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Introduction:
The Mathews Engineering UFSL1 is a portable battery powered stepping load simulator
intended for use in the development of linear and switching power supplies. This
constant current load simulator generates two independently adjustable load points up to
6 Amps. In single current mode the load simulator works like a traditional constant
current load. In stepping mode the UFSL1 quickly toggles between two currents to
simulate a rapid load step and to provide an easy way to test for the stability of a device
under test. The UFSL1 load can also be controlled by an arbitrary external voltage
control signal with up to 50 kHz of bandwidth. A precision “zero-drift” voltage
proportional to load current output is included.

Applications:
•
•
•
•

Linear and switch mode power supply development
LDO stability testing
10% to 100%, 10% to 90%, and 0% to 100% step testing
Battery discharge testing

Features:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Single current and clocked dual current “stepping” current modes
10 Hz, 100 Hz, and 1000 Hz internal clocks
0.1V/A “zero-drift” precision voltage proportional to low side current output
External voltage controlled current (VCCS) port (1A/V)
Can parallel with existing loading (for testing embedded power supplies)
Battery powered, compact, and very portable
Optional 110 Volt AC power adapter included
Three way “FET State” indicator – OFF, CC, ON
Clock output port
Visual and audible fault alarms
Over Voltage, negative Voltage, over current, over temperature, and SOA alarms
Battery good monitor – if any FET STATE lights then the battery is good
10 Watt continuous operation (single current non-stepping mode)
20 Watt continuous operation (0% to 100% stepping mode)
Low side and high side operation (limitations apply when operating high side)
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Figure 1 – UFSL1 Features
1. ON/OFF Switch and i1 current adjust knob
2. i2 current adjust knob (i2 clock OFF when fully ccw)
3. SOA Alarms:
a. ● OT:
Over Temperature or SOA Violation
b. ● OV:
Over Voltage or Negative Voltage
c. ● OC:
Over Current
4. FET STATE:
a. ● OFF:
FET is off (gate drive <0.995V)
b. ● CC:
FET is Controlled Current mode (linear operation)
c. ● ON:
FET is fully ON (gate drive >6.49V)
5. Analog Input 1A/V:
Voltage controlled current source input (VCCS)
6. 9 VDC:
External power input (center positive)
7. i2 cal. Button:
Press this button to pause the clock at i2 current.
8. Load input:
Load input port
9. 0.1V/A:
Voltage proportional to input current (load current)
10. CLK OUT:
Clock output
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Accessories (included):
•
•
•
•
•

6” Black banana to alligator hook up cable (A1)
6” Red banana to alligator hook up cable (A2)
9V AC adapter (A3)
9V Battery (included inside unit)
Operators Manual

Block Diagram:

Figure 2 – UFSL1 Block Diagram
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Specifications:
Parameter
Input Voltage Limits

Conditions Ta=25C

Min Typical Max Units

Absolute Maximum at Input Terminals

60

Continuous

15

16.25
-0.03

V in =2V
V oc =5V, 10 seconds

6

6.1

Maximum Continuous Input Power

100% Duty Cycle

10

Maximum Short Term Input Power
Input leakage current

120 seconds
V in =5V, i 1 =min,i 2 =OFF

25
5

Watts
uA

Immediate vicinity of FET case

72

C

1 Amp to 5 Amp rise time

100 Hz internal clock

7

uSec

5 Amp to 1 Amp fall time

100 Hz internal clock

7

uSec

0 Amp to 5 Amp rise time

100 Hz internal clock

10

uSec

5 Amp to 0 Amp fall time
Zero gate voltage recovery time

100 Hz internal clock
100 Hz internal clock

10
15

uSec
uSec

Input Voltage Operating Range
Negative Input Voltage Alarm Trip Point
Input Current Limits
Maximum Input Current
Maximum Allowed Negative Input Current

Volts
Volts
Volts

10

Amps
Amps

Input Power Limits

FET over temperature trip point

Watts

Dynamic Performance

Analog Input 1A/V
Coupling type

DC

Sensitivity
Input impedance

I 1 =min,i 2 =OFF

1
10

A/V
kOhm

3 dB bandwidth
Gain accuracy

V in =3.3V, I 1 =5A

50
+/-1

kHz
%

Max. safe voltage on “Analog In” port

-25

25

Volts

0.1V/A Out
Internal burden resistor
Total Rds,on (includes burden resistor)
0.1V/A current monitor port accuracy
Offset Voltage
Auto-zero noise, 01V/A port
Auto-zero repetition rate

(zero-drift internal 10X gain)
V in =0.35V, i 1 =max,i 2 =off, FET 100% on

0.01
0.07

Ohm
Ohm

V in =3.3V, I 1 =5A

+/-1

%

i 1 =1A,i 2 =OFF
i 1 =1A,i 2 =OFF

10
12
38

uV
mVo-p
kHz

(internal jumpers allow 10Hz,100Hz,1000Hz)

100

Hz

CLK OUT
Factory set clock rate
Clock High Voltage

4.8

Clock Low Voltage
Internal clock accuracy

5V
0
+/-10

T a =25C

Clock source impedance

V
0.2

1.1

V
%
kOhm

Battery
Battery Type

Duracell Alkaline

9V

Low battery detector threshold

Voltage rising

8.1

Volts

Low battery detector threshold
Typical battery life

Voltage falling

6.9
10

Volts
Hours

External DC Power Input
Voltage
Curent

5.5mm x 2.1mm, Center Positive
100 Hz, i 1 =min, i 2 =min

Operating Temperature Range

4

8

9
9

16

Volts
mA

0

25

40

C

Alarms & FET State indicator:
The UFSL1 has three red alarm LEDs. If an alarm condition
is sensed one or more of these three LEDs will light along
with an audible alarm. If an alarm condition sounds remove
the condition immediately. Most alarms will clear
immediately after the condition is removed, however it may
take longer for an over temperature (OT) alarm to clear.
The three possible SOA Alarm conditions are:
● OT: Over Temperature
The over temperature alarm will sound if the UFSL1 detects that either the
temperature of the internal FET is too high or the safe operating area (SOA) has
been violated. If the over temperature alarm is tripped the load current is
automatically turned off. An SOA alarm will usually clear immediately after the
fault condition is removed. A FET over temperature alarm (not caused by SOA
circuit) may take several minutes to clear as the unit cools down.
● OV: Over Voltage
The over Voltage alarm will sound if the voltage at the input to the UFSL1 is
greater than 16.2 Volts or if it is negative and is below -0.3V. When an over
voltage alarm is detected the UFSL1 load current is automatically reduced to zero
until the over voltage condition is removed.
● OC: Over Current
The over current alarm will sound if the current at the input to the UFSL1 exceeds
6.1 Amps. When an over current alarm is detected the UFSL1 will “fold back”
the load current to about 3.3 Amps.
The three FET STATE LEDs are:
● OFF: The red OFF LED indicates that the internal FET is OFF and its gate
drive is <0.995V. In stepping mode if one of the stepping load currents is zero
then the yellow CC LED and red OFF LED may both light or be half lit as the
FET toggles between OFF and CC modes.
● CC: The yellow CC LED indicates that the FET is operating in controlled
current (CC) mode. This light is on when static load is stable and operating
properly. The yellow CC light will also be on in stepping load mode. If one of
the stepping load currents is zero then the yellow and red FET STATE LEDs may
both light or be half lit as the FET is clocked between OFF and CC mode.
● ON: The green ON LED indicates that the UFSL1 internal FET is fully ON
and its gate drive is >6.49V. The FET ON indicator indicates that the
commanded current is greater than is possible through the UFSL1 (saturation).
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NO FET STATE:
When the UFSL1 is switched ON there should
always be at least one FET STATE LED lit. If the unit is ON but no FET state
LED is illuminated then this indicates that the battery needs replacement.
Replace the battery or operate from the AC adapter.

Safe Operating Area (SOA):
In additional to the internal FET temperature sensor, the UFSL1 also has a safe operating
area (SOA) monitoring circuit. This circuit operates in parallel with the FET temperature
sensing and is provided as a fast acting alarm for the case of a rapid onset over-Watt
condition. The SOA alarm will also toggle the load current off-and-on in order to pulse
width limit the over Watt condition. As with all alarm conditions the fault should be
removed immediately. At room temperature continuous operation up to 10 Watts is
allowed. Short duration operation at higher powers is allowed but the over temperature
alarm may sound. Higher instantaneous powers are also possible when operating in
stepping mode as the average power can be reduced by as much as half the continuous
(single current) mode power. Application of forced air cooling to the UFSL1 heat sink
will also extend the available operation time at high power levels and delay the over
temperature condition and associated OT alarm.

Figure 3 – Safe Operating Area
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0.1 V/A Output Port:
A wide bandwidth analog signal proportional to load current is present at the 0.1V/A
port. This port is intended to drive an oscilloscope or DVM. In most cases the
oscilloscope scale should be set to 0.1V/division which will then correspond to 1 Amp
per division.
The UFSL1 has an internal 0.01 Ohm current sense resistor followed by a “zero-drift”
10X gain current sense amplifier. This amplifier has offset errors less than 10 microVolts and 1% gain set resistors to provide a very accurate measure of the UFSL1’s load
current.
Auto zero noise: Because of the very small signals that are present on a 0.01
Ohm sense resistor the UFSL1 uses a “state of the art” auto-zero amplifier with
micro-Volt offset errors and “zero drift”. Because of this you will see very small
auto-zero blips on the 0.1V/A output port. These blips repeat at about a 38 kHz
rate and are typically 10 mVo-p. These blips are not present on the load current
are a simply an artifact of the auto-zeroing process. These may be particularly
apparent on high bandwidth digital oscilloscopes. The blips can be eliminated by
switching the digital scope’s acquisition mode from “normal” to “average” or
“high res”. Alternately the blips can simply be ignored as they are not actually
present on the UFSL1 load current.

20mV/div
Acquire Mode: Normal

20mV/div
Acquire Mode: Average (2)

Figure 4 – Auto Zero Noise

CLK OUT port:
The internal clock signal is routed to the CLK OUT clock output port. This signal is only
present when i2 is ON (internal clock active). This 5V HCMOS signal is appropriate for
triggering an oscilloscope or for synchronizing other gear. This port has an 1100 Ohm
internal series resistor to protect the CLK OUT port output from potential damage caused
by externally applied voltage or short circuit. The internal clock is normally set to 100
Hz but can be changed to 10 Hz or 1000 Hz via internal jumper settings (see “changing
internal oscillator frequency” section of this manual).
7

Controlled current (CC) load operation:
1. Start with both i1 and i2 knobs in their OFF positions.
2. Monitor the current with an oscilloscope or DVM at the 0.1V/A output
3. Rotate the i1 knob clockwise to achieve the desired load current.

Stepping CC load operation:
1.
2.
3.
4.
5.

Start with both i1 and i2 knobs in their OFF positions.
Monitor the current with an oscilloscope or DVM at the 0.1V/A output
Rotate the i1 knob clockwise to achieve the desired high load current
Rotate the i2 knob clockwise to achieve the desired low load current
Precision setting of i2 current is possible by pressing the i2 calibrate button which
will pause the internal oscillator at the i2 level.
6. The i2 calibrate button can also be used to set i2 with a DVM when no
oscilloscope is available.

NOTE: If one of the two step currents is zero the load current rise-time will not suffer but the rising
edge of the load current will be delayed by the “zero gate voltage recovery time” (see specification
table). This delay is needed for the internal gate driver to transition the FET’s gate from fully OFF
(saturated) and back to its linear resistive region.

Voltage controlled load operation:
The UFSL1 can also operate as a fully linear, DC coupled voltage controlled current sink
with 50 kHz of control bandwidth. For external voltage controlled operation:
1.
2.
3.
4.
5.

Turn the i2 knob OFF (fully counter clockwise)
Turn the i1 knob to minimum (but not OFF)
An analog input to the “Analog Input” 1A/V port is now calibrated
Drive this port from a source with 50 Ohms or less source impedance.
The “Analog In” port is fully linear and can track arbitrary wave shapes. The user
can also apply a square wave drive to this port. In this way the “Analog In” port
can be used as a way to synchronize the UFSL1 to an external clock signal.
6. For calibrated operation the i1 knob should remain in the minimum (but not off)
position. DC signal offset can be added by turning i1 clockwise however 1A/V
gain calibration at the “Analog In” port will not be maintained.

NOTE: When not using external voltage control the BNC connection to the “Analog Input” port
should be removed. Back-loading on this port can interfere with the accuracy and rise times of the
internally clocked CC and two load stepping modes.

For more information on operating UFSL1 as voltage controlled load see the voltage
controlled load example in the examples section of this manual.
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Typical Application Example:
The typical application setup is shown in figure 5. In this setup the UFSL1 load is wired
to an oscilloscope typically with the 0.1V/A output into channel B and with channel B set
to 0.1V/div. In this way, channel B now represents 1A/division. A normal 10X
oscilloscope probe can now be used on channel A to probe the output of the device under
test (DUT) to see how much effect the stepping load has on voltage regulation and
stability. The channel A probe can also be used to look at the DUT’s input voltage to see
how the input voltage is disturbed by the rapidly stepping load. Typical remedies are:

Figure 5 – Typical Application Example
Problem:
Remedy #1:
Remedy #2:
Remedy #3:

DUT output voltage is disturbed but not ringing
Check DUT servo equations and the DUT’s compensation design
Increase the DUT’s output capacitance & recheck its compensation
Consider your expected application: Many applications involve
loads that will change much more slowly than the UFSL1 stepping
action. In this case damped disturbances exposed by UFSL1 may
prove not to be an issue in the final application.

Problem:
Remedy:

The DUT’s output voltage is ringing after stepping
Excessive ringing is a sign that the DUT’s control servo is possibly
unstable. Confirm that the observed ringing is at the expected
frequency (and not SMPS switching noise). It should be about
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equal the the DUT’s loop bandwidth. Increase DUT damping and
check the DUT’s servo design equations. Most designs will not
have enough bandwidth to perfectly track the UFSL1’s fast current
step. Optimize DUT design for a stable damped response.
Problem:
Remedy #1:
Remedy #2:

Evidence of step disturbance seen at the DUT’s input
Make sure the DUT’s upstream supply is fully capable of
delivering the needed Amperage.
Increase the DUT’s input capacitance
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Application Example: Switch mode boost regulator
The example shown in figure 6 tests a SMPS boost regulator. Tested is an evaluation
board purchased from a semiconductor supplier. The board tested is rated for:

3V ≤ Vin ≤ 11V

Vout = 12V

0A ≤ Iout ≤ 1.5A

Figure 6 – Typical Application Setup
For the 0.1A to 1A stepping test (figure 7) it can be seen that this supply is stable. The
12V output is damped with little or no ringing. Determining if observed voltage
disturbances are acceptable is dependent on the expected final application. Remember
that most applications will not stress the DUT as aggressively as UFSL1. Results
revealed by UFSL1 are generally indicative of a worst case load step situation.

Figure 7 – 0.1A to 1A step test
Yellow Trace: DUT Output Voltage (2V/div)
Blue Trace: UFSL1 Load Current (1A/div)
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Results for the 0A to 1A step test are shown in figure 8. In this case the 12V output of
the boost regulator under test takes extra time to exit its pulse skipping light load mode.
During this time there is a linear ramp down of the 12V output as the DUTs output
capacitor looses charge. This linear ramp down represents the 1 Amp constant current
discharge of the two 100 uF output capacitors. This slope is 5V per millisecond which is
about what is seen. When the DUT finally exits its light load mode the output voltage
begins to rise. The output then takes a slightly under-damped but otherwise stable path
back to 12V. The falling edge of the UFSL1 current step also reveals how this boost
regulator responds to a rapid unloading event.

Figure 8 – 0A to 1A Step Test
Yellow Trace: DUT Output Voltage (2V/div)
Blue Trace: UFSL1 Load Current (1A/div)
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Application Example: Voltage controlled current source (VCCS)
Figure 9 shows how to use the UFSL1 as a voltage controlled current source. The
UFSL1 will response to arbitrary AC control at the Analog IN port. This port is DC
coupled with a 1 A/V gain. Since it is DC coupled the function generator output will
need to be offset above ground. In the example shown here the function generator was
set to produce a 1 kHz sine wave with 0.9Vo-p and 0.55V positive DC offset. This
creates 0.1 Amp to 1.0 Amp sine wave loading to the DUT.

Figure 9 – Voltage Controlled Current Source
This type of testing can also be incorporated into a vector network analyzer setup (VNA)
or sweep type application. At low frequencies the active control servo of most DUTs will
maintain regulation against the varying load. At high frequencies the DUTs output
capacitor maintains regulation against the varying load. It is at intermediate frequencies
where rejection of the varying load is seen most clearly. For the example in figure 10 the
intermediate frequency is 1 kHz and evidence of the 1 kHz disturbance is clearly seen on
the DUT’s output.
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Figure 10 – Voltage controlled current source
Yellow Trace: DUT Output Voltage (2V/div)
Blue Trace: UFSL1 Load Current (1A/div)

Measuring Z(s) with a VNA:
As shown above the UFSL1 can be used manually to determine the output impedance of
a DUT at any single frequency. It can also be used in conjunction with a vector network
analyzer to measure swept output impedance. As was seen in the prior VCCS example
the voltage deviations observed on the output of the DUT along with the current
measured by the UFSL1 can be used to calculate DUT output impedance vs. frequency:
Z(s) = V(s) / I(s)
The setup shown in figure 11 uses an HP3577A “gain & phase” vector network analyzer.
NOTE: RF VNAs may not be appropriate for this test as the output frequencies
of VNAs designed for RF and microwave usually do not go low enough and their
input impedances are too low (usually 50 Ohms). The HP3577A and similar
gain/phase analyzers are designed for testing control systems and can usually
operate at VERY low test frequencies. They also have input channels that can be
set for 1 MΩ.
For the test setup show in figure 11 the settings for the VNA are:
Input:
Start freq.:
Stop freq.:
Res. BW:
Sweep Time:

A/R
10 Hz
5000 Hz
1 Hz
50 seconds

Atten A:
Atten B;
Imped A:
Imped B:
AMPTD:
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20 dB
20 dB
1 MΩ
1 MΩ
-13 dBm

Figure 11 – VNA Output Impedance “Z(s)” Application Example
Gain/phase VNAs capable of sweeping to very low frequencies usually have no DC
blocking capacitor in their output. For this reason a DC block is added between the VNA
and the UFSL1 analog input port. The swept signal at the analog input port of UFSL1
needs to have DC offset added to get its DC operating point to the desired peak to peak
current range. A bias tee can be used to inject the DC offset or, as shown in figure 11,
the i1 knob on the UFSL1 can be used to add the needed DC offset to the sine sweep
signal. When the i1 knob is not in the minimum position the 1A/V AC gain is no longer
calibrated. Because of this, the resulting low side current is also monitored on an
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oscilloscope and AC and DC levels adjusted to achieve the desired peak to peak current
sweep levels.
The results of a typical test are shown here in figure 12. The linear graph on the left is
|Z(s)| magnitude of output impedance vs. frequency. With this setup it is also possible to
view vector output impedance which is shown on the right in polar format. In both of
these plots it can be seen that the output impedance is low at DC and also low at high
frequencies. The worst case output impedance occurs at 970 kHz and is 0.656 Ω. The
phase at this frequencies is 180 degrees—this because the output voltage drops when the
input current is high (out of phase).
Although the output impedance of a regulated DUT includes a zero at DC it will also
have the same poles as the DUTs closed loop response. Because of this, the output
impedance, and worst case peak, can be a very useful measure of the DUT’s stability.

Figure 12 – Linear and Polar Plots of Z(s)

External Clocking:
The “Analog IN 1A/V” port can also be driven with a square wave from a function
generator. Use this method when it is desired to externally clock the UFSL1. By varying
the high and low levels an external function generator can take full control of the UFSL1.
Via the Analog IN port UFSL1 can also be driven by sine, ramp, triangle, saw-tooth, or
any other arbitrary waveform or sweep signal.

High side operation:
Because the UFSL1 is battery powered, operation as a high side current source or even as
a high side stepping current source is allowed but the unit case as well as all BNC
connectors are referenced to the negative INPUT terminal so caution must be used.
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WARNING! In high side operation, connections to ANY of the BNC ports or the
UFSL1 case will not be possible without introducing unwanted grounding paths.
It is also possible to use the UFSL1 as a high side toggle switch. In this case the i1
current is set to maximum and the i2 current set to minimum. The example shown in
figure 13 uses a high side UFSL1 to test a DUTs response to rapid ON/OFF toggling.

Figure 13 – UFSL1 as High Side Toggle Switch
The result of the high side test can be seen in figure 14 below. The blue trace is the load
current as reported by the low side UFSL1. The yellow trace is the output of the 12V
boost regulator. Since this is a boost switcher the output rapidly charges to the input via
the catch diode. This is what causes the 5V step plateau. As the boost action begins the
output ramps up smoothly to the full 12V. The turn off action when the input voltage is
cut by the high side UFSL1 is seen to be well behaved.
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Figure 14 – UFSL1 Toggling High Side Current ON and OFF at 10 Hz
Yellow Trace: DUT Output Voltage (2V/div)
Blue Trace: DUT Output Current (1A/div)

Changing the internal oscillator frequency:
The internal clock comes factory set to 100 Hz but can be also be changed to 10 Hz or
1000 Hz. To change the internal clock, remove the top cover and relocate the P2 jumper
as shown here in figure 15.

Figure 15 – Internal Clock Frequency Setting
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Replacing the battery:
If no FET STATE led is illuminated when the i1 switch is ON then this indicates that the
internal battery needs replacement.
To replace the 9V battery:
1.
2.
3.
4.
5.
6.

Remove the four top cover screws with a #2 Phillips driver
Slide off the top cover
Gently push the 9V battery back
Tilt the back end of the battery up and out (see figure 16)
Install a new 9V battery
Recommended battery type is Duracell 9V Duralock™

Figure 16 – Replacing the 9V battery
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