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TUSB1002 USB3.1 10 Gbps Dual-Channel Linear Redriver
1 Features 3 Description

e Supports USB3.1 SuperSpeed (5 Gbps) and
SuperSpeedPlus (10 Gbps)

» Supports PCI Express Gen3, SATA Express, and
SATA Gen3.

» Ultra Low-Power Architecture
— Active: < 340 mW
- U2/U3: < 8 mW
— Disconnected: <2 mW

e Adjustable Voltage Output Swing Linear Range up
to 1200 mVpp

* No Host/Device Side Requirement

» 16 Settings for up to 16 dB at 10 Gbps of Linear
Equalization

* Adjustable DC Equalization Gain
* Hot-Plug Capable

* Pin-to-Pin Compatible With LVPE502A and
LVPE512 USB 3.0 Redriver

* Temperature Range: 0°C to 70°C
* 16 KV HBM ESD

* Available in Single 3.3 V Supply.

* Available in 4 mm x 4 mm VQFN

2 Applications

» Notebook and Desktop PC
e TVs

e Tablets

e Cell Phones

* Active Cable

» Docking Stations

Simplified Schematic
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The TUSB1002 is the industry’s first dual-channel
USB 3.1 SuperSpeedPlus (SSP) redriver and signal
conditioner. The device offers low power consumption
on a 3.3V supply with its ultra-low-power
architecture. It supports the USB3.1 low power
modes  which  further reduces idle power
consumption.

The TUSB1002 implements a linear equalizer,
supporting up to 16 dB of loss due to Inter-Symbol
Interference (ISI). When USB signals travel across a
PCB or cable, signal integrity degrades due to loss
and inter-symbol interference. The linear equalizer
compensates for the channel loss, and thereby,
extends the channel length and enables systems to
pass USB compliance. The dual lane implementation
and small package size provides flexibility in the
placement of the TUSB1002 in the USB3.1 path.

The TUSB1002 is available in either a a 24-pin 4 mm
X 4 mm VQFN. It is also available in a commercial
grade (TUSB1002).

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (24) 4.00 mm x 4.00 mm

PART NUMBER
TUSB1002

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

TUsB1002

Ty UMELA redriver

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History

Changes from Revision D (October 2017) to Revision E

« Deleted TUSB1002I industrial from the Feature, Description, and Device Information .............cccccoeiiiiiiiieiiiiiee e
« Deleted TUSB1002I Operating free-air temperature from the Recommended Operating Conditions ...
¢ Deleted TUSB1002I from the Thermal INformation table ...
Changes from Revision C (August 2017) to Revision D Page
¢ Changed pin 8 From: RXIN To: RX1IN in the RGE PiN IMAGE........uutiiitiiiiiiie ittt ettt st 4
Changes from Revision B (August 2017) to Revision C Page
e Changed Feature From: 14 Settings for up to 15 dB at 10 Gbps of Linear Equalization To: 16 Settings for up to 16

dB at 10 GBPS Of LINEAr EQUATIZALION .......coueeeiie ettt ettt ettt e e e ekttt e e e s astb e e e e e sabbe e e e e e sabbeee e e e anbbeeeeeaantaeeaeeannnes 1
« Deleted the RMQ package option from the Pin Configuration and FUNCtIONS SECLION .........coeviiiiiiiieiiiiiiiee e 4
¢ Deleted the RMQ package from the Pin FUNCLONS taDIE ...........oooiiiiiiiie et 4
« Changed the description of pin 7 From: R = Test Mode To: R = PCle / Test Mode. in the Pin Functions table .................. 5
¢ Deleted the RMQ column from Thermal INformation table ...
« Added Differential crosstalk between TX and RX signal pairs. ...........
L4 From: EQ(GAIN'lOGbpS) 15dB TO: EQ(GAIN‘lOGbpS) l6dB ..................................................................................................................
« EQ setting 15 changed from ReSErved t0 10.4 / 16.0 ...cccviiiiiiiiiiieeiiie ettt ettt ettt e e b e
¢« EQ setting 16 changed from Reserved 10 10.6 / 16.3 .......cooiiiiiiieiiiiiiee ittt e e et e e e s e etbe e e e s et e e e e s e stbae e e e s aasaeeaeeannees
¢ Added the PCle/SATA/SATA Express Redriver Operation SECHON. .........occuiiiiiiiiiiiiei ittt e e e e e e 17
e Added the Typical SATA, PCle, and SATA Expess AppPliCatioN SECHION ..........ceeiiiiiiiiiiiiee e 22
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Changes from Revision A (May 2016) to Revision B Page
e Added a capacitor to the RXP2 and RXN2 pins of the Simplified SChematiC............ccccveiiieiiiiii e 1
¢ Added a capacitor to the RXP2 and RXN2 PiNS Of FIQUIE 17 ....ociiiiiiiiiii ettt ettt ettt e e st e e e e s etbaaaaesenees 19
¢ Updated the A/C coupling Capacitor Section of TaDIE 4 ... 19

e Changed text in the Detailed Design Procedure From: No A/C coupling capacitors are placed on the RX2P/N. To:
330nF A/C coupling capacitors along with 220k resistors are placed on the RX2P and RX2N. Inclusion of these
330nF capacitors and 220k resistors is optional but highly recommended. If not implemented, then RX2P/N should
be DC-coupled t0 the USB FECEPLACIE. .........ueiiiiieiiie ettt et ettt rat e sbb e e ettt e e aabee e sbbeeenbbeeennneeenenee s 20

¢ Added 330nF AC capacitors (C12 and C13) on RX2P and RX2N in Figure 18

Changes from Original (May 2016) to Revision A Page
¢ Changed device status From: Preview T0O: ProQUCTION .........ccueiiiiiiiiiie ettt et e et e e e e st e e e e s eanaeeeeeennnnes 1
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5 Pin Configuration and Functions
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Pin Functions

PIN INTERNAL PULLUP
NN e TYPE PULLDOWN DESCRIPTION
RX1P 9 Differential input for SuperSpeed (SS) and SuperSpeedPlus (SSP) positive
90Q Differential signals for Channel 1
RXIN 8 Input Differential input for SuperSpeed (SS) and SuperSpeedPlus (SSP) negative
signals for Channel 1
RX2P 19 Differential input for SuperSpeed (SS) and SuperSpeedPlus (SSP) positive
90Q Differential signals for Channel 2
RX2N 20 Input Differential input for SuperSpeed (SS) and SuperSpeedPlus (SSP) negative
signals for Channel 2.
TX1P 22 Differential output for SuperSpeed (SS) and SuperSpeedPlus (SSP) positive
90Q Differential signals for Channel 1.
TXIN 23 Output Differential output for SuperSpeed (SS) and SuperSpeedPlus (SSP) negative
signals for Channel 1.
TX2P 12 Differential output for SuperSpeed (SS) and SuperSpeedPlus (SSP) positive
90Q Differential signals for Channel 2.
TXON 11 Output Differential output for SuperSpeed (SS) and SuperSpeedPlus (SSP) negative
signals for Channel 2.
CH1_EQL1. Configuration pin used to control Rx EQ level for RX1P/N. The state
CH1_EQ1 2 | (4-level) of this pin is sampled after the rising edge of EN. Refer to Figure 2 for details of
timing. This pin along with CH1_EQ2 allows for up to 16 equalization settings.
CH1_EQ2. Configuration pin used to control Rx EQ level for RX1P/N. The state
CH1_EQ2 3 | (4-level) of this pin is sampled after the rising edge of EN. Refer to Figure 2 for details of
PU (approx 45K) timing. This pin along with CH1_EQ1 allows for up to 16 equalization settings.
PD (approx 95K) CH2_EQ1. Configuration pin used to control Rx EQ level for RX2P/N. The state
CH2_EQ1 16 | (4-level) of this pin is sampled after the rising edge of EN. Refer to Figure 2 for details of
timing. This pin along with CH2_EQ2 allows for up to 16 equalization settings.
CH2_EQ2. Configuration pin used to control Rx EQ level for RX2P/N. The state
CH2_EQ2 17 | (4-level) of this pin is sampled after the rising edge of EN. Refer to Figure 2 for details of
timing. This pin along with CH2_EQ1 allows for up to 16 equalization settings.
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Pin Functions (continued)

PIN

NAME RGE

TYPE

INTERNAL PULLUP
PULLDOWN

DESCRIPTION

EN 5

I (2-level)

PU (approx 400 K)

EN. Places TUSB1002 into shutdown mode when asserted low. Normal
operation when pin is asserted high. When in shutdown, TUSB1002’s receiver
terminations will be high impedance and tx/rx channels will be disabled.

CFG1 4

| (4-level)

CFG2 15

| (4-level)

PU (approx 45K)
PD (approx 95K)

CFGL1. This pin along with CFG2 will select VOD linearity range and DC gain
for both channels 1 and 2. The state of this pin is sampled after the rising edge
of EN. Refer to Figure 2 for details of timing. Refer to Table 3 for VOD linearity
range and DC gain options.

CFG2. This pin along with CFG1 will set VOD linearity range and DC gain for
both channels 1 and 2. The state of this pin is sampled after the rising edge of
EN. Refer to Figure 2 for details of timing. Refer to Table 3 for VOD linearity
range and DC gain options.

MODE 7

| (4-level)

PU (approx 45 K)
PD (approx 95K)

MODE. This pin is for selecting different modes of operation. The state of this
pin is sampled after the rising edge of EN. Refer to Figure 2 for details of
timing.

0 = Test Mode. Tl Internal Use Only.

R = PCle / Test Mode. PCle Mode and TI Internal use only

F = USB3.1 Dual Channel Operation enabled (TUSB1002 normal mode).

1 = USBS3.1 Single-channel operation.

RSVD1 24

RSVD1. Under normal operation, this pin will be driven low by TUSB1002.
Recommend leaving this pin unconnected on PCB.

SLP_SO# 14

| (2-level)

PU (approx 400 K)

SLP_SO0#. This pin when asserted low will disable Receiver Detect functionality.
While this pin low and TUSB1002 is in U2/U3, TUSB1002 disables LOS and
LFPS detection circuitry and Rx termination for both channels will remain
enabled. If this pin is low and TUSB1002 is in Disconnect state, the Rx detect
functionality is disabled and Rx termination for both channels will be disabled. If
the system SoC does not support a GPIO that indicates system sleep state,
then it is recommended to leave this pin unconnected.

0 — Rx Detect disabled

1 — Rx Detect enabled

NC

No Connect. Leave unconnected on PCB.

VCC 1,13

Power

3.3V (x10%) Supply.

6, 10, 18,

GND 21

GND

Ground

Thermal pad

Thermal pad. Recommend connecting to a solid ground plane.

Copyright © 2016-2019, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
Supply Voltage Range®, Ve -0.3 4 Y,
Differential Voltage between RX1P/N and 425 v
RX2P/N.
0 Voltage Range Voltage at RX1P/N and RX2P/N. 05 Vee + 0.5 v
Voltage on Control 10 pins -0.5 Vce + 0.5 \%
Maximum junction temperature, T, 105 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to the GND terminal.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +6000
V(Esp) Electrostatic discharge Charged-device model (CDM), ger JEDEC specification JESD22-C101 +1500 \%
or ANSI/ESDA/JEDEC JS-002® -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. .
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Ve 3.3V Supply Voltage 3 3.3 3.6 \%
Supply Ramp requirement 50 ms
V(psn) Supply Noise on V¢c pins 100 mV
Ta ‘ Operating free-air temperature 0 70 °C
6.4 Thermal Information
TUSB1002
THERMAL METRIC® RGE (VQFN) UNIT
24 PINS

Rosa Junction-to-ambient thermal resistance 38.5 °CIW
RoJc(top) Junction-to-case (top) thermal resistance 41.6 °C/W
Ross Junction-to-board thermal resistance 16.3 °C/W
LAL Junction-to-top characterization parameter 1.0 °C/W
Vi Junction-to-board characterization parameter 16.4 °C/W
RoJc(bot Junction-to-case (bottom) thermal resistance 6.9 °CIW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Electrical Characteristics, Power Supply
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
P(uo_ssp_1200mv) i-|T-1UUS(;3iggféggévgr;r;g:frsnpggjilsg reton Ct \1/0 GE qszo\éc'?q\slgng;éiﬂe: \é:lé:gz >3 340 mw
datarate with linear range set to 1200mV. ' Yob '
P s s |10 Oporaing a SuperSpmcapivs | 10 GPPS: e supply slable Ve =33 w
datarate with linear range set to 2000mV. ' Yob '
Pu.sssmn | U operatng a Superpoccpivs | 4 10 G0 Ve suppy bl Ve =33 w
datarate with linear range set to 900mV. ' Yob '
P (wo_s5.1200my) TUSBlOOZ power under normal operation | At 5 Gbps; V¢ supply stable; Vcc = 3.3 V; 340 mw
SS_ in UO operating a SuperSpeed datarate. Vop = 1200 mVpp; Pattern = CPO.
Pu1 TUSB1002 power when U1. I\;10LD11:; 1/2%% fnu\;/)pp'l)y stable; Ve =3.3 V; 340 mw
Pwu2u3) TUSB1002 power when in U2/U3. SBS;&;h;ggg;s\}Cing 32 :;nVL;JZIUS; vee 8 mw
p TUSB1002 power when in U2/U3 and Both channels 1 and 2 in U2/U3; VCC 0.850 mw
(U2U3_SLP) SLP_SO0# s low. supply stable; Ve = 3.3 V;
PpisconnecT non | TUSB1002 power when no USB device RX1 and RX2 termination disabled; VCC P mw
E) detected on both TX1P/N or TX2P/N. supply stable; Vcc = 3.3V
p TUSB1002 power when a USB device Either RX1 or RX2 termination enabled
(DISCONNECT_ONE | detected on either TX1P/N or TX2P/N but | both not both enabled; VCC supply stable; 5 mw
) not both. Vee =33V
PoisconnecT sLp) gelftzgigognpeoi\tﬁzrr VT\”;(‘i.rI]D/nl\(lJ ;S'I'?(gg\//ll\f(;nd thﬁjlpl?/nsdta?l(ez' secrrcni:ngt.ié)r:/disabbd; vee 0.850 mwW
SLP_SO0# is low.. !
P (sHuToOwn) 1002 powerwhen ENis asserted | ycc supply stable; Voo = 3.3V, EN =0 0.6 mw
6.6 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
4-Level Inputs (MODE, CFG1, CFG2,CH1_EQ1, CH1_EQ2, CH2_EQ1, CH2_EQ2)
M High level input current Vec=36V; V=36V 20 80 A
I Low level input current Vee=36V; V=0V -160 -40 pA
Vry Threshold 0/ R 0.55 \%
Threshold R/ Float Vec =33V 1.65 \
Threshold Float / 1 2.8 \%
Rpy Internal pull-up resistance 45 kQ
Rpp Internal pull-down resistance 95 kQ
EN, SLP_SO0# Input
Vig High level input voltage Vee=3.V 17 VCC \
Vi Low level input voltage Vec =33V 0 0.7 \
M High level input current Vec=36V,EN=3.6V -10 10 HA
I Low level input current Vec=36V,EN=0V -15 15 HA
R Internal pull-up resistance for EN and 400 kQ
(EN-PU) SLP_SO#.
USB3.1 RECEIVER INTERFACE (RX1P/N AND RX2P/N)
SDD11 10 MHz at 90 Q -19 dB
R (Rx-DIFF) RX Differential return loss SDD11 2 GHz at 90 Q -14 dB
SDD115 - 10 GHz at 90 Q -7 dB
R (rx-cm) RX Common mode return loss 0.5-5GHz at90 Q -10 dB
X-TALK gi)f(fesrigrrlg?lpc;?ss.stalk between TX and 50 dB
Eq(GAIN-10Gbps) Equalization Gain 50 mVpp At 5 GHz 16 dB
500 mVpp V5 at 100 MHz; 1200mV -0.15 dB

Eq(oco)

DC Equalization Gain at 0dB setting.

Linear Range Setting; Refer to Table 3
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Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Eqocy) DC Equalization Gain at +1dB setting. E%%;\g)fng'eD;étt?]g.MHz; 1200mv 0.80 dB
Eooc2) DC Equalization Gain at +2dB setting. E&%Qﬁ?ﬁg@ééﬂg-hﬂm; 1000mv 15 dB
Eopc) DC Equalization Gain at -1dB setting. f&%g\;p;)ng'e[’gé;ﬁg_'wm; 1200mv -11 dB
Eqpc-2) DC Equalization Gain at -2dB setting. E%%;\gpgngg’;ééﬂg_“ﬂm; 1200mv —2.05 dB
Input differential peak-peak voltage
Viore_ vy Svﬁ’ing range. peax-p 9 2000 mv
V(rx-DC-CM) RX DC common mode voltage 1.65 1.85 2.0 \%
Measured at connector. Present when
R(rx-cM-DC) Receiver DC common mode impedance | SuperSpeed USB device detected on 18 30 Q
TXP/N
Measured at connector. Present when
R(rx-DIFF-DC) Receiver DC differential impedance SuperSpeed USB device detected on 72 120 Q
TXP/N; SLP_SO0# = 1,
) ’ ’ Measured at connector. Present when
Z(RX-HIGH-IMP-DC- tztr:nlinn%:ito?\ins 'gg Lgbllr:é)edance when no SuperSpeed USB device detected 30 KQ
POS) : on TXP/N or while V¢ is ramping
Virx- Input differential peak-to-peak Signal at 10 Gbps. No loss input channel and 9 mv
SIGNAL_DET_DIFF- | Detect Assert level PRBS7 pattern
PP)
V(rx-ipLE_DET DiFf- | INput differential peak-to-peak Signal at 10 Gbps. No loss input channel and 62 mv
PP) Detect De-assert Level PRBS7 pattern
V/(RX-LFPS-DET-DIFF- LF_PS Detect threshold. Below min is Measured at connector. Below min is 100 300 mv
P-P) noise. squelched
V(RX-CM-AC-P) Peak RX AC common mode voltage Measured at package pin 150 mV
C(RX-PARASITIC) Rx Input capacitance for return loss At package pin 0.5 pF
USB3.1 Transmitter Interface (TX1P/N and TX2P/N)
SDD22 10MHz — 2 GHz at 90 Q -15 dB
R (tx-DiFF) TX Differential return loss SDD22 5 GHz at 90 Q -11 dB
SDD22 5 - 10 GHz at 90 Q -7 dB
R (rx-cm) TX Common Mode return loss 0.05-5GHz at 90 Q -9 dB
. . CFGL1 pin = F or 1; Refer to Table 3
V(TX-DIFF-PP_1200) leferelntlal psak-to-_peak TX voltage Measured at -1dB compression point = 1200 1450 mv
swing linear dynamic range 20log (VOD/VOD_linear)
X . CFG1 pin = R; Refer to Table 3
V(Tx-DIFF-PP_1000) le_ferelr_mal pgak—to—_peak TX voltage Measured at -1dB compression point = 1000 mvV
swing linear dynamic range 20log (VODVOD_linear)
. . CFGL1 pin = 0; Refer to
Differential peak-to-peak TX voltage ’ ;
V(TX-DIFF-PP_900) swing Iinearpdynami't): range 9 Table 3Measured at -1dB compression 900 mV
point = 20log (VOD/VOD_linear)
The amount of voltage change allowed
Virx-Rev-DETECT) during Receiver Detection. 600 mv
Transmitter idle common-mode voltage
V(rx-cm-ibLE-DELTA) | Change while in U2/3 and not actively -600 600 mV
transmitting LFPS.
V(rx-ne-cm) TX DC common mode voltage 1200mVpp Linear Range setting. 0 1.85 2 \Y,
Virx-pLe-pirr-ac- | AC Electrical Idle differential peak-to- .
op) peak output voltage At package pin. 0 10 mV
Vv DC Electrical Idle differential output At package pin. After low pass filter to 0 14 mv
(TX-IDLE-DIFF_DC) | ypltage remove AC component.
. 1200mVpp linear range; CHx_EQ
Transmitter AC common mode peak- A ! - .
V(TX-CM-AC-PP) peak voltage in U0 ﬁ)(a;gpg matches input channel insertion 80 mV
V(Tx-cM-DC- _ | Absolute DC common mode voltage ’
(TX-CM-DC-ACTIVE:
DLEDELTA) between U1 and UO. At package pin. 200 mV
I(Tx-sHORT) TX short-circuit current limit 106 mA
Rrx-nc) TX DC common mode impedance At package pin 18 30 Q
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Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

R (rx-DIFF-DC) TX DC differential impedance 72 90 120 Q
C(TX-PARASTIC) TX input capacitance for return loss At package pin 0.7 pF

External AC Coupling capacitor on
Crac-coupLine) differential pairs. & 265 nF
6.7 Power-Up Requirements
over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN MAX UNIT

Internal Power Good asserted high when V¢ . us
td_pg isat 2.5V See Figure 2 5
tefg su CFG® pins setup before internal Reset@ high | See Figure 2 0 s
tefg_hd CFG® pins hold after internal Reset® high See Figure 2 500 us
tycc_RAMP Ve supply ramp requirement See Figure 2 50 ms

(1) Following pins comprise CFG pins: MODE, CFG1, CFG2, CH1_EQ1, CH1_EQ2, CH2_EQ1, and CH2_EQ2.
(2) Internal reset is the AND of EN pin and internal Power Good.

6.8 Timing Requirements

MIN NOM MAX UNIT

SuperSpeed (SS) and SuperSpeedPlus(SSP)
tibLEENtY Delay from UO to electrical idle. See Figure 1 150 ps

U1 exit time: break in electrical idle to the )
UDLEExit U1 transmission of LFPS. See Figure 1 150 ps

U2/U3 exit time: break in electrical idle to )
UDLEEXt_U2U3 | transmission of LFPS See Figure 1 23 3.75 HS
tDIEF-DLY Differential propagation delay 150 ps

Time when V¢ reach 2.5 V to device _
PWRUPACTIVE | active and performing Rx.Detect. EN=H 7 ms
6.9 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
USB3.1 Transmitter Interface (TX1P/N, TX2P/N)
. . . 20% to 80% of differential output;
tTX-RISE-FALL Transmitter rise/fall time 1200mVpp linear range setting 40 ps
20% to 80% of differential output;
{RE-MISMATCH Transmitter rise/fall mismatch 1200mVpp linear range setting; 0.01 ul
1000mVpp VID;
. R @10Gbps; 1200mVpp Linear

trx-DJ Residual deterministic jitter Range Setting 0.08 Ul

Copyright © 2016-2019, Texas Instruments Incorporated
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SSRXP
Ve
|
: SSRXN
|
| |
|
: | |
TIDLEEXIT —1 — — i<—TIDLEENTRY
| |
| : | :
| |
: | SSTXP
' |
| |
| | Ve
' |
| |
[ : SSTXN
Figure 1. Idle Entry and Exit Latency
VCC
Td_pg
Internal Power
Good
»|Tefg_su
Internal
Reset
EN pin //
=! Tcfg_hd
CFG pins
Figure 2. Power-Up Diagram
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6.10 Typical Characteristics
Ve = 3.3V, 25°C, 200 mVpp V|p sine wave, Z, = 100 Q, RGE package

20 20
— EQ1_DCO0_1200mV — EQ2_DCO0_1200mV
—— EQ3_DCO0_1200mV p —— EQ4_DCO0_1200mV /;
15| E87-beo1z00mv % 15| £38 oo 1z00mv
S "DCo_ i - "DCO_ m
—— EQ9_DCO0_1200mV / —— EQ10_DCO0_1200mV |
~ —— EQ11_DCO0_1200mV A —~ —— EQ12_DCO0_1200mV /| \\
8 10| — EQ13_DCO_1200mV / 3 10| — EQ14_DCO_1200mV v, Pl
b /N N /
3 s y 3 s /
7./ 7,/
1 /
0 1 0 T
-5 -5
0.01 0.1 1 10 0.01 0.1 1 10
Frequency (GHz) Frequency (GHz)
Figure 3. 1200 mV DCO Gain Odd EQ Settings Curves Figure 4. 1200 mV DCO Even EQ Settings Curves
10 20
—— EQ1_DCO0_1200mV —— EQ1_DCO0_1000mV
—— EQ1_DC1_1200mV P —— EQ3_DCO0_1000mV b
— el fill 15| — £ ek oy /
— | -2_. m I — —
/ \ —— EQ9_DCO0_1000mV / q
I / ~ — EQ11 DCO_1000mV )
g 3 10| — EQ13_DCO_1000mV /
— - v
N / Py / v \\
ja) il ja)
8 --\\ _/ 8 5 / / \\
0 | ’/ / /
T~ Lt 0 el
-5 -5
0.01 0.1 1 10 0.01 0.1 1 10
Frequency (GHz) Frequency (GHz)
Figure 5. 1200 mV DC Gain Adjustments Curves Figure 6. 1000 mV DCO Gain Odd EQ Settings Curves
20 10
— EQ2_DCO0_1000mV — EQ1_DCO_1000mV
—— EQ4_DCO0_1000mV —— EQ1_DC2_1000mV
15 EQ6_DCO0_1000mV 7n —— EQ1_DC-1_1000mV /
—— EQ10_DCO0_1000mV N /
— EQ12_DCO_1000mV L s
& 10 /T g /
k= N\ k= /
/N T /
3 s 3 T /
4 0 S
2 Tttt
; Ve ~rm
-5 -5
0.01 0.1 1 10 0.01 0.1 1 10
Frequency (GHz) Frequency (GHz)
Figure 7. 1000 mV DCO Gain Even EQ Settings Curves Figure 8. 1000 mV DC Gain Adjustments Curves
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Typical Characteristics (continued)

Vce = 3.3V, 25°C, 200 mVpp Vp sine wave, Zg = 100 Q, RGE package

20

Figure 13. SDD22 Return Loss

20
— EQ1_DCO_900mV — EQ2_DCO_900mV
—— EQ3_DC0_900mV — EQ4_DC0_900mV
15 EQ5_DCO_900mV /. 15 EQ6_DCO_900mV
—— EQ7_DCO0_900mV n —— EQ8_DCO0_900mV
— E89:Dco:9oomv /| — E816_D06_9031mv
P — EQ11_DC0_900mV ) —~ — EQ12_DC0_900mV
3 10| — EQ13_DCO_900mV / 3 10| — EQ14_DCO_900mV /
- -
2 / ’& 2 /
@ 5 / @ 5 7
) Z %4 \ 7,/
0 -~ 0 ~d
-5 -5
0.01 0.1 1 10 0.01 0.1 1 10
Frequency (GHz) Frequency (GHz)
Figure 9. 900 mV DCO Gain Odd EQ Settings Curves Figure 10. 900 mV DCO Gain Even EQ Settings Curves
10 0
— EQ1_DCO0_900mV M
—— EQ1_DC1_900mV -5
W
M
\\ A0t
5
—~ — _15 A
om om
) e
o / o 20 ___,/
2 % s T
5 L 5 s
15
-30
-35
5 -40
0.01 0.1 1 10 0.01 0.1 1 10
Frequency (GHz) Frequency (GHz)
Figure 11. 900 mV DC Gain Adjustment Curves Figure 12. SDD11 Return Loss
0 1.6
-5 A 1‘4 /
-10 T T T T AT 1.2 /
g -15 1
Z S
q -20 — = a 08
5 B S
\\
n -25 0.6 /
-30 0.4
/ — DCO_EQ1_900mV
-35 0.2 —— DCO_EQ1_1000mV
— DCO_EQ1_1200mV
-40 0
0.01 0.1 1 10 0 0.5 1 15
Frequency (GHz) VID (V)

Figure 14. 5-GHz Sine Wave VID vs VOD Linearity Range
Setting
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Typical Characteristics (continued)

Vce = 3.3V, 25°C, 200 mVpp Vp sine wave, Zg = 100 Q, RGE package

14

1.2

1

0.8

0.6

VOD (V)

0.4 P

ol

— DCO_EQ1_900mV

— DCO_EQ1_1000mV
— DCO_EQ1_1200mV

0.5

VID (V)

1

15

Figure 15. 100-MHz Sine Wave VID vs VOD Linearity Range Setting
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7 Detailed Description

7.1 Overview

The TUSB1002 is the industry’s first, dual lane USB 3.1 SuperSpeedPlus redriver. As signals traverse through a
channel (like FR4 trace) the amplitude of the signal is attenuated. The attenuation varies depending on the
frequency content of the signal. Depending the length of the channel this attenuation could be large enough
resulting in signal integrity issues at a USB 3.1 receiver. By placing a TUSB1002 between USB3.1 host and
device the attenuation effect of the channel can eliminated or minimized. The result is a USB3.1 compatible eye
at the devices receiver. With up to 16 receiver equalization settings, the TUSB1002 can support many different
channel loss combinations. The TUSB1002 offers low power consumption on a single 3.3 V supply with its ultra
low power architecture. It supports the USB3.1 low power modes which further reduces idle power consumption.
The TUSB1002 settings are configured through pins. In addition to equalization adjustment, the TUSB1002
provides knobs for adjusting DC gain and voltage output linearity range.

7.2 Functional Block Diagram

- 0,
vee 3.3V (+/-10%) 25V
Power
Management |— 1.2V
GND L] —*PG
vee
400K
EN [}—¢
Vterm
T
50 50 v\term
RXTERM_EN
RX1P [} f {I1TX1P
RX TX
RX1N [} LITXIN
TXEN1
4 1| LFPS LFPS1 IDLE1 ™
RXDET1 Detect
LOSZ1—»|
{ IMODE
CFG1
SLP_S0# [} >
- CFG2
CH1_EQ1 > Digital FSM »1RSVD1
CH1_EQ2 [} >
LFPS2 —» E@ CH2_EQ1
LOSZ2 —» {1 CH2_EQ2
Vi
Viterm term
50 50
RXTERM_EN
TX2P [] { | { JRX2P
X RX
TX2N [} { TRX2N
TXEN2
™ IDLE2 LFPSZ<—| LFF’SI
RXDET2
Detect LOSZ2 LOS
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7.3 Feature Description

7.3.1 4-Level Control Inputs

The TUSB1002 has (MODE, CFG1, CFG2, CH1_EQ1, CH1 EQ2, CH2 EQ1, and CH2_EQ?2) 4-level inputs pins
that are used to control the equalization gain and the output voltage swing dynamic range. These 4-level inputs
use a resistor divider to help set the 4 valid levels and provide a wider range of control settings. There is an
internal 45 kQ pull-up and a 95 kQ pull-down. These resistors, together with the external resistor connection
combine to achieve the desired voltage level.

Table 1. 4-Level Control Pin Settings

LEVEL SETTINGS

Option 1: Tie 1 KQ 5% to GND.
Option 2: Tie directly to GND.

Tie 20 KQ 5% to GND.
F Float (leave pin open)

Option 1: Tie 1 KQ 5% to Vcc.
Option 2: Tie directly to Vcc.

0

NOTE
In order to conserve power, the TUSB1002 disables 4-level input’s internal pull-up/pull-
down resistors after the state of 4-level pins have been sampled on rising edge of EN. A
change of state for any four level input pin is not applied to TUSB1002 until after EN pin
transitions from low to high.

7.3.2 Linear Equalization

With a linear equalizer, the TUSB1002 can electrically shorten a particular channel allowing for longer run
lengths.

12in trace ST
oo \ ; =
12 in trace 16 in trace

TUsB1002

. B /

Figure 16. Linear Equalizer

With a TUSB1002, the 28 in trace can be made to have similar insertion loss as the 12 inch trace.

The receiver equalization level for each channel is determined by the state of the CHx_EQ1 and CHx_EQ?2 pins,
where x =1 or 2.

Copyright © 2016-2019, Texas Instruments Incorporated Submit Documentation Feedback 15
Product Folder Links: TUSB1002


http://www.ti.com/product/tusb1002?qgpn=tusb1002
http://www.ti.com
http://www.ti.com/product/tusb1002?qgpn=tusb1002
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSEU4E&partnum=TUSB1002

13 TEXAS
INSTRUMENTS
TUSB1002

SLLSEU4E —MAY 2016—REVISED MAY 2019 www.ti.com

Table 2. EQ Configuration Options for 1200mV Linearity 0 dB DC Gain Setting

EQ SETTING # CHx_EQ2 PIN LEVEL | CHx EQ1 PINLEVEL | EQ GAgNHaz‘t(ﬁ'g)GHz e
1 0 0 1.9/55
2 0 R 28171
3 0 F 35/82
4 0 1 44/93
5 R 0 5.0/10.2
6 R R 58/11.1
7 R F 6.4/118
8 R 1 711126
9 F 0 7.6/13.1
10 F R 8.2/138
11 F F 8.7/143
12 F 1 9.2/148
13 1 0 9.6/15.2
14 1 R 10.1/15.6
15 1 F 10.4/16.0
16 1 1 10.6/16.3

7.3.3 Adjustable VOD Linear Range and DC Gain

The CFG1 and CFG2 pins can be used to adjust the TUSB1002 output voltage swing linear range and receiver
equalization DC gain. Table 3 details the available options.

For best performance, the TUSB1002 should be operated within its defined VOD linearity range. The gain of the
incoming VID should be kept to less than or equal to the TUSB1002 VOD linear range setting. The can be
determined by Equation 1:

VID at 5 GHz = VOD x (10 “©20)

where
¢ Gv =TUSB1002 Gain and VOD = TUSB100 VOD linearity setting. (2)

For example, for a VOD linearity range setting of 1200 mV, the maximum incoming VID signal at 5 GHz with a
CHx_EQ[1:0] setting of 1 (5.5 dB) is 1200 x (10 5529 = 637 mVpp. The TUSB1002 can be operated outside its
VOD linear range but jitter will be higher.

Table 3. VOD Linear Range and DC Gain

SETTING # CFG1PINLEVEL | CFG2PINLEVEL || CH1DC GAIN (dB) | CH2 DC GAIN (dB) CRTN\éOIIED (Lr:]';'/%Ap;q %"EN\(/BOE (LFL'\\'/E)A;
1 0 0 +1 0 900 900
2 0 R 0 1 900 900
3 0 F 0 0 900 900
4 0 1 1 1 900 900
5 R 0 0 0 1000 1000
6 R R +1 0 1000 1000
7 R F 0 1 1000 1000
8 R 1 2 +2 1000 1000
9 F 0 1 1 1200 1200
10 F R 2 2 1200 1200
11 F F 0 0 1200 1200
12 F 1 +1 1 1200 1200
13 1 0 1 0 1200 1200
14 1 R 0 1 1200 1200
15 1 F 0 1 1200 1200
16 1 1 1 0 1200 1200
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7.3.4 Receiver Detect Control

The SLP_SO0# pin offers system designers the ability to control the TUSB1002 Rx.Detect functionality during
Disconnect and U2/U3 states and therefore achieving lower consumption in these states. When the system is in
a low power state (Sx where x = 1, 2, 3, 4, or 5), system can assert SLP_SO0# low to disable TUSB1002 receiver
detect functionality. While SLP_SO0# is asserted low and USB 3.1 interface is in U3, the TUSB1002 keeps
receiver termination active. The TUSB1002 will not respond to any LFPS signaling while in this state. This means
that system wake from U3 is not supported while SLP_SO0# is asserted low. If the TUSB1002 is in Disconnect
state when SLP_SO0# is asserted low, then TUSB1002 disables both channels receiver termination. When
SLP_SO0# is asserted high, the TUSB1002 resumes normal operation of performing far-end receiver termination
detection.

7.3.5 USB3.1 Dual Channel Operation (MODE = “F")

The TUSB1002 in dual-channel operation waits for far-end terminations on both channels 1 and 2 before
transitioning to fully active state (U0 mode). This mode of operation, defined as MODE pin = ‘F’, is the most
common configuration for USB3.1 Source (DFP) and Sink (UFP) applications.

7.3.6 USB3.1 Single Channel Operation (MODE = “1")

In some applications, like Type-C USB3.1 active cables, only one of the two channels may be active. For this
application, setting MODE pin = ‘1’, enables single-channel operation. In this mode of operation, the TUSB1002
attempts far-end termination on both channels 1 and 2. The channel which has a far-end termination detected
will be enabled while the remaining channel will be disabled. If far-end termination is detected on both channels,
then TUSB1002 behaves in dual channel operation (both channels enabled).

7.3.7 PCIle/SATA/SATA Express Redriver Operation (MODE = “R”; CFG1 ="0"; CFG2 ="0")

The TUSB1002 can be used as a PCIl Express (PCle) Gen3, SATA Gen3, or SATA Express redriver. When
TUSB1002's MODE pin = “R”, CFG1 pin = "0", and CFG2 pin = "0", the TUSB1002 will enable both channels
(upstream and downstream) receiver and transmitter paths upon detecting far-end termination on both TX1 and
TX2. Both upstream and downstream paths will remain enabled until EN pin is de-asserted low. All USB3.1
power management functionality is disabled in this mode. In this mode the TUSB1002 is transparent to PCle link
power management (LOs, L1) and SATA interface power states. Once far-end termination is detected on both
TX1 and TX2, the TUSB1002 power will be at Piyo ssp_1200mv) regardless of the PCle or SATA power state. To
save power during system S3/S4/S5 states it is suggested to de-assert the EN pin to conserve power.

7.4 Device Functional Modes

7.4.1 Shutdown Mode

The Shutdown mode is entered when EN pin is low and VCC is active and stable. This mode is the lowest power
state of the TUSB1002. While in this mode, the TUSB1002 receiver terminations is disabled.

7.4.2 Disconnect Mode

Next to Shutdown Mode, the Disconnect mode is the lowest power state of the TUSB1002. The TUSB1002
enters this mode when exiting Shutdown mode. In this state, the TUSB1002 periodically checks for far-end
receiver termination on both SSTX1 and SSTX2. Upon detection of the far-end receiver’s termination on both
ports, the TUSB1002 transitions to a fully active mode called U0 mode.

When SLP_SO0# is asserted low and the TUSB1002 is in Disconnect mode, the TUSB1002 remains in
Disconnect mode and never perform far-end receiver detection. This allows even lower TUSB1002 power
consumption while in the Disconnect mode. Once SLP_SO# is asserted high, the TUSB1002 again starts
performing far-end receiver detection so it can know when to exit the Disconnect mode.

7.5 UO Mode

The U0 mode is the highest power state of the TUSB1002. Anytime high-speed traffic (SuperSpeed or
SuperSpeedPlus) is being received, the TUSB1002 remains in this mode. The TUSB1002 only exits this mode if
electrical idle is detected on both SSRX1 and SSRX2. While in this mode, the TUSB1002 hs speed receivers
and transmitters are powered and active.
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7.6 Ul Mode

The Ul mode is the intermediate mode between U0 mode and U2/U3 mode. In U1l mode, the TUSB1002's
receiver termination remains enabled and the TXP/N DC common mode is maintained.

7.7 U2/U3 Mode

Next to the disconnect mode, the U2/U3 mode is next lowest power state. While in this mode, the TUSB1002
periodically performs far-end receiver detection. Anytime the far-end receiver termination is not detected on
either CH1 or CH2, the TUSB1002 leaves the U2/U3 mode and transition to the Disconnect mode. It also
monitors the SSRX1 and SSRX2 for a valid LFPS. Upon detection of a valid LFPS, the TUSB1002 immediately
transitions to the U0 mode.

When SLP_SO0# is asserted low and the TUSB1002 is in U2/U3 mode, the TUSB1002 remains in U2/U3 state
and never perform far-end receiver detection. While in this state, the TUSB1002 ignores LFPS signaling. This
allows even lower TUSB1002 power consumption while in the U2/U3 mode. Once SLP_SO0# is asserted high, the
TUSB1002 again starts performing far-end receive as well as monitor LFPS so it can know when to exit the
U2/U3 mode.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TUSB1002 is a linear redriver designed specifically to compensation for ISI jitter caused by attenuation
through a passive medium like traces and cables. Because the TUSB1002 has two independent channels, it can
be optimized to correct ISI in both the upstream and downstream direction through 16 different equalization
choices. Placing the TUSB1002 between a USB3.1 Host/device controller and a USB3.1 receptacle can correct

signal integrity issues resulting in a more robust system.

8.2 Typical USB3.1 Application

Downstream »
A c
FR4 Trace FR4 Trace
of Length X ‘ of Length Y
¢ RXP1 TXP1 c
+ > { - + + | —
c > P
i G RXN1[| : TXNL | Lo
&
USB 3.1 c TUSB1002 . g S
Host / ¥ TXP2 / 1 RXP2 : a é
c TXN2 < < C
B By : B RXN2 :
< Upstream

Copyright © 2016, Texas Instruments Incorporated

Figure 17. TUSB1002 in USB3.1 Host Application

8.2.1 Design Requirements

For this design example, use the parameters shown in Table 4.

Table 4. Design Parameters

PARAMETER VALUE
VCC supply (3V to 3.6 V) 33V
Mode of Operation (Dual or Half Channel) MODE = F (Floating) for USB3.1 Dual Channel
TX1, TX2, RX1 A/C coupling Capacitor (75 nF to 265 nF) 100 nF

RX2 A/C coupling Capacitor (297 nF to 363 nF)

Suggest 330 nF £10%

RX2 pull-down resistors on USB receptacle side of AC capacitor

(200K to 242K ohms) 220k
A to B FR4 Length (inches) 8
A to B FR4 Trace Width (mils) 4
C to D FR4 length (inches) 2
C to D FR4 Trace Width (mils) 4

USB3.1 Host Sleep GPIO Support

No (SLP_SO0# pin floating)

DC Gain (-2, -1, 0, +1, +2)

0 dB (CFG[2:1] pins floating)

Linear Range (900 mV, 1000 mV, or 1200 mV)

1200 mV (CFGJ[2:1] pins floating)
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8.2.2 Detailed Design Procedure

The TUSB1002 differential receivers and transmitters have internal BIAS and termination. For this reason, the
TUSB1002 must be connected to the USB3.1 host and receptacle through external A/C coupling capacitors. In
this example as depicted in Table 4, 100 nF capacitors are placed on TX2P and TX2N, RX1P and RX1N, and
TX1P and TX1N. 330 nF A/C coupling capacitors along with 220k resistors are placed on the RX2P and RX2N.
Inclusion of these 330nF capacitors and 220k resistors is optional but highly recommended. If not implemented,
then RX2P/N should be DC-coupled to the USB receptacle.
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Figure 18. Host Implementation Schematic

The USB3.1 Dual channel operation is used in this example. Mode pin should be left floating (unconnected)
when using this mode.

In this example, the USB3.1 Host does not support a GPIO for indicating system Sx state or low power states
and therefore the SLP_SO0# pin can be left floating.

The TUSB1002 compensates for channel loss in both the upstream (D to C) and downstream direction (A to B).
This is done by configuring the CH1_EQ[2:1] and CH2_EQ[2:1] pins to the equalization setting that matches as
close possible to the channel insertion loss. In this particular example, CH1_EQJ[2:1] is for path A to B which is
the channel between USB3.1 host and the TUSB1002, and CH2_EQ[2:1] is for path C to D which is the channel
between TUSB1002 and the USB3.1 receptacle.

The TUSB1002 supports 5 levels of DC gain that are selected by the CFG[2:1] pins. Typically, the DC gain
should be set to 0 dB but may need to be adjusted to correct any one of the following conditions:

1. Input V|p too high resulting in Vop being greater than USB 3.1 defined swing. For this case, a negative DC
gain should be used.

2. Input V|p too low resulting in Vop being less than USB 3.1 defined swing. For this case, a positive DC gain
should be used.

3. Low frequency discontinuities in the channel resulting in DC component of the signal clipping the vertical eye
mask. For this case, a positive DC gain should be used.

It is assumed in this example the incoming Vp is at the nominal defined USB3.1 range and the channel is linear
across frequency. The CFG1 and CFG2 pins can both be left floating if these assumptions are true.
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In this particular example, the channel A-B has a trace length of 8 inches with a 4 mil trace width. This particular
channel has about 0.83 dB per inch of insertion loss at 5 GHz. This equates to approximately 6.7 dB of loss for
the entire 8 inches of trace. An additional 1.5 dB of loss is added due to package of the USB3.1 Host,
TUSB1002, and the A/C coupling capacitor. This brings the entire channel loss at 5 GHz to 6.7 dB + 1.5 dB = 8.2
dB. A typical USB 3.1 host/device will have around 3 dB of transmitter de-emphasis. Transmitter de-emphasis
pre-compensates for the loss of the output channel. With 3 dB of de-emphasis, the total equalization required by
the TUSB1002 is in the 5.2 dB (8.2 dB - 3 dB) range. The channel A-B for this example is connected to
TUSB1002's RX1P/N input and therefore CH1 EQ[2:1] pins are used for adjusting TUSB1002 RX1P/N
equalization settings. The CH1_EQ[2:1] pins should be set such that TUSB1002 equalization is between 5dB
and 8dB.

The channel C-D has a trace length of 4 inches with a 4mil trace width. Assuming 0.83 dB per inch of insertion
loss, the 4 inch trace will equate to about 3.32 dB of loss at 5 GHz. An additional 2dB of loss needs to be added
due to package, A/C coupling capacitor, and the USB 3.1 receptacle. The total loss is around 5.32 dB. Because
channel C-D includes a USB 3.1 receptacle, the actual total loss could be much greater than 5.32dB due to the
fact that devices plugged into the receptacle will also have loss. The device plugged into receptacle will have
either a short or long channel. USB3.1 standard defines total loss limit of 23dB that is distributed as 8.5 dB for
Host, 8.5dB for device, and 6.0dB for cable. With variable channel of devices plugged into the USB3.1
receptacle, configuring TUSB1002's RX2P/N equalization settings is not as straight forward as Channel A-B.

Engineer can not set TUSB1002 CH2_EQ[2:1] pins to the largest equalization setting to accommodate the
largest allowed USB3.1 device/cable loss of 14.5 dB. Doing so will result in TUSB1002 operating outside its
linear range when a device with short channel is plugged into the receptacle. For this reason, it is recommended
to configure TUSB1002 CH2_EQ[2:1] pins to equalize a shorter device channel. This will result in requiring
USB3.1 host to compensate for remaining channel loss for the worse case USB3.1 channel of 14.5 dB. The
definition of a short device channel is not specified in USB 3.1 specification. Therefore, an engineer must make
their own loss estimate of what constitutes a short device channel. For particular example, we will assume the
short channel is around 3 to 5 dB. The device's channel loss will need to be added to estimated Channel C-D
loss minus the typical 3db of de-emphasis. This means CH2_EQ[2:1] pins should be configured to handle a loss
of 5to 7 db.

8.2.3 Application Curves

5 \\\
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Figure 19. Insertion Loss for 8inch 4 mil FR4 Trace
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8.3 Typical SATA, PCle and SATA Express Application
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- Upstream :
Copyright © 2017, Texas Instruments Incorporated
Figure 20. SATA/PCIle/SATA Express Typical Application

8.3.1 Design Requirements

Table 5. Design Parameters

PARAMETER VALUE
VCC supply (3V 10 3.6V) 3.3V
PCle Support Required (Yes/No) Yes
SATA Express Support Required (Yes/No) Yes
. Yes, then ferrite beads (FB1 and FB2) and 49.9-ohm required.
SATA Support Required (Yes/No) No, then ferrite bead (FB1 and FB2) and 49.9-ohm not required.
TX1, TX2, RX2 A/C coupling Capacitor (176 nF to 265 nF) 220 nF £10%
RX1 A/C coupling Capacitor (297 nF to 363 nF) Optional. But if implemented suggest 330 nF +10%
A to B FR4 Length (inches) 8
A to B FR4 Trace Width (mils) 4
C to D FR4 length (inches) 2
C to D FR4 Trace Width (mils) 4
USB3.1 Host Sleep GPIO Support This feature not supported When_lv'I'OPE ="R", CFG1 ="0", and
CFG2 ="0".
. Not configurable when MODE = "R", CFG1 ="0", and CFG2 = "0".
DC Gain (-2, -1, 0, +1, +2) Will always default to 0 dB
. Not configurable when MODE = "R", CFG1 = "0", and CFG2 = "0".
Linear Range (900 mV, 1000 mV, or 1200 mV) Will always default to 1200mV

8.3.2 Detailed Design Procedure

The MODE pin = "R", CFG1 = "0", and CFG2 = "0" will place the TUSB1002 into PCle mode. In this mode, the
TUSB1002 will have its DC gain fixed at 0dB and its linearity range fixed at 12200mV. The TUSB1002 will perform
far-end receiver termination detection and enable both upstream and downstream paths when far-end
termination is detected on both TX1 and TX2.

The AC coupling capacitor range defined for a SATA device is a lot smaller than the AC-coupling capacitor range
defined for SATA Express and PCIl Express (PCle) as indicated by Figure 21. The AC-coupling capacitor range
defined for SATA Express and PCI Express is within the same range as the AC-coupling capacitor range defined
by USB 3.1. The TUSB1002 will be able to detect PCle and SATA Express device's receiver termination. But the
SATA's 12nF (max) AC-coupling capacitor will prevent TUSB1002 from detecting the SATA device's receiver
termination. To correct this problem, a ferrite bead along with 49.9 ohm resistor must be placed between Cix»
and miniCard/mSATA socket. These components can be isolated from the high-speed channel when PCle or
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SATA Express is active by using an NFET as shown in Figure 22. The NFET should be enabled whenever a
SATA device is present. The ferrite bead chosen must present at least 600 ohms impedance at 100MHz so as to
not impact high-speed signalling. It is recommended to use Murata BLMO3AG601SN1 or BLMO3HD601SN1D or
a ferrite bead with similar characteristics from a different vendor. For applications which only require support for
PCle and SATA Express and do not need to support SATA, the ferrite beads and 49.9 ohm resistors are not
needed.

12nF (max) 176nF — 265nF
> > >
I g I g SATA '
pevice Express Device
it <+[: it <+[: Device i <+[:
75nF — 265nF

Copyright © 2017, Texas Instruments Incorporated

Figure 21. AC-Coupling capacitor Implementation for SATA, SATA Express, and PCle Devices

The TUSB1002's power will be at Py ssp_1200mvy) When both its upstream and downstream paths are enabled. In
order to save system power in system S3/S4/S5 states, it is suggested to control TUSB1002's EN pin. Anytime
the system enters a low power state (S3, S4, or S5), it is suggested to de-assert the EN pin. While EN pin is de-
asserted, the TUSB1002 will consume P spyutpown). Assertion of this pin is necessary anytime the system exits a
lower power state.

The TUSB1002 compensates for channel loss in both the upstream (C to D) and downstream direction (A to B).
This is done by configuring the CH1_EQ[2:1] and CH2_EQI2:1] pins to the equalization setting that matches as
close possible to the channel insertion loss. In this particular example, CH2_EQJ[2:1] is for path A to B which is
the channel between PCle/SATA/SATA Express host and the TUSB1002, and CH1_EQ[2:1] is for path C to D
which is the channel between TUSB1002 and the miniCard/mSATA socket.

In this particular example, the channel A-B has a trace length of 8 inches with a 4 mil trace width. This particular
channel has about 0.83 dB per inch of insertion loss at 5 GHz. This equates to approximately 6.7 dB of loss for
the entire 8 inches of trace as depicted in Figure 19. An additional 1.5 dB of loss is added due to package of the
PCIle/SATA/SATA Express Host, TUSB1002, and the A/C coupling capacitor. This brings the entire channel loss
at 5 GHz to 6.7 dB + 1.5 dB = 8.2 dB. The channel A-B for this example is connected to TUSB1002 RX2P/N
input and therefore CH2_EQJ[2:1] pins are used for adjusting TUSB1002 RX2P/N equalization settings. The
CH2_EQ[2:1] pins should be set such that TUSB1002 equalization is between 5dB and 8dB. A value closer to 5
dB maybe best if Host has transmitter de-emphasis.

A similar method should be used for the upstream path (C to D). In this particular example, C to D has a trace
length of 2 inches with a 4-mil trace width. This equates to approximately 1.5 dB at 5 GHz. The SATA/SATA
Express/PCle device will have its own channel loss. This loss can be added to the C to D channel loss. For this
example, we will assume a value of 5dB is acceptable to compensate for C to D channel loss as well as loss
associated with the SATA/SATA Express/PCle device. The CH1 EQ[2:1] pins should be set such that
TUSB1002 equalization is 5dB.
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Figure 22. Example SATA/PCle/SATA Express Schematic
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8.3.3 Application Curves

Voltage [V]
L o o
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$2 o1 00 01 02 03 04 05 06 07 08 085 10 11 12
Unit Intervals [UI]

€2 o1 00 01 02 03 04 05 06 OFT 08 085 10 11 12
Unit Intervals [UI]

Figure 23. PCle Genl TX Eye Diagram Figure 24. PCle Gen 3 TX Eye Diagram

9 Power Supply Recommendations

The TUSB1002 has two V¢ supply pins. It is recommended to place a 100 nF de-coupling capacitor near each
of the V¢ pins. It is also recommended to have at least one bulk capacitor of at least 10 uF on the V¢ plane
near the TUSB1002.

10 Layout

10.1 Layout Guidelines

* RXP/N and TXP/N pairs should be routed with controlled 90-Q differential impedance (£15%).
» Keep away from other high speed signals.

» Intra-pair routing should be kept to within 2 mils.

» Length matching should be near the location of mismatch

» Each pair should be separated at least by 3 times the signal trace width.

» The use of bends in differential traces should be kept to a minimum. When bends are used, the number of left
and right bends should be as equal as possible and the angle of the bend should be = 135 degrees. This
minimizes any length mismatch causes by the bends; ad therefore, minimize the impact bends have on EMI.

* Route all differential pairs on the same of layer.

e The number of VIAS should be kept to a minimum. It is recommended to keep the VIAS count to 2 or less.
» Keep traces on layers adjacent to ground plane.

« Do NOT route differential pairs over any plane split.

e Adding Test points causes impedance discontinuity; and therefore, negatively impact signal performance. If
test points are used, they should be placed in series and symmetrically. They must not be placed in a manner
that causes a stub on the differential pair.
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10.2 Layout Example
Example 4 layer PCB Stackup
| Top Layer 1 (Signal) |
| Inner Layer 2 (GND) |
| Inner Layer 3 (VCC) |
| Bottom Layer 4 (Signal) |
VW WWA=O
@\ VW9
® Viatolayer2 (GND) W (] Place near TUSB1002.
i L
® Viato layer 3 (VCC) B -
) ®
| ————————— =
ulululuinl | Place near TUSB1002 :
| or USB 3.1 receptacle |
18 13 | |
= J19 12 = l - |
= | 6 © o = | —- :
_________ ¢ (9 L-————————-
| —- | =] © 6 ¢ =
| - : = @ o © =
I
| Place near TUSB1002 : [ 12 g
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I
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Figure 25. Example Layout
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to Tl community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TUSB1002RGER Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TUSB
1002

TUSB1002RGER.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TUSB
1002

TUSB1002RGET Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes SN Level-1-260C-UNLIM 0to 70 TUSB
1002

TUSB1002RGET.A Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes SN Level-1-260C-UNLIM 0to 70 TUSB
1002

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TUSB1002RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
TUSB1002RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 16-May-2019
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TUSB1002RGER VQFN RGE 24 3000 367.0 367.0 35.0
TUSB1002RGET VQFN RGE 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

@ d 4.1 ]
1 3.9 ‘

// 4.1

PIN 1 INDEX AREA 3.9
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J—j: S e T SEATING PLANE
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NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments

literature number SLUA271 (www.ti.com/lit/slua271).

5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

RGE0024H VQFN - 1 mm max height
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations..
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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