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* PR AR BRI IR SR 0 TXRRERIEM TX tysesdet-Q1 ma o miEmilcs s AeQ) 1 O
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. i%%#u%yi TUSB5461-Q1 RGF (VQFN , 40 ) |5mm x 7mm Lu
© VR 2 QRS -40°C & 105°C e g Q
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& 4-1. TUSB5461-Q1 RGF #3% , 40 5/ VQFN ( Tt A )

% 4-1. TUSB5461-Q1 5| iThA

Gl . -
R &5
DPOp 1 #4¥%i\ | DisplayPort iii 0 ff) DP 24y IEfiA .
DPOn 2 #=4¥%i N\ | DisplayPort iii 0 ff] DP 20 A .«
DP1p 4 ¥4\ | DisplayPort J#li& 1 f) DP % 4r IEffi\ .
DP1n 5 #=43%i\ | DisplayPort ilii 1 ff) DP 24 74N .
DP2p 7 #/y4\ | DisplayPort i#ii# 2 ff) DP %4 IEfi N
DP2n 8 Z4y4i N\ | DisplayPort iiiif 2 [ DP 24 filfi N .
DP3p 10 #44\ | DisplayPort i#ii 3 [ DP %4 IEffi .
DP3n 1" =54\ | DisplayPort ilii# 3ty DP %4 4.
RX1n 23 %’%ﬁ)\/ﬁ DisplayPort 124> fi i 2k USB 3.2 T 473 L (2 N .«
RX1p 22 = *j’”f\/*ﬁ DisplayPort [f1% 4+ 4t 5 USB 3.2 T A7 111025 EMA .
TX1n 26 4340y | DisplayPort 3, USB 3.2 A7 {224 St .
TX1p 25 %4340y | DisplayPort 5 USB 3.2 473 L 224y IEf il .
TX2p 29 4yt | DisplayPort 5% USB 3.2 474 L2 4 IE4H o
TX2n 28 4y | DisplayPort 5% USB 3.2 474 L2 4: fth o
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# 4-1. TUSB5461-Q1 5| JHITheE (42)

318 o o
2R w5
RX2p 2 |7 ﬁ’\’iﬁ DisplayPort [/ TE4fi 15k USB 3.2 F 473 11124 EHIA.
RX2n 31 ez ﬁ)\”ﬁ DisplayPort ({7 4+ 61 15k USB 3.2 F 473 111125 S\ .
SSTXp 40 #oiN |USB 3.2 AT D HIZE 4 ERMA .
SSTXn 39 ZIN | USB 3.2 AT D224 SN .
SSRXp 37 Zo4ykd |USB 3.2 AT L2 B4 .
SSRXn 36 Zok |USB 3.2 AT Iz it o
TN {f ] USB It} , 51115 EQO —#2 4y F4T RX1 1 RX2 ¥ B USB #:IRs$ i e 25 . A XM B 11
EQ1 27 PBPHA | ez, i sb0% 6-7.
i {f ] USB I}, 5115 EQ1 —#2 8 F4T RX1 1 RX2 B USB IR #$ i s 25 . A XX B 1
EQO 3 PBPHA | ez |, s 6-7.
110 2 12C_EN =0 W) , BEEIBEIREE . AME I RFFFRE. 29 12C_EN = 0 i), 5[5 CAD_SNK ( L
o) — a
CAD_SNKIRSVD1 21 (PD) | = il AUX Bl H = $578 AUX S0l LTR80T 18 2R ) «
o 2 12C_EN =0 i , S5 HBIRE . AN RFFTFRE . 29 12C_EN = 0 i, 5] & M DisplayPort
HPDIN/RSVD2(") 24 (PD) BOm B AR AT AN o« 24 HPDIN AbT{K B -F (1 i) [R]85 2ms B, B DisplayPort il i 4 4
A, M AUX & SBU H LIS R R ARG
12C 4 etk GPIO fftik$* .
0= GPIO it ( 2H 12C ) HALH HI&E R EQ.
N R = TIRBIR ( 12C 72 3.3V T/ )
12C_EN ° RPN e 2 j2c 76 1.8V TR (%4 EQO =0 H EQT =08 ) . % GPIO Kist ( £ 12C ) HAH) H5E M
EQ.
1=12C #£ 3.3V Fiaf.
SBU1 19 I/0 , CMOS |SBU1. TI @iCKit 5] B & £ Type-C il 11 SBUT 51 EEWAE—4 2M Q HIFH A3 #zth .
SBU2 18 I/0 , CMOS |SBU2. TI @ iCK it 5| B E A& 2 Type-C il 11 SBU2 51, @ WAE—4 2M Q HiFH Azt .
AUXp. DisplayPort AUX IE I/O ifiid A2 i & H 25 #1445 31| DisplayPort Jiim. B 720G 2 8%
AUXp 16 I/O, CMOS |4 , Bb5| IR 2 —4~ 100K b, 5] 5 AUXN —i2 i TUSB5461-Q1 f-+ AUX 5l , 5 A
R4 Type-C )77 A1 H1 %] SBU1/2.
AUXn. DisplayPort AUX 1 I/O ifid 22 il £+ i 48 4% 4% 21| DisplayPort Y. B T3S & A 2%
AUXn 17 IO, CMOS |41 , JhE|MIE H 3 —4 100K $ VCC (3.3V) Hifil. L3155 AUXP —jig i TUSB5461-Q1 i T AUX
W, 3 HARYE Type-C KI5 [A1#% 1 £ SBU1/2.
DPEQ1 34 RSN DisglayPt;rt Tﬁl&%% EQ. i%3|#5 DPEQO —i2it#% DisplayPort 1 347825 . A 75 B i
QEMD%- , 1ﬁ%<|5a?‘:2 6-9.
. DisplayPort #:t 4% EQ. %515 DPEQ1 —j2i%#% DisplayPort #8557 25. 24 12C_EN &2h
DPEQO/AT 6 PPN | g gy , Z5| A% E TUSB5461-Q1 12C Hiuttk. A H#r R BIOEMEE | 5% 6-9.
s s v BE A Az BE AN 2% " S A QVELIME B ESE
SSEQ1 35 DU HL TR igSSEQO AT B i SSTXP/N (1) USB I as b firasitini . AR RENEMEER |, WSHE
A 5 SSEQ1 — 2% & Liif SSTXP/N 1) USB U #s i astii2s . 24 12C_EN AN “07 B, 1% 5] ik i
SSEQO/A0 3 WHFHIA | 1USBE461-Q1 12C Hibl. 4354000 & B MIEAIE B | 5% 6-8.
A 24 [2C_EN =0 I, sb5| A5 30, S 0Ik5 By 12C mHeh S i, 241 T 12C et | #5150
FLIP/SCL 13 PREPHIN | |53 12C 4l i VCC 12C F.
i 2 12C_EN =0 i}, e5I 8 USB3 JFoebl 51 , TI0Bk5] N 12C $di s M. 24T 12C Kl
CTLO/SDA M| PRI e % 2C $5130 VCC 12C M.
DP 2z B a0 o5 . 24 12C_EN =0 I, 5| AT LLJ3 A 5525 DisplayPort Zhk. &, 4
P4 N |12C_EN Ay “07 i, ilid 12C Z94% 885 JH A2 DisplayPort Iifg.
(k%P5 |L = 44H DisplayPort.
CTL1HPDIN 15 ) H = Ji3 H DisplayPort.
(PD) 2 12C_EN AN “0” i, Bh5| 2 M DisplayPort B2 B2 K AR HAT AN . 241% HPDIN 4 F1{1%
HP B RIS 2ms B, T DisplayPort g 425 H , H AUX % SBU FF IR LR IE AR A
12, 20, .
vCC 5. 38 P 3.3V HiiE
AR AL G BaHh

(1) ARG V0. FERZER VCC N L34 5] BIIRE N T & S8 VCC 51 Bl v ks
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5 s

5.1 4% RHUEE
75 B AR RS R W T AR B O B P (B SA A ) ()
BAME BRE Hfr
P Y R Vee 0.3 4 v
ERAINZ ) 28 55 B 25 25 \Y
AT N Ecn 51 0 e Y FESYINIT L JE -0.5 4 v
CMOS i\ -0.5 \
BREEE , T, -40 125 °C
PAFRE | Tog -65 150 °C

(1) AL AR RAHE [ ISAT AT RE S B IE UK AR o 20T e R U (B I AN RN AR A AL IR LS8 A R B & 17451 AR AT HoAth 2%
PFRREIERIBAT. ARBE “EBESITHM” (A Lot s KBUEE” SWRAMEH , S FTRA A HIZAT | XA RERE WA 1F i

FIEEPE L ThREANIE RE T4 de ds 1A 1 o

5.2 ESD &%
Gi=A Bhr
NRIBCRBEL (HBM) |, #§4 AEC Q100-002(1) , Fii 4 51 ) +2000
Vieso) | i — — v
FHA A (CDM) , £ AEC Q100-011 , AT 511 +1500
(1) AEC Q100-002 #5724 20134 1% ANSI/ESDA/JEDEC JS-001 BUYEHAT HBM R A7 .
5.3 BUUB T &M
1 HRE SRR T I AR VS AR (BRIESTH U )
wR/ME FRFRAE BAH Hfr
F Y 3.0 3.3 3.6 \%
Vee —
T HIEARHE 2R 0.1 50 ms
Viizc) 7E SDA H1 SCL _FH 43 ri BHL A A+ 21 7y L U5 1.7 3.6 Y
V(psn) Vee 51 BRI AR (/T 4MHzZ ) 100 mV
Ta R KSR T 1 AR -40 105 °C
Teca PCB iifE ( #EE#sF 1mm ) -40 112 °C
5.4 MRS R
EElis
FFaiR) RGF (VQFN) BAf
40 51
Roua ZEEIETIIL 29.4 °CIW
R0 yc(top) SEEANT (TS ) FABH 18.9 °C/W
Rous 45 2 R AR 11.0 °C/W
byt SE B THRRHES 4 0.3 °C/IW
b 45 2 HUR R IE S 2 10.9 °C/W
R0 scpot) SEE AT (JRHS ) A 3.6 °C/W
(1) AXREIARIERHEZEL , WS 1C BRI e br R F
5.5 HJRFHE
7E B AR KSR AT T I TAEIR G R N AR (BRAEST A Y )
28 PR A w/ME HAUE BAE| B
L - . . - .
PccacTive-uss) Eia'sé;jﬂ)jjt giﬁ%\ﬂljpuf{oggm%fi[ Iﬂ_kluN R'jES‘ ;PRBS7 270 mwW
CTL1=L; CTLO=H
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£ HARE KGR T I TARIR VG NS (BRAES A )

¥ WA KA B/ME i BRfE| e
PccacTive-use-op1) j;gﬁ?g% DP %g%\?DUB{OEOQm%T:?IE_;\IDNRT&‘ ;PRBS7 520 mwW
CTL1=H;CTLO=H
PccacTivE—4pP) ?;%Eé%i g%gﬁ;;bps AT DR AL 500 mW
CTL1=H; CTLO=L ; LINR_L3;

Pocinc uss) A PRI LB ] T DX 17 mw
Pecuaus) U2/U3 {1 T4 3% ’Eﬂfffii UZC ?i (l)Ji . 1>;z USB #xt ; 2.0 mw
PCG(HPDLOW-4DP) i;PD'N = LB 4 SBIE DP B | o1y g = 14, cTLO =L ; HPDIN =L ; 0475 mwW
Pcc(pisaBLED-12¢) 12C 0 N A EAEH oh !)ZX%—;EN 1=0; HPDIN =L ; CTLSEL = 0.122 mw
Pcc(pisasLED) AEAE TR CH:EIE:IN::L ;CTLO =L;I12C EN=0; 0.110 mw
5.6 il 10 Hift Sk
7 H SRE RS T I ARV A AR (BRIESTH I )

28 ‘ WA BAME HAE BRE LKA
4 BRI
In e PN LA Vee =3.6V ; Viy=3.6V 20 60 HA
I I H P A FLR Ve =3.6V; Viy=0V -100 -40 pA
VY S Vg H1E O/R Vee = 3.3V 0.55 \%
PURLS V| BRI RAESS Vee = 3.3V 1.65 \%
P Vg EaRiERsSatAl Ve =3.3V 2.7 Y,
Rpu [ e AN | 48 Ko
Rep P i L BH 98 kQ
2 #& CMOS 3 A ( CTLO. CTL1. FLIP)). CTLO 1 FLIP R RABhi Pl
A 1 TN FL Vee = 3.0V 2 3.6 \Y
Vi (N NGNS Vee = 3.6V 0 0.8 v
Rep HPDIN. CADSNK P4 38~ 7 H BH 400 500 600 kQ
Rpp CTLA FIP R Fr B 400 500 600 kQ
hH_cTu CTL1 51 v B T4\ s I Viy = 3.6V 1 1 VA
h_cTi CTLA 51 B s P N LI Vin=GND , V¢c = 3.6V -1 1 pA
IH_HPD_cap | HPDIN. CADSNK )75 Hi P4\ R Vi = 3.6V -1 " HA
limpp cap  |HPDIN. CADSNK [fEHFH AR | Viy=GND , Vgc = 3.6V A 1 A
i _cTio_Fup | CTLO A1 FLIP 7 H P4 B ViNn=3.6V;I12C_EN=0 1 1 WA
li_cTo Fup | CTLO 1 FLIP oA HE P41 A\ HLIA ViN=GND, Vgc=3.6V;2C_EN=0; -1 1 A
12C #HI5I ( SCL. SDA)
ViH_spav FiCE Jy 3.3V 12C HL T 7 L P A HLFE | 1I2C_EN = 1 2.0 3.6 \Y
ViL_spav Fid By 3.3V 12C LI A FiL 4 A LI | 12C_EN = 1 0 0.8 \
ViH_1psv FCE N 1.8V 12C LI (55 HPAR A UK | 12C_EN = F 1.2 \%
ViL_1psv Fil &y 1.8V 12C HL T K F- P N L | 12C_EN = F 0 0.6 \
VoL % HL P4 LR I2C_ EN=0; Ig. = 6mA 0 04 v
loL A% P4 HE LR I2C_ EN=0; VoL =04V 20 mA
liizc) LPNGER 0.1 x Viac) < MINHE < 3.3V -1 1 pA
Cig2c) HIPANG R 10 pF
?('ZC—F“’“—B“S FM+ (1MHz) ff] 12C .4 s 25 150 pF
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75 B RSN B AR IR TS A A (BRAEAS A B
¥ A& BAME HRUE R Hfr
Cuzc_rm Bus) | FM (400kHz) 11 12C 2k i gs 150 pF
7E FM+ (1MHz) F3&17 SDA 1 SCL — -
REXT 12¢_FMm+) e Cyizc_Fm+_Bus) = 150pF 620 820 910 Q
7E FM (400kHz) FizZ47t SDA il SCL _
R(EXTJZCJ:M) :ﬁz PE@&I‘&KEEBE C(lZCfFMiBUS) 150pF 620 1500 2200 Q
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5.7 USB il DP Fa <44tk

A H PRI KA T B AR i 58 Vi FEUAT L s i A 0

?\%‘a (BRAESH UM )

25 WA B/ME HAUE BAE LKA
USB Gen 2 43t ( RX1p/n. RX2p/n. SSTXp/n)
ViRX-DIFF-PP) A R s | L CTLE A 1200 mVppd
V(rRx-DC-CM) Bl B IR e (B ) 0 \Y
VRX_CM-INST é;égﬁ;u ;&EEQZEEX g—‘{% ) g@éor;;;f)@?%h SEUA T LA AR -500 1000 mV
BeZEWIT. U3 VIt
> SRE T R RBRE RX Bt | U
VRX_CM-INST %%%%%;J%Z%%Z%ORXU%% #e %;ﬁ?@ﬁ%ﬁlﬁ%ﬁﬂig%ﬁﬁk%% -300 1000 1\
RRXDIFF-D0) SRS ( E ) ;i TXP/TXN LA #] USB3 &4 /5 17 72 % 10 0
RRX.CMDC) BRI SR E TXP/TXN ERNE] USB3 234 /5 17 18 30 0
oRlllEd o
Z(RX-HIGH-IMP-DC-POS) ?f’;::}? AAARN AR (E %%XPg%%iﬂZﬁg“:g (L)J\?BE3 Sgig)twﬂ\J/ 25 kQ
L FE A .
V/(SIGNAL-DET-DIFF-PP) | HiI N 2 43V W A 15 546 ) 8 o7 P T % 5Gbps T, FANGHHE , PRBST 100 mVppd
V/(RX-IDLE-DET-DIFF-PP) | H1 N 2 SV W AL A 546 I B M T 25 v T ;fj 5Gbps T, A NG , PRBST 80 mVppd
VCC=3.3V;25C < Tp < 105C ; 7
V(RX-LFPS-DET-DIFF-PP) | AT JE HitE(5 4 (LFPS) Al i3 (i 25MHz F1 300mVppd VIN T #E471 100 300 mVppd
R 5 AT /M AT
V(RX-CM-AC-P) VEME RX AZ LA T FE5E 5] AL 0 A3 150 mVppd
RLRX-DIFF) E4 Bl AR FE 90Q T~ 50MHz % 1.25GHz ; -19 dB
RL(rx-DIFF) 4y [l AR FE 90Q T 2.5GHz ; 15 JdB
Rirx-cm) SRR AE 90Q F 50MHz £ 2.5GHz ; -10 dB
Eq_ssTxo 100MHz F SSTX $:ig 28 i FLIPSEL =0 ; SSEQ_SEL =0 ; 1.8 dB
Eq_ssTxo 100MHz " SSTX i a5 #4ir FLIPSEL=1; SSEQ_SEL=0; 2.1 dB
Eq_ssTx15 100MHz ' SSTX i a5 #i FLIPSEL=0 ; SSEQ_SEL =15 3.6 dB
Eq ssTx1s 100MHz T SSTX i385/ FLIPSEL =1 ; SSEQ_SEL = 15 ; 4.0 dB
Eq ssTx15 2.5GHz '~ SSTX Uk #5 ¥yl FLIPSEL=0 ; SSEQ_SEL =15 ; 12.0 dB
Eq ssTx15 2.5GHz '~ SSTX £zl #3341l FLIPSEL=1; SSEQ_SEL =15 ; 12.2 dB
Eq_Rrxo 100MHz '~ RX1 B2y #s 35 FLIPSEL=0; EQ1_SEL=0; 1.7 dB
Eq Rrx15 100MHz '~ RX1 B2 #5551 FLIPSEL=0; EQ1_SEL=15; 3.5 dB
Eq_Rrx15 2.5GHz F RX1 #8311 FLIPSEL=0; EQ1_SEL=15; 11.6 dB
Eq_Rrxo 100MHz '~ RX2 #2515 1 FLIPSEL=1; EQ2_SEL=0; 2.0 dB
Eq rx15 100MHz '~ RX2 #YSc#% 15 1 FLIPSEL=1; EQ2_SEL=15; 3.8 dB
Eq rx15 2.5GHz T RX2 I as ¥t FLIPSEL=1; EQ2_SEL=15; 11.4 dB
Cac-uss1 SSTX b ZHMTAC R A AR 75 265 nF
Cac.usss ;Xgl fﬂ RX2 AT i () 4045 58 4 £ 297 363 nF
USB Gen 2 £433534%% ( TX1p/n. TX2p/n. SSRXp/n )
VIX(DIFF-PP) RIEASENASTE S LR ARG o 1200 mVppd
VIX(RCV-DETECT) FESCARAG I A ) A0V 1 P AR A 600 mvV
DA TARIRA T oRpRe TX Bt
VA *ﬁ@ffiﬂc KW Sl FiEy) 7E 200k ﬁ%ffiﬁ%ﬁ%%%&ﬁ@il—'i’% -500 1000 iy
g;iﬂél*ﬁ ,AERUIBEWTIF. U3 VIR | SORshas i s .
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£ HARE KR T I TARIR EEVE AT S Y A A (BRIES A )

B WA B/ME H R BAE XA
PUR TARIRZS R iR BEn TX Bt RN ,
R o 1t AR 2R SR Y AR
VTx-CM-INST B R« WD) % U0. U0 1) E;?ﬂfé&fgﬁ% R RGeS -300 1000 mv
#e% U2/U3. U2/U3 I UO. E R R
N B PP
VTX(CM-IDLE-DELTA) ;;g%ﬁ$§§ ;;;ﬁili LFPS HHI% -300 600 mV
Vrxpe-cm) RIEAEPI S R W E (B ) 0.6 1 \Y;
VIX(CMAC-PP-ACTIVE) | TX ZETHLASE o R A5 V5 ;;p + Txn £ FIRRIR L4 BRI 100| mVpp
TEmEBIENE S (HPF) Z 5 it 251
VIX(IDLE-DIFF-AC-PP) | AC Ui FEL/AS 25 PR 22 43 Mg DA By H Pl &, BBRERSE  HPF = 1/LPF ; 1 0 10 mV
RX 3 7 EAMEIN R RB ERES ;
TEARIEIE R A% (LPF) Z 5 33k 5] i
VX(IDLE-DIFF-DC) B RS IR 22 4 i L i, BRI oot ; LPF = 1/HPF ; 7£ 0 14 mV
RX i LA R ERES ;
ZXT(:)N"DC'ACT'VE"DLE' U1 R UO 2 i 4 B IR 35S LT FEB 5] 4L 200 mV
Rx@IFF) DRz 2% (1 2 2y BE BT 80 90 120 Q
S FE| ph RE ot T A 925
Rrx(om) I S A L ZHEM(;V % 500mV A AR T3 18 30 o
Vv Fic B N PR IR 4 He 3K sl 2 1 LINR_LO R i) | TX_PRESHOOT_EN =0 ; 800 mVood
SSRX-LIMITED-VODLO | ggRy 43 U 1T TX_DEEMPHASIS_EN =0 ; pp!
Vv fic BN PR IR 4 He X sl 23 A0 LINR_L1 i) | TX_PRESHOOT_EN =0 ; 900 mVood
SSRXCLIMITED-VODLT | gy 32 4% i i {1 e J T2 TX_DEEMPHASIS_EN =0 ; PP
v, Hic BN PR IR 4 H2 K sl 2 1 LINR_L2 i ) | TX_PRESHOOT_EN =0 ; 1000 mVood
SSRX-LIMITED-VODL2 | ggRy 5% /3 i I {1 [ TX_DEEMPHASIS_EN =0 ; PP
Vv Fic BN PR IR 4 H2 K 3h 23 A1 LINR_L3 i ) | TX_PRESHOOT_EN =0 ; 1100 mVood
SSRX-LIMITED-VODL3 | gqps 3 48 gkl {2 Fi [ TX_DEEMPHASIS_EN =0 ; pp!
TX_PRESHOOT_EN =0 ;
v i 5 A BRI R 2 R B B 5 J8 Bl 2 in & | TX_DEEMPHASIS_EN =1 ; 15 dB
SSRX-DE-RATIO0 ff) SSRX hn. TX_DEEPHASIS = 2'b00 ; :
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT_EN =0 ;
v fic B 9 BRI A% e K B 88 90 8 2o iy | TX_DEEMPHASIS_EN =1 ; 21 dB
SSRX-DE-RATION ff) SSRX AN, TX_DEEPHASIS = 2'b01 ;
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT_EN =0 ;
v fic B 9 BRI A e kB 88 90 5 s nE iy | TX_DEEMPHASIS_EN =1 ; 32 dB
SSRX-DE-RATIO2 ff SSRX Zfn . TX_DEEPHASIS = 2'b10 ;
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT EN=0;
v fic B 9 BRI 4% 2 kBl 88 90 5 2o nE iy | TX_DEEMPHASIS_EN =1 ; 38 dB
SSRX-DE-RATIO3 ff) SSRX L hn TX_DEEPHASIS = 211 ;
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT_EN =1 ;
v P B S PR M 42 DR By 43 5 )3 F Tt it ¥ | TX_DEEMPHASIS_EN =0 ; 15 dB
SSRX-PRESH-RATIO0 SSRX FinhH . TX_PRESHOOT =2'v00 ; .
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT EN=1 ;
v Fick B A BR M e Uk 3 2% 9 J3 F b i) | TX_DEEMPHASIS_EN =0 ; 20 dB
SSRX-PRESH-RATION | SSRX il L. TX_PRESHOOT = 2'b01 ; :
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT EN=1 ;
v Fic, 8 Ay BRI % B2 K ) 33 5 )| A b () | TX_DEEMPHASIS_EN =0 ; 23 dB
SSRX-PRESH-RATIO2 SSRX Fipf e, TX_PRESHOOT = 2'b10 ; -
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
TX_PRESHOOT EN =1 ;
v Fic Ty PR R e e Bk S 28 5 J8 FA b (¥) | TX_DEEMPHASIS_EN =0 ; 28 dB
SSRX-PRESH-RATIO3 SSRX Fipj 1 . TX_PRESHOOT =2'p11 ; -
USB_SSRX_VOD = 2'b00 (LINR_L3) ;
ITX(SHORT) TX %5 % HL AL TX+ JH#% % GND 40 mA
RLTX(DIFF) 2257 [l A RE 90Q F 50MHz % 1.25GHz -20 dB
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£ HARE KR T I TARIR EEVE AT S Y A A (BRIES A )

E = WA %A B/ME HRE BAE X4
RirxpiFr) 47 [l AR FE 90Q T 2.5GHz -20 dB
Rirxcmy A ] 5 1 FE 90Q T 50MHz % 2.5GHz -85 dB
CTX-AC(COUPLING) AR DA BT AN A HL A B 75 265 nF
i TX Fl RX {5555 Z (A 2550 H 4k £ 25GHz T ; EQ=0; -40 dB
LINR_LO ¥ & FHIMEAN - 1dB JE4 {£ 100MHz F , 200mVpp < V|p <
CPLF-LINRLO . 1200mVpp , EQ = 0 600 mVppd
LINR_LO B & F RIS - 1dB s £ 2.5GHz ¥, 200mVpp < Vp <
CPHE-LINRLO o 1200mVpp , EQ = 0 550 mVppd
LINR_LO BB TS - 1dB i £ 5GHz F , 200mVpp < Vip <
CPHE-LINRLO & 1200mVpp , EQ = 0 550 mVppd
LINR_L1 & T4 - 1dB 4 £ 100MHz T, 200mVpp < Vip <
CPLF.LINRL1 & 1200mVpp , EQ = 0 700 mVppd
LINR_L1 B E TS - 1dB Fdi £ 2.5GHz F , 200mVpp < Vp <
CPHF-LINRL & 1200mVpp , EQ = 0 650 mVppd
LINR_L1 %8 FHmS - 1dB JE4i 1£ 5GHz T, 200mVpp < V|p <
CPHE-LINRL1 s 1200mVpp , EQ = 0 650 mVppd
LINR_L2 % F {4 - 1dB M4 #£ 100MHz T, 200mVpp < Vip <
CPLF.LINRL2 e 1200mVpp , EQ = 0 800 mVppd
LINR_L2 %8 FHmSl - 1dB FK4f 1£ 2.5GHz T , 200mVpp < V|p <
CPHE.LINRL2 . 1200mVpp , EQ = 0 750 mVppd
LINR_L2 %8 FHmsi - 1dB K4i £ 5GHz T, 200mVpp < V|p <
CPHE.LINRL2 o 1200mVpp , EQ = 0 750 mVppd
LINR_L3 % & FI{E4 - 1dB 4 £ 100MHz F , 200mVpp < Vip <
CPLELINRLS . 1200mVpp , EQ = 0 900 mVppd
LINR_L3 % & Tl - 1dB K4i £ 2.5GHz T , 200mVpp < V|p <
CPHE-LINRL3 . 1200mVpp , EQ = 0 830 mVppd
LINR_L3 %8 TSl - 1dB E4f £ 5GHz T, 200mVpp < Vp <
CPHE.LINRL3 i 1200mVpp , EQ = 0 830 mVppd
VID = 1Vppd ; &t EQ & & ; 12 %)
A B4 ( 5GHz ~ SDD21 = -
trx_py TX e R R 11.2dB ) ; 1.6 $i~FJ5 B4 (5GHz T 0.05 ul
SDD21 = -1.8dB ) ; PRBS7 ; 5Gbps
F USB 3
VID = 0.8Vppd ; il EQ % & ; 12 %
SFATEAE ( 5GHz N SDD21 = -
trx_pJ TX iy i o€ PEAR B 80 8.2dB ) ; 1.6 %~} 5 EHIIE ( 5GHz 0.04 ul
SDD21 = -1.8dB) ; PRBS7 ;
8.1Gbps T DP
DisplayPort #i(2% (DP[3:0]p/n)
Vioer) RN N 22 43 345 P 1400 v
Vic PN e iS 0 1.75 2 v
PAR TARIRAS T I KB RX B3k
v B EARM © RWTURE S8, 25 | 78 200kQ 713 T AR T & AR 2R 10 % 1200 1000 mv
RX_CMANST 07 ADP KIFE. ADP ZATUMCH R | BURAh B0 A
AR, M
PAR TARIRAS T KB RX B3 o A
VRX_CM-INST B R © SAF YIS ADP 3E4T %;%?mﬁﬁffnfjhﬂ A SRR -500 1000 mv
(DO). DO 4% D3. D3 iz Do, |+~ P
dr Bl 8.1 Gbps
Ry PN ST 75 90 110 Q
Cac) AN BT A A 75 265 nF
EQ_DPO 100MHz T DPO Ui &% 15 i FLIPSEL =0 ; DPOEQ_SEL =0 ; -0.2 dB
Eq ppis 100MHz F DPO il 2271 FLIPSEL = 0 ; DPOEQ_SEL = 15 ; 2.3 dB
Eq_bro 4.05GHz T DPO #1533 fi FLIPSEL =0 ; DPOEQ_SEL =0 ; 06 dB

10 sy

S
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TE H ARIE RS AE TR B A 35 V8 LR R YE IS ( BRAES A )

B VI B/ME ST Bokf| By
EQiDer, ‘4_05GHZ '~ DPO il 28 7 FLIPSEL =0 ; DPOEQ_SEL =15 ; 14.5 dB

DisplayPort 3i%%8 ( TX1p/n. TX2p/n. RX1p/n. RX2p/n)
AN TARIRE TR RBERT TX Bt

£ 50Q B T AU A A R I

VTx-CM-INST B AR« 5 V)4 % 4DP 3247 oy -500 1000 mV
(D0). DO ¥J#:% D3. D3 b DO. SEABE,
PUR TARIRA T B 5 KR I TX BE s S B A

VTx-CM-INST B AR« BRI U14: %5 4DP R IhAE. E;Z?;;ﬂﬁﬂ?ﬁ? SRS A AR IR -1000 1000 mv
4DP SEA YIS TR

Vrx(pe-cm) RILAETPSA A R R E (B ) 0.6 1 \Y;

Rx@IFF) DRz 2% 11 2 4y BR T 80 90 120

AUXp 5 AUXn F1 SBU1 5% SBU2

Ve = 3.3V ; AUXp I V= 0V &
Ron i 38 HL B 0.4V ; AUXn [f] 2 55 10 Q
V=27V % 3.6V

Vee = 3.3V ; AUXP [ V=0V &
ARon ot P95 38 HL LS T i 0.4V ; AUXN [t 2.5 Q
V=27V E 3.6V

Vee =3.3V; AUXp IV, = 0V £

TEAH A VCC FIELEE ~ II45 1) 58 F

RonLaT) N 0.4V ; AUXn 2 Q
SPHHEE ( RON 5 KfH - RON /M ) V=27V % 3.6V
I
Viauxe. 06 o /;\EU}Z(p A SBUT ff) AUXGTIBETISEE |y _ 53y 0 04 v
V(AUXN_DG_CM) AUXn 1 SBU2 [t AUX il i B L5t Vee =33V ; 27 36 v
HE
N Vee=3.3V; CTL1=1;V,=0V
C(aux_on) FIRE RS E}icg.?:v ' 4 7 pF
s N Vec=3.3V; CTL1=0;V,=0V
C(aux_oFF) KBRS EE%.SV : 3 6 pF
(1) ETTEASH DPTX i 2 A A FIES B RN %S , T LUIR K PR A HiRk /> GPU (DPTX) WLl 2 () B i 3t s -
5.8 B FFER
\ \ | BRI WA RKE| 4
USB3.2
tiDLEENtry MU0 B A 25 N I RER WS K 6-4 10 ns
tYDELEXIt U1 U1 IR IR - H A28 PR v T B A3 LFPS 52 K 6-4 6 ns
tibLEEXit u2u3 U2/U3 B I T] © 2N T B 24650 LFPS |15 20 K 6-4 10 s
tRXDET_INTVL TE WY1 16 RX AR ) 12 ms
tibLEEXit_DISC Wr 3 B[] 10 us
texit SHTDN PRpE L] 1 ms
t ESE AR AEQ X FI2 17 k8 EQ % 300 us
AEQ_FULL DONE | gz g i
TEPRIE AEQ LU T IZATRI 8 IE Y EQ WE /Y
tAEQ FAST DONE | o i 60 us
BRI T
toiFF_pLy ZEO LR REIR W& & 6-3 300 ps
TE SR 518 1.7 3] ALJJ”M%E’J
tr, tF finth BT R B A ZE IR 20% % 80% ; S 40 ps
i 151 6-5.
. - TERRATH 51 1.7 FET A AR
N 5 o N
tRF_Mm ik R VAN 2 RN RN IR SO LTI 20% % 80% 2.6 ps
!
to_pc Veeming ZEAEHRIRER RS BRI PHER | B0 15 6-10 25 ms
tcre_su CFG") 5| iz 7.2 2 K 6-10 250 us
tcre_HD CFG™ 5| Jipfiss Wz K 6-10 10 us
Copyright © 2024 Texas Instruments Incorporated TR 15 1
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/ME FRRR{E BAME Hfir
tct_os CTL[1:0] I FLIP 5| 24} HZH K 6-10 16 ms
(1)  BANSIEFE CFG 51 : 12C_EN. EQ[1:0]. SSEQ[1:0] fil DPEQ[1:0]-
(2) M Vo NE/MERS , @UUE CFG 51 IfRIFFEE .
5.9 JF R
75 B RSN I ARG E A AR (BRI A 3Y)
S ‘ AL Be/ME SR E BOAfE|  HAr
AUXp 5% AUXn 1 SBU1 5 SBU2
taux_pp FERAL HE 2EIR 400 ps
taux_sw_oFr 19;"['11;}[19;?@@? KR, e WS K 6-7. 500 ns
taux_sw_on CTLA EFF 5 T8 f A SR /] WS & 6-6. 500 ns
tAUX_INTRA of Y H A AR 100 ps
USB #l DisplayPort = #HE R GPIO X
MAL USB3 #4403 4 i@iE
tep_uss_4pP DisplayPort #3802 [ 4if , CTLO |[12C_EN =0 ; it &l 6-2, 4 us
A CTLA (g d5z /N8 B I 8] o
CTL1 f1 HPDIN
{HPDIN_DEBOUNCE f{xﬂf}léﬁﬁ%?ﬂ L B CTL1 A1 HPDIN 2% 2 10 ms
12C
fscL 12C i ffis 1 MHz
tsur EK}H—\#*U ALK 2 AR IR | i) g 601 0.5 us
tHpsTA %gm%%ﬁﬁggiggmﬁg&ﬁ WSk K 6-1 0.26 s
tlow 12C R} b (1166 B 39 2 E 61 0.5 us
thicH 12C b v oS 3 2 E 61 0.26 us
tsusta G R B AT R SR ] w2 K 6-1 0.26 s
tHpDAT KR AR 1] 2 K 6-1 0.008 s
tsupar B SN ] i [ 6-1 50 ns
tr SDA Hl SCL 5 5 LT [r] 2 E 6-1 120 ns
tr SDA #1 SCL {5511~ B[] iE 2 6-1 1.2 120 ns
tsusto STOP S AFi gL (8] W2 K 6-1 0.26 us
Cp BRI A F R 150 pF
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5.10 #2 BU%FHE

2 e 20
— oPEco — precs [T T 11
— DPEQ1 DPEQS — DPEQO 3t -40C
15 1| — prPEaz — preQi0 15 || — pPEQOat25C
—— DPEQ3 == DPEQ11 & — DPEQO at 105C 2y H
— DPEQ4 — DPEQ12 i —— DPEQ15 at -40C / |
— DPEQS DPEQ12 4 —— DPEQ15 3t 25C A I
0H — DPEQS — DFEQ14 g 7x 10— — DPEQ15 at 105C .
— DPEQT — DPEQ1S J/ Vil |
g i e g : |
£ T s 5
z B S 1
A L {
"::-—"é.ﬂ/"lL 0 A== ,,—4:5\
1
5 5
-10 -10 )
0.01 0.1 1 10 20 0.01 0.1 1 10 2
Frequency (GHz) Frequency (GHz)
[ 5-1. DisplayPort EQ ¥ & 2 & 5-2. iE {1 E P i DisplayPort EQ B8 B4k
20 I 0
e — [ 11
— EQ1 EQ3 — EQ0 at-40C
15 |H — EQ2 — EQ10 15 — EQOat25C 4
— EQ3 — EQ11 /-’ — EQD 2t 105C Al
—— EQ4 = EQI2 ol —— EQ15 3t -40C AN
. — EQ5 £Q13 f’{: ) — EQ15at25C AT
O £ — Eone NPTAT I 0 — EQ15at 105C / i
— EQ7 — EQ15 " /
s // gt g L ]
z s ] R T
s = L=
3 3 | LA L
L o
0 0 =
5 5
-10 -10
0.01 0.1 1 10 20 0.01 0.1 1 10 20
Frequency (GHz) Frequency (GHz)
K 5-3. USB RX1 EQ ¥ B ik Bl 5-4. BETERE A USB RX1 EQ W& Hi 4%
* I ]
o
\é .| |— ss=c0atac Al
@ /] 15— — ssEQO st 25C g
0 7 — SSEQO 3t 105C A TN
/ ,/ / —— SSEQ15 at-40C gy
,;ﬂ/v /] 10 || — sseQisat25¢ / I
e ' & 7, . /| R —— SSEQ15 at 105C V4 ]
Z - i 2 R \"
=~ =~ 5 -
£ e A g * = \
@ @ |41 AN ]
O — ssEQo — ssEQs = LA
— SSEQ1 — SSEQY 0 = \
— SSEQ2 — SSEQ10 \
—— SSEQ3 = SSEQ11
&5 |- — SsEQ4 — sSEQI2
— SSEQ5 SSEQ13 5
—— SSEQ§ — SSEQ14
—— SSEQ7 = SSEQ15
-10 -10
0.01 0.1 1 10 20 0.01 0.1 1 10 20
Frequency (GHz) Frequency (GHz)
Kl 5-5. USB SSTX EQ B £k & 5-6. HETLE N USB SSTX EQ #8 Mk
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5.10 JLRURRE (42)

1200 10 |
e — -
; [
- 1000 5 !dﬁw
& 0 — ssTx J
i — EQ0 — Eai /
2 // — EQ1 — EQ12 g ® 7
5 B0D EQZ EQiz T -2
g — EQ3 — E0i4 3
3 __E0d — EQi5 0 -
I — EQE a5
E ww _EoE
5 — EQ7 40— /
g — EQs 45
200 | EQS o i
— EQ10
y 55
, [ [ [ ] -
0 200 400 0D SO0 1000 1200 1400 1800 1800 2000 0.1 1 0 20
Differential Input Voltage (mVpp) Frequency (GHz)
K& 5-7. 4.05GHz I i) DisplayPort 2344 g2k K 5-8. USB I \ Bl iR#E1ERE
10 5
5
0
— &
: - —
s —or2|| || - .
' —DP3 S SRR
. . m -10 -
8 8
20 20 ..: bﬁ
N v L1
DAY e Wil!
-0 744 /
a5 = | 2 =]
-40 35
0.1 1 0 20 0.1 1 0 20
Frequency (GHz) Frequency (GHz)
Kl 5-9. DisplayPort i\ ISR FEMEAR & 5-10. USB %t EIg R #E 4 A2
5 []
0 — DFO 4
— DP1
— DF2 'ﬂr
5 — DF2 P >
4 (=)
~
%\ 10 'ﬂ' ‘! >
H 1 £
& 45 U] L] 1l ®
AT T I S
I e e 9 ‘ °
2 ] M -
20
0.1 ! o 2 20.58 ps / DIV
Frequency (GHz)
B 5-12. 8.1Gbps T-A% 12 Z~#A PCB #i£kHJ DisplayPort
& 5-11. DisplayPort %! Bl 3Bkt 68 HBR3 fR & #:88
14 R 15 Copyright © 2024 Texas Instruments Incorporated
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5.10 JLRURRE (42)

1500 1000
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= L 200
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s 1000 =
g L] B o — pPvoD=0 ]
2 L S
5 TH 5
a =3
] 5
s — DPVOD=0 2 ‘@
2 —— DPVOD=1] | z
2 ODF_WOD =2 2
2 — DPVOD=3 2
& S
200
250 f
Q o
0 200 400 600 800 1000 1200 1400 1800 1200 2000 0 200 400 600 800 1000 1200 1400 1800 1200 2000
Differential Input Voltage (mVpp) Differential Input Voltage (mVpp)

&| 5-13. 100MHz T/ DP VOD £ 8 & 5-14. 5GHz T DP VOD £t E

250 1500
L1 I —
. 1000 = = . 1200 ] =1
2 2
E E
i:" 750  ——— -é. =0
2 [ e e 2 ]
El z
] g,
3 500 = 800
H H
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s 250 s 300
33 200 400 G600 800 1000 1200 1400 1800 1800 2000 33 200 400 800 800 1000 1200 1400 1800 1500 2000
Differential Input Voitage (mVpp) Differantial Input Violtage (mVpp)
K&l 5-15. 100MHz T 7 USB SSRX VOD £ & & 5-16. 100MHz T #j USB TX1 VOD £k 8
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CTL1 pin

I'|l«—tHDSTA

<+ tHDDAT

& 6-1. 12C iR EE X

4gs
(min)

T

CTLO pin

& 6-2. GPIO #XF USB # 4 iii& DisplayPort

— “— TDIFF_DLY -
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IN+
VRX-LFPS-DET-DIFF-PP Vem
IN-
—> <+<—T|DLEEXit —> <«<— TIDLEEntry
OUT+
Vem
ouT-

& 6-4. 1S RAR IR H A SER

80%

20%

— «—t —> i

Bl 6-5. iyt L7+A0 T R IR

/

CTL1 Vis{min) /

“4—taux-swon— P

SBU2
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<t pux-sw-orr P
CTL1 \
Vi(max) — \" ””””
SBU2
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& 6-7. AUX £ SBU FFX W7 7 &l

\\ \
\
\

\
\

VSSRX-LIMITED-VODL3

[
[
A
4

——— TX_PRESHOOT_EN = 0; TX_DEEMPHASIS_EN = 0;

—— TX_PRESHOOT_EN = 0; TX_DEEMPHASIS_EN = 1; TX_DEEMPHASIS = 0;
———— TX_PRESHOOT_EN = 0; TX_DEEMPHASIS_EN = 1; TX_DEEMPHASIS = 1;
——— TX_PRESHOOT_EN = 0; TX_DEEMPHASIS_EN = 1; TX_DEEMPHASIS = 2;
———— TX_PRESHOOT_EN = 0; TX_DEEMPHASIS_EN = 1; TX_DEEMPHASIS = 3;

& 6-8. {{ SSRX [RIEZEME

VSSRX-LIMITED»VODL?:

——— TX_PRESHOOT_EN = 0; TX_DEEMPHASIS_EN = 0;

——— TX_PRESHOOT_EN = 1; TX_DEEMPHASIS_EN = 0; TX_PRESHOOT = 0;
———— TX_PRESHOOT_EN = 1; TX_DEEMPHASIS_EN = 0; TX_PRESHOOT = 1;
———— TX_PRESHOOT_EN = 1; TX_DEEMPHASIS_EN = 0; TX_PRESHOOT = 2;
———— TX_PRESHOOT_EN = 1; TX_DEEMPHASIS_EN = 0; TX_PRESHOOT = 3;

& 6-9. X SSRX [RIEFn
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:4— Teti_db —P:

| |
| |
| |
| |
| |
| |
: ! Mode of operation
determined by value of
FLIPSEL bit and CTLSEL[1:0]
bits at offset 0xOA. Default
is USB3.2- only no Flip.

USB3.2-only
FLIP=0

Device
In 12C mode

DISABLED

I((CTL1:0] ==2'b 00 | CTL[1:0] ==2'b01) & FLIP==0){
USB3 only no FLIP ;
} ELSEIF((CTL[1:0] ==2'b 00 | CTL[1:0] ==2'b01 ) & FLIP ==1){
USB3 only with FLIP ;
} ELSEIF(CTL[1:0 ] ==2'b 10 & FLIP ==0) {
4- Lane DP no FLIP ;
} ELSEIF(CTL[1:0 ] ==2'b 10 & FLIP ==1){
4- Lane DP with FLIP ;
} ELSEIF(CTL[1:0 ] ==2'b 11 & FLIP ==0) {
2- Lane DP USB no FLIP;
} ELSE{
2- lane DP USB with FLIP ;
k

Device

USB3.2-only
In GP1IO mode

FLIP=0

DISABLED

FLIP pin

VCC (min)

Internal
Power
Good

— T —PHEPr— Torgha

|
|
|
T
|
|
|
|
T
|
|

& 6-10. FHE P
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6 40 B

6.1 MR

TUSB5461-Q1 & —#k VESA USB Type-C & BB LW )31 % | T N7 M, SR &I 8.1Gbps 1)
DisplayPort £#ii#2% . % 4FIH T2 518 USB #0304 DL DFP #2088 b 1) FLE RIS Dy se . %44
% USB Type-C L) VESA DisplayPort 22 &=, , Fi+ DFP B & C. D f1 E.

TUSB5461-Q1 &t AN b4 2% |, o] LLkhE: 24 USB 3.2 B¢ DisplayPort 2.1 {5 5ifiid PCB B{£R4ii | K7
SR (1S1) 185 B 2 2R R BR AR A 28 51 FE . TUSB5461-Q1 H1 3.3V B IR HIZLT | R 2 i
.

ST ENUR T, TUSB5461-Q1 1 R 4t hEW% [H] ML USB 3.2 Al DisplayPort A 2.1 [{AR 1% 2% A H0 P i A0 22
R AEZEM . R IRB) A8 IR F B8 M2 I8 8 B I I M R Tk R AR N, B — AN E = R R
FAMRKENE S . RAEIEA — A T IEE a5 B E BRI a4 . MaZARHiE TUSB5461-Q1 £ 4% 2 A 46 A
PR SR W E M . LM EQ[1:0]. SSEQ[1:0] il DPEQ[1:0] 5| IR 15 B 45 A8 18 ¥ Sk 7 35 fr s«

TUSB5461-Q1 & ZUIRSHLE S Z a3 E0 T 2N & &2 EHP. LG, TUSB5461-Q1 78 TX Xt I s T
s A . SR 2S R RGN F] USB 3.2 Uk 8s |, B H RX & |, I H TUSB5461-Q1 &% 1T 3T 8085 .

s B RTIAE2LRFE 3.3V IR N iaqT |, WSEBUESRINIERE. HZh LFPS KNS IhResR it — D R RENE 1T
4 USB 3.2 frifi.
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6.2 ThEe HHERE

SSRXp II
SSRXn [1—#%-0 CU— s
SSEQ_SEL EQ ’)_[Ej
4(: r
SSTXp
EQ Iszp
SSTXn o— orver
——a RX2
DPEQ_SEL 1 P n
DPOp
2
DPOn o
MUX \\>o TX1n
DP1p(} = TX1p
fq
DP1n o

DPEQ_SEL RN OI RX1n
DP2p(} AAAAC///;:> . iRle

EQ
DP2n o———

{Term |

DPEQ_SEL

SSEQ_SEL 4—‘ EQ_SEL
DPEQ_SEL <—| r’
DPEQ/A1
SSEQ[1:0]/A0 —1EQ[1:0]
12C_EN FSM, Control Logic and
FLIP/SCL e Registers
CTLO/SDA target
HPDIN/RSVD2
CTL1/HPDIN
CAD_SNK/RSVD1
A
2 § EN
A
AUXp ° U SBU1
AUXn LX SBU2
vee
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6.3 REMEULEA
6.3.1 USB 3.2

TUSB5461-Q1 37 ¥ i% 5Gbps 1) USB 3.2 ¥i#i# % . TUSB5461-Q1 C i USB & XK HLEUIR A (U0
Ul. U2 1 U3 ). TUSB5461-Q1 =& k&Mt ERahds |, Kz F A @ig USB3.2 M Em&E.
TUSB5461-Q1 sz 21t BTN LFPS Rl il (5 AR S st a3 2 4 1F |, DUAfiE USB 3.2 #:11
1] USB I IRES

TUSB5461-Q1 H A7 & GRS A INE(E 4 (LFPS) A2l 4% . LFPS Kl gs | 3 NMCATR(E 5 |, JRAE B
BIIhRE. MABWE LFPS K, TUSB5461-Q1 % EQ[1:0] A1 SSEQ[1:0] 5] = EQ1_SEL. EQ2_SEL
SSEQ_SEL & 17 s H I g 2K 5 FH S 28 317

6.3.2 DisplayPort

TUSB5461-Q1 3 5% ik P Hdis i K =i 8.1Gbps [ DisplayPort i . it & A4 DisplayPort S , 24 rE
DisplayPort J§i3i il DisplayPort 2153 2 i3t Jifh , TUSB5461-Q1 £ Mids AWl AUX iR, T FRRINFE
TUSB5461-Q1 £ 4 AUX 545 9N % ok & #1435 3 DisplayPort 38 3# {9 % & . TUSB5461-Q1 £ I i %t
DisplayPort #2isit i) DPCD % 7%% 0x00101 (LANE_COUNT_SET) #l 0x00600 (SET_POWER_STATE) (#1441
AUX S N\. TUSB5461-Q1 2 Hi#i5 N LANE_COUNT_SET Hft ks H #%@i. 24 SET_POWER_STATE
fF D3 i, TUSBB461-Q1 £ 48 BT A e . I , W5 2hi@iE K% T LANE_COUNT_SET fIf.

BRIAEOL R | DisplayPort AUX a4k T8 FARZS | fH ] BUIE I 5 20 AUX_SNOOP_DISABLE #Fff#fk2EH . 25
FAUX WEmE | ] i i & R i B 2 A7 24 % TUSB5461-Q1 DisplayPort i#iE 94 . 24 TUSB5461-Q1 3
GPIO #i5 (I2C_EN = 0) i , CAD_SNK 5| im] i T-25 F AUX Biill. >4 CAD_SNK 5| & BT, AUX Bl
e 2R, Brfa U4 DisplayPort 818 44 TG sk 4

6.3.3 JYH-FHA

TUSB5461-Q1 .45 ( I12C_EN. EQ[1:0]. DPEQ[1:0] 1 SSEQ[1:0] ) VU Fa A5 , AT T4kl B s
Il TUSB5461-Q1 Ak T A E HEEATAL T o 18 Y B P4 A A FLRH 23 1 38 SR 35 B 150 B8 DO /N RO IR ik B
Iz E . A P R R N R B X F AR A P A A A, AT ST AR

R 6-1. DU 5 R E

% BE
0 4 1kQ 5% i£HF] GND.
R 4 20kQ 5% %EHF] GND.
F B (HEEHLRFITEORE )
1 ¥ 1kQ 5% ] Ve

#iE

FENIEALH ETHEZ G, BT A DU RSP o 1E torg ng <S5, BRSBTS B R AN Sz AL BH LR 2h
#Eo

6.3.4 BYL#FLE 1Sty

IR T B EAME TUSB5461-Q1 it N\ 2 T 2 Gt Hh R i 4 N AR AT 5 (8] T4 Ul 2% 2 (845 5845 = AH
Xf T oy B R AR, AN S IR ORI . I RIS Y A3 5 B DAUUAC TUSB5461-Q1 HE1SCHS i N\ i 1388 38 4
NFE. AT BCPR NG SEIL 20k 16 PR Ref 3 % & . USB 3.2 FAT#%4%. USB 3.2 TATEIEA
DisplayPort % A F /N U PN . TUSB5461-Q1 IS FE LB IT 12C 27 77 2% A8 15 B i R e

TUSB5461-Q1 > USB-C 4T I E0c#s ( RX1 A1 RX2 ) Sell 1 =MORE 4T 2 ohhe « [EE EQ. HRE H &M
EQ ( tRik AEQ ) MZEHIEN EQ ( 764 AEQ ) » BRNTHANEE EQ. fE[E EQ IZ/THEULT , P lhg
A\ USB-C #fi g (77 FRGEAIANH FELZE ) BRI — B . Pl AEQ ZhEEW] LLIX 7 i A TE . Jvs
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TERIR USB 3.2 28 F ANl H B85 B84 N\ USB-C Ji & [ — PR BRAE . KA R os USB 3.2 23l USB
ZEAE AT — A S BAE . EPUE AEQ BT |, TUSB5461-Q1 2R 45 VA 18 J2 ko VAl TE i 2 K Vel | 72 P AP T
EWE 2 A . 2 TUSB5461-Q1 il B N 5E 4 AEQ IhAER) , TUSB5461-Q1 £ fE4AER USB 234446 A\
USB-C i I F shifi e e FERI i B . 8584 AEQ B0 F , TWIE R EMIE. KIGELENTHEZ
TUSB5461-Q1 I e iR B . 554 AEQ IhREERAAL T2E AR | EnT DLl Z5 47288 H

6.4 B IhREAE I
6.4.1 GPIO &= FHi# I E

4 12C_EN = 0 5 12C_EN = F H. I(EQO = 0 and EQ1 = 0) i , TUSB5461-Q1 4T GPIO & F. TUSB5461-
Q1 XHFFLAFACE @ {X USB 3.2, 2 4 DisplayPort j#id + USB 3.2 & 4 4> DisplayPort ifi& ( -t USB 3.2) .
CTL1 5| 4= %2 % Jja B DisplayPort. CTL1 5 CTLO Y4 & W 7EMX USB 3.2. 2 /> DisplayPort i#iEal 4 />
DisplayPort il 2 [Ali& 5 , V£ L% 6-2. AUXp ok AUXn | SBU1 5 SBU2 BLb & R4 % 6-3 .

FHJE (Vee MOV E] 3.3V) , TUSB5461-Q1 BRikA USB3.2 #xX. USB PD 2 il #% 7 A6 M 2 35 8% 1% B2 3
Type-C it 1INy s BEFE M 24 AN 77 ZHEAT USB3.2 AR |, A4t ¥ CTLO SIIM L #3ohy H PRz (a3 L >k
ik TUSB5461-Q1 iE Hi USB3.2 #=.

# 6-2. GPIO B

CTL1S# | CTLOZIM | FLP3IM TUSB5461-Q1 LB VESA D,i,sﬁ,'f_‘,’,";a'gﬁﬁﬁ
L L L i e -
L L H [k e —
L H L Hin 0 USB 3.2 - TThilfE —
L H H I USB 3.2 - i ks —
H L L 4 j@iE DP — LRI CHE
H L H 4 jHiE DP - ke CHE
H H L BB USB 3.2 + 2 ¥ DP - Tl D
H H H Fi3ii 1 USB 3.2 + 2 il DP - gl D
% 6-3. GPIO AUXp ¢ AUXn % SBU1 Bt SBU2 B4t
CTL1 5l FLIP 5[ R
H : AUXh  SBU2
: : e s
L>2ms X F it

F 6-4 JE/R T TUSB5461-Q1 #3F L I8 2 28 A £k . i%3=X%) 12C F1 GPIO Bt B 1 x0AS A 2.
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R 6-4. T\ E 0 BGY

NOILVINYO4ANI 3ONVAQV

H =

CTL1 5l CTLO 5l FLIP 5[ T proem
L L i i i
L L H AiEH ANl
RX1P SSRXP

. 9’ . RX1IN SSRXN
SSTXP TX1P

SSTXN TXIN

RX2P SSRXP

. 9’ ’ RX2N SSRXN
SSTXP TX2P

SSTXN TX2P

DPOP RX2P

DPON RX2N

DP1P TX2P

’ . . DP1N TX2N
DP2P TX1P

DP2N TX1IN

DP3P RX1P

DP3N RX1N

DPOP RX1P

DPON RX1N

DP1P TX1P

’ . ’ DP1N TXIN
DP2P TX2P

DP2N TX2N

DP3P RX2P

DP3N RX2N

RX1P SSRXP

RX1IN SSRXN

SSTXP TX1P

’ ’ . SSTXN TXIN
DPOP RX2P

DPON RX2N

DP1P TX2P

DP1N TX2N

RX2P SSRXP

RX2N SSRXN

SSTXP TX2P

’ ’ ’ SSTXN TX2N
DPOP RX1P

DPON RX1N

DP1P TX1P

DP1N TX1IN
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6.4.2 PC B P8I E

24 12C_EN RZF 0, 8024 12C_EN=F H EQ0=0. EQ1=0 it} , TUSB5461-Q1 4T 12C =, 7 GPIO
R b o AR R B AT LFE 12C #E ] . TUSB5461-Q1 USB3.2 #11 DisplayPort It & M5 % 6-5 #4745
#l. AUXp Bk AUXn F| SBU1 = SBU2 il i 4% 1| 1% 6-6.

% 6-5. 12C I H %

AR VESA DisplayPort 32 &5
TUSB5461-Q1 BB
CTLSELA1 CTLSELO FLIPSEL 32 DFP_D B
0 0 0 ik —
0 0 1 b e _
0 1 0 BA¥EI1 USB 3.2 - TLHif: -
0 1 1 BB USB 3.2 - ARl —
1 0 0 4 @i DP - L% CHIE
1 0 1 4 jEiE DP - Wl CHE
1 1 0 Filii 1 USB 3.2 + 2 jilil DP - TLHl%; D
1 1 1 BT USB 3.2 + 2 @il DP - #iif#s D
2% 6-6. 12C AUXp 5% AUXn E| SBU1 Bt SBU2 st
T

AUX—S?U—OVR AUX_SBU_OVRO0 CTLSEL1 FLIPSEL BRAY
AUXp — SBU1
0 0 ! 0 AUXn — SBU2
AUXp — SBU2
0 0 ! ! AUXn — SBU1

0 0 0 X Ik
AUXp — SBU1
0 ! X X AUXn — SBU2
AUXp — SBU2
! 0 X X AUXn — SBU1

1 1 X X Tk

6.4.3 DisplayPort #z(

TUSB5461-Q1 #5721k YA 53 K =14 8.1Gbps ) DisplayPort ifiii . TUSB5461-Q1 wiliid GPIO 4 il 5k
12C 277748425k 3 /] DisplayPort. 24 12C_EN 4 “0” It} , DisplayPort 3£ % 6-2 #H4745H]. 4 A4T GPIO
B30 | DisplayPort Thigidid 12C #5472 #1751 .
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6.4.4 261 EQ IO

> TUSB5461-Q1 432 e %3 18 #1030 ol B i) 2 s S e e R 2 7 . PR B I 487 1 25 A Tl i 12C A g el it
GPIO i#4T#il. % 6-7 VE4Hii8] T TUSB5461-Q1 7£ GPIO iz NI 44N o] FHAL-& (6 358 « 01T 50 397 29 17 o
DPOEQ_SEL. DP1EQ_SEL. DP2EQ_SEL. DP3EQ_SEL. EQ1_SEL. EQ2 SEL #1 SSEQ_SEL , iX %L 4f[A]

ML TTE 12C BN AT .

% 6-7. USB T47ui DA ( RX1 Al RX2 51| ) ¥firiss)

_ ] 2.5GHz Bt EQ #4255
I8 - E?;g;';; ez siat EQ1 3]s EQO 3| 100MHz FH 1825
(dB)
0 0 0 -1.0
1 0 R 0.0
2 0 F 0.9
3 0 1 1.8
4 R 0 2.6
5 R R 34
6 R F 4.0
7 R 1 46
8 F 0 5.2
9 F R 5.7
10 F F 6.1
1 F 1 6.5
12 1 0 6.8
13 1 R 7.1
14 1 F 7.5
15 1 1 7.8
% 6-8. USB 173k O EIcas ( SSTX 5l ) Shyfigsasil
2.5 GHz B} [¥] EQ 34253
FE%% : SSEQ_SEL
s = SSEQ1 5| HI#F SSEQO 5| fii 7 2 100MHz R} 325
BB (dB)
0 0 0 -0.5
1 0 R 0.6
2 0 F 15
3 0 1 25
4 R 0 3.2
5 R R 4.0
6 R F 46
7 R 1 5.2
8 F 0 57
9 F R 6.3
10 F F 6.6
1 F 1 7.1
12 1 0 74
13 1 R 7.8
14 1 F 8.0
15 1 1 8.4
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# 6-9. DisplayPort it5% ( DP[3:0] 51} ) )45

ﬁﬁf)%h gggggE\SEL‘ DPEQ1 5| BIHF DPEQO 5| f{l i~ 2.714.0511233;?5?3‘3Ei§§§ﬁ£
DP2EQ_SEL 3 DP3EQ_SEL (@B)
BB ERS
0 0 0 0.4/0.8/0.83
1 0 R 2.0/3.1/3.4
2 0 F 3.0/4.6/5.0
3 0 1 4.2/6.0/6.5
2 R 0 5.017.0/7.5
5 R R 6.0/8.0/8.4
5 R F 6.5/8.7/9.1
- R 1 7.2/9.419.8
8 F 0 7.8/10.0/10.3
9 F R 8.3/10.4/10.7
10 F F 8.7/10.7/10.9
1 F 1 9.1/11.1/11.2
12 1 0 9.4/11.3/11.3
B ; R 9.7/115/115
14 1 F 10.0/11.7/11.6
15 1 1 10.2/11.8/11.7
6.4.5 ¢/ VOD

TUSB5461-Q1 $EALPURPAF 12k VOD W& . A PUFP i B 3 ) DAFE 12C X Rl 55 A7 # Pl AT . 78
GPIO #i:UF , 2kt VOD & & 7E LINR_L3.

TX1 fl TX2 7E DP #50R1 USB fx02 [i 3L . an Y USB (CTLSEL = 2'b01) FiI[UidEi& DP (CTLSEL
= 2'b10) #X 2 (A TX_SWING_DFP & EAE , MAME PD i #5202 & 24 1) DP Al USB fHS5 A

TX_SWING_DFP Zif78%. Tl #iXfE#E N USB 5k DP a2 i B MUX S8 27 17 2%

iHiefE , % CTLSEL

=2'b11 (DP+USB) i , 5 A\ TX_SWING_DFP )% & 2> [Flf S H T USB #1 DP. At , 24 CTLSEL =
2'b11 B, PD #&Hi48 N5 N s E . #ln , WA FYiEE DP (CTLSEL = 2'b10) Mk E N
LINR_L2 , ififX USB (CTLSEL = 2'b01) i &4 LINR_L1 , MI24 CTLSEL = 2'b10 I} , PD 5 g8
¥ TX_SWING_DFP ## ) LINR_L2.

6.4.6 VOD =

TUSB5461-Q1 $idfit 7 A VOD ( H R 24y ) Sl - &% VOD HIfiE VOD. TUSB5461-Q1 BRIAKH]

21 VOD Kt , HRILLE 12C % 4748 3 SO BRIE VOD .

6.4.6.1 £&¥: vOD

21 VOD & X T TUSB5461-Q1 M4k 17 . 24 TUSB5461-Q1 At T-4: 1% VOD KU |, %t VOD Z%i A VID
FILETE R B, Bl |t TUSB5461-Q1 #i A\ (VID) 41155~ 600mVpp , Il TUSB5461-Q1 it VOD £k
600mVpp. &Pt VOD #ix 2 ME—n T N7 #4% ( DisplayPort 1 USB ) fif=. FAT#4% (X USB ) [FIRf 32
B PEAIPRME VOD. k1 VOD # R /& TUSB5461-Q1 KRNIz /T . TUSB5461-Q1 47 4L PUFh AN [A] 1) £k v
VOD ¥ & . B TUA i B A LAZE 12C #5527 a8 45 bl AT A H
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6.4.6.2 [RiE VOD

PR VOD #Ex0HH T-3% B 92 bt VOD 2548 | I H7E TUSB5461-Q1 Bt B A IR IE 20K 5h 2o s F o« 78 A =X,
T, VOD A2 AN VID MLMEm$. Flian , HE TUSB5461-Q1 #i A\ (VID) 411558 600mVpp , NI
TUSB5461-Q1 it VOD %124 1000mVpp ( fBi%i%+# LINR L3 ) . FRIEF 20K 2 A AE B o717 ( RXT —
SSRX 1 RX2 — SSRX ) L2 Hf. FIfMAIRALEL MRS # i TiglT. RIEFEEIRzh % HaEa 12C
AR . A RAE GPIO R T AZ 4. TUSB5461-Q1 #2441 T P AR [ PRIE VOD % & . Frf PUshik &
BymT it Zr A7 A A

6.4.7 XX

TUSB5461-Q1 7 R 42 5K 5 g Ak 2T 7] [A] IR it SSRX AR 16 2% Wy il A1 22 n EE 4% . TUSB5461-Q1 #24it
DU TR A DDA Ze N B 25 2 . X U252 )@ A5 0 12C S 7Sk . 24 SSRX_LIMIT_ENABLE fiz =1 H.
TX_PRESHOOT EN f7 =1 i, ¥ 3 HFirf. 24 SSRX_LIMIT_ENABLE f7 = 1 H TX_DEEPHASIS_EN = 1
i, K a2

6.4.8 USB3.2 &=

TUSB5461-Q1 Wi EARM |, iniiiess & it . AN LFPS i md s 4 % , PLFE USB3.2 # O AR
A, HHE USB 3.2 B MRS |, 2450 USB 3.2 i ( CTLO = H 8 CTLSELO = 1b1) , TUSB5461-Q1 A4t T-1U
FhEREETE 2 — ¢ WiF. U2/U3. U1 1 U0.

Wr iU fie TUSB5461-Q1 75 AT [ (UFP) B 4T % 1 (DFP) b 35 A A Il 21378 ity £ g (PR AS o WP B U ax
VU A X AR PR S0 R IR AR A . TUSB5461-Q1 & — EARFFZAR I | HEIYE UFP Fil DFP _F 3446 I £1) 3 ity
Pl ge i, MBI 2R S , TUSB5461-Q1 37 BlE A f 2\ U0,

7F U0 #ist RH |, TUSB5461-Q1 #3:0KZ07E UFP f1 DFP 3k B G & . U0 &FTfH USB3.2 #ixk 1 &
Th¥ER T, . TUSB5461-Q1 f#3%7F U0 #\F , B F| UFP 1 DFP F# IS SN . ER M H) S5 W
TUSB5461-Q1 7 Bl Y#: 3] U1,

U1 A2 U0 A U2/U3 B A i e fal e =, 78 U1 BT , TUSB5461-Q1 UFP F1 DFP 43Uk %8 & 1 {4
Ja FRAS . UFP Fil DFP 4832 8% B A f R A3 DAAR . U1 I ThEES U0 FIThAESSL.

bR 20 ah |, U2/U3 #E0E N — N RAR AR . AR, TUSB5461-Q1 & PR AT 328 ity 2 U 2 63

HEAE UFP 8¢ DFP b Ak Il B s B2 Ui 28 4¢3, TUSB5461-Q1 sixiB H U2/U3 BRI B A=t . %08
1R W4 %% LFPS. # il 214 2 LFPS J& , TUSB5461-Q1 ~ZHI )45 U0 #i. £ U2/U3 #R T ,
TUSB5461-Q1 it as Zeum PR FF o FRES |, (EAREORFE TX BB .

6.4.9 F1riw 0 Hig

TUSB5461-Q1 Jy USB-C 473 #2050 8% ( RX1 Al RX2 ) S2l 1 —Fh B & R AT 2% (AEQ) Thak. Hid NI4T 8
IHRER H KR e et EQ H , MER AT RERERH H £ 3. TUSB5461-Q1 #2445 7 Wl (38 M ik =X - b
AEQ 584 AEQ. TEPGERE4S AEQ 2 [MHHTIR BN |, ARt g . AEQ ThEEER AL T2 RIRAS |, (HA]
LB Z a8 m . 78 12C_EN 51 = F H (EQO 5/ = 0 and EQ1 = 0) 1 GPIO #i:UF |, SCFr5e 4 H s M1
fe.

ZE
SSTX UL 28 A DP[3:0] U 23 A S FF AEQ ThiE. X sehzi a3 S i 2 EQ.
T @S H &R EQ ThRER | % TUSB5461-Q1 L& N 12C 15 x, |, KN B i K R g,

6.4.9.1 12C #EA T o B & M 4T

PRE AEQ #EUH T X 70 PINATE (FATEAIAIE ) |, IF HOWIZAIEIERGE AR M i E . Uk AEQ X
X PIRIETT , Pt AEQ IRl /DT 58 4 AEQ B, IX AT BUR AT REDE/D 0 USB BERS I 2RI -
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M RE I ERGE AEQ L 8 V3B N4 VAR, TUSB5461-Q1 #44# F 4 #2 # EQx_SEL wffl , Hrf x =18 2.
B TUSB5461-Q1 Hi @ I IE A IE | ) TUSB5461-Q1 2 V)85 4i 23] LONG_EQx #1728+ EQ {8 , H
Hox =1 82, EVILE RGP, T @ T A E AT E USB 3.2 RX JTOL ik , 7 H¥% EQx_SEL
LONG_EQx #ife Jyfie % Ay R Fhia) i e B = A de AR 45 SR 10 4H

TUSB5461-Q1 2R 4# 7 1 HR P v B2 R i 8 FE v IE A KA1l . YmfE 2] FASTAEQ_LIMITS %7 47 4% Fh 48 H T8 e R
Pl v P PRAE o A mT DATE SS0Z A5 A7 2 I BRIAE |, DAE PR e s PR AR
&
Wi E EQ_OVERRIDE B , 4 fefli H4mf2E 3] EQx_SEL 1 LONG_EQx H#{H .
TI & 10K FASTAEQ_LIMITS 271748 N BRIAME TE A 0x2 (80mV).

6.4.9.2 584 H BN

5E4r AEQ B2 243808 RX1 Al RX2 #2283k B e £ e , M FE B EQ P46 , REHHITE EQ 4
&, HmmE g fEs] FULLAEQ_UPPER_EQ FEH HME. BRAER PR+ EQ E (0 &
15) . JEIX FULLAEQ_UPPER_EQ 7 fE#s AT 4mfE , Al LLsk/> EQ HERIEE . TUSB5461-Q1 i 4 fit 11
hnaliE 2 — et /R ¥ TheE |, ArEE OVER_EQ_CTRL FE4mfE NAEZAH |, ¥ TUSB5461-Q1 Hi T [13E
E. WHE OVER_EQ_SIGN = 0, N TUSB5461-Q1 ¥ It 1 58 4 3 B I BE i 2 19 EQ {E I b 4 7% 51
OVER _EQ_CTRL Hffi. & OVER_EQ_SIGN =1, ] TUSB5461-Q1 # M H 58 438 v ThRERf & 1Y EQ {H
X YmFEE] OVER_EQ_CTRL " MH. #Blun , anSse4& N I Renf & i FE35#7{E >y 4. OVER_EQ_CTRL & 2 H.
OVER EQ_SIGN = 0, Il TUSB5461-Q1 ff i) EQ ¥ & AN 6. TUSB5461-Q1 T 1 #h & K IR i
OVER_EQ_CTRL 5 584 3& N I Reff 2 it EQ 2 f1 |, {2 /NFEi T 15,

6.4.9.3 GPIO #=X, (12C_EN =F) F R4 BiE Mg

MULUR &AL, 7 GPIO #E0 T L FF5E 4 AEQ Ihfig @ I2C_EN =="F" && |(EQO == "0" && EQ1 =="0"). ¥4
TUSB5461-Q1 7 GPIO # 3\ TR B M54 AEQ I, TUSB5461-Q1 ¥4 L2kt #5420k 5h 88 S 1T
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6.5 mfs

6.5.1 FAE#

TUSB5461-Q1 R YF/EATA #5202 [A] AT 5540 ({X USB % 4DP. 4DP # USB+2DP % ) . USB-C #rff ER7E it
NEGE A B R BT e8] USB 22 40RAS . H7E USB A8 Bl 2 AL el |, USB %42k 4&4 A DFP. UFP
AE IR X SBU1/2 Fl SSTX/SSRX HLRAS . ik , 7EHENEIE H PUi@TE DP X2 /r , TI &N
AEFPIRAS ( CTLSEL =2'b00 , 3%# CTLO 51l =0 H.CTL1 51l =0) .

Power-On
Reset

Enter Alt
Mode

Exit Alt Mode
or Unattached
state

Exit Alt
Mode

USB +
2-Lane DP

4-lane DP

Enter Alt
Mode

Disabled

Exit Alt Mode

or Unattached
state

B 6-1. B KRR

6.5.2 tyfCig~Hl
6.5.2.1 A& EERIAEARNRE AEQ

// (address, data)

// Initial power-on configuration.

(0x0A, 0x11), // EQ_OVERRIDE and USB3.1 default.
(0Ox1lc, 0x81), // Fast AEQ enable

(0x10, 0x55), // DP Tanes 0 and 1 EQ

(0x11, O0x55), // DP Tanes 2 and 2 EQ

(0x1p, 0x10), // FASTAEQ_LIMITS to 80mv

(0x1E, 0x55), // USB-C Rx1/Rx2 Long channel EQ.
(0x20, 0x00), // usSB-C Rx1/Rx2 Short channel EQ.
(0x21, 0x05), // SSTX receiver EQ.

// controls when selecting between USB and DP modes.
If (usBonly_normal)

{ (0x0A,0x11); }

Else if (usBonly_fTip)

{ (0Ox0A, O0x15); }
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Else if (Dponly_normal)

{ (0Ox0A, O0x12); }

Else if (Dponly_flip)

{ (0x0A, 0x16); }

Else if (DPUSB_normal)

{ (0Ox0A, 0x13); }

Else if (DPUSB_f1ip)

{ (0Ox0A,0x17); }

Else // Nothing connected to Type-C
{ (0x0A, 0x10); }

6.5.2.2 A RIFFHZRESNFERRE AEQ

// (address, data)

// Initial power-on configuration.

(0x0A, 0x91), // EQ_OVERRIDE and USB3.1 default.
(0x0B, 0x24), // Pre-shoot and De-emphasis control
(Ox1lc, 0x81), // Fast AEQ enable

(0x10, 0x55), // DP Tanes 0 and 1 EQ

(0x11, O0x55), // DP Tanes 2 and 2 EQ

(0x1p, 0x10), // FASTAEQ_LIMITS to 80mv

(0x1E, 0x55), // USB-C Rx1/Rx2 Long channel EQ.
(0x20, 0x00), // uUSB-C Rx1/Rx2 Short channel EQ.
(0x21, 0x05), // SSTX receiver EQ.

(0x32, 0x40), // voD control.

If (UsBonly_normal)

{ (0x0A,0x91); }

Else if (usBonly_fTip)
{ (0Ox0A, 0x95); }

Else if (Dponly_normal)
{ (0Ox0A, 0x92); }

Else if (Dponly_flip)

{ (0Ox0A, 0x96); }

Else if (DPUSB_normal)
{ (0x0A, 0x93); }

Else if (DPUSB_f1ip)

{ (0x0A,0x97); }

Else // Nothing connected to Type-C
{ (0x0A, 0x90); }

// Controls when selecting between USB and DP modes.

6.5.2.3 A A& RHRERHEANTELE AEQ

// (address, data)

// Initial power-on configuration.

(0x0A, 0x11), // EQ_OVERRIDE and USB3.1 default.
(0Ox1c, 0x83), //Full AEQ enable

(0x10, 0x55), // DP Tanes 0 and 1 EQ

(0x11, 0x55), // DP Tanes 2 and 2 EQ

(0x21, 0x05), // SSTX receiver EQ.

(0x20, O0x11), // USB-C Rx1/Rx2 EQ. Not used in Full AEQ

If (UsBonly_normal)

{ (0x0A,0x11); }

Else if (usBonly_fTip)
{ (0Ox0A, 0x15); }

Else if (Dponly_normal)
{ (0x0A, 0x12); }

Else if (Dponly_flip)
{ (0x0A, 0x16); }

Else if (DPUSB_normal)
{ (0Ox0A, 0x13); }

Else if (DPUSB_fl1ip)

{ (0Ox0A,0x17); }

// Controls when selecting between USB and DP modes.
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Else // Nothing connected to Type-C
{ (0x0A, 0x10); }

6.5.2.4 AR RIBFZEERHEAK L AEQ

// (address, data)

// Initial power-on configuration.

(0x0A, 0x91), // Limited Redriver, EQ_OVERRIDE and USB3.1 default.
(0x0B, 0x24), // Pre-shoot and De-emphasis control

(0x1c, 0x83), //Full AEQ enable

(0x10, 0x55), // pP Tanes 0 and 1 EQ

(0x11, 0x55), // DP Tlanes 2 and 2 EQ

(0x20, 0x11), // USB-C Rx1/Rx2 EQ. Not used in Full AEQ

(0x21, 0x05), // SSTX receiver EQ.

(0x32, 0x40), // voD control.

// controls when selecting between USB and DP modes.
If (usBonly_normal)

{ (0x0A,0x91); }

Else if (usBonly_fTip)

{ (0Ox0A, 0x95); }

Else if (Dponly_normal)

{ (0x0A, 0x92); }

Else if (Dponly_f1ip)

{ (Ox0A, 0x96); }

Else if (DPUSB_normal)

{ (0Ox0A, 0x93); }

Else if (DPUSB_fTip)

{ (0x0A,0x97); }

Else // Nothing connected to Type-C
{ (0Ox0A, 0x90); }

6.5.3 TUSB5461-Q1 I°C #1457

9T eI — A AT g AR E |, AT 12C Skdsth] TUSB5461-Q1. SCL 1 SDA 3| 1451 FH T 12C Wb fn 12C %

P

% 6-10. TUSB5461-Q1 12C Hir#bdt
?Eﬁ? ?ﬁﬂf 7 (MSB) £ 6 £ 5 Br 4 £3 £ 2 A1 AL 0 (WIR)

0 0 1 0 0 0 1 0 0 (V4]
0 R 1 0 0 0 1 0 1 0/1
0 F 1 0 0 0 1 1 0 0/1
0 1 1 0 0 0 1 1 1 0/1
R 0 0 1 0 0 0 0 0 0/1
R R 0 1 0 0 0 0 1 0/1
R F 0 1 0 0 0 1 0 on
R 1 0 1 0 0 0 1 1 (V4]
F 0 0 0 1 0 0 0 0 (V4]
F R 0 0 1 0 0 0 1 0/1
F F 0 0 1 0 0 1 0 0/1
F 1 0 0 1 0 0 1 1 0/1
1 0 0 0 0 1 1 0 0 0/1
1 R 0 0 0 1 1 0 1 0/1
1 F 0 0 0 1 1 1 0 0/1
1 1 0 0 0 1 1 1 1 (V4]
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6.5.4 TUSB5461-Q1 I2C F#/T

Target Address Register Offset Data written

|S|A6|A5|A4|A3|A2|A1|A0|O|A|C7|C6|C5|C4|C3|C2|C1|CO|A|D7|D6|DS|D4|D3|DZ|D1|DO|A|. e o

Start Write Ack Stop

& 6-2. HHIER 12C A

PR DL R R B AR 5 O\ TUSB5461-Q1 12C HF1788 (152K 6-2)

1. PR g A AN R B (S) , JEER TUSB5461-Q1 7 Azl Al — AN LA /R BN A I EE “W/R”
£, MM JE 35 NERAE .

TUSB5461-Q1 #fiiA il & 3 .

SR E S N K TUSB5461-Q1 W% fAasimfe , & H— R4 , MSB k.

TUSB5461-Q1 #fiiA T-Hudik 1.

BEHIRHRMEE S N 12C a7 s I BE 1 258 — N0 .

TUSB5461-Q1 ik =i &4

2 1) #5 v DA BRI B 5N () HAD RS 7T, BRI RS UL TUSB5461-Q1 & H 45

P ) A 8O AR A AR (P) SRS NHRAE

© N WD

Data from offset 0x00
or
last read address + 1

Target Address

|S|A6|A5|A4|A3|A2|A1|AO|1|A|D7|D6|D5|D4|D3|D2|D1|DO|A|. ® o

Start Read Ack Stop

& 6-3. MEFHELR B3I 12C SREX

PRI DL R R e A A B S E L T 3 TUSB5461-Q1 12C 274788 (121K 6-3) .

1. FEdlgsE A AN E s & 1E (S) , JEER TUSB5461-Q1 7 frdthhikAl—AN F LLFE R SL BRI I 24 “WIR”
A7, AT A Bl B

2. TUSB5461-Q1 #fii\ 7 A7 itk & 3.

N G, fEH 28 4k 8 K IE R 8.

4. TUSB5461-Q1 M 25 {745 00h B _F X HL 1) 2 A7 28 A +1 AL AL i 7 1 s 2 A7 2 RN 2%, MSB fitdc.
BE N 12C 288 RALEIELZ BT, W TUSB5461-Q1 i B A\ H135 58 I 2 (7 2e i FS AL TF 46

5. fERRRTTiEN)G , TUSB5461-Q1 2% A il g8 & IR (ACK) B (NACK) ; 12C Fa i 25 2 i AUk
BIRF B 71 AR

6. HHBERE] ACK |, T H B ge sttt h | TUSB5461-Q1 st eG4 N — MR 73 . R8s NAK , T
TUSB5461-Q1 15 1 & HERH I 5 45 1 264 (P)-

7. I EE A R IR AT (P) R& 1B NERE.

w

|S|A6|A5|A4|A3|A2|A1|AO|0|A|C7|CS|C5|C4|C3|C2|C1|CU|A|Sr|. e o

7 7 X
Start ;
a Write Ack Repeated Start
Target Address Data from Register Xh Data from Register Xh + 1
| | |
[ 1 [ 1 [ 1
|S|A6|A5|A4|A3|A2|A1|A0|1|A|D7|DG|DS|D4|DS|DZ|D1|D0|A|D7|D6|D5|DA|D3|D2|DI|DU|A| ® e e
Read Stop
- 5
K 6-4. fEHESE E3HH 12C HEH
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PR DL R AR A R A RS T i TUSB5461-Q1 12C 41748 (152K 6-4 ) .

1. FHlEEE A RN R (S) , JEER TUSB5461-Q1 7 frtthtAl—ANF LU R B N JE I EE “W/R”

K7, NI Ja Bhise B A

TUSB5461-Q1 #iik 7 frithhik E .

B SRV E S NK TUSB5461-Q1 I ZF A a8 mFe , & H—F 8R4 , MSB 5.

TUSB5461-Q1 #fi i\ &7 778w F2 J& 1

i R gt E R 8 s %A1 (Sr).

P g @ AR R — AN R s 4 (S) , JE IR TUSB5461-Q1 7 £tk Al —N F LAFE 7~ 52 BRI 96 1 {8 “WIR”

B, KA R

TUSB5461-Q1 #fiik 7 fir itttk 3.

TUSB5461-Q1 M2 17 28 m#e A T i A& A7 i 2 2 T 22 RN 2%, MSB L%t .

9. R TIIMERG , TUSB5461-Q1 ¥ &S fF s 28 & i (ACK) BLIER % (NACK) ; 12C & 85 il
WSC BB B T AR B o

10. ISR E] ACK , T K By 83k i 4 | TUSB5461-Q1 &% F — N EEREF 1. S8k 3] NAK , T
TUSB5461-Q1 15 1EFEAEEE F S5 455 1264 (P).

M. fEif e 4 mfs 1R 4 (P) R IR HURAE,

|S|A6|A5|A4|A3|A2|A1|AO|0|A|C7|C6|C5|C4|C3|CZ|C1|CD|A P
A F ® Y

Start Write Ack Stop

& 6-5. TR 12C BN

IR UL REF A 12C BB B ah Tk (1S K 6-5) .

1. fEhRsE A s —ANEsh&1E (S) , JEER TUSB5461-Q1 7 frdthhkAl—ANF LU R 5 NI 4 “W/R”
B, IR 35 NERAE .

TUSB5461-Q1 i itk J& 3

AP AL 5 N TUSB5461-Q1 Hi i fF e imfe , & H—F A4 % , MSB fit’k:.

TUSB5461-Q1 ik & /7 a4 WA i 1 .

2 il e O 2B S 1S (P) SREES N1 .

o0k wd

®© N

oo

#iE
e Lz E RSB REA LS T mE (1S HIE 6-3) |, WELE A 782 00h J45 il
AR EE TGRS, B 12C S S LRI v k. FEBEIURAEIIE , TUSB5461-Q1 2 H3)i%
WG — MR TN 12C A AR R L |, AR A 12C 455 25U E] ACK.
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7 S 74 st

7.1 TUSB5461-Q1 7758
F 71 HIHT TUSB5461-Q1 FiE8s. F 7-1 RV H AT A & F 25 w58 Hhk &N MOV AR B A2 5ot , R EHAS

AE AT A7 A N A o

# 7-1. TUSB5461-Q1 2175

e B RS TR o
OxA General_1 B AR 3|
0xB TXEQ_CTRL TX EQ 4l 3|
0x10 DPO1EQ_SEL DisplayPort iiii 0 #1 1 EQ #% L
0x11  DP23EQ_SEL DisplayPort jiiiti 2 1 3 EQ 241 5
0x12 DisplayPort_1 AUX HEIPR A 3|
0x13 DisplayPort_2 DP il i FH /48 FH 42 il 3|
0x1C  AEQ_CONTROL1 AEQ 1 5
0x1D AEQ_CONTROL2 AEQ Fiil 3|
0Xx1E  AEQ_LONG K381 AEQ HEE 5
0x20 USBC_EQ RX1 F1 RX2 Hzii#% 1 EQ $z4 3|
0x21 SS_EQ SSTX U #1 EQ # il 5|
0x22 USB3_MISC HAth USB3 21 3|
0x24  USB_STATUS USB IRAEHLIRZS 5
0x32 VOD_CTRL VOD ZRIEEEA AEQ #51 L
0x3B AEQ_STATUS SEAFRTE AEQ RS 3|

SR AL 1) R A0 G i A& SN R BTG . 3R 7-2 JEOR T3@E FH T I 3 v o 1) R ARG

% 7-2. TUSB5461-Q1 i a5 &G

WR%E R |3
B
R R B
RH R 1H
H F R
GARH
w w 5A
e w HA
1 1 LUt R
ws w =N
STRBAE
- | B s

7.1.1 General_1 %75 ( fW# = 0xA ) [EfL = 0x1]

General_1 Wl % 7-3 FizR,
IR [ B ER

Z A7 48 T2 USB #230F1 DisplayPort 15 x02 [ i Hk#% , A T2 BB 7. AT Lk E
EQ_OVERRIDE fi7. , PMEAEH EQ A7 s A2 51 1
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% 7-3. General_1 FE85FB UL

fr FB i LA

L

7 SSRX_LIMIT_ENABLE R/W 0x0

N SSRX Az ik s i HI BRI Fe 12 3R Zh s 46
0x0 = LIk Fe iR IR Zh a5
Ox1 = BRI RS a5

6 RESERVED R 0x0

TRE

5 SWAP_HPDIN R/W 0x0

1 HPDIN >k 5 WA 51 .
0x0 = HPDIN 4bF-BRiA 7 &

0x1 =224 HPDIN 2 & ( 514 23 22 #2514 32 , 851 32 A2 #e ]
gI23) .

4 EQ_OVERRIDE R/W 0x0

e BAE A AT LU B A7 s P K EQ BEE L AR SR AR (1
fd.

0x0 = EQ B E#T EQ 5IBERFERE
0x1 = EQ W EETHA EQ #7854 L.

3 HPDIN_OVERRIDE R/W 0x0

7 7% HPDIN 3| RS o
0x0 = HPD_IN :F HPD_IN 3| J.
0x1 = HPD_IN i °F.

2 FLIP_SEL R/W 0x0

e BT A .
0x0 = IEH J5 ]
Ox1 = FHFE A 1.

1-0 CTLSEL R/W 0x1

i DP #50F1 USB #K .

0x0 = 2£H]. USB3 Al DisplayPort ({5 RX Fl TX #i#2k
0x1 = 5 FL R USB3.

0x2 = Ji U4~ DisplayPort j#3iH .

0x3 = USB3 FI#1™ DisplayPort j@ii# .

7.1.2 TXEQ_CTRL %774 ( W% = 0xB ) [H L = 0x6C]
TXEQ_CTRL 41 & 7-4 Firn.
Y EIE M

)5 PR ME R 2 IR Bh B AR 20 | i Z A A 2545 SSRX A TN 21 A1 25 N 254 .
% 7-4. TXEQ_CTRL HFF58F BRI

(A FB& B LA

]

7-6 TX_PRESHOOT R/wW 0x1

SSRX TX Fitnf s ~F ( HIdFHS )
0x0 = 1.5dB

0x1=2dB

0x2 = 2.3dB

0x3 = 2.8dB
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& 7-4. TXEQ_CTRL #FRFEUH (4)
pr KB %A p-LA YiE
5 TX_PRESHOOT_EN R/W 0x1 JAF SSRX TX Tilnf ( ifihs ) o 1024 SSRX_LIMIT_ENABLE = 1 H}
H
0x0 = 25/ (0dB)
0x1 = i

4-3 TX_DEEPHASIS R/W 0x1 SSRX TX FEMELEL (Jalihs )
0x0 = -1.5dB
0x1=-2.1dB
0x2 = -3.2dB
0x3 = -3.8dB

2 TX_DEEPHASIS_EN RIW 0x1 SSRX TX =/ ( Gz ) 6. {124 SSRX_LIMIT_ENABLE = 1
ISR

0x0 = %51 (0dB)

0x1 = g

1-0 RESERVED R 0x0 g

7.1.3 DPO1EQ_SEL &4 ( fW# = 0x10 ) [EfL = 0x0]
DPO1EQ_SEL 1 % 7-5 Fizw.
A EES M N
% B A7 a4 DisplayPort #2Uic#s 0 Al 1 FRRIAS YT 1 L
# 7-5. DPO1EQ_SEL HFHFA7R Ui
L1TA FB Bt XA ViHH
7-4 DP1EQ_SEL RH/W 0x0 Bk % DP @14 1 51 EQ. 4 EQ_OVERRIDE = 0b B |, It

B W DPEQI1:0] Bl IFRAERZS . 4 EQ_OVERRIDE = 1b K |
AR PLIE T 5 N F B E R 2 DP JEiE 1 /9 EQ i3 .
3-0 DPOEQ_SEL RH/W 0x0 17 B % DP @i 0 311 EQ. 4 EQ_OVERRIDE = 0b i , i
B DPEQ[1:0] Bl IFRAERZS . 24 EQ_OVERRIDE = 1b R |
AT LT BN B RE R E 2 DP JEiE 0 1 EQ W E .

7.1.4 DP23EQ_SEL %7732 ( W% = 0x11 ) [&4 = 0x0]
DP23EQ_SEL 1 & 7-6 Fiin.

A EEI MRS

%A AT a1 DisplayPort #2048 2 Fil 3 fH2I A T &

% 7-6. DP23EQ_SEL #7847 B i ¥
A FB e~y LA TiEH
7-4 DP3EQ_SEL RH/W 0x0 I Bk % DP @I 3 51 EQ. 24 EQ_OVERRIDE = 0b i |, it
7B R DPEQ[1:0] 3| BIffISRFRZS . 4 EQ_OVERRIDE = 1b i,
AT LA T 5 NI B E >R BE 2 DP J@iE 3 119 EQ W E
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% 7-6. DP23EQ_SEL FFRFBUHH (4)

fr. FR P vt =LA ViEH
3-0 DP2EQ_SEL RH/W 0x0 I BBt DP @i 2 51 EQ. 24 EQ_OVERRIDE = 0b i ,

FE R DPEQ[1:0] 5| AR . 4 EQ_OVERRIDE = 1b i},
BT DS 5 A B ok S g DP i 2 ) EQ WHE .

7.1.5 DisplayPort_1 %775 ( f# = 0x12 ) [E4L = 0x0]
DisplayPort_1 41 % 7-7 Fir.
R BB
Ja H AUX BT 125 A2 R A AUX IRl BRR s
% 7-7. DisplayPort_1 #5778 7B B

LITA FBt eyl p=Zi7A iRH
7 RESERVED R 0x0 e
6-5 SET_POWER_STATE RH 0x0 B AUX 5\ DPCD Hhidi- 0x00600 [ ifE . 4

AUX_SNOOP_DISABLE = Ob i , 24 Wil /5 F 5t 45 DP i
. 4 AUX_SNOOP_DISABLE = 1b it , DP 33 3 /25 i
DPx_DISABLE %78l vsE , Hfx=0. 1, 28 3. 4
CTLSEL1 M 1b 254 0b i, tbBoks @i itk & A7 Oh.

4-0 LANE_COUNT_SET RH 0x0 T B fEF AUX S A DPCD Hitl: 0x00101 228 r s i . 24
AUX_SNOOP_DISABLE = 0b It} , 45 F th s i{E 15 & (¥) DP JiiE .
A% R Ad () DP i LR 248, 24 AUX_SNOOP_DISABLE = 1b
i, DP JEiE 5 Fl/25 ) i DPx_DISABLE 788 , 2 x =0,

1. 28 3. % CTLSEL1 M 1b 454 Ob I, th Bkt ik 560k
Oh.

7.1.6 DisplayPort_2 %778 ( W = 0x13 ) [E4L = 0x0]
DisplayPort_2 41 5 7-8 fiiw.

IR B YK

ZAAT A F T AUX SR DP s (v s A A .

% 7-8. DisplayPort_2 77587 BB
I FR FH F-1o% BiEA
7 AUX_SNOOP_DISABLE |R/W 0x0 PR B ET AUX W08 502577 22 13 F DP Sl

0x0 = f5 H AUX .

0x1 =25 AUX Hiill. DP @18 i 2 /7 de 42 il o

6 RESERVED R 0x0 feq
38 R 15 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TUSB5461-Q1
English Data Sheet: SLLSFZ6


https://www.ti.com.cn/product/cn/tusb5461-q1?qgpn=tusb5461-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC1
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC1&partnum=TUSB5461-Q1
https://www.ti.com.cn/product/cn/tusb5461-q1?qgpn=tusb5461-q1
https://www.ti.com/lit/pdf/SLLSFZ6

i3 TEXAS
INSTRUMENTS

www.ti.com.cn

TUSB5461-Q1
ZHCSXC1 - NOVEMBER 2024

# 7-8. DisplayPort_2 FF#8 7B (4:)

hr B il B YiE
5-4 AUX_SBU_OVR R/W 0x0 I BrasiR9E CTLA A1 FLIP 8 3% AUXPIN % SBU1/2 1R
IFo WKL B E A 01b dz 10b , Fit CTLSEL1 Fil FLIPSEL %
FERHPIRE I | #2 R EET AUX f£45 3] SBU.
0x0 = AUX % SBU ##:1 CTLSEL1 I FLIPSEL #t5&
0x1 = AUXP -> SBU1 Fil AUXN -> SBU2
0x2 = AUXP -> SBU2 I AUXN -> SBU1
0x3 = AUX % SBU Wiff.
3 DP3_DISABLE R/W 0x0 é AUX_SNOOP_DISABLE = 1b It} , b5 BE Al Fl T/ Fl 8iz4 F DP
HIE 3. 24 AUX_SNOOP_DISABLE = 0b B , % b5 B i) o e i
18 3 TR A R .
0x0 = /3 DP @il 3
0x1 = %] DP i 3.
2 DP2_DISABLE R/W 0x0 él AUX_SNOOP_DISABLE = 1b i} , b5 B¢l T i I a2k DP
2. 4 AUX_SNOOP_DISABLE = Ob ] , Xt it 5 B i 5 vt i
‘tﬁi 2 IJJﬁE‘b’Z FA N
0x0 = J5 H| DP @it 2.
0x1 = 2%/ DP j@#i& 2
1 DP1_DISABLE R/W 0x0 EC AUX_SNOOP_DISABLE =1b I , BT TR sks ] DP
. ¥4 AUX_SNOOP_DISABLE = 0b it , 5 1t B ) 5 e
iE 1 IJJ R AL
0x0 = /5 Ffl DP i 1.
0x1 = %% DP il 1.
0 DPO_DISABLE R/W 0x0 4 AUX_SNOOP_DISABLE = 1b I , 5B ] i F i Fl 5k 4% DP
WiE 0. 4 AUX_SNOOP_DISABLE = Ob i , Xt it 5 B i B vt i
18 0 DhREBA M
0x0 = J5 | DP @it 0.
0x1 = 2%/ DP j@i& 0.

7.1.7 AEQ_CONTROL1 %7758 (fi# = 0x1C ) [E AL = 0x80]
AEQ_CONTROL1 1 % 7-9 ffiR.
RFIBIC AR
HEATA A TR AIER EQ , I HAEPGHE FHE R EQ FlZE 4 FIE R EQ 2 [ H & +% .
7 7-9. AEQ_CONTROL1 H/E 8B

=2

TFB

et

Bhr

e

FULLAEQ_UPPER_EQ

R/W

0x8

MTRERLEAT 54 AEQ MR K EQ E

Copyright © 2024 Texas Instruments Incorporated

HRXXFIRE 39

Product Folder Links: TUSB5461-Q1

English Data Sheet: SLLSFZ6

ADVANCE INFORMATION


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tusb5461-q1?qgpn=tusb5461-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSXC1
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSXC1&partnum=TUSB5461-Q1
https://www.ti.com.cn/product/cn/tusb5461-q1?qgpn=tusb5461-q1
https://www.ti.com/lit/pdf/SLLSFZ6

NOILVINYO4ANI 3ONVAQV

TUSB5461-Q1
ZHCSXC1 - NOVEMBER 2024

13 TEXAS
INSTRUMENTS

www.ti.com.cn

% 7-9. AEQ_CONTROL1 HHFRFRUH (4)

fr

FB

XA

LA

L

3

USB3_U1_DISABLE

R/W

0x0

AR EZ BRI, SR A ERRE B2 REGEA U3 A

& U1,
0x0 = IR E U #EAN.
Ox1 = RRZEME U3 HEA.

21

AEQ_MODE

R/wW

0x0

FEPRHE B 38 NP 52 4 B I8 AR 3 A A8 L 2 5

0x0 = tRif AEQ-

Ox1 =584 AEQ , HAESA EQ B iRAb i 5 dr b 3.

0x2 = tRi# AEQ-

0x3 = 584 AEQ , X5 EQ % T 0 A IRAE TS diy v £

AEQ_EN

R/W

0x0

P2 R A USB 7 H i H &R EQ.
0x0 = 25/ AEQ

0x1 =2 AEQ

7.1.8 AEQ_CONTROL2 %7758 (fk# = 0x1D ) [ 4L = 0x10]
AEQ_CONTROL2 f11 % 7-10 f7.
R BB
WE A T s DU AEQ [RAE , PLAGSG I SE 4 AEQ DhREFT {8 FH B 2% EQ 18
% 7-10. AEQ_CONTROL2 778 B Ui

TFB

Cuc

KAz

BLH

~

OVER_EQ_SIGN

R/W

0x0

4% OVER_EQ_CTRL FEMIFFS .
0x0 = IE%

0x1 = %L

RESERVED

0x0

TRE

5-3

FASTAEQ_LIMITS

R/wW

0x2

145 DAC 1 BRI/ N R ELf € B i 5 K IgiE
0x0 = +/-OmV

0x1 = +/-40mV

0x2 = +/-80mV

0x3 = +/-120mV

0x4 = +/-160mV

0x5 = +/-200mV

0x6 = +/-240mV

0x7 = +/-280mV
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% 7-10. AEQ_CONTROL2 HERFEU (4)

fr FB i LA

L

2-0 OVER_EQ_CTRL RIW 0x0

e B UL 2 - B E 9 S, sl AEQ (B il , #
564> AEQ {ih 6 , 7 BdnfE s 2 H OVER_EQ_SIGN =0, NI#H]
M EQMHM 8. ILFBUNAE A 7e % AEQ B TR

0x0 =0 &Y -8
O0x1=158(-7
0x2 =2 &% -6
0x3=3 & -5
Ox4 =4 5% -4
0x5 =5 &% -3
0x6 = 6 BY -2

Ox7 =7 &Y -1

7.1.9 AEQ_LONG #7788 (It = OX1E ) [EfI = 0x77]
AEQ_LONG 1 % 7-11 Firn.
SACIEMIPS e

7R FPGE AEQ TSI T, A 7R T 9m R K 8 w5 B BT A ) EQ.
% 7-11. AEQ_LONG 787t

A FB =il p=L A VB

74 |LONG_EQ2 RIW 0x7 £ AEQ_EN = 1 . AEQ_MODE = x0 ffi F , 26k M 5 K 418
I USB FA73 11 1 (RX2) 1) EQ %8 . 42 B Brh (0l LUK
VAR B SR AL AE [ Rx JTOL 4542

30  |LONG_EQi RIW 0x7 7E AEQ_EN =1 H AEQ_MODE = x0 {1t T , Rl 1K i i
i USB FA73# 11 2 (RX1) [t EQ BE. HFFIZFE T AK
VAR B SR AERAE [ Rx JTOL 45 4.

7.1.10 USBC_EQ #7## ( fRE = 0x20 ) [E AL = 0x0]
USBC_EQ 1 & 7-12 fioR.

A EIESI MRS

AN DFP ( RX1 F1 RX2 ) (R 361 ¥ B

% 7-12. USBC_EQ H T B

fr FB KA LA

]

7-4 EQ2_SEL RH/W 0x0

Wi AEQ_EN =0, M Brax ik 4% USB-C #ii 2 USB 3.1 RX2
BEURES EQ W E . 24 EQ_OVERRIDE = 0b i}, 7Bk
EQ[1:0] 51 Bt KFERAS . 24 EQ_OVERRIDE = 1b I, #fh 7y L3k
TEHANLFBIMERTE R RX2p/n 51 I EQ W& . £ AEQ_EN =1
H AEQ_MODE = x0 55~ , AN ) e USB R 47 1
1(RX2) 1 EQ W& . fEENIx 7B i T DO G TE AT B 1R (L3
R i) Rx JTOL 4544,
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# 7-12. USBC_EQ ¥HABFBHH (4)

fr. FR P vt =LA ViEH
3-0 EQ1_SEL RH/W 0x0 W% AEQ_EN = 0 , b= Bt £ 1h #6115 USB-C /(Y USB 3.1 RX1

B EQ %8 . 4 EQ_OVERRIDE = 0b i |, M5B bl
EQ[1:0] 51 I REER . 24 EQ_OVERRIDE = 1b i , #{FAT bASE
FHANNTBOERE S RX1p/n 51 I EQ ¥ B . 7€ AEQ_EN =1
H AEQ_MODE = x0 MITEHLF , G4 I B v 1 USB F 475 1
1 (RX1) [ EQ W& . HFEEIZ7 B P 0 AT LAk v 3 i 8 e it 2
A Rx JTOL 455,

7.1.11 SS_EQ #7728 (W = 0x21 ) [E iz = 0x0]
SS_EQ 41 % 7-13 fliR.
IR [E] B
Z AR R R UFP (SSTX) MRk ge i % & .
& 7-13. SS_EQ FAR 7B

WA FB il =20 ViEA
7-4 RESERVED R 0x0 EE
3-0 SSEQ_SEL RH/W 0x0 ZF B i A USB 4L USB 3.1 SSTX st 4% EQ. 4

EQ_OVERRIDE = 0b K} , It#B & B SSEQ[1:0] 3 Bt RALRE .
24 EQ_OVERRIDE = 1b B} , 3477 DR HE 5 N\ = B E T ek
SSTXp/n 3] EQ % &

7.1.12 USB3_MISC %17 % ( # = 0x22 ) [RfL = 0x44]
USB3_MISC 1 % 7-14 FiR.

RFIRC B,
% 7-14. USB3_MISC F1E 8 7Bt
A FB E=viil =LA Vi
7 RXD_START_TERM R/W 0x0 TEREN GG RX M DL E SS.Inactive i (1283 % & .
0x0 = fR¥FF& . 5 tusb1046 A[F]
Ox1 = K& . EWTFFIEREMIEILT | kG0 PR o Az 5 rxd [ (1
SEPFECE MR I RIERAS LAOREE |, R — B BRI AT #2
HATRE .
6 LFPS_EQ R/W 0x1 42T EQ1_SEL. EQ2_SEL M1 SSEQ_SEL [ EQ ¥ & 75 3 f
FHUEIR LFPS 155 .
0x0 = 2% LFPS i EQ W E NE
0x1 = I LFPS It EQ AR A8 E .
5 U2U3_LFPS_DEBOUNCE [RW 0x0 PR RE A LFPS 541,
0x0 = 7 U2/U3 iR i §i LFPS R %41,
0x1 = 7£ U2/U3 iB i fiif LFPS #:4T 200us 24,
42 R 15 Copyright © 2024 Texas Instruments Incorporated
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# 7-14. USB3_MISC FEBFEHH (4)

fr

FB

XA

LA

L

4

DISABLE_U2U3_RXDET

R/W

0x0

EHR B U2/U3 R4 T 4T Rx.Detect.
0x0 = J3  U2/U3 F Rx.Detect.

0x1 =25/ U2/U3 T Rx.Detect.

3-2

DFP_RXDET_INTERVAL

R/W

0x1

BB N AT L ( TXTP/N F1 TX2P/N ) [#1 Rx.Detect 15
0x0 = f-#

0x1 =6ms

0x2 = 36ms

0x3 = 84ms

DIS_WARM_RESET_RXD

R/wW

0x0

SR E AR G TT R e 0 , DUPE RS A 5 28 T s
0x0 = 2 BT ML HAT BT B R T HA B

Ox1 = #12R USB FSM &l R8s A AE R AL I T R4S, MIANRAT
FRUC AR .

USB_COMPLIANCE_CTR
L

R/W

0x0

AR TG Tt FSM i 2 38 2 25 ]
0x0 = AR th FSM #i5E .

Ox1 = Z A

7.1.13 USB_STATUS H##% ( W% = 0x24 ) [EAL = 0x41]
USB_STATUS 41 % 7-15 7R .
ACIEHIS N

% 7-15. USB_STATUS R

FB

RE

LA

L

~

USB_FASTAEQ_STAT

RH

0x0

2 AEQ_EN =1 H. AEQ_MODE = x0 It} , HARAFZBASR~18 F 5 1
HEQ¥ELKAE EQ E. 2% AEQ_EN =0 i, th 7 BERILA
Oh.

0x0 = fiff F 418 EQ-
0x1 = fEfKiE EQ-

USB_AEQDONE_STAT

RH

0x1

MW BAE AEQ 4T MDY |, SeRUa Mm-S, 24 UO_STAT Al
AEQ_EN = 1 5 FORCE_AEQ_EN = 1 A {4 FORCE_AEQ T #i
SN0 W, T BAE R

0x0 = AEQ IE7EIZAT

0x1=AEQ T5E/%

AEQ_HC_OVERFLOW

RH

0x0

13 iz AEQ fir it d i RS

RESERVED

0x0

TRE

CM_ACTIVE

RH

0x0

AR .
0x0 = AKA4bT- USB3 &
0x1 = 4T USB3 &M
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% 7-15. USB_STATUS

FRTBOLY (£2)

fr KB A Shr L

2 UO_STAT RH 0x0 U0 K& iRt U0 IRES | W E.

1 U2U3_STAT RH 0x0 U2/U3 R4 Rt A U2/U3 R, NI E.
0 DISC_STAT RH 0x1 BIPIRA . AR |, WE.

7.1.14 VOD_CTRL #7#%% ( /W = 0x32 ) [E A = 0x40]
VOD_CTRL 41 % 7-16 fizR.

REI BB
MR UFP A1 DFP  — 3% [ A% 1% 28 e

LPEVE . MR ENARERKS S (KE

SSRX_LIMIT_ENABLE 7E ) i} , USB_SSRX_VOD 4] SSRX [RIEIKE#%1) VOD HF-,
% 7-16. VOD_CTRL H/78RFB i

fr FB KA 4L

]

7-6 LFPS_TX12_VOD R/W 0x1

%23% LFPS I TX1 8t TX2 9 VOD £ P21,
0x0 = LINR_L3 ( &% )

0x1=LINR_L2

0x2 = LINR_L1

0x3 = LINR_LO ( 1k )

5-4 DP_VOD R/W 0x0

DP #4211 VOD £t .
0x0 = LINR_L3 ( 5 )
0x1=LINR_L2

0x2 = LINR_L1

0x3 = LINR_LO ( 1k )

3-2 USB_TX12_VOD R/W 0x0

USB TAF#i 11 ( TX1 I TX2 ) 13 VOD ettt
0x0 = LINR_L3 ( 5 )

0x1=LINR_L2

0x2 = LINR_L1

0x3 = LINR_LO ( 1% )

10 USB_SSRX_VOD RIW 0x0

USB 1473 1 (SSRX) I VOD Ztt45il. 24 SSRX_LIMIT_ENABLE
=10, &7 BAEH SSRX HIFRIE VOD.

0x0 = LINR_L3 ( 5 )
0x1=LINR_L2
0x2 = LINR_L1

0x3 = LINR_LO ( #f% )

7.1.15 AEQ_STATUS %75 ( fi# = 0x3B ) [E 1L = 0x0]

AEQ_STATUS 1 % 7-17 fiizs.
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A EIEIMBPSE

ZA AR AL AEQ DIRERPIR .

# 7-17. AEQ_STATUS ZFFEse B it BA

LA FER E<vicl b=2A UL

7-5 RESERVED R 0x0 {6

4 DONE_STAT RH 0x0 7E DAC 5 £ 11 88 B35 2% B bR &

3-0 AEQ_STAT RH 0x0 SER G4 AEQ JG i1 FSM HiSE IR EQ. M Bo g7 i T
AEQ /] EQ. ZFBOSEEHmFESH] OVER_EQ_CTRL FEIH .
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8 N L

&iE

PAN B2 FHER 20 B AR T T ofies |, TI AR AR A e Rtk . TI B2 P 5 S o2 1
EEIHNE , PLURIRAEAMINR BT SeBL AR A R DI RE

8.1 MR

TUSB5461-Q1 J& — ik 80k ah a4 , L1 T TAMEFE Ny PCB A 2k Al FEL 45 25 JC IR A5t 5 305 5 20k 51 A 1)
ST (1S1) £18). TUSB5461-Q1 H A5 VUo7 () DisplayPort 2.1 %A\ —4>_E47 USB 3.2 S AFIH AT
47 USB 3.2 i\ , Kb iZasEal SEAT 04 , DU E TS 16 FhAS [F] i 45 4 2 T kAR IE R 3X 7 AN IS, 78
USB3.2 F:#l/DisplayPort 2.1 GPU Fl USB3.2 Type-C #fi it 2 [A] it & TUSB5461-Q1 , R ALY IEAE 5 56 B i /&
NI 22 20 B8 At

8.2 AN H
A B E F
<¢—PCB Trace of Length Xaz—] l«———PCB Trace of Length Xgg———— ]
CAC—USBI
' SSRXP
' SSRXN
USB3.2 I
SSTXP R _
Host [} RX2P EsD O
WV | |
I SSTXN
|| RX2N .
Wv () 1T
2p ok
TX
A —] |
TX2N I
MW L — |
Cac-uss1
o
Q
Redriver z I
Cacop —— g o 8—
| DPOP &8
11 o
I DPON N c
11 ESD — AC-USB1
TX1IN
11 DP1P 11
1 My 1
I DPIN TX1P |
DP TX H Wy o 1
DP2P (%2)]
GPU (| RXIN w .
T DP2N WV — |
RX1P
DP3P ] 1 .
{1 W L 1
I i DP3N CAC-USBZ
-
Lg_esp Rrx f
l<¢—PCB Trace of Length Xcp—»] l«———PCB Trace of Length Xgy————— ]
C D G H
&l 8-1. TUSB5461-Q1 ZE LA+
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8.2.1 i/ ER

P BRG], EEHER 8-1 FERINSHL

* 8-1. ®itsH

2 U
USBS i i A % B PCB ALK, Xap. B 81, | 2700 S X0 T 12 I IMAX OXer
H
i~ < < Iy -
DP J5 4t C % D PCB 4K | Xop. WZhE 81, |2 78T < Xop \()r1§j)]J [MAX (Xer
N AR | AV R 32725 % . .
USB il DP J&i & #ii E % F8_P108 LK |, Xep. WS HA Kk 4 Bt
N A I 48 I 'j—:;}/%‘u
USB 1 DP J5 Bi4iE G F H8_P108 LK | Xan. WEHE Kik 4 i
ESD Jufti#E USB-C eI I KIEE | Lesp 0.5inches
ERIK RS (Resp) 5 ESD JefFIIRKRIER | LR Esp- 0.25inches
CAC-USB1 T/ﬁﬂ*l%ﬁ' EE%‘:%% ( 75nF E 265nF ) 220nF

Cac-usg2 THHEE B2 8% ( 297nF % 363nF )

IR
+ % Rry HBEMY 330nF AL A HLAE
i

AN Rry BRI 330nF 22 i He
e

Ali% Rry HLFH (220k Q +5%) 220k Q

Cac.op K HE4 B ( 75nF & 265nF ) 220nF
Resp (00 £220Q) 10

Ve HIJE (3V E 3.6V) 3.3V

12C #EA B GPIO #iz,

12C ##3. (12C_EN 3| # "0" )

1.8V 5 3.3V I2C # 1

3.3V I2C. ffif] 1KQ HFK 12C_EN
S ERi % 3.3V,

8.2.2 4% if L FE

8-2 JE /R T TUSB5461-Q1 #FA ML . iZastFali@id GPIO 51 sk 12C #: DT, 7€ F AR
il ] Type-C PD il 2%iEid 12C 2 LR A E iZ 83 . 4 E N 12C #I , 511 29 Al 32 W] R4 A &%
R 78 12C BF , ATLUEIT 12C FA7 8 or P AN R s i S i B B . Ik, BT ¥4 51 ( EQI:0]-

SSEQ[1:0] Al DPEQ[1:0] ) #B T {#HF K IERLIRA . 0 i Lo 5] R FF AR IERLIRE , W TUSB5461-Q1 7 42 12C H
PRyt 0x12 , K4 DPEQO/A1 1 SSEQO/AQ #B4b-T- 51 “F” o R FEAFEM 12C Hbshht | 5
DPEQO/A1 i1 SSEQO/AQ 5| It B A A Jefir i 12C H br bk i # 1.
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USB 3 Host

SSRXP

10puF 100nF 100nF

i

—H
I—

SSRXN

SSTXP
SSTXN

DP TX Auxp

GPU
AUXN

— 100K
100nF | |
I

DP_MLOP

100nF | |
11

DP_PWR (3.3V)

100K

DP_MLON

DP_ML1P

DP_MLIN

DP_ML2P

DP_ML2N

DP_ML3P

DP_ML3N

< < < <
8888 Cac-use2 Rex
SSRXP RX2P
SSRXN RX2N } ! USB Type-C i
a ! Receptacle !
SSTXP TX2P w }i } !
I -n GND |
=1 (o]
Reso Cac-uss1 I n |
} RXP2 }
— |
HPDIN/RSVD2 ! [ o2 | ez |
|
CADSNK_RSVD1 RXNZ |
AUXP B l B3 TXN2 }
! |
o
:
|
SBU1 l A8 |sBU1l |
| |
cc2
|
SBU2 R ! nm !
‘ opz !
; ;
|
DPON } B7 DN2 |
| NS
‘ B8 | sBuUz |
DPIN i !
Cac-uss1 } VBUS !
ﬁ | ENLS
|
DP2N TX1P a f } A3 [ TXN1 }
,
] B10 | RXN1
DP3P RX1N b ’_} | |
} A2 TXP1 |
|
DP3N RX1P C } ! } B11 RXP1 |
AC-USB2 | |
| Lo e |
‘ o] o
.| (o oo
) !
SSEQO/AO0 Vo
SSEQ1
Roc < Roc
DPEQO/A1
DPEQ1 FLIP/SCL .
EQO CTLO/SDA Type-C
PD
EQl CTL1/HPDIN Controller

I— d1

DP Alt Mode XMUX Redriver

& 8-2. b FH B %

8.2.2.1 USB 71 DP E4T# 0 ( USB E#HL/DP GPU 3| USB-C ##k ) BB B
788 TUSB5461-Q1 Bt & USB A DP FAT /7[RI , 2 T fnr B W18 ( Xag A1 Xep ) B ATFE (SDD21). #
DPEQ[1:0] 5| J{I#1 SSEQ[1:0] 5| 1=k SSEQ_SEL #1 DPEQx_SEL % {783 & N 2.5GHz T~ KRl & Vi 1l N Bk
Fal. ST FRA Aigk | TI @UUE A 2.5GHz FEJE~T4) - 0.5dB HIFEAFE . FIBILEIL | Wi USB iR &4
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18 (Xag) N 8 2~ , ¥ SSEQ WAl - 4dB. 414 DP [IRTEIIE (Xep) FATFER 10 %7, K DPEQ %
A -5dB. 1EZ M % 6-8 [ fif USB SSEQ & , JFZ M % 6-9 [ fi# DP EQ W H&.

8.2.2.2 USB T4T# K0 ( USB-C %] USB X4l ) BB
8.2.2.2.1 FEHF

TElE & EQ BATIHNL T , BT nlAedfi N USB-C 4l )28 1F ( (FFHBAME A USB 2845 ) AR (6 . — EQ W HE .

TI 20K TUSB5461-Q1 EQ[1:0] 51 ( Wi{E GPIO #:X T ) 5k EQ1_SEL 1 EQ2_SEL ( Wi 1°C #iz{F )
WE NG BB FE ( MINXer, Xen) ) F4 4dB £ 5dB. #ilfn , iR 5 BiWiE N 0.5 Ji~f | MR &E
2.5GHz T4~ - 0.5dB , ¥ EQ1_SEL #1 EQ2_SEL ##f% A4 4.25dB % 5.25dB 2 jil. Tl &i#47 USB 3.1
Rx JTOL Ky fAGya ik , DRI E . B— EQ 135 1T A8 JCIE R e A vA 8 A Vg i MR R, BRI
T USB 3.1 EHL. WX Fhibod , TI gl pudiskse 4 AEQ B,

8.2.2.2.2 HuF HENIHT

Pk FE N EQ ] PAX 434878 T KA TE |, HEAR PRI 2 —Fhya s |, EFEHUER EQ WHE . PUE AEQ 7E 12C %
X TFAH. 24 AEQ_ MODE =0 H AEQ_EN =1 It} |, &3 It AEQ.

WA EE EQ WE MR EQ1_SEL M1 EQ2_SEL FFff#iH . TI @ IAEX XL FFAE AT AR mT | (IG5 il
EHFE ( MIN(Xgr, Xgr) ) k%) 1dB & 2dB. filin , @i 5 BEiWiE Ny 0.5 %), NMR&TE 2.5GHz T &5~}
- 0.5dB i A , ¥ EQ1_SEL Al EQ2_SEL 42N 1.25dB £ 2.25dB 2 [i]. TI &il$fT USB3.1 Rx JTOL
FTENER , DAMER B R TE 3 .

¥ KiiE EQ W E TS LONG_EQ1 il LONG_EQ2 ZifFas. TI @AEN X e 5 A2 28 BT SR it | [ b S
BB AFE ( MIN(Xgr, Xgn) ) Bk 4dB % 5dB. #ilhn , W js BiWiE AN 0.5 #~) |, MR 2.5GHz 4335
~f -0.5dB , ¥ LONG_EQ1 1 LONG_EQ2 %ifi N 4.25dB % 5.25dB 2 [f]. Tl &iX#H4T USB3.1 Rx JTOL &K
WIENAR , AR BRI K TE X E .

8.2.2.2.3 T£HEBENIHE

TE5E4 AEQ B |, LG 2/, KIEE &N THE 2, TUSB5461-Q1 IhA S E W E . 1
12C Bl FERIAZE ] 584 AEQ ThAE. 4 AEQ_MODE =1 H AEQ_EN = 0x1 8 0x3 It} , 235 584 AEQ.

8.2.2.3 ESD f##*

Al RE G B S ESD Jufh LAY TUSB5461-Q1 525 i (ESD) s . T @ GEER 8-2 H 41| Hif) ESD &
P KT 8-2 e [ AL R v BE EDRAE A £ 40 51 L% B Resp. ¥ ESD oA B7F USB EH:8%
BRI

3+ 8-2. ESD —_REHIFRFM

SH =918
e DP NS T =3.5V
ik 1 DP H NI T =15V
B < 5Gbps : < 0.50pF
/O £k %
HiE#E % > 5Gbps : < 0.35pF
BT P A1 N /O 5] 2 8] f H 25 2218 < 0.07pF
8A lpp 10 % GND I 4z B JE () < 4.5V
BT E) 25 PR < 30mQ

(1) %4 IEC 61000-4-5 ( 8/20 u's HLFTHIE )

% 8-3. #FM ESD Ry ot

G RS Resp 3K 28KV 1 IEC 61000-4-2 E2fidit il
Nexperia PUSB3FR4 10
Nexperia PESD2V8Y1BSF 1Q
TENAES (TI) TPD1E04U04DPLR 20
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#* 8-3. #F I ESD Ry ok (4)

Lalb iz B Resp X +8kV fJ IEC 61000-4-2 £ &
HEINALRS (TI) TPD4E02B04DQAR 20
8.2.3 /2
0
5 § —————
-15 R \§“
g 20 ~ — \\
2 25
o
2 -3 ~ <
£ -35| — Length=12in, Width=6mil o
@ .40 | — Length=16in, Width=6mil N
£ Length=20in, Width=6mil
-45 | — Length=24in, Width=6mil V\,\A
-50 | — Length=4in, Width=4mil v
— Length=8in, Width=10mil
55| — Length=8in, Width=6mil
-60
0 2 4 6 8 10 12 14 16
Frequency (GHz)
& 8-3. FR4 PCB i i\ ke
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8.3 RGinBI

8.3.1 ;X USB 3.1
2 CTL 51N HFI: B CTLO 51 A& PR, TUSB5461-Q1 41X USB3.1 5K,

I I
« D+/- > 1 Port USB « D+/- >
USB Host DP Alt Mode DP Alt Mode USB Hub
SSTX »| Source redriver Sink redriver SSRX >
N e
. SSRX . 7 |_ssTx
< o\ ol
DR RX2 1 -
\ N < < - Ve
N \ 7
\ N 7
NERN ™2 | RX1 .|~
AN e @ "
DPO R \\ \ >1 [ Q RX2 N DPO N
> \ a a i >
\ [0 []
bP1 M RX1 3 g, TX2 DP1
> < & g« >
(@] (@]
DP TX o2, s 3 D2,
GPU =3 g DP RX
DP3 = = oP3
AUXp « SBUT ~SBUZ «AUXn
_ AUXn . . SBU2 | « SBUT « AUXp
" HPDIN HPDIN
FLP| o] 1] cTL FLIPjo]1]CTL
HPD CC1 cc1 HPD
Control PD Controller cCc2 cCc2 PD Controller Control
CTL1/0/FLIP=L/H/L A N~ CTL1/0/FLIP=L/H/L
& 8-4. 1 USB3.1 — L#% (CTL1=L,CTLO=H,FLIP=L)
N N
P D+/- > 1 Port USB « D+/- >
DP Alt Mode DP Alt Mode
USB Host SSTX | Source XMUX Sink XMUX SSRX USB Hub
AN redriver redriver /
SSRX N 7 o SSTX
-~ , <
=X s 4
- RX2 TX1 v
N e L <« / Vi
N P
~ TX2 RX1 Al
2 o i
DPO X1 & 3 RX2 |7 - DPO .
" & 5 1, °
DP1 . . Rx1 8 Sl TX2 / DP1
v D 14 x| v
DP2 Q Q DP2
ra i’ g g *| pPRrx
DP3 . [ = DP3 >
« AUXp  SBUT | . SBU2 « AUXn
AUXn SBU2 . AUXp
HPDIN +~—SBU1_, HPDIN
FLIP| o] 1] cTL FLIP o[ 1]cTL
HPD cc cC1 HPD
Control PD Controller cc2 cc2 PD Controller Control
CTL1/0/FLIP=L/H/H s ~ CTL1/0/FLIP=L/H/H
& 8-5. Y USB3.1 — #i##%% (CTL1 =L, CTLO=H, FLIP=H)
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8.3.2 USB 3.1 1 2 1§ DisplayPort #2z{

2 CTL 5l A P H CTLO 518 N P, TUSB5461-Q1 L USB 3.1 1 2 4™ DisplayPort il i [ # :{iz
17

) )
D4/ 1 Port USB & D4/
< > 2 Lane DP < >
USB Host DP Alt Mode DP Alt Mode USB Hub
SSTX | Source XMUX Sink XMUX SSRX
. . Ve
SSRX \\\ redriver rednve/r// _ ssTX
) NERN ot <
NN RX2 X1 -7
\\ \\ /// » < //
SN LT RX1 L~
STUNC X o )
pPO -7 NN ™ |3 S RX2 DPO .
i TN i :‘: ?,‘ i I .
DP1 |7 L RX1 ] S TX2 | -7 T~ DP1
> < & & > >
o )
DP TX Pz, P! o bPz_,
GPU S g DP RX
DP3 _ = = DP3 .
JAUXp | . SBU1 _ - SBUt | « AUXn |
< AUXn P ———————— < SBU2 > >< < SBU2 b ——————— < AUXp >
HPDIN HPDIN
FuP| o] 1] cTL FLIPo]1]CTL
HPD cC1 CC1 HPD
Control PD Controller cc2 cc2 PD Controller Control
CTL1/0/FLIP=H/H/L \_/ \—/ CTL1/0/FLIP=H/H/L
&l 8-6. USB 3.1 + 2 j&i& DP - %ﬂ%(CTH =H,CTLO=H, FLIP=L)
(M) 1PortusBa [ )
(o]
< D+/- » 2 Lane DP <« D+/- >
USB Host DP Alt Mode DP Alt Mode USB Hub
SSTX | Source XMUX Sink XMUX SSRX
N redriver redriver 7/
. SSRX N ,7 | ssTX
< <2 A
e RX2 ™ s
N < > / /
\\ \\ 7/ ,
N ™>2 RX1 - L7
(E p "I
DPO > & 8 RX2 |7 >~ ~o DPO .
i B a a " ~_ »>
=>< [0} [0] ~
DP1 | --"7 =< rRX1_ |3 9l TXx2 4 ~o DP1
> 2 Sl >
(@] (@]
DP TX oPz__, 2 2 DP2_
GPU S g DP RX
DP3 = = DP3
AUXp SBU1 . SBU1 AUXn
JAUn | =PI | spuz >< _ seuz |- | Auxpe
HPDIN HPDIN
FLIP o] 1]cTL FUIP[0[1]CTL
HPD cct cct HPD
Control PD Controller cc2 cc2 PD Controller Control
CTL1/0/FLIP=H/H/H ~ ~ CTL1/0/FLIP=H/H/H
| 8-7. USB 3.1 + 2 i & DP - ﬂ%(CTH =H,CTLO=H,FLIP=H)
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8.3.3 (X DisplayPort
2 CTL1 5l f v s H CTLO 51 BT, TUSB5461-Q1 Ll 4 4NiBiE1Y DisplayPort 1 :0iz1T .

a )
< D+ »> 4 Lane DP D+/- >
USB Host DP Alt Mode DP Alt Mode USB Hub
SSTX__,| Source XMUX Sink XMUX SSRX__,
redriver redriver
SSRX SSTX
RX2 | X1
e \
-7 >2 RX1 1 N\
e i - i <@ @ NN
b0 L7 - ™ |8 8 Rx2 | S\ DPO
" Rl e é :.)' i \\:\lv’/’ i
DP1 |-~ e RX1 |8 2 ™ | -TTN - DP1_
i B e "lx i > AN i
ppP2__ L7 .- Q Q N DP2
GPU > - § g N "I  DPRX
DP3 |-~ - = A DP3
L AUXp SBU1 | ssut | AUXn
AUXn | SBU2 >< sBu2 | __ « AUXp
HPDIN HPDIN
FLIP| o[ 1] cTL FLIP o] 1] cTL
HPD cet cet HPD
Control PD Controller cc2 cc2 PD Controller Control
CTL1/0/FLIP=H/L/L N \-/ CTL1/0/FLIP=H/L/L
& 8-8. 4 @i DP — L#i%% (CTL1=H,CTLO=L, FLIP=L)
I )
D+/- 3
“« > 4 Lane DP D/ >
DP Alt Mode
USB Host DP Alt Mode i USB Hub
SSTX » Source XMUX Sink X.MUX SSRX
SSRX redriver redriver SSTX
RX2 TX1 o
/ N
,/ X2 RX1 AN
‘. | o o RN S~
oPo__, L X1 ,f 8 8 Rx2 | >~ O~Joeo |
Tl 5] @ Sel .
DP1 J--27" "~ RX1 .| 8§ 2 ™2 S~ N DP1 >
T g [ 4 T~ ~o
ppP2 |-/ 54 Q Sso0 DP2
GPU " s g g ~o DP RX
DP3 |/ [ [ S~ DP3
AUXp R SBU1 . SBU1 R . AUXn N
AUXn | -7 =< SBU2 . >< sBU2 | _-F=T | Auxp
HPDIN HPDIN
Fup|o] 1] cTL FLIP[o[1]cTL
HPD cct cct HPD
Control PD Controller cc2 cc2 PD Controller Control
CTL1/0/FLIP=H/L/H O \—/ CTL1/0/FLIP=H/L/H
& 8-9. 4 iEiE DP — ##i% (CTL1=H, CTLO=L ,FLIP=H)
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8.4 HLYFHH AN

TUSB5461-Q1 S{EMEH] 3.3V HLIKISAT . 1206 AT th 28X A BE 7 R P T H 90 i RAE A s S B 1
RO, AT LU A IR 2R IR P A 3.3V ] 2R A A R PR AR 75 O 4wy AR e B . RS LIRS
fEI B 0. 1pF iz s .

8.5 /F

8.5.1 /G #5H

©CoOoNoaRrWDND =

i F 32 4% 90 Q Z 3 BHAT (£10%) Aigk SSTXP/N. SSRXP/N. RX1P/N. RX2PN. TX1P/N 1 TX2P/N .
i F 3245 90 Q Z43PHAT (£10%) A2k DP[3:0]P/N %,

SSTXP/N Fl SSRXP/N 2 [a] %4 % [a] 4 5 VT e B 5K .

i ). GPU 4 TUSB5461-Q1 %] USB-C 141 DP i (DP[3:0]) 2 [a] {5} &) VT Ac R4 7E 100mil LAR

i B HAh A S

fEXFNARLE (P AN Z[8] ) fREFAE Smil DL .

WRARAK FE UL RRAL T AT EE A B PRI

X 2 /D [ RS S AT ZR TR T 1) 3 fi%

REp /S 2 0Amdk. MRS ME , MEALASImEER RS, BB mE =135 %. X2k
Al REJR> B 5 AT RV AED |, AR o] BEFRAR S fh X EMI i R 520

AR BRI Z 03

- RERDE LR, TR S LR R 2 A EE D

ARSI R R ATL

AR P I 7 ) BT AR ZE R

I T B R EHSTANESE |, TXHE SRR AL AR . S R A A A, ORI A R BRI PRI

B BCEN RS20 2 0 X B A .

- TISEZUHE LAY USB-C iS5 (Y) SuperSpeed 51 I T J7 B H 25T 10 22 B, USR] e P 4 J9a 11 FEL A R0
- TSR PN WA SR & LA T 0 B 25T i 2
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8.5.2

To/From USB3 Host

SSTXp/n SSRXp/n

SSEQ1
DPEQ1

[=]
4
o
8
8 >
> Fl@ GND

—2 ] S —N o=~
DPOp/n RX2p/n
— N@E M= =
SSEQO/A0 ————— ] [=F—— ko 5
- AR = N1 | c g
g DP1p/n E— — TX2p/n g
£ DPEQO/A1l ———— ] D [——— a1 S
] 7
= DP2p/n  — TX1n/p ‘g
— N@ . =] = ©u@ )
12C_EN ——if—] [———— HPDIN/RSVD2
N 7 | N, | =
DP3p/n RX1n/p
— n#E . M= =
GND (@mp) [ceimemi® |12 21 [———— CAD_SNK/RSVD1
VCC
T T T L [@m®) GND
£
0 < 2
§ g ; SBU1
GND = 23
—£] E °g SBU2
l AUXp
SRC_AUXP/N
3| AUXn
Vee =-F]
&l 8-10. 7 R~
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9 BRAFF SRS

9.1 B TS FEHE AN

BRSO EOFRE A , T SR ti.com LRSI S OCIER . st @A AT BVR] AR Bl A IS A
o HREMMEAELE | i RTS8k

9.2 TH WK

TIE2E™ PO iRin R TRIMEESH TR, W HENE R AERGIE ., LR @s Mt #o. @R
BUA g sl th E QU R , SRAS P 5 (M PRk e vk 5 B

BRI AR A DTS ISR SR it KSR IE AR TI BRI |, IF BAS— s Bk TI A 35S
T IAE T 2K

9.3 Btx

DisplayPort™ is a trademark of VESA.

TI E2E™ is a trademark of Texas Instruments.

USB Type-C® is a registered trademark of USB Implementers Forum.

VESA® is a registered trademark of Video Electronics Standards Association.

HDMI® is a registered trademark of HDMI Licensing LLC.

FITH RAR LN % B Il & 7

9.4 F e E
F R (ESD) SRR AN B o ABINACES (T1) UL IE 2 I TR 46 AL BT A SR OB BE o G SRANE < IE A ) Ab

A RGBT | AT A SRR

Ao\ ESD MR /NE FEGUNHERE B, KRS MRS . 2 1B A B FT RETE 2 2 2 IR | IX R PR AR R dhis &

HOE R it 2 S B 5 HOR A U AR .

9.5 Rig%
TI RiEZR ARIERIN IR T ARE. & BEEnE R A E 3.
10 BT RidF
B3 BATHRA e
November 2024 * WG RAT R
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11 . HERTHTEEER

PUR U A S AU B AT IS 2. XS5 B 1 aAF T sl B . Bl 22 s, A S ATE A,
HASH SR BEATIBAT o A R MEE R A ST RRA 15 2 B 22 PR ST

111 B HEERBER

REEL DIMENSIONS

A

Reel

Diameter

v

|

TAPE DIMENSIONS

[ KO [« P1—
olo & oo & O & T
o 0 & BOVlV

Cavity

Thole

A0

Dimension designed to accommodate the component width

BO

Dimension designed to accommodate the component length

KO

Dimension designed to accommodate the component thickness

Overall width of the carrier tape

P1

Pitch between successive cavity centers

t Reel Width (W1)

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O O

Sprocket Holes

I I
[ [
Q1 : Q2 Q1 : Q2
4-—--1 F——1—— 1 —[F
Q3 1 Q4 Q3 | Q4 User Direction of Feed
| w A | 4
T T
N
Pocket Quadrants
g E2p-3 S 3l sPQ B ﬁ?ﬁw A0 BO KO P1 w Pin1
%R Ef (mm) (mm) (mm) (mm) (mm) (mm) (mm) SR
PTUSB5461RGFQ1 VQFN RGF 40 3000 330.0 16.4 5.25 7.25 1.45 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

il HERR HERE M| SPQ | KE(mm) | FE(mm) | ®E(mm)
PTUSB5461RGFQ1 VQFN RGF 40 3000 367.0 367.0 35.0
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11.2 HIREHE

RGFO0040F

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

B 1

PIN 1 INDEX AREA /

/.

o~
©

(0.130) -J

SECTION A-A
TYPICAL

1 MAX —
| boonnpnamnano SEATING PLANE
9.08 4 3.7:0.1
13 20 — ©2ymve
36X NASASHVANAS) 1
—t125> } Cd21
T | q 163
) \ «
D) ‘ (@
o) ‘ (@«
D) 41 4 Ssymm
[5.5] B ﬂ fffff Ty T
> | «
) \ «
") ‘ (@
) ‘ g 4
B | 21 %03
@QQQQQQ@ 40X g3

|
\
SYMM
&

05 _|
40X 93

N

[01@[c[A]8]

4225901/A  05/2020

% J 0.100 MIN
T

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

@ N

This drawing is subject to change without notice.
The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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RGFO0040F

EXAMPLE BOARD LAYOUT
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

; (4.8)
i @37)
! SYMM
40X (0.6)
40X (0.25)

1,

36X (0.5) T

(R0.05) TYP

~ | |
(@0.2) VIA 13 BEHHH%

TYP 2X (0.625) —l=—J<— .1 2% (0.975)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 12X
0.07 MIN
0.07 MAX
ALL AROUND ”‘ ’* ALL AROUND WE
-~ METAL (= SOLDER MASK
\\ /-f/ OPENING
SOLDER MASK
EXPOSED AN
MCI)EiAL - OPENING EXPOSED METAL UNDER
METAL SOLDER MASK

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS 4225901/A 05/2020

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. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGF0040F VQFN -1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

69% PRINTED COVERAGE BY AREA
SCALE: 12X
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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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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
PTUSB5461RGFQ1 ACTIVE VQFN RGF 40 3000 TBD Call Tl Call T -40 to 105

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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 TI 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.

Addendum-Page 1
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GENERIC PACKAGE VIEW
RGF 40 VQFN - 1 mm max height

5x 7,0.5 mm pitch PLASTIC QUAD FLAT PACK- NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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