Ordering & Technical Design & Support & ol
-g quality documentation development m training ZS%%*’I’

13 TEXAS TPS25840-Q1, TPS25842-Q1
INSTRUMENTS JAJSHY1E — SEPTEMBER 2019 — REVISED MARCH 2022

TPS2584x-Q1 L& FJ USB Type-A BC1.2, 5V/3.5A i, 36V A hDREARFIEE
BL¥alb—%., y—JI)wE#ESE

o +8kV iR R LU +15kV KT HE

1R o TF)VheTTTLIR—b

o BTV —aHIT AEC-Q100 FRIEHE A o« U2 BT LTI IED 32 B2 QFN S8 —
— REZL—F 1:-40°C~+125°C, Tx N
— HBM ESD %3l ~L H2 277U —=vay
— CDM ESD %3¥gL L C5 o HHALTFT A A

. HEREZR AR + USB AFAT 1T
- EREZR RV AT AOBFHIBOVERARIME ¢+ USB AR

HE

. [FASIEHIE DC/IDC L2l —¥ 3 MR
— AJJEEHPH:4.5V~36V TPS2584x-Q1 i, [EIHi#&5E DC/DC =" —Z &ML
— 7 :3.5A 72 USB Type-A BC1.2 #£&HE/Va—ar T4, r—7
— WAHBEE 5V, BE £1% JLe R —7HEIC LY ARTEIRIZ) BT VBUS &
— TN FEA— IR CHI0, Hae LI M 3 A FA T O
— A JE P4k : 300kHZz~2.2MHz T ChiHEEMRBLOEL CHEEICKHBTEET,
= SN g ~ ORI TPS2584x-Q1 13, DP 5108 DM /S22 /L — Fil 00 i s
— AINTLYERT AV 7 % 2 T2 FPWM g7 0 e 2w FE2 WL TOET,

ARG DN ER A E

. USBUF St 1=t TPS25840-Q1 1%, Vgys. DM_IN, DP_IN B> /35

VDK RT T DIRERED N L TOVET, Zhoo

— USB BC1.2 5> CDP/SDP = —F BV E 18V OBIEICH AL ET, TPS25842-Q1
© USBAUBLUEIEICKIEL 1357 — % - A2 (Dx) 75> Vgar ~OFRHEREREZ A —

— USB il % — =N 71T LA HE LTWEEA,

- WK 1.5V Or—T7 v -FL—T g ‘e

\ N ™

— DP HKL0 DM DIEHHKIRT — %« AA v F . LUK -

— VATLEHFHOITAT TR LR i A W L RGP
o Vﬂ}%ﬁ@f%%é%%ﬁ% TPS25840-Q1 VQFN (32) 5.00mm x 5.00mm

— Vgus @ Vear ~D IRt TPS25842-Q1 VQFN (32) 5.00mm x 5.00mm

— DP_IN 5L DM_IN O Vgar ~D%E#E e o

(TPS25840-Q1 1) UL NN A i

. —, REIZHDELERESRLTIZS,
— DP_IN L0 DM_IN 0 Vgyg ~0D%E#s M

- |EC 61000-4-2 &4 DP_IN, DM_IN

Csoot 100
vin 95 ] o —
N BOOT L+
sw 90
$ ENUVLO csp X 85 »
‘ FswNe CSN/OUT § 80 /
vce k)
Qo
l TPS2584x-Q1 o o75
FAULT Ls_GD .
Rt VN Tasy
— e 65 VIN = 18V
——— cTRL2 BUS YWV l — VIN =36V
60
4——— —— JporPout oPm | 0.1 1 4
+——— ———]omout omN OUT Current (A)
1
INT IMON ILIMIT AGND PGND ==
TT1]] I BEFEXNE & RO, fsw = 400kHz

TPS2584x-Q1 DL EIEE

SEERRO TIREZ OV TONE TR L 2O BT, M OMZE LR T2 B A THEEAICRIL TOSb 0T, B4 5 IERRSGFRR O ST #H,
www.ti.com TR T&, ZONENFEICEIESNET, TI CIEBROEMMLES I ORSO>S EL UT—ERIEV 2L E A, ERORE2EO/NIT, 47
TR ORI A Z S <IESWET IO BV ZLET,

English Data Sheet: SLVSEG3


http://www.ti.com/technologies/functional-safety/overview.html
https://www.ti.com/lit/fs/slvaeq3a/slvaeq3a.pdf?ts=1626353707707&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FTPS25840-Q1
https://www.ti.com/lit/fs/slvaeq3a/slvaeq3a.pdf?ts=1626353707707&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FTPS25840-Q1
http://www.ti.com/applications/automotive/infotainment-cluster/overview.html
http://www.ti.com/solution/automotive-media-hub
http://www.ti.com/solution/automotive-usb-charge
https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSHY1
https://www.ti.com/product/ja-jp/TPS25840-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/TPS25840-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/TPS25840-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/TPS25840-Q1?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLVSEG3

I3 TEXAS
TPS25840-Q1, TPS25842-Q1 INSTRUMENTS
JAJSHY1E — SEPTEMBER 2019 — REVISED MARCH 2022 www.tij.co.jp
Table of Contents
TR e 1 10.3 Feature Description...........cceveeiiienieniee e 20
2 T TV =T B e 1 10.4 Device Functional Modes..............ccooooieininn, 36
B 1 11 Application and Implementation................................ 38
4 ReVISION HISOTY.........o.ovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 2 11.1 Application Information............ccccooveviviiiiieciieee 38
SR (BR2). oo 3 11.2 Typical APPlCALION. ... 38
6 Device Comparison Table................ccccceevevercueieeeennnnn. 4 12 Power Supply Recommendations.................c........ 48
7 Pin Configuration and FUNCHIONS.......oo oo 4 13 Layout ............ e AL LIRS 48
8 SPecifications...............c.cccceviveieeeceeeeeeeeee e 6 13.1 Layout GUIdENINeS..........coocoivvviiiirriiiniiie, 48
8.1 Absolute Maximum Ratings............ccccooeceuevevevererennne. 6 13.2 Ground Plane and Thermal Considerations............ 49
8.2 ESD RAUNGS......ovvereeeeeeemeeeeeeeeeeseeeeeeseeesseeeeesee s 6 13.3 Layout EXamPIe..........oooovvvimiiiiniiii 50
8.3 Recommended Operating Conditions......................... 7 14 Device and Documentation Support.......................... 51
8.4 Thermal INformation.............ccccoevverevvereeeeeeererenereneene 8 14.1 Documentation SUPPOTt............coevrerinerininininnens 51
8.5 Electrical Characteristics..........cccoeeeeeiiiiiiiiiiiiieeeeeeeen 8 14.2 Relatgq LlnkS.-... """ priTmmmnTTiImTaTmmmamamesanmman s 51
8.6 Timing Requirements.............c.cc.c.ocovurueveeereruereenennnn. 11 14.3 Receiving Notification of Documentation Updates..51
8.7 Switching Characteristics. .............cocowvrerreernrennn: 12 144 YRR DY =R o1
8.8 Typical CharacteristiCs..............ocovereeeererrerreenn. 13 14.5 Trademark§....:....................... .................................. 51
9 Parameter Measurement Information...........ooovoevii.. 18 14.6 Electrostatic Discharge Caution..............ccccceceeenis 51
10 Detailed DESCHPLiON............c..oveeveeeeeeeeeereeeereeeeeeeeeene 19 T4.7 GlOSSANY...ceieeeeiiiee et see e e 51
10.1 OVEIVIEW....eiiiiiee et 19 15 Mechanical, Packaging, and Orderable
10.2 Functional BIock Diagram.............cceervereeeeereeeees 20 Information.................c.oooo i, 51
4 Revision History
HRERSRBOFEFIILGET 2R L TWET, LOWGETIREEITRFERICHEL TOET,
Changes from Revision D (February 2022) to Revision E (March 2022) Page
* Added the thermal information for RHBOO32AA PACKAGE.........cuuiiiiiiiiiiiee ettt 8
Changes from Revision C (December 2021) to Revision D (February 2022) Page
*  Added RHBO032AA package to the data Sheet...........oooe oo 4
Changes from Revision B (August 2020) to Revision C (December 2021) Page
» Added additional description for Fault pin, for better signal quality under some sensitive application............... 4
Changes from Revision A (May 2020) to Revision B (August 2020) Page
o CEARITOIZSTER, K, FH A S BEOEETE T TR it 1
o IR BTV AANTHERELE DY L T EABIM ettt 1
Changes from Revision * (September 2019) to Revision A (May 2020) Page
* Changed Layout description fOr CIAaMity.............eiiiiiiii e e e 48
2 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS25840-Q1 TPS25842-Q1


https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSHY1
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHY1E&partnum=TPS25840-Q1
https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1

i3 TEXAS

INSTRUMENTS TPS25840-Q1, TPS25842-Q1
www.tij.co.jp JAJSHY1E — SEPTEMBER 2019 — REVISED MARCH 2022
5HE (FiZ)

ZORIEEGREER L F 2L — 2 3BT — N TEEL | BEHe i LT 2720 NI TS TnEd, RT B
WZHE SRS R Ay F o 7 JE I $E 300kHZ~2.2MHz O $iIZE E C&E£9, 400kHz A CEIET 52
LT VAT OB ELET, 2AMHz ULETEMET 28, AM FU4 IR ED TR IL L INSIp A 5 0 2% ff
MATEEY,

TPS2584x-Q1 (%, USB 7 —% -7 A L aFHL CREBHBKREHET DL I — T RAATHRELRDE - BEL D
LTWET,

EHREDOERE AT TIRHESNTEY, r—7 L R —T7 B L EBRGIRTF 2— = Ve a—F — RN Fas s 5
TEFET, r— 7 AHEIL, AT XA ZBWT, KERAMDBHIHEELREREBRBIOEETHE %ﬁot
WIS HET, 2L, AFRTERICEAL CTREL X2 —XDOH TEFEZLEE L, Bl — 7 VORI

JERE FEfTHIHT e CRIASNET, S QORI T A A THIES NS VBUS EBIE 1L, A&l mvﬁxab
SPITITE — TR NDT  FETI T SA ARy T ) B IR ECEET,

USB A% Tid, USB LA —FOEFMHIRAMLELSN TOET D, VAT LR ITIT, AT DEFITHESW Tl

%Yﬂif%é%vf\lv%@ﬁ#é#éfii;ﬁk PEAS G2 HIVTUWET, TPS2584x-Q1 1L F8i 72 2 AL v a/L RO & it il iR

FIRAERHL TWDI2 | AT LARGHE IR L X 2L — X OB RIRE L 7 27 T 575288, CSN/OUT

vl BUS U@ DSMS 1T NMOS 6l i L CHEWHIREZ 7 n s 7 542288 TE&E T, TPS2584x-Q1 [EELF =
L—2E NFET Z25E3EL T\ 572, USB R—hoil E itk RE R Ch D A I BV H A e TEE,

BRAHEREL LT, A2V IRLOEIHIIR, by 7 Bk e (KRB ED 1, VBUS @EE BLOEER. 57—
5542 (DX) 75 VBUS ~O%ifs, & A DI BRIEHRED DY T,

TPS25840-Q1 (%, DP X T DM /XA L — D5 %ﬂZfPEETﬂ‘Dﬁ Ay FZNEL TBY, 7 —%+F 1 (Dx) D

VBAT f\@@ﬁﬁ%% AR —RLCWET, TPS25842-Q1 |L, 77— T A2 (Dx) O VBAT ~DEMEIR#ELE VR —KL
TWERA,
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 3

Product Folder Links: TPS25840-Q1 TPS25842-Q1


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSHY1
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHY1E&partnum=TPS25840-Q1
https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1

TPS25840-Q1, TPS25842-Q1
JAJSHY1E — SEPTEMBER 2019 — REVISED MARCH 2022

13 TEXAS
INSTRUMENTS

www.tij.co.jp

6 Device Comparison Table

DP AND DM DP/DM Short to
PART NUMBER PACKAGE DCP AUTO SWITCHES NTC INPUT BAT
TPS25840-Q1 VQFN (32) No Yes No Yes
TPS25842-Q1 VQFN (32) No Yes No No
7 Pin Configuration and Functions
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NOTES: g & 7-2. TPS25840QCWRHBRQ1,
1) A1, A2, A3, and A4 are corner anchors for enhanced package stress TP325842QCWRHBRQ1 Package 32-Pin (VQFN)
performance. : (2)
2) A1, A2, A3, and A4 are electrically connected to the thermal pad. TOp View
3) A1, A2, A3, and A4 PCB lands should be electrically isolated or
electrically connected to thermal pad and PGND.
7-1. TPS25840QWRHBRQ1,
TPS25842QWRHBRQ1 Package 32-Pin (VQFN) Top
View ()
# 7-1. Pin Functions
PIN
TYPE®) 1/0 DESCRIPTION
NAME NO.
Analog ground terminal. Ground reference for internal references and logic. All electrical
AGND 16 G - . .
parameters are measured with respect to this pin. Connect to system ground on PCB.
Boot-strap capacitor connection for HS FET driver. Connect a high quality 100-nF capacitor
BOOT 32 P e )
from this pin to the SW pin.
BUS 15 A | VBUS discharge input. Connect to VBUS on USB Connector.
CSN/OUT 13 P | Negative input of current sense amplifier, also buck output for internal voltage regulation.
CSP 14 P | Positive input of current sense amplifier.
CTRL1 5 A | Logic-level control inputs for device and system configuration (see % 10-6).
CTRL2 6 A | Logic-level control inputs for device and system configuration (see % 10-6).
DM_IN 17 A DM data line. Connect to USB connector.
DM_OUT 8 A DM data line. Connect to USB host controller.
DP_IN 18 A DP data line. Connect to USB connector.
DP_OUT 7 A DP data line. Connect to USB host controller.
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# 7-1. Pin Functions (continued)

PIN
TYPE®) 110 DESCRIPTION
NAME NO.
EN/UVLO 4 A Enable pin. Do not float. High = on, Low = off. Can be tied to VIN. Precision enable input
allows adjustable UVLO by external resistor divider.
AT Active LOW open-drain output. Asserted during fault conditions (see & 10-4). Tl
FAULT 24 A o} . . . ) :
recommends series about 1-k ohm damping resistor for better signal quality.
ILIMIT 12 A External resistor used to set the current-limit threshold (see # 10-2).
IMON 11 A External resistor used to set the max cable comp voltage at full load current.
Input Supply to regulator. Connect high-quality bypass capacitors directly to this pin and
IN 1,2,3 P
PGND.
BUCK ST 23 A o Active Low open-drain output. After BUCK_ST assert, the Buck converter begins to start
— up. At the same time, DP and DM data switch turn on accordingly.
External NMOS gate driver. If TPS2584x-Q1 configured under average current limit mode,
LS_GD 10 A LS_GD pin must be pulled up through a 2.2-kQ resistor (see Current Limit Sensing using
RiLimir)-
25, 26, Power ground terminal. Connect to system ground and AGND. Connect to bypass
PGND G . . .
27 capacitor with short wide traces.
N/C 19, 22 - Make no electrical connection.
Resistor Timing or External Clock input. An internal amplifier holds this terminal at a fixed
voltage when using an external resistor to ground to set the switching frequency. If the
terminal is pulled above the PLL upper threshold, a mode change occurs and the terminal
RT/SYNC 9 A R . e S
becomes a synchronization input. The internal amplifier is disabled and the terminal is a
high impedance clock input to the internal PLL. If clocking edges stop, the internal amplifier
is re-enabled and the operating mode returns to resistor frequency programming.
SwW 28, 29, P Switching output of the regulator. Internally connected to source of the HS FET and drain of
30, 31 the LS FET. Connect to power inductor.
INT 20 A For internal circuit, must connect a 5.1-K resistor to AGND.
VCC 21 P Output of internal bias supply. Used as supply to internal control circuits. Connect a high
quality 2.2-yF capacitor from this pin to GND.

(1) For package drawing please refer to RHBO032R at the end of the data sheet.
(2) For package drawing please refer to RHBO032AA at the end of the data sheet.
(3) A =Analog, P =Power, G = Ground.
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8 Specifications

8.1 Absolute Maximum Ratings

Voltages are with respect to GND (unless otherwise noted)(")

PARAMETER MIN MAX UNIT
IN to PGND -0.3 40
OUT to PGND -0.3 20
EN to AGND -0.3 VIN +0.3
CSP to AGND -0.3 20
Input voltage CSN to AGND -0.3 20 \Y
BUS to AGND -0.3 18
RT/SYNC to AGND -0.3 6
CTRL1 or CTRL2 to AGND -0.3 6
AGND to PGND -0.3 0.3
SW to PGND -0.3 VIN+0.3
SW to PGND (less than 10 ns transients) -3.5 40
Output voltage BOOT to SW -0.3 6 \%
VCC to AGND -0.3 6
LS_GD -0.3 18
TPS25840-Q1: DP_IN, DM_IN to AGND -0.3 18
TPS25842-Q1: DP_IN, DM_IN to AGND -0.3 7
Voltage range DP_OUT, DM_OUT to AGND -0.3 6 \Y
FAULT, BUCK_ST, INT to AGND -0.3 6
ILIMIT or IMON to AGND -0.3 6
:':‘/igcpositive source current, VCC Source Current 5 mA
Pin positive sink current, Isnk | FAULT, BUCK_ST Infjmi?(!g A
/O current CD:IIi’@_rI]![\l'\jlcz)cljDeP_OUT, or DM_IN to DM_OUT in SDP, CDP, or 100 100 mA
T, Junction temperature -40 150 °C
Tstg Storage temperature -65 150 °C

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

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(") +2000@
Charged device model (CDM), per Corner pins (1, 8, 9, 17, 25 and 32) +7500)
V(esp) |Electrostatic discharge AEC Q100-011 Other pins +7500) \%
IEC 61000-4-2 contact discharge | DP_IN, DM_IN pins +80004)
IEC 61000-4-2 air-gap discharge DP_IN, DM_IN pins +15000¢4)

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) The passing level per AEC-Q100 Classification H2.
(3) The passing level per AEC-Q100 Classification C5.
(4) Surges per IEC61000-4-2, 1999 applied between DP_IN, DM_IN and output ground of the TPS2584x-Q1 evaluation module.
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8.3 Recommended Operating Conditions

Voltages are with respect to GND (unless otherwise noted)

MIN NOM MAX| UNIT
IN to PGND 4.5 36
EN 0 VIN
VCC when driven from external regulator 0 5.5
\ Input voltage DP_IN, DM_IN 0 3.6
DP_OUT, DM_OUT 0 3.6 \
CTRL1, CTRL2 0 VCC
RT/SYNC when driven by external clock 0 VCC
Vpy Pull up voltage FAULT, BUCK_ST 0 VCC
Vo Output voltage CSN/OUT 0 6.5
Buck regulator output current 0 3.5 A
lo Output current DP_IN t.o DP_OUT or DM._IN to DM_OUT Continuous _30 30
current in SDP, CDP or Client Mode mA
Isnk Sink current FAULT, BUCK_ST 10
Iy Input current Continuous current into the CSP pin 200| pA
Rext External resistnace Rimons Riumir 0 100 kQ
T, Operating junction temperature —40 1251  °C
(1) Operating at junction temperatures greater than 125°C is possible, however lifetime will be degraded.
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8.4 Thermal Information

TPS2584x-Q1
THERMAL METRIC(") RHBO0032R (VQFN) RHBO0032AA (VQFN) UNIT
32 PINS 32 PINS
Resa Junction-to-ambient thermal resistance 28.7 294 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 17.6 18.6 °C/W
Reus Junction-to-board thermal resistance 7.2 9.7 °C/W
Wr Junction-to-top characterization parameter 0.2 0.2 °C/W
Y Junction-to-board characterization parameter 7.2 9.7 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 1 2.3 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

8.5 Electrical Characteristics

Limits apply over the junction temperature (T,) range of -40°C to +150°C; V|y = 13.5 V, fgw =400 kHz, Cycc = 2.2 pF, Rgns =
15 mQ, Rimon = 13 kQ, Riumir= 13 KQ, Rser= 300 Q unless otherwise stated. Minimum and maximum limits are specified
through test, design or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTATE (IN PIN)
VN Operating input voltage range 4.5 36 \%
. . Venuveo = Vine CTRL1 =CTRL2 =
I Op_era_tlng quiescent current (non Vee, Vesn = 8 V, INT pull down 700 990 uA
switching) - _
resistance = 5.1 kQ
Shutdown quiescent current; _
lsp measured at IN pin. EN=0 10 161 WA
ENABLE and UVLO (EN/UVLO PIN)
EN/UVLO input level required to turn -
VEN/UVLO_VCC_H on internal L%O q VEnuvLo rising threshold 1.14 Vv
EN/UVLO input level required to turn .
VEN/UVLO_VCC_L off internal LpDO q VEN/UVLO falllng threshold 0.3 \Y
EN/UVLO input level required to turn -
VEN/UVLO_H on state macphine a VEN/UVLO rising threshold 1.140 1.200 1.260 \Y
VEN/UVLO_HYS Hysteresis Venuvio falling threshold 90 mV
lLke_ENUVLO Enable input leakage current Venuvio = 3.3V 0.5 uA
INTERNAL LDO
VBooT UVLO Bootstrap voltage UVLO threshold 2.2 Vv
Internal LDO output voltage appearing
Vee on VCC pin 6V<VNys36V 4.75 5 5.25 \Y
Vee uvio R Rising UVLO threshold 34 3.6 3.8 \Y
VCC_UVLO_HYS Hysteresis 600 mV
CURRENT LIMIT VOLTAGE (CSP - CSN/OUT PINS) TO ACTIVATE BUCK AVG CURRENT LIMITING
- Vesn =5V, Rser =300 Q, Ryymir = 13
(Vesp — Vesnout) Current limit voltage buck regulator KQ, Ryyon = 13 kQ, -40°C < T, < 435 46 485 mv
control loop o
125°C
- Vesn =5V, Rser =300 Q, Ryymir = 13
(Vesp — Vosnout) Current limit voltage buck regulator KQ, R = 13 kQ, -40°C < T, < 425 46 495 mv
control loop o
150°C
T Vesn =5V, Rser =300 Q, Ripmir =
(Vesp — Vosnout) Current limit voltage buck regulator 26.1 kQ, Riyion = 13 kQ, -40°C < T, < 20 205 25 mv
control loop o
125°C
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8.5 Electrical Characteristics (continued)

Limits apply over the junction temperature (T;) range of -40°C to +150°C; V|y = 13.5'V, fgywy =400 kHz, Cycc = 2.2 yF, Rgns =
15 mQ, Rmon = 13 kQ, Riymir= 13 kKQ, Rger= 300 Q unless otherwise stated. Minimum and maximum limits are specified
through test, design or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
- Vesn =5V, Rser =300 Q, Riymir =
(Vesp = Vesnour) Current limit voltage buck regulator 26.1 kQ, Riyon = 13 kQ, -40°C < T, < 19 225 26| mv
control loop o
150°C
CURRENT LIMIT VOLTAGE (CSP - CSN/OUT PINS) TO ACTIVATE EXTERNAL NFET CURRENT LIMITING
Vesn =5V, Rser =300 Q, Ripmir =
(Vesp — VesniouT) | Current limit voltage NFET control loop | 6.8 kQ, Rjyon = 13 kQ, -40°C < T < 40 43 46| mVv
125°C
Vesn =5V, Rser =300 Q, Ripmir =
(Vesp — VesniouT) | Current limit voltage NFET control loop | 6.8 kQ, Rjyon = 13 kQ, -40°C < T < 38.5 43 475 mV
150°C
Vesn =5V, Rser =300 Q, Riymir =
(Vesp — VesniouT) | Current limit voltage NFET control loop | 13.7 kQ, Ryon = 13 kQ, -40°C < T < 18 21 24| mVv
125°C
Vesn =5V, Rger =300 Q, Riymir =
(Vesp — VesniouT) | Current limit voltage NFET control loop | 13.7 kQ, Rjmon = 13 kQ, -40°C < T < 17 21 25| mVv
150°C
CURRENT LIMIT - BUCK REGULATOR PEAK CURRENT LIMIT
IL-sc-Hs High-side current limit 4.6 5.4 6.2 A
IL-sc-Ls Low-side current limit 3.5 4 4.5 A
IL-NEG-LS Low-side negative current limit -3.1 -2.1 -1.3 A
CABLE COMPENSATION VOLTAGE
. (VCSP - VCSN) =46 mV, Rget = 300 Q,
VMoN Cable compensation voltage Rimir = 13 kQ, Ryon = 13 kQ 0.935 1 1.065 V
. (Vcsp - VCSN) =23 my, RSET =300 Q,
VMoN Cable compensation voltage Rimir = 13 kQ, Rion = 13 kQ 0.435 0.5 0.565 V
Vv Cable compensation voltage (internal | (Vcsp —Vesn) = 46 mV, Rger = 300 Q, 18 Vv
IMON clamp) RiLmir = 13 kQ, Rimon = open '
BUCK OUTPUT VOLTAGE (CSN/OUT PIN)
INT pulldown resistance = 5.1kQ
V Output voltage ’ 5.05 5.10 5.15 \
cshiouT P g Rmon=0Q, Rymr=0Q
INT pulldown resistance = 5.1kQ
V Output voltage accurac ’ -1 1 %
CSN/oUT P g Y Rmon=0Q, Rumir=0Q °
Overvoltage level on CSN/OUT pin -
Vesniout_ov which buck regulator stops switching Vesniour rising 71 7.5 79V
VCSN/OUT_OV_HYS Hysteresis 500 mV
Vv CSN / OUT pin voltage required to 2 Vv
HC trigger short circuit hiccup mode
VpRrop Dropout voltage ( Vin-VouT ) ViN =_VOUT + Vprop, Vout = 5.1V, 150 mvV
lout = 3A
BUCK REGULATOR INTERNAL RESISTANCE
Rps-oN-Hs High-side MOSFET ON-resistance Load =3 A, T;=25°C 40 45| mQ
Rps-oN-Hs High-side MOSFET ON-resistance Load =3 A, -40°C<T,;<125°C 40 68| mQ
Rps-oN-Hs High-side MOSFET ON-resistance Load =3 A, -40°C=<T,;<150°C 40 75| mQ
Rps-on-Ls Low-side MOSFET ON-resistance Load=3 A, T;=25C 35 41 mQ
Rps-on-Ls Low-side MOSFET ON-resistance Load =3 A, -40°C=<T,;<125°C 35 60| mQ
Rps-on-Ls Low-side MOSFET ON-resistance Load =3 A, -40°C < T;<150°C 35 68 mQ
NFET GATE DRIVE (LS_GD PIN)
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8.5 Electrical Characteristics (continued)

Limits apply over the junction temperature (T;) range of -40°C to +150°C; V|y = 13.5'V, fgywy =400 kHz, Cycc = 2.2 yF, Rgns =
15 mQ, Rmon = 13 kQ, Riymir= 13 kKQ, Rger= 300 Q unless otherwise stated. Minimum and maximum limits are specified
through test, design or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vis ep NFET gate drive output voltage \QCZ%C;UT =51V, Cg = 1000 pF (see 95 1M 125 V
ILs bR src NFET gate drive output source current |Vegniout = 5.1V, Cg = 1000 pF 2 3 4 A
ILs prR_SNK NFET gate drive output sink current Vesniout = 5.1V, Cg = 1000 pF 20 35 50 A
V, rising threshold for LS_GD .
Vis .G MR | osoradon & - Vesniour fising 2.85 3 315 Vv
VLS_GD_UVLO_HYS Hysteresis 80 mV
BUS DISCHARGE (BUS PIN)
Rising threshold for BUS pin -
Veus_ov overvoltage protection Vus rising 6.6 7 73V
VBUS_OV_HYS Hysteresis 180 mV
Rgus_pcHG_18v Discharge resistance for BUS Vgus = 18V, measure leakage current 29 kQ
RBus_pcHa_8v Discharge resistance for BUS Vgus = 8V, measure leakage current 35 kQ
FAULT, BUCK_ST
VoL FAULT Output low voltage Isnk_piN = 0.5 mA 250 mvVv
lorp FAULT Off-state leakage Vpn=5.5V 1 HA
VOL BUCK_ST Output low voltage ISNK_PIN =0.5mA 250 mV
lorp BUCK_ST Off-state leakage Vpn=5.5V 1 uA
CTRL1, CTRL2 - LOGIC INPUTS
Viy Rising threshold voltage 1.48 2 Vv
Vi Falling threshold voltage 0.85 1.30 Vv
Vuys Hysteresis 180 mV
IIN Input current -1 1 A
DP_IN AND DM_IN OVERVOLTAGE PROTECTION
Rising threshold for Dx_IN overvoltage .
Vpx_IN_OV protection DP_IN or DM_IN rising 3.7 3.9 4.15 \
Hysteresis 100 mV
Rpx IN DcHG 18v | Discharge resistance for Dx_IN VDx_IN = 18V, measure leakage 94 kQ
== — current
Rpx IN DCHG 5v Discharge resistance for Dx_IN VDx_IN = 5V, measure leakage 416 kQ
— — current
HIGH-BANDWIDTH ANALOG SWITCH
Rbs on DP and DM switch on-resistance VDP—OU_T = Vom_our =0V, lpp_n = 3.4 6.3 Q
- IDM_IN =30 mA
Rbs on DP and DM switch on-resistance VDP—OU_T = Vom_out =24 V. lop_n = 43 770 Q
- IDM_IN =-15mA
Switch resistance mismatch between |Vpp out = Vpm_outr =0V, lpp_in =
IARDs_onl DP and DM channels lom_n = 30 mA 0.05 015, Q@
Switch resistance mismatch between |Vpp out = Vpm_out = 2.4V, Ipp N =
IARos_onl DP and DM channels low i = —15 mA 005 015 Q
: 3 : Ven=0V, Vpp N =Vpm_iN=0.3V,
Cio_oFF DP/DM switch off-state capacitance Vac = 0.03 Vpg , f = 1 MAz 6.7 pF
. ~ . VDP_IN = VDM_IN =0.3 V, Vac =0.03
Cio_on DP/DM switch on-state capacitance Vpp, £= 1 MHz 10 pF
ORrr Off-state isolation Ven =0V, f=250 MHz 9 dB
XTALK On-state cross-channel isolation f =250 MHz 29 dB
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8.5 Electrical Characteristics (continued)

Limits apply over the junction temperature (T;) range of -40°C to +150°C; V|y = 13.5'V, fgywy =400 kHz, Cycc = 2.2 yF, Rgns =
15 mQ, Rmon = 13 kQ, Riymir= 13 kKQ, Rger= 300 Q unless otherwise stated. Minimum and maximum limits are specified
through test, design or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only.

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
| Off-state leakage current, DP_OUT xEN =0V, Y/DF‘-'N = YDSAV'N =36V, o 1 A
Ikg(OFF) and DM OUT pp_ouTt = Vpm_our =0V, . Sl

- measure Ipp oyt and Ipy_out
BW Bandwidth (3 dB) R, =500 800 MHz

CHARGING DOWNSTREAM PORT (CDP) DETECT

Vpp INn=0.6V, =250 pA<Ipy N <0

VbMm_src DM_IN CDP output voltage uA 0.5 0.6 0.7 V
DP_IN rising lower window threshold

VDAT REF for Vpu_sre activation 0.36 0.38 0.4 \%

VDAT REF Hysteresis 50 mV
DP_IN rising upper window threshold

Viee_sre for VDM_SRC deactivation 08 084 083 V

ViGc_sRC_HYs Hysteresis 100 mV

IDP_SINK DP_lN sink current VDP_IN =06V 40 70 100 |JA

RT/SYNC THRESHOLD (RT/SYNC PIN)

RT/SYNC high threshold for external | Amplitude of SYNC clock AC signal

ViH_RTISYNC clock synchronization (measured at SYNC pin) 35 v
v RT/SYNC low threshold for external Amplitude of SYNC clock AC signal 08 Vv
IL_RT/SYNC clock synchronization (measured at SYNC pin) '
THERMAL SHUTDOWN
Shutdown threshold 160 °C
Tsp Thermal shutdown
Recovery threshold 140 °C

8.6 Timing Requirements

Limits apply over the junction temperature (T;) range of -40°C to +150°C; V,y = 13.5V, fgyy =400 kHz, Cycc = 2.2 yF, Rgns =
15 mQ, Rimon = 13 kQ, Riumir= 13 kQ, Rser= 300 Q unless otherwise stated. Minimum and maximum limits are specified
through test, design or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only.

\ MIN NOM MAX| UNIT

SYNC (RT/SYNC PIN) WITH EXTERNAL CLOCK

Switching frequency using external clock on
fsvne RT/SYNC pin 300 2300| kHz
Tsyne min | Minimum SYNC input pulse width fsync = 400 kHz, Vrrisyne > ViH_RTisyne 100 N
- VRrmisyNe < ViL_RT/SYNC
TLock_IN PLL lock time 100 s
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 11

Product Folder Links: TPS25840-Q1 TPS25842-Q1


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSHY1
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHY1E&partnum=TPS25840-Q1
https://www.ti.com/product/ja-jp/tps25840-q1?qgpn=tps25840-q1
https://www.ti.com/product/ja-jp/tps25842-q1?qgpn=tps25842-q1

13 TEXAS
TPS25840-Q1, TPS25842-Q1 INSTRUMENTS
JAJSHY1E — SEPTEMBER 2019 — REVISED MARCH 2022 www.tij.co.jp

8.7 Switching Characteristics

Limits apply over the junction temperature (T;) range of -40°C to +150°C; V,y = 13.5V, fgyy =400 kHz, Cycc = 2.2 yF, Rgns =
15 mQ, Rimon = 13 kQ, Riumir= 13 kQ, Rser= 300 Q unless otherwise stated. Minimum and maximum limits are specified
through test, design or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are
provided for reference purposes only.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SOFT START
Tss Internal soft-start time ;r::?et;rzee f? I)imntgr\r}allor?f.gr\e/nce to 3 5 7 ms
HICCUP MODE
Noc s ipped to oner Hiocup mode. 128 Oycles
Toc Hiccup retry delay time 118 ms
SW (SW PIN)
ToN_MIN Minimum turnon-time 105 ns
Ton MAx Maximum turnon-time, HS timeout in 75 us
- dropout
ToFF_MIN Minimum turnoff time 80 ns
Dax Maximum switch duty cycle 98 %
TIMING RESISTOR AND INTERNAL CLOCK
fsW_RANGE 2v(\)/i(§<;hing frequency range using RT 300 2300|  KHz
o Switching frequency Rt =49.9 kQ 360 400 440| kHz
Switching frequency Rt =8.87 kQ 1953 2100 2247| kHz
FSss E;Z?;Jgg;:y span of spread spectrum +6 %
NFET DRIVER
o VOUT = 5.1V, NFET = CSD87502Q2,
b Vis or fise time time from LS_GD 10% to 90% 1000 us
t Vis pr fall time \_/OUT =51V, NFI_ET = CSD87502Q2, 100 us
- time from LS_GD time 90% to 10%
CURRENT LIMIT - EXTERNAL NFET CONNECTED BETWEEN CSN/OUT AND BUS, LS_GD CONNECTED TO FET GATE
toc_Hic_on ON-time during hiccup mode 2 ms
toc_Hic_oFF OFF-time during hiccup mode 263 ms
FAULT DUE TO VBUS OC, VBUS OV, DP OV, DM OV
tpeGLA Asserting deglitch time 5.5 8.2 11.5 ms
tbecLD De-asserting deglitch time 55 8.2 11.5 ms
BUCK_ST
tbEGLA Asserting deglitch time 88 150 220 ms
HIGH-BANDWIDTH ANALOG SWITCH
tpd Analog switch propagation delay 0.14 ns
Analog switch skew between opposite
tsk transitions of the same port (tpy — 0.02 ns
tpLr)
tov on DP_IN and DM_IN overvoltage 2 us

protection response time

Deglitch time from Vcc > 4V to DP /
DM data switch turn on

tsT_DEG Dn 88 150 220| ms
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8.8 Typical Characteristics

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fswy = 400 kHz, L = 10 uH, Coyt_csp = 66 uF,

Cout_csn = 0.1 pF, Cgys = 1 WF, To =25 °C.

Input Voltage (V)
8-5. VCC vs Input Voltage
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8-6. VcsniouT Voltage vs Junction Temperature
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8.8 Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fswy = 400 kHz, L = 10 uH, Coyt_csp = 66 uF,

Cout_csn = 0.1 pF, Cgys = 1 WF, To =25 °C.
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8-7. High-side Current Limit vs Input Voltage 8-8. High-side MOSFET on Resistance vs Junction
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8-9. Low-side MOSFET on Resistance vs Junction Rt =49.9 kQ
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8-10. Switching Frequency vs Junction Temperature
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8-11. Switching Frequency vs VIN Voltage 8-12. Buck Average Current Limit vs Junction Temperature
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8.8 Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fswy = 400 kHz, L = 10 uH, Coyt_csp = 66 uF,
Cout_csn = 0.1 pF, Cgys = 1 WF, To =25 °C.

8-17. Cable Compensation Voltage vs Load Current
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8-15. LS_GD Gate Voltage vs Junction Temperature 8-16. Cable Compensation Voltage vs Junction Temperature
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Rsns = 15 mQ Rset =300 Q Rimon = 13 kQ %] 8-18. Vgys Overvoltage Protection Threshold vs Junction
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8.8 Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fswy = 400 kHz, L = 10 uH, Coyt_csp = 66 uF,

Cout_csn = 0.1 pF, Cgys = 1 WF, To =25 °C.
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8-19. DP_IN Overvoltage Protection Threshold vs Junction
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8-20. DM_IN Overvoltage Protection Threshold vs Junction
Temperature
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8-21. Bypassing the TPS2584x-Q1 Data Switch
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8-22. Through the TPS2584x-Q1 Data Switch
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8-23. Data Transmission Characteristics vs Frequency
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8-24. Off-state Data-Switch Isolation vs Frequency
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8.8 Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fswy = 400 kHz, L = 10 uH, Coyt_csp = 66 uF,
Cout_csn = 0.1 pF, Cgys = 1 WF, To =25 °C.
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8-25. On-state Cross-channel Isolation vs Frequency
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9 Parameter Measurement Information
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9-3. Short-to-Battery System Test Setup
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10 Detailed Description
10.1 Overview

The TPS2584x-Q1 devices are full-featured solutions for implementing a compact USB charging port with
support for Type-A BC1.2 standards. Both devices contain an efficient 36-V buck regulator power source
capable of providing up to 3.5 A of output current at 5.10 V (nominal). System designers can optimize efficiency
or solution size through careful selection of switching frequency over the range of 300 to 2200 kHz with sufficient
margin to operate above or below the AM radio frequency band. In all versions the buck regulator operates in
forced PWM mode ensuring fixed switching frequency regardless of load current. Spread-spectrum feature aid
reducing harmonic peaks of the switching frequency potentially simplifying EMI filter design and easing
compliance.

Current sensing via a precision high-side current sense amplifier enables an accurate, user programmable
overcurrent limit setting; and programmable linear cable compensation to overcome IR losses when powering
remote USB ports.

The CTRL1 and CTRL2 pins set the operating mode for the TPS2584x-Q1 device. The device can support CDP,
SDP or Client configurations.

The TPS25840-Q1 integrates high band-width (800 MHz) USB switches, includes short to Vgat and short to
Vpgus protection as well as IEC61000-4-2 electrostatic discharge clamps to protect the host from potentially
damaging overvoltage conditions.

The TPS25842-Q1 integrates high band-width (800 MHz) USB switches, includes short to Vgyg protection as
well as IEC61000-4-2 electrostatic discharge clamps, but does not support short to Vgat protection.
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10.2 Functional Block Diagram
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10.3 Feature Description
10.3.1 Buck Regulator

The following operating description of the TPS2584x-Q1 refers to the Functional Block Diagram and the
waveforms in [X| 10-1. TPS2584x-Q1 is a step-down synchronous buck regulator with integrated high-side (HS)
and low-side (LS) switches (synchronous rectifier). The TPS2584x-Q1 supplies a regulated output voltage by
turning on the HS and LS NMOS switches with controlled duty cycle. During high-side switch ON time, the SW
pin voltage swings up to approximately Vy, and the inductor current i_ increase with linear slope (V\y — Vour) / L.
When the HS switch is turned off by the control logic, the LS switch is turned on after an anti-shoot-through dead
time. Inductor current discharges through the LS switch with a slope of —Vgyt / L. The control parameter of a
buck converter is defined as Duty Cycle D = ton / Tsw, Where toy is the high-side switch ON time and Tgyy is the
switching period. The regulator control loop maintains a constant output voltage by adjusting the duty cycle D. In
an ideal buck converter, where losses are ignored, D is proportional to the output voltage and inversely
proportional to the input voltage: D = Voyt / ViN-
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B 10-1. SW Node and Inductor Current Waveforms in Continuous Conduction Mode (CCM)

The TPS2584x-Q1 employs fixed frequency peak current mode control. A voltage feedback loop is used to get
accurate DC voltage regulation by adjusting the peak current command based on voltage offset. The peak
inductor current is sensed from the high-side switch and compared to the peak current threshold to control the
ON time of the high-side switch. The voltage feedback loop is internally compensated, which allows for fewer
external components, makes it easy to design, and provides stable operation with almost any combination of
output capacitors. TPS2584x-Q1 operates in FPWM mode for low output voltage ripple, tight output voltage
regulation, and constant switching frequency.

10.3.2 Enable/UVLO

The voltage on the EN/UVLO pin controls the ON or OFF operation of TPS2584x-Q1. An EN/UVLO pin voltage
higher than Venuvio-vouT.H is required to start the internal regulator (Assume 5.1-k pull down resister on INT
pin). The EN/UVLO pin is an input and can not be left open or floating. The simplest way to enable the operation
of the TPS2584x-Q1 is to connect the EN to V|y. This action allows self-start-up of the TPS2584x-Q1 when Vy
is within the operation range.
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10-2. Precision Enable Behavior

Many applications benefit from the employment of an enable divider Rent and Reng (X1 10-3) to establish a
precision system UVLO level for the TPS2584x-Q1. System UVLO can be used for sequencing, ensuring reliable
operation, or supply protection, such as a battery discharge level. To ensure the USB port Vgyg is within the 5-V
operating range as required for USB compliance (for the latest USB specifications and requirements, refer to
USB.org), Tl suggests that the Rgnt and Repng resistors be chosen such that the TPS2584x-Q1 enables when
V|n is approximately 6 V. Considering the drop out voltage of the buck regulator and IR loses in the system, 6 V
provides adequate margin to maintain Vgyg within USB specifications. If system requirements such as a warm
crank (start) automotive scenario require operation with Viy < 6 V, the values of Rgnt and Rgng can be
calculated assuming a lower V|y. An external logic signal can also be used to drive EN/UVLO input when a
microcontroller is present and it is desirable to enable or disable the USB port remotely for other reasons.

I

EE Rent
—1]
<

S Ri

> Rens
<
b

i

B 10-3. System UVLO by Enable Divider

UVLO configuration using external resistors is governed by the following equations:
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Vinon 1) X Ryng

Rgnr = (V
EN/UVLO_H 1)

VIN(OFF) = VIN(ON) x(1- —VsN/UVLO_HYS
EN/UVLO_H @)

Example:

ViN(on) = 6 V (user choice)

Reng = 5 kQ (user choice)

RenT = [(VIN(ON) / VEN/UVLO_H) - 1] x Reng= 19.6 kQ. Choose standard 20 kQ.

Therefore, VIN(OFF) =6Vx[1-(0.09V/1.2V)]=555V

A typical start-up waveform is shown in [%| 10-4. The rise time of DCDC VBUS voltage is about 5 ms.

Trig?

Tek Prevu

EN, [
5V/Div

[fEN . —— " "

VIN

5V/Div |
[V IN bt it

VBUS,
5V/Div. }
5
VCC, |
SV/Div !
Bivea

40ms/Div

Eq 10-4. Typical Start-up Behavior, Viy = 13.5 V, Rjyon = 12.6 kQ

For TPS2584x-Q1, the pin voltage must meet the requirement below during startup. See [X] 10-5.

* Vpgys < 0.8V (typical)

* Vpx out <2.2V (typical)

* Vpx N < 1.5V (typical)

After the 150-ms deglitch time, no additional requirement on these pins. In real application, BUCK_ST pin can be
used to configure the timing sequence.
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VIN

Dx_OuT Must < 2.2V

Don’t care

VBUS VBUS must < 0.8V

deglitch time

DP/DM 150ms (typ)
-—

Date Switch

OFF

BUCK_ST

ON

B4 10-5. TPS2584x-Q1 Pin Voltage Requirement During Startup

10.3.3 Switching Frequency and Synchronization (RT/SYNC)

The switching frequency of the TPS2584x-Q1 can be programmed by the resistor Ry from the RT/SYNC pin and
GND pin. Use Equation 3 to determine the RT resistance for a given switching frequency.

Rereq (kQ) = 26660 x fgyy 248 (kHz)

70

©)

65 |—\
\

60
55 \

50

45
a0|—\

asf—\

N,
30
25 AN

FREQ Resistance (kQ)

20 ™

15

I~

—~——

10
5

—

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Switching Frequency (kHz)

10-6. RT Set Resistor vs Switching Frequency

#< 10-1 lists typical RT resistors values.

& 10-1. Setting the Switching Frequency With RT

RT (kQ) SWITCHING FREQUENCY (kHz)
68.1 300
49.9 400
39.2 500
19.1 1000
12.4 1500
9.31 2000
8.87 2100
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# 10-1. Setting the Switching Frequency With RT (continued)
RT (kQ) SWITCHING FREQUENCY (kHz)
8.45 2200

TPS2584x-Q1 switching action can be synchronized to an external clock from 300 kHz to 2.3 MHz. The RT/
SYNC pin can be used to synchronize the internal oscillator to an external clock. The internal oscillator can be
synchronized by AC coupling a positive edge into the RT/SYNC pin. The AC coupled peak-to-peak voltage at the
RT/SYNC pin must exceed the SYNC amplitude threshold of 3.5 V (typical) to trip the internal synchronization
pulse detector, and the minimum SYNC clock ON and OFF time must be longer than 100 ns (typical). When
using a low impedance signal source, the frequency setting resistor, Ry, is connected in parallel with an AC
coupling capacitor, Ccoup, to a termination resistor, Rtgry (for example: 50 Q). The two resistors in series
provide the default frequency setting resistance when the signal source is turned off. A 10-pF ceramic capacitor
can be used for Ccoyp. Xl 10-7 show the device synchronized to an external clock.

Ccoup

Rt

PLL » { PLL
Lo-Z Hi-Z2
Clock RTERM RT/SYNC Clock Rt RT/SYNC
Source Source

10-7. Synchronize to External Clock

To avoid AM radio frequency brand and maintain proper regulation when minimum ON-time or minimum OFF-

time is reached, the TPS2584x-Q1 implement frequency foldback scheme depends on VIN voltage. Refer to

Figure 8-10.

« When 8 V < VIN =< 19V, the switching frequency of TPS2584x-Q1 is determined by Rt resistor or external
sync clock.

* When VIN < 8V, the switching frequency of TPS2584x-Q1 is set to default 420 kHz, regardless of Ry resistor
setting or external sync clock.

*  When VIN > 19V, the switching frequency of TPS2584x-Q1 is set to default 420 kHz, regardless of Rt
resistor setting or external sync clock.

figure 10-8, figure 10-9 and Figure 10-10 show the device switching frequency and behavior under different VIN
voltage and Rt = 8.87 kQ.

Figure 10-11, Figure 10-12 and Figure 10-13 show the device switching frequency and behavior under different
VIN voltage and synchronized to an external 2.1-M system clock.
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10-12. Synchronizing to External 2.1-MHz Clock | & 10-13. Synchronizing to External 2.1-MHz Clock
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10.3.4 Spread-Spectrum Operation

To reduce EMI, the TPS2584x-Q1 introduce frequency spread spectrum. The spread spectrum is used to
eliminate peak emissions at specific frequencies by spreading emissions across a wider range of frequencies
than a part with fixed frequency operation. In most systems, low frequency conducted emissions from the first
few harmonics of the switching frequency can be easily filtered. A more difficult design criterion is reduction of
emissions at higher harmonics which fall in the FM band. These harmonics often couple to the environment
through electric fields around the switch node. The TPS2584x-Q1 devices use 6% spread of switching
frequencies with 1/256 swing frequency.

The spread spectrum function is only available when using the TPS2584x-Q1 internal oscillator. If the RT/SYNC
pin is synchronized to an external clock, the spread spectrum function turns off.

10.3.5VCC, VCC_UVLO

The TPS2584x-Q1 integrates an internal LDO to generate V¢ for control circuitry and MOSFET drivers. The
nominal voltage for V¢ is 5 V. The V¢ pin is the output of an LDO and must be properly bypassed. A high
quality ceramic capacitor with a value of 2.2 yF to 4.7 uyF, 10 V or higher rated voltage must be placed as close
as possible to VCC and grounded to the PGND ground pin. The V¢ output pin must not be loaded with more
than 5 mA, or shorted to ground during operation. Shorting V¢ to ground during operation can cause damage to
the TPS2584x-Q1.

10.3.6 Minimum ON-time, Minimum OFF-time

Minimum ON-time, Ton min, IS the smallest duration of time that the HS switch can be on. Ton min is typically
105 ns in the TPS2584x-Q1. Minimum OFF-time, Torr min, IS the smallest duration that the HS switch can be
off. Tore min is typically 80 ns in the TPS2584x-Q1. In CCM (FPWM) operation, Ton min @and Tore win limit the
voltage conversion range given a selected switching frequency. - -

The minimum duty cycle allowed is:

Dyin = Ton_min X fsw

(4)

And the maximum duty cycle allowed is:

Dyax =1 —Torr_min X fow (5)
Given fixed Ton_min @and Torr_min, the higher the switching frequency the narrower the range of the allowed duty
cycle.

10.3.7 Internal Compensation

The TPS2584x-Q1 is internally compensated as shown in [X] 10-14. The internal compensation is designed such
that the loop response is stable over the specified operating frequency and output voltage range. The
TPS2584x-Q1 is optimized for transient response over the range 300 kHz < fsw < 2300 kHz.

10.3.8 Bootstrap Voltage (BOOT)

The TPS2584x-Q1 provides an integrated bootstrap voltage regulator. A small capacitor between the BOOT and
SW pins provides the gate drive voltage for the high-side MOSFET. The BOOT capacitor is refreshed when the
high-side MOSFET is off and the low-side switch conducts. The recommended value of the BOOT capacitor is
0.1 yF. TI recommends a ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 10 V or
higher for stable performance overtemperature and voltage.

10.3.9 Rgns, Rser, Riumir and Riyon

The programmable current limit threshold and full-scale cable compensation voltage are determined by the
values of the RSNSa RSET’ RILIMIT and RIMON resistors. Refer to 10-14.
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* Rgns is the current sense resistor. The recommended voltage across Rgyg under current limit must be
approximately 50 mV as a compromise between accuracy and power dissipation. For example, if current
limiting is desired for loyTuax) 2 3.3 A, then Rgns = 0.05V /3.3 A =0.01515 Q. Choose a standard value of
15 mQ.

* Rget determines the input current to the transconductance amplifier and current mirror. The amplifier
balances the voltage to be equal to that across Rgys. Choose a Rget value to produce an Iggt current
between 75-180 pA at the desired loytvax)- Considering 50 mV across Rser, a value of 300 Q provides
approximately 166 pA of Isgt current to the amplifier and mirror circuit. Care must be taken to limit the Isgt
current below 200 pA to avoid saturating the internal amplifier circuit.

*  Ryymit in conjuction with the 0.5 x Igg7 current produces a voltage on the ILIMIT pin which is proportional to
the load current flowing in Rgns. For details on setting the current limit, see Current Limit Sensing Using
RiLmir-

*  Rjvon in conjuction with the 0.5 x Isgt current produces a voltage on the IMON pin which is proportional to
the load current flowing in Rgns. For details on setting the current limit, see Cable Compensation.

(1): Vsns = ILoap X Rsns
ILoaD . ~
(2): Vsns ~= Vser (by op amp)

(3): IseT = VseT / RseT = Vsns / RseT
Rsns

+50mV -

—H

RseT

CspP CSN/OUT

IseT {

ILMIT
_fjaﬁ liumir = 0.5 X IseT

J

IMON
Iimon = 0.5 x IseT

RiMon

j

Rimim

|
ol

Vcomp ! v
+

[ Viummr = 1V (current limit by Buck)

% I —— Viumir = 0.49V (current limit by NFET)
o)
Nl

o<t

10-14. Current Limit and Cable Compensation Circuit

3 J4]) \[3T)

S

10.3.10 Overcurrent and Short Circuit Protection

For maximum versatility, TPS2584x-Q1 includes both a precision, programmable current limit as well cycle-by-
cycle current limit to protect the USB port from extreme overload conditions. In most applications, the Ry it
resistor in conjunction with the selection of Rgng and Rger determines the overload threshold. The cycle-by-
cycle current limit serves as a backup means of protection in the event Ry 1 is shorted to ground, disabling the
programmable current limit function.

In some applications, the setting of TPS2584x-Q1 over-current need meets MFi requirement. For more details,
please refer to the How to Pass MFi Overcurrent Protection Test With USB Charger and Switch Device
application report.

10.3.10.1 Current Limit Setting using Ry it

Refer to [X] 10-14. The TPS2584x-Q1 can establish current limit by two methods.

» Using external a single or back-to-back N-Channel MOFETs between CSN/OUT and BUS: a voltage of 0.49
V on the ILIMIT pin initiates current limiting using the external MOSFET by decreasing the LS_GD voltage
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causing the FET to operate in the saturation region. To protect the MOSFETs from damage a hiccup timer
limits the duty cycle to prevent thermal runaway. Refer to the Specifications for MOSFET hiccup timing.

» Buck average current limit: no MOSFET, CSN/OUT connected to BUS. The LS_GD must be pulled up
through a 2.2-kQ resistor. In this configuration, a voltage of 1 V across R, it on the ILIMIT pin initiates
average current limiting of the buck regulator.

The 2-level current limit is described below:
+  With external MOSFET [¥] 10-15:

— Isolating a fault on the USB port from other loads connected to the CSP output of the TPS2584x-Q1. In
some applications, it can be useful to power additional circuitry (for example: USB HUB) from the output of
the TPS2584x-Q1 and maintain operation of these circuits in the event of a short circuit downstream of the
BUS pin. To prevent triggering the MOSFET current limit below the programmed ILIMIT threshold, external
circuits must be supplied after the inductor and before the current sense resistor, Rgns.

— After Rgns and Rget are determined and the full load Isgt current is known, the resistor value, Ry T, can
be determined by:

x _ 0.49 X Rgpr
ILIMIT ™ 0.5 X (I ;pr X Rsns + 0.0007)

(6)

— In most cases, the recommended voltage across Rgng under current limit must be approximately 50 mV
as a compromise between accuracy and power dissipation. While in some application, Ry T is the only
resistor that can be changed to achieve different current limit. Typical R, T resistors value are listed in 3%
10-2 given the condition Rgys = 15 mQ and Rggr = 300 Q

i 10-2. Settlng the Current Limit with RILIMIT

Current-Limit Threshold (mA) RERIIES)
With External MOSFET Without External MOSFET

700 26.1 53.6
1500 12.7 26.1
1700 11.3 226
2700 7.15 14.7
3000 6.49 13

3400 5.62 11.5
3800 5.1 10.5

* Buck Average Current Limit [X] 10-16:

1. CSN/OUT connected directly to BUS, LS _GD must be pulled up through 2.2-kQ resistor. The TPS2584x-
Q1 can operate as a stand-alone USB charging port. In this configuration, the internal buck regulator
operates with average current limiting as programmed by the ILIMIT pin, potentially producing less heat
compared to N-channel MOSFET current limiting

2. After Rgns and Rget are determined and the full load Iggt current is known, the resistor value Ryt can
be determined by:

ILIMIT ™0 5 (I X Rsns + 0.0007)

(7)
3. % 10-2 lists Typical Ry uT resistors values given the condition Rgys = 15 mQ and Rggt = 300 Q.
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iiill il
Eq 10-15. Current Limit With External MOSFET 10-16. Buck Average Current Limit

10.3.10.2 Buck Average Current Limit Design Example
To start the procedure, the ILOAD(MAX)a RSNS and RSETa must be known.

1. Determine ILIMIT= usuaIIy chose ILIMIT= ILOAD(MAX) / (1 - 10%).

2. Determine Rgyg to achieve 50 mV at current limit. For 3-A load current, choose I it = 3.3A. Rgns = (0.05
V/3.3A)=15mQ.

3. Choose Rger =300 Q

4. According to U 7, Rt =300/ (0.5 x ( 3.3 X 0.015 + 0.0007)) = 11.95 kQ.

5. Choose standard 11.8 kQ.

10.3.10.3 External MOSFET Gate Drivers

The TPS2584x-Q1 has integrated NFET gate drivers, and can support current limit with external NFET. Refer to
10-15.

The LS_GD pin of TPS2584x-Q1 can source 3-UuA (typical) current to enhance the external MOSFET. A 6.2-V
clamp between LS_GD and CSN/OUT pin limits the gate-to-source voltage. During DCDC start up, the LS_GD
gate drivers begin to source current after Vegnout reach 3 V. If the Vesniour > 7.5 V or Vgys > 7 V is under
overvoltage condition, the LS_GD turns off immediately with 35-uA (typical) sink current.

If load current above NFET current limit threshold, LS_GD also turns off the NFET after 2 ms (typical) and enters
hiccup mode to protect NFET from thermal issue. Refer to Figure 11-24 for application waveform.

In real application, if Vgys short to Vgar function is needed, 20 V back-to-back NFET is suggested in circuit
design.

10.3.10.4 Cycle-by-Cycle Buck Current Limit

The buck regulator cycle-by-cycle current limit on both the peak and valley of the inductor current. Hiccup mode
is activated if a fault condition persists to prevent over-heating.

High-side MOSFET overcurrent protection is implemented by the nature of the Peak Current Mode control. The
HS switch current is sensed when the HS is turned on after a set blanking time. The HS switch current is
compared to the output of the Error Amplifier (EA) minus slope compensation every switching cycle. for more
details, refer to the Functional Block Diagram. The peak current of HS switch is limited by a clamped maximum
peak current threshold Iyg |t Which is constant. So the peak current limit of the high-side switch is not affected
by the slope compensation and remains constant over the full duty cycle range.

The current going through LS MOSFET is also sensed and monitored. When the LS switch turns on, the inductor
current begins to ramp down. The LS switch is not turned OFF at the end of a switching cycle if its current is
above the LS current limit I g jm- The LS switch is kept ON so that the inductor current keeps ramping down,
until the inductor current ramps below the LS current limit I g |- Then the LS switch is turned OFF and the HS
switch is turned on after a dead time. This is somewhat different than the more typical peak current limit, and
results in Equation 8 for the maximum load current.
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Ioyr max = 0.5 X (Is_ Livir + Ins_Limir) 8)

If VesnouT < 2-V typical due to a short circuit for 128 consecutive cycles, hiccup current protection mode is
activated. In hiccup mode, the regulator is shut down and kept off for 118 ms typically, then TPS2583x-Q1 go
through a normal re-start with soft start again. If the short-circuit condition remains, hiccup repeats until the fault
condition is removed. Hiccup mode reduces power dissipation under severe overcurrent conditions, prevents
over-heating and potential damage to the device and serves as a backup to the programmable current limit. See
Current Limit Setting Using Ry - After the output short is removed, the hiccup delay is passed and the output
voltage recovers normally as shown in Figure 11-21.

10.3.11 Overvoltage, IEC and Short-to-Battery Protection

The TPS25840-Q1 integrates OVP and short to battery protection on VBUS, DM_IN and DP_IN pins. These pins
can withstand voltage up to 18 V, and can protect upstream processor or Hub data line when overvoltage or
short to battery condition occurs. Refer to [X] 9-3 for the short-to-battery test setup.

The TPS2584x-Q1 also integrates IEC ESD cell on DP_IN and DM_IN pins.

For more detailed TPS2584x-Q1 short-to-battery consideration and test report, please refer to the TPS2583x-Q1
and TPS2584x-Q1 Short-to- Battery Application application report.

10.3.11.1 Vgys and Vsnout Overvoltage Protection

The TPS25840-Q1 integrates overvoltage protection on both BUS and CSN/OUT pin to meet different
application requirement.

BUS pin can withstand up to 18 V, and the OVP threshold is 7-V typical. After overvoltage is detected on BUS
pin, the LS_GD turns off immediately. Also, FAULT asserts after 8-ms deglitch time. After the excessive voltage
is removed, the LS_GD turns on again and FAULT deasserts.

CSN/OUT pin can withstand up to 20 V, and the OVP threshold is 7.5-V typical. After overvoltage is detected on
CSN/OUT pin, the buck converter stops regulation. Also, LS_GD turns off immediately. After the excessive
voltage is removed, the buck converter resumes and the LS_GD turns on again.

CsooT Ceoot

VIN N oot C VN ™ B0OT lvbv\ RsNs
C % sw J_
; EN/UVLO csP l EN/UVLO RSET ;
r’\/\/\;— RTISYNC conour r’v\/\'_ RTISYNG csN/::: T
J_ vce J_ . vce
I TPS2584x-Q1 I %_ TPS2584x-Q1 I .
FAULT Ls.co | FAULT Ls 6D
BUCK ST BUCKST TO.ZZuF
= CTRL1 ] CTRL1 T Reus= 100Q
—— cmRL2 BUS I — lcmee BUS ] 5
4———— —— DP_OUT DP_IN 4———— ————od DP_OUT DP_IN
44— ——| DM_ouT DM_IN JI_ 4———— ———— DM_OUT DM_IN JI_
% u%u ILI%T AID 1«) l % I%N ILI%T AID 1«) l
10-17. Current Limit With External MOSFET 10-18. Buck Average Current Limit

As shown in [X] 10-17, TPS25840-Q1 is configured in external FET current limit mode. When short-to-battery
occurs on BUS_Connector, the external MOSFET turns off immediately after BUS pin detect over voltage. The
FAULT signal assertd after 8-ms deglitch time. See Figure 11-28. With Back-to-back FET, the TPS2583x-Q1 can
withstand short-to-battery event even when Vin is off. TI recommends a 10-Q 0805 resistor between BUS pin
and BUS_Connector.

As shown in 10-18, TPS25840-Q1 is configured in buck average current limit mode. When short-to-battery
occurs on BUS_ Connector, the buck regulator stops switching after CSN/OUT pin detect overvoltage. The
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FAULT signal also asserts after 8-ms deglitch time. TI recommends a 100-Q 0805 resistor between BUS pin and
BUS_Connector in buck average current limit mode.

10.3.11.2 DP_IN and DM_IN Protection
DP_IN and DM_IN protection consists of IEC ESD and overvoltage protection.

The DP_IN and DM_IN pins integrate an IEC ESD cell to provide ESD protection up to +15-kV air discharge and
1+8-kV contact discharge per IEC 61000-4-2 (for test conditions, see the ESD Ratings section). The IEC ESD
performance of the TPS2584x-Q1 device depends on the capacitance connected from BUS pin to GND. TI
recommends placing a A 0.22-yF capacitor close to the BUS pin

The ESD stress seen at DP_IN and DM_IN is impacted by many external factors like the parasitic resistance and
inductance between ESD test points and the DP_IN and DM_IN pins. For air discharge, the temperature and
humidity of the environment can cause some difference, so the IEC performance must always be verified in the
end-application circuit.

Overvoltage protection (OVP) is provided for short-to-Vgyg or short-to-battery conditions in the vehicle harness,
preventing damage to the upstream USB transceiver or hub. When the voltage on DP_IN or DM_IN exceeds 3.9
V (typical), the TPS25840-Q1 device immediately turns off DP/DM switch and responds to block the high-voltage
reverse connection to DP_OUT and DM_OUT. FAULT signal asserts after 8-ms deglitch time. See Figure 11-30.

For DP_IN and DM_IN, when OVP is triggered, the device turns on an internal discharge path with 416-kQ
resistance to ground. On removal of the overvoltage condition, the pin automatically turns off this discharge path
and returns to normal operation by turning on the previously affected analog switch.

10.3.12 Cable Compensation

When a load draws current through a long or thin wire, there is an IR drop that reduces the voltage delivered to
the load. Cable droop compensation linearly increases the voltage at the CSN/OUT pin of TPS2584x-Q1 as load
current increases with the objective of maintaining Vgys con (the bus voltage at the USB connector) at 5 V,
regardless of load conditions. Most portable devices charge at maximum current when 5 V is present at the USB
connector. 10-19 provides an example of resistor drops encountered when designing an automotive USB
system with a remote USB connector location.

Rdson(NFET) Ripchbl_VBUS)  R{connl_VBUS) R{cable_VBUS) Rjconn2_VBUS) R(pch2 VBUS) R{USBconn VBUS)

—AM— —N— —A— —AA— —AN— M —AAA—
[
! 5
£ SN 8 1%
: g & g
l R(wire) |& ; 5 E veUs_con| g
I = '/\/_\/ =7 18
8
| L i 2
TPS2584x-Q1 | PCB 2
—_ —
PCB1
A A —AMA— M A —AA—
Ripcbl_GND)  R{connl_GND) R{cable_GND) R(conn2_GND) R(pcb2_GND) R{USBconn_GND)

R{wire) = R(pcb1_VBUS) + R{conn1_VBUS) + R(cable_VBUS) + R(conn2_VBUS) + R{pcb2_VBUS) + R{USBconn_VBUS) +
R(USBconn_GND) + R(pcb2_GND) + R{conn2_GND) + R{cable_GND) + R{conn1_GND) + R(pcb1_GND)

10-19. Automotive USB Resistances
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B 10-20. Voltage Drop

The TPS2584x-Q1 detects the load current and increases the voltage at the CSN/OUT pin to compensate the IR
drop in the charging path according to the gain set by the Rgns, Rset, and Ryyon resistors as described in Rgys,

Rser, Rimir, and Riyon-
The amount of cable droop compensation required can be estimated by the following equation: AVoyt = (Rgns +

Rpson_NrFeT * Rwire) Isus * Rimon is then chosen by Riyon = (AVout * Rser * 2) / (Isus * Rsns), Where AVoyr
is the desired cable droop compensation voltage at full load.

In most cases, the recommended voltage across Rgyg must be 50 mV. See the Rsys, Rser, R and Riyon
section. In type-C application, typical Ryyon resistors value are listed in 3 10-3 given the condition full load
current = 3 A, Rgns = 15 mQ and Rget = 300 Q.

# 10-3. Setting the Cable Compensation Voltage with Ryyon

Cable Compensation Voltage at 3-A Full Load (V) Rimon (kQ)
0.3 4.02
0.6 8.06
0.9 12.1
1.2 16.2
1.5 20
Note

The maximum cable compensation voltage in TPS2584x-Q1is 1.5 V.

10.3.12.1 Cable Compensation Design Example
To start the procedure, the Rsns, Rpson_nFeT @nd wire resistance Ryyrg must be known.

1. Determine Rgyg to achieve 50 mV at full current. For 3.3 A (3-A load current plus at approximately 10% for
overcurrent threshold). Rgns = (0.05V /3.3 A) =15 mQ.

2. Rpson_NFeT = 50 mQ

3. RWIRE =200 mQ

4. AVoyt = (Rsns + Rpson NFeT + Rwire) % Igus = (0.015+0.05+0.2) x 3=0.795V

5. Choose Rggr=300Q

6. Rimon = (AVout * Rset % 2) / (Igus * Rgnsg) = (0.795 x 300 x 2) / (3 x 0.015) = 10.6 kQ
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10.3.13 USB Port Control

The TPS25840-Q1 and TPS25842-Q1 include DP_IN, DM_IN pins for automatic or host facilitated USB port
power management of a Type-A downstream facing connector. For details on configuring the TPS2584x-Q1, see
Device Functional Modes.

10.3.14 FAULT Response

The device features an active-low, open-drain fault output. Connect a 100-kQ pullup resistor from FAULT to VCC
or other suitable I/O voltage. FAULT can be left open or tied to GND when not used.

# 10-4 summarizes the conditions that generate a fault and actions taken by the device.

£ 10-4. Fault and Warning Conditions
EVENT CONDITION ACTION
The device regulates current at Igys either by external NFET

or by the buck regulator control loop.
When current limiting by external NFET, there is NO fault

NFET or Buck average current limit indicator assertion under minor overload conditions.

implemented. See Current Limit Sensing When current limiting by buck average current, there is NO
Overcurrent on OUT : - : ; L

using Rt fault indicator assertion under minor overload conditions.

lesn/ouTt > programmed Igns. Hard shorts during average buck current limiting can trigger

buck hiccup operation. The FAULT indicator asserts
immediately after Noc cycles in and persists for Toc as
specified in Cycle-by-Cycle Buck Current Limit.

The device turns on the BUS discharge path in the event of
an overvoltage conditions and turns off the LS_GD

Overvoltage on BUS Veus > Veus_ov immediately. The FAULT indicator asserts and de-asserts
with an 8-ms deglitch.
The device immediately shuts off the USB data switches.
Overvoltage on the data lines |DP_IN or DM_IN > Vp, |y ov The FAULT indicator asserts and de-asserts with an 8-ms

deglitch.

10.3.15 USB Specification Overview

Universal Serial Bus specifications provide critical physical and electrical requirements to electronics
manufacturers of USB capable equipment. Adherence to these specifications during product development
coupled with standardized compliance testing assures very high degrees of interoperability amongst USB
products in the market. Since its inception in the mid 1990s, USB has undergone a number of revisions to
enhance utility and extend functionality. For the most up to date standards, please consult the USB
Implementers Forum (USB-IF).

All USB ports are capable of providing a 5-V output making them a convenient power source for operating and
charging portable devices. USB specification documents outline specific power requirements to ensure
interoperability. In general, a USB 2.0 port host port is required to provide up to 500 mA; a USB 3.0 or USB 3.1
port is required to provide up to 900 mA; ports adhering to the USB Battery Charging 1.2 Specification provide
up to 1500 mA; and newer Type-C ports can provide up to 3000 mA. Though USB standards governing power
requirements exist, some manufacturers of popular portable devices created their own proprietary mechanisms
to extend allowed available current beyond the 1500 mA maximum per BC 1.2. While not officially part of the
standards maintained by the USB-IF, these proprietary mechanisms are recognized and implemented by
manufacturers of USB charging ports.

The TPS2584x-Q1 device supports the most-common USB-charging schemes BC1.2 in popular hand-held
media and cellular devices.

The BC1.2 specification includes three different port types:
« Standard downstream port (SDP, supported)

» Charging downstream port (CDP, supported)

» Dedicated charging port (DCP, NOT supported)

BC1.2 defines a charging port as a downstream-facing USB port that provides power for charging portable
equipment. Under this definition, CDP and DCP are defined as charging ports.
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7% 10-5 lists the difference between these port types.

# 10-5. Operating Modes Table

PORT TYPE SUPPORTS USB2.0 COMMUNICATION nR“f\mvélimp‘é'&'}?\gf:'ézﬁwemﬂ A)
SDP (USB 2.0) YES 05
SDP (USB 3.0 and 3.1) YES 0.9
CDP YES 15
DCP NO 15

10.3.16 Device Power Pins (IN, CSN/OUT, and PGND)

The IN pins are the input power path to the TPS2584x-Q1 devices. The internal LDO and buck regulator high
side switch are supplied from the IN pins. The CSN/OUT pin connects to the negative terminal of the current
sense amplifier and the internal voltage feedback network. This pin must be connected to the output LC filter for
proper operation. PGND is the power ground return. For optimum performance, ensure the IN pin is properly
bypassed to PGND with adequate bulk and high-frequency bypass capacitance located as close to these pins as

possible.
10.3.17 Thermal Shutdown

The device has an internal overtemperature shutdown threshold, Tgp to protect the device from damage and
overall safety of the system. When device temperature exceeds Tgp, the LD_GD pin is pulled low, and the buck
regulator stops switching. The device attempts to power-up when die temperature decreases by approximately

20°C.
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10.4 Device Functional Modes
10.4.1 Shutdown Mode

The EN pin provides electrical ON and OFF control for the TPS2584x-Q1. When Vgy is below 1.2 V (typical), the
device is in shutdown mode. The TPS2584x-Q1 also employs VIN and VCC undervoltage lock out protection. If
VN or V¢ voltage is below their respective UVLO level, the regulator is turned off.

10.4.2 Active Mode

The TPS2584x-Q1 is in Active Mode when Vgy is above the precision enable threshold, V|y and V¢ are above
their respective UVLO levels. The simplest way to enable the TPS2584x-Q1 is to connect the EN pin to VIN pin.
This connection allows self startup when the input voltage is in the operating range of 3.8 V to 36 V and a UFP
detection is made. For details on setting these operating levels, refer to VCC, VCC_UVLO and Enable/UVLO.

In Active Mode, the TPS2584x-Q1 buck regulator operates with Forced Pulse Width Modulation (FPWM), also
referred to as Forced Continuous Conduction Mode (FCCM). This operation ensures the buck regulator
switching frequency remains constant under all load conditions. FPWM operation provides low output voltage
ripple, tight output voltage regulation, and constant switching frequency. Built-in spread-spectrum modulation
aids in distributing spectral energy across a narrow band around the switching frequency programmed by the
RT/SYNC pin. Under light load conditions the inductor current is allowed to go negative. A negative current limit
of I, neg is imposed to prevent damage to the regulator's low side FET. During operation the TPS2584x-Q1
synchronized to any valid clock signal on the RT/SYNC input.

10.4.3 Device Truth Table (TT)

The device truth table (% 10-6) lists all valid combinations for the two control pins (CTRL1 and CTRL2). The
TPS2584x-Q1 devices monitor the CTRL inputs and transitions to whichever charging mode it is commanded.

# 10-6. Truth Table

DEVICE(S) | CTRL1 | CTRL2 CURS'E?T'ITN'&!M'T USB MODES BUCK REGULATOR LS_GD
0 0 Buck Hiccup Only Client Mode(") ON OFF
0 1 Buck Hiccup Only Client Mode(") ON OFF
TPS2584x-Q1
1 0 See Current Limit SDP Mode ON
1 1 Sensing using Ry CDP Mode ON

(1) TPS2584x-Q1: USB data switches ON during client mode.

10.4.4 USB Port Operating Modes
10.4.4.1 Standard Downstream Port (SDP) Mode — USB 2.0, USB 3.0, and USB 3.1

An SDP is a traditional USB port that follows USB 2.0, USB 3.0 or USB 3.1 protocol. A USB 2.0 SDP supplies a
minimum of 500 mA per port and supports USB 2.0 communications. A USB 3.x SDP supplies a minimum of 900
mA per port and supports USB 3.0 or USB 3.1 communications. For both types, the host controller must be
active to allow charging.

10.4.4.2 Charging Downstream Port (CDP) Mode

A CDP is a USB port that follows USB BC1.2 and supplies a minimum of 1.5 A per port. A CDP provides power
and meets the USB 2.0 requirements for device enumeration. USB-2.0 communication is supported, and the
host controller must be active to allow charging. The difference between CDP and SDP is the host-charge
handshaking logic that identifies this port as a CDP. A CDP is identifiable by a compliant BC1.2 client device and
allows for additional current draw by the client device.

The CDP handshaking process occurs in two steps. During step one, the portable equipment outputs a nominal
0.6-V output on the D+ line and reads the voltage input on the D— line. The portable device detects the
connection to an SDP if the voltage is less than the nominal data-detect voltage of 0.3 V. The portable device
detects the connection to a CDP if the D— voltage is greater than the nominal data detect voltage of 0.3 V and
optionally less than 0.8 V.
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The second step is necessary for portable equipment to determine whether the equipment is connected to a
CDP or a DCP. The portable device outputs a nominal 0.6-V output on the D— line and reads the voltage input on
the D+ line. The portable device concludes the equipment is connected to a CDP if the data line being read
remains less than the nominal data detects voltage of 0.3 V. The portable device concludes it is connected to a
DCP if the data line being read is greater than the nominal data detect voltage of 0.3 V.

10.4.4.3 Client Mode

The TPS2584x-Q1 device integrates client mode as shown in X 10-21. The external MOSFET power switch is
OFF and only the data analog switch is ON. This mode can be used by automotive USB system manufacturers
and OEMs for factory-only software programming with the USB port.

r_“_ll'fb'V‘
0T s ™ T
sp M l

Low

RsNs  ON

Buck Regulator
L5 GD

NFET

USB Switches

OoN
Low
OFF
ON

HH=

cs

TPS25840/2-Q1

BUS

bm_out

DM_IN
oP_ouT

g
T

:
10-21. Client-mode Equivalent Circuit
10.4.5 High-bandwidth Data-line Switches

The TPS2584x-Q1 device passes the D+ and D- data lines through the device to enable monitoring and
handshaking while supporting the charging operation. A wide-bandwidth signal switch allows data to pass
through the device without corrupting signal integrity. The data-line switches are turned on in any of the CDP,
SDP, or client operating modes. The EN input must be at logic high for the data line switches to be enabled.

For more detailed USB2.0 data line consideration and eye diagram test report, please refer to the How to
Improve USB2.0 Eye Diagram Using Long USB Cable application report.

Note
The data switches are ON while in CDP mode, even during CDP handshaking.
The data line switches are OFF if EN/UVLO is low.
The data line switches are OFF during External FET Current limit conditions.
The data switches are only for a USB-2.0 differential pair. In the case of a USB-3.0 host, the super-
speed differential pairs must be routed directly to the USB connector without passing through the
TPS2584x device.
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11 Application and Implementation

Note
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11.1 Application Information

The TPS2584x-Q1 is a step down DC-to-DC regulator and USB charge port controller. TheTPS2584x-Q1 is
typically used in automotive systems to convert a DC voltage from the vehicle battery to 5-V DC with a maximum
output current of 3 A. The following design procedure can be used to select components for the TPS2584x-Q1.

11.2 Typical Application

The TPS2584x-Q1 only requires a few external components to convert from a wide voltage range supply to a 5-
V output for powering USB devices. [X| 11-1 shows a basic schematic.

CSNS(FLT)

BOOT (32)
SW (28, 29, 30, 31)

IN(1,2,3)

VIN
6Vto18V

CcsP 0.015Q

1;5*22 uF

J_CCSN/OUT
i 0.1 pyF
Q

CIN(BULK)
L L EN/UVLO (4) CSP (14)

~

) |+

CSN/OUT (13)

LS_GD (10)

n
_LCvcc _LCVCC(HF) {]vecen

2.2 yF 0.1 pF BUS (15)

7] CTRL1 (5) DM_IN (17)

RPU
—_y
100 kQ

RPU
DP_IN (18)

CTRL2 (6)

Type-A Connector

AA
RPU 100 kQ

FAULT (24) RT/SYNC (9)
IMON (11)

‘BUCK_ST (23) ILIMIT (12)

INT (20)

RiLimit
11.8kQ

AGND (16)

DM_OUT (8) PGND (25, 26, 27)

DP_OUT (7)

11-1. Application Circuit

The integrated buck regulator of TPS2584x-Q1 is internally compensated and optimized for a reasonable
selection of external inductance and capacitance. The external components have to fulfill the needs of the
application, but also the stability criteria of the device's control loop. % 11-2 can be used to simplify the output
filter component selection.

11.2.1 Design Requirements
To begin the design process, a few parameters must be known:

» Cable compensation: Total resistance including cable resistance, contact resistance of connectors,
TPS2584x-Q1 current sense resistor and external NFET rpgon) (if used). Refer to [¥| 10-19 for examples of
resistance in an automotive application.

* The maximum continuous output current for the charging port. The minimum current-limit setting of
TPS2584x-Q1 device must be higher than this current.
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For this example, use the parameters listed in # 11-1 as the input parameters.

& 11-1. Design Example Parameters

PARAMETER VALUE
Input Voltage, V|y 13.5-V typical, range from 6 V to 18 V
Output Voltage, Vout 51V
Maximum Output Current loyT(max) 3.0A
Transient Response 0.3 Ato 3 A 5%

Output Voltage Ripple 50 mV

Input Voltage Ripple 400 mV

Switching Frequency fgy 400 kHz

Cable Resistance for Cable Compensation 300 mQ
Current Limit by Buck Average 3.3A

£ 11-2. L, and Cqyr Typical Values

VOUT without
fsw Cable Cin+Cur L Current Limit Ccsp Ccsniout Cgus
Compensation
400 kHz 510V 1x 10 pF +1 x 100 nF 10 pH Buck Avg 5x 22 pF 100 nF 1t04.7 uF
400 kHz 510V 1x 10 uF +1 x 100 nF 10 pH Ext. NFET 5x 22 uF 100 nF 1t04.7 uF
2100 kHz 510V 1x10 uyF +1 x 100 nF 2.2 uH Buck Avg 2x22uF 100 nF 1t0 4.7 uF

1. Inductance value is calculated based on V| =18 V.
2. All the Coyt values are after derating.

11.2.2 Detailed Design Procedure
11.2.2.1 Output Voltage

The output voltage of TPS2584x-Q1 is internally fixed at 5.10 V. Cable compensation can be used to increase
the voltage on the CSN/OUT pin linearly with increasing load current. For more details on output voltage
variation versus load current, refer to Cable Compensation. If cable compensation is not desired, use a 0-Q
Rimon resistor.

11.2.2.2 Switching Frequency

The recommended switching frequency of the TPS2584x-Q1 is in the range of 300—400 kHz for best efficiency.
Choose Rgt = 49.9 kQ for 400-kHz operation. Refer to % 10-1 to choose a different switching frequency.

11.2.2.3 Inductor Selection

The most critical parameters for the inductor are the inductance, saturation current and the rated current. The
inductance is based on the desired peak-to-peak ripple current Ai, . Because the ripple current increases with the
input voltage, the maximum input voltage is always used to calculate the minimum inductance Lyn. Use
Equation 10 to calculate the minimum value of the output inductor. Kiyp is a coefficient that represents the
amount of inductor ripple current relative to the maximum output current of the device. A reasonable value of
Kinp must be 20% to 40%. During an instantaneous short or over current operation event, the RMS and peak
inductor current can be high. The inductor current rating must be higher than the current limit of the device.

_ Vour % (VINiMAX - VOUT)

Aip
VN max <L xfsw (9)
Lo Vin_wmax — Vour Vourt
MIN = o Ko M f
ouT *IND IN_MAX *Tsw (10)
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In general, choose lower inductance in switching power supplies because it usually corresponds to faster
transient response, smaller DCR, and reduced size for more compact designs. But too low of an inductance can
generate too large of an inductor current ripple such that over current protection at the full load can be falsely
triggered. Too low of an inductance also generates more conduction loss and inductor core loss. Larger inductor
current ripple also implies larger output voltage ripple with same output capacitors. With peak current mode
control, Tl recommends to have a larger inductor current ripple. A larger peak current ripple improves the
comparator signal to noise ratio.

For this design example, choose Kj\p = 0.3, the minimum inductor value is calculated to be 8.7 yH. Choose the
nearest standard 10 pH ferrite inductor with a capability of 4 A RMS current and 6-A saturation current.

11.2.2.4 Output Capacitor Selection

The value of the output capacitor, and its ESR, determine the output voltage ripple and load transient
performance. The output capacitor bank is usually limited by the load transient requirements, rather than the
output voltage ripple. Equation 11 can be used to estimate a lower bound on the total output capacitance, and an
upper bound on the ESR, required to meet a specified load transient.

Aloyr K?
> 2o | (1_D).(14+K)+—-(2-D
Cour = - 30— -0 10K+ 5 2-0)

(2 + K) AVOUT

2-Al 1+K+£~ 1+ 1
out 12 | (1-D)

D - Your
Vin (1)

ESR <

where

*  AVoyt = output voltage transient
* Alpyt = output current transient
* K= Ripple factor from Inductor Selection

After the output capacitor and ESR have been calculated, Equation 12 can be used to check the peak-to-peak
output voltage ripple, V..

V, = Al -\/ESRZ + L

(8-fsw -Cout f (12)

The output capacitor and ESR can then be adjusted to meet both the load transient and output ripple
requirements.

For this example, we require a AVgyt of < 250 mV for an output current step of Algyt = 2.7 A. Equation 11 gives
a minimum value of 86 yF and a maximum ESR of 0.08 Q. Assuming a 20% tolerance and a 10% bias de-rating,
we arrive at a minimum capacitance of 110 yF. This can be achieved with a bank of 5 x 22-uF, 10-V, ceramic
capacitors in the 1210 case size. More output capacitance can be used to improve the load transient response.
Ceramic capacitors can easily meet the minimum ESR requirements. In some cases an aluminum electrolytic
capacitor can be placed in parallel with the ceramics to help build up the required value of capacitance.

In practice, the output capacitor has the most influence on the transient response and loop phase margin. Load
transient testing and Bode plots are the best way to validate any given design and must always be completed
before the application goes into production. In addition to the required output capacitance, a small ceramic
placed on the output can help to reduce high frequency noise. Small case size ceramic capacitors in the range
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of 1 nF to 100 nF can be very helpful in reducing voltage spikes on the output caused by inductor and board
parasitics.

The maximum value of total output capacitance must be limited to about 10 times the design value, or 1000 pF,
whichever is smaller. Large values of output capacitance can adversely affect the start-up behavior of the
regulator as well as the loop stability. If values larger than noted here must be used, then a careful study of start-
up at full load and loop stability must be performed.

11.2.2.5 Input Capacitor Selection

The TPS2584x-Q1 device requires high frequency input decoupling capacitor(s) and a bulk input capacitor,
depending on the application. A high-quality ceramic capacitor type X5R or X7R with sufficient voltage ratings
are recommended. To compensate the derating of ceramic capacitors, Tl recommends a voltage rating of twice
the maximum input voltage. The bulk capacitance selection depends upon a number of factors: long leads from
the automotive battery to the IN pin of TPS2584x-Q1, cold or warm engine crank requirements, and so forth. The
bulk capacitor is used to dampen voltage spike due to the lead inductance of the cable or the trace. For this
design, one 10-pF, 50-V, X7R ceramic capacitors are used. Use a 0.1 yF for high-frequency filtering and place it
as close as possible to the device pins. Consider adding additional bulk capacitance for operation through low
VN warm-crank profiles is required by the vehicle OEM.

11.2.2.6 Bootstrap Capacitor Selection

Every TPS2584x-Q1 design requires a bootstrap capacitor (Cgpoot). The recommended capacitor is 0.1 yF and
rated 10 V or higher. The bootstrap capacitor is located between the SW pin and the BOOT pin. The bootstrap
capacitor must be a high-quality ceramic type with an X7R or X5R grade dielectric for temperature stability.

11.2.2.7 VCC Capacitor Selection

The VCC pin is the output of an internal LDO for TPS2584x. The LDO supplies gate charge to the LS buck
switch and is the supply to the digital state-machine and analog USB circuitry. To insure stability of the device,
place a minimum of 2.2 yF, 10 V, X7R capacitor from this pin to ground. In addition a 0.1-yF high frequency
decoupling capacitor is highly recommended.

11.2.2.8 Enable and Under Voltage Lockout Set-Point

The system enable and undervoltage lockout (UVLO) is adjusted using the external voltage divider network of
Rent @and Reng. The EN/UVLO has two thresholds, one for power up when the input voltage is rising and one
for power down or brown outs when the input voltage is falling. The following equations can be used to
determine the V|yon) and Vin(oFr) levels.

Vineom

Rgny = ( — 1) X Rgnp

V,
EN/UVLO_H (13)

Venjuvio_nys
Vinorry = Vineony X (1 = W
) (14)

ViN(on) = 6 V (user choice)

Reng = 5 kQ (user choice)

Rent = [(Vinon) / (VEnuveo H) — 11 % Rens

Reng = [(6V/1.2V)—1] % 5kQ =20 kQ. Choose standard 20 kQ.
Therefore Viyorr) =6V x [1-(0.09V/1.2V)] =555V

11.2.2.9 Current Limit Set-Point

The TPS2584x-Q1 provides an accurate current limit to protect the USB port from overload based upon the
values of Rgns, Rset and Ry uir- The design process is the same regardless of whether buck average current
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limiting or external NFET current limiting is chosen. The only difference is the current limit threshold voltage on
the ILIMIT pin.

Rsns is the current sense resistor. The recommended voltage across Rgns under current limit must be
approximately 50 mV as a compromise between accuracy and power dissipation. For example, if current
limiting is desired for loyTuax) 2 3.3 A, then Rgnys = 0.05V /3.3 A =0.01515 Q. Choose a standard value of
15 mQ.

Rset determines the input current to the transconductance amplifier and current mirror. The amplifier
balances the voltage to be equal to that across Rgys. Choose a Rget value to produce an Iggt current
between 75 —180 pA at the desired loyT(max)- Considering 50 mV across Rser, a value of 300 Q provides
approximately 166 pA of Isgt current to the amplifier and mirror circuit. Care must be taken to limit the Isgt
current below 200 pA to avoid saturating the internal amplifier circuit.

Buck average current limiting occurs when Vi it = 1 V. RiymiT is calculated as 1V x 300 Q /[ 0.5 x (3.3 A x
15mQ + 0.7 mV) ] = 11.95 kQ. A standard 11.8 kQ value is chosen.

11.2.2.10 Cable Compensation Set-Point

From # 11-1 the total cable resistance to be accounted for is 300 mQ.

hPowph =

From Current Limit Set-Point Rgns and Rget have been determined as 15 mQ and 300 Q, respectively.
RWIRE =300 mQ

AVOUT = (RSNS + RWIRE) X IBUS = (0015 + 03) x 3=1.0395V

Rimon = (AVout * Rset % 2) / (Igus * Rsns) = (1.0395 x 300 x 2) / (3.3 x 0.015) = 12.6 kQ. A standard value
of 12.7 kQ is selected.

11.2.2.11 FAULT Resistor Selection

The FAULT pins are open-drain output flags. The pins can be connected to the TPS2584x-Q1 VCC pin with 100
kQ resistors, or connected to another suitable 1/0 voltage supply if actively monitored by a USB HUB or MCU.
The pins can be left floating if unused.
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11.2.3 Application Curves

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fgyw = 400 kHz, L = 10 pH, Coyt csp = 66 uF,

Cout_csn = 0.1 pF, Cgys =1 WF, To =25 °C.
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12 Power Supply Recommendations

The TPS2584x-Q1 is designed to operate from an input voltage supply range between 6 V and 36 V. This input
supply must be able to withstand the maximum input current and maintain a stable voltage. The resistance of the
input supply rail must be low enough that an input current transient does not cause a high enough drop at the
TPS2584x-Q1 supply voltage that can cause a false UVLO fault triggering and system reset. If the input supply
is located more than a few inches from the TPS2584x-Q1, additional bulk capacitance can be required in
addition to the ceramic input capacitors. The amount of bulk capacitance is not critical, but a 47-uF or 100-uF
electrolytic capacitor is a typical choice.

13 Layout
13.1 Layout Guidelines

Layout is a critical portion of good power supply design. The following guidelines help users design a PCB with
the best power conversion performance, thermal performance, and minimized generation of unwanted EMI. For
more detailed EMC design consideration and test report, please see the PCB Layout and Parameters
Recommendation for TPS2583X EMC Performance application report.

1. Input capacitor: The input bypass capacitor, C,y, must be placed as close as possible to the IN and PGND
pins. Grounding for both the input and output capacitors must consist of localized top side planes that
connect to the PGND pin and PAD. A combination of different values and packages of capacitors can help
improve the EMC performance (for example: 10 yF + 0.1 yF + 2.2 nF). Besides, the distance between the
input filter section and the output power section must be at least 15mm to prevent the output high-frequency
signal from coupling into the input filter. A 10-pF cap cross V| and PGND pin on top of SW is suggested for
TPS2584x-Q1.

2. Vcc bypass capacitor: Place bypass capacitors for V¢ close to the VCC pin and ground the bypass

capacitor to device ground.

Use a ground plane in one of the middle layers as noise shielding and heat dissipation path.

Connect the thermal pad to the ground plane. The QFN package has a thermal pad (PAD) connection that

must be soldered down to the PCB ground plane. This pad acts as a heat-sink connection. The integrity of

this solder connection has a direct bearing on the total effective Rgya of the application.

5. Make V|, Vout and ground bus connections as wide as possible. This action reduces any voltage drops on
the input or output paths of the converter and maximizes efficiency.

6. Provide enough PCB area for proper heat sinking. As stated in the section, enough copper area must be
used to ensure a low Rgja, commensurate with the maximum load current and ambient temperature. Make
the top and bottom PCB layers with 2-ounce copper and no less than one ounce. Use an array of heat-
sinking vias to connect the thermal pad (PAD) to the ground plane on the bottom PCB layer. If the PCB
design uses multiple copper layers (recommended), thermal vias can also be connected to the inner layer
heat-spreading ground planes.

7. The SW pin connecting to the inductor must be as short as possible, and just wide enough to carry the load
current without excessive heating. Short, thick traces or copper pours (shapes) bring a high current
conduction capacity to minimize parasitic resistance, but also cause a larger parasitic capacitance. Thus a
balance must be found between smaller parasitic resistance and larger parasitic capacitance. And the
current path must be kept straight forward to the inductor, otherwise the L-shaped or T-shaped path makes a
sudden change of the impedance which causes signal reflection and impacts the performance of EMC. The
output capacitors must be placed close to the Vot end of the inductor and closely grounded to PGND pin
and exposed PAD. Besides, do not punch vias on SW lines. Using shielded inductors or molded inductors to
reduce high-frequency radiation.

8. Sense and Set Resistors: The Rgng and Rge resistors connect to the current sense amplifier inputs at the
CSP and CSN/OUT pins. For best current limit and cable compensation accuracy; short, parallel traces give
the best performance. If it is not possible to place Rgns and Rget near the CSP and CSN/OUT pins, Tl
recommends that the traces from sense resistor be routed in parallel and of similar lengths. A small filter
capacitor in parallel with Rgns and a small filter capacitor from CSN/OUT to AGND help decouple noise.

9. Ryumir and Rymon resistors must be placed as close as possible to the ILIMIT and IMON pins and connected
to AGND. If needed, these components can be placed on the bottom side of the PCB with signals routed
through small vias.

B w
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10. Trace routing of DP_IN, DM_IN, DP_OUT, and DM_OUT: Route these traces as micro-strips with nominal
differential impedance of 90 Q. Minimize the use of vias in the high-speed data lines. Keep the reference
GND plane devoid from cuts or splits above the differential pairs to prevent impedance discontinuities.

11. FAULT are open-drain outputs. They can be connected to the VCC pin via pull-up resistors. Suggested
resistor value is 100 kQ.

12. The area enclosed by current loop of input side and output side must be as small as possible; the area
enclosed by the BOOT circuit must be as small as possible.

13. Power ground PGND and the signal ground AGND must be separated in the actual PCB layout.

13.2 Ground Plane and Thermal Considerations

Tl recommends to use one of the middle layers as a solid ground plane. Ground plane provides shielding for
sensitive circuits and traces. Ground plane also provides a quiet reference potential for the control circuitry. The
PGND pins must be connected to the ground plane using vias right next to the bypass capacitors. PGND pin is
connected to the source of the internal LS switch. The PGND net contains noise at switching frequency and can
bounce due to load variations. PGND trace, as well as VIN and SW traces, must be constrained to one side of
the ground plane. The other side of the ground plane contains much less noise and must be used for sensitive
routes. AGND and PGND must be connected under the QFN package PAD.

Tl recommends to provide adequate device heat sinking by using the PAD of the IC as the primary thermal path.
Use a minimum 2 row, 2 column "+" array of 12 mil thermal vias to connect the PAD to the system ground plane
heat sink. The vias must be evenly distributed under the PAD. Use as much copper as possible, for system
ground plane, on the top and bottom layers for the best heat dissipation. Use a four-layer board with the copper
thickness for the four layers, starting from the top of 2 oz, 1 0z, 1 oz, 2 oz. Four layer boards with enough copper
thickness provide low current conduction impedance, proper shielding and lower thermal resistance.

The thermal characteristics of the TPS2584x-Q1 are specified using the parameter, 68,5, which characterize the
junction temperature of silicon to the ambient temperature in a specific system. Although the value of 6,4 is
dependent on many variables, it still can be used to approximate the operating junction temperature of the
device. To obtain an estimate of the device junction temperature, one can use the following relationship:

TJ=PDX9JA+TA (15)

where

T, = Junction temperature is in °C

Pp = VN % iy * (1 — Efficiency) — 1.1 x Iyt 2 * DCR in Watt

DCR = Inductor DC parasitic resistance in Q

0, = Junction to ambient thermal resistance of the device in °C/W
Ta = Ambient temperature in °C

0,4 is highly related to PCB size and layout, as well as environmental factors such as heat sinking and air flow.
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13.3 Layout Example

Top Trace/Plane

Inner GND Plane

SignalLayers
VIkto GND Pl

=

. o Power and GND.

]
|
VIA to Signal Layer o Inner GND Plane:

Vihto Strap

13-1. Layout Example
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14 Device and Documentation Support
14.1 Documentation Support
14.1.1 Related Documentation

* Texas Instruments, How to Improve USB2.0 Eye Diagram Using Long USB Cable application report

* Texas Instruments, TPS2583x-Q1 and TPS2584x-Q1 Short-to- Battery Application application report

» Texas Instruments, How to Pass MFi Overcurrent Protection Test With USB Charger and Switch Device
application report

» Texas Instruments, PCB Layout and Parameters Recommendation for TPS2583X EMC Performance
application report

14.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

# 14-1. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER ORDER NOW DOCUMENTS SOFTWARE COMMUNITY
TPS25840-Q1 Click here Click here Click here Click here Click here
TPS25842-Q1 Click here Click here Click here Click here Click here

14.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.
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14.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
TRCOEET, ZNENOFAEITRBLET,
14.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

14.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

15 Mechanical, Packaging, and Orderable Information

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

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

TPS25840QCWRHBRQ1 Active Production VQFN (RHB) | 32 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T25840
TPS25840QCWRHBRQ1.A Active Production VQFN (RHB) | 32 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T25840
TPS25840QWRHBRQ1 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25840
TPS25840QWRHBRQL.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25840
TPS25840QWRHBTQ1 Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25840
TPS25840QWRHBTQ1.A Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25840
TPS25842QCWRHBRQ1 Active Production VQFN (RHB) | 32 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T25842
TPS25842QCWRHBRQ1.A Active Production VQFN (RHB) | 32 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T25842
TPS25842QWRHBRQ1 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25842
TPS25842QWRHBRQ1.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25842
TPS25842QWRHBTQ1 Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25842
TPS25842QWRHBTQ1.A Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25842

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

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

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

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

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

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

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

Addendum-Page 1


https://www.ti.com/product/TPS25840-Q1/part-details/TPS25840QCWRHBRQ1
https://www.ti.com/product/TPS25840-Q1/part-details/TPS25840QWRHBRQ1
https://www.ti.com/product/TPS25840-Q1/part-details/TPS25840QWRHBTQ1
https://www.ti.com/product/TPS25842-Q1/part-details/TPS25842QCWRHBRQ1
https://www.ti.com/product/TPS25842-Q1/part-details/TPS25842QWRHBRQ1
https://www.ti.com/product/TPS25842-Q1/part-details/TPS25842QWRHBTQ1
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

j PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS
www.ti.com 9-Nov-2025

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

and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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www.ti.com 6-Jun-2022
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS25840QCWRHBRQ1| VQFN RHB 32 5000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
TPS25840QWRHBRQ1 | VQFN RHB 32 3000 330.0 12.4 525 | 5.25 11 8.0 12.0 Q2
TPS25840QWRHBTQ1 | VQFN RHB 32 250 180.0 12.4 525 | 5.25 11 8.0 12.0 Q2
TPS25842QCWRHBRQ1| VQFN RHB 32 5000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
TPS25842QWRHBRQ1 | VQFN RHB 32 3000 330.0 12.4 525 | 5.25 11 8.0 12.0 Q2
TPS25842QWRHBTQ1 | VQFN RHB 32 250 180.0 12.4 525 | 5.25 11 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS25840QCWRHBRQ1 VQFN RHB 32 5000 367.0 367.0 35.0
TPS25840QWRHBRQ1 VQFN RHB 32 3000 367.0 367.0 38.0
TPS25840QWRHBTQ1 VQFN RHB 32 250 213.0 191.0 35.0
TPS25842QCWRHBRQ1 VQFN RHB 32 5000 367.0 367.0 35.0
TPS25842QWRHBRQ1 VQFN RHB 32 3000 367.0 367.0 38.0
TPS25842QWRHBTQ1 VQFN RHB 32 250 213.0 191.0 35.0
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHBO032R VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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4223771/A 06/2017

NOTES:

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

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHBO032R VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@s.7)

(R0.05)
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:15X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
SOLDER MASK
M EXPOSED METAL 1 " OPENING
— 7
| |
EXPOSED METAL |
T SOLDER MASK L /NMETAL UNDER
OPENING Ny SOLDER MASK

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4223771/A 06/2017

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
RHBO032R 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 33

74% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:18X

4223771/A 06/2017

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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PACKAGE OUTLINE

RHBO0O32AA VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
214 Fe ]
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PIN 1 INDEX AREA—]
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NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHBO0O32AA VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER MASK DETAILS
4227186/A 10/2021

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
RHBO0O32AA VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
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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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