Avoid DUT Damage by
Sequencing Multiple Power
Inputs Off Upon a Fault Event

Application Note

Overview

Problem

There are many testing applications
in which a device under test (DUT) is
powered by multiple DC input voltages
and the DUT is sensitive to the order in
which those multiple power sources turn
off. For example, individual assemblies
used in satellites are especially susceptible
to damage during uncontrolled multiple
power source turn-off events, and these
assemblies are very costly. One unexpected cause of power source turn-off
occurs when a fault condition such as
an over-voltage or over-current condition
is detected on one of the sources that
causes it to shut down. Having the ability
to control the power supply shut-down
sequence built into the power supply
system itself can greatly reduce the effort
and complexity associated with an external
shut-down control method.

Some devices that are powered by multiple
DC power supplies must have their power
inputs shut down in a particular order to
avoid problems with the device. Subjecting
the device to an uncontrolled sequence
could cause latch-up or excessive current
to ﬂow resulting in compromised reliability or even immediate catastrophic
failure of the DUT. Under normal testing
circumstances, the multiple inputs must
be turned off in a particular sequence,
often with speciﬁc timing between each

input turning off. Additionally, following the
detection of a power fault condition such
as over-voltage, over-current, or overtemperature on one of the power supply
outputs, it is also necessary to follow a
similar shut-down sequence.
Creating a controlled shut-down sequence
of multiple power sources is a challenging
task, especially if it is in response to a
fault condition on the power supply itself.
A variety of methods have been tried, but
each has its own set of issues as shown
below.

Challenges with various power sequencing methods
Method

Issues

• Diodes between inputs as clamps

• Variable results
• Limited effectiveness

• Relays in series with each input

• Imprecise timing
• Introduces variable impedance

• FETs in series with each input

• Requires signiﬁcant design time
• Adds complexity to setup

• Software control

• Slow to respond
• Imprecise timing

Solution
The best solution to the problem of
providing controlled shut-down of multiple
power inputs involves a power supply
system that has output sequencing
integrated into the system itself. Agilent
Technologies offers two such systems
that are strongly related to each other:
the N6700 Modular Power System and
N6705A DC Power Analyzer. The design
of the N6700 system is optimized for use
in a test system, while that of the N6705A
is optimized for use on the bench. Each
system can be loaded with up to 4 power
supply output modules selected from
more than 20 that are available in a variety
of power and performance levels. Each
system also offers the ability to precisely
control the turn-off sequence of the 4
outputs making these systems an ideal
choice for applications requiring controlled
power input shut-down. Synchronization
across mainframe systems is also possible
to facilitate timed shut-downs of more
than 4 outputs. Using these systems, a
controlled shut-down under normal testing
circumstances is extremely easy to implement, while doing so in response to a fault
condition requires little incremental effort.

Sequenced shut-down upon
fault event
Outputs can be sequenced off as a result
of a power supply fault event using the
Delay time settings as well. A fault event is
any of the following:
• Over-voltage
• Over-current

For outputs to be included in the controlled
shut-down sequence upon a fault, they
must be coupled using the Coupled
Channels feature. Note that this means
all coupled outputs will turn off together
(or on within the same mainframe) when
an out off (or on) command is sent to any
one of them. Also, the output experiencing
the fault will turn off immediately, thereby
ignoring its Off Delay setting.

• Over-temperature
• Inhibit signal
• Power-fail condition
• Power-limit condition (some models)

Sequenced shut-down under
normal testing
These multiple output DC power systems
have a Delay feature on each output
that is used to delay the turn-off by
the corresponding setting. The turn-off
delay can be set to any time between 0
and 1.023 seconds in 1 ms increments.
(Turn-on delay times are equally easy to
set.) As an example, consider 3.3 V, 5 V,
and 10 V sources required to shut down in
that order all within 20 ms. Figure 1 shows
the N6705A front panel screen used to
accomplish this task (3.3 V is Output 3,
5 V is Output 1, 10 V is Output 2). Delay
times are easily entered in milliseconds for
each individual output. The Delay times are
utilized any time the N6705A All Outputs
On or All Outputs Off front panel key is
pressed, or any individual output On key is
pressed (toggles output on and off) when
outputs are coupled with the Coupled
Channels feature. (The Delay times are
also active when the corresponding bus
commands are used.) Figure 2 shows the
outputs during turn-off using the N6705A
built-in scope view.
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Figure 1. N6705A front panel screen used to set Output Off Delays.

Figure 2. N6705A scope view showing sequenced turn-off of 3 power
outputs according to Off Delay settings in Figure 1.

In order to accommodate this sequenced
shut-down upon fault event, some
additional rear panel wiring and conﬁguration is necessary. See the required steps 1
to 4 in Table 1.

Table 1. Wiring and conﬁguration steps 1 to 4 to produce a sequenced shut-down upon a fault event
N6705A

N6700B*, N6701A*, N6702A*

Wiring

1.

Wire 8-pin digital port
connector on rear panel

• Connect pin 1 (Fault Out – an output) to pin 4** (Off Couple – an input)
• Connect pin 2 (Fault Common) to pin 8 (Common)
(see Figure 3a)

Conﬁguration

2.

Set Dig I/O (non-volatile memory)
From front panel…
Key/menu selections:

Menu/Utilities/Digital I/O… /Pin Conﬁguration
• Function: Fault Out
• Polarity: Negative

Pin 4** settings:

• Function: Off Couple
• Polarity: Negative (Off Couple function forces Negative polarity)

… or, over the bus:
SCPI commands:

3.

DIG:PIN1:FUNC FAUL
DIG:PIN1:POL NEG
DIG:PIN4:FUNC OFFC
DIG:PIN4:POL NEG

Set Output coupling (non-volatile memory)
From front panel…
Key/menu selections:

… or, over the bus:
SCPI commands:

4.

Menu/System/IO/DigPort

Pin 1 settings:

Menu/Source Settings/Output Coupling… /Coupled Channels

Menu/Output/Couple

• Put a check mark in the box for each channel (output)
that should be included in the shut down sequence
• Other settings on this screen do not affect shut down

• Put a check mark in the box for
Enable and for each channel that
should be included in the shut
down sequence
• Other settings on this screen do
not affect shut down

OUTP:COUP:CHAN 1,2,4
(couples channels 1, 2, & 4, as an example)

OUTPUT:COUPLE ON
OUTP:COUP:CHAN 1,2,4
(couples channels 1, 2, & 4)

Set Output delays (volatile memory)
From front panel…
Key/menu selections:

Settings/Delay…/Off Delays

Menu/Output/Delay/Turn-off delay

• For each output that will be included in the shut down sequence (determined
by Coupled Channels above), set an Off Delay time between 0 and 1023 ms
(0 to 1.023 seconds)
… or, over the bus:
SCPI commands:

OUTP:DEL:FALL 0.200,(@1)
OUTP:DEL:FALL 0.075,(@2)
OUTP:DEL:FALL 0.010,(@4)
(fall times shown above are examples for outputs 1, 2, and 4)

* Models N6700B, N6701A, and N6702A require ﬁrmware revision C.01.02 or later.
** Instead of conﬁguring the Off Couple input on digital port pin 4, pin 5, 6, or 7 could have been used.
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To accommodate a sequenced shut-down
upon fault event across multiple mainframes, all of the steps outlined in Table 1
must ﬁrst be followed. In addition, it is
necessary to connect all pin 1’s of the
mainframes to each other, and all pin 8’s
of the mainframes to each other. See
Figure 3b.
With the conﬁguration from Table 1, the
outputs that are Coupled Channels will
shut down according to the Delay time
settings when a fault event as deﬁned
above occurs. The only exception is that
the channel experiencing the fault will
shut down as quickly as possible thereby
ignoring its Delay time setting in order to
avoid damage to the DUT or power supply.
For example, if all 4 outputs are Coupled,
and the over-voltage setting for output 4
is set to 20 V, when output 4 reaches or
exceed 20 V, its over-voltage protection will
trip (a “fault”) thereby triggering all of the
coupled channels to shut down utilizing
their Delay settings. See example in
Figure 4.

Figure 3a. 8-pin digital port connector wiring for single mainframe

Figure 3b. Multiple mainframe wiring

Over-voltage on output 4 occurs here
with all outputs set to respond to a fault:
• Output 4 shuts down immediately
due to fault
• Output 3 shuts down 5ms later
• Output 1 shuts down 10ms later
• Output 2 shuts down 20ms later

Figure 4 . N6705A scope view showing sequenced turn-off of 3 power outputs upon over-voltage
fault occurring at 20V on 4th output.

4

Summary of Results

Related Applications

Protecting sensitive DUTs by effecting
a controlled shut-down of power inputs
can avoid damage to expensive circuitry.
Creating a sequenced shut-down of
multiple power supply outputs, especially
in response to a fault condition on one
of the power supplies, is very challenging. This challenge is easily met by
using the built-in features of the Agilent
Technologies N6700 Modular Power
System or N6705A DC Power Analyzer.

“Biasing Multiple Input Voltage Devices in
R&D,” Application note 5989-6454EN
“Simulating Power Interruptions for
DC Input Devices,” Application note
5989-6455EN
“Simplify Multiple Bias Voltage Sequencing
and Ramping for PC Motherboard Test,”
AN1504, Application note 5989-1676EN

Related Products
• N6705A DC Power Analyzer
• N6700B, N6701A, N6702A Low-Proﬁle
Modular Power System

5

Agilent Email Updates
www.agilent.com/ﬁnd/emailupdates
Get the latest information on the products
and applications you select.

Agilent Direct
www.agilent.com/ﬁnd/agilentdirect
Quickly choose and use your test
equipment solutions with conﬁdence.

Remove all doubt
Our repair and calibration services
will get your equipment back to you,
performing like new, when promised.
You will get full value out of your Agilent
equipment throughout its lifetime. Your
equipment will be serviced by Agilenttrained technicians using the latest
factory calibration procedures, automated repair diagnostics and genuine
parts. You will always have the utmost
conﬁdence in your measurements.
Agilent offers a wide range of additional
expert test and measurement services
for your equipment, including initial
start-up assistance onsite education
and training, as well as design, system
integration, and project management.
For more information on repair and
calibration services, go to
www.agilent.com/ﬁnd/removealldoubt

www.agilent.com
For more information on Agilent
Technologies’ products, applications or
services, please contact your local Agilent
ofﬁce. The complete list is available at:
www.agilent.com/ﬁnd/contactus
Americas
Canada
Latin America
United States

877 894 4414
305 269 7500
800 829 4444

Asia Paciﬁc
Australia
China
Hong Kong
India
Japan
Korea
Malaysia
Singapore
Taiwan
Thailand

1 800 629 485
800 810 0189
800 938 693
1 800 112 929
81 426 56 7832
080 769 0800
1 800 888 848
1 800 375 8100
0800 047 866
1 800 226 008

Europe & Middle East
Austria
Belgium
Denmark
Finland
France

0820 87 44 11
32 (0) 2 404 93 40
45 70 13 15 15
358 (0) 10 855 2100
0825 010 700*
*0.125 € ﬁxed network rates

Germany

01805 24 6333*
*0.14€/minute

Ireland
1890 924 204
Israel
972 3 9288 504/544
Italy
39 02 92 60 8484
Netherlands
31 (0) 20 547 2111
Spain
34 (91) 631 3300
Sweden
0200-88 22 55
Switzerland (French)
41 (21) 8113811 (Opt 2)
Switzerland (German)
0800 80 53 53 (Opt 1)
United Kingdom
44 (0) 118 9276201
Other European Countries:
www.agilent.com/ﬁnd/contactus
Revised: October 24, 2007

Product speciﬁcations and descriptions
in this document subject to change
without notice.
© Agilent Technologies, Inc. 2007
Printed in USA, December 5, 2007
5989-7686EN

