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FAIRCHILD.

Features

Low On Capacitance: 6 pF / 6 pF MHL / USB
(Typical)

Low Power Consumption: 30 ygA Maximum
Supports MHL Rev. 2.0

MHL Data Rate: 4.0 Gbps

Audio Swing: -1.5 V to +1.5 V (Typical)

Vaus Powers Device with No Vcc

Packaged in 16-Lead UMLP (1.8 x 2.6 mm)

Over-Voltage Tolerance (OVT) on all USB Ports,
Up to 5.25 V without External Components

Applications

Cell Phones and Digital Cameras

August 20144

FSA3230 — High-Speed USB2.0 / Mobile High-
Definition Link (MHL™) with Negative Swing Audio

Description

The FSA3230 is a bi-directional, low-power, high-speed,
3:1, USB2.0, MHL™ and audio switch. Configured as a
double-pole, triple-throw (DP3T) switch, it is optimized
for switching between high- or full-speed USB, Mobile
High-Definition Link sources (per MHL Rev. 2.0
specification) and negative swing capable audio. A
Single-Pole, Double-Throw (SPDT) switch is provided
for ID. This ID switch provides path to support On-The-
Go (OTG) communication for the USB Path OR CBUS
for the MHL Path.

The FSA3230 contains special circuitry on the switch
/O pins, for applications where the Vcc supply is
powered off (Vcc=0), that allows the device to withstand
an over-voltage condition. This switch is designed to
minimize current consumption even when the control
voltage applied to the control pins is lower than the
supply voltage (Vcc). This is especially valuable in
mobile applications, such as cell phones; allowing direct
interface with the general-purpose 1/Os of the baseband
processor. Other applications include switching and
connector sharing in portable cell phones, digital
cameras, and notebook computers.

Ordering Information

Part Number

Top Mark | Operating Temperature Range

Package

FSA3230UMX LK

-40 to +85°C

16-Lead, Ultrathin Molded Leadless Package
(UMLP), 1.8 x 2.6 mm

© 2012 Fairchild Semiconductor Corporation
FSA3230 « Rev. 1.0.2
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Analog Symbol

USBD+
MHL+

USBD-
MHL-

CBUS

ID_USB

Sell
Sel0

Figure 1. Analog Symbol

Table 1. Data Switch Select Truth Table

__lvcec
~1Veus
1 D+
— Ip-
—O—— ID
Control
| — GND

current draw.

SEL1? SELOW Shunt Function
0 0 Enable D+/D- connected to USB+/USB-; ID connected to ID_USB
0 1 Disable D+/D- connected to R/L; ID connected to ID_USB
1 0 Enable D+/D- connected to MHL+/MHL; ID connected to CBUS
1 1 Enable D+/D- high impedance; ID Hi-Z
Note:

1. Control inputs should never be left floating or unconnected. To guarantee default switch closure to the USB
position, the SEL[0:1] pins should be tied to GND with a weak pull-down resistor (3 MQ) to minimize static

© 2012 Fairchild Semiconductor Corporation
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Pin Configuration
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Figure 2. Pin Assignments Figure 3. Top Through View
Pin Definitions
Pin Name Description
1 Vee Vee Supply
2 SELO Control Pin
3 SEL1 Control Pin
4 USB+ USB Differential Data (Positive)
5 USB- USB Differential Data (Negative)
6 R Audio R (Negative Swing)
7 L Audio L (Negative Swing)
8 ID_USB ID for USB Host
9 CBUS CBUS for MHL Host
10 MHL+ MHL Differential Data (Positive)
11 MHL- MHL Differential Data (Negative)
12 GND Ground
13 ID Common Data Path for ID
14 D- Common Data Path D-
15 D+ Common Data Path D+
16 VBus Vgus Pin from Micro-USB Connector

© 2012 Fairchild Semiconductor Corporation
FSA3230 « Rev. 1.0.2
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
Vee, Veus | Supply Voltage -0.5 6.0 \
Ventre | DC Input Voltage (SEL[1:0])® -0.5 Veo v
uSB -0.5 6.0
Vsw  |DC Switch I/0 Voltage® ML 05 00 v
AUDIO -2.0 3
ID -0.5 6.0 \%
lik DC Input Diode Current -50 mA
uSsB 60 mA
lout Switch DC Output Current (Continuous) MHL 60 mA
AUDIO 60 mA
. USB 150 mA
lourrenc | (Buised at dms buration, <10% Duty Cycie) MHL 150 | mA
AUDIO 150 mA
Tste Storage Temperature -65 +150 °C
MSL Moisture Sensitivity Level: JEDEC J-STD-020A 1
Human Body Model, JEDEC: JESD22-A114 All Pins 35
cop  ||EC 61000-4-2, Level 4, for D+/D- and Vcc Pins® | Contact 8 "
IEC 61000-4-2, Level 4, for D+/D- and Ve Pins® | Air 15
Charged Device Model, JESD22-C101 2
Notes:

2. The input and output negative ratings may be exceeded if the input and output diode current ratings are observed.
Vsw refers to analog data switch paths (USB, MHL, and audio).
3. Testing performed in a system environment using TVS diodes.
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Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameter Min. Max. Unit
Vsus Supply Voltage Running from Vgus Voltage 4.2 5.25 \%
Vce Supply Voltage Running from Vcc 25 45 \%

trampeveus) | Power Supply Slew Rate from Veus 100 1000 us/vV

trampevcc) | Power Supply Slew Rate from Ve 100 1000 us/vV

O3a Thermal Resistance, Junction to Ambient 283 C°W

Osc Thermal Resistance, Junction to Case 145 C°wW
Ventre | Control Input Voltage (SEL[1:0]) 0 45 Y,

VswusB) Switch 1/0 Voltage (USB and ID Switch Path) -0.5 3.6 \Y,

Vsw(MHL) Switch 1/0 Voltage (MHL Switch Path) 1.65 3.45 \%

Vsw(aup) Switch 1/0 Voltage (Audio Switch Path) -1.5 3.0 \%

Ta Operating Temperature -40 +85 °C
Note:
4. The control inputs must be held HIGH or LOW; they must not float.
DC Electrical Characteristics
All typical value are at Ta=25°C unless otherwise specified.
o Vee Ta=-40°C to +85°C )
Symbol Parameter Condition Vv - Unit
V) Min. | Typ.| Max.
Vik Clamp Diode Voltage IIN=-18 mA 25 -1.2 \%
Control Input Voltage High 25to
Vi SEL[1:0] 4.50 el v
Control Input Voltage Low 25to
Vi SEL[1:0] 4.50 05° v
Vsw(USB/MHL)=0 to 3.6 V,
I Crentval Iman ezl Vsw(AUD)=0 to 3.0 V, 45 | -05 05 | pA
SEL[1:0] —
Ventri=0 to Vee
Off-State Leakage for Open Vsw=1.65 <MHL <3.45V )
loztH) | MHL Data Paths SEL[1:0]=Vcc 4.5 1 o e
Off-State Leakage for Open Vsw=0<USB<3.6V )
lozuse) | s Data Paths SEL[1:0]=Vec o Rl
Off-State Leakage for Open ID |Vsyw=0< ID<3.6V, )
loza) | pata Paths SEL[1:0]=Vce o 1 L
) Vsw=1.65< MHL <3.45V,
leLury) ,(\DAEFS;%LS?L‘S:%S for Closed | g\ 0=GND, SEL1=Vce, 45 | 075 0.75 | pA
Other Side of Switch Float
- Vsw=0< USB<3.6V
leLuse | O State Leakage for Closed | o 1. 51-GND. Other Side of 45 | -0.75 0.75 | pA
USB Data Paths .
Switch Float

Continued on the following page...

© 2012 Fairchild Semiconductor Corporation
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DC Electrical Characteristics

All typical value are at Ta=25°C unless otherwise specified.

5. For this test, the data switch is closed with the respective switch pin floating.

o Vee Ta=-40°C to +85°C )
Symbol Parameter Condition Y - Unit
(V) Min. |Typ.| Max.
) 6 |Vsw=-1.5<R/L <15V
ey | On-State Leakage for Closed™ | oo/ ) - SNp SE[ 0=viee, Other | 45 | -1.0 10 | pA
AUDIO Data Path . -
Side of Switch Float
On-State Leakage for Closed |Vsyw=0< ID<3.6V,
lewo) | |p Data Paths® SEL[1:0]=00, 01 or 10 4.5 1.0 1.0 | wA
| Power-Off Leakage Current Vsw(USB/MHL)=0to 3.6 V, 0 1 1 A
OFF (All 1/O Ports) Vsw(AUD)=0 to 3.0 V, Figure 4 H
HS Switch On Resistance Vsw=0.4V, lon=-8 mA,
Ronwse) | (ysB to D Path) SEL[1:0]=GND, Figure 5 2.5 89165 0
. . Vsw=Vcc-1050 mV,
RongaHy) HS Switch On Resistance SELO=GND, SEL1=Vce, 25 5 0
(MHL to D Path) _ ]
lon=-8 mA, Figure 5
. . . VSW:-l.S Vtol5 V,
Ron(audio) ?;ﬁ_'%it‘ﬁ')mh OnResistance | gg| 1=GND, SELO=Vce, 25 4 0
lon=-24 mA, Figure 5
R ID Switch On Resistance Vsw=3V, lon=-8 mA, o5 12 o
ONID) | (1D_USB or CBUS to D Path) | SEL[1:0]=00, 01 or 10, Figure 5 '
. . Vsw=Vcc-1050 mV
Difference in Ron Between !
ARON(MHL) PR - SELOZGND, SEL].:VC(;, 25 0.03 Q
MHL Positive-Negative lon=-8 MA, Figure 5
Difference in Ron Between Vsw=0.4 V, lon=-8 mA,
ARonwss) | ysB positive-Negative SEL[1:0]=GND, Figure 5 25 ks Q
Difference in Ron Between Vsw=3V, lon=-8 mA,
ARonwD) |15 SB and CBUS SEL[1:0]=00, 01 or 10, Figure 5 | 2 o Q
Vsw=1.65103.45V,
RonrvHy | Flatness for Ron MHL Path SELO=GND, SEL1=Vcc, 2.5 1 Q
lon=-8 mA, Figure 5
Vsw=-1.5Vtol5YV,
RONFA(AUDIO) Flatness for Ron Audio Path SELlZGND, SELOZVcc, 2.5 0.1 Q
lon=-24 mA, Figure 5
Rsn Shunt Resistance 3.6 125 | 200 Q
lcc Quiescent Current Ventre=0 or 4.5V, loyt=0 45 30 HA
| Delta Increase in Quiescent | Ventri=1.65 'V, lour=0 4.5 18 A
cet Current per Control Pin Ventri=2.5 V. lour=0 45 10 | M
Note:

© 2012 Fairchild Semiconductor Corporation
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AC Electrical Characteristics
All typical value are at TA=25°C unless otherwise specified.
o Ta=-40°C to +85°C )
Symbol Parameter Condition Vee (V) - Unit
Min. | Typ. | Max.
. R =50 Q, CL:5pF, sz(USB)ZO.S V,
USB Turn-On Time, ” =
tonuse SEL[1:0] to Output VswmHy=3.3 V, Vsw(aup)=1.5 V, 2510 3.6 445 | 600 ns
Figure 6, Figure 7
. R =50 Q, CL:5 pF, sz(USB):O.S V,
USB Turn-Off Time,
torrFuse SEL[1:0] to Output V_SW(MHL):3-_3 V, Vswpaupy=1.5 V, 2510 3.6 445 600 ns
Figure 6, Figure 7
) . RLZSO Q, CL:5 pF, sz(USB):O.S V,
tonauD AUDIO_ TUm-on Time, VswmHy=3.3 V, Vswpaup=1.5V, 2510 3.6 445 600 ns
SEL[1:0] to Output ; "
Figure 6, Figure 7
_ . R.=50 Q, C.=5 pF, VSW(USB)ZO.S V,
torFAUD égl'_)['l(?o]“t’é“og{f It'me' Vewn=3.3 V, Vawaun=L5 V, 25103.6 445 | 600 | ns
’ P Figure 6, Figure 7
B q R, =50 Q, CL:5 pF, VSW(USB)ZO.S V,
fonmHL '\S/';f[lT g]rrgoo(;‘u?rﬂte’ Vewan=3V, Vewaun=1.5 V, 25103.6 445 | 600 | ns
’ P Figure 6, Figure 7
_ . R.=50 Q, C,=5 pF, VSW(USB)ZO.S V,
T— '\S/';f[lT g]rrgoogu?rﬂte’ Vewan=3.3 V, Vawauo=L.5 V, 25103.6 445 | 600 | ns
’ P Figure 6, Figure 7
. ®) C.=5 pF, R.=50 Q, Figure 6,
tep Propagation Delay Figure 8 251t03.6 0.25 ns
_ _ 6) R.=50 Q, C.=5 pF, Vaup=1.5V,
teBM Break-Before-Make V=33 V, Vuss=0.8 V/, Figure 9 251t03.6 350 ns
O \|:/‘S:1 Vpk-pks RL1=50 Q, =240 MHz, 25103.6 a1 dB
) igure 10
Off Isolation Vez200 mY e
s= MVpk-pk, RL= , _
Oirr(USB) f=240 MHz, Figure 10 2510 3.6 38 dB
Vs=1 Vpkpk, RL=50 Q, =240 MHz, i
Xtalkmne Figure 11 251t03.6 37 dB
Non-Adjacent Channel | Vs=400 mVpi-pk, RLi=50 Q, i
Xtalkuss | ¢y o5stalk® =240 MHz, Figure 11 251036 & dB
Vs=100 mVrus, Ri1=32 Q, =20 kHz,
Xtalkaup Figure 11 25t03.6 -70 dB
Total Harmonic R=32 Q, Vsw=2 Vpkpk, =20 Hz to 0
THD Distortion 20 kHz, Vgias=0 V 2.5 0.03 %
Vin=1 Vpk-pk, Common Mode
Voltage=Vcc - 1.1 V, MHL Path, 2.0
R.=50 Q, C, =0 pF, Figure 12 »
. -~ L
BW g;ﬁﬁg{ﬁ{g ntial -3db Ty, —400 MVpk-pk, COmmon Mode 2510 3.6
Voltage=0.2 V, USB Path, 2.0
R.=50 Q, C.=0 pF, Figure 12
AUDIO Path, Ri=50 Q, C,=0p F 50 MHz
Note:
6. Guaranteed by characterization.

© 2012 Fairchild Semiconductor Corporation
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USB High-Speed AC Electrical Characteristics

All typical value are at TA=25°C unless otherwise specified.

9. Guaranteed by characterization.

Symbol Parameter Condition Vee (V) | Typ. | Unit
Skew of Opposite Transitions of the .
tsk(P) Same Outglﬁ)t(" C.=5 pF, R.=50 Q, Figure 13 3.0t0 3.6 3 ps
. 7 R.=50 Q, C.=5 pF, tr=tr=500 ps
t Total Jitter (10-90%) at 480 Mbps, PN7 3.0t03.6 15 ps
Note:
7. Guaranteed by characterization.
MHL AC Electrical Characteristics
All typical value are at Ta=25°C unless otherwise specified.
Symbol Parameter Condition Vee (V) | Typ. | Unit
Skew of Opposite Transitions of the
tsk®) | aame omé’ﬁ’t@ Reu=50 Q to Ve, CL=0 pF 301036 | 3 ps
L ® f=2.25 Ghps, PN7, Rpy=50 Q to
ty Total Jitter Vee, CL=0 pF 3.0t0 3.6 26 ps
Note:
8. Guaranteed by characterization.
Capacitance
All typical value are at Ta=25°C unless otherwise specified.
Symbol Parameter Condition Typ. Unit
Cin Control Pin Input Capacitance(g) Vce=0V, f=1 MHz 15
Conwss) |USB Path On Capacitance Vce=3.3 V, =240 MHz, Figure 14 6.0
Corruss) | USB Path Off Capacitance Vce=3.3 V, =240 MHz, Figure 15 25
Convrty | MHL Path On Capacitance® Vce=3.3 V, =240 MHz, Figure 14 6.0
Corrvny | MHL Path Off Capacitance Vce=3.3 V, =240 MHz, Figure 15 25 pF
Coneaup) | Audio Path On Capacitance(g) Vcc=3.3 V, f=1 MHz, Figure 14 10
Corraup) |Audio Path Off Capacitance®® Vce=3.3 V, f=1 MHz, Figure 15 2.5
Congp) | ID Path On Capacitance® Vce=3.3 V, f =1 MHz, Figure 14 35
Corrp) | ID Path Off Capacitance®® Vce=3.3 V, f =1 MHz, Figure 15 1.5
Note:

© 2012 Fairchild Semiconductor Corporation
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Test Diagrams
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**Each switch port is tested separately

Figure 4. Off Leakage
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environment (see AC Tables for specific values)

Figure 6. AC Test Circuit Load
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Figure 8. Propagation Delay (trtr — 500pSs)

10. HSD, refers to the high-speed data USB or MHL paths.

Von
HSD,
or R/L
L [ X D [
J_— Vsw : I
1
ION
V GND i Select l
.<} elec OND
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Figure 5. On Resistance
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Test Diagrams

trise= 2.5Nns

Vs, Rs and Ry are functions of the application environment (see AC/DC Tables for values).
Off Isolation = 20 Log (Vout - Vin)

Figure 10. Channel Off Isolation (SDD21)

Rs Source TVIN Aggressor ‘
Vs T ) 4B
Measure | |Vour Victim ’\
Rr \\O D+
- A f 500
Control b
Re _Source TV\N Aggressor
Vs v
Measure TVOUT Victim : |
Rr ! D-
| A f 500

Off Isolation = 20 Log (VOUT - VIN)

Figure 11. Non-Adjacent Channel-to-Channel Crosstalk (SDD21)

Vee -----fF--
HSD;,
Dn Input -
——ELSWJ_ A Vsel
I I c Vout ov.
GND Dy L RL Vour
GND
GND 0.9*Vout 0.9*Vout
Rs
Vsel
GND RL,Rg and C, are function of application
environment (see AC Tables for specific values)
C.includes test fixture and stray capacitance
Figure 9. Break-Before-Make Interval Timing
Rs TVIN Aggressor ‘
stw v
’ o~ D+ Victim
SOQ% —~O
‘*A RTT
L Vour
VNA Control VNA
Source T P Return
R VIN
s Aggressor
Vs v‘
&y D- Victim
50Q
§ liA RTT
L VOUT

VS, RS and RT are functions of the application environment (see AC/DC Tables for values).
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Test Diagrams
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Vs, Rs and Ry are functions of the application environment (see AC/DC Tables for values).

Figure 12. Insertion Loss (SDD21)

trise= 500ps tral = 500ps
—» —» |—
+400mV-
90% 90%
/ ov
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-400mV.
Output
— —  — |

topL toLy

Figure 13. Intra-Pair Skew Test tskp)
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Functional Description

Insertion Loss

One of the key factors for using the FSA3230 in mobile
digital video applications is the small amount of insertion
loss experienced by the received signal as it passes
through the switch. This results in minimal degradation
of the received eye. One of the ways to measure the
quality of the high data rate channels is using balanced
ports and four-port differential S-parameter analysis,
particularly SDD21.

Bandwidth is measured using the S-parameter SDD21
methodology.

3Stmas 4 Malinsrss 5 Febr Sate

2.000000000 GHz

Figure 16. MHL Path SDD21 Insertion Loss Curve

ESD71C Netwark.
3Stmas 4 Malinsrss 5 Febr Sate

2.180000000 GHz

2012-10-18 11:19)

Figure 17. USB Path SDD21 Insertion Loss Curve

Typical Applications

Figure 18 shows the FSA3230 utilizing the Vgus from
the micro-USB connection. The 3 MQ resistors are used

to ensure, for manufacturing test via the micro-USB
connector, that the FSA3230 configures for connectivity
to the baseband or application processor. Figure 19
shows the configuration for the FSA3230 “self powered”
by battery only.

Switch Power Operation

In normal operation, the FSA3230 is powered from the
Vce pin, which typically is derived from a regulated
power management device. In special circumstances,
such as production test or system firmware upgrade, the
device can be powered from the Vgys pin. If both Vcc
and Vgus pins are present, Vcc is selected as the power
source and Vgus is ignored (see Table 2).
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Baseband or To USB Battery
Application Vee  Veus Charging Block
Processor USB_D+ USB+

USB_D- = Vi
ID_USB ID_USB
R R
L
L D+ Diy
HDMI to MHL b —
to MHL+ D
Bridge MHL+ D &N
MHL- MHL- GND
CBUS Sel0 Sell MicroUSB
Connector

SEL[0] 4% ‘ SEL[1]
3M % 3Mm

Figure 18. Application Using VBLJS
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Figure 19. “Self-Powered” Application Using Vsar

Table 2.  Switch Power Selection Truth Table
Vee VBus Switch Power Source
0 0 No Switch Power, Switch Paths High Z
0 1 VBus
1 0 Vee
1 1 Vee
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Description Nominal Values for MKT-UMLP16A Rev5 (mm)
Overall Height 0.50
Package Standoff 0.012
Lead Thickness 0.15
Lead Width 0.20
Lead Length 0.40
Lead Pitch 0.40

Body Length (Y)

Min: 2.50, Nom: 2.60, Max: 2.70

Body Width (X)

Min: 1.70, Nom: 1.80, Max: 1.90
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