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R=/N=2E—=RKUSB/YYS TRAYF
(A—=/Z/NA/X=/V—=RE—F)

ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND, unless otherwise noted.)

VG it -0.3V to +6.0V
VDD e -0.3V to +4.0V
SEL1, EN, COMD_, NOD_,

NCD_ (Note 1) ..o -0.3V to (Vce + 0.3V)
SEL2, COMO_, COM1_, NCO_,

NC1_, NOO_, NO1_(Note 1) ............... -0.3V to (Vpp + 0.3V)

ICOMO_ - NOO_I, ICOMO_ - NCO_,

ICOMO _ - NO1 _I, ICOMO _- NC1_I (Note 1) ........ 0 to +2.0V
Continuous Current (COMO_,

COM1_to NOO_, NO1_, NCO_, NC1_)...ooooeiiiiiirnns +70mA

Peak Current (COMO_, COM1_to NOO_, NO1_, NCO_, NC1_)

(pulsed at 1ms, 10% duty cycle)........cccoviviiiiiiiins. +70mA
Continuous Current into Any Terminal ...........c.cocceoe +30mA
Continuous Power Dissipation (Ta = +70°C)

TQFN (derate 35.7mW/°C above +70°C).................. 2857mW

Operating Temperature Range ............c..ccoeen.
Storage Temperature Range...........ccccooeeeennn.
Junction Temperature ...........cc.cccceeeinnn

Lead Temperature (soldering, 10s)
Soldering Temperature (reflow) ..........ccccooeiiviiiiicienn.

Note 1: Signals on SEL_, NO_, NC_, or COM_ exceeding Vcc, VDD, or VGND 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

(Vcc =+3.0Vto +5.5V, Vpp = +3.0V to +3.6V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = VDD = +3.3V,

Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Power-Supply Range vee 3.0 2:5 v
PPy 9 VDD 3.0 3.6

lcc VsSgL1 = OV or Vcg, VEN = OV | Ve = 3.0V 0.6 15
Supply Current pA
IDD VsgL2 = OV or VDD VpD = 3.3V 60
Hi-Speed USB switches, switch disabled
Shutd Supply C t, | | ' 0.1 A
utdown Supply Current, Icc SHDN (VEN = Vce) g
. Hi-Speed USB switches, OV < VSgL1 < VIL
wi(t)r:e\jl;;l: %p\l/iltcaurgem’ lcc. or VIH < VSEL1 < Vcc or OV < VEN < V|L or 1 HA
’ ¢ ViH < VEN = Vce
Hi-Speed USB switches, VEN = OV
VCOM_. | (Note 3) 0 vee
Analog-Signal Range VNO_, v Vv
VNC_ | SuperSpeed USB switches -0.1 ?2 i
: ! Hi-Speed USB switches, COMD_ only, Vcc+ Vec+  Vce
Fault-Protection Trip Threshold VFpP Ta = +25°C 06 08 A \
Hi-Speed USB switches, 5 10
Vcomp_ = 0V to Vce
. Hi-Speed USB switches, Vcc = 3.0V,
- Q
On-Resistance RoN VoOMD. = 3.6V 55
SuperSpeed USB switches, Vpp = 3.0V, 7
lcom_=15mA, VNO_ = VNC_ =0V, 1.8V
2 AKX




R=/N=2E—=RKUSB/YY S TRAYF
(O—=/Z/NA/X=/V—=XE—F)

ELECTRICAL CHARACTERISTICS (continued)
(Vcc = +3.0Vto +5.5V, Vpp = +3.0V to +3.6V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = Vpp = +3.3V,

Ta = +25°C.) (Note 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Hi-Speed USB switches, Vcc = 3.0V,
VCcoMD_ = 2.0V (Notes 4, 5)

0.1 1

On-Resistance Match Between ) o
Channels ARON | SuperSpeed USB switches, Vpp = 3.0V,

lcom_= 15mA, VNO_or VNC_ = 0V 0.6 2

(Notes 4, 5)

SuperSpeed USB switches, Vpp = 3.0V,
ARON lcom_ = 15mA, VNO_or VNC_ = 0V 0.1 1 Q
(Notes 4, 5)

Hi-Speed USB switches, Vcc = 3.0V,
Vcomp_ = 0V to Ve (Note 6)

On-Resistance Flatness RFLAT | SuperSpeed USB switches, Vpp = 3.0V, Q
lcom_= 15mA, VNO_or VNC_= OV 0.06 2
(Notes 5, 6)

Hi-Speed USB switches, Vcc = 5.5V,
Vcowmp_ = 0V or 5.5V, VNOD_, -250 +250 nA
VNCD_ = 5.5V or OV

On-Resistance Match Between
Pairs of Same Channels

0.1

Off-Leakage Current ICOM(OFF)
SuperSpeed USB switches, Vpp = 3.6V,

Vcowm_ =0V, 1.8V; VNO_or VNC_ = 1.8V, -1 +1 HA
oV

Hi-Speed USB switches, Vcc = 5.5V,
Vcowmp_ = 0V or 5.5V, VNOD_, -250 +250 nA
VNCD_ = unconnected

8L6VIXVIN

On-Leakage Current ICOM(ON)
SuperSpeed USB switches, Vpp = 3.6V,

Vcom_ =0V, 1.8V; VNO_ or VNC_ = VCOM_ -1 +1 pA
or unconnected

AC PERFORMANCE

Hi-Speed USB switches, RL = Rs = 500,

On-Channel -3dB Bandwidth BW . 950 MHz
signal = 0dBm
TMHz < f <
SuperSpeed USB 100MHz 0.5
On-Loss GLOSS switches, RL = Rs = 50Q, dB
unbalanced 500MHz < f < 14
1.25GHz
Hi-Speed USB switches, | f= 10MHz -48
VNOD_, VNCD_ = 0dBm, f = 250MHz -20
RL = Rs = 50Q, Figure 1 - _
Off-Isolation VIso S 9 f = 500MHz 17 dB
SuperSpeed USB f = 10MHz 56
switches, signal = 0dBm,
Rs = RL = 50Q f=1.25GHz -26

MAXIN 3
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R=/N=2E—=RKUSB/YYS TRAYF
(A—=/Z/NA/X=/V—=RE—F)

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =+3.0Vto+5.5V, Vpp = +3.0V to +3.6V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = Vpp = +3.3V,
TA = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Hi-Speed USB switches, | f= 10MHz -73
VNOD_, VNCD_= 0dBm, f = 250MHz -54
RL = Rs = 50Q, Figure 1 | f = 500MHz -33
SuperSpeed USB switch-
Crosstalk (Note 7) ver es,pcrospstalk between any f = 50MHz 83 o
two pairs,
RS = RL = 50Q, unbal- ¢ _ 4 25GH; -32
anced, Figure 1
Signaling Data Rate BR SuperSpeed USB switches, Rs = R = 50Q 5.0 Gbps
LOGIC INPUT
Input Logic-High VIH 1.4 V
Input Logic-Low ViL 0.5 V
Hi-Speed USB switches -250 +250 nA
Input Leakage Current N SuperSpeed USB switches,
VSEL2 = OV or Vpp i +1 HA
Input Logic Hysteresis VHYST SuperSpeed USB switches 100 mV
DYNAMIC PERFORMANCE
Hi-Speed USB switches,
VNOD_ or VNCD_ = 1.5V, RL = 3009, 20 100 us
Turn-On Time toN CL = 35pF, VEN = Vcc to 0V, Figure 2

SuperSpeed USB switches,

VNO_or VNC_ = 1.0V, RL = 50Q, Figure 2 90 250 ns
VNOD_ or VNCD_ = 1.5V, RL = 300Q, ] 5 s
. CL = 35pF, VEN = 0V to Vcc, Figure 2 H
Turn-Off Time tOFF -
SuperSpeed USB switches, 10 50 ns
VNO_ or VNC_ = 1.0V, RL = 50Q, Figure 2
Hi-Speed USB switches, RL = Rs = 509, 100
Propagation Delay tPLH, tPHL | Figure 3 ps
SuperSpeed USB switches, Rl = Rs = 50Q 50
i Hi-Speed USB switches, skew between
Output Skew Between Switches tSK switch 1 and 2, RL = Rs = 509, Figure 3 40 ps
SuperSpeed USB switches, Rs = RL = 50Q,
Output Skew Between Pairs tsK1 unbalanced; skew between any two pairs, 50 ps

Figure 3

SuperSpeed USB switches, Rs = RL = 509,
Output Skew Between Same Pair tsk2 unbalanced; skew between two lines on 10 ps
same pair, Figure 3

Hi-Speed USB switches,
Fault-Protection Response Time tFP Vcomp_ = 0V to 5V step, RL = Rs = 50Q, 0.5 5.0 us
Vce = 3.3V, Figure 4

4 MAXI N




R=/N=2E—=RKUSB/YY S TRAYF
(O—=/Z/NA/X=/V—=XE—F)

ELECTRICAL CHARACTERISTICS (continued)

(Vcc =+3.0Vto +5.5V, Vpp = +3.0V to +3.6V, TAa = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = Vpp = +3.3V,
Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Hi-Speed USB switches, Vcomp_ = 5V
Fault-Protection Recovery Time tFPR to OV step, RL = Rs = 50Q, Vcc = 3.3V, 100 us
Figure 4

CNO(OFF) | Hi-Speed USB switches, f = 1MHz,
NO_ or NC_ Off-Capacitance or Figure 5 pF
CNC(OFF) | SuperSpeed USB switches, Figure 5 1

Hi-Speed USB switches, f = 1MHz,

' 55
) Figure 5
COM_ Off-Capacitance CCOM(OFF) [, . pF
Hi-Speed USB switches, f = 240MHz, 48

Figure 5

Hi-Speed USB switches, f = 1MHz,
Figure 5

COM_ On-Capacitance CCcOM(ON) | Hi-Speed USB switches, f = 240MHz, 55 pF
Figure 5 '

6.5

SuperSpeed USB switches, Figure 5 2

Hi-Speed USB switches, Vcomp_ = 1Vp-p,
THD+N | VBIas = 1V, RL = Rs = 50Q, 0.03 %
f = 20Hz to 20kHz

Total Harmonic Distortion Plus
Noise

ESD PROTECTION

Human Body Model +
COMD+, COMD- IEC 61000-4-2 Air Gap Discharge +15 kV

IEC 61000-4-2 Contact Discharge +8
COMO_, COM1_ Human Body Model +6 kV
All Pins Human Body Model +2 kV

Note 2: All devices are 100% production tested at Ta = +25°C. All temperature limits are guaranteed by design.

Note 3: The switch turns off for voltages above VFp, protecting downstream circuits in case of a fault condition.

Note 4: ARON(MAX) = IRON(CH1) - RON(CH2)!.

Note 5: Guaranteed by design. Not production tested.

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

Note 7: Between any two switches.

MAXIN 5
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R=/N=2E—=RKUSB/YYS TRAYF
(A—=/Z/NA/X=/V—=RE—F)

£ A >
SHERE/ Y1
Vee  Vop
OwF 0.1pF
OFF-ISOLATION = 20l0g-10UT
NETWORK VN
— ANALYZER
Vour
— Vee Voo v 500 500 ON-LOSS = 20l0
0V OR Vpp oo - N +— — gvl
MAXILM f v
NC_  MAX14978 = CROSSTALK - 20log - OUT
Vour —» | MEAS — REF
500 NO_ 9 9
— = 50Q 50Q =
= GND
L =

MEASUREMENTS ARE STANDARDIZED AGAINST SHORTS AT IC TERMINALS.

CROSSTALK IS MEASURED BETWEEN ANY TWO PAIRS.

I1H

OFF-ISOLATION IS MEASURED BETWEEN COM_ AND "OFF" NO_ OR NC_ TERMINAL ON EACH SWITCH.
ON-LOSS IS MEASURED BETWEEN COM_ AND "ON"NO_ OR NC_ TERMINAL ON EACH SWITCH.

SIGNAL DIRECTION THROUGH SWITCH IS REVERSED; WORST VALUES ARE RECORDED.

1. #7714V =3y AUER BXOIOR =7

Voo Vee
0. 1uF 0. 1uF

Voo Vee
M AXIMN
MAX14978

W N0
ORNC_

SEL_ [: N
LOGIC GND
INPUT 1

CL INCLUDES FIXTURE AND STRAY CAPACITANCE.

Vour = VN,(

COM_

R
RL+ RON)
VN_=VNo_OR Vnc_

ViH

LOGIC
ViL E—

INPUT

SWITCH oy —— |
OuTPUT

tr < 5ns

M2, ZA v F o IERB
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HEREIRR/ 51 IV TR(IRE)

Voo Vee
0.1pF 0.1pF
Voo Vee
MAXIMN
. NO_+ OR MAX14978
S NC_+ COM_+
IN+ % "\C 4 OUT+  RISE-TIME PROPAGATION DELAY = tpLHx OR tPLHY
. FALL-TIME PROPAGATION DELAY = tpHLx OR tpHLY
L tsk1 = DIFFERENCE IN PROPAGATION DELAY (RISE-FALL)
B . BETWEEN ANY TWO PAIRS
re MO OR | —
NC_- : COM_- = tpLiX - tpHLY | OR | tpHLX - tpLHY |
IN- A\:\C ° ouT-  tske=ltPLHx - tPHLY PHLX - tPLHY
—Wv ; BETWEEN TWO LINES ON THE SAME PAIR
2 ]
SEL_ =
INRISE UNFALL
+15V
Vi < 50% S
ov J
mw———\x
VIN- N 50% —~ 50%
v
touTRISE tOUTFALL
PLHX — | |t— {PHLX —
15V /—
VouT+ 7 50%
N ——
+1.5V
VOUT* X< 50% 7 50%
v
PHLY — ! |t— tPLHY —

M3. oEEIE. HHXF1—

MAXIN
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R=/N=2E—=RKUSB/YYS TRAYF
(A—=/Z/NA/X=/V—=RE—F)
HERER/ 1 IV IERE)

+3V AL_i ’ ‘ @

i S L o MAXIM
gt !
Dtep ! ! tep | 3 MAX14978
I 1
! 1
| | capacitance | /1 | N\ <F—=t—Vior vy
1
5 L

V \
Veg=433V | - mmmmmmmmmmmmm - +5V oD 6e
1
i
Veomp_ '
—_— r

METER

; NC_OR
VEp NO_
Voo, 13V
Wweo_ )L oV J__
R4, 74l FREGS/EEREE B5. FyRNAT/ AV ER
EEBENS

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

EYE DIAGRAM SUPERSPEED SWITCHES SUPERSPEED SWITCHES ON-RESISTANCE
(Vee = +3.3V, f = 2.5GHz, Rs = Ry = 50Q) ON-RESISTANCE vs. Vgom_ vs. Vgom_ (Vee = +3.3V)
MAX14978 toc01
400 — | ——— 100 3 14 ] 3
EYE: ALLBITS Uls: 9995/9995 95 £ £
600 ks 12 Ta=+85°C—— g
9.0 g Ta=+25°C e
400 85 = 10 /

/ /

Z 20 _ 80 8
[ - = 75 =
5 £ € 6
S 200 70
%
400 65 4 A
o0 B 6.0 Vee =+3.3V )
55 Tp=-40°C
-800 |
N S A 50 0 | [
200 -150 -100 -50 0 50 100 150 200 010103050709 1113151719 21 010103050709 11131517 1.9 21
ps/div Veom_ (V) Veom_ (V)
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3 =
EEEEFEERSE)
(Vcc = Vpp = 3.3V, Ta = +25°C, unless otherwise noted.)
SUPERSPEED HI-SPEED SWITCHES SUPERSPEED SWITCHES LOW/FULL/HI-SPEED SWITCHES
SUPPLY CURRENT vs. TEMPERATURE LOGIC-INPUT THRESHOLD vs. SUPPLY VOLTAGE ON-RESISTANCE vs. Vgom_
70 o : 6 :
60 f T T ] ) -
= = 1 ViH
= Voo =+3.3V = — — 1
% » S g \3// ] g ¢
S 4 & — ] = A
~ = 08 < 3
T 30 g yd Vi Ta=+85°C | Ta=+25°C | Ta=-40°C
2 S o7 |4 2
20 :
10 06 1
0 05 0
-40 -15 10 35 60 85 16 18 20 22 24 26 28 30 32 34 36 0 1 2 3
TEMPERATURE (°C) SUPPLY VOLTAGE (V) Veom_ (V)
LOW/FULL/HI-SPEED SWITCHES LOW/FULL/HI-SPEED SWITCHES LOW/FULL/HI-SPEED SWITCHES
COM_ LEAKAGE CURRENT vs. TEMPERATURE QUIESCGENT SUPPLY CURRENT vs. LOGIC LEVEL LOGIC-INPUT THRESHOLD vs. SUPPLY VOLTAGE
80 5 5 3 12 2
70 5 g T g
i =z g 10 E:
= COM_ ON-LEAKAGE £ , g 08
= 2 z t
3 40 = L 06 ViV
] =S = H IL
2 3 @ 2 o
= = S 04
m A COM_ OFF-LEAKAGE g 1 / B
10 - s |/ 02
0 0 0
40 -5 10 35 60 85 0 1 2 3 2.8 38 48
TEMPERATURE (°C) LOGIC LEVEL (V) SUPPLY VOLTAGE (V)
LOW/FULL/HI-SPEED SWITCHES LOW/FULL/HI-SPEED SWITCHES
FREQUENCY RESPONSE TOTAL HARMONIC DISTORTION PLUS NOISE vs. FREQUENCY
0 - 1 -
A E F R =600Q B
10 § g
-20 ON-LOSS = e E:
w (I T
o A1 /
S 4 |- OFF-ISOLATION P A / < 0
= yd =
2 -50 tigps 4 3
2 60 Pt =
< pd A AL
0 P CROSSTALK 001 - iR
-80 A
/T
90
-100 ~/ 0.001
1 10 100 1,000 10 100 1000 10,000 100,000
FREQUENCY (MHz) FREQUENCY (Hz)
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EEE
TOP VIEW
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38113711361 135} 1341 13311321 1311 130: 120: 1281 127} 1261 125! 1241123} 122
ne. [0 3 MAXIN 736 vop
NC. 41 MAX14978 19 GND
NC[&2)
10020130 4T 567 18t 911011112} 13! 114} 1151 116! 17!
EEEFEEFEFERF T
TQFN
it 55 BF
IHF 2 1A
1,2, 3,6,
8, 36, N.C. |G, WECTEHRINTLEEA,
39-42
4 COMD+ N ZE—RUSB7ZFOTRAvF JEVD+HF
5,10, 14, NI
17,19, 21 GND TIUR
7 COMD- NAZRE—=RUSB7FAJRAYF, DEVD-IHTF
9 SEL2 Z—/N—=ZE—=RUSB7F+ AT XA VFBT1IFILHEHAL
11 COMO+ 2—/N—=2ZE—=RUSB7+OJZAvF0. DAEVIEHF
12 COMO- 2—/N—=ZE—=RUSB7+OJZAvF0. DAEVAHKF
13, 18, v 2—/N—=ZXE—RUSBRA Y FHDEEBREEA . T/ ZIZHEERRERYIEZELTO. TUFDEZIY o
20, 30 pb 0257 TVppEGNDIZ/ A /S Z LTLEE N,
15 COM1+ Z2—/N\—=XE—RUSB7FOJX1vF1. DEVIEHF
16 COM1- Z2—/N—=XE—RUSB7FOJX1vF1. JEVAEKF
22 NO1- 2—/N\—2E—RUSB7FOIRAVF1. /= UA—T aiHF
23 NO1+ 2—/N\—2E—RUSB7FOIRAVF1. /=X UA—=TVEHF
24 NOO- 2—/N—=2E—RUSB7FOJRAYF0. /—VUA—=—Tam¥F
25 NOO+ 2—/N—=2E—RUSB7FOJRAYF0, /—VUA—TVIEHF
26 NC1- 2—/N—=ZAE—=RUSB7FAJZAAvF1. /=7 JI7AO—-XRElIHT
27 NC1+ 2—/N—=2AE—=RUSB7FAJZAAvF1. /=<' JOAO—XRElHT
28 NCO- 2—/N—=ZAE—RUSB7FAJZAvF0, /=7 JI7AO—XR&lIHT
29 NCO+ 2—/N—ZAE—RUSB7FAJZAvF0, /—7'JUAO—XRElxT
31 NOD- N ZE—=RUSBZFOIRAYF. /=X IF—=T2D-iHF
32 NCD- NAZAE=RUSB7Z+HOJRAyF /=< )oO—XRD-ixF
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i FERAA(IRE)
T E4 HaE
33 N N ZE—=RUSBRAYFRDT7I T4 7 O—A =TIV AN, ENENAICEREITDE. /N RE—R
USBRAYFHNAA 2 E=F 2RI ET, ENEO—ICERENTDE, BEDEMEICKIET,

34 N NAZAE—=RUSBR AV FRADIEEBREFEAT. T/ NAZXICHBELRWUIEZELTO. 1uUFDEZ IV
cC YoV TF IS TVecEGNDIZ/ S/ Z LTS L,

35 SEL1 NAZE—=RUSB7Z+FOT A vFABTAHIEIEAN

37 NCD+ NAZE=RUSB7Z+OFRAvF /—<')OO—XRD+iHF

38 NOD+ N ZE—=RUSBZFOAIRAYF /= IF =T D+imF
Ep TORR—ZR/INYR, EPIZAEETGNDICEHRSNTIVEY, BMEEEZRAICTD/IZHICEPEAE()
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8L6VIXVIN

HI-SPEED USB SWITCHES
vee Vop EN SEL1 NOD_ NCD_ COMD_
' ' 0 0 OFF ON —
MAXI WV
MAX14978 0 ! ON OFF —
1 X OFF OFF HIGH-Z
H HI-SPEED USB !
1 ANALOG SWITCHES !
v ! . y—————— NOD+ SUPERSPEED USB SWITCHES
T TT— SEL2 NO_ NC_
H | ' L NOD-
- ! 4 NeD- 1 ON OFF

SEL1 —ﬁ—l>

SUPERSPEED USB
ANALOG SWITCHES

‘ 1 noos
OOMOs —f———04 1)

! ! +—+— NCO+
' | y———1— Noo-
COMO- —f-——0+y ]|

! ‘ — NCO-

: L y——————Not

COMls —p———0Ly ]
L NG+

Cy——1 ot

oo —H——oi7 ]
| — NC1-

SEL2 —{—I> -
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30

MAX 149783 2—/X—X E—RUSBB L OO —/7I)L/
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