NL3S588

USB 2.0-Capable Ultra-Low
THD DPDT Switch

The NL3S588 is a single supply, bidirectional, double—pole/

double-throm{DPDT) switch suitable for both hi-fidelity audio and ON Semiconductor®
high—speed data applications.
The NL3S588 features ulttaw distortion, high OFF-Isolation WWW. onsemi.com

analog switches that can pass analog signals that are positive and
negative with respect to ground. It is targeted at consumer and

professional DC-coupled GND-referenced audio switgh MARKING
applications such as computer sound cards and tieater products. DIAGRAM
Tr_]e NL38_58§ may also be used in high—spee_d differential data UQEN10
routing applications. Both channels are USB 2.0-g@mnt. % MU SUFEIX AX M=
) CASE 488AT |, *©
Features
* DPDT Switch AX = Device Code
® 3.3V Single Supply Operation M = Date Code
e Available in 1.4 mm x 1.8 mm UQFN10 * = Pb-Free Device
e This Device is Pb—Free, Halogen Free/BFR Free aitdRR (Note: Microdot may be in either location)
Compliant
Audio Capabilities PIN ASSIGNMENT
® 2 VVrums Signal Switching
e -116 dB THD+N into 20 ® Load at 2 Vkms b & &
e —112 dB THD+N into 322 Load at 0.707 ¥us H E E
® Signal to Noise Ratio: > 125 dBV
e +0.004 dB Insertion Loss at 1 kHz, 2@K_oad SEL | 1 ) [ 7] Voo
® +0.0008 dB Gain Variation 20 Hz to 20 kHz - —
_ o GND | 2 | [ 6 | Dpo
e 112 dB Signal Muting into 20 Load
e 131 dB PSRR 20 Hz to 20 kHz E W H
High—Speed Data Capabilities 2 2 9
® |nput Signal Range: 0V toph 6 6 -
® Con: 8.9 pF (Typ) (Top View)

e Data Rate: USB 2.0-Compliant — up to 480 Mbps

e Bandwidth: 580 MHz
ORDERING INFORMATION

AppI!catfons . L Device Package Shipping T
® Hi—-Fi Audio Switching

e USB 2.0 High—Speed Data Switching NL35588MUTBG (LFJJbQ_FF’\:gg) SOOOFZeT;pe &
o USB 3.x Type C Switching

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

© Semiconductor Components Industries, LLC, 2017 1 Publication Order Number:
September, 2017 - Rev. 2 NL3S588/D
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NL3S588
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Figure 1. Block Diagram
FUNCTION TABLE
INPUTS
EN SEL Operating Mode
0 0 DpO connected to D+ / Dn0 connected to D—
0 1 Dp1l connected to D+ / Dnl connected to D—
1 X Shutdown (I/Os Disconnected)

NOTE: EN Logic “0"< 0.5V, Logic “1”> 1.4 V or float.
SEL Logic “0” £ 0.5V, Logic “1">1.4 V.
X = Don't Care

PIN DESCRIPTIONS

PIN NAME PIN DESCRIPTION

SEL 1 Channel Select

GND 2 Ground

Dnl 3 Normally—Open 1/O

Dp1 5

Dn0 4 Normally—Closed I/O

DpO 6

Vpp 7 System power supply pin (+3 V to +3.6 V)
EN 8 Signal mute control pin
D+ 9 Common I/O
D- 10

WWW. onsemi.com
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MAXIMUM RATINGS

NL3S588

Symbol Rating Value Unit
Vpp Positive 3 V DC Supply Voltage -0.5t0 +4.1 \%
Vis Analog Input/Output Voltage (D+, D—, Dpx, Dnx) -3.1toVpp + 0.5 \%
VIN Digital Input Voltage (EN, SEL) -0.5t0 Vpp + 0.5 \Y,
lio Switch Continuous Current (D+, D—, Dpx, Dnx) +300 mA

lio_pk Switch Peak Current (D+, D-, Dpx, Dnx) +500 mA
(Pulsed 1 ms, 10% Duty Cycle, Max).
Pp Power Dissipation in Still Air 800 mw
Ts Storage Temperature —65 to +150 °C
T Lead Temperature, 1 mm from Case for 10 seconds 260 °C
T; Junction Bias Under Bias 150 °C
03a Thermal Resistance 80 °C/W
Ts Storage Temperature —-65 to +150 °C
MSL Moisture Sensitivity Level 1
Fr Flammability Rating Oxygen Index: 30% - 35% UL94-VO0 (0.125 in) °C
ESD ESD Protection Human Body Model 3000 \%
Machine Model 200
I Latch—-up Current, Above V¢ and below GND at 125°C (Note 1) +300 mA

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. Tested to EIA/JESD78.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vpp Positive DC Supply Voltage 3.0 3.6 \%
Vg Switch Input / Output Voltage (D+, D—, Dpx, Dnx) -2.9 Vpp \Y
VIN Digital Select Input Voltage (EN, SEL) GND Vbp \Y
Ta Operating Temperature Range -40 +85 °C

DC ELECTRICAL CHARACTERISTICS (Voltages referenced to GND): Vpp = +3.0 V

to+3.6 V,GND =0V, VS =2 VRMS! RLOAD =

20kQ , f=1 kHz, VSELH = VENH =14V, VSELL = VENL =05V, (Note 2), Unless otherwise Speciﬁed.
Supply Temp Min Max
Parameter Test Conditions V) (°C) [(Notes 3,4)| Typ (Notes 3, 4) [ Units
ANALOG SWITCH CHARACTERISTICS
Analog Signal Range, 3.3 Full - 2 - VRMs
VANALOG
ON-Resistance, ron Ip+ or Ip— = 80mA, Vppy O Vppy = 3.3 25 - 2.1 - Q
-2. +2. i
2.828 V to +2.828 V (See Figure 5) Full — 25 —
ron Matching Between Ip+ Or Ip— = 80MA, Vppy O Vppy = 3.3 25 - 0.046 - Q
Channels, Argn Voltage at max roy over —2.828 V
to +2.828 V (Note 7) Full - 0.23 -
ron Flatness, TFLAT(ON) Ip+ or Ip— = 80mA, VDpX or Vppx = 3.3 25 - 0.047 0.05 Q
-2.828 V, 0V, +2.828 V (Note 5) Full — 0.092 —

V|n = input voltage to perform proper function.

Eal

terization and are not production tested.

Now

ron value.
8. Crosstalk is inversely proportional to source impedance.

WWW. onsemi.com
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The algebraic convention, whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by charac-

Flatness is defined as the difference between maximum and minimum value of ON-resistance at the specified analog signal voltage points.
Limits established by characterization and are not production tested.
ron matching between channels is calculated by subtracting the channel with the highest max roy value from the channel with lowest max



 http://www.onsemi.com/

NL3S588

DC ELECTRICAL CHARACTERISTICS (Voltages referenced to GND): Vpp = +3.0 Vto +3.6 V, GND =0V, Vg = 2 Vrms, RLoap =
20kQ , f=1kHz, Vsg 4 = VEnH = 1.4 V, VsgL = VEnL = 0.5V, (Note 2), Unless otherwise specified.

Supply Temp Min Max
Parameter Test Conditions V) (°C) |(Notes 3,4)| Typ |(Notes3, 4)| Units
ANALOG SWITCH CHARACTERISTICS
D+, D-, Dpx, Dnx Pull- Vppx O Vpnx = —2.83 V, 2.83 V, 3.6 25 225 300 375 kQ
down Resistance Vp+ Or Vp-=-2.83V, 2.83V,
Ven = 3.6 V, measure current, Eull - 345 -
calculate resistance.
DYNAMIC CHARACTERISTICS
THD+N Vs =2 Vgrms, f = 1 kHz, A-weighted 3.3 25 - <-116 - dB
filter, R_oap = 20 kQ
Vs =19 VgRms, f =1 kHz, A-weight- 25 - <-116 -
ed filter, R_oap = 20 kQ
Vg = 1.8 Vgus, f = 1 kHz, A-weight- 25 - <-116 -
ed filter, R poap = 20 kQ
Vg =0.707 VRums, f =1 kHz, 25 - <-112 -
A-weighted filter, R_oap = 32 Q
SNR f =20 Hz to 20 kHz, A-weighted 3.3 25 - > 125 - dBV
filter, inputs grounded,
RLOAD =20kQ or32Q
Insertion Loss, Gop f=1kHz, R pap = 20 kQ 3.3 25 - +0.004 - dB
Gain vs Frequency, Gt f=20Hz to 20 kHz, R pap = 3.3 25 - +0.0008 - dB
20 kQ, reference to Goy at 1 kHz
Stereo Channel Imbalance f =20 Hz to 20 kHz, R pap = 20 kQ 3.3 25 - +0.0001 - dB
Dp0 and DnO, Dpl and Dn1
OFF-Isolation f=20Hz to 22 kHz, D+ =D- = 3.3 25 - 112 - dB
(Disabling) 2 VRMS: RLOAD =20 kQ, =3.3 V,
SEL =*“X"
f =20 Hz to 22 kHz, Vp+ or Vp- = 25 - 129 -
0.7 Vrms, RLoap = 32 Q
Crosstalk R =20 kQ, f =20 Hz to 20 kHz, 3.3 25 - 102 - dB
(Channel-to— Channel) Vs =2 Vrms, signal source imped-
ance = 20 Q, (Note 8)
R =32 Q, f=20Hz to 20 kHz, Vg 25 - 129 -
= 0.7 VRrms, signal source imped-
ance = 20 Q, (Note 8)
PSRR f=1 kHz, Vg = 100 mVRys, inputs 3.3 25 - 131 - dB
grounded
f=20 kHZ, VS =100 mVRMs, in- 25 - 133 -
puts grounded
Bandwidth, -3 dB RLoap =50 Q 3.3 25 - 580 - MHz
ON to Disable Time, 3.3 25 - 250 - ns
TTRANS-OM
Disable to ON Time, Vis=15V 3.3 25 - 1680 - us
TTrRANS-MO
Turn—ON Time, ton Vppx Of Vpnx = 1.5V, VEy =0V, 3.3 25 - 14 - us
R =32 Q (See Figure 2)
Turn—-OFF Time, tore Vppx Of Vpnx = 1.5V, VEy =0V, 3.3 25 - 95 - ns
R| =32 Q (See Figure 2)
2. V| = input voltage to perform proper function.
3. The algebraic convention, whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
4. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by charac-

terization and are not production tested.

Flatness is defined as the difference between maximum and minimum value of ON-resistance at the specified analog signal voltage points.
Limits established by characterization and are not production tested.

ron matching between channels is calculated by subtracting the channel with the highest max rgy value from the channel with lowest max
ron value.

8. Crosstalk is inversely proportional to source impedance.

Nox

WWW. onsemi.com
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NL3S588

DC ELECTRICAL CHARACTERISTICS (Voltages referenced to GND): Vpp = +3.0 Vto +3.6 V, GND =0V, Vg = 2 Vrms, RLoap =
20kQ , f=1kHz, Vsg 4 = VEnH = 1.4 V, VsgL = VEnL = 0.5V, (Note 2), Unless otherwise specified.

Supply Temp Min Max
Parameter Test Conditions V) (°C) |(Notes 3,4)| Typ |(Notes3, 4)| Units
DYNAMIC CHARACTERISTICS
Break—Before—Make Time Vppx Of Vpnx = 1.5V, Vgy = 0V, 3.6 25 - 10 - us
Delay, tp R =32 Q (See Figure 3)
OFF-lIsolation R =50 Q, f=1 MHz, Vp+ 3.3 25 - 70 - dB
or Vp- =1 Vrums (See Figure 4)
Crosstalk R =50 Q, f=1 MHz, Vp, or 3.3 25 - 89 - dB
(Channel-to—Channel) Vp- = 1 Vrums (See Figure 4)
Dpx, Dnx OFF Capaci- f=1MHz, Vppy Or Vpny = Vp+ 3.3 25 - 2.7 - pF
tance, Corr or Vp- =0V (See Figure 7)
D+, D— ON Capacitance, f=1MHz, Vppy Or Vppy = 3.3 25 - 8.9 - pF
CCOM(ON) Vcom =0V (See Figure 7)
Differential Insertion f=10 MHz 3.3 25 - -0.22 - dB
Loss, Dy f =800 MHz 33 25 - -3.3 -
Differential OFF- f=10 MHz 33 25 - -44 - dB
Isolation, Disp f =800 MHz 3.3 25 - -16 -
Differential f=10 MHz 3.3 25 - -44 - dB
Crosstalk, Detk f =800 MHz 3.3 25 - -16 -
POWER SUPPLY CHARACTERISTICS
Power Supply Range, Vpp 3.3 Full 3 - 3.6 \%
Positive Supply VeEn =0V, VggL =0V orVpp 3.6 25 - 54 65 A
Current, I+ Full _ 59 —
Ven = Vpp, VsgL =0V or Vpp 3.6 25 - 14 40 A
Full - 15 -
VEN = oV, VsgL = 18V 3.6 25 - 55 65 A
Full - 58 -
2. VN = input voltage to perform proper function.
3. The algebraic convention, whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.
4. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by charac-

terization and are not production tested.

Flatness is defined as the difference between maximum and minimum value of ON-resistance at the specified analog signal voltage points.
Limits established by characterization and are not production tested.

ron matching between channels is calculated by subtracting the channel with the highest max roy value from the channel with lowest max
ron value.

8. Crosstalk is inversely proportional to source impedance.

Noo

DC ELECTRICAL CHARACTERISTICS — Digital Section (Voltages referenced to GND): Vpp = +3.0 Vt0o +3.6 V, GND =0V, Vg
=2VRMs, RLoap =20kQ , f=1kHz, Vsg 4 = VENH = 1.4 V, VgL = VeEnL = 0.5V, (Note 9), Unless otherwise specified.

Supply Temp Min Max
Parameter Test Conditions V) (°C) [(Notes10,11) | Typ |(Notes 10, 11)| Units

DIGITAL INPUT CHARACTERISTICS

Input Voltage Low, 3.3 Full - - 0.5 \%
VseLL, VENL

Input Voltage High, 3.3 Full 1.4 - - Vv
VseLHs VENH

Input Current, Isgy, IseL. | Ven =0V, VsgL =0V or Vpp 3.6 Full -0.5 0.01 0.5 A
Input Current, IENL VSEL = VDDv VEN =0V 3.6 Full -1.3 -0.7 0.3 MA
Input Current, lgny VseL =0V, Ven = VoD 3.6 Full -0.5 0.01 0.5 uA

9. V)|n = input voltage to perform proper function.

10.The algebraic convention, whereby the most negative value is a minimum and the most positive a maximum, is used in this data sheet.

11. Parameters with MIN and/or MAX limits are 100% tested at +25@JC, unless otherwise specified. Temperature limits established by
characterization and are not production tested.

WWW. onsemi.com
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TEST CIRCUITS AND WAVEFORMS
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Logic input waveform is inverted for switches that have the opposite logic
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Repeat test for all switches. C| includes fixture and stray
R

capacitance.
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Figure 2. Switching Times
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Figure 3. Break—Before-Make Time
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Signal direction through switch is reversed, worst case values
are recorded. Repeat test for all switches

Figure 4. Off-Isolation Test Circuit

Repeat test for all switches.

Figure 5. r

onsemi.com
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NL3S588

TEST CIRCUITS AND WAVEFORMS
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Figure 6. Crosstalk Test Circuit
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Repeat test for all switches.

TYPICAL PERFORMANCE CURVES:
Ta = +25°C, Unless Otherwise Specified
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Figure 8. On—Resistance vs. Switch Voltage
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Figure 10. Off-Isolation, 0.707 V Rrus Signal, 32 k Q Load
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Figure 9. Off-Isolation, 2V grms Signal, 20 k Q Load
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Figure 11. Channel-to—Channel Crosstalk
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Figure 12. Channel-to—Channel Crosstalk
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TYPICAL PERFORMANCE CURVES:
Ta = +25°C, Unless Otherwise Specified
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Figure 14. Gain vs. Frequency
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Figure 16. THD+N vs. Signal Levels vs. Frequency
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THD+N (dB)

NL3S588

TYPICAL PERFORMANCE CURVES:
Ta = +25°C, Unless Otherwise Specified

-100
-102

104 {—

]
w
7}
<

DD

o <
5]

Il
o
=
=
=)

LOA
A-Wei

jul
I
=
m
a
o
]

-106
-108

-110

-112

114

s 2.0 Vs
e 1.9 Viyis —
e 1.8 Vigus

-116

118 ﬁ
120

20

50 100 500 1k

Frequency (Hz)

Bk 10k 20k

Figure 18. THD+N vs. Signal Levels vs. Frequency

Off-Isolation/Crosstalk(dB)

20 14—

Vg = 3.3 Vpc + 100/ mVgys Signal

Riosa =20 ka or 320
Inputs Grounded

PSRR(dB)

-100

-120

-140

20

200 2000

Frequency (Hz)

20000

Figure 20. PSRR vs. Frequency

Off-lsolation

\ [\

Pz

0.1

1 10
Frequency (MHz)

100 500

Figure 22. Crosstalk and Off-Isolation

Fig

Gain(dB)

THD+N (%)

Differential Insertion Loss (dB)

0.0008
0.0007
0.0006
0.0005
0.0004
0.0003
0.0002

0.0001

ure 19. THD+N vs. Signal Levels vs. Frequency

| Voo=33V
Riosn =20 ko
A-Weighted Filter

oo

Virms
Vims

Vrms —|

s ol

1™

20 50 100

500 1k 5k
Frequency (Hz)

10k 20k

N

(8]

w

0.1

Fr

10 100
equency (MHz)

Figure 21. Frequency R esponse

1000

™

10

100

Frequency (MHz)

Figure 23. Di

WWW. onsemi.com

9

fferential Crosstalk

1000


 http://www.onsemi.com/
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TYPICAL PERFORMANCE CURVES:
Ta = +25°C, Unless Otherwise Specified
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Figure 26. USB 2.0 High—Speed Eye Diagram

WWW. onsemi.com
10

1000


 http://www.onsemi.com/

MECHANICAL CASE OUTLINE

PACKAGE DIMENSIONS

1
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ON Semiconductor®

DATE 01 AUG 2007

NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

. CONTROLLING DIMENSION: MILLIMETERS

. DIMENSION b APPLIES TO PLATED TERMINAL
AND IS MEASURED BETWEEN 0.25 AND 0.30 MM
FROM TERMINAL.

. COPLANARITY APPLIES TO THE EXPOSED PAD
AS WELL AS THE TERMINALS.

MILLIMETERS
MIN | MAX
045 | 0.60
000 | 0.05
0.127 REF
0.15 | 0.25
1.40 BSC
1.80 BSC
0.40 BSC
030 | 050
000 | 0.5
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= Specific Device Code
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= Pb-Free Package
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*This information is generic. Please refer to
device data sheet for actual part marking.
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DESCRIPTION:

10 PIN UQFN, 1.4 X 1.8, 0.4P
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