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FAIRCHILD.

Features

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

"  Low Power Consumption: 30 pA Maximum

" Supports MHL Rev. 2.0

® MHL Data Rate: 4.0 Gbps

"  Audio Swing: -1.5 Vto +1.5 V (Typical)

" Vgus Powers Device with No Vcc

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

®  QOver-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
I/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

__|vCC
| y ~1Vaus
—— D
A +
\wl """ i
—wv
— D
Wy
v
A —O—— ID
Control
I — GND

current draw.

SEL1" SEL0" 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
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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 Veus Pin from Micro-USB Connector
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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
Vece, Veus | Supply Voltage -0.5 6.0 \
Ventre | DC Input Voltage (SEL[1:0])@ -0.5 Vee Y%
USB -0.5 6.0
MHL -0.5 6.0 %
Vsw DC Switch I/0 Voltage®
AUDIO 2.0 3
ID -0.5 6.0 Y%
lik DC Input Diode Current -50 mA
USB 60 mA
lout Switch DC Output Current (Continuous) MHL 60 mA
AUDIO 60 mA
. USB 150 mA
louteeax (SI;NuIIthdDact) " nfépéhfa?%ﬁc <u1r[)e°2tDuty Cycle) MHL o0 AL
AUDIO 150 mA
Tsta Storage Temperature -65 +150 °C
MSL Moisture Sensitivity Level: JEDEC J-STD-020A 1
Human Body Model, JEDEC: JESD22-A114 All Pins 35
ESD IEC 61000-4-2, Level 4, for D+/D- and Ve Pins® | Contact 8 "
IEC 61000-4-2, Level 4, for D+/D- and Vec 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.

DC Electrical Characteristics

4. The control inputs must be held HIGH or LOW; they must not float.

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

Symbol Parameter Min. Max. Unit
VBus Supply Voltage Running from Vgys Voltage 4.2 5.25 \
Vce Supply Voltage Running from Vcc 2.5 4.5 \

tramp(vaus) | Power Supply Slew Rate from Vays 100 1000 us/V

trampvccy) | Power Supply Slew Rate from Vcc 100 1000 us/V

Oua Thermal Resistance, Junction to Ambient 283 C°/W

Ouc Thermal Resistance, Junction to Case 145 C°/W
Ventrl | Control Input Voltage (SEL[1:0]) 0 45 Vv

Vswuss) | Switch I/O Voltage (USB and ID Switch Path) -0.5 3.6 \

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

Vswupy | Switch I/O Voltage (Audio Switch Path) -1.5 3.0 \Y

Ta Operating Temperature -40 +85 °C
Note:

N Vee |Ta=-40°Cto +85°C|
Symbol Parameter Condition ™ min T + Unit
in. |Typ.| Max.
Vik Clamp Diode Voltage IIn=-18 mA 25 -1.2 \
Control Input Voltage High 25to
Vi I SEL[:0] 450 | 10 v
Control Input Voltage Low 25to
Vi |sELig) 250 05 | v
Vsw(USB/MHL)=0 to 3.6 V,
Iy gg[t[r19'()']”p“t e Vew(AUD)=0 10 3.0 V, 45 | -05 05 | uA
: Ventri=0 to Vee
Off-State Leakage for Open Vsw=1.65 <MHL <3.45V
lozwHy | MHL Data Paths SEL[1:0]=Vcc 4.5 i 1w
Off-State Leakage for Open Vsw=0 <USB <3.6 V )
lozws) | ysB Data Paths SEL[1:0]=Vec g 08 _pHA
Off-State Leakage for Open ID |Vsw=0< ID<3.6V, _
lozio) | Data Paths SEL[:0]=Vec ad 1 oot
) Vsw=1.65< MHL <3.45V,
loL ) f,,”HLStg;iangtkggg for Closed | | _GND, SEL1=Vco, 45 | -0.75 0.75 | pA
Other Side of Switch Float
- Vsw=0< USB<3.6V
loLwss) Sggtgi;ggi‘ﬁjs forClosed | oF|11:01=GND, Other Side of | 45 | -0.75 0.75 | pA
Switch Float

Continued on the following page...
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DC Electrical Characteristics
All typical value are at Ta=25°C unless otherwise specified.
. Vee Ta=- 40°C to +85°C .
Symbol Parameter Condition N win T . Unit
in. |Typ.| Max.
® |Vsw=-1.5<R/L <15V
loauny | STStAte Leakage for Closed ™ | o) 1_GND, SELO-Vee, Other | 45 | -1.0 10 | pA
AUDIO Data Path , X
Side of Switch Float
On-State Leakage for Closed |Vsw=0< ID<3.6V, )
leLio) | |p Data Paths® SEL[1:0]=00, 01 or 10 45 | 1.0 101 WA
| Power-Off Leakage Current Vsw(USB/MHL)=0 to 3.6 V, 0 -1 1 A
OFF (All /O Ports) Vsw(AUD)=0 to 3.0 V, Figure 4 H
HS Switch On Resistance Vsw=0.4 V, lon=-8 mA,
Ronwss) | (sB to D Path) SEL{[1:0]=GND, Figure 5 2:5 391 65 ) 0
. . Vsw=Vcc-1050 mV,
RoniL) '(J'N?HSL"‘;SCS F?Qﬂf;es'“ance SEL0=GND, SEL1=Vcc, 25 5 o
lon=-8 mA, Figure 5
. , . Vsw=-1.5Vto1.5V,
Ronie fﬁ/‘ﬂ"},;"r‘:'f"h On Resistance | 5| 1-GND, SELO-Vce, 25 4 0
lon=-24 mA, Figure 5
R ID Switch On Resistance Vsw=3 V, lon=-8 mA, o5 12 0
ONID) | (ID_USB or CBUS to D Path) | SEL[1:0]=00, 01 or 10, Figure 5 :
. . Vsw=Vcc-1050 mV,
ARonwmsy | oo In flow Between | SE10-GND, SEL1=Ve, 25 0.03 o
9 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 LS Q
Difference in Ron Between Vsw=3V, lon=-8 mA,
ARonmo) | |p JSB and CBUS SEL[1:0]=00, 01 or 10, Figure 5 | 2 La Q
Vsw=1.65103.45V,
RonFvHyy | Flatness for Ron MHL Path SELO=GND, SEL1=Vcg, 2.5 1 Q
lon=-8 mA, Figure 5
Vsw=-1.5Vt0o1.5V,
RONFA(AUD|0) Flatness for Ron Audio Path SEL1=GND, SEL0=Vcc, 2.5 0.1 Q
lon=-24 mA, Figure 5
RsH Shunt Resistance 3.6 125 | 200 Q
lcc Quiescent Current Ventre=0 or 4.5 V, lout=0 4.5 30 pA
o Delta Increase in Quiescent | Vontri=1.65V, loyr=0 4.5 18 uA
T Current per Control Pin VenTri=2.5 V, lour=0 45 10
Note:
5. For this test, the data switch is closed with the respective switch pin floating.
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AC Electrical Characteristics

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

Ta=-40°C to +85°C

Symbol Parameter Condition Vee (V) - Unit
Min. | Typ. | Max.
i ) R.=50 Q, C.=5pF, Vswuse=0.8 V,
tonuss ggll_g[;n(;ﬁOOCr)]u?nJ? VswmHL=3.3 V, Vswaup=1.5V, 251t03.6 445 600 ns
) P Figure 6, Figure 7
i . R.=50 Q, C.=5 pF, Vswusg)=0.8 V,
torruss ggaf l(J)Eq Off IS, Vw33 V, Vwaun=1.5 V, 251036 445 | 600 | ns
) P Figure 6, Figure 7
. ) R.=50 Q, C =5 pF, Vswusg)=0.8 V,
fonAUD éﬁﬂﬂqoﬁ‘é”o?t” M8 V=33 V, Vswiaun=15 V, 251036 445 | 600 | ns
Y P Figure 6, Figure 7
) ) R.=50 Q, C.=5 pF, Vswusg=0.8 V,
torrauD églli)[l‘loo-]rl;omong Itlme’ VSW(MHL)=3-3 Vv, VSW(AUD)=1 S5V, 25103.6 445 600 ns
) P Figure 6, Figure 7
) . R.=50 Q, C.=5 pF, Vswusg=0.8 V,
toNMHL “SAEII_[JBE?OOOHUIIHJ?, VSW(MHL)=3V; VSW(AUD)=1 5 V, 2510 3.6 445 600 ns
) P Figure 6, Figure 7
) . R.=50 Q, C.=5 pF, Vswusg=0.8 V,
toFFMHL l\Sllllf_ill_[‘ngﬁoooﬁu-![-lrSte, VswmHy=3.3 V, Vswaup=1.5V, 25103.6 445 600 ns
) P Figure 6, Figure 7
to | Propagation Delay®® IC=;iLg=u5repg, B, FEN 251036 0.25 ns
) ) ®) R.=50 Q, C.=5 pF, Vaup=1.5V,
teem | Break-Before-Make V=33 V, Vuss=0.8 V, Figure 9 2510 3.6 350 ns
=1 Vpkpk, RL=50 Q, =240 MHz,
OIRRMHL) \F/iZ]ure ;’kopk’ 1=50 Q, z 251t03.6 -41 dB
Off Isolation® TR—————
OiRrR(USB) f=82_40 Mmz pll;ipgl]ﬁureL;O ’ 25t03.6 -38 dB
Xtalkni \F/iz=u1rev e RL=80 Q. =240MHz, | 5 51036 -37 dB
Non-Adjacent Channel | Vs=400 mVpkpk, Ri=50 Q, )
Xtalkuss | orosstalk® =240 MHz, Figure 11 251036 £ dB
Xtalkauo ¥%=u1r201'1“VRMS’ Ri=320,1220kHz, | 554636 70 dB
Total Harmonic Rr=32 Q, Vsw=2 Vpkpk, f=20 Hz to o
THD | pistortion 20 kHz, Vgias=0 V 25 COE %o
Vin=1 Vpkpk, Common Mode
Voltage=Vcc - 1.1 V, MHL Path, 2.0
R.=50 Q, C =0 pF, Figure 12 GH
i ial - z
BW ggﬁ’]ﬂﬁgfﬁ{s‘?”t'a' 3db [\ —400 MVpep Common Mode | 2510 3.6
Voltage=0.2 V, USB Path, 2.0
R.=50 Q, C.=0 pF, Figure 12
AUDIO Path, R.=50 Q, C.=0p F 50 MHz
Note:

6. Guaranteed by characterization.
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USB High-Speed 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 '
t5KP) | aame omSEt(” CL=5 pF, Ri=50 Q, Figure 13 301036 | 3 ps
L (7) R.=50 Q, C =5 pF, tr=tr=500 ps
ty Total Jitter (10-90%) at 480 Mbps, PN7 3.0t0 3.6 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
ts<P) | Same omSSt(B) Reu=50 Q to Voo, CL=0 pF 301036 | 3 ps
@ f=2.25 Gbps, PN7, Rpy=50 Q to
ty Total Jitter Veo, Ci=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® Vee=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
Conrty | MHL Path On Capacitance'® Vce=3.3 V, f=240 MHz, Figure 14 6.0
Corrvn) | MHL Path Off Capacitance® Vce=3.3 V, f=240 MHz, Figure 15 25 pF
Conaup) | Audio Path On Capacitance' Vce=3.3 V, f=1 MHz, Figure 14 10
Corraup) |Audio Path Off Capacitance'® Vce=3.3 V, f=1 MHz, Figure 15 25
Congp) | ID Path On Capacitance® Vce=3.3 V, f =1 MHz, Figure 14 3.5
Corripy | ID Path Off Capacitance® Vee=3.3 V, f =1 MHz, Figure 15 1.5
Note:

9. Guaranteed by characterization.
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Test Diagrams
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Figure 6. AC Test Circuit Load

Note:

10. HSD, refers to the high-speed data USB or MHL paths.
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Figure 8. Propagation Delay (trtr — 500ps)
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Test Diagrams
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environment (see AC Tables for specific values)
C_ includes test fixture and stray capacitance
Figure 9. Break-Before-Make Interval Timing
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Figure 10. Channel Off Isolation (SDD21)
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Vs, Rs and Ry are functions of the application environment (see AC/DC Tables for values).
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VS, RS and RT are functions of the application environment (see AC/DC Tables for values).

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

© 2012 Fairchild Semiconductor Corporation
FSA3230 « Rev. 1.0.2

10

www.fairchildsemi.com

olpny Buimg aAneBaN ym ysHMS (. THIN) YUl uoniuaa-ybiH alIqo/Youms 0'zasn paads-ubiH — 0£ZevSd



Test Diagrams
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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.

Sums 4 Wosjinlyss 3 bk Sate

4§ 2.180000000 GHz

Figure 17. USB Path SDD21 Insertion Loss Curve

Typical Applications

Figure 18 shows the FSA3230 utilizing the Vpus 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, Ve is selected as the power
source and Vpys is ignored (see Table 2).

Vear

Baseband or
Application Vee  Veus
Processor

To USB Battery
Charging Block

Veus

ID_USB
R R
L
L D+ D+
HDMI to MHL o &
to MHL. D
Bridge ad MHL+ ID —snD

MicroUSB
Connector

MHL- MHL- GND
<\:‘/‘\ CBUS ———  sel0 Selt
SEL[0] L seun
3m % M
GND

Figure 18. Application Using VBTUS
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s o2
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R R
L
L D+ D+
HDMI 1o MHL o [l)[;
o MHL.
Bridge 2 MHL+ D —G&ND
MHL- MHL- GND
CBUS Seld Sell MicroUSB
‘ Connector

SEL[0]
3M
GND

Figure 19. “Self-Powered” Application Using Vear

Table 2. Switch Power Selection Truth Table
Vee Veus Switch Power Source
0 0 No Switch Power, Switch Paths High Z
0 1 VBus
1 0 Vee
1 1 Ve
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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

© 2012 Fairchild Semiconductor Corporation
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