 

 Measures Non-invasive phase margin, Output impedance, reverse transfer, crosstalk, 
input filter stability 

 Fast transient load stepping (up to 100mA with the J2111A and 1A with the J2112A) 
 

The current injector is one of the most versatile of the injector products.  Coupled with the 
G5100A, or other equivalent function generator, it is capable of performing small signal load 
steps up to 40MHz, with very fast rising and falling edges.  Using the G5100A, also allows the 
rise and fall times to be controlled, various waveforms or even arbitrary waveforms.  This can 
be used to simulate the effects of many different types of loads, including high speed digital 
circuit loading, which is often largely dynamic. 
 
The current injector can also be used to measure output impedance of power supplies, voltage 
regulators, power buses and even batteries.  It can be used to non-invasively measure the 
stability of a combined input filter and the negative resistance of a switching power supply.  It 
also has application in the measurement and extraction of transistor data, including small 
signal current gain, Ft and many other dynamic performance parameters. 
 
In RF and instrumentation circuits it can be used to provide constant current biasing for class 
A amplifiers and buffers. 
 
The current injector has two connections for the output, Output and GND.  The input is 
DC+AC and can be connected to either a signal generator or a network analyzer.  A built in 
bias current enables Class A operation for use with a network analyzer.  The Current Injector 
and DC Bias injector can also be used for this purpose. 
 
The output current is reduced 40dB from the input signal, resulting in 10mA/V scaling.  The 
current monitor is designed to be terminated into 50 Ohms and can be used with the network 
analyzer, an oscilloscope or a DMM to monitor current. When used in conjunction with a 
voltage probe, the analyzer can measure Voltage/Current, which is the impedance. 
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Figure 12: Current Injector Connections for output impedance measurements. 

 

 
Figure 13: Current injector connections for reverse transfer measurements. 
 
**Both the J2111A and the J2112A are connected in circuit in the same fashion. 
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Characteristic J2111A Rating J2112A Rating 

Max input voltage DC+AC +/-5V +5V 

Maximum Output Current +/-100mA +1A 

Minimum Output Current 0A 1mA 

Output voltage 40V 10.5V 

Current Monitor 1V/A 100mV/A 

Modulator Gain 10mA/V 200mA/V 

Offset Current (typical) +/-24mA +250mA 

Usable Bandwidth DC-40MHz DC-40MHz 

Temperature range 0-50°C 0-50°C 

Maximum Altitude 6000 Ft 6000 Ft 
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Figure 14: J2111A  frequency response. 
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J2170A High PSRR Power Supply Adapter 

J2170A  Power Supply for J2110A and J2111A 

 Universal input voltage 100V-240V 

 +/-12V 40mA output 

 Very low output impedance (see below) 

 Very low noise (have not measured, nor do we have the capability to) 

 Ultra high PSRR (see below) 
 

The J2170A power adapter is specially designed for use with the Picotest J2110A, J2111A, 
J2112A, J2180A, J2190A signal injector products. The supply combines a universal worldwide 
input (100 to 240 VAC ) with two high performance linear regulators. 
 
While there are many off-the-shelf power supplies available that can provide a universal input 
voltage and 12V output voltage, they do not provide the same performance as the J2170A. 
Most switching regulators produce significant ripple at and above 100kHz. This ripple passes 
through the PSRR of the internal opamps, reducing the noise floor. While this may work in 
many applications, it is less than ideal. Typical switching power supplies and even typical linear 
regulators have a high output impedance at 40MHz, due to the ESL of the output capacitors 
and the nature of the control loop. 
 
The J2170A uses a discrete design approach, offering very low output impedance, stable 
performance with large ceramic decoupling capacitors and ultra high PSRR compared with 
typical off-the-shelf devices. 
 
To maintain a good noise floor for various measurements, the power supply must have very 
low noise. 
 

J2140A Attenuators 

J2140A  Attenuator 

 Integrated unit includes 20dB, 40dB and 60dB 

 Cascade for greater attenuation 

 Improve noise floor or assure small signal measurement 
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There are two common uses for attenuators when used in conjunction with the network 
analyzer. One is to attenuate the oscillator source signal. While this may seem odd, one of the 
most common errors in analyzer measurements is using a source signal that is too large. Even 
though the analyzer allows setting of the signal output amplitude, the lowest setting is often 
too high to allow an accurate small-signal measurement to be made. The correct amplitude is 
the smallest amplitude that exceeds the noise floor. 
 
Attenuators are also useful for improving the dynamic range of the measurement. In some 
cases, as in measuring the open loop gain of an opamp as one example, the low frequency loop 
gain will be extremely large (100dB or more is not uncommon). Attenuating the output signal 
increases the effective range of the measurement. 
 

 

 
 

Characteristic Rating 

Maximum input level +20dBm 

3dB Frequency Range  DC-50MHz 

Maximum VSWR 1.3 

Attenuation accuracy 0.2 dB 
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Figure 15: 40dB attenuator frequency response. 

 

J2180A 0.1Hz to 100MHz Ultra Low Noise Preamp 

J2180A  0.1Hz to 100MHz Ultra Low Noise Preamp 

 Works with all oscilloscopes, spectrum analyzers and network analyzers 

 Active DC bias loop maintains low DC output voltage 

 High input impedance compatible with typical probes minimizes circuit loading 

 Ultra low noise 

 Works with near field probes for EMI troubleshooting 

 Improves effective noise floor and spurious response 

 Very wide bandwidth (0.1Hz – 100MHz) 

 Compatible with J2170A power supply 
 

The J2180A low noise preamplifier provides a fixed, AC coupled 20dB gain while converting a 
1 MegOhm input impedance to a 50 Ohm output impedance. With a 3dB bandwidth of 0.1Hz 
to 100MHz, the preamplifier improves the sensitivity of oscilloscopes, network analyzers and 
spectrum analyzers while reducing the effective noise floor and spurious response. The 
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preamplifier can also serve as a low frequency DC blocker for a spectrum analyzer or you can 
use it to connect a high input impedance oscilloscope probe to 50 Ohm equipment. 

The J2180A preamplifier offers very low noise, fast 100V/uS slew rate for pulse applications 
and very low distortion for audio applications.  

 

 
Figure 16: Sample setups for the J2180A Preamp used for noise and EMI measurements. 
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Characteristic Rating 

Max Vcc +/-12V 

Max Input Voltage 300mVpp 

Output Voltage 3Vpp 

Max Icc 20mA 

Usable Bandwidth 0.1Hz-100MHz 

Temperature range 0-50°C 

 

 
Figure 17: Noise Density 100nV full scale, mid range noise density is 2nV/Root-Hz. 
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J2190A 0.1Hz to 10Hz Active Filter 

J2190A  0.1Hz to 10Hz Active Filter 

 0.1Hz to 10Hz 4th Order Filter 

 Ultra low noise 

 Cascadable with additional filters 

 Compatible with J2170A power supply 

The J2190A active filter presents a high impedance (approximately 150kOhms) minimizing 
the loading of the circuit being tested.  The output impedance is 50 Ohms allowing low noise 
coaxial connections to all typical test equipment.  The 0.1Hz-10Hz noise band is common for 
opamp measurements, voltage regulators and voltage references.  Many application notes offer 
schematics of such a filter for test purposes.  An engineer’s time is much too valuable to be 
spent building test equipment.  We have created a 4th order high pass and 4th order low pass 
filter with an optimally flat response and 0dB gain.  Additional filters can be cascaded for even 
sharper cutoff. 

The J2190A is not a programmable filter, though it is easily customizable to a particular noise 
bandwidth and/or circuit gain. 
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Figure 18: Frequency response of a single filter (red trace) and 2 cascaded filters (blue trace). 
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Injector Input/Output Impedances 
 

J2110A Impedance 

Modulation Input 50 Ohms 

Output 25 Ohms 

Input High Z 

    

J2111A   

Modulation Input 50 Ohms 

Current Monitor 
Output 50 Ohms 

    

J2120A   

Modulation Input 10K Ohms 

    

J2140A   

Input 50 Ohms 

Output 50 Ohms 

    

J2180A   

Input High Z 

Output 50 Ohms 

    

J2190A   

Input High Z 

Output 50 Ohms 

    

J2112A   

Modulation Input 50 Ohms 

Current Monitor 
Output 50 Ohms 

 



References 37 

 

Chapter 4 - References 

General 
1. “Switchmode Power Supply Simulation with PSpice and SPICE 3”, by Steven M. Sandler, 

McGraw-Hill Professional; 1 edition (2006), ISBN: 0071463267 
 
2. “Switch-Mode Power Supply SPICE Cookbook”, by Christophe P. Basso, McGraw-Hill 

Professional; 1 edition (March 19, 2001), ISBN: 0071375090 
 
3. “Power Specialist's App Note Book, Papers on Simulation, Modeling and More”, Edited 

by Charles Hymowitz, http://www.intusoft.com/lit/psbook.zip  
 
4. “Inline equations offer hysteresis switch in PSpice”, Christophe Basso, On Semiconductor, 

EDN, August 16, 2001 
 
5. “SPICE Circuit Handbook”, by Steven M. Sandler and Charles E. Hymowitz, 

McGraw-Hill Professional; 1 edition (2006), ISBN: 0071468579 
 
 

http://www.intusoft.com/lit/psbook.zip


Declaration of Conformity 38 

 

 

Conformity with the following European Directives: 

 

The products herein conform to the requirements of the Low Voltage Directive 

2006/95/EC and the EMC Directive 2004/108/EC and go with the CE Marking 
accordingly. 

 

Conformity with the following product standards: 

 

Manufacturer Name: Picotest Corp. 

Manufacturer Address: 5F-1, 286-9, Hsin-Ya Rd, 80673, Kaohsiung, Taiwan 

Declaration of Product 

Product Name: Signal Injector 

Model Number: J2100A, J2101A, J2110A, J2111A, J2170A  

Product Accessories: This declaration applies to all accessories of the above product(s). 

EMC: 

EN61326-1:2006 

EMI: 

CISPR 11:2003+A1:2004+A2:2006, Class B 

EN 61000-3-2:2006 and EN 61000-3-3:2008 

EMS: 

IEC 61000-4-2:2008 

IEC 61000-4-3:2008 

IEC 61000-4-4:2004 +Corr.1:2006+Corr.2.2007 

IEC 61000-4-5:2005 

IEC 61000-4-6:2008 

IEC 61000-4-11:2004 

Safety: 

IEC61010-1:2001/EN61010-1:2001(2nd Edition) 

 
 
 

 
 
   02 Mar, 2011                                       

       Date                                          

 
 

For more information, please contact your local supplier, sales office or distributor. 

Mr. Hawk Shang                                                          
General Manager 
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Conformity with the following European Directives: 

 

The products herein conform to the requirements of the Low Voltage Directive 

2006/95/EC and the EMC Directive 98/79/EC and go with the CE Marking accordingly. 

 

Conformity with the following product standards: 

 

Manufacturer Name: Picotest Corp. 

Manufacturer Address: 5F-1, 286-9, Hsin-Ya Rd, 80673, Kaohsiung, Taiwan 

Declaration of Product 

Product Name: Signal Injector 

Model Number: J2180A 

Product Accessories: This declaration applies to all accessories of the above product(s). 

EMC: 

EN61326-1:2006 

EN61326-2-1:2006 

EMI: 

CISPR 11:2009 +A1:2010 (Class B) 

EN 61000-3-2:2006 +A1:2009 +A2:2009 

EN 61000-3-3:2008 

EMS: 

IEC 61000-4-2:2008 

IEC 61000-4-3:2010 

IEC 61000-4-4:2011 

IEC 61000-4-5:2005 

IEC 61000-4-6:2008 

IEC 61000-4-8:2009 

IEC 61000-4-11:2004 

Safety: 

IEC61010-1:2001/EN61010-1:2001(2nd Edition) 

 

 
  31 Jul. 2012                                                                

       Date                                         
 
 

For more information, please contact your local supplier, sales office or distributor. 

Mr. Hawk Shang                                                          
General Manager 
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