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Testing tips for applying external power to 
supply outputs without an input voltage

Introduction
In many industrial systems, such as test and measurement 
and building automation, it is common that a processor 
must be programmed after the circuit board is assembled. 
Programming the processor, such as a field programmable 
gate array (FPGA), digital signal processor (DSP) or 
microcontroller (MCU), requires powering up certain volt-
ages in the circuit. One way to power up the system is to 
apply the normal input voltage that the system sees in the 
application. However, this may not be possible or desirable 
for a variety of reasons, such as needing a different 
programming voltage than the application uses or safety 
concerns that occur when other subsystems receive power 
from the same input supply. In such cases, the required 
voltages are applied directly onto the outputs of the 
in-system power supplies. Powering a step-down (buck) 
converter with a voltage on the output and without a 
voltage on the input is an atypical application scenario 
that raises a flag for special considerations. This article 
explains the main concerns and their mitigation strategies.

Typical testing scenarios
In test and measurement applications, a MSP430G2955 
might be operated at 1.8 V because this voltage already 
exists in the system. However, to program its flash 
memory, a voltage of at least 2.2 V is required. In applica-
tions where a supply voltage below 2.2 V is used, it is 
necessary to temporarily raise the supply voltage to the 
2.2-V minimum to program the memory. In the production 
test environment where the memory is typically 
programmed, it is usually simplest to externally apply 2.2 V 
to the supply rail of the MSP430  ™ MCU. Figure 1 shows a 
block diagram of this scenario.

In some applications for building automation, newer 
FRAM-memory technology found in the MSP430FR5969 
family eliminates the required higher programming volt-
ages. However, even when the MSP430’s supply voltage is 
set above the minimum required programming voltage in 
the final application, safety considerations may dictate 
applying an external voltage to the supply rail instead of 
applying the main system input voltage and generating the 
supply voltage rail from the on-board DC/DC converter.  

If the main supply voltage is the AC line voltage, for 
example, it may be physically unsafe for an operator to 
apply this voltage to the system during production when 
all safety mechanisms are not yet installed. Also, if the 
system contains motors or heating elements, powering up 
the full system may activate these sub-systems in unsafe 
ways. Applying an external voltage is still a common 
method for programing the MCU. 

In both of these cases and many more, the power supply 
providing the processor’s supply voltage sees a voltage on 
its output. Since processors typically have low supply volt-
ages well below the common 5-V input voltage, the power 
supply is typically a step-down converter topology.

Specific considerations
When applying a voltage to the output of a step-down 
converter without an input voltage, the applied output 
voltage may appear on the input as well.  Unless the 
specific integrated circuit (IC) is designed to prohibit 
reverse current flow, where current flow is from the 
output back to the input, the applied voltage on the 
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Figure 1. An external voltage may be applied to 
the output of a converter to program an MCU
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output appears on the input due to the body diode in the 
high-side MOSFET. Figure 2 shows this current path. See 
the TPS62750 data sheet for a device which specifically 
does not have this path because of the types of applica-
tions this device supports.

This bears repeating: When a voltage is applied to the 
output without an input voltage present, the applied 
output voltage appears on the input through the high-side 
MOSFET’s body diode. Once this fundamental point is 
understood, the following are the seven most common 
considerations for a given application.

1. All circuits connected to the input rail are powered
Since the output voltage appears on the input, all other 
devices connected to this same node see this voltage as 
well. Ensure this is acceptable for each of these devices 
and the application as a whole because other sub-systems 
may receive sufficient voltage to turn on. Adding a diode 
in series with the input supply connection prevents this 
behavior. Figure 3 shows its placement in the circuit. A 
diode in series with the output also blocks the applied 
voltage, but this causes load regulation due the diode’s 
voltage drop unless a circuit like Figure 4 is used.

2. Reverse current flows backwards through the IC
Since the input supply rail is powered from the output, 
there is reverse current flow through the IC to the other 
circuits on the input rail. The average reverse current 
should be kept less than the forward current rating of the 
IC. For example, the TPS62097 general-purpose industrial 
IC has a 2-A rated current. As well, the input voltage 
should not be shorted as this draws excessive current. 

Multiplied by the voltage drop from output to input 
across the IC, the reverse current creates a power dissipa-
tion and corresponding temperature rise. Because of the 
relatively high forward voltage drop of the high-side 
MOSFET’s body diode, this power may be quite high. 
Ensure that the IC’s junction temperature rating is not 
exceeded. The diode in series with the input also mitigates 
reverse current concerns.

3. If enabled, the IC consumes current
If the enable (EN) pin of the IC is driven high, either from 
a controlling signal or because it is connected to VIN 
(which is also high from #1 above), the IC is on and 
drawing current. When the applied output voltage is above 
the output-voltage set point and the mode for pulse-
frequency modulation (PFM) is enabled, the IC draws its 
quiescent current (IQ) which is typically in the tens of 
microamperes. When the applied output voltage is below 
the set point and the corresponding voltage at the input is 
above the IC’s under-voltage lockout (UVLO) level, the IC 
typically enters 100% mode in order to try and increase 
the output voltage to the target level. In 100% mode, the 
current consumption is much higher—typically in the 

milliampere range.[1] This must be considered if the 
applied voltage’s current is measured and used for pass/
fail testing in production. A simple solution to this is to 
disable the IC.

4. If disabled, the IC may consume current
For ICs with an integrated output-discharge function, 
current is drawn from the output when they are disabled. 
Depending on the output discharge implementation, the 
IC may draw significant current. If the output discharge 
current is an issue, the IC should remain enabled because 
it is usually not possible to open the output discharge 
path. In some cases, an equivalent IC without output 
discharge is available.

5. Ensure that voltage ratings are not exceeded
When applying a voltage to the output of an IC, be sure 
that the voltage rating of each pin is not exceeded. This is 
especially important when the applied voltage is greater 
than the set point; the VOUT, VOS and FB pins need to be 
checked. Finally, check that the output voltage remains 
within the IC’s limits even if it is hot-plugged.[2] Slowly 
applying the output voltage, instead of hot-plugging it, 
may be required.

Figure 2. Current path from output to input 
for a step-down converter
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Figure 4 shows an example protection circuit used with 
a step-up (boost) converter. A diode in series with the 
output protects the VOUT pin from over-voltage. On the 
TPS61240, the FB pin is rated for a higher voltage than 
the VOUT pin in order to withstand a VOUT hot-plug event 
when the protection diode is used. Such a diode also elimi-
nates any reverse current or voltage flowing into the IC.

Finally, applying a voltage to the output appears to 
exceed the SW pin’s voltage limit shown in the absolute 
maximum ratings table of many ICs and shown in Figure 5. 
The applied output voltage appears on the SW pin through 
the inductor. 

Since the input voltage is not applied, it might be 
assumed that the voltage rating of SW to VIN is exceeded. 
But from #1, VIN is connected to VOUT through the high-
side MOSFET’s body diode and the inductor. In many 
cases, the absolute maximum rating’s DC voltage limit is 
not exceeded. Furthermore, exceeding this pin’s specific 
voltage limit does not necessarily damage the IC. Rather, 
the limit is a warning that, depending on how this voltage 
is applied, the IC could be damaged as discussed in #2 
above and in Reference 3.

6. Prohibit the boost mode of step-down converters
For ICs with a mode for forced pulse-width modulation 
(PWM) or MODE pin, such as the TPS62097, it is critical 
to specifically check that the conditions for boost mode 
are not fulfilled. These conditions are: forced PWM-mode 
operation is enabled, the IC is enabled, the applied output 
voltage is higher than the set point, and there is insuffi-
cient load or leakage on the input to sink the applied 
energy. 

In boost mode, the IC sinks the applied output voltage 
to bring it back down to the set point. Since the forced 
PWM mode is enabled, it keeps switching to accomplish 
this. If the PFM mode is enabled instead, the IC simply 
stops switching when the output voltage is above the set 
point. But in forced PWM mode, the IC operates with 
reverse current and moves energy from the applied output 
voltage back to its input voltage rail. If there is insufficient 
load or leakage at the input, this voltage increases until 
the input voltage rating of the IC is exceeded and it is 
overstressed. Two simple solutions to avoid boost mode 
are: disabling the IC or disabling the forced PWM mode.

7. Consider the power-good (PG) pin operation
Depending on the level of the applied output voltage rela-
tive to the IC’s set point and the state of the EN pin, the 
PG output may not be in the required or expected state. 
This may result in an incorrect system status reported or 
may interfere with other rails if sequencing is used. Since 
the PG pin is typically just an open-drain output, it is 
usually possible to provide the required system signals and 
voltages in the proper locations through other test points.

Conclusion
Applying an output voltage to a step-down converter 
without an input voltage requires some system-specific 
analysis to ensure the safety of the system and its compo-
nents, as well as the proper functioning of the system. 
Because this is an atypical setup, voltages and operation 
may be quite different from the system’s normal operation. 
If this configuration is considered and analyzed during the 
system design phase, it is easy to add the appropriate 
diodes, disable connections, or other test points required 
to achieve a correctly functioning and safe system while in 
this mode.
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Figure 4. Diode on the output protects the 
IC from hot-plugged voltages
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Figure 5. Many step-down converters have a 
voltage limit for the SW pin
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