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1. USB PHY X §5¥5l#%

Rockchip SR USB PHY FEA 4N RPYff:

e USB2.0 PHY [Vendor: Innosilicon]
e USB3.0 PHY [Vendor: Innosilicon]
e USB2.0 PHY [Vendor: Synopsys]
e Type-C PHY [Vendor: Cadence]

WRER 1-1 SRR USB PHY, HHAT [1 x port] &R7"—> PHY Z#f—> USB port, [2 x ports] %
AR PHY 3¢+ USB porto

7 1-1 Rockchip -5 USB PHY #5115

oy USB2PHY  USB3 PHY USB2 PHY USB2 PHY Type-C PHY
F/PHY [Inno] [Inno] [Synopsys] [NaNeng] [Cadence]
RK3066 v
RK3188 N N N N
[1 x port]

RK3288

Y
RK302X N N N N

[1 x port]
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2. USB2.0 PHY

2.1 Innosilicon USB2.0 PHY

2.1.1 PHY HIRE{HESS

Innosilicon USB2.0 PHY FUREFAEZRUN N 2-1 AR, FEAFEAANFAEEL: Transceiver block, PLL
clock multiplier, digital UTMI+ core, automatic test functionality, OTG Circuitry (optional) o

o

ID Detector

Elasticity Y
VBUS Detector| Buffer MNRZI b
& Control Decoder

Termination

Control
Rx State

Machine

and Control

VBUS VBUS Bit
Charge Pump Unstuffer
D
o H
DP > 2 ~ Rx

Register

FSDLL &
Data Recovery

UTMI+ Interface
$

Tx State L
Machine Register
and Control

Synch MRZI
& ECP Encoder
Clock Digital .

HS DOLL & BIST PLLClock
Data Recovery Test multielier

[#] 2-1 Block Diagram of Inno USB 2.0 PHY
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2.1.2 FEF AN

%% 2-1 Inno USB2.0 PHY Port0 FEZ 75
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Bit

2:0

115, 4:3

16:13

36:29

Reset Value

3'b000

3’b011

4'b1100

8'b0011_1111

Description

HS eye diagram adjust, open HS pre-emphasize function to increase HS
slew rate, only used when large cap loading is attached.

001:open pre-emphasize in sof or eop state

010: open pre-emphasize in chirp state

100: open pre-emphasize in non-chirp state

111: always open pre-emphasize

ZEF AT HS IREWUNER AR, @ E N 3'b100

see Note2

Hs slew rate tuning bits, more one represents larger slew rate , 111 the
maximum and 001 the minimum, 000 will shut down the high speed driver

output

ZHF e AT HS BREIRY slew rate A%, {HYEFR/N,

A port squelch trigger point configure

4b’0000 : 112.5mv

4b’0001 : 150mv

4b’0010 : 87.5mv

4b’0011 : 162.5mv

4b’0100 : 100mv

4b’0101 : 137.5mv

4b’0110 : 75mv

4b’0111 : 150mv

4b’1000 : 125mv

4b’1001 : 162.5mv

4b’1010 : 100mv

4b’1011 : 175mv

4b’1100 : 150mv(default)

4b’1101 : 187.5mv

4b’1110 : 125mv

4b’1111 : 200mv

ZAAT e TR R A RS, I BAIME 150mv, T8I A REG 7 ]
{H, AJDAR USB MR FEWOITRIRI, 275 4.0 il g =
{ELff0R USB HS 1 #8282 T ] it

HS eye height tuning ,more zeros represent bigger eye, more ones represent
smaller eye

ZE e as TR HS IREAT=E, A TE bit[43:42] = 2°b11, HIEA
bypass IRAE, AREAERL. %FFaen] AATRTERRAK, HEN
bypass IRAS T, USB PHY R AXKHENHEERIEES, &% 5IEAMRAEMEN
i, FRBA, ANEIRBEEIZF A a5



Bit

41:37

43:42

49:47

52:50

Reset Value

5b10111

2'b00

3'b000

3'b000

Description

HS/FS driver strength tuning

ZA e TR HS IREIMIKEEE, HATE [42]1=1b1, HH
[57]1=1b0 I, Bl bypass ODT, A ReERK. BRINMEDN 5b°10111, FmfiL
WA 1, [411,[401,[391,0381,[37]1 ™XE 73714 16,8,4,2,1, FLEBK,
IXBER BN, 5b 11111 X M A IKEN5RE £ /)N,  5b°10000 X B K5
FRE R AR, K5 bypass ODT RIRES [ECHATERE, FrPA, @R
A E TN

see Note3

auto compensation bypass , “11” will bypass current and ODT
compensation, customers can set the driver strength and current manually.
For larger HS eye height, customer can give more “0” for bit [36:29] ;

For larger HS/FS/LS slew rate, give more “1” for bit[41:37].

ZE A T bypass FRIRATFRERAY B ZhUE T LS, RTHIE4ER USB
AR B4R tuning YEFEl, {H bypass 5, USB PHY KA HAETH
RES1, RIRESIECFRAVERIE, FrLA, AEBOREZFFiv. WRMAL
T2 bypass, HEIXBEE [43:42] = 2°b01, [57] = 1b'0 HJl bypass comp
HUE T REH B2 e, OB LI E SR YRES, fEIXACE T,
AfDABEHE [41:37], AHEREE [36:29]

ODT Compensation voltage reference
3°b000 : 268mV (default)

3’b001 : 262mV

3’b010 : 250mV

3’b011 : 237.5mV

3’b100 : 275mV

3’b101 : 281mV

3’b110 : 293mV

3’b111 : 300mV

VA PR, AT DA USB IREIRVIEE (HEFIL/e221 100/101,
RAN3b°111)

see Note4

bias current tuning reference

3’b000 : 200mV (default)

3°’b001 : 212.5mV

3’b010 : 225mV

3’b011 : 237.5mV

3’b100 : 250mV

3’b101 : 187.5mV

3’b110 : 175mV

3’b111 : 162.5mV

NER current buffer 2% 515, XEREIRFZNR/DN, BBCHERIAERTA],



Bit

55:53

57

98

100

108:106

126:123

127

Reset Value

3'b000

1b1

1b1

160

3'b000

4'b1101

1'b0

Description

compensation current tuning reference
3’b000 : 400mV (default)

3’b001 : 362.5mV

3’b010 : 375mV

3’b011 : 387.5mV

3’b100 : 412.5mV

3’b101 : 425mV

3’b110 : 437.5mV

3’b111 : 450mV

VA SRR, PTDAER USB IREIMVIEE (MRS
100/101, &AM 3b’111)

see Note4

A port ODT auto refresh bypass, active low
T e A TE [42] = b1 BF, AHRK. 7F bypass ODT IR,
A AR B [41:37], TAREAREIRYIK 58,

Turn off differential receiver in suspend mode to save power, active low.

L FEEH T PHY RYRIIRERSH], S%2.1.4.0 PHY [YUFEE R

force output B_sessionvalid asserted, active high
ZFF Fas 0] A E B_sessionvalid J, RS otg_det pin (%6
JERZF| USB #2101 VBUS pin, ‘S8 VBUS &l 2 &8 ] 7,

B_sessionvalid reference tuning
% el TVA%E B_sessionvalid NS EHE, &%
4.4 JEId B sessionvalid reference tuning fi#t{ ADB 4 4% 0] i

HOST disconnect detection trigger point configure, only used in HOST
mode

0000 : 575mV

0001 : 600mV

1001 : 625mV

1101 : 650mV (default)

% 7o T VH%E Host mode FIWTITTRE I EIE, %

4.3 IS VAR WA T B (E AR O USB S T A ] et

vbus voltage level detection function power down
%217 88 TfEEE Device mode [ vbus detect, A {HEEIZ bit {iZ,
GRF (USB_GRF) ZFf##H1H) bvalid IRASKINA HRER,

o Notel: 7% 1-2 HZ5H T Inno USB2 PHY Port0 (Y F EH 7 a8 i, Portl M FEs5 Port0 FA—
®, HEBit v E AR, #ES* PHY WFAENA],

o Note2: bit0 5y SOF 1 EOP FyTipneEE, Mi%MEM, NRFRZE bit[o] #1 [41:37] = 510000, &%
S8 disconnect 1% ¥, Ak, bitl 2 chrip state TANEE, HEEMA, FJEES S E high-speed 17 T4

I}-\&O



o Note3: UNFIEITJH%E bit[2:0], bit[115], bit[4:3], bit[55:53], bit[49:47] X425 17es, USB IREE
PRI TEIE PASS, A LAF [BILE bit[41:37], WE A IEE: Bk, WHE [42]1=1b1, [57]=1b0,
bypass comp FEE&HHELRE B 2 1 ELEE, B SROR B LI B Bl T R GRS R A )

) o ARG, FRAE USB IREIMINREE R, SR (41:37], HBIRENEE, HIEANILEy
%, %% 2.1.6 PHY tuning Jfifs

o Noted: [49:47]1 1 [55:53] FFEMEFT IR NXS, A8E4AER, FHEHMNF—4 PHY [ port0 fl portl
[RIBAERL, A PHY MRAS, FER SIS F e rlEARME, Eean

RK3399 FTHFRERE N [199] = 1'b1
RK3328/RK3228H/PX30/RK3326/RK3308/RV 1108 #T - # ARz A:
[186:184] = 3b°000 (AERIARYFEITALIHETT 20)

[186:184] = 3b°100 (PA Port0 Y FELIFMIMETT )

[186:184] = 3b’101 (LA Port1 [JHLIRE T 30)

2.1.3 ¥ ifH USBRBIAS iH{

2% W[l USBRBIAS 1£ PHY T HLEN 135 Q, SEPREEEH, —BERA 133Q +10% MJHRH, %
{H0 USB E 5 RS8R E, Fr AR EAERME KRS, ERPREN T, W USB HE&H DP/DM FH
P TR RRZE KR, S USB ESRERK, I HIEIS A wning HICTERE =R E ZIARIEER,
A LA BRI 25 I IIBA(E, (BZ3 HlH USBRBIAS WIFEME, MiZEEan LA E R

1. REAE BN R BUR, O SRAVIRTEEEARTIOR, (EXHEZR (slew rate) AR,

2. [RE AR VFRIMBUTERED £10%, @IS IZTOEIR] e AR A MR,

3. BB E| [F—> PHY BIRA port, FrAMBEKFRMEG, —EZEHNA PHY BYM port YRR
A, B AR K% disconnect 55, &K device 5% disconnect/reconnect;

2.1.4 PHY [t Sz DIHEE Bl
2.1.4.1 PHY [Ffitiy
PHY FILELAE =1 3.3V, 1.8V F1 1.0V, WIFFE 2-2 iR, GRSEFREEE A, X =B REBEE M E K

RAESRERTENR/ME, #HATGER FE USB ERRH,

7% 2-2 Inno USB2.0 PHY power supplies

Supply Voltage Min Typ Max Unit
USB_AVDD_3V3 3.0 3.3 3.6 A%
USB_AVDD_1V8 1.62 1.8 1.98 \Y%
USB_AVDD_1V0 0.9 1.0 1.1 v

— /IR HEE IS 02, VCCCORE1PO FVHJE&EIT THUEMNRAME 1.1V, §8 USB ADB EREKIN, #
RF711EZ# 4.4 18T B sessionvalid reference tuning i ADB %32 [0
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2.1.4.2 PHY WJIFEER

o IB1TINHE PHY JIFEE B

RGBT, W USB2.0 port %A TAE, WIATLAEIE GRF (8 USB_GRF) FF{FasHHY utmi_sel,
utmi_suspend_n, utmi_opmode, utmi_xcvrselect, utmi_termselect, utmi_dppulldown PAKZ
utmi_dmpulldown K42l USB2.0 PHY #f A suspend, Hf@{lF|H USB N, 75%25E resume PHY, A
REFFGR USB K26, 1EARIEHIRAZ AT A= USB2.0 PHY fY4X3)) (drivers/phy/rockchip/phy-rockchip-

inno-usb2.c) ,

% 2-3 134T AY Inno USB2.0 PHY IHIEE M FE

. Reset Suspend L.
Bit Description
Value Value

utmi_dmpulldown
8 1'b0 1'bl 0 : DM 15 KOhm pull down disabled
1: DM 15 Kohm pull down enable

utmi_dppulldown
7 1'b0 1'b1 0 : DP 15 KOhm pull down disabled
1 : DP 15 Kohm pull down enable

utmi_termselect

GRF termination select between FS/HS speed

6 1'b1 1'b1
1 : Full-speed terminations are enabled.

0 : High-speed terminations are enabled.

utmi_xcvrselect

GREF transceiver select between FS/LS/HS speed

11 : Sends an LS packet on an FS bus or receives an LS packet.

5:4 2'b01 2'b01
10 : LS Transceiver
01 : FS Transceiver

00 : HS Transceiver

utmi_opmode

GRF operational mode selection

11 : Normal operation without SYNC or EOP generation. If the
XCVRSEL bus is not set to 00 while OPMODE][1:0] is set to 11, USB
PHY behavior is undefined.

10 : Disable bit stuffing and NRZI encoding.

01 : Non-Driving

00 : Normal

3:2 2'b00 2'b00

utmi_suspend_n

GRF suspend mode

1 1'bl 1'b0
1'b0 : suspend
1'b1 : normal
utmi_sel
0 1'b0 1b1 1'b0 : select otg controller utmi interface to phy

1'b1 : select GRF utmi interface to phy
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o FEULNIY PHY JEEERE
LN PHY DUFEE AU RMFT %, HRAER L 2.
77k 1 KM PHY ROfEr
P PHY HIfERL 2 B EL R & DIRER 7T 1%, EAH PR -

1. PHY B =&ML 3.3V, 1.8V, 1.0V DA VDD_logic ERIN %], 702 FEBOX VYR H 2 R
EEAO
2. XM PHY HIMEHE, WIARSZHF USB M2 A5t (Remote wakeup) [IIRHE,

J7i 2 % E PHY HEARIFER
A ERIEIY GRE (USB_GRF) Z{F#: Rz PHY H#E ARIFER L,

HAll, PHY J%8] (drivers/phy/rockchip/phy-rockchip-inno-usb2.c) ZHEFWRERINFEILE, BRIA
FE—FARIFERE, XA RRIFERLE, FAZFARIIFEECE T, linestate F1 bvalid HHWER 5K,
WNRZETF S ZRRIIFERCE, FEAE DTS H #JEME “rockchip,low-power-mode”,

—RARIIAERC & :
%% 2-4 Inno USB2.0 PHY —Z RIFEHFFoslil B

. Reset Suspend L.
Bit Description
Value Value
Turn off differential receiver in suspend mode to save power,
98 1'b1 1'b0

active low

ZRARIIAERLE
%% 2-5 Inno USB2.0 PHY —FARINFEZF Feshic B

Reset Suspend

Bit Description
Value Value
46 1'b0 1b1 Battery charging related register
vbus voltage level detection function power down, active
127 160 1b1

high

Note: £ _ZARYFERIACE T, linestate 1 bvalid FHTERR LAY, HA id HMHEELE,

%% 2-6 Inno USB2.0 PHY fIRIFEEMIE (DA PX30/RK3326 SEill%dE A H])

fHEHLHL P IBTTIHIEIIRE Pl THE LK TkE
USB_AVDD_1V0 0.27 mA 0.27 mA 0.006 mA
USB_AVDD_1V8 0.73 mA 0.1 mA 0.02 mA

USB_AVDD_3V3 0 mA 0 mA 0 mA



2.1.5 PHY dk &8

PHY %44 USB =il #s A0 = 3545 480 MHz clk Al utmi clk, JXPR/NETEPA0SRIEE B, S8
USB &illgs TIESH, X TFIXH NN EE, FEEFEELRIHA:

480 MHz clk 75 R

XtF Inno USB2.0 PHY 2 x ports, ™ ports FL[F]{# F—™ 480 MHz clk, Hi GRF 2717 a5 suspend assert
1 COMMONONN B 42fill, 2l 751540

P~ port &Rt suspend, F£H COMMONONN N 1, A<3€[4 480 MHz clk, 24 480 MHz clk #%MH/5,
WA HAR 1P T I clk, 7] LUK COMMONONN % E N 0 BIn], ARTFEER reset PHY, {HF
FER 1ms, clk ABERRE,

PR port, GHSRAE—MEEHEN suspend, NIAZIEMA 480 MHz clko /™ port, UIER#ATHEA suspend, {H
COMMONONN 4 0, HAZLKMH] 480 MHz clk,

o utmi clk FJEM

AT Inno USB2.0 PHY 2 x ports, > port 5 H A MY utmi clk, F£H, H port H . suspend assert
fz#ill, 24 port #E A suspend, utmi clk S#Z[4],
4 port JEH suspend, utmi clk SHKEHFFE, HFZEEFRF 1.5~ 2ms, utmi clk A REFE,

2.1.6 PHY tuning ifif%

Inno USB2.0 PHY (2 x ports) tuning AYAEE 4N T:
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Fria

PHY-Port0 PHY-Portl
l l
Port0-pre-emphasize Portl-pre-emphasize
l l
Port0-slew-rate Portl-slew-rate
FTARERTC

B &/ RRUE =

PortO-pre-emphasize-strength Portl-pre-emphasize-strength
Port0-bypass-ODT Portl-bypass-ODT
SZ BERBIAS

PA RK3399 USB2.0 PHY HS tuning M| (RK3399 B USB2.0 PHY, & PHY A 2 1> port) ,
tuning AR T Stagel ~ stage5.

Stagel. Port0 & Portl pre-emphasize & slew rate tuning
Port0 tuning:
[2:0] = 3'b100; (open Port0 pre-emphasize in non-chirp state)

{[115],[4:3]} = 3'b101 (X & Port0 slew-rate fx K, {F5: 3b101 SRERK, ML 3blll)



Port1 tuning:

[210:208] = 3'b100; (open Port1 pre-emphasize in non-chirp state)

{[323],[212:211]} = 3'b101; (X & Portl slew-rate iz A, TEE: 3'b101 HHEHA, MAZ 3b111)
Stage2. FTIPREMERIN, Y% L e/ ML IRUREE 3

TR W RFAESRRIEEN Port0 A1 Portl [RIIAERR,

[199] = 1'b1; (ZEEAHERIN (X—(FFEes JAELET port0 &, {HX} port0 1 portl RINEIEAH) , X2
— AR, BEZ AR, EFRRERNT, P [55:53], [49:4714REGRL. )

WSS Stagel fY tuning, EREIARRESEIRHE M, AlfE AR 2208 S %) FEIRTAS I sURT FELRH
=

[55:53] = 3'b101(default); (Vi e IR HE R HEFILSE 2R 100/101, FKDN 3b’111)
[49:47] = 3'b101(default); (&= FLAHM M s (HEF L 22IK 1007101, HK0N 3b°111)
AN, AT DAVERE[52:50] (NEE current buffer 2% 55), {BER HLHEUN,

Stage3. A& EE 5

[194:192] = 3'b011; (Y417 Port0 HS driver FANEEGRIE, “111758E R A, HA[194], [193], [192]AIFNEMK
XA, 2, 4

[402:400] = 3'b011; (77 Portl HS driver W IIEEGRE, “111758EF i K)

Stage4. Bypass ODT & driver strength tuning

WIRIEIT Stagel ~stage3 H AL PHY tuning /775, RREMNAISRTCHE pass, AJPA% JE bypass ODT, 5%
RS2, Port0 1 Portl A] PAZ}JF bypass ODT 1 VALK /58

Port0 bypass ODT & driver strength tuning:

[42] = 1'b1; (bypass comp FELEEHHYFERH B B8 g, (R B FRIR B 3 HEE, 4 Portl XTRZHY [250] %
B8 1§, % bit [FINX Port0 #1 Portl FZ4E/ER, WENEE [41:37] =[RS FEMA Port0 #1 Portl, 24 Portl
AR [250] B 1B, W% bit RE Portd P2 A/EH, HED [41:37] R4 Porto, 1M [249:245] #2:4Hl|
Portl)

[57] = 1'b0; (Port0 ODT auto refresh bypass)

[41:37] = 5b' 10001 5 5'b10000 (Port0 JXAN5EE VAR BRIN(E Y 5b°10111, HFENLAHA 1, [41], [40],
[39], [38], [371 &S5 16, 8, 4, 2, 1, WNEHUK, IKAERE/DN, 5b2 11111 XN KB 50 E
/1N, 5b’10000 X b7 IR A1 58 B )

Portl bypass ODT & driver strength tuning:

[250] = 1°b1; (bypass comp FELE&HHTELRE B 2718 1T HES, AREFHIR B ahiE S, HX Portl FRAEMEH,
2% bit B 1, W [249:245] 7] DAFF H IR RESHI Portl, 4% bit A 0, N [249:245] AEEFH Portl, TiiZH
[41:37 K42 Portl)

[265] = 1'b0; (Portl ODT auto refresh bypass, 25{lL bit [57] % & Port0 FIEF)
[249:245] (Port1 JXZNHE AR, A8l bit [41:37] 5 E Port0 FIFEH)
Stage5. ¥ 2% WifH RBIAS RYFA{E

UISEARP tuning PHY, BSATEHERIFAREENIA pass, 5 HAE% IR S-S mpi 7k, 5% 2152
% HifH USBRBIAS 5iHf




2.2 Synopsys USB2.0 PHY

*#E%] Synopsys USB2.0 PHY H A TR AL (RK3066/RK3188/RK3288) , 4H{HIFE LA
JEEEHT T USB2.0 PHY #F42% A Innosilicon FRAL) 1P, AR DAAREE S HIERI AN,

2.2.1 PHY MIRE-HESS

Synopsys USB2.0 PHY FYBE/FHEZRUN & 2-2 FivR, FEBFE =1 F#: Common block, Transceiver
block, OTG block, FHHRAJERIEFLE PHY T ATEAUIRE, XEARHER,

FEEEMZ, Rockchip *F-H 1 Synopsys USB2.0 PHY #5/2 HZ£F— Port, {4 Inno USB2.0 PHY AJ
PASZFFA Portss

USB 2.0 picoPHY

Transceiver Common

Digital Core
PLL

orG Analog

Squelch/Receiver

Disconnect/Tuning
Bias X0

Transmitter

2-2 Synopsys USB 2.0 picoPHY One-Port Functional Block Diagram

2.2.2 FEEF N

%% 2-7 Synopsys USB2.0 PHY T EH 788
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Signal

COMPDISTUNE[2:0]

OTGTUNE[2:0]

SQRXTUNE[2:0]

I/0

Description

Disconnect Threshold Adjustment
Function: This bus adjusts the voltage level for the threshold
used to detect a disconnect event at the host.
111: + 4.5%

110: + 3%

101: + 1.5%

100: Design default

011: - 1.5%

010: — 3%

001: — 4.5%

000: — 6%

VBUS Valid Threshold Adjustment
Function: This bus adjusts the voltage level for the VBUS Valid
threshold.

111: + 9%

110: + 6%

101: + 3%

100: Design default

011: - 3%

010: — 6%

001: — 9%

000: — 12%

Squelch Threshold Adjustment
Function: This bus adjusts the voltage level for the threshold
used to detect valid high-speed data.

111: — 20%

110: - 15%

101: - 10%

100: — 5%

011: Design default
010: + 5%

001: + 10%



Signal

TXFSLSTUNE[3:0]

TXPREEMPAMPTUNE][1:0]

TXPREEMPPULSETUNE

TXRISETUNEJ[1:0]

TXVREFTUNE[3:0]

TXHSXVTUNE[1:0]

I/0

Description

FS/LS Source Impedance Adjustment

Function: This bus adjusts the low- and full-speed single-ended
source impedance while driving high. The following adjustment
values are based on nominal process, voltage, and temperature.
1111: - 5%

0111: - 2.5%

0011: Design default

0001: + 2.5%

0000: + 5%

HS Transmitter Pre-Emphasis Current Control

Function: This signal controls the amount of current sourced to
DPO and DMO after a J-to-K or K-to-J transition. The HS
Transmitter pre-emphasis current is defined in terms of unit
amounts. One unit amount is approximately 600 pA and is
defined as 1X pre-emphasis current.

11: HS Transmitter pre-emphasis circuit sources 3X pre-
emphasis current.

10: HS Transmitter pre-emphasis circuit sources 2X pre-
emphasis current.

01 (design default): HS Transmitter pre-emphasis circuit sources
1X pre-emphasis current.

00: HS Transmitter pre-emphasis is disabled.

HS Transmitter Pre-Emphasis Duration Control

Function: This signal controls the duration for which the HS
pre-emphasis current is sourced onto DPO or DMO. The HS
Transmitter pre-emphasis duration is defined in terms of unit
amounts. One unit of pre-emphasis duration is approximately
580 ps and is defined as 1X pre-emphasis duration. This signal
is valid only if either TXPREEMPAMPTUNEO[1] or
TXPREEMPAMPTUNEOQ[O] is set to 1'b1.

1: 1X, short pre-emphasis current duration

0 (design default): 2X, long pre-emphasis current duration

HS Transmitter Rise/Fall Time Adjustment

Function: This bus adjusts the rise/fall times of the high-speed
waveform.

11: — 20%

10: — 15%

01: Design default

00: + 10%

HS DC Voltage Level Adjustment
Function: This bus adjusts the high-speed DC level voltage.

Transmitter High-Speed Crossover Adjustment
Function: This bus adjusts the voltage at which the DP0O and

DMO signals cross while transmitting in HS mode.



Signal /o Description

USB Source Impedance Adjustment
Function: In some applications, there can be significant series
resistance on the D+ and D— paths between the transceiver and
cable. This bus adjusts the driver source impedance to
compensate for added series resistance on the USB.
TXRESTUNE[1:0] I Note: Any setting other than the default can result in source
impedance variation across process, voltage, and temperature
conditions that does not meet USB 2.0 specification limits.
11: Source impedance is decreased by approximately 4 Q.
10: Source impedance is decreased by approximately 2 Q.
01: Design default

00: Source impedance is increased by approximately 1.5 Q.

2.2.3 2B H[H REXT

e PHY TRV SR, RK3066/RK3188/RK3288 f)2:%#% HifH External resistor (REXT) 41 N3 2-
8, , TEFBIZI, ™IS E AN R T, GERFFEJEEE DP/DM WRHST, AT DAEEE
USB PHY 35 7£ 8% TXRESTUNE[1:0], EAZ3 200 T E%5 (7 a5 il

7% 2-8 Synopsys USB2.0 PHY REXT

hYan S H[H REXT
RK3066/RK3188 43.2 Q (+ 1%)
RK3288 200 Q

2.2.4 PHY [Vt 2 hREAS B

2.2.4.1 PHY [F{itH

RE PHY FAAIIZ ISR, RK3066/RK3188/RK3288 FMLHLAN N 2-9 iR,

7% 2-9 Synopsys USB2.0 PHY power supplies

oy Analog power supplies Digital power supply

3.3V (+ 10%, — 7%)
RK3066/RK3188 1.1V (+ 10%, — 7%)
2.5V (+ 10%, — 7%)

3.3V (+ 10%)
RK3288 1.0V (+ 10%)
1.8V (£ 10%)
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2.2.4.2 PHY WU EE R

o IB1TINH PHY JIFEE B

Synopsys USB2.0 PHY HUIZ1TIHAEE S Inno USB2.0 PHY 21, t/2i@id GRF (5] USB_GRF) %1+
#%H Y utmi_sel, utmi_suspend_n, utmi_opmode, utmi_xcvrselect, utmi_termselect, utmi_dppulldown 4
J% utmi_dmpulldown 4= USB2.0 PHY M A suspend, 7Sl EARELE 7%, 1ES% 2.1.4.2 PHY [1Y
DFEEFIET,

o HPUNI PHY JFEE M

Synopsys USB2.0 PHY MRS # 5 Inno USB2.0 PHY A A AF], Synopsys USB2.0 PHY AJ DAL
il SIDDQ CGEWTE GRF FA7as) RKKH PHY HIBHUIFRES, Mmik PHY #EARIIFERIEL, SIDDQ [
THREMIRUI R 2-10 AR,

%% 2-10 Synopsys USB2.0 PHY fH#AUKIFERC &

. Reset Suspend L.
Bit Description
Value Value

Function: This test signal enables you to perform IDDQ testing by

powering down all analog blocks. Before asserting SIDDQ, ensure

that VDATSRCENBO, VDATDETENBO, DCDENBO,

BYPASSSELO, ADPPRBENBO, and TESTBURNIN are set to 1'b0.
SIDDQ 1'b0 1'bl 1: The analog blocks are powered down.

0: The analog blocks are powered up.

Note: NEREHEE Bypass Uart FYZIRE, TERAILIN, FREERMH]

Bypass JJRE (BYPASSSELO = 1'b0) , SMI< 81 PHY AY3)

#Eo

2.2.5 PHY clk &R

N

Synopsys USB2.0 PHY 19 clk &5 Inno USB2.0 PHY (L, tH/Z2ifid GRF % 77#+M suspend assert F/l
COMMONONN Bt &#% i, 1§2% 2.1.5 PHY clk 5

2.2.6 PHY tuning if%

Synopsys USB2.0 PHY HIFRAMELLEGF, FrPA—RAH tuning PHY, 0RFEJREAFHEEL TR, =2

BT tuning, T DURYEZ 2-7 Synopsys USB2.0 PHY E A7 8B B TIE%E, wning AIMFEAALL Inno

USB2.0 PHY {52, FEFHBRENHME (TXPREEMPAMPTUNE[1:0] ) FI&ER
(TXRISETUNE[1:0]) &

2.3 NaNeng USB2.0 PHY
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2.3.1 PHY RYREFHESE

NaNeng USB2.0 PHY FUREHHEZEAN R & 2-3 A

SELF_TEST)

REFCLK_MODE
REFCLK|
PLL_EN
SUSPENDM
RESET

TERM_SELECT)
XCVR_SELECT)

DP

DM

CHG_RST
CHG_EN
CHG_VALID
PHY_CONNECT

RREF

CFG_RSTN
CFG_DATARD[7:0]
CFG WREN
“FG_REGADDR(5:0]
CFG_RDEN
CFG_DATAWR([7:0]
DTO

VBUS18

D

VCCA33

VCCAIR

VDDA

AGND

> Self-Test
controler >
- PLL o
> >
-
.
_>
—>
-------- ]
[ ] Receiver State [——————
| HS XCVR | .
I 1 Machine [———p»
| L
| Receiver \
|
— | v
_b: Status |
—>
of ol | NRZI Decoder
| & -
]
| Bit Un stuffer '
| Xmit : <
' |
' |
' |
|
—e-p! FS XCVR : NRZI ]fg?mder —
[ |
'1-"-—“' Receiver ] BitStuffer | |
i l
| , ¢
| Status |
| Control | ~
| | T . =
[ ' ransmitter |
: Xmit State Machine .
]
: ] bandgap
Analog Front End |
[ ] Line State [————
Rl Charge Detector
’ T Host Module ~
————
gt -
> Resister FS LS SERIAL _:_
Calibration MODULE -
N Configuration
= o1G =
- VBUS Detect >
& -
> ID Detect -
L -
H >
—>
—
> USB2.0 OTG PHY

2-3 Block Diagram of NaNeng USB 2.0 PHY

¢ Phase locked loop(PLL) and clock divider

WIS FRE 12MHz S AT MR &AL, PLL B4 % — 480MHz & iE 50 T USB $idE &
RN, [FIRE, B AERRIR AR, fRE CLK 480, DAH T IG8kE,

TEST_BIST

CLK_480

CLK60_30

RX_ACTIVE
RX_ERROR
RX_VALID

RX. VALIDH

DATA_OUT [15:0]

DATA_BUSI6 8
OPMODE [1: 0]

DATA_IN [15:0]

TX _READY
TX_VALID

TX_VALIDH

LINE_STATE [1: 0]

HOST_DISCONNECT
DP_PULLDOWN
DM_PULLDOWN

TXBITSTUFF_ENABLE
FSLS_SERIALMODE
TX_ENABLE N
TX_DAT

TX_SE0

RX_DP

RX_DM

RX_RCV

VBUS_VALID
SESSVALID
SESSEND
BVALID
DISCHRG_VBUS
CHRG_VBUS
ID_PULLUP
IDDIG
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¢ 10 Transceiver (XCVR)

USB 10 Wk #3046 HS WOR B F1 FS WOk B, FH TARYE SRR FH SR sl s @i, &4 10 ok ds

W= RIREIRES 10 (RCV) , KIXFFI0 (XMIT) FEfL, ZEH TRk B &%
B EBIR RN TS USB SHUSINZE 2GS, RZIMR, EHRARIZED USB 55 Hi N IR

HE LR USB HEUREFBIEL,

¢ USB Transmitter

HiHE DATA_BUS16_8 HIRA, USB KX M DATA_IN A13REY 16/8 A fT8dE Rk, FHELT B
HIACFR o B HL L ol BB TEOE IR, ARG R IE R 10 Wk 85, USB R iE#HCFREFEFHHIT SYNC
A, EOPffiA, NRZImiSFINIEAFEGE, ZEHEEEHT UTIM thisb B line-status 2 HiIF11E
RS,

¢ USB Receiver

T M XCVR REEER, USB U 15 ] CDR (Clock Data Recovery) Mf&E A EE 7 A HZEU TR 2
ISR RAEFHBIFE AEGE, USB BUNERIE AT R BB RE, Blanfy Z3E7E, NRZI @R,
SYNC FE&H1 EOP FEXAIMHIBRFN R &,

AN, SEEL TR, T UTMI RIS IR, A REEEHITEAER, E25 UTMI %
FIRLTE.

/&% DLL F1 4% DLL 7351 T HS # FS 0N CDR ISR EREFFIAE A%, DLL AR HER B
AT, AFREEATIMBRIET R,

R T HMEEIEE TSR USB & IEASH] USB £2Uk#s & MIBARmfS, USB BN ERIESLEL T — itk gz i
P8 AILUEE WA UTMI $#11{25 RXERROR KM ZREE M X ) _E RSB R SRS,

¢ Bandgap reference

HBEBE - PMAESE LA, AT 1P LT RIS E R/, BRI AR E) T
2, RSN SR TRUARD, I EATREETINRA AR Al 5E s TR,

¢ Termination Resister Calibration

RS AN EEENSE, DIEL PVT RPASHERDY 45Q Unts, REBEMBEIEFT T RIRS
EIGHeh, ¥ERZ) 300us,

¢ Charge Detector

FEEAEIISZ £ BC1.2, 4 USB 2.0 PHY H/EME#EIL#ET, Erl e ELES cDP, DCP fil SDP fJ7EH
Ui, 4 USB 2.0HEFENLEL OTG a5, RIDLKHECE Y SDP B¢ CDP,

2.3.2 FEFA o

7 2-11 NaNeng USB2.0 PHY T EH 788
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Bit

FC_REGO00[5]

FC_REGO00[6]

FC_REGO00[7]

FC_REGO02[4:3]

FC_REGO04[2]

Field Name

cfg_hs_strg

cfg_sel_strength

cfg_sel_pw

cfg_rref[1:0]

cfg_rcal_sel_voff

Reset
Value

11

1'b0

1’b0

2'b00

1b1

Description

HS TX strong power mode

IEHEAN, I bit 4HE 1,

ek A 1E chirp K BTERIZEIZ bit 7 0,
KAAT AR chirp K TE{E 10mV

HS TX stronger edge driver enable signal
&AAF A T HS HRIZI Slew rate J%%

& 1 AT DAMGERIEIRY Slew rate, {HICIEIR &
e

HS TX edge delay select signal

Bypass signal of VDDA detect function:

0: normal mode

1: bypass mode, VDDA detect function is
disable

A AT HS IRER Slew rate %%

B1 A AR ZEAREIF Slew rate, {HAJRES FEL
AR . Fr DAEFING, 1555 2 DGR A
IR,

Reference resister select signal

00: 200 ohm

01: 390 ohm

10: 1K ohm

11: 2Kohm

BRINEA 200 ohm S5 HIFH

Calibration code select signal, default value:
4’b1

0: select calibration code

1: select cfg_rcal_voff[3:0]

GRERILE Y 0 ML — U FERH B R
RV1126/RV1109 PHY IXANTERIUATLIT B2 i
K— IR B RHETIEE, FHERMEE
rcal_out[3:0] 5 A cfg_rcal_voff[3:0] , SAJ5K
] FELREAR HHE ZH RE



Bit

FC_REGO04[6:3]

FC_REGO06[0]

FC_REGO08[4]

FC_REGO08([5]

FC_REGOD[4]

FC_REGO0D[3:0]

Field Name

cfg_rcal_voff[3:0]

LS_PAR_EN

cfg_swcal_byps

cfg_byps_charge

rcal_trim_done

rcal_out

Reset

Value

4'b0111

11

160

1'b0

RO

RO

Description

Register code for termination resister

BA AT 1S MR IR R

ZKA 72 UE £ FC_REGO04[2] 24 1 IFAERK
Bt |, cfg rcal_voff {EER A, R AJAES
45Q FERHARIN, X R A HR [ R E AOR

B 4b1111, B 45Q HFAE/D, XFRAR

S FER SN
BB 4b0001, PNER 45Q HEFHEK, A RAR
S E B /N

BN 450000, TERK

LS mode with parallel enable
¥ Host I, T IRBIMRIE IR & LA bit
fiE 1

Bypass signal of TX swing calibration function
0: normal mode

1: bypass mode

SPHY R A A ZARERT 0.8V, 1.8V I
3.3VIN, il LT B RSE

HELEA T LA 7E chirp K FURT 500us 2E2%; 40
REMod —x B ERME, BIE bypass tx HLE
e, R HRFTIRAR S REHE; M
bypass VJ#% normal, R] PASEfllfil &2 — X,
JEASHE, (HiRUF/2LE chirpk A 500us ik phy
H S RHAWrRE

Bypass signal of charge detection

0: normal mode

1: bypass mode

TERG AR, 1#id bypass 78 FLKN L)
RERT DAREAI phy HUPRERDIFE

FRBEARHERTIRZS (52

H 1 R FERER I TE K

IEHEIEN, FRHARIERERZ)2 300us, R
cfg rcal_sel_voff BN 0 5, %EfF 200 -
300us Zbit (VS E 1, FTARAETERR
HEER, B5% 233 2 HIHRREFHH

FELH B AR HEIS I FERH Code, RETE
FC_REGO02[2] cfg_rcal_sel_voff i &N 0 N4
Y

it |, AMERSEHEEEU)N, 6N AT HRE
Code {HEK, IREMEE B



2.3.3 2% i fHRREF HLBH Y 501

ZZHfH RREF 7 PHY A HLE B PURFEE, H277Fes FC_REG02[4:3] #Z#l, EHA N 200Q, BiE=
% 2.3.2 FEFLEARIA,

YRS BH n] DAFE— @ P L URERIR IR, IXRh 515500728 cfg_rcal_voff[3:0] 75 IERCR—FE,
AFRAESE PHY PRI 45Q &b, PRIG |, SF WD, PHY WERIK) 45Q HBH H8k/)s, bR
HR R K

Note:

1. Z2F HH R G 1E FC_REG02[2] cfg_rcal_sel_voff & 0, AREAR, BAKSHE 232 FEFFE50il;

2. 2% HFHBUE AR HE(ERT £10% (45Q PIERFEFHIY PVT fWZ) ;

3. HRHARHEHAE] Rref 5 [T ENH74E 300us HIEHLAE, BAIA 200Q 2% HifH RIR(EDY 400mV, &%
HRHBCR, HEBK, RHEEET 2V S HW 2 Z Ak (GEE) |, N HRagis 3.5
us Ft & ¥ rcal_trim_done BH 1;

4. RREF 200 QFJHLFHA I 1% AURSE R, £ PCB bt E & E IARGL #T;

2.3.4 PHY [l J D FEE B

2.3.4.1 PHY [yfitily

PHY FItELA =1 3.3V, 1.8V #10.8V, W R 2-12 FiR,

%% 2-12 NaNeng USB2.0 PHY power supplies

Supply Voltage Min Typ Max Unit
USB_VDDA 0.72 0.80 0.88 A%
USB_VCCA18 1.62 1.80 1.98 A%
USB_VCCA33 2.97 3.30 3.63 \Y%
2.3.4.2 PHY IMYIFEE P

o BTN PHY JFEE R

NaNeng USB2.0 PHY HUIZ1TINAEE# S Inno USB2.0 PHY 24, tH2ifid GRFZF /s HY utmi_sel,
utmi_suspend_n, utmi_opmode, utmi_xcvrselect, utmi_termselect, utmi_dppulldown DA
utmi_dmpulldown 4= USB2.0 PHY H A suspend, ZFF sV RAECE T, 1ES% 2.1.4.2 PHY HIJFE
EET,

Note: 5 Inno USB 2.0 PHY A[FAfY/2, NaNeng USB2.0 PHY 7Ei# A suspend I, FHZLHKfutmi_opmode 1%
#EH2'b01 non-driving

o FRHUNTY PHY JIFEFE R
FEUNEY PHY DUFEE BRI R WA 2, HEFAERTTI% 2
Fiik1: ORI PHY fit
SCIA PHY HYBEFER B EAER A DIRERY 77 1%, (BAPIARR:
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1. PHY HI=R&MtHE 3.3V, 1.8V, 0.8V DA VDD_logic BRI %], 704 FEBOX VYRS H 2 R A
L,
2. KF PHY BUfEE, WIARSZEE USB MiEEZR S (Remote wakeup) HYZIHE,

Jiik2: ¥E PHY HEANMEYFEREIA  (suspend mode)

%7758 GRF 2P fFaskiz il PHY HEAMIIFERL,

NaNeng USB2.0 PHY — 3145 =R EREX, 4354 normol mode, PLL-only mode 1 suspend mode,
USB2.0 PHY JX#hHH, ZAR¥E USB KRRl LIRS, S —Ro#emi=,

¢ normal mode

High-speed operation: % SUSPENDM = 1, OPMODE[1:0] = 00, XCVRSELECT = 0, TERMSELECT
=0

Full-speed operation: 1%& SUSPENDM = 1, OPMODE[1:0] = 00, XCVRSELECT = 1, TERMSELECT =
1

AZIEE 21T, FH USB IEH TIERN, PHY A normal mode
e PLL-only mode
1% H SUSPENDM =0, PLL_EN =1
RGIERIBIT, HH USB ARTAE, HTREF 480 MHz clock/A RETH THBUER, PHY #EAPLL-

only mode
e suspend mode
% B OPMODE[1:0] = 01, SUSPENDM =0, PLL_EN =0

ARG AN, PHY 3 A suspend mode

7% 2-13 NaNeng USB2.0 PHY UJ#EE#E (DA RV1126 SR R )

it HL R normol mode (hs) PLL-only mode suspend mode
USB_AVDD_0V8 5.65 mA 0.5436 mA 12.90 uA
USB_AVCC_1V8 9.54 mA 1.75 mA 165.00 uA
USB_AVCC_3V3 0.56 mA 0.1504 mA 10.85 uA
2.3.5 PHY clk B

PARV1126/RV1109 Afi], PHY Y REFCLK >4 12MHz, AW AT DA%
xin_oscO_usbphyref #1 clk_gpll_mux, EKIAIEFE xin_oscO_usbphyref,

PHY fiith4: USB 42l 35 (I 3226 480 MHz clk 1 utmi clk, XMW PMNHIRIZAERL, XS
USB 2l AR . A TIXM DR ER, TEESTMA:

o 480 MHz clk &R

H3Z GRF #1725 PLL_EN #l, 2§ PLL_EN %E 0 1 N, CLK480M FF/3, ZEEAF 200~500us i Hf
ASFRE; K22 PLL_EN %E N 0 I, CLK480M X[,

e utmi ck SR

%% SUSPENDM (X} . GRF 7717#% suspend_n) #%iil, 24 PHY # A suspend, utmi clk ZX#¢3% M,
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24 PHY JBH! suspend, utmiclk 2#EHI/E, PHYFM EAEFEERF 500us, utmi clk A BERRE, H
1E RV1126 / RV1109 SEFRIIAH, HELERAMKT 2.5ms J5, PHY AR DAER T/E

2.3.6 PHY tuning Jfif

NaNeng USB2.0 PHY HIFRAME LG, FiA—MEANH tuning PHY . A0SR EDRE A BRI THA)/SE, 7Rt

17 tuning, AJDURHER 2-11 NaNeng USB2.0 PHY FZEFZ2RNIHHETIA®RE, tuning FYFFEHEEL Inno

USB2.0 PHY &85 %, FEIFRIREIMTINE (FC_REGO0[6] cfg_sel_strength) FIAIHEHLFH
(FC_REG04[6:3] cfg_rcal_voff[3:0]) o

NaNeng USB2.0 PHY /2ifild APB HZkIE NERAF 72, APB SHIE—E2AE PHY JSREEIRREG, &
M BB —IRIEHE, A AT % E GRF prdyZ Lt rden K, N TR ERZEM, KXEBo e
T tuning PRELH,

2.3.7 VBUS fiii A HLR I ZER

VBUS18 22— 1.8V HJEEIERLIE N ER, REARZIHEETERER 1.8V £ 10%, #1EE] 1.62V~2.08V
XML, FERHE AR VBUS 5V @I — N Mg, 73E152] 1.8V 4645 VBUS18, ER, &M
TN 323 3V IXPE— AN R

FEBOZAE I _E 953 R R B RS BN 1% MRS RS ERE, RIS I R 2 R M 1) 50 7> FRL B 1 D e

2.3.8 OTG PHY ikzhzh

OTG PHY s2f§ PHY ] DA #8175Vt Device/Host HIZNRE,
5 HAh USB 2.0 PHY AFIHY/Z, NaNeng OTG PHY TR FIRE, A REXFshATI#: Device/Host L)
fEo
PHY IP i%iHH, it OTG_SUSPENDM, LS_PAR_EN. IDDIG HB(EIHLAI, SRSZE OTG PHY
Device/Host 175Uk, X =F X RUTR:

1. OTG_SUSPENDM %% IDDIG $ill, KANI4NR:

24 IDDIG 4 1, W OTG_SUSPENDM 4 0;
4 IDDIG & 0, M OTG_SUSPENDM N 1;

2. LS_PAR_EN %% OTG_SUSPENDM #fll, #MIA1R:
4 OTG /E HOST Y, OTG_SUSPENDM & 1, X LS_PAR_EN 12/ 1, 374§ HS/FS/LS;

24 OTG ¥ Device iif, OTG_SUSPENDM & 0, Xt LS_PAR_EN 1/ 0, {3745 HS/FS, A3
LS;

Rk, £ PHY IKBhEIGAILET, FEIEIIACE GRF F 174y, % E OTG_SUSPENDM H IDDIG #%#l], %
& LS_PAR_EN Hf OTG_SUSPENDM #z#il, 3 H, i%& IDDIG i PHY i ID_PULLUP #=#l, R, Bk
N ID_PULLUP B4 1, BPID pin /&, PHY BAIAE Device DIRE,

24\ OTG cable I, cable 2K ID pin HAREM, fi PHY PESRYBRSHALEI, BEM: B3NP PHY
Host Zh&E,
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3. USB3.0 PHY

3.1 Innosilicon USB3.0 PHY

Inno USB3.0 PHY A ¥ Super-speed, %A\ F3#%¥ High-Speed, Pt PARZZA Inno USB2.0 PHY Ak —
/> Combo PHY, I NE 3-1 22— HAYH) USB3.0 OTG 24 E,

AHB Slave t tﬂ}il Master

Bus Interface/List Mangement

t USB3 OTG t

HS/FS/LS SS
MAC MAC
UTMI+ t ¢ PIPE_IF
USBZ. 0 PHY USB3. 0 PHY

: '

3-1 USB3.0 OTG Block Diagram

3.1.1 PHY FRE{HESS
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Innosilicon USB3.0 PHY FUREHEZRAN N E 3-2 AR, FZ$E: Data serialization and de-serialization,

8b/10b encoding, analog buffers, elastic buffers and receiver detection,

Reference

PIPE_TX[31:0]
PIPE_TX[15:0]
PIPE_TX]|7:0]

TXP
TXN

Tnput
Reference
Clock

[ 3-2 Inno USB3.0 PHY Block Diagram

3.1.2 FEAF B

USB3 PHY 7859 UiHH, 1623 Inno USB3.0 PHY Ffif} “Table 6.1 USB3.0 Registers” & 17, —LEE [
T frde MELE U, KRESMETH, 2N A,

3.1.3 2% HfH A
FR4E Inno USB3.0 PHY FMYILITER, PHY USF HIH RBIAS 1 ~58 3-1, fEHEKILIIH, 1E™HKI%

WS HERZRE TR

%% 3-1 Inno USB3.0 PHY &% Hi[H RBIAS

DR Z5 il RBIAS
RK3228H/RK3328 2K + 1% external resistance bias to ground
3.1.4 PHY WL IFEH BE
3.1.4.1 PHY Ifiti

F4E Inno USB3.0 PHY FAAIRITZER, PHY FIALHAN R 3-2 FiR,

%% 3-2 Inno USB3.0 PHY power supplies

OH Parameter Notes Min  Typical  Max

1.8 V analog supply voltage for
RK3228H/RK3328 VCCA1P8 CDR 1.62 1.8 1.98
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Ri3228 kK3zs  RAEABISS L0V analoggpedy voltage for — Mip  Typjal ~ Max

PLL, CDR and clock tree power

3.1.4.2 PHY [3h#E% PR

% 3-3 /2 Inno USB3.0 PHY Tt LAV TAEA SZBRIMNARYTIEE (ZETF RK3228H EVB) XS EL, AT
DAEH, SPRUFELCEIEIFERIRZ ., [, [K% USB3.0 PHY f£ P3 state, link training KW, S3L
EPUNANE, FRBA, Huhisis I mRoiFe, HEEBETE P2 state, B1TINHITIFEN =i,

% 3-3 Inno USB3.0 PHY Lfj#E

Power State LS IIRE LhaPhkE (RK3228H)
120 mW
PO 60 mW VCCAI1P8 : 479 mA

VCCD1PO : 35 mA

P1 40 mW N.A
76 mW
P2 20 mW VCCA1P8 : 32.7 mA

VCCD1P0 : 18.1 mA

P3 1.1 mW <1mW

Note:

HICDIREMMNAZ& /2. VCCAIP8=1.8V, VCCDI1P0=1.0V, VoltageSwing = 1000 mVdiffpp;
SEFRIFEAIIR SR 2

PO : J&EH% USB3.0 Disk, %X Disk HAIASM ;

P2 : HASEME, USB3.0 RIERZIME;

P3: RSt deepsleep;

Al DUEIY GRF 2517 s il 15 B USB3.0 PHY i P3 state, JfH.fE P3 state ] DAdE—HEE USB3.0
PHY HJ%fZ#5: ldo power up, bg poweron, tx bias enable, tx cm power up, tx obs enable flrx cm
enable, PARHKRGFFLNAY USB3.0 PHY Th#E, 3K 3-4 451! TIEId USB3 GRF #%i PHY } A P3 state
MR H, 2 3-5 44 T 1€ P3 state I, #45l PHY Z51% St AMRIAEMIBL &,

USB3 PHY P3 state {[RIFERVIE AR, ESH K
drivers/phy/rockchip/phy-rockchip-inno-usbh3.c

7% 3-4 P3 state ) USB3 GRF Z {7280 &
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Signal I/0 Description

PIPE Power Up/Down
Power states for USB 3.0 mode:
i . 2°b00: PO, normal operation
pipe_pd_i[1:0] I . .
2’b01: P1, low recovery time latency, power saving state
2’b10: P2, longer recovery time latency, lower power state

2°b11: P3, lowest power state.

%% 3-5 P3 state {1 USB3 PHY 217 S8 IERC &

Offset Bit Default Suspend Description

0x1a8 4 1b0 1b1 Ido power down control

0x44 4 1b0 1b1 Band-gap power down control
0x150 6 1b1 1b 0 tx bias enable

0x80 2 1b0 1b1 tx cm power down control

bit3: tx obs enable
0xc0 4:3 1b 11 2'b 00

bit4: rx cm enable

Note: FZTEREA P3state f5, AREXM _LIRZFERR, #EA suspend (KIFE, TEARIIFEIRZS, USB3 PHY
REERCMMTT AR, R BEFTIFIXLeF 7o, FEEIRH P3 state [ 1ps ZHlj, WIXLEF 7R 2T,
RIG IR E PHY #EA PO state,

3.1.5 PHY reset fll recover 553K

3.1.5.1 PHY reset l})3

HF— 5% USB3.0 PHY, 2R EJE2H USB2.0 PHY 1 USB3.0 PHY 4% combo PHY, FflA,
reset 550457 UTMI reset (USB2.0) #1 PIPE reset (USB3.0) . 3% 3-6 & RK3228H USB3.0 PHY reset
SRERONIALEN

%% 3-6 Inno USB3.0 PHY reset (RK3228H)

Reset Signal Description
usb3phy_otg_psrstn_req UTMI APB reset
usb3phy_pipe_psrstn_req PIPE APB reset
usb3otg_utmi_srst_req (utmi_reset) UTMI MAC reset
usb3phy_pipe_srstn_req (pipe_rsn) PIPE MAC reset
usb3phy_u2_srstn_req (por_reset) USB2 power on reset
usb3phy_u3_srstn_req (por_n) USB3 power on reset

reset FIH 40 R & 3-3 iR,
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por_reset

utmi reset

utmi clk

|
|

. |

por n_i |
|

|

|

|

pipe rsn i

|
[
|
[
|
[
|
|
[
|
pipe clk |
|
T

T &~

>
e« e . Smg——————l
*100s™ 1. Hms |

3-3 Inno USB3.0 PHY reset sequence
3.1.5.2 PHY recover I3

%% 3-6 Inno USB3.0 PHY recovery time

Recovery time U1 U2 U3
Entry from U0 25ns 2.5 ps 6 ps
Exit to U0 25ns 2 us 100 ps

Note:

UO: normal operation
U1: low recovery time latency, power saving state
U2: longer recovery time (64us max) latency, lower power state

U3: lowest power state, internal clocks can be turned off. The PIPE interface is in asynchronous mode

3.1.6 PHY tuning Jif

HF— 5% USB3.0 PHY, SZfr_EJ2H USB2.0 PHY 1 USB3.0 PHY #AKf¥ combo PHY, FfflA PHY
H tning f1f USB2.0 PHY 1 USB3.0 PHY M#f5r, HH, USB2.0 PHY tuning Jife, 1S4 2.1.6 PHY
tuning Jiif% . USB3 PHY HJ tuning, Inno f2HLHISCAIHRE S MIFMAIAIKTTE, Fitk, HATHA Rx
tuning for compliance RITL test (AT Rx {55 —2(MIX) #0 bias current for the PHY (R TIAEE(E
SIEE) BRI, %98 drivers/phy/rockchip/phy-rockchip-inno-usb3.c FJREEL
rk3328_u3phy_tuning .
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3.2 Cadence Type-C PHY

3.2.1 PHY i HEZR

Cadence Type-C PHY FUREFHEZEUN NI&] 3-4 fli7R, #F USB SuperSpeed F1 DisplayPort through 4 lanes.
Type-C PHY &M FHEELATIEA B, 1E2% XY (Cadence Type-C Subsystem Integration Guide) o

Type-C PHY AJ DASZHHIN R =R T/ERI

¢ 4-lane DisplayPort
e 2-lane DisplayPort + USB SuperSpeed (one port)
e USB Superspeed only (one port)

Bd¥
Qiany
03dlA

BdY

USE DRD

BdY¥

Controller

APE Arbiter

LN
3elid
{p.) sewe] voglendsig

|—typec_conn_dir—

Sdl IdJL 8auapen

siasibey g4y

walsAsgng n-adA| aouaisjey

AHd D-8dd) aouapen

Board Level Components

. 2 I
ﬁ T i/ e e

[%] 3-4 CDNS-TYPE-C Reference HW Architecture

Type-C PHY USB3.0 Tx/Rx il Lanes [}V 3¢ 2240 N & 3-5 FiR,
USB3.0 Tx1 --> Lane0
USB3.0 Rx1 --> Lanel
USB3.0 Rx2 --> Lane2

USB3.0 Tx2 --> Lane3
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:-E »® op
5% »H DN
= SSTX1P
'!E ”) =l SSTXIN
£ S F 2 «——fll SSRX1P
E 5 = {1 SSRXIN
e USH 3.055 TX a
= JOP TX lane1
(¥ ]
;_- USE 3.055 TX
=] JOP TX lane2
< |y
= - SSRN
- E = 1 P Lane
i i ﬂ g  SSRX2P .
- |
E - ' | DP TX lane3 > : i X PIN
4 : =8 SSTX2N
=l CCl

—=0 cC2

=l SBU1/AUX+
—— =l SBU2/AUX-

Paralle| Data
Interface for
DPL3aTX

[#] 3-5 Type-C implementation configuration with straight cable

3.2.2 EEFF A

FHEFFMTIH, 1ES% R (USB3-DP Driver Capability) , %A% T USB3.0 #1 DP tuning f35
AL E T, AT USB3.0 Tx, HHRFF#E TX_DIAG_TX_DRV #l
TX_TXCC_CAL_SCLR_MULT, XM/2r{#ds ] UHTIA%E Tx RRAIsaEMEE, IRETIRESHH
T RK3399 Chrome “F-& 4k T “CHROMIUM: phy: rockchip-typec: tuning phy for usb3 Rx flip”
“CHROMIUM: phy: rockchip-typec: tuning phy for usb3 Tx”,

Type-C PHY UZF 7 ds s sthit i+ 77 iR LIRS 2%, 7R RGP MR -

o G5 lane #E B O NI 2F 17 28 B2 i
o (AN ERBINFEIMEHEEN 16bit, FTFEE/ER 2bits, A RRAKMNHEHL,
PA lane3 (X W USB3.0 Tx2) 2 748 TX_DIAG_TX_DRV w15 R :

1B #ESR, 15%] TX_DIAG_TX_DRV (75784 01_m_nnnn : 1111 : 00001
HA, m = multi-write, nnnn = lane number

lane0 Tx1 nnnn = 0x0
lanel Rx1 nnnn = 0x1
lane2 Rx2 nnnn = 0x2

lane3 Tx2 nnnn = 0x3
2. 1% lane3 TX_DIAG_TX_DRV 178wl
lane3-TX_DIAG_TX_DRV = 01_0_0011 : 1111 : 00001 = 0x47E1
3. 7E%% 2 bits, IR1F AN AL L
lane3-TX_DIAG_TX_DRV = 0x47E1 << 2 = 0x11F84
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3.2.3 2% HWfH i H

IRYELHRY (USB Type-C with DisplayPort Transmit PHY Specification) , Type-C AMii&%5 HFHIN F3% 3-7

Fl7Ro

7% 3-7 Type-C PHY S % HifH

Name Min Typ
rext 497.5 500
aux_pullup _ 100k
aux_pulldown . 100k

Max

502.5

Unit

Descriptions

There needs to be an external resistor
component that needs to be connected at rext
ball while internal resistor or current is getting
calibrated. Package routing from rext ball to
its respective bump should not contribute
more than 0.05Q.

AUX port pull-up resistance

AUX port pull-down resistance

Note: RK3399 EVB [ Type-C REXT R AYHBHA 499 + 1% Q

3.2.4 PHY [t S DhREAS B

3.2.4.1 PHY yfitily

HRESCRY (USB Type-C with DisplayPort Transmit PHY Specification) , Type-C PHY FUfLHLZRINR:

Analog Supply Voltage: 0.9V, 1.8V, and3.3V (+10%)

Digital Supply Voltage: 0.9V (+ 10%)

3.2.4.2 PHY &R

Type-C PHY RYMREZ I AT DU it :

1. Assert Type-C PHY FH2X[ reset (55 ;
2. [ Type- C PHY ) power domain;

3.2.5 PHY reset

RK3399 Type-C PHY HY reset {55 3 I: phy reset, pipe reset I apb reset,

7 3-8 Type-C PHY reset (RK3399)
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Reset Signal Description

resetn_uphyl_req Type-C1 phy reset
resetn_uphy1_pipe_l00_req Type-C1 pipe reset
resetn_uphy1_tcphy_req Type-C1 apb reset
resetn_uphy0_req Type-CO phy reset
resetn_uphyO_pipe_l00_req Type-CO pipe reset
resetn_uphyO_tcphy_req Type-CO apb reset

HR#E RK3399 datasheet “7.5.1 Start-up sequence”, reset HJIS KT :
USB Start-up Sequence:

e Select external PSM clock (see Chapter GRF)

» Set select Type-C PHYO or Type-C PHY1 used for DPTX

¢ Reset whole Type-C PHY, assert apb_preset_n, pipe_reset_n and phy_reset_n (see Chapter
CRU)

¢ Release apb_preset_n

e Configurate Type-C PHY normal or flipped orientation

e Configurate PHY and PMA for the selected mode of operation

e Release phy_reset_n

e Wait for CMN ready indication (assertion) by polling bit 0 of PHY_PMA_CNN_CTRL1 of PHY

e Release pipe_reset_n

e Wait for the de-assertion of pipe_phy_status, then Type-C PHY for USB operation is ready.

3.2.6 PHY tuning Jfif

Type-C PHY Y tuning, 2% 44 (USB3-DP Driver Capability) , % 3#4$24: T USB3.0 #1 DP tuning
HIZF el E ik, T USB3.0 Tx tuning, # FMIZ 1752 TX_DIAG_TX_DRV
TX_TXCC_CAL_SCLR_MULT, XM/ M3517as 0] A TIARE Tx NIXF58 EFMEE, *FF USB3.0 Rx
tuning, # FAY A7 882 RX_DIAG_RXFE_TM2, TX_DIAG_TX_DRV fI
TX_TXCC_CAL_SCLR_MULT, BL&ETTIEIEZSZ T RK3399 Chrome ‘&4 T “CHROMIUM: phy:
rockchip-typec: tuning phy for usb3 Rx flip” #1 “CHROMIUM: phy: rockchip-typec: tuning phy for usb3 Tx”,
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4. PHY & W [o) i S 45

4.1 @3t tuning USB2.0 PHY 1] DASRDIRLL i) i

1. V%% USB AREIMIEEZEFIAR (slew rate) , DR EIFEARIITE I I 178 ;

4 Inno USB2.0 PHY MYERIE] tuning, RJZ3# 2.1.6 PHY tuning Jiifs

2. itk USB 55 PR MIEEE PHY (T ZZ MBS HER) USB AASRIN, 5 Wi T4 (]

4.2 TS AN B {E RO USB HS B a5 18 R B i) 38

LR HHARERE. HHBKR USB cable E#2 HS SM&Z, Joikfi2E HS . #HiX2E USB
cable SKIMNAARKE, S8R —WRE, WERK, WE 4-1 R,

u4

us =

02 =

; COrterential Signal, v
J o
= {=]
b B =

-

=
[
T

o
=

=
(4]

na 07 el 06 na 10 152 14 15 18 20
-y Time [%10%-9 1%

4-1 RME(R T M7= R E Y USB HRIZ

2. JF[Al: USB PHY IR BI{EERIAIKE N 150 mV, {HY 6 HHPTH AN USB cable i, USB IEHE
SHIEESFREREE, B2ET 150 mv 9, RFIERESSWRYEREGHE T,

3. iR T71%: FR4E USB2.0 spec “Table 7-3. High-speed Signaling Levels (Continued)”, USB HS [/l
EREZR] DMK 150mV [, [Kitt, AT DARER USB2 PHY HUMEA BI(EZ 125 mV 503 112.5 mV, Xf
T Inno USB 2.0 PHY, ESH 2.1.2 1 E 77 (785 Wil K277 88[16:13]; AT Synopsys USB2.0
PHY, ES%2.2.2 25 {7 4 i AF8% SQRXTUNE[2:0],
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4.3 TS PEEWOT R I BE AR USB S5t e ) ) 7t

1. % : USB Host i@ﬁf&l‘iﬁ, Tfﬁﬂﬂﬁﬁtp, AN SE disconnect, BHH EMREE R

2. JRA: AIGESE USB ZEME B IRERK, 2T PHY 1Y disconnect HI{H, T3 PHY IRFIEIR &k
o

3. iR 7% KT Inno USB 2.0 PHY, disconnect BB F] DU PHY M F/FZ A TR, 2% 212

A A I F Y B 77 88[126:123],  disconnect threshold BRINIZ BN 650 mV, 40RKH 600 mV

AR, WlgEfR/D, A Z % disconnect 1M, AT Synopsys USB2.0 PHY, 1ES%# 2.2.0 45 {78

ViR 7577 & COMPDISTUNE[2:0],

4.4 j@ijd B_sessionvalid reference tuning fi#{t ADB % %]

1. % pC iR ADB, #EIHGIZE] ADB f5 X KT,

2. JRIR: ZIA L HELEEH Inno USB2.0 PHY [ USB #2110, 53 ADB JEHZ 5 A i {1 [ il 3 22
B =M 1. vbus FERMK (—BAKT 4.7V A S HILRED) ; 2. USB_AVDD_1V0 8 K&, s#H
USB_AVDD_1V0 #fa&E 2l 1.2V, S5 PHY KIIAZ] Bvalid G355 ; 3. Logic HESUEKE, F
B USB =il gy TIERH,

3. iRy RILAIEIS VA% Inno USB2.0 PHY ZF /743 HY B_sessionvalid reference tuning fi#k, =%
2.1.2 FET 7 ar iR T 7 2R(108:106], ERIAEY 3'b000, HINHCY 3'b111 B 3'b101,

4.5 Innesilicon LS/FS {& 5[] /8

1. LS Rise/Fall time test fail FIJREET247? Jt 4 Inno AR AL LS tuning [ PHY F1Z8%?
[Inno reply]:

LS/FS J& T 581 USB1.0/1.1 BI7EW;, 155 swing H 3.3v, B TIRIEKR(GS1BIEHEF, rise/ fall time
— FHAIRSIRESIEE, B—T T EM ARSI, diver RERE#, 2K PMOS/NMOS
W, BRTSCHMER] die size B IE, rise/fall time 2| 7R Z MY muti-stage delay cell 1E 130nm DA Y
1 Bk dE, driver A& R 1 PCB LY C Y& T Tr/Tf,

2. LS Rise/Fall time test fail B 7%
[Inno reply]:

VR AARYE B /T PHY B T/ES#EE, LS FAREIKshE, FS/HS = —4H oDT &, XA

R RRE fail FYIENL, WIETREAFNNRS), BIHRAEXE, KA LS/FS REMHEE RS

12M/1.5Mbps , JHE AR, HAELFRN 4R 2808 &80 2 USB2.0 DA ERIFRIME, HS ZHREc.
N2{HEE] FS/LS #i50,

3. AR BRI workaround, LS Rise/Fall time test fail 2@ 250 usb PR FH ISR ME?
[Inno reply]:

HA{/E USB2.0/3.0 I 7N I B4 AR Z critical %I, SPEC I eye WANE/E NIEFIFENR, 1F
function AR TCAEMIFRAMERIIRE, 2R PAUROL, MSERRE R Se B m 28, #ILS
rise/fall time AMEALEE, DL HS/FS fatRItot.
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4.6 RK312x/RK3368 HS 2k ) 8

1L IIAR: RK312x/RK3368 i PHY HTHAM MM, FTZEIRMNHESH U A (—/&N Kingston U
#) , RIWLHEMS 2, 1E EHCI port HEGHE RS (RAIYREILES) , 7E OTG port TLiEIH
Al BARAAME HUB, WIIEH RG] HS,

2. 7[R UBRESEREFNSERERENEE, (BT chirp K J5H, host KI AR, &— Uk
MHE, RIFERZA sync EOP AZZEREHE, XFHESSSH PHY HMAREIIRE, JE
TS

3. fRORT IR SRR #FI21T1E Full speed (2% 40T “0001-USB-dwc_otg_310-hcd-force-fs-if-phy-
in-rx-active-sta.patch”) , M FHTEXLETCEIRGIN U R, HE(REHE workround 70, BRIAES
i ECO, Inno E&AE /G4 USB2.0 PHY MRAH RIZFRA MR, Fr AR A ZET
RK312x/RK3368 [ USB2.0 PHY,

4.7 RK3228H/RK3328 USB3.0 PHY # T jn] 8

1. 3238H USB IP [A]&H =45 :

 USB3.0 Port U2 AREIH 1 6 HRESHILR;

o USB3.0 PHY Y RX f5#RilI Fail, FHE4KEF tuning phy;

« USB3.0 PHY Y 1.0V VDD 7£_FHHARA 1A DL ERYKHIR;

o USB3.0 PHY JCiEkaE 4tk Y disconnect;

« USB3.0 PHY 7E P3state, link training 2%, SHEOCEIRAIINE, BTN EKIIFE, HEEKE
1E P2 state, DB, [N, 7E P2 state I, 41 hub 1Y auto-suspend 1 remote-wakeup 5 77,
522 disable hub FJ auto-suspend JJRE (1E P3 state N, TCIZRH) o

2. 3238H MPW %hik USB IP & 1F:

o fBIK switch MOS R~
figt T USB3.0 Port U2 WAREIHTE 6 IRESHLINLL, SBdEhRIm A AL,
o I AERRVATIVEE, MK
filetk 7 USB3.0 PHY Y RX FEARIUIAAIHER 72 U AR AR
RX jitter tolerance 1§ — & ik ;
o &K clamp RC #%
fi# 7 USB3.0 PHY 1Y 1.0V VDD _k HLHA R A A FELIAR [
o BZH, EHN back up JTH

RO T 24 USB3.0 1Y device $k )5, USB #&il#5K M A2 disconnect, JR[A/Z USB3 PHY AL
P IE BRI SR bug, SEPHY ARREEIZIFIEIRES,

o {ZIX USB2 host/otg combo PHY fJ ESD, f#ik RK3228H HIkRA HMB ESD f5FrII Fail A9 [A] &1
3. 3238H USB PHY it & ] &

o USB3.0 PHY 7£ P3state, link training 2<%, SEICEIRGIINE,
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