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ABSTRACT

The TPS7H3301-SP is a radiation-hardened, Double Data Rate (DDR) memory, 3-A termination regulator
with a built-in VTTREF buffer. The TPS7H3301-SP has an enable pin (EN) that, in DDR1 and DDR2
applications, might be connected to the reference input voltage of the device (VDDQSNS). However, in
certain applications, the enable pin might be driven independently. If that is the case and the DDR
memory is in a SO or S3 state (VDDQSNS present), there is a possibility of a large inrush current (up to 8
A maximum for sourcing current limit) when the enable pin goes high. This current demand will be seen by
the upstream source for VLDOIN and could potentially create problems. This application note is intended
to provide an external soft-start circuit to avoid inrush current in these situations.
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1 Power-Up Scenarios
As indicated in the functional block diagram of the TPS7H3301-SP, the enable pin controls only the output
buffer since VTTREF is required to be ON and within specifications while in SO or S3 states. Assuming all
other input voltages are present (VDDQSNS, VDD, and VLDOIN), there are 2 possible scenarios for the
enable pin:
1. EN pin connected to VDDQSNS
2. EN pin driven independently
1.1 EN Pin Connected to VDDQSNS
In this case, when the device is powered up, there will be a small time constant of 345 us at the
VDDQSNS pin due to an RC filter at the input of the VTTREF buffer as shown in Figure 1. This time
constant will translate to the output of the device and there will not be a large inrush current. This can be
verified using the TPS7H3301EVM-CVAL under the following conditions :
» VDDQSNS =VLDOIN=EN=18V
e VIT/VO=09V
* VDD/VIN=25V
 COUT =3 x 150 pF and 3 x 4.7-uF capacitors
* Resistive load of 1 Q
As Figure 2 shows, the VTT/VO rise time is driven by the RC filter at the input of the VTTREF buffer. Also,
the output current stays within the normal operating load current condition of the device.
\% VDDQSNS
T=345ps
i [ ]vTTREF
VLDOIN
sl i Jvrtvo
i [ ]vrTsns
Figure 1. EN Pin Connected to VDDQNS
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Figure 2. Input Current When EN Pin is Connected to VDDQNS

1.2 EN Pin Driven Independently

If the enable pin is controlled independently and all other input voltages are present, the time constant is
not applicable anymore as shown in Figure 3. In this case, inrush current might arise due to the charging
of the output capacitors for VTT/VO. The TPS7H3301-SP does not have internal soft-start circuitry, due to
the need for quick power up of the DDR memory. Using the TPS7H3301EVM-CVAL under the same
previous conditions but driving the EN pin independently with a signal generator, results in an inrush
current of almost 6 A, as shown in Figure 4. Also, the VTT/VO rise time of 64 us can be observed,
corroborating that the time constant at the input of the VTTREF buffer is not present in the VTT/VO output.
If in a specific application, a controlled soft start is needed to limit inrush current, external circuitry could
be implemented as discussed in Section 2.
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Figure 3. EN Pin Driven Independently With VDDQNS, VDD, and VLDOIN Present
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Figure 4. Inrush Current When EN Pin is Driven Independently
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2 External Soft-Start Solution

Adding external circuitry like the one shown in Figure 5 results in a controlled rise of the output voltage
and also avoids inrush current. The main goal of this external circuit is to take the VTT buffer out of
regulation when EN is low and then slowly bring it back to regulation when EN goes high. This is achieved
in the following sequence:

1. As EN is low, the output of the regulator is pulled low through an internal 18-Q MOSFET as indicated
in the TPS7H3301-SP data sheet (SLVSCJ5).

2. EN being low makes M1 to be off, turns Q1 on, and VTTSNS is pulled high. This effectively takes the
output buffer out of regulation. The R2 resistor serves the purpose of isolating VTTSNS (high) and
VTT/VO (low) as well reducing the emitter current of the BJT.

3. As EN goes high, M1 turns on. As a result, the base voltage of Q1 starts decreasing and VTTSNS
starts to decrease as well, bringing the output buffer into regulation in a controlled manner. This results
in a soft start at the output voltage with no inrush current. Different rise times at VO/VTT can be
achieved by changing the biasing point of the base of Q1. This is implemented by changing the R3
resistor.

The requirements for M1 and Q1 are very relaxed due to the small current and breakdown voltages they
will experience. In both cases, the drain and base currents will be in the mA range and the breakdown
voltages just need to be higher than the VDD/VIN voltage. In the case of the NMOS, the signal driving the
gate will be the enable signal, which based on the datasheet specification has an absolute maximum
value of 3.6 V and a minimum Vg, of 1.7 V.

> A
VDD/VIN :
a R1L
10 WF—— § 10k
VTTREF §
VDDQSNS _a
VLDOIN R2
;10 k R3
g 249k
VLDOIN :
TPS7H3301-SP T VTTVG
VLDOIN :
Ly
‘A EN
— Q

PGND S g

PGND VDD/VIN A4 5
EN
PGND
Figure 5. Soft-Start External Circuit for TPS7H3301-SP
SLVA781-July 2016 External Soft Start Circuit for TPS7H3301-SP Power-Up Sequencing 5
Submit Documentation Feedback Applications

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA781
http://www.ti.com/lit/pdf/SLVSCJ5

Results

13 TEXAS
INSTRUMENTS

www.ti.com

3 Results

The circuit in Figure 5 was externally implemented and tested under the same previous conditions using
the TI TPS7H3301EVM-CVAL:

VDDQSNS = VLDOIN =1.8 V

VTIT/VO =09V

VDD/VIN =25V

COUT =3 x 150 pF and 3 x 4.7-pF capacitors
2N2222 for Q1 and BSS138 for M1

Resistive load of 1 Q

EN toggled using a signal generator

The exact circuit in Figure 5 resulted in an output rise time of about 1.1 ms. Figure 6 shows the toggling
sequence applied to the EN pin. The load current and output voltage can be observed as well. Figure 7
shows a zoomed-in section indicating the rise time of the output voltage and the lack of inrush current.
The R3 resistor was then replaced by a 5.11-kQ resistor resulting in a rise time of about 3 ms. These
results can also be validated using the PSpice model for the TPS7H3301-SP available in the product
folder at http://www.ti.com/product/ TPS7H3301-SP.
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Figure 6. Power Cycling Sequence of the TPS7H3301-SP Using the EN Pin

6 External Soft Start Circuit for TPS7H3301-SP Power-Up Sequencing SLVA781-July 2016
Applications Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA781
http://www.ti.com/product/TPS7H3301-SP

13 TEXAS

INSTRUMENTS
www.ti.com Results
Tek Run | f ) ] Trig'd P~ (=)
: - : - - : - : 1@ 900mA

Ch1 Rise
1.075ms

Ch4 Maz
990ma

Ch2 Rise
: : _ : _ : : _ . : 3.279us
...................... Low

@' |NPUT CURRENT resolution

Ch1| 500mv [Ch2 2.00V |M4.00ms A Ch2 £ 1.00V|
S00mAS

0§)20.20 %

Figure 7. VTT/VO Rise Time of About 1.1 ms Without Inrush Current
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Figure 8. VTT/VO Rise Time of About 3 ms Without Inrush Current
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Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions of Tl 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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