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HYBRID SWITCH WITH NEGATIVE SIGNAL HANDLING

Description

The IDTHS231P16 is a high-performance hybrid switch
device, combined with hybrid low distortion audio, UART
and an USB 2.0 high speed data (480 Mbps) signal
switches. When operated with a 1.8 V single supply, this
high performance switch allows audio signal swings
below-ground, allowing the use of a common USB and
audio headphone connector in personal media players and
other portable battery powered devices.

The IDTHS231P16 logic SELx control pins are 1.8 V
compatible which allows for control via a standard
pcontroller. With a VDD voltage in the range of 1.7 V to 1.95
V, the device can pass USB 3V signal sources in the
portable device, with up to 5.5 V tolerant on USB and COM
signal pins. The part has an audio enable control pin to
open all the switches and put the part in a low power state.

The IDTHS231P16 is available in a small 16-pin QFN
package.

Block Diagram

IDTHS231P16

Features

+1.7 V to +1.95 V single-supply operation

Low distortion negative signal handling capability with
Ron typically 3Qfor Audio signal

® Control pin to open all switches and enter low power state

Cross-talk audio channels (20 Hz to 20 kHz): -110dB
-3dB bandwidth USB switches: 700 MHz
Available in 16-pin QFN package — RoHS compliant

Compliant with USB 2.0 short circuit requirements
without additional external components

Applications

MP3 and other personal media players
PDA's

Audio/USB Switching

Cellular and mobile phones
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Pin Assignment (16-pin QFN) Truth Table (COM+, COM-)
2 6 o 8 SEL1 SELO COM+ COM-
o =z =z >
I A R 0 0 Power Down
SELO [ ¢ L] SEL1 0 1 D+ D-
D- [ | D+ 1 0 U+ U-
u- O O] U+ ! ! R -
L 4 R
1 1 [ T
: 223
o o
16-pin QFN
Pin Descriptions
Pin Number | Pin Name Pin Description
1 SELO Control signal pin. Internal pull-down resistor.
2 D- 3 V USB Signal. Bi-directional.
3 U- UART Signal. Bi-directional.
4 L Audio signal pin (left). Uni-directional. £1.5 V signal.
5 COM- Audio and USB signal common pin. Bi-direction in USB mode, uni-directional in Audio
mode.
6 NC No connection.
NC No connection.
COM+ Audio and USB signal common pin. Bi-direction in USB mode, uni-directional in Audio
mode.
9 R Audio signal pin (right). Uni-directional. +1.5 V signal.
10 U+ UART Signal. Bi-directional.
11 D+ 3 V USB Signal. Bi-directional.
12 SEL1 Control signal pin. Internal pull-down resistor.
13 VDD Power pin. +1.8 V VDD.
14 NC No connection.
15 NC No connection.
16 GND Ground pin. OV reference.
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Detailed Description

The IDTHS231P16 device is a dual single pole/triple throw
(SPTT) high performance switch device that can operate
from a single DC power supply in the range of 1.7 VV to 1.95
V. It was designed to function as a dual 3 to 1 multiplexer to
select between USB differential data signals, UART signals
and audio L and R stereo signals. It comes in tiny QFN
packages for use in cell phones, MP3 players, PDAs, and
other personal media players.

The part consists of one hybrid dual 3Qaudio, 5QUART and
5Q USB switches. The hybrid switch can accept audio
signals that swing below ground and USB signals. They
were designed to pass audio left and right stereo signals,
and are ground referenced, with minimal distortion. The
USB switches were designed to pass high-speed USB
differential data signals with minimal edge and phase
distortion.

The IDTHS231P16 was specifically designed for cell
phones and other personal media player applications that
need to combine the audio headphone jack and the USB
data connector into a single shared connector, thereby
saving space and component cost.

The IDTHS231P16 has SELx pins that select between the
audio switches, UART and the USB switches. These pins
can be driven LOW or HIGH to switch between the audio
inputs and USB data inputs.

Audio Switches

The two audio switches (L, R) are typically 3Q, switches that
can pass signals that swing below ground by as much as 1.5
V. They were designed to pass ground reference stereo
signals with minimal insertion loss and very low distortion.
Crosstalk between the audio switches over the audio band
is typically < -110dB.

These audio switches are uni-directional switches. The
audio drivers should be connected at the L and R side of the
switch and the speaker loads should be connected at the
COM side of the switch.

Note: Whenever the audio switches are ON the USB and
UART transceivers need to be in the high impedance state

or static high or low state.

USB/ UART Switches
The two USB switches (D+, D-) and two UART switches (U+,
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U-) are typically 5Q, bidirectional switches that were
designed to pass high-speed USB differential signals in the
range of +0V to 400 mV, and UART signals. These switches
have low capacitance and high bandwidth to pass USB
high-speed signals (480 Mbps) with minimum edge and
phase distortion to meet USB 2.0 high-speed signal quality
specifications.

The maximum signal range for the USB switches is from 0V
to 3.6 V. The signal voltage at D- and D+ should not be allow
to exceed the 3.6 voltage rail or go below ground.

The USB switches are active (turned ON) whenever the SEL
voltage is >1.2 V.

Note: Whenever the USB switches are ON, the UART or the
audio drivers of the CODEC need to be at AC or DC ground
or floating to keep from interfering with the data
transmission.

Logic Control

The state of the IDTHS231P16 device is determined by the
voltage at the SEL pins. Refer to truth table on page 2 of
data sheet. These logic pins are 1.8 V logic compatible so
that it can be controlled by a standard pprocessor.

The SELX pins is internally pulled low through a 4MQ
resistor to ground and can be left floating or tri-stated by the
pprocessor.

Logic control voltage levels:

SELXx = Logic “0” (Low) when <0.5 V
SELXx = Logic “1” (High) when >1.2 V
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Absolute Maximum Ratings

Stresses above the ratings listed below can cause permanent damage to the IDTHS231P16. These ratings, which
are standard values for IDT commercially rated parts, are stress ratings only. Functional operation of the device at
these or any other conditions above those indicated in the operational sections of the specifications is not implied.

Exposure to absolute maximum rating conditions for extended periods can affect product reliability. Electrical
parameters are guaranteed only over the recommended operating temperature range.

Item Rating

VDD to GND -0.3Vto6.0V
Ambient Operating Temperature Range -40°C to +85°C
Continuous Current (audio switches) +150 mA
Peak Current (audio switches) +300 mA
Pulsed 1 ms, 10% duty cycle max.
Continuous Current (USB or UART switches) +40 mA
Peak Current (USB or UART switches) +100 mA
Pulsed 1 ms, 10% duty cycle max.
Voltages

Switch I/0O Voltage - D+, D-, COM+, COM- (see note below) |-0.3Vto+6V

Switch I/O Voltage - L, R (see note below) 2Vto+2V

SELX (see note below) -0.3Vto[(VDD) + 0.3 V]
ESD Rating

HBM >7 kV

MM >200 V

CDM >1 kV

Note: These specifications are for absolute maximum rating. Not recommended for typical operation.

Recommended Operating Conditions *
Symbol Parameter Rating
Vpp Supply Voltage 1.7Vto1.95V

Storage Temperature

-40°C to +85°C

Note 1: The input and output negative voltage ratings may be exceeded if the input and output diode current ratings

are observed. DC switch voltage may never exceed 1.95 V.
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Electrical Characteristics — 1.7 Vto 1.95 V Supply

Unless stated otherwise, VDD = 1.7 Vto 1.95V, GND = 0V

Parameter Symbol Conditions Min. | Typ. | Max. | Units

Audio Switches (L, R)

Audio Signal Range VANALOG -1.5 15 \Y

On-Resistance Ron Vyr=-2V,0V, 0.7V, Vgys =0V 3 Q
Vaupio0-7 V; Vaupio lon = -26 mA

Ron Matching Between ARon ViR =0.7Vigy =-26 MA 0.3 Q

Channels

Ron Flatness ReLaton) | lon =-26 mA 15 Q

USB/UART Switches (D+, D-, U+, U-)

USB Signal Range Vpigital 0 3.6 \

On-Resistance Ron Vp+p. =0V, 0.4V, Igy =-8 MA 5 Q

Ron Matching Between ARon Vpip- = 0V, Ign = -8 mA 0.3 Q

Channels

OFF-leakage Current Ip+(oFF) OF | D+, D-, R, L = Floating 50 nA

Ip-oFF) |VDD=18V

ON-leakage Current Ipx U+, U-,D+,D-,R,L=0.3V +50 nA

vDD =18V
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Parameter Symbol Conditions Min. | Typ. | Max. | Units
(Note 2) (Note 2)
Dynamic Characteristics
Turn-on Time ton R =50Q C =50 pF, 1V Pk-Pk signal 1 ps
Turn-off Time torr R =500 C, =50 pF, 1V Pk-Pk signal 1 ps
Break-Before-Make o 100 ns
Delay
Skew tSKEW RL = 45Q CL =10 pF, tR:tF:750 ps at 480 50 ps
Mbps, (Duty cycle=50%)
Additive Jitter tyrRMS) R =45 C =10 pF, tg=tg=750 ps at 480 Mbps 10 ps
Propagation Delay tpp R =45Q C, =10 pF (Fig.7) 250 ps
Crosstalk Rto COM-, | R =32Q f=20Hz to 20 kHz, -110 dB
(Channel-to-channel) | Lto COM+ |V or Vg=0.707 Vrus (2Vp_p)
Total Harmonic THD f=20Hz to 20 kHz, V| or Vkg=0.707 Vrums 0.01 %
Distortion (2Vp.p), Rs, Rt
USB Switch -3 dB R =509 C =5 pF 700 MHz
Bandwidth
UART Switch -3 dB R =500 C =5 pF 200 MHz
Bandwidth
D+/D- OFF Cp+(OFF), | f=1 MHz, V or VR=Vcom=0V 6 pF
Capacitance Cp.(OFF)
L/R OFF CLOFF’ f:]. MHZ, VD+Or VD-:VCOMX:OV 9 pF
Capacitance Crorr
COM ON CCOM-(ON)' f=1 MHz, VDD=3.3 V, VD_Or VD+:VCOMX:OV 10 pF
Capacitance Ccom+(oN)
Power Supply
Power Supply Range Vbp 1.7 1.95 \%
Positive Supply Ibp 5 10 HA
Current
Positive Supply Ibp SELx = 00, No input signal 10 100 nA
Current (Low Power
State)
Voltage Low VIL SELX pins 0.5 \%
Voltage High VIH SELX pins 1.2 \%
Internal Pull-down ReTRL SELX pins 10 MQ
Resistor

Note 1: D+, D-, U+, U-, COM+, COM-, SELX can tolerate up to 5.5 V signals.
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Test Circuits and Waveforms

Logic input waveform is inverted for switches that have the
opposite logic sense.

VDD L{C
. Voo t. <20ns Q
IL:Q'i / 50% t, <20ns CTRL
- ov 47 Swi Vinput ; vV
witch o Audio or USB @:/O out

Swi ¢ Input i COMXx

witch Vv | l

Input INPUT Vour IN [: ________ | R, c.

90% 90% GND 50 10pF

Switch / R_ Vin ohm
Output ov L

Repeat test for all switches. C, includes fixture and stray

capacitance.

Vour = Vineut

) R + Rony

Fig. 1A Measurement Points Fig. 1B Test Circuit

Figure 1: Switching Times

VDD O C
R
CTRL
N D- or D+ ,
Logic /PP Vineut [ C/ COMx Vour
Input = LorR oo
o I
y — IN N i R, CL
. ouT /N
Switch 90% Vin GND iO 10pF
Output L ohm
OV — p— p— p—
«— tp
Repeat test for all switches. C, includes fixture and stray
capacitance.
Fig 2A Measurement Points Fig. 2B Test Circuit
Figure 2: Break-Before-Make Time
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Marking Diagram (QFN)

o
TBD

Notes:

1. “Z" is the device step (1 to 2 characters).

2. YYWW is the last two digits of the year and week that the part was assembled.
3. “%” is the assembly mark code.

4. “G” after the two-letter package code designates RoHS compliant package.

5. “I” at the end of part number indicates industrial temperature range.

6. Bottom marking: country of origin if not USA.

Thermal Characteristics

Parameter Symbol Rating Units
Thermal Resistance (see note below)
16-pin QFN package 01a TBD °C/W
Maximum Junction Temperature (plastic package) +150 °C
Maximum Storage Temperature Range -65 to +150 °C

Note: 63, is measured with the component mounted on a high effective thermal conductivity test board in free air.

IDT™ HYBRID SWITCH WITH NEGATIVE SIGNAL HANDLING 8 IDTHS231P16 REV J 032708

© 2019 Renesas Electronics Corporation



IDTHS231P16

HYBRID SWITCH WITH NEGATIVE SIGNAL HANDLING HYBRID SWITCH

Package Outline and Package Dimensions (16-pin 2.5x2.5mm QFN)
Package dimensions are kept current with JEDEC Publication No. 95

(Ref)
Seating Plane — (Ny-1)x[e] — = > Np & N
ndex A Al t (Ref) 4 Even
ndex Area —>
L (Typ)
1Nﬁ s v UUG/UN |_97_2|IfND&NE
—— are Even
2 J K‘ = 1
A = gz v 1A)X|E|
Sawn E2 =) = E
. - E2 ‘- (Ref)
. Singulation % = b \ ’_i * v
Top View =

T et

4—@—> N, &N [e]» - Thermal Base
Odd $D/22¢
< D2
o 0.08| C
Millimeters
Symbol Min Max
A 0.50 0.60
Al 0 0.05
A3 0.25 Reference
b 0.15 0.25
e 0.40 BASIC
N 16
Np 4
Ng 4
D x E BASIC 2.50 x 2.50
D2 1.00 1.25
E2 1.00 1.25
L 0.255 0.425
Ordering Information
Part / Order Number Marking Shipping Packaging Package Temperature
HS231P16NDGI TBD Tubes 16-pin QFN -40 to +85°C
HS231P16NDGI8 Tape and Reel 16-pin QFN -40 to +85°C

Parts that are ordered with a “G” after the two-letter package code are the Pb-Free configuration and are RoHS compliant.

While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology (IDT) assumes
no responsibility for either its use or for the infringement of any patents or other rights of third parties, which would result from its use. No
other circuits, patents, or licenses are implied. This product is intended for use in normal commercial applications. Any other applications
such as those requiring extended temperature range, high reliability, or other extraordinary environmental requirements are not
recommended without additional processing by IDT. IDT reserves the right to change any circuitry or specifications without notice. IDT
does not authorize or warrant any IDT product for use in life support devices or critical medical instruments.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01 Jan 2024)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2024 Renesas Electronics Corporation. All rights reserved.
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