FSA1153

DP3T USB Type C Audio
and UART Analog Switch
with OVP

Description

The FSA1153 is a bi—directional, low power, high speed USB2.0
Type-C, Audio and UART analog switch with overvoltage protection.
It is configured as a Double-Pole, Triple Throw (DP3T) switch. The
FSA1153s protection function prevents damage to Type—C USB 2.0
port pins caused by high voltage. It provides a receptacle side OVP
function on the USB 2.0 data pins and will turn off the relative switch
once the voltage level on DN_L or DP_R exceed the OV threshold. It
can withstand up to 20.5 V DC.

Features

® DP3T USB Type C Audio and UART Analog Switch

® Vpp:2.7Vto55V

Icc: 35 pnA Typical

e USB Switch

+ -3 dB Bandwidth (Sdd21): 850 MHz

Audio Switch:

+ Negative Rail Capability: -3 Vto +3 V

¢ Audio Path Ron=1Q (Typ.)at 3.3V

¢ THD + N =-110 dB; 1 Vrums, 32 Q2 Load; f = 20 Hz ~ 20 kHz
with A-Weighted Filter

UART Switch:

+ RON:5 Q(Typ.)at33V

+ Signal Range: 0 - 4.4V

High Power Supply Ripple Rejection

20.5 V Overvoltage Protection on DN_L/DP_R

20.5 V Surge Protection on DN_L/DP_R

Applications

® Mobile Phones
® Tablets

® Notebook PC

® Media Player
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ORDERING INFORMATION

See detailed ordering and shipping information on page 3 of
this data sheet.

Publication Order Number:
FSA1153/D


http://www.onsemi.com/
http://www.arrow.com

Typical Application

Pin Definitions

PIN DESCRIPTION
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Figure 2. Top Through View

Pin Name Description
Al DN USB Data (Differential —)

A2 DP USB Data (Differential +)

A3 TXD UART Transmit Data

B1 DN _L USB/Audio/lUART Common Connector
B2 DP_R USB/Audio/lUART Common Connector
B3 RXD UART Receive Data

C1 L Audio — Left Channel

Cc2 R Audio — Right Channel

C3 SO Data Switch Select

D1 GND Chip Ground

D2 VDD Power Supply (2.7 to 5.5 V)

D3 St Data Switch Select

Downloaded from AFFOW.Com.

www.onsemi.com
2



http://www.onsemi.com/
http://www.arrow.com

Table 1. CONTROL LOGIC STATUS

FSA1153

S1 SO0 USB Switch Audio Switch UART Switch
0 0 ON OFF OFF
0 1 OFF ON OFF
1 0 OFF OFF ON
1 1 Disable Disable Disable
ORDERING INFORMATION
Operating
Part Number Temperature Range Package Top Mark
FSA1153UCX -40to +85°C 12-Ball WLCSP, Non-JEDEC 6G
1.45 mm x 1.615 mm, 0.4 mm Pitch

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min. Max. Unit
VDD Supply Voltage from VDD -0.5 6.5 \
Vsw ¢ Vpp_rto GND, Vpn_ to GND (Note 1) -3.6 20.5 \
Vsw_uss | Vppto GND, Vpy to GND (Note 1) -0.5 6.5 \
Vsw_Audio | VLto GND, Vgto GND (Note 1) -3.6 6.5 \
Vsw_uaRT | Vrxp to GND, Vrxp to GND (Note 1) -0.5 6.5 \
Vsw Control Input Voltage: S1, SO (Note 2) -0.5 6.5 \%
Isw_Audio | Switch I/O Current, Audio path: R, L, DP_R, DN_L -250 250 mA
Isw_uss | Switch I/O Current, USB path; DP to DP_R, DN to DN_L - 100 mA
Isw_uart | Switch I/O Current, UART path; TXD to DP_R, RXD to DN_L - 50 mA
ik DC Input Diode Current -50 - mA
ESD Human Body Model, Connector side and power pins: VDD, DP_R, DN_L 4 - kV
ANSI / ESDA / JEDEC JS-001-2012 Host side pins: The rest pins > —
Charged Device Model, JEDEC: JESD22-C101 1 -
Surge IEC 61000-4-5 System Connector side pins: DP_R, DN_L -20.5 +20.5 \%
Ta Absolute Maximum Operating Temperature -40 +85 °C
TstG Storage Temperature -65 +150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

1. The input and output negative ratings may be exceeded if the input and output diode current ratings are observed.

2. Vg refers to analog data switch paths.
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FSA1153

RECOMMENDED OPERATING CONDITIONS

| Symbol | Parameter | Min | Typ | Max | Unit |
POWER
| VDD | Supply Voltage | 2.7 | - | 5.5 | \Y, |
USB SWITCH
| Vsw_uss [ Vopto GND, Vpyto GND, Vpp g to GND, Vpn_t to GND | o | - | 45 | v |
AUDIO SWITCH
| Vsw Audio | Vpp_Rrto GND, Vpy_( to GND, V| to GND, Vg to GND, | -3.0 | - | +3.0 | Vv |
UART SWITCH
|VSW_UART |VTXD to GND, Vryp to GND | 0 | - | 4.4 | Vv |
OPERATING TEMPERATURE
| Ta | Ambient Operating Temperature | -40 | 25 | +85 | °C |
CONTROL VOLTAGE (S1, S0)
ViH Input Voltage High 1.3 - VCC \%
VL Input Voltage Low 0 - 0.5 \%

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.
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DC AND

TRANSIENT CHARACTERISTICS

FSA1153

(Vpp =2.7 V10 5.5 V. Vpp(Typ.) = 3.3V, Ta = -40°C to 85°C, and Ta (Typ.) = 25°C, unless otherwise specified)

Ta = -40°C to 85°C
Symbol Parameter Condition Power Min | Typ | Max | Unit
GENERAL DEVICE PINS
lcc Supply current For all switches VDD:2.7t055| - - 35 uA
locz Quiescent current S0,1=1 - - 3
lccT Vin=15V - 10 - uA
COMMON PINS: DP_R, DN_L
loz Off leakage current of Port DP_R and DN_L DP_R,DN L=-3Vto4.0V | VDD:2.7t055| -3.0 | 0.1 3.0 uA
lorr BoneLr—Of'f leakage current of Port DP_Rand | DP_R,DN_L=0Vt04.0V | Power off -3.0 | 01 3.0 uA
Vov_trip | Input OVP Lockout Sweep from3Vio 6V VDD:2.7t05.5 | 4.7 5.0 5.3 \Y
Vov_Hys | Input OVP Hysteresis VDD:2.7t05.5 | 0.2 0.3 0.4 \%
AUDIO SWITCH
lon On leakage current of Audio switch DN_L,DP_R=-3Vto3.0V,|VDD:2.7t0 55| -2.0 | 0.1 2.0 uA
R, L = Float
loz Off leakage current of L/R=-3Vto3.0V VDD:2.7t0 55| -1 0.1 1 uA
lorr Input Leakage Current , Power off L,LR=0to 3V, Power off -1.0 | 01 1.0 uA
DP_R, DP_L = Float,
(Isw = 0 mA)
Ron Switch On Resistance Isw = 100 mA, VDD:2.7t0 55| - 1 2 Q
Vsw=-3Vto3V
ARoN On Resistance Matching, Channel to Channel | Igy = 100 mA, VDD:2.7t0 55| - 0.1 0.2 Q
Vsw=-3Vto3V
ReLaAT On Resistance Flatness Isyw = 100 mA, VDD: 2.7t05.5 - 10 - mQ
Vsw=-3Vto3V
USB SWITCH
lon On leakage current of USB switch DN L,DP_R=0Vto36V, | VDD:2.7t0o 55| -3.0 | 0.1 5 uA
DP = DN = Float
DN L,DP_R=36Vto4.5V, -5 - 15 uA
DP = DN = Float
loz Off leakage current of Port DP and DN DN,DP=0Vto45V VDD:2.7t05.5 | -3.0 | 0.1 3.0 uA
lorr Power-Off leakage current of Port DP and DN | DN,DP =0V t0 4.5V Power off -3.0 | 01 3.0 uA
Ron_uss | Switch On Resistance Vgw = 0.4V, Ion= -8 mA VDD:2.7t0 55| - 3 5 Q
Vsw=4.0V, lgoy=-8 mA - 3 5
UART SWITCH
loN On leakage current of UART switch DN_L,DP_R=0Vto44V, | VDD:2.7t0 55| -3.0 | 0.1 15 uA
UART = Float
loz Off leakage current of Port TXD and RXD TXD/RXD=0Vto4.4V, VDD:2.7t05.5| -3.0 | 0.1 3.0 uA
lorr Power-Off leakage current of Port TXD/RXD | TXD/RXD =0V to 4.4V, Power off -3.0 | 01 3.0 uA
Ron_uart| UART Switch On Resistance Vgw =01t04.4V, lon= -8 mA| VDD: 2.7t0 5.5 - 5 7 Q
S1, SO
ViH Input Voltage High VDD:2.7t055 | 1.3 - VDD \%
VL Input Voltage Low VDD: 2.7t0 5.5 - - 0.5 \%
Rpp Internal Pull down resistor on S1,S0 S1,S0=VDD VDD: 2.7t05.5 - 3 - MQ
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AC CHARACTERISTICS

FSA1153

(Vpbp =2.7V105.5 V. Vpp(Typ.) =3.3 V, Ta = -40°C to 85°C. Ta (Typ.) = 25°C, unless otherwise specified)

Ta = -40°C to 85°C | Unit
Symbol Parameter Condition Power | Min | Typ | Max | Unit
AUDIO PATH SWITCH
ton Turn On Time (Note 3) DP/R=DN/L=0V —»to1V,L, R=32Qto GND - 80 - us
torr Turn OFF Time (Note 3) DP/R =DN/L =1V fallto GND, L, R = 32 Q@ to GND - 0.4 - us
teBM Break Before Make (Note 3) | USB — Audio, DP/R=DN/L=0V —> 1V, - 80 - us
L, R =32 Q to GND, DP, DN = 50 Q to GND
UART — Audio, UART =50 Q
Ten Enable Time (Note 3) DP/R=DN/L=1V, - 230 - us
L, R =32 Q to GND, S[1, 0] from 11 to 01
Tpis Disable Time (Note 3) DP/R=DN/L =1V, - 0.3 - us
L, R =32 Q to GND, S[1, 0] from 01 to 11
tovp Response Time Rioap =32 @, Vsw =3V to 6V (slew rate >10 V/1 us), - 0.2 1 us
measure OV threshold to 90% OVP trigger level of
output falling
ORR Off Isolation (Note 3) f=1kHz, R_.=50Q, C_=0 pF, Vaw=1VRgus - -100 - daB
f=1MHz, R_.=50Q, C_ =0 pF, Vsw=1Vgus -65
XtaLk | Cross Talk (Adjacent) f=1kHz, R_=50Q, Vsw =1 VRms - -120 - dB
(Note 3)
Cross Talk (USB-Audio) f=1kHz or 20 kHz, R_ = 50 Q, Vgyw = 1 VRms on DP or - |-108 | -
(Note 3) DN
BW -3 dB Bandwidth (Note 3) R =50 Q - 500 - | MHz
PSRR | Power Supply Rejection Vpsgrr = VDD + 100 mVRyus R =32Q - -119 - daB
Ratio (Note 3) RL=20kQ or32 Q
(atDP/R,DN/L), f=1kHz RL =20 kQ - |-105( -
THD+N | Total Harmonic Distortion R =16 Q, f = 20Hz ~ 20 kHz, With A-weighted - -108 - dB
+ Noise (Note 3) Vsw = 0.5 Vgus -
Non A-weighted - -105
R =32 Q, f = 20Hz ~ 20 kHz, With A-weighted - -110 dB
Vaw=1V
Sw= T YRMS Non A-weighted — [-10s
RL =20 kQ, f = 20 Hz ~ 20 kHz, With A-weighted - -110 dB
Vgw=0.3V
sw RMS Non A-weighted - |-105
USB SWITCH
ton Turn-on time (Note 3) DP/R =DN/L=1.0V, DP, DN =50 Q to GND - 40 - us
torr Turn-off time (Note 3) DP/R =DN/L=1.0V, DP, DN =50 Q to GND - 0.35 - us
TeeMm Break-Before-Make Audio — USB; DP/R=DN/L=1.5V, - 40 - us
(Note 3) L, R =50 Q to GND, DP, DN = 50 Q to GND
UART — USB: UART =50 Q
Ten Enable Time (Note 3) DP/R =DN/L =1V, DP/DN =50 Q to GND, - 200 - us
S[1, 0] from 11 to 00
Tpis Disable Time (Note 3) DP/R=DN/L=1V,DP/DN=50Q to GND, - 0.25 - us
S[1, 0] from 00 to 11
BW -3dB Bandwidth (Note 3) RL = 50 Q, Switch ON - 0.85 - | GHz
XtaLk | Cross Talk (Adjacent) RL =50 Q, Switch ON, f = 240 MHz - -40 - dB
(Note 3)
ORR Off Isolation (Note 3) RL = 50 Q, Switch OFF, f = 240 MHz - -24 - dB
tovp Response Time RLoap =50 @, Vsw =3V to 6 V (slew rate >10 V/1 us), - 0.2 1 us
measure OV threshold to 90% OVP trigger level of
output falling
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FSA1153

AC CHARACTERISTICS (continued)
(Vpp =2.7Vt0 5.5 V. Vpp(Typ.) = 3.3V, Ta = -40°C to 85°C. Ta (Typ.) = 25°C, unless otherwise specified) (continued)

Ta = -40°C to 85°C | Unit

Symbol Parameter Condition Power | Min | Typ | Max | Unit
USB SWITCH
tRecovery | Recovery Debounced time RLoap =50 Q, Vsw =6V to 3V (slew rate < 10 V/1 us), - 30 - us
(Note 3) measure OV threshold to 90% output rising
tpp Propagation Delay (Note 3) R =50, C_=5pF - 100 - ps
tsk(p) Skew of Opposite Transitions | R_ =50 @, C_=5 pF - 10 - ps
of the Same Output (Note 3)
ty Total Jitter (Note 3) Vsw = 0.4 Vdiffpp, R =50 Q, C|_ =5 pF, tg = tr = 500 ps - 200 - ps
(10 - 90%) @ 480 Mbps (PBRS =215 - 1)
UART SWITCH
ton Turn-on time (Note 3) UART = 1.8V, Rload = 50 Q - 50 - us
torr Turn-off time (Note 3) UART = 1.8V, Rload = 50 Q - 0.4 - us
TeBM Break-Before—-Make USB — UART, USB = 50 Q, UART=50 Q - 50 - us
(Note 3) Audio — UART
Ten Enable Time (Note 3) DP/R =DN/L =1V, DP/DN = 50 Q to GND, - 200 - us
S[1, 0] from 11 to 10
Tbis Disable Time (Note 3) DP/R =DN/L =1V, DP/DN = 50 Q to GND, - 300 - us
S[1, 0] from 10 to 11
tovp Response Time RiLoap =50 Q, Vsw =3V to 6V (slew rate > 10 V/1 us), - 0.2 1 us
measure OV threshold to 90% OVP trigger level of
output falling
BW Bandwidth (Note 3) R =50 Q - 400 - | MHz

3. Guaranteed by characterization, not production tested.

CAPACITANCE (Vpp = 2.7 V10 5.5 V. Vpp(Typ.) = 3.3 V, Ta = -40°C to 85°C. Tp (Typ.) = 25°C, unless otherwise specified)
T = -40°C to 85°C

Symbol Parameter Condition Power | Min | Typ |Max Unit
AUDIO PATH SWITCH

CoN usB/Audio/UART | On Capacitance f =1MHz, 240 MHz, 100 mVpgk_pk, 100 mV 3.3 - 7 - pF
B (Common Port) (Note 4) | DC bias
Corr usB/audio/UART | Off Capacitance f = 1MHz, 240MHz, 100 mVpk_pk, 100 mV 3.3 - 7 - pF
B (Common Port) (Note 4) | DC bias
CoFF usB Off Capacitance f = 240 MHz, 100 mVpk_pk, 100 mV DC bias 3.3 - 25 - pF
- (Non-Common Ports)
(Note 4)
CoFF Audio Off Capacitance f=1 MHz, 100 mVpgk_pk, 100 mV DC bias 3.3 - 3.5 - pF
B (Non-Common Ports)
(Note 4)
COFF UART Off Capacitance f=1 MHz, 100 mVpk_pk, 100 mV DC bias 3.3 - 3.5 - pF
B (Non-Common Ports)
(Note 4)
CiN EN,SEL Pin Capacitance | f =1 MHz, 100 mVpp, 100 mV DC bias| S1, SO 0 - 25 - pF
(Note 4)

4. Guaranteed by characterization, not production tested.

Application Information

Over—Voltage Protection exceeds the OVP threshold. When an over voltage condition
The FSA1153 features over—voltage protection (OVP) on has occurred the switch will open immediately and remain
the receptacle side pins DN_L and DP_R which will switch open until the over voltage condition is removed.

off the internal signal routing path if the input voltage
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FSA1153

Test Diagrams

A

Float | INno

Von
v (A
A
[ _\Y\O_ /r" N\ 1
= Vsw . ,
: l'SW :_Q Select GND
! Select —
== o

VSEL =0or VDD
** Each switch port is tested separately

GND

VggL =0orV
Ron=Von/lsw  SE- bb

Figure 3. On Resistance Figure 4. Off Leakage (loz)
|
FIoat__v lon FIoat__v /)ozg
) —
! J;- ' T Vsw
. HG X Select
'_Q Select J7GND "<}— GND
_ Vear = VBus=0V
VseL=00rVop ** Each switch port is tested separately
Figure 5. On Leakage Figure 6. Power Off Leakage (loff)

= Vsw
$ ——A Vout
GND cL RL

Rs

GND

VseL Riand C, are functions of the application
environment (see AC/DC Tables).

GND  C includes test fixture and stray capacitance.

Figure 7. Test Circuit Load

Figure 8. Timing Waveforms
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FSA1153

Test Diagrams (continued)

} OV TH ‘
— 90% Trecovery
OUTPUT | ‘4—»‘ —
‘ ‘ \ 90%

Tovp

Figure 9. OVP Timing

Network Analyzer Network Analyzer

Rs Rs
N {_ GND?V'N Vg VONTRL { Rt GND Vg
Tvsa | oD Pl @ "
=VggL GND GND
GND
%RT
GND

—T Fou
GND

Riand C, are functions of the application Rgs and Ry are functions of the application
environment (see AC/DC Tables). environment (see AC / DC Tables).
CL includes test fixture and stray capacitance.

OFF - Isolation = 20 Log (Vout/ VIN)
Figure 11. Channel Off Isolation

Vour

Figure 10. Bandwidth

Network Analyzer
Rs

VsEL GND T ViN Vs
— >l 4
= L GND . '
l Capacitance \

GND _@_ v Meter ! VsgL =0or Vpp

§RT GND Ry ouT I‘
GND GND F=iMAz 4
Rs and Ry are functions of the
application environment CROSSTALK =20 Log (Vout/ VIN)
(see AC/DC Tables).
Figure 12. Adjacent Channel Crosstalk Figure 13. Channel Off Capacitance
Network Analyzer
Capacitance

GND _@_
GND

R and C|_ are functions of the application
environment (see AC/DC Tables).
C_ includes test fixture and stray capacitance.

Vourl

Rs
Meter - N { GNDt WVS
F=1MHz VgeL =0orVpp T VseL l/ t GND
4%;1—
GND

Figure 14. Channel On Capacitance Figure 15. Total Harmonic Distortion (THD+N)
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MECHANICAL CASE OUTLINE ON Semiconductor®
PACKAGE DIMENSIONS

WLCSP12, 1.41x1.575x0.599
@ CASE 567WM
ISSUE O
DATE 31 MAY 2018

NOTES:

PIN 1 D B 1. DIMENSIONING AND TOLERANCING PER

REFERENCE\ ASME Y14.5M, 2009.
ng 2. CONTROLLING DIMENSION: MILLIMETERS
| 3. DATUM C APPLIES TO THE SPHERICAL CROWN

—--—-—i—-—--— E OF THE SOLDER BALLS
i MILLIMETERS
i DIM MIN. NOM. MAX.
TOP VIEW A 0.561 0.599 0.637

A1 0.174 0.194 0.214

DETAIL A T A2 | 0387 | 0405 | 0423
A2
1// f 0240 | 0.260 | 0.280
{ ) A 1.380

b
ShE D 1.410 1.440
1 E 1545 | 1.575 1.605
SEATING PLANE C DETAIL A e 0.40 BSC
SIDE VIEW X 0.290 | 0.305 | 0.320

y 0.1725 | 0.1875 | 0.2025

[ [Z0.00s@][C[A]B] B
IE A1 |—|

[]

| . ©0.215 COPPER PAD (BOTTOM)
ol ® D @ ® DO
dobd® o 80 &
s H0d O OO
A O Oed— © 00O
: 1 RECOMMENDED
1 Iz‘F 12Xb |, MOUNTING FOOTPRINT
~—(X) (NSMD PAD TYPE)
BOTTOM VIEW
DOCUMENT NUMBER: | 98AON92156G Pried veroons e unconoled excet when Samped CONTROLLED COPY" m1ed.
DESCRIPTION: | WLCSP12, 1.41x1.575x0.599 PAGE 1 OF 1
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ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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