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LIV Test of VCSEL for 3D Sensing
Keysight B2900A Precision Source/Measure Unit

LIV Testing VCSELs for 3D Sensors
The integration of 3D sensing and imaging capabilities into various applications such 
as consumer electronics, medical, industrial and commercial robotics, automotive, 
aerospace and defense have driven the growth of the global 3D sensing and imaging 
market. For consumer electronics applications like smartphones, tablets, and laptops, 
the accelerating growth is phenomenal.

Vertical Cavity Surface Emitting Lasers (VCSELs) are well-proven laser sources for 
3D sensor illumination. The key advantages of 3D sensing devices are low cost, 
wavelength stability over temperature and optical efficiency within a small footprint. 
Another upside of VCSELs is that they can be tested at the wafer level early in the 
production process (unlike other edge-emitting semiconductor lasers that can only 
be tested as finished products). This permits component failure detection early in 
the production process, saving both money and time by eliminating defective 
devices before packaging. 

The light-current-voltage (LIV) sweep test is a fundamental measurement to 
determine the operating characteristics of optical devices such as laser diodes (LDs) 
and VCSELs. The LIV test provides the drive current at rated optical power and the 
threshold current where lasing begins (see Figure 1a). 
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The LIV test verifies that the drive current and the light output power have a linear relationship. 
Ideally, the optical output power should be directly proportional to the drive current input over the 
nominal operating range. However, unexpected steps, discontinuities, or nonlinear characteristics can 
cause undesirable mode hopping and/or harmonic distortion in the analog signal when it is 
transmitted over an analog fiber optic link. Therefore, it is important to detect these undesirable 
behaviors as early as possible in the production process.

A key objective of LIV curve measurements is to capture any kinks in the laser diode curve across its 
current operating range. The first derivative of the LIV curve, which is commonly denoted as slope 
efficiency, accentuates any kinks and helps to identify tiny abnormalities that are difficult to detect by 
observing the light-current (LI) characteristics alone (see Figure 1b).

This application note explains the challenges of LIV testing and a precision source/measure unit 
(SMU) can overcome them. It shows LIV measurement examples using the Keysight B2900A Series 
and explains how to easily synchronize multiple B2900A Series units together for advanced testing.

          

Figure 1: Light-Current (LI) characteristics and slope efficiency curve
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VCSEL LIV Testing Challenges
Since VCSEL LIV testing is done in production, optimizing throughput is extremely important. The 
challenge is to measure the characteristics accurately enough to detect defective devices (i.e. ones 
with kinks in their LIV curves) while keeping test times acceptable, since there is a direct trade-off 
between measurement speed and accuracy.

In LIV testing, current is swept through the VCSEL and the intensity of the resulting emitted light is 
measured using a photo detector (PD). Both the PD current and voltage drop across the VCSEL must 
be measured when sweeping current through the VCSEL. The intensity of the resulting emitted light 
is calculated from the measured PD current. Multiple instruments are necessary to measure the two 
separate devices (VCSEL and PD), so in the ability to accurately synchronize them is crucial.

A key objective in measuring LIV characteristics is to determine if there is a linear relationship 
between the optical output power and the input drive current.  Therefore, it is important to capture any 
kinks that occur over the nominal operating range as shown in Figure 1. There are several important 
conditions need to be met to evaluate the linearity accurately, and they contribute to increasing LIV 
test time. Since 3D sensing and imaging device applications are increasing VCSEL demand 
dramatically, manufacturing capacity has become a big concern for smart device makers and their 
suppliers. The industry requires test equipment with both the ability to evaluate linearity accurately 
and the testing speed to increase production capacity.

Because VCSEL characteristics are strongly temperature dependent, long test times can cause self-
heating problems. For example, the threshold current varies significantly with temperature and the 
laser efficiency also drops off with increasing temperature. In addition to minimizing the total test time, 
it is also important to equalize the test time across the entire current sweep. This is to prevent 
accumulated heat and variations in sweep step measurement times due to range changes from 
affecting the characteristics as the drive current increases. 

A kink in the LIV curve will show up as a peak on the slope efficiency curve (see Figure 2a). However, 
if the LIV characterization is made in a noisy environment, the noise can become large enough to 
make any kinks in the curve undetectable (see Figure 2b). It is, therefore, very important for the LIV 
test system to have a low enough noise floor to allow any kinks in the slope efficiency curve to be 
detected.

The following list summarizes the challenges of VCSEL LIV testing: 

• It's difficult to sweep drive current input in a wide range from unilluminated to illuminated
• Require many sweep current step small enough to detect “kink”

(Typically > 1,000 pts/sweep)
• Aperture time long enough to have sufficient measurement accuracy/resolution
• To have pulse current ability in a single instrument to suppress self-heating effect
• Fast enough test throughput especially in production to support the high volume
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LIV Testing with the B2900A Series SMUs
The Keysight B2900A Series SMUs are built to overcome VCSEL LIV measurement challenges. The 
B2902A/12A has two channels, and each channel possesses accurate IV measurement capabilities 
as well as the ability to supply either constant or swept voltage/current. The two B2902A/12A 
channels can be synchronized with each other using the channel grouping function (enabled by 
default), so you do not need to worry about synchronization of the two channels.

Figure 3 shows the number of times that an SMU can perform a sweep measurement and transfer 
the results through a GPIB connection each second. This data shows that the B2900A Series is more 
than twice as fast as conventional SMUs. The B2900A Series possesses the fastest sweep 
measurement speed of any SMU in its class.

          

Figure 2: Measurement noise can mask kinks

          

Figure 3: Maximum sweep operation rate per second of the SMUs
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In manufacturing line, you may need to hook up multiple instruments to test in batches. Time 
synchronization between instruments become critical to achieve accurate measurement results. The 
trigger system of the B2900A Series is very flexible and powerful (see Figure 4). The source 
(transient) trigger system and measure (acquire) trigger system for each channel can work 
independently (just as if they were an independent power supply and digital multimeter). 

The trigger system has two layers, known as ARM layer and TRIGger layer. These features make it 
easy to synchronize multiple B2900A units with each other and make parallel measurements to 
improve total test throughput.

Table 1 shows the trigger sources that the trigger system can use to define ARM/TRIGger events. 
You can also configure the instrument to output trigger signals at arbitrary times while the trigger 
system is initiated.

Source Description

AINTernal (AUTO) B2900A selects the source appropriate to the current operation mode automatically

BUS The control interface is selected. The Group Execution Trigger (GET), TRIGger 
command and “*TRG” command generate the events.

EXTernal GPIO data line is selected. (EXT1~EXT14)

INTernal The internal channel is selected. (INT1~INT2)

LAN The LXI trigger event is selected

TIMer The periodical events are generated internally based on the specified interval

Table 1: Trigger sources which the trigger system can detect as ARM/TRIGger events

          

Figure 4: Flexible and powerful trigger system of the B2900A Series
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The B2900A triggering system can be used as an alternative to its internal test program capabilities. 
Once the parameters are properly configured, the triggering system can control the source and 
measure timings accurately without involving the instruments’ firmware. Since the B2900A Series has 
1 μs minimum trigger timing resolution and ±50 ppm TIMER accuracy, this allows you to very 
accurately manage measurement times.

Here are some SMU specs that are essential for quick, accurate LIV tests:

• Current sourcing up to ±3 A(DC)/±10.5 A (pulsed) with 6.5-digit source resolution
(Wide and high enough to make an accurate LIV measurement)

• Maximum number of steps: 100,000 points
(Large enough to make sweep current step small enough to detect kinks)

• Low noise floor on IV measurement
(Permits short enough aperture times to suppress self-heating effects while maintaining sufficient 
measurement accuracy/resolution)

• High speed sweep measurement operation
(More than twice as fast as conventional SMUs)

• 1 μs minimum trigger timing resolution / ±50 ppm TIMER accuracy
(Small enough to manage time during measurement strictly)

The Keysight B2900A Series SMUs meet each of these requirements.

LIV Test Example for a Pair of Optical devices (LD or VCSEL)
The following is an example of a LIV test for a LD and PD pair using the B2912A Series. Figure 5a) shows 
its physical connection and the figure 5b) shows the operation mode of each channel. In this case, you do 
not need to worry about the synchronization between the channels because they are in a single unit. Just 
enabling the channel grouping function will automatically synchronize the two channels.

          

Figure 5: Using the B2900A Series to perform laser diode LIV testing
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Figure 6 shows the timing chart of an LIV test, and Table 2 summarizes the parameters used. The LD 
current is swept from 0.1 mA to 100 mA with a 2 V voltage limit on Ch1. Although the voltage on Ch 2 
for the PD current is kept at a constant voltage (100 mV), it is set up as a sweep function with 
identical start and stop values and a 2 mA current limit. This allows measurements on Ch 2 to be 
made in synchronization with the Ch 1 sweep. For both channels the measurement period of each 
step is set to 300 μs, and the measurement delay time is set to 100 μs. “TIMER” is used as the 
TRIGger event to control the start of each point in the sweep and maintain consistent sweep intervals. 
The current during the sweep measurements is stepped in the TRIGger layer by configuring the 
TRIGger count equivalent to be the same as the number of sweep steps (1,000 points).

Table 2: Measurement parameters used in the example

Ch1 Parameters Values

LD 
Current 
Swept

Start 0.1 mA

Stop 100 mA

Points 1,000

Range 100 mA

LD 
Voltage

Limit 2 V

Range 2 V

Aperture Time (SPEED) 200 μs

TRIGger Source TIMER

Count 1,000

Measure Delay 100 μs

Period 300 μs

Ch2 Parameters Values

PD 
Voltage 
Swept

Start 100 mV

Stop 100 mv

Points 1,000

Range 200 mV

PD
Current

Limit 2 mA

Range 10 mA

Aperture Time (SPEED) 200 μs

TRIGger Source TIMER

Count 1,000

Measure Delay 100 μs

Period 300 μs

          

Figure 6: Timing chart of LIV test
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The wide QVGA LCD display of the B2900A Series supports an easy-to-use GUI that provides convenient 
instrument control from the front panel, facilitating fast bench-top test, debug and characterization. The 
measurement parameters in Table 2 can be set easily using the front panel as shown in Figure 7. 

Pressing for both channels (to enable them) and pressing the button after configuring the 
measurement parameters will initiate the LIV test and show the results in Graph View.

Figure 7: Setting measurement parameters from the front panel operation

If you want to perform LIV test remotely using SCPI commands, then the following section explains 
how to do this (see Figure 8).

The series of commands shown in group “A” for Ch1 (LD) and group “D” for Ch2 (PD) configure 
measurement parameters such as measurement auto-ranging (turned off), measurement range, and 
aperture time. Next, the series of commands shown in group “B” for Ch1 (LD) and group “E” for 
Ch2(PD) set up the source parameters such as sweep conditions and source range. Finally, the 
series of the commands shown in group “C” for Ch1 (LD) and group “F” for Ch2 (PD) set up the 
trigger parameters to control the time during measurements.
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Figure 8: SCPI command examples to make the LIV test

After configuring the instrument as just shown, pressing or sending the SCPI command “:INIT 
(@1,2)” to the instrument will start the LIV sweep measurement. The measurement result can be 
seen in Graph View mode as shown in Figure 9.

Figure 9: LIV sweep measurement results can be viewed in Graph View

If you want to pulse the current that is driving the LD during the LIV test, then the following material 
explains how to do this. A current pulse with a 300 μs width and a 10 ms period is used in this 
example. Figure 10 shows the timing chart for this pulsed LIV test.

*RST
*CLS
:SYST:GRO (@1,2)

:SENS:REM ON
:SENS:VOLT:PROT 2
:SENS:VOLT:APER 2E-4
:SENS:VOLT:RANG:AUTO OFF
:SENS:VOLT:RANG 2

:SOUR:FUNC:MODE CURR
:SOUR:CURR:MODE SWE
:SOUR:SWE:SPAC LIN
:SOUR:SWE:STA SING
:SOUR:CURR:STAR 1E-4
:SOUR:CURR:STOP 0.1
:SOUR:SWE:POIN 1000

:TRIG:SOUR TIM
:TRIG:COUN 1000
:TRIG:ACQ:DEL 1E-4
:TRIG:TIM 3E-4

:SENS2:CURR:PROT 2E-3
:SENS2:CURR:APER 2E-4
:SENS2:CURR:RANG:AUTO OFF
:SENS2:CURR:RANG 2E-3

:SOUR2:FUNC:MODE VOLT
:SOUR2:VOLT:MODE SWE
:SOUR2:SWE:SPAC LIN
:SOUR2:SWE:STA SING
:SOUR2:VOLT:STAR 0.1
:SOUR2:VOLT:STOP 0.1
:SOUR2:SWE:POIN 1000

:TRIG2:SOUR TIM
:TRIG2:COUN 1000
:TRIG2:ACQ:DEL 1E-4
:TRIG2:TIM 3E-4

:OUTP ON
:OUTP2:ONA

B

D

E

C F

          

Figure 10: Timing chart of pulsed LIV test
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The additional measurement parameters for the pulsed current test can also be set easily from the 
front panel as shown in Figure 11.

Figure 11: Configuring pulsed output using the front panel

The series of commands shown in red configure measurement parameters for the pulsed current (see 
Figure 12).

Figure 12: Enabling pulsed output with SCPI commands
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It might seem logical to set the current pulse base to 0 A when applying the current pulses. However, 
when applying current pulses to the LD during the pulsed LIV test, a 0 A pulse base results in non-zero 
voltage states across the LD between the pulses. This is caused by the SMU being in a high 
impedance state when sourcing 0 A of current, which prevents the SMU from discharging the charges 
trapped on the junction capacitance of the device in the short intervals between the pulses. Figure 13a 
shows the voltage across the LD when 100 mA current pulse is applied with 0 A current pulse base.

Figure 13: Voltage profiles with 100 mA current pulse

Fortunately, the B2900A Series has dual V/I limit capability which can specify different limit values for 
positive and negative voltage/current (see Figure 14). This feature enables you to control the voltage 
between the pulses and keep the device in its off-state between the pulses. By setting a small negative 
voltage limit while applying a relatively large negative base current to the LD, the voltage across the LD 
can be kept at the negative voltage limit between pulses.

Figure 13b shows the voltage across the LD when a 100 mA current pulse is applied to the LD with a 
-20 mV negative voltage limit and a -100 mA current pulse base. As you can see, the voltage 
between the pulses is well controlled. Note that the full -100 mA is not applied to the device because 
the dual V/I limit function is enabled and the voltage across the device is limited to -20 mV.

          

Figure 14: Dual V/I limit function
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Synchronization among Multiple Units
Parallel measurement is necessary to optimize total test throughput. The B2900A Series’ flexible and 
powerful trigger system enables you to easily synchronize multiple B2900A units. The digital I/O line 
is used to send/receive the trigger signals among the units for synchronization. The B2900A series 
has 14 digital I/O lines, and up to 8 units (including units configured as master units) can be 
connected using the digital I/O lines.  In most cases, LIV measurements can be made with two or 
three channels (for LD, Detector for output, and Facet PD). Therefore, in this case one trigger signal 
line is sufficient for synchronization. In fact, since the B2900A Series has 14 digital I/O lines it can 
easily support the testing of multiple pairs of LDs/PDs in parallel.

For simplicity, the following example is limited to two units. The LIV measurements made by each unit 
are the same as in the previous example. We will look at a few different ways to synchronize the units.

Synchronization with Bus Trigger Signal
If you want to avoid using the digital I/O lines, then a simple alternative is to use the GPIB group 
execute trigger (GET) command. This command allows you to trigger one or more instruments on the 
GPIB bus all at once (see Figure 15). You can configure the GPIB bus trigger signal as the ARM 
event in the trigger system for both units, which will cause them to wait for a GPIB bus trigger signal 
after being initiated. Both units will start measuring simultaneously after they are initiated and they 
receive the GET command. Once measurement starts both units operate independently using their 
internal TIMER trigger signals (see Figure 16). Although the GET command exhibits some latency, 
both units can work with 1 μs minimum trigger timing resolution and ±50 ppm TIMER accuracy after 
receiving the GET command.

          

Figure 15: Synchronization using the bus trigger signal (Configuration and trigger system work flow)
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When configuring from the front panel, ARM events must be set to “BUS” for all channels in both units 
as shown in Figure 17. Of course, this should be done after configuring the measurement parameters 
for both units as previously shown in Figure 7.

Figure 17. Configuring bus trigger signal as an ARM event source

If you want to perform LIV test remotely using SCPI commands, then the following additional 
commands should be sent to set ARM events to “BUS” for both units.

:ARM:ALL:SOUR BUS
:ARM2:ALL:SOUR BUS

After configuring the instrument as shown above, pressing or sending the SCPI command 
“:INIT (@1,2)” to the instrument will make both units wait for a bus trigger signal. Finally, sending a 
GET command on the GPIB interface will start the LIV sweep measurement in both units.

          

Figure 16: Timing chart for synchronization using the bus trigger signal
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Synchronization with Digital I/O Trigger Signal in ARM Layer
If you need to minimize timing error between the units, then you should send a trigger signal through 
the digital I/O lines instead of using the GPIB bus trigger (see Figure 18). In this scheme one unit 
functions as the Master, and the other unit functions as the Slave. Once the Slave unit has its digital 
I/O signal set as the ARM event in the trigger system, the unit will wait for a trigger signal through the 
digital I/O line. The Master unit is configured to output the trigger signal through the digital I/O line 
after being initiated. If the Slave unit is initiated first (followed by the Master unit), then both units start 
measuring simultaneously. Once measurement starts, both units work independently using their 
internal TIMER trigger signals (see Figure 19). Because the latency of the digital I/O signal is less 
than 5 μs, it makes synchronous measurements more accurately, with 1 μs minimum trigger timing 
resolution and ±50 ppm TIMER accuracy.

          

Figure 18: Synchronization with digital I/O trigger signal in ARM layer (Configuration and trigger system work flow)
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The trigger output signal from the source (transient) trigger system of Ch1 (LD) in the Master unit is 
used for ARM events for the other channels in the Slave unit. The trigger signal is sent at the 
beginning of the sweep measurement. Digital I/O data line 9 is used to send/receive the trigger signal. 
You must first enable the trigger output and configure its attributes in the Master unit. Next, ARM 
events for the Slave unit channels should be set to wait and receive the trigger signal from the Master 
unit on the digital I/O data line (EXT9). The internal wait time control in the Slave unit must be 
disabled to make the channels ready to receive the trigger signal right after they enter the ARM layer.
Otherwise, the Slave unit channels may miss the trigger signal from the Master unit due to 
unexpected internal wait times. Figures 20 and 21 explain how to set this up from the front panel.

Figure 20: Enabling the trigger output in the Master unit

          

Figure 19: Timing chart for synchronization with digital I/O trigger signal in ARM layer
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Figure 21: Configuring digital I/O line 9 as the ARM event source in the Slave unit

If you want to perform testing remotely using SCPI commands, then the following material explains 
how to do this (see Figure 22). These commands need to be sent to the Master and Slave units 
(respectively) in addition to the commands described in Figure 8.

The series of commands shown in group “A” enable the trigger output, and the ones shown in group 
“B” configure the attributes of the digital I/O. The series of commands shown in group “C” must be 
sent to set the ARM events for the channels in the Slave unit to the digital I/O data line (EXT9). The 
series of commands shown in group “D” disable the internal wait time control for the channels in the 
Slave unit.

Figure 22: Enabling the trigger output in Master unit and configuring digital I/O line 9 as ARM event 
source in Slave unit with SCPI commands

C

D

:TRIG:TRAN:TOUT ON
:TRIG:TRAN:TOUT:SIGN EXT9

:SOUR:DIG:EXT9:FUNC TOUT
:SOUR:DIG:EXT9:TOUT:POS BEF
:SOUR:DIG:EXT9:POL NEG
:SOUR:DIG:EXT9:TOUT:TYPE EDGE
:SOUR:DIG:EXT9:TOUT:WIDT 1E-4

:SOUR:DIG:EXT9:FUNC TINP
:ARM:ALL:SOUR EXT9
:ARM2:ALL:SOUR EXT9

:SOUR:WAIT OFF
:SENS:WAIT OFF
:SOUR2:WAIT OFF
:SENS2:WAIT OFF

A

B

Slave UnitMaster Unit
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After configuring the instrument as shown above, you must first press on the Slave unit or send the 
SCPI command “:INIT (@1,2)” to the Slave unit to make it wait for the trigger signal from the Master unit. 

After that pressing on the Master unit or sending the SCPI command “:INIT (@1,2)” to Master unit 
will start the LIV sweep measurement in both units.

Synchronization using the Digital I/O Trigger Signal in the TRIGger Layer
If you need to ensure that the units are synchronized at each sweep step, then the trigger signals passed 
through the digital I/O need to be sent and received as TRIGger events in the trigger system (see Figures 
23 and 24). The Slave unit has its digital I/O signal configured as the TRIGger source in the trigger 
system, and its channels need to wait for a trigger signal from the digital I/O line before proceeding with a 
sweep step. The Master unit is configured to output a trigger signal through the digital I/O line every 
sweep step. One important point to note here is that the trigger period of the Slave unit channels must be 
set shorter than the trigger period set in the Master. This is to ensure that the Slave unit channels are 
ready to receive the trigger signal before the Master unit sends it.

          

Figure 23: Synchronization using the digital I/O trigger signal in the TRIGger layer (Trigger system work flow)
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In this example the trigger output signal from the source (transient) trigger system of Ch1 (LD) in the 
Master unit is also used to TRIGger events in the Slave unit channels. TRIGger events for the Slave unit 
channels should be set to the digital I/O data line (EXT9) to wait and receive a trigger signal from the 
Master unit. The trigger period of the channels in the Slave unit is set to 290 μs, which is slightly shorter 
than the one used (300 μs) in the Master unit. The aperture time is also adjusted to 190 μs. The figures 
25 and 26 explain how to do this from the front panel. The internal wait time control in the Slave unit also 
needs to be disabled.

Figure 25: Enabling the trigger output in the Master unit

          

Figure 24: Timing chart for synchronization using the digital I/O trigger signal in the TRIGger layer



19 dataTec  ▪  Ferdinand-Lassalle-Str.  52  ▪  72770 Reutlingen  ▪  Tel.  07121  /  51  50  50  ▪  Fax  07121  /  51  50  10  ▪  info@datatec.de  ▪  www.datatec.de

Find us at www.keysight.com Page 19

Figure 26: Configuring digital I/O line 9 as the TRIGger event source in the Slave unit

If you want to perform testing remotely using SCPI commands, then the following material explains how 
to do this (see Figure 27). These commands should be sent to the Master and Slave units (respectively) 
in addition to the commands described in Figure 8.

The series of commands shown in group “A” enable the trigger output, and the ones shown in group “B” 
configure its attributes in the Master unit. The series of commands shown in group “C” adjust the period 
setting and aperture time of the Slave unit channels. The series of commands shown in group “D” need to 
be sent to set TRIGger events for the channels in the Slave unit to the digital I/O data line (EXT9). The 
series of commands shown in group “E” disable the internal wait time control for the Slave unit channels.
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Figure 27: Enabling the trigger output in the Master unit and configuring digital I/O line 9 as 
TRIGger event source in the Slave unit with SCPI commands

After configuring the instrument as above, first press the on the Slave unit or send the SCPI 
command “:INIT (@1,2)” to the Slave unit to make it wait for the trigger signal from the Master unit. Next, 

press the on the Master unit or send the SCPI command “:INIT (@1,2)” to the Master unit to start 
the LIV sweep measurement.

Conclusion
This application note explains light-current-voltage (LIV) test challenges and how the Keysight B2900A 
precision source/measure unit (SMU) can overcome them. It also shows some examples of LIV 
measurements using the B2900A Series. The B2900A Series has many key features that enable you to 
overcome LIV test challenges and improve test throughput while maintaining measurement integrity. 

One of the major challenges of VCSEL LIV testing is maximizing test throughput while simultaneously 
measuring precisely enough to verify linearity, find tiny kink abnormalities and detect all failing devices.

The application note also covers different ways to synchronize measurements using multiple instruments 
and includes programming examples. The B2900A Series is the optimum solution for LIV VCSEL testing.

B2900 Precision Instrument Family
The B2900 family contains products that perform both precision
sourcing and precision measurement.   
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Slave UnitMaster Unit
:SOUR:TOUT ON
:SOUR:TOUT:SIGN EXT9

:SOUR:DIG:EXT9:FUNC TOUT
:SOUR:DIG:EXT9:TOUT:POS BEF
:SOUR:DIG:EXT9:POL NEG
:SOUR:DIG:EXT9:TOUT:TYPE EDGE
:SOUR:DIG:EXT9:TOUT:WIDT 1E-4

:SENS:VOLT:APER 1.9E-4
:SENS2:CURR:APER 1.9E-4
:TRIG:TIM 2.9E-4
:TRIG2:TIM 2.9E-4

:SOUR:DIG:EXT9:FUNC TINP
:TRIG:ALL:SOUR EXT9
:TRIG2:ALL:SOUR EXT9

:SOUR:WAIT OFF
:SENS:WAIT OFF
:SOUR2:WAIT OFF
:SENS2:WAIT OFF
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