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TPS6211x Driving EN and SYNC Pins
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ABSTRACT

The TPS6211x high-input-voltage buck converters operate over a wide, input-voltage
range. The control and input signal can also be controlled from 1.8-V logic levels up to
maximum input voltage.

One characteristic of the EN and SYNC control circuits is the increase in leakage
current when these pins are driven by a voltage level less that 4 V.

In this application report, the difference in the two leakage current specifications is
explained, when they apply, and the impact on drive circuits.
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1 Background

The requirement to operate over a wide voltage range and wide range of control signal voltage drove the
need for a more complicated Enable (EN) and Synchronization (SYNC) input circuit. One of the

characteristics of this circuit is a high-leakage current of possibly 20 pA for signals of less than 4 V, but for

greater than 4 V, a leakage current of 0.2 pA. The reason for this is related to the behavior of a body
diode on the input circuit of each of these pins.

In the following electrical characteristics table (Table 1)), the EN input leakage current specifies current out

of the EN pin for a V(g of less that 0.6 V or greater than 4 V and with V, or operating voltage at 12 V.
This is the low-current condition with leakage current of 0.2 pA maximum. The higher current condition of
20 pA maximum is specified as EN input current where V gy, is between 0.6 V and 4 V with V, of 12 V.

The SYNC pin has similar specifications of SYNC input leakage current and SYNC input current ([Table 2).
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Table 1. Enable Pin Electrical Characteristics
PARAMETER ’ TEST CONDITIONS MIN  TYP MAX | UNIT

ENABLE
\m EN high-level input voltage 1.3 \Y,
VL EN LOW:-level input voltage 0.3 \Y,

EN trip-point hysteresis 170 mV
lika EN input leakage current EN=GNDorV, V=12V 0.01 0.2 pA
lEn) EN input current 06 V<Veny<4V 10 20 pA
Vuvioy Undervoltage lockout threshold Input voltage falling 2.8 3 3.1 \Y,

Undervoltage lockout hysteresis 250 300 mv

Table 2. Synchronization Pin Electrical Characteristics
PARAMETER \ TEST CONDITIONS MIN TYP  MAX| UNIT

SYNCHRONIZATION
like SYNC input leakage current SYNC = GND or VIN 0.01 0.2 HA

SYNC trip-point hysteresis 170 mV

SYNC input current 06V<=Visyng =4V 10 20 HA

Duty cycle of external click signal 30% 90%

Impact on Drive Circuit

Often the EN pin or the SYNC pin is connected to V, or ground; in either of these conditions, the lower
leakage current specification of 0.2 pA applies.

When a control signal of less that 4 V is used, the current out of the EN and SYNC pins increases to up to
20 pA. This can present a problem for the turnoff circuit that is trying to pull these pins low. If the
impedance of the pulldown circuit is significant, then the low-level voltage requirement may not be met.

For a circuit that has an impedance of 50 kQ to ground:
V_signal = input current x impedance = 20 pJA x50 kQ =1V

This is above the minimum low-level threshold for a low of 0.3 V, and the TPS6211X does not turn off. To
meet the 0.3-V threshold, the signal impedance to ground needs to be less that 15 kQ to ground.

Equivalent Circuit

The additional current is caused by current flow through the forward-biased body diode in the control
circuit. This body diode then connects an internal current source to the EN pin. represents the
equivalent circuit for leakage current but should not be considered an accurate representation of the
control circuit.

5V

Current
Source
20 pA max

4 kQ

-
Figure 1. EN Pin Leakage Current Path
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Test Results

4 Test Results

The problem appears as the EN pin is pulled low. If the impedance to ground is low, there is no problem.
But impedance in the ground path results in a voltage. If this voltage is high enough, the device does not
turn off. The following test results are with an impedance of 200 kQ. In and in Table 3, V Control
is voltage applied to the 200-kQ resistor and V-EN is voltage at the EN pin 4 .

TPS6211x
V-EN
200 kQ ind
in
V Control EN
DC I-EN

Figure 2. Test Circuit

Table 3. Test Results

V Control V-EN I-EN, pA
0 1.098 5.46
1 2.126 5.34
2 2.994 4.88
3 3.867 3.93
4 4.62 2.67
5 5.28 13
6 5.92 0.586

Note that with the control voltage at 0 V, the EN pin voltage is ~1.1 V above the 0.3 V required for turn off.
Current out of the EN pin for this device is ~5.5 YA, which is below the maximum specification of 20 pA.
As V control is increased, it can be seen that the body diode is reverse biased by 6 V and the leakage
current is less that 1 pA.

5 Drive Circuit

shows a circuit with potential problems; the pulldown resistor presents too much impedance for
the leakage current and prevents the device from turning off.

TPS6211x
ViN E—
EN —|3
Pin 4
EN

200 kQ

Figure 3. Circuit With Potential Turnoff Problems

shows the recommended drive circuit and its performance.
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Drive Circuit
Vin TPS6211x
1M
Pin 4
EN
Invertered EN —,1
Figure 4. Drive Circuit Example 1
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) 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 TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques 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 TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI 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 TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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 TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

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

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Clocks and Timers www.ti.com/clocks Digital Control www.ti.com/digitalcontrol
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
RFID www.ti-rfid.com Telephony www.ti.com/telephony
RF/IF and ZigBee® Solutions www.ti.com/Iprf Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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