MAX4906EF

High-/Full-Speed USB 2.0 Switches
with High ESD

ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND.)

Vo -0.3V to +4V
IN, QP (NOte 1) ., -0.3V to +4V
COM_, NO_, NC_ ..ot -0.3Vto +5.5V
Continuous Current (COM_to NO_/NC_) .......ccceovveinn. +120mA

Peak Current, (COM_to NO_/NC_)

(pulsed at 1ms 10% duty CyCle).......cocevvviiiiiiiiienn, +240mA

Continuous Power Dissipation (Ta = +70°C)

10-Pin uDFN (derate 5.0mW/°C above +70°C) ........... 403mWwW
Operating Temperature Range ...........ccccccoevenn. -40°C to +85°C
Junction Temperature ..................
Storage Temperature Range
Lead Temperature (soldering, 10S) .......ccocvvvviiiieiiiinenn. +300°C

Note 1: Signals on IN, QP exceeding GND are clamped by internal diodes. Limit forward-diode current to maximum current rating.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ = +2.7V to +3.6V, Ta = TmIN to Tmax, charge-pump enabled, unless otherwise noted. Typical values are at V+= 3.3V, Ta =

+25°C.) (Note 2)

PARAMETER | SYMBOL I CONDITIONS MIN TYP MAX UNITS

ANALOG SWITCH

Analog Signal Range VCO\'\/AN‘S/NO—‘ QP = GND or V+ (Note 3) 0 3.6 %

I(:ljstlte—ljlr)otectlon Trip Threshold Vep 362 39 420 Vv
?’Cg'\:/l 2'=7\_/1’0mA Ta = +25°C 38 5
Voom_ =0V, 1.5V, Ta T 0T 5 @

On-Resistance, Charge-Pump RoN QP = GND A= IMIN MAX

Enabled V+ =27V, T = +25°C 4 7
lcom_=-10mA, 0
V =27V,
Q’CPOZ'\AE;ND Ta = TMIN to TMAX 8
|\i;+o,\=,1 3'20\_/1'Om . Ta = +25°C 5 12
Vcowm_ = 0V, 1.5V, B

On-Resistance, Charge-Pump R QP = V+ TA = TMIN 10 TmAX 13 o

Disabled ON - iz 7v, .
lcom = -10mA Ta = +25°C 8 15
Vcom_ = 0V, 1.5V,
Q_CFl)Ozl\/l\_H Ta = TMIN to TmAX 17
V+ = 27\/, _ o

On-Resistance Match Between AR lcom_ = -10mA, Ta=+25°C 0.5 08 o

Channels ON Vcom =0V, 1.5V, 2.7V
(Note —5) Ta = TMIN to TmAX 1.0
V+ =27V,

On-Resistance Flatness RFLAT(ON) | lcom_ =-10mA, Vcom_ = 0V, 1.5V 0.5 Q
(Note 6)

2 M AXIW
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High-/Full-Speed USB 2.0 Switches
with High ESD

ELECTRICAL CHARACTERISTICS (continued)

(V+ = +2.7V to +3.6V, Ta = TmIN to Tmax, charge-pump enabled, unless otherwise noted. Typical values are at V+= 3.3V, Ta =
+25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
INC_, INO_ | V+=3.6V,Vcom_= 0.3V, 3.3V, i
Off-Leakage Current (OFF) VNO_ or VNG, = 3.3V, 0.3V 1 +1 pA
INC_, INO_ | V+=3.6V, Vcom = 0.3V, 3.3V, i
On-Leakage Current (ON) VNO_ or VNG = 0.3V, 3.3V, or unconnected ! +1 WA
SWITCH AC PERFORMANCE
On-Channel -3dB Bandwidth BW RL = Rs = 50Q, signal = 0dBm, Figure 1 500 MHz
f=10MHz; VNO_, VNC_ = 1VP-p; 60
RL = Rs = 50Q, Figure 1
Off-Isolation Viso dB
f = 250MHz; VNoO_, VNC_ = 1Vp-p; .30
RL = Rs = 50Q, Figure 1
f=10MHz; VNO_, VNC_ = 1VP-p; 59
RL = Rs = 50Q, Figure 1
Crosstalk (Note 7) Ver dB
f = 250MHz; VNoO_, VNC_ = 1VPp-p; 31
RL = Rs = 50Q, Figure 1
Charge-Pump Noise (Note 8) Vap Any input or output switch terminal = 50Q 90 uVv
SWITCH DYNAMICS
NO_, NC_, COM_ _ ;
Off-Capacitance (Note 9) C(oFF) | f=1MHz Figure 2 9 10 PF
NO_, NC_, COM_ _ ;
On-Capacitance (Note 9) Cion) = 1MHz, Figure 2 10 12 PF
Switch On-Capacitance Matching
f=1MH 4 F
(Note 9) Conm g 0 P
- i VNO_, VNC_ = 1.5V; RL = 300Q, CL = 35pF,
furn-On Time ON" Vi = V4, Vi = OV, QP = GND, Figure 3 1.4 ns
i . VNO_, VNCc_ = 1.5V; RL = 300Q, C_ = 35pF,
Turn-Off Time 'OFF |1y = V-, ViL = GND, QP = GND, Figure 3 % ns
Propagation Delay tPLH_tPHL | RL = Rs = 50Q, Figure 4 0.2 ns
Fault-Protection Response Time tFp \Féf?Mﬁgz—O;g(?VCSEe—pHOpF Figure 5 1 us
Fault-Protection Recovery Time tFPR \R/€O=M§s:=5£\5/0t§2 3(\:/Lst=e[1)bp': Figure 5 1 us
Output Skew Between Switches i Skew between switch 1 and switch 2, 20 100 S
(Note 9) SK©) | R = Rg = 509, Figure 4 P
Output Skew Same Switch ; Skew between opposite transitions in same 5 100 S
(Note 9) SK(®) | switch, RL = Rs = 50Q, Figure 4 P
A1 3
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High-/Full-Speed USB 2.0 Switches
with High ESD

W, ELECTRICAL CHARACTERISTICS (continued)
m (V+ = +2.7V to +3.6V, Ta = TmIN to Tmax, charge-pump enabled, unless otherwise noted. Typical values are at V+= 3.3V, Ta =
m +25°C.) (Note 2)
° PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
% L(;tizleHarmonic Distortion Plus THD+N \2/88_[\'/;_ = 2Vp-p, RL = 600Q, f = 20Hz to 0.01 %
§ Charge Injection Q \F/i?gil;‘e=61 5V, Raen = 02, Cp = 100pF, 20 pC
E SWITCH LOGIC
Logic-Input Voltage Low VL 0.4 \
Logic-Input Voltage High ViH 14 \
Input-Logic Hysteresis VHYST 100 mV
Input Leakage Current lIN V+ =386V, VIN=0orV+ -1 +1 PA
Operating Supply-Voltage Range V+ 2.7 3.6 \
Quiescent Supply Current |+ V+ =36V, VN =0orV+, QP = GND 160 1000 pA
gr‘:;erz]‘zgt%pg'éfb‘gm with I+ |V+=36V,Vin=0orV+ QP = V4 3 LA
ESD PROTECTION
COM_ Human Body Model +15 kV

Note 2: All units are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by design
and not production tested.

Note 3: The switch will turn off for voltages above (VFp); therefore, protecting downstream circuits in case of a fault condition.

Note 4: Fault-protection trip threshold limits are not production tested; guaranteed by design.

Note 5: ARoN(MAX) = | RON(CH1) - RON(CH2) |

Note 6: Flatness is defined as the difference between the maximum and minimum value of on-resistance, as measured over
specified analog signal ranges.

Note 7: Between any two switches.

Note 8: Noise specification is measured peak to peak.

Note 9: Switch off-capacitance, switch on-capacitance, output skew between switches, and output skew same-switch limits are not
production tested; design guaranteed by correlation.

Typical Operating Characteristics

(V+ = 3.3V, Ta = +25°C, unless otherwise noted.)

ON-RESISTANCE vs. Vcom ON-RESISTANCE vs. Vcom LEAKAGE CURRENT vs. TEMPERATURE
6 - 6 gj 10 MAX4906EF toc03 10
V=36V E ‘ é g | Ve=3sv :
5 % 5 Ta=+85°C g =z g A s
V+:2'7\V‘ \, ——— ) z 7 / 7
A " Y 4 S £ /A
— ~ 36 6
g / g — S V4
z 3 Ve=43V g 3 Tao125°C | £ 5 [—COM ON-LEAKAGE 5
o= o Tp=-40°C A=+ é 4 \\// 4
2 2 =
S 3 3
: / )
1 1 © //
1 COM OFF-LEAKAGE—] 1
0 0 0 | | 0
0 09 18 2.7 36 0 11 2.2 33 40 15 10 35 60 85
Voom (V) Veom (V) TEMPERATURE (°C)
4 MAXIV
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High-/Full-Speed USB 2.0 Switches
with High ESD

Typical Operating Characteristics (continued)
(V+ = 3.3V, Ta = +25°C, unless otherwise noted.)

QUIESCENT SUPPLY CURRENT QUIESCENT SUPPLY CURRENT
CHARGE INJECTION vs. Vcom vs. TEMPERATURE vs. LOGIC LEVEL
25 5 200 i 3 220 s
CL = 100pF BT Vi =36V 5 5
= << A _— g = 2
20 S 20 | — : = z
= = —_— — =
2 / 2 14 =z 20
= = V=27V &
S 15 3 120 3
& ~ ; > \'\'\
= / g 100 z 180 A
&0 2 & z
= = =
S / 2 80 S 160
5 / S 3 -/
20
0 0 140
0 11 22 33 40 15 10 35 60 85 0 11 22 33
Veowm (V) TEMPERATURE (°C) LOGIC LEVEL (V)
LOGIC-INPUT LOW THRESHOLD TURN-ON/-OFF TIME
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE
10 - 5 MAX4906EF toc08 40
S 08 z 4 38
o /
= — torF
2 — | ViU \
£ 06 3 B
= 2 — g
S = e
(=)
5 04 < u <
=
=
S 02 1 ton 32
0 0 30
27 30 33 36 27 3.0 33 36
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
TURN-ON/-OFF TIME RISE-/FALL-TIME PROPAGATION DELAY
vs. TEMPERATURE vs. SUPPLY VOLTAGE
10 MAX4906EF toc09 40 250 %
8 38 = 0 z
torF =
6 % _ = 23
2 g i tPHL
= 5 2
4 34 = I 220
w
o
= X
2 32 E 210 tpLH
ton
0 30 200
40 1510 35 60 85 27 30 33 36
TEMPERATURE (°C) SUPPLY VOLTAGE (V)
NI/ 5
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High-/Full-Speed USB 2.0 Switches
with High ESD

RISE-/FALL-TIME PROPAGATION DELAY

vs. TEMPERATURE

MAX4906EF

Typical Operating Characteristics (continued)

(V+ = 3.3V, Ta = +25°C, unless otherwise noted.)

SAME SWITCH OUTPUT SKEW
vs. SUPPLY VOLTAGE

OUTPUT SKEW BETWEEN SWITCHES
vs. SUPPLY VOLTAGE

250 - 10 s 30 0
= 240 8
=
- z g
= 20 = 6 z
i teLy 5 5 &
= S 2
520 - g 4 z
2 2 2 10
o—c [} 3 o
=
s )

E 210 N 2
3 tPHL
| 1
200 0 0
4 5 10 3% 60 8 27 30 33 36 27 30 33 36
TEMPERATURE (°C) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
TOTAL HARMONIC DISTORTION
FREQUENCY RESPONSE PLUS NOISE vs. FREQUENCY
0 = 1 = ©
10 z R =600Q E
[aa) ] S
S : :
f = =
2 -3 B
= il 0.1
S A e T T2 =
S =
2 g =
S 60 |- OFF-ISOLATION =
9 ~ —
g 70 N\ 0.01
5 80
E -90 /4k
o
-100 CROSSTALK
10 RTINS 0.001
1 10 100 1000 10 100 1K 10k 100k
FREQUENCY (MH2) FREQUENCY (H2)
6 W /A1
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High-/Full-Speed USB 2.0 Switches
with High ESD

Pin Description

PIN NAME FUNCTION
1 IN Digital Control Input. IN controls switch 1 and switch 2.
2 QP Charge-Pump Enable Input. Drive QP high to turn charge pump off. For normal operation, drive QP low.
3 GND Ground
4 COMA1 Analog Switch 1—Common Terminal
5 COM2 Analog Switch 2—Common Terminal
6 NO2 Analog Switch 2—Normally Open Terminal
7 NO1 Analog Switch 1—Normally Open Terminal
8 NC2 Analog Switch 2—Normally Closed Terminal
9 NCA1 Analog Switch 1—Normally Closed Terminal
10 Vi Positive-Supply Voltage Input. Connect V+ to a +2.7V to +3.6V supply voltage. Bypass V+ to GND with a
0.1uF capacitor.
Test Circuits/Timing Diagrams
+3.3V 10nF v
our
OFF-ISOLATION = 20log ~—
— NETWORK Vin
— ANALYZER Vour
V4 50Q 50Q CROSSTALK = 20l0g —~~+-
0V OR V+ — V]
+ IN_ COMI N +— —> VIN
MAXIM 4
NCA MAX4906EF —
N Vour —» | MEAS — REF ~
= 50Q 50Q =
— GND
- = ==
*FOR CROSSTALK THIS PIN IS NO2.
MEASUREMENTS ARE STANDARDIZED AGAINST SHORTS AT IC TERMINALS. NC2 AND COM2 ARE OPEN.
OFF-ISOLATION IS MEASURED BETWEEN COM_ AND "OFF" NO_ OR NC_ TERMINAL ON EACH SWITCH.
CROSSTALK IS MEASURED FROM ONE CHANNEL TO THE OTHER CHANNEL.
SIGNAL DIRECTION THROUGH SWITCH IS REVERSED; WORST VALUES ARE RECORDED.

Figure 1. Off-Isolation and Crosstalk

MAXIM
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MAX4906EF

High-/Full-Speed USB 2.0
with High ESD

Switches

Test Circuits/Timing Diagrams (continued)

T

i

- V+

COM_
CAPACITANCE / '

METER / NC_or
! NO_
— O

MNAXIMN
MAX4906EF

......... <l£ — V)L OR V|

f=1MHz
GND
i
Figure 2. Channel Off-/On-Capacitance
MM
MAX4906EF " } <o
| Logic "
Vi INPUT /
NO COM ViL
i = M
-~ [oRNC_ ! Your
, R CL
P T
LOGIC GND SWITCH gy
INPUT JT_ OUTPUT

(i INCLUDES FIXTURE AND STRAY CAPACITANCE.

R
Vour=Vn_ (RL +LRON)

IN DEPENDS ON SWITCH CONFIGURATION;
INPUT POLARITY DETERMINED BY SENSE OF SWITCH.

Figure 3. Switching Time

MAXIMN
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High-/Full-Speed USB 2.0 Switches
with High ESD

Test Circuits/Timing Diagrams (continued)

INAXIVI
MAX4906EF
Rs NC10R
NO1 CoM1 °
N+ — AN/, T OUT+  RISE-TIME PROPAGATION DELAY = tprix OR tpLhy
: FALL-TIME PROPAGATION DELAY = tpHix OR tpHLy
; RL tsK(0) = ItpLHX - tpLHY! OR ItpHLx - tHLY!
! tsk(p) = ItpLHx - tpHLX! OR ItpLHy - tpHLYI
R NC20R ; =
IN- —AAN,——N02 ANo COM2 _ ouT.
IN -
ViLTO Vi
= tINRISE tNFALL

V+
V\N+ 2 50% N\
OVJ
V+ﬂ
ViN- K 50% —£50%
ov
touTRISE touTFALL
PLHX —pof | — IPHLX —
Vi /—
Vour: 7 50%
ov
V+
VOUT— xi 50% 7 50%
ov
PHY —p»f  [<@— tpLHY —p»|  {a—

Figure 4. Output Signal Skew, Rise/Fall Time, Propagation Delay

MAXIM 9
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MAX4906EF

High-/Full-Speed USB 2.
with High ESD

O Switches

Test Circuits/Timing Diagrams (continued)

——————————————————— 5V
25V 4 3V
1
VCOM_ |
S [TTTSTTTTT T oo ov
m :4—’:
R 1 PR
! |
I 1
' i
1
Vpr !
VNO_ 25V 3V
WNC_ T v N
Figure 5. MAX4906EF Fault-Protection Response/Recovery Time
/MNAXI
MAX4906EF V|+ AVour ¢
Ve Vour
RaeN *
OR NO_ 4Pt Vo N
+ CL OFF OFF
VeEN _— N ON
l GND e
L T o
ViLTO Vi N OFF OFF
Q = (AVour)(CL)
= LOGIC-INPUT WAVEFORMS INVERTED FOR SWITCHES
THAT HAVE THE OPPOSITE LOGIC SENSE.

Figure 6. Charge Injection

Detailed Description

The MAX4906EF are ESD-protected analog switches
where the COM_ inputs are further protected up to
+15kV ESD without latchup or damage. The device is
targeted for USB 2.0 high-speed (480Mbps) switching
applications. The device still meets USB low- and full-
speed requirements and is suitable for 10/100 Ethernet
switching. The MAX4906EF features two SPDT switches.

The MAX4906EF is fully specified to operate from a single
+2.7V to +3.6V supply and is +5.5V fault protected.

10

When operating from a +2.7V to +3.6V supply, the low
threshold of the device permits them to be used with
logic levels as low as 1.4V. The MAX4906EF is based on
a charge-pump-assisted n-channel architecture and thus
operate at 170pA (max) quiescent current. The device
features a standby mode to reduce the quiescent current
to less than 3pA (max).

Digital Control Input

The MAX4906EF provides a single-digit control logic
input, IN. IN controls the position of the switches as
shown in the Functional Diagram/Truth Table. Driving IN

MAXIMN
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High-/Full-Speed USB 2.0 Switches

Functional Diagram/Truth Table

®
I
MAXIV
MAX4906EF

=
’
% s

[
|
|
|
o1 com

l

NC1 —

|

NO2

NC2 —

|
So— 4 cowe
L A
|

GND
MAX4906EF

_ NO1 | NC1
QP | IN | Nop | ne2
o | o | oF | oN | HIGHPERFORMANCE
o | 1| on | ofF | HiGHPERFORMANCE
1| o | ofF | on | Low PERFoRMANCE
1 1| on | off | Low PERFORMANCE

rail-to-rail minimizes power consumption. With a +2.7V
to +3.6V supply voltage range, the device is +1.4V
logic compatible.

Analog Signal Levels
The on-resistance of the MAX4906EF is very low and sta-
ble as the analog input signals are swept from ground to
V+ (see the Typical Operating Characteristics). These
switches are bidirectional, allowing NO_, NC_, and
COM_ to be configured as either inputs or outputs.

Overvoltage Fault Protection
The MAX4906EF features +5.5V fault protection to
all analog inputs. Fault protection prevents these
switches from being damaged due to shorts to the USB
bus voltage rail.

Charge-Pump Enable
The MAX4906EF features a charge-pump enable mode
that improves the performance and the dynamic range
of the device. The device features a QP input that when
driven high, turns the charge pump off and sets the

MAXIM

with High ESD

device in standby mode. When the device is in standby
mode, the quiescent supply current is reduced to 3puA
(max) and the switches remain operable. When QP is
driven low, the charge pump is enabled and the switch-
es enter an improved high-performance mode.

Applications Information

USB Switching
The MAX4906EF analog switch is fully compliant with
the USB 2.0 specification. The low on-resistance and
low on-capacitance of these switches make the device
ideal for high-performance switching applications. The
MAX4906EF is ideal for routing USB data lines (see
Figure 7) and for applications that require switching
between multiple USB hosts (see Figure 8). The
MAX4906EF also features +5.5V fault protection to
guard systems against shorts to the USB bus voltage
that is recommended for all USB applications.

Ethernet Switching
The wide bandwidth of the MAX4906EF meets the needs
of 10/100 Ethernet switching. The device switch the sig-
nals from two interface transformers and connect the sig-
nals to a single 10/100 Base-T Ethernet PHY, simplifying
docking station design and reducing manufacturing
costs.

+15kV ESD Protection
As with all Maxim devices, ESD-protection structures are
incorporated on all pins to protect against electrostatic
discharges encountered during handling and assembly.
COML_ are further protected against static electricity.
Maxim’s engineers have developed state-of-the-art
structures to protect these pins against ESD up to
+15kV without damage. The ESD structures withstand
high ESD in normal operation, and when the device is
powered down. After an ESD event, the MAX4906EF
continues to function without latchup, whereas compet-
ing products can latch and must be powered down to
restore functionality.

ESD protection can be tested in various ways. The ESD
protection of COM_ are characterized for +15kV
(Human Body Model) using the MIL-STD-883.

ESD Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
test setup, test methodology, and test results.

Human Body Model
Figure 9a shows the Human Body Model and Figure 9b
shows the current waveform it generates when dis-
charged into a low impedance. This model consists of

11
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MAX4906EF

High-/Full-Speed USB 2.0 Switches

with High ESD

ASIC |
Dt maxim | o
UsB BUS
TRANSCEVER |- MAX4906EF
NCT
v
COMT D+
NOT :\0 O
NC2
\ come| o
ASIC Il w o
D+
USB
TRANSCEVER |
awo | O
UsB
CONNECTOR
Figure 7. USB Data Routing
JNAXIM
MAX4906EF
Vﬁ—USBm
COM1 o/ o
A —1—USBi+
UsB
TRANSCEIVER
N2 e,
CoM2 /‘
a NO2) USB-

Figure 8. Switching Between Multiple USB Hosts

a 100pF capacitor charged to the ESD voltage of inter-
est, which is then discharged into the test device
through a 1.5kQ resistor.

Layout
High-speed switches require proper layout and design
procedures for optimum performance. Keep design-
controlled-impedance PC board traces as short as pos-
sible. Ensure that bypass capacitors are as close to the
device as possible. Use large ground planes where
possible.

12

Re Rp
1MQ 1500Q

—O— 4 -~
CHARGE-CURRENT- DISCHARGE
LIMIT RESISTOR RESISTANCE
HIGH- DEVICE
VOLTAGE Cs STORAGE UNDER
DC 100pF CAPACITOR TEST
SOURCE o

Figure 9a. Human Body ESD Test Model

Ip100% Ir PEAK-TO-PEAK RINGING
90% [— (NOT DRAWN TO SCALE)
AMPERES
36.8%
10% §—
0
0 - TIME —»
“—P [ ip —P
CURRENT WAVEFORM

Figure 9b. Human Body Current Waveform

Chip Information

PROCESS: BiICMOS

Package Information

For the latest package outline information and land patterns,
go to www.maxim-ic.com/packages. Note that a “+”, “#”, or
“-”in the package code indicates RoHS status only. Package
drawings may show a different suffix character, but the drawing

pertains to the package regardless of RoHS status.

PACKAGE TYPE | PACKAGE CODE | DOCUMENT NO.
10 UDFN L1022+1 21-0164
MAXIN
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High-/Full-Speed USB 2.0 Switches
with High ESD

Revision History

e
0 8/06 Initial release. —
1 11/07 Changed the Electrical Characteristics table. 2,4
2 3/09 Changed the Electrical Characteristics table to show QP = GND. 2,34

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600 13
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