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Headphone Jack Detection in Personal Electronics Using

Comparators
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Electronic devices from cell phones to laptop
computers usually include a stereo headphone jack.
When an external headphone is plugged in, the built-in
speaker must be disconnected and the audio output
switched to the external device. The switching process
must be free of any clicking noise and may also
provide additional user experience features such as
audio volume fading in and out, pausing the music
player, and so forth.

The output switching process is commonly
accomplished through dedicated control circuitry. It
may require constant power even after the host device
is in sleep mode because these device would still
register and respond to the user's actions while in this
state. In this case, low quiescent current (l,) becomes
a key requirement.

The control circuitry is commonly built with
comparators at its core. The newly introduced nano-
power and small size open-drain TLV7041 comparator
is designed for these applications.

The TLV7041 comparator includes the following
benefits:

1. 335-nA typical quiescent supply current
2. 3-pA typical input bias current

3. Input protection and flexible output pullup options
(1.6Vto6.5V)

4. Small package dimensions (0.8 mm x 0.8 mm x
0.4 mm)

To meet these requirements, the audio output must be
switched to the external device only when the
headphone jack is fully seated. This is normally
accomplished by the confirmation that both the tip and
ground (G) of the headphone plug are connected.

Figure 1 shows the connection terminals of a typical
headphone plug (left) and its matching socket (right).
In this configuration, two dedicated terminals
GND_detect and L_detect are responsible for the state
detection. When the headphone jack is fully engaged,
GND_detect is connected to GND and the L_detect to
L (left audio channel) through the conductor segments

of the headphone plug (left). When L_detect is
connected, the headphone jack is considered fully
seated based on the fact that the L_detect terminal
and plug tip L are situated at the far end of the
headphone plug.
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The control circuit uses GND_detect and L_detect
terminals to determine the plugged-in state, and the
circuit sets the output headset_on_n (active low)
accordingly. Figure 2 shows a complete schematic of
the circuit based on a single TLV7041.
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Figure 2. Headphone Detection Circuit

The resistor network (R3 and R4) establishes a
reference Vger at V./2 which feeds to the inverting
input of TLV7041. R2 pulls the noninverting input to
V<c when the headphone jack is not engaged, causing
the open-drain output pulled high to V,,,. Thanks to
TLV7041's low input bias current (typically at 3 pA),
larger resistance values can be used for R2, R3, and
R4 (all three resistors are 1 MQ) without compromising
accuracy, which helps reduce total power
consumption.
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Notice that the V; of the comparator is connected to
the GND_detect instead of to GND. When the
headphone jack is not engaged, V¢ is pulled to the
same level as V. through R3 and R4 and
consequently the comparator is not powered. This
causes the output headset_on_n pulled high to V

. > . . > pullup?
which indicates an inactive state.

When a user plugs in the headphone jack, the V¢ of
the comparator is first connected to GND through the
GND_detect to power the comparator. This floating
ground design technigue is made possible thanks to
the TLV7041 robust input and output protection and
design features. For further details, refer to the
Application and Implementation section of the
TLV7041 data sheet.

Table 1 shows the truth table of the circuit.

When the headphone jack is fully seated, the L_detect
terminal is connected to L by the conductor tip of the
headphone plug. Consequently, the lower impedance
of the headphone coil (through R1) pulls the
noninverting input below Vg, which brings the output
(headset_on_n) to low (active state) to indicate the
headphone has been plugged in.

R1 is used to limit the maximum current fed into the
TLV7041 input. Before GND_detect is robustly
connected to GND, the device's Vg is pulled to V..
During which, if L_detect is momentarily pulled low,
the input level could potentially be below Vee. In this
case, R1 limits the current flowing though the input
ESD diode (now turned on).

The example uses a separate V,,, to support a load
that is powered with a different supply. If that is not the
case, a common supply can be used for both V. and
V,uiup: @nd the sister push-pull output feature of the
TLV7031 may also be an option.

If you have questions on comparator application,
please visit the E2E forum on ti.com.

Table 1. Headphone Jack Detection Truth Table

INPUT OUTPUT HEADPHONE JACK STATE
GND_detect L_detect headset_on_n
Open Open high not plugged in
GND Open high not plugged in
Open L high not plugged in
GND L low plugged in

In summary, the TLV7041 comparator provides several benefits such as low quiescent current, virtually negligible
input bias current, small package size, and robust input and output protection engineers can use in power-

conscious potable applications.

Table 2. Alternative Open-Drain Device Recommendations

Device Optimized Parameters Performance Trade-Off
TLV7081 lq =370 nA, 4-pin WCSP (0.7 x 0.7 mm?) Package Prop Delay = 4 ps
Prop Delay = 260 ns, 5-pin X2SON (0.8 x 0.8 mm?) _
TLV7021 Package 15=5 pA
TLV3691 lg =75 nA, 4-pin X2SON (1 x 1 mm?) Package Prop Delay = 24 us
Table 3. Adjacent Tech Notes
SNOA981 Nano-Power Battery Monitoring in Personal Electronics
SNVA808 Low Power Comparator for Signal Processing and Wake-Up Circuit in Smart Meters
SCEA055 Designing and Manufacturing with Tl's X2SON Packages
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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