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Auto-Track™ voltage sequencing simplifies
simultaneous power-up and power-down

By Chris Thornton (Email: cthornton@ti.com)
Plug-in Power Solutions

Auto-Track Sequencing is a feature available on select
power modules in the Texas Instruments (T1) Plug-in
Power Solutions family. The feature is designed to simplify
the amount of external circuitry required to configure the
modules for simultaneous power-up and power-down
supply voltage sequencing.

The ability to sequence the power-up of multiple supply
voltages in complex logic and mixed-signal applications
has become an important requirement for power-system
designers. This is because most VLSI logic devices—
including DSPs, ASICs, FPGAs, and microprocessors—
now require at least two supply voltages. This usually
includes a low voltage to power a high-speed logic core; a
standard logic voltage to power the input/output (I/0)
interface; and supporting system devices such as memory,
data converters, and 1/O ports.

The power-up sequencing techniques can be implemented
with a number of techniques.l: 2 The implementation of
any one method depends largely on the time and/or voltage
restrictions that are allowed between the two supply volt-
ages during both power-up and power-down. The restric-
tions are imposed on the power-system designer by the
respective VLSI device manufacturers. Failure to meet the
restrictions can result in undue voltage stress and even
“latch up” between the VLSI device’s 1/0 port and a support-
ing peripheral. This can result in immediate, if not latent,
damage to the VLSI device. In the latter case the long-
term reliability of the affected device may be compromised.?

Simultaneous power-up

One of the most widely used power-up sequencing methods
is the simultaneous power-up of the circuit supply voltages.
See Figure 1. The core and 1/0 power-supply voltages
must begin rising together at the same rate. The two volt-
ages continue to rise until the core supply reaches its
nominal regulation voltage. The higher 1/0 voltage then
continues to rise until it too reaches its regulation voltage.

Of the many alternative techniques, the simultanecous
method is the more accepted for most dual-supply voltage
applications. This is because it significantly reduces the
voltage difference that can occur between the two voltage
rails throughout the power-up sequence. However, it is not
a universal answer for every application. As a rule, VLSI
device manufacturers do not specify which sequencing
method should be used, only the voltage and time restric-
tions that must be adhered to during power-up.

Although most widely accepted, the simultaneous
power-up method is more difficult to implement. It
requires that one or more of the power-supply circuits
(generating the supply voltages) be precisely controlled
during the power-up period. This level of control not only
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Figure 1. Simultaneous power-up of
the core and 1/0 voltages
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adds components but also requires that the power designer
have intimate knowledge of the power-supply regulation
circuitry. While this may not be a problem for the designer
of a discrete power supply, it adds an unwelcome level of
complexity for designers who prefer to use off-the-shelf
power-supply modules.

Introducing Auto-Track Sequencing

Auto-Track Sequencing is incorporated into many of the
wide-output, adjustable power modules in the PTH series
of Plug-in Power Solutions. Products with this feature
include circuitry that allows their output voltage to follow
a control signal when it is below the module’s set-point
voltage. The feature specifically enables the output voltage
to be directly controlled during power-up and power-down
transitions. The control signal can be a system-wide master
ramp waveform, the output voltage of another power supply
circuit, or the module’s own internal RC ramp.

How Auto-Track Sequencing works

Auto-Track Sequencing uses a control pin called “Track”
to control the output voltage of the module over a range of
0 V up to the nominal set-point voltage. Within this range
the voltage at the module’s output will follow the voltage
applied to the Track pin on a volt-for-volt basis. However,
once the voltage at the Track pin is raised above the mod-
ule’s set-point voltage, the module’s output remains at its
set-point voltage. As an example, if the Track pin of a 2.5-V
regulator is at 1 V, the regulated output will be 1 V; but if
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the voltage at the Track pin rises to 3V, the regulated out-
put will not go higher than 2.5 V.

Since the output from the module simply follows that at
the Track pin, it can track virtually any voltage source
during the power-up sequence. For the designer’s conve-
nience, each Track pin is also provided with its own RC
charge circuit that can produce a suitable rising voltage
from the input source voltage.

Typical application

The basic implementation of Auto-Track Sequencing allows
for simultaneous voltage sequencing of any number of
modules that are compliant with this feature. The Track
control pins of two or more modules are merely connected
together (see Figure 2), which does two things: (1) It forces
the Track control of the modules to follow the same collec-
tive RC ramp waveform; and (2) it also allows them to be
controlled through a single transistor or switch, Q1.

Figure 2. Simplest implementation of Auto-Track voltage sequencing for power-up and power-down
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To initiate the power-up sequence, it is recommended
that the Track control first be pulled to ground potential.
This must be done at or before input power is applied to
the modules, and for 20 ms thereafter. This brief period
gives the modules time to complete their respective inter-
nal power-up sequences so that they are ready to produce
an output voltage. A logic-level high signal at the on/off
control input turns Q1 on and holds the Track control at
ground potential. It should be noted that after the input
voltage has stabilized, the output of all modules will
remain at 0 V until Q1 is turned off.

After 20 ms, Q1 may be turned off by applying a logic-
level, low-drive voltage to the circuit’s on/off control.

This allows the Track control voltage to rise toward the
modules’ input voltage automatically. During this period,
the output voltage of each respective power module follows
the common Track control voltage, rising in unison with
other modules to its set-point voltage.
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Figure 3 shows the output voltage waveforms from the
circuit in Figure 2 after the on/off control voltage to the
circuit is set from a high to a low level. The waveforms,
Vo1 and Vpy, represent the output voltages from the two
power modules, U1 (3.3 V) and U2 (2.0 V), respectively.
Figure 3 shows the output voltages, Vo1 and Vo2, rising
together to produce the desired simultaneous power-up
characteristic.

The same circuit also provides a power-down sequence,
although this is not always a strict requirement. Power-
down is the reverse of power-up and is accomplished by
lowering the Track control voltage back to 0 V. An impor-
tant constraint is that the input voltage must be present
until the sequence is complete. Q1 must be turned off
relatively slowly so that the Track control voltage does not
fall faster than Auto-Track Sequencing’s slew-rate capability,
which is 5 V/ms. The components R1 and C1 in Figure 2
limit the rate at which Q1 can pull down the Track control
voltage. The values of 100 kQ and 0.047 uF correlate to a
decay rate of about 0.6 V/ms.

Figure 3. Simultaneous power-up of two
modules under Auto-Track Sequencing control
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The power-down sequence is initiated with a low-to-high
transition at the on/off control input to the circuit. Figure 4
shows the waveforms of Vo1 and Vg after the on/off con-
trol voltage goes high. Although the Track control voltage
begins its downward slope immediately, there is a short
time delay before it reaches the voltage of the highest out-
put. As the Track control voltage falls below the nominal
set-point voltage of each power module, the respective
output decays with all the other modules under Auto-Track
Sequencing control.

Simultaneous power-up and power-down from
another power module

One of the most powerful attributes of the Auto-Track
Sequencing feature is its flexibility. The Track pin of any
power module compliant with Auto-Track Sequencing will
follow almost any voltage up to a slew rate of 5 V/ms. This
includes the output voltage of another power module,
even a module that is not compliant with this feature.

Figure 4. Simultaneous power-down of two
modules under Auto-Track Sequencing control
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Figure 5. Sequenced power-up and power-down with other modules
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Figure 5 illustrates this arrangement. The Track pins of
the lower-voltage modules must be connected directly to
the output of the module with the highest output voltage,
which in this case is PT5801 (U1). In this configuration,
U1 must be controlled from its on/off Inhibit control pin.

Figure 6. Simultaneous power-up waveforms
from the circuit in Figure 5
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To initiate the power-up sequence, the U1 Inhibit control
must be held to ground as input power is applied, then held
there for another 20 ms. This allows time for the auto-
tracking module, U2 (PTH05010W), to complete its internal
power-up. In this circuit the TPS3838K33, a nanopower
supervisor IC (U3), is used both to detect the input voltage
and to provide the required 20-ms time delay.

Figure 6 shows the power-up waveforms for the circuit
in Figure 5. The combination of the capacitor C1 and the
nanopower supply supervisor U3 delays the release of the
ground signal to U1 until about 20 ms after the input
source, V|n, has been applied. Soon after its Inhibit control
input rises, U1’s output voltage rises to its set-point voltage.
The rate at which the outputs rise is limited only by Ul's
internal soft-start circuit. This is about 0.65 V/ms, slow
enough for the Auto-Track Sequencing units to follow.

As mentioned, power-down sequencing with Auto-Track
Sequencing is subject to the same constraint as power-up.
That is, a valid input voltage must be available to all mod-
ules controlled by the Track pin throughout the power-down
sequence. This constraint makes it necessary for the power
system to conduct a coordinated power shutdown for all
circumstances, irrespective of whether the shutdown is
initiated by a human operator or is the result of a line-
voltage failure. In the latter case, there must be sufficient
hold-up charge in the power system to allow time for a
power-down sequence to be completed before any drop in
the input voltage to the circuit occurs. The nanopower
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supervisor (U3) will turn off U1 (via the Inhibit pin) only
after the input voltage has already begun to decay. Therefore,
it cannot be used to initiate power-down; a separate tran-
sistor must be used. Q1 in Figure 5 is in parallel with U3
and can turn off U1 prior to any drop in the input voltage.
When Ul (PT5801) is turned off, its output is tri-stated,
which means it will neither source nor sink current from
the load. This allows the output voltage to fall only as fast
as the load discharges the output capacitors. Once the
output voltage from U1 decays below U2's set-point volt-
age, it pulls down U2’s output via its Track pin.

Figure 7 shows the output waveforms from the circuit in
Figure 5 during power-down. To ensure that Auto-Track
Sequencing can follow the output of another module, the
voltage being followed must not change faster than Auto-
Track Sequencing’s slew-rate capability of 5 V/ms. During
power-down, a decay rate faster than this will result in a
delay before the lower-voltage outputs begin to follow the
higher voltage, possibly producing an excessive voltage
differential. The decay-rate limitation correlates to a mini-
mum of 100 pF of capacitance per ampere of load current
at the output of U1. In addition to having the highest out-
put voltage, the module for U1 should be carefully selected
to ensure that it does not sink current when turned off via
its on/off Inhibit control.

Conclusion

Auto-Track Sequencing is a feature incorporated into
select power modules in TI's Plug-in Power Solutions
family. The feature makes it possible for the output voltage
of these modules to be directly controlled (volt-for-volt)
below their respective set-point voltages. This added flexi-
bility allows a number of modules with different output
voltages (for example, 3.3V, 2.5V, and 1.5 V) to be easily
configured for simultaneous power-up and power-down
voltage sequencing. Two examples of how Auto-Track
Sequencing can be configured were discussed. The first
showed how the Track control of a number of modules can
be connected so that their output voltages rise in unison
to their own internally generated RC ramp voltage. The
second showed how the Track control of lower-voltage
modules can be connected to directly follow the output of
another higher-voltage module during both power-up and
power-down transitions.
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Figure 7. Simultaneous power-down
waveforms from the circuit in Figure 5

Vo1 (1 VIDiv)

Vo3 (1 VIDiv)

Vo1 Inhibit
(5 VIDiv)

Horiz. Scale: 0.5 ms/Div

References

For more information related to this article, you can down-
load an Acrobat Reader file at www-s.ti.com/sc/techlit/
litnumber and replace “litnumber” with the TI Lit. # for
the materials listed below.

Document Title TI Lit. #

1. Brian Rush, “Power-Supply Sequencing for —
Low-Voltage Processors,” EDN,
September 1, 2000.

2. David Daniels and Tom Fowler, “Dual
Output Power Supply Sequencing for High
Performance Processors” ................. slvall7,

Related Web sites

Analog and Mixed-Signal Products


http://www.ti.com/sc/analogapps
http://www-s.ti.com/sc/techlit/slva117
http://analog.ti.com
http://www.ti.com/sc/device/PT5801
http://www.ti.com/sc/device/PTH05010W
http://www.ti.com/sc/device/PTH05020W
http://www.ti.com/sc/device/TPS3838K33

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve
the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at
any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before
placing orders and should verify that such information is current
and complete. All products are sold subject to Tl's terms and
conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the
specifications applicable at the time of sale in accordance with Tl's
standard warranty. Testing and other quality control technigues are
used to the extent Tl deems necessary to support this warranty.
Except where mandated by government requirements, testing of
all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer
product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks
associated with customer products and applications, customers
should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or
implied, is granted under any Tl patent right, copyright, mask work
right, or other Tl intellectual property right relating to any
combination, machine, or process in which Tl products or services
are used. Information published by Tl regarding third-party
products or services does not constitute a license from Tl to use
such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party
under the patents or other intellectual property of the third party, or a
license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is
permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations,
and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or
liable for such altered documentation.

Resale of Tl products or services with statements different from or
beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl
product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other
Texas Instruments products and application solutions:

Products
Amplifiers . amplifier.ti.com |
Data Converters :&:aﬁ_;é:é:lﬁl}ft?efﬁjcf)fn: !
DSP 1 dsp.ti.com |

Interface interface.ti.com |
Logic Tlogic.ti.com |

LE R E R RN R NN B

' power.ti.com !

e el e el el e e -

1 - -
,microcontroller.ti.com :

Power Mgmt
Microcontrollers

Applications

Audio www.ti.com/audio!
Automotive parww.ti.com/automotive |
Broadband ‘www.ti.com/broadband ;
Digital control \www.ti.com/digitalcontrol 1
Military \www.ti.com/military '
Optical Networking  iwww.ti.com/opticalnetwork
Telephony www.ti.com/telephony |
Video & Imaging  www.ti.com/video; _
Wireless www.ti.com/wireless |

T Worldwide Technical Support

Internet
Tl Semiconductor Product Information Center Home Page

LSupportfi.com |

Tl Semiconductor KnowledgeBase Home Page
--------- 1

1

Product Information Centers

Americas
Phone +1(972) 644-5580 Fax +1(972) 927-6377
Internet/Email support.fi.com/sc/pic/americas. iim 1
Europe, Middle East, and Africa
Phone
Belgium (English) +32 (0) 27 45 54 32 Netherlands (English) +31 (0) 546 87 95 45
Finland (English)  +358 (0) 9 25173948 Russia +7 (0) 95 7850415
France +33(0)13070 1164 Spain +34 902 35 40 28
Germany +49 (0) 8161 80 33 11 Sweden (English) +46 (0) 8587 555 22
Israel (English) 1800 949 0107 United Kingdom +44 (0) 1604 66 33 99
Italy 800791137
Fax +49) (0) 8161 80 2045
Internet 1support.5i.com/sc/pic/edra:Htm
Japan
Fax
International +81-3-3344-5317 Domestic 0120-81-0036
Internet/Email
International 1'support.{7.com/sc/pic/japan.ftm !
Domestic L WWW.ij.C0.jp/pic 1
Asia
Phone
International +886-2-23786800
Domestic Toll-Free Number Toll-Free Number
Australia 1-800-999-084 New Zealand 0800-446-934
China 800-820-8682 Philippines 1-800-765-7404
Hong Kong 800-96-5941 Singapore 800-886-1028
Indonesia 001-803-8861-1006 Taiwan 0800-006800
Korea 080-551-2804 Thailand 001-800-886-0010
Malaysia 1-800-80-3973
Fax 886-2-2378-6808 Email tiasia@ti.com
Internet 1support.fi.com/sc/pic/asia.htm ti-china@ti.com
C011905

Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as Tl or its management “believes,” "“expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to Tl's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.
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