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ON Semiconductor®

Features

(Typical)
®  Low Pow er Consumption: 30pA Maximum
®  Supports MHL Rev. 2.0
® MHL Data Rate: 4.68 Gbps
®  VpysPowers Device withNo Vcc
®  Packaged in 16-Lead UMLP (1.8 x 2.6 mm)

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

Applications

®  Cell Phones and Digital Cameras

®  Low On Capacitance: 2.7 pF /3.1 pF MHL / USB

FSA3200 —Two-Port, High-Speed USB2.0 Switch with
Mobile High-Definition Link (MHL™)

Description

The FSA3200 is a bi-directional, low -pow er, tw o-port,
high-speed, USB2.0 and video data switch. Configured
as a double-pole, double-throw (DPDT) switch for data
and a single-pole, double-throw (SPDT) switch for ID; it
is optimized for switching between high- or full-speed
USB and Mobile Digital Video sources (MDV), including
supporting the MHL™ Rev. 2.0 specification.

The FSA3200 contains special circuitry on the switch
VO pins, for applications where the Vcc supply is
pow ered off (Vcc=0), that allow s the device to w ithstand
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 feature is especially valuable
to mobile applications, such as cell phones, allowing
direct interface with the general-purpose IOs of the
baseband processor. Other applications include
switching and connector sharing in portable cell phones,
digital cameras, and notebook computers.

Ordering Information

Figure 1. Analog Symbol

All trademarks are the property of their respective owners.

Part Number | Top Mark | Operating Temperature Range Package
} o 16-Lead, Ultrathin Molded Leadless Package
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Switch Power Operation

In normal operation, the FSA3200 is pow ered from the
Vce pin, which typically is derived from a regulated
power management device. In special circumstances,
such as production test or system firmw are upgrade, the
device can be pow ered from the Vgus pin. In this mode
of operation, a valid Vgus voltage is present (per USB2.0
specification) and Vcc=0 V, typically due to a no-battery
condition. With the SELn pins strapped LOW (via
external resistor), the FSA3200 closes the USB path,
enabling the initial programming of the system directly
from the USB connector. Once the system has normal

Vius Vee

operating supply power with Vcc present, the Vsus
supply is not utlized and normal switch operation
commences. Optionally, the Power Select Override
(PSO) pin can be set HIGH to force the device to be
pow ered from Vpuys.

The Vgus / Vcc detection capability is not intended to be
an accurate determination of the voltages present,
rather a state condition detection to determine w hich
supply should be used. These state determinations rely
on the voltage conditions as described in the Bectrical
Characterization tables below .

PSO

Charge Pump

Switch
Power
Selection

!

& Regulator

Switch
Power
Source

—
Switch

Power

Figure 2. Simplified Logic of Switch Power Selection Circuit

Table 1. Switch Power Selection Truth Table

Vee Veus Pso" Switch Power Source
0 0 0 No sw itch pow er, switch paths high-Z
0 1 0 VBus
1 0 0 Vce
1 1 0 Vce
0 0 1 No switch pow er, switch paths high-Z
0 1 1 VBus
1 0 1 Vec'

1 1 1 VBus

Notes:

1. Control inputs should never be left floating or unconnected. If the PSO function is used, a w eakpull-up resistor
(83 MQ) should be used to minimize static current draw . If the PSO function is not used, tie directly to GND.
2. PSO control is overridden withno Veusand the pow er selection is switchedto Vcc.

Table 2. Data Switch Select Truth Table

SEL1® SEL2®

Function

0 0

D+/D- connected to USB+/USB-,

IDco connected to IDyss

D+/D- connected to USB+/USB-,

IDcom connected to IDvpv

D+/D- connected to MDV+/MDV-, IDcom connected to IDuss

0 1
1 0
1 1

D+/D- connected to MDV+/MDV-, IDcom connected to IDvpy

Note:

3. Control inputs should never be left floating or unconnected. To guarantee default switch closure to the USB
position, the SEL pins should be tied to GND w ith a w eak pull- dow n resistor (3 MQ) to minimize static currentdraw .

Www.onsemicom

2

(W THIN) ur uomuyag-ybiH ajiqoy yum youms 0'zasn peads-ybiH ‘11od-oml — 002EVSAH



Pin Configuration

Pin Definitions

|
=
=

GND

D+

PSO

o
I ©w N -
SEL1| o uuu = | Veo
8
z
)
<

Figure 3. Pin Assignments (Top-Through View)

Pin# Name Description
1 GND Ground
2 D+ Data Switch Output (Positive)
3 D- Data Switch Output (Negative)
4 PSO Pow er Select Override
5 SELA1 Data Switch Select
6 USB- USB Differential Data (Negative)
7 USB+ USB Differential Data (Positive)
8 GND Ground
9 SEL2 ID Switch Select
10 MDV - MDV Differential Data (Negative)
11 MDV + MDV Differential Data (Positive)
12 IDuss ID Switch MUX Output for USB
13 IDmbv ID Switch MUX Output for MDV
14 IDcom ID Switch Common
15 VBus Device Pow er whenVcc Not Available
16 Vee Device Pow er from System”
Note:

4. Device automatically

switches from Vsusw henvalid Vcc minimum voltage is present.
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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
Ve, Veus | Supply Voltage -0.5 55 \%
VentrL | DC Input Voltage (SELn, PSO)® 0.5 Ve Vv
vew®  [DC Switch VO Voltage® -0.50 5.25 Vv
Ik DC Input Diode Current -50 mA
lout DC Output Current 100 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
IEC 61000-4-2, Level 4, for D+/D- and Vcc Pins'” Contact 8.0
=P e 61000-4-2, Level 4, for D+/D- and Vcc Pins'” Air 15.0 <
Charged Device Model, JESD22-C101 2.0
Notes:

5. The input and output negative ratings may be exceeded if the input and output diode currentratings are observed.
6. Vswrefersto analog data switch paths (USB, MDV, and D).

7. Testing

performed in a systemenvironment using TVS diodes.

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. ON Semiconductor
does not recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameter Min. Max. Unit
VBus Supply Voltage Running from Vgys Voltage 4.20 5.25 \"
Vce Supply Voltage Running fromVcc 2.7 45 \

tramp(veus) | Pow er Supply Slew Rate from Vsus 100 1000 us/V

tramp(vcc) | Power Supply Slew Rate from Ve 100 1000 us/V
Osn Thermal Resistance 336 Co/wW
VentRL | Control Input Voltage (SELn, PSO)® 0 4.5
Vswuse) | Switch /O Voltage (USB and ID Switch Paths) -0.5 3.6
Vswimpy) | Switch /O Voltage (MDV Switch Path) 1.65 3.45
Ta Operating Temperature -40 +85 °C
Note:

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

Www.onsemicom
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DC Electrical Characteristics

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

Ta=- 40°C to +85°C

Symbol Parameter Condition Vee (V) - Unit
Min. | Typ. | Max.
Vik Clamp Diode Voltage IN=-18 mA 2.7 -1.2 \Y
ViH Control Input Voltage High SELn, PSO 271043 | 1.25 \"
ViL Control Input Voltage Low SELn, PSO 271043 0.6 \
IN Control Input Leakage xi\’h\l’:g:otg ?(;61\/9’8 Vv 4.3 -1 1 LA
Off-State Leakage for Open Vsw=1.65 V < MDV
loz(mpv) MDV Data Paths <345V 4.3 -1 1 WA
loz(uss) 82585‘5;32;196 forOpen |y w0 V< USB <36 V 43 . 1 LA
loz(iD) CD);ft;S?;tehLeakage forOpen D1y, 0v< D<36V 43 05 05 | pA
On-State Leakage for Closed |[Vsw=1.65V < MDV
lcLmbv) MDV Data Pathg(g) <ZW45 Vv 4.3 -1 1 HA
leLuss) SQEStS;?angﬁ% forClosed |\ (-0 V< USB <3.6 V 43 1 1 LA
oy | S-Stafg eakage for Vsw=0 V< D<36 V 43 | -05 05 | pA
loFF (PX}{"V%'CF’,E”L;;"""E‘QQ Current |\ (=0 V or 3.6 V, Figure 5 0 . 1 WA
HS Switch On Resistance Vsw=0.4 V, lon=-8 mA
Ron(use) | (JsB to D Path) Figure 4 2.7 39 | 65 | 0
Ro HS Switch On Resistance Vsw=Vcc-1050mV, 57 5
N(MDV) | (MDV to D Path) lon=-8mA, Figure 4 : Q
LS Switch On Resistance Vsw=3V, lon=-8mA
RoND) | (1D Path) Figure 4 2.7 12 Q
Difference in Ron Betw een Vsw=Vcc-1050mV,
ARoNMDY) | by Positive-Negative lon=-8 mA, Figure 4, 2.7 0.03 Q
Difference in Ron Betw een Vsw=0.4 V, lon=-8 mA
ARonus) USB Positive-Negative Figure 4 2.7 0.18 Q
Difference in Ron Between ID | Vsw=3 V, lon=-8 mA
ARON(D) | S itch Paths Figure 4 2.7 0.4 Q
RonF(vpy) | Flatness for Ron MDV Path \k/)ﬁ";’:g r?wSA VFtigusré54V’ 2.7 1 o)
. VBus=5.25 V,VcNTRL=0 V or
lveus | VsusQuiescent Current 1.98 V., lout=0 4.3 100 HA
; Veus=0 V, VenTrI=0V or
lcc Ve Quiescent Current 1.98 V. lout=0 4.3 30 WA
Note:

9. For this test, the data switchis closed withthe respective switch pin floating.
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AC Electrical Characteristics

All typical value are for Vcc=3.3 V and Ta=25°C unless otherw ise specified.

Symbol Parameter

Condition

Vce (V)

Ta=-40°C to +85°C

Min.

Typ.

Max.

Unit

Turn-On Time,

fon SELn to Output

R=50 Q, C.=5 pF,
Vsw(use)=0.8V,
Vswmby)=3.3V,
Figure 6, Figure 7

2.7t03.6

445

600

ns

Turn-Off Time,

torF SELn to Output

R.=50 Q, C.=5 pF,
Vswuse)=0.8V, Vswmbv)=3.3V,
Figure 6, Figure 7

2.7 10 3.6

125

300

ns

trD Propagation Delay(m)

C=5 pF, R.=50 Q,
Figure 6, Figure 8

2.7 10 3.6

0.25

ns

tBBM Break-Before-Make!"?

R=50 Q, C.=5 pF,
Vip=Vmpv=3.3V, Vuse=0.8 V,
Figure 10

2.7 t0 3.6

2.0

13

ns

OIRR(MDV)
Off Isolation"”

Vs=1 Vpiepie RI=50 Q,
£=240 MHz, Figure 12

2.7t0 3.6

-45

dB

ORR(USB)

VS=400m Vpk—pk, RL=5OQ,
f=240MHz, Figure 12

2.7 t0 3.6

-38

dB

Xtalkmpv (10)
Non-Adjacent Channel

Vs=1 Vpiepi, RI=50 Q,
£=240 MHz, Figure 13

2.7 t0 3.6

-44

dB

Crosstalk
Xtalkuss

Vs=400 mVpk—pk, R.=50 Q,
f=240 MHz, Figure 13

2.7 10 3.6

-39

dB

ViN=1 Vpkpk, MDV Path,
R=50 Q, C.=0 pF,
Figure 11, Figure 16

Differential -3 db
BW | Bandw idth”

ViN=400 mVpkpk, USB Path,
R=50 Q, Ci=0 pF,
Figure 11, Figure 17

ID Path, R.=50 Q, C.=0 pF,
Figure 11

2.7103.6

2.34

1.59

GHz

100

MHz

Note:
10. Guaranteed by characterization.
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USB High-Speed AC Electrical Characteristics

Typical values are at Ta= -40°C to +85°C.

Symbol Parameter Condition Vee (V) | Typ. | Unit
tsk(p) (S)tet:;\:ﬂ%fUOpposne Transitions of the Same C.=5 pF, R=50 Q, Figure 9 3.0t03.6 3 ps
» R=50 Q, Ci=5 pf,
ty Total Jitter!"" tr=tr=500 ps (10-90%) at 3.0t36 | 15 ps
480 Mops, PN7
Note:
11. Guaranteed by characterization.
MDYV AC Electrical Characteristics
Typical values are at Ta= -40°Cto +85°C.
Symbol Parameter Condition Vee (V) | Typ. | Unit
tSKP) (S)I:J::‘;\L t(()1f20pp05|te Transitions of the Same Reu=50 © to Vce, CL=0 pF 301036 3 ps
i (12) f=2.25 Gbps, PN7,
ty Total Jitter Reu=50 Q to Ve, Ci=0 pF 3.0t03.6 15 ps
Note:
12. Guaranteed by characterization.
Capacitance
Typical values are at Ta= -40°Cto +85°C.
Symbol Parameter Condition Typ. | Unit
CiN Control Pin Input Capacitance'™ Vco=0V, f=1 MHz 1.5
Con(use) | USB Path On Capacitance' " Vcc=3.3 V, =240 MHz, Figure 15 3.1
Corr(use) | USB Path Off Capacitance'™ Vce=3.3 V, =240 MHz, Figure 14 1.6 pF
Convpy) | MDV Path On Capacitance'™” Vce=3.3 V, =240 MHz, Figure 15 2.7
Corrmpv) | MDV Path Off Capacitance'™ Vcc=3.3 V, =240 MHz, Figure 14 1.1
Note:

13. Guaranteed by characterization.

Www.onsemicom
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Test Diagrams

Note:
14. HSD refers to the high-speed data USB or MDV paths.

Von
HSDp,
_I:____‘T!\Hrgl
T Vew

GND

wn

@

5}

Q

o

24_

© 3
z

Ro =Vo / lon

Figure 4. On Resistance

H=O,

On

o =

C T
li—'l:

Rz, and C_ arefunctions of the application
environment {(see AC Tables for spedific values)
. includes test fixture and stray capadtance.

Figure 6. AC Test Circuit Load

\ 400mV

50%
LT

Vou
\ 50%
\_ VOL

Input 7 50%
ov

oLy

Output 7Z 50%

Figure 8. Propagation Delay (trtr — 500 ps)

NC _| IDn(OFF)
B

—
T Vsw

/ro
' Select
IQ

Vgg= 0 0rVec

**Each switch port is tested separately

Figure 5. Off Leakage

tmse=2.5ns feaL =2.5n8
VoCmmmmamam
Input-Veers Vs
VenTRLH VenTrL 5
GND 10%
VeHarmeme i —_>—
(90% 90%

Output- V¢
Vou

—

Figure 7. Turn-On / Turn-Off Waveforms

trise= 500ps tralL = 500ps
_> <—
+400mV-
90% 90%
ov
1 00 1 OO
-400mV. 0% 0%
Output
— — — |
tpHL thLn

Figure 9. Intra-Pair Skew Test tskpp)
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Test Diagrams (Continued

)

trise= 2.5n8
—>
Y
HSD,,
Dn Input -
S‘SW1 Vel 10%
T I — Vour ov
VGND JZLGWE CL RL Vour
GND .
GND 0.9*Vout 0.9*Vout
Rs
Vel
GND RL,Rs and C_ are function of application
environment (see AC Tables for specific values)
C_ includes test fixture and stray capacitance
Figure 10. Break-Before-Make Interval Timing
Network Analyzer Network
Rs FSA3200 Analyzer Network Analyzer
vy Rs
v
GND T N Vg

oy V.NLm@% o
Rr
v GND
2

N
L Vsel

GND

ro— A |
@f fon

Vs, Rs and Ry are function of application

Vout
% Ry
GND

Rgand Ry are functions of the application
environment (see AC Tables for specific values).

Off isolation = 20 Log (Vour / Vin)

environment (see AC/DC Tables for values)

Figure 11. Insertion Loss

Figure 12. Channel Off Isolation

T Vg

GND

Network Analyzer
NC Rg
\Y
_|_—‘I>l ------ wo 1| Vs
GND
Rr
GND -
GND Ry Vour

Rgand Ry are functions of the application environment
(see AC Tables for specific values). GND

Crosstalk = 20 Log (Vout/ ViN)

Figure 13. Non-Adjacent Channel-to-Channel Crosstalk

Meter

Capacitance _/ M‘

HSD,

Capacitance| HSD,

S Meter

Vgei= 0 0r Vee

M s

VSG|= O or VCC

HSD,

Figure 14. Channel Off Capacitance

Figure 15. Channel On Capacitance
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Insertion Loss

One of the key factors for using the FSA3200 in mobile ports and 4-port differential S-parameter analysis,
digital video applications is the small amount of insertion particularly SDD21.

loss experienced by the received signal as it passes . , .

through the switch. This results in minimal degradation Bandw idth is masured using the S—pargmeter SDD21
of the received eye. One of the ways to measure the ~ Methodology. Figure 16 shows the bandwidth (GHz) for
quality of the high data rate channels is using balanced {_PJ]SBME;hpath and Figure 17 the bandw dth curve for the

MDV SDD21 Bandwidth

2.000
1.000

0.000

1.000

-2.000

3.000

da

-4.000 - —MDV_VCC_3P6
2.24Ghz (-2db)

5,000

6.000

<7000 -

5000

Fraquency

Figure 16. MDV Path SDD21 Insertion Loss Curve

USB SDD21 Bandwidth
2000

1000

0.000

1,000 -

2.000 +

di

2000 —USB_VIC_3P6
1.52Gha{-2db)

4000

5000

6000

7000

“R000

355 8E+h

410 96

471.8E<0
17 .2E

Fraguancy

Figure 17. USB Path SDD21 Insertion Loss Curve
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Typical Applications

Figure 18 shows the FSA3200 utilizing the Vsus
connection from the micro-USB connector. The 3M
resistor is used to ensure, for manufacturing test via the
micro-USB connector, that the FSA3200 configures for

connectivity through the FSA9280A accessory switch.
Figure 19 show s the configuration for the FSA3200 “self
pow ered” by the battery only.

VBAT
To USB Battery Charging Block
Baseband or D+ FSA9280A
Application D-
Processor 100 ohm
UART_Tx ‘
UART_Rx D 12 16 15 VBUS
Spkl’_R USB_D+ 7
Spkr_L USB_D- 6 , Dy
D-
FSA3200 3
CBUS 13 14 D
MHL+ 11 GNQ
<L‘—'\ MAL- o 5 microUSB
HDMI to MHL Connector
Bridge
MHL_SEL M %
GND PY

Figure 18. Typical FSA3200 Application Using VBus

VBAT
To USB Battery Charging Block
Baseband or D+ FSA9280A
Application D-
Processor GND
UART_Tx ‘
UART_Rx D 12 16 15 VBUS
Spkl’_R USB_D+ 7
Spkr_L USB_D- 6 , D.
D-
FSA3200 3
CBUS 13 14 ID
MHL+ 11 GN
<\:!\ MHL- 144 5 9 microUSB
HDMI to MHL Connector
Bridge
MHL_SEL M %
GND PY

Figure 19. Typical FSA3200 “Self-Powered” Application Using Vear
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Physical Dimensions
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1
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055__| wu
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NOTES:

A. PACKAGE DOES NOT FULLY CONFORM TO
JEDEC STANDARD.

B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS AND TOLERANCES PER
ASME Y14.5M, 1994.

D. LAND PATTERN RECOMMENDATION IS
BASED ON FSC DESIGN ONLY.

E. DRAWING FILENAME: MKT-UMLP16Arev4.

F. TERMINAL SHAPE MAY VARY ACCORDING
TO PACKAGE SUPPLIER, SEE TERMINAL
SHAPE VARIANTS.

0.663 —

ooty

1I:I [
[
L + D 2.90

DD 1 D
—| —0.225 (16x)

RECOMMENDED
LAND PATTERN

TERMINAL SHAPE VARIANTS

0.40
0.60
L L
A:L 0.30
0.15 015 1 .
0.25 -_H; X 0.25 0.50' X
PIN 1 NON-PIN 1
Supplier 1
[ t
015 V__ 0.30 015 1~ 0.30
02 0% 1% L 050
PIN 1 NON-PIN 1
Supplier 2

LEAD SHAPE AT PACKAGE EDGE

0.20
PACKAGE
H / EDGE

LEAD LEAD
OPTION 1 OPTION 2
SCALE : 2X SCALE : 2X

Figure 20. 16-Lead, Ultrathin Molded Leadless Package (UMLP)

Package drawings are provided as a service to customers considering ON Semiconductor conponents. Drawings may change in
any manner without notice. Please note the revision and/or date on the drawing and contact an ON Semiconductor representative to
verify orobtain the most recent revision. Package specifications do notexpand the terms of ON Semiconductor’s worldwide terms

and conditions, specifically the warranty therein, which covers ON Semiconductor products.

Www.onsemicom
12

(W THIN) ur uomuyag-ybiH ajiqoy yum youms 0'zasn peads-ybiH ‘11od-oml — 002EVSAH



ON Semiconductor and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the
United States and/or other countries. ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A
listing of ON Semiconductor’s product/patent coverage may be accessed at www.onsemi.convsite/pdf/Patent-Marking .pdf. ON Semiconductor reserves the right to make
changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does ON Semiconductor assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products and applications using ON Semiconductor
products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information provided by
ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or specifications can and do vary in different applications and
actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts.
ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not designed, intended, or authorized for
use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or
any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs,
damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized use, even if such claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor N. American Technical Support: 800-282-9855 Toll Free ~ ON Semiconductor Website: www.onsemi.com
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA USA/Canada.
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada  Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Fax:303-675-2176 or 800-344-3867 Toll Free USA/Canada Phone: 421 33 790 2910
Email: orderlit@onsemi.com Japan Customer Focus Center For additional information, please contact your local

Phone: 81-3-5817-1050 Sales Representative

Www.onsemicom
13

(W THIN) ur uomuyag-ybiH ajiqoy yum youms 0'zasn peads-ybiH ‘11od-oml — 002EVSAH



