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5 Pin Configuration and Functions

DSG Package
8-Pin WSON
Top View

BST| | bRVH

PWM[ 2}

| anp
voD| 4 DRVL
Pin Functions
PIN 1
11o® DESCRIPTION

NAME NO.
BST 1 | High-side N-channel FET bootstrap voltage input; power supply for high-side driver
DRVH 8 (0] High-side N-channel gate drive output
DRVL 5 (0] Synchronous low-side N-channel gate drive output
GND 6 G Synchronous low-side N-channel gate drive return and device reference

PWM input. A tri-state voltage on this pin turns off both the high-side (DRVH) and low-side drivers
PWM 2 |

(DRVL)

When SKIP is LO, the zero crossing comparator is active. The power chain enters discontinuous
SKIP 3 | conduction mode when the inductor current reaches zero. When SKIP is HI, the zero crossing

comparator is disabled, and the driver outputs follow the PWM input. A tri-state voltage on SKIP puts

the driver into a very-low power state.
SW 7 1/0 High-side N-channel gate drive return. Also, zero-crossing sense input
VDD | 5-V power supply input; decouple to GND with a ceramic capacitor with a value of 1 uF or greater
Thermal Pad G Tie to system GND plane with multiple vias

(1) I =Input, O = Output, G = Ground

Copyright © 2020, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings® @
over operating free-air temperature (unless otherwise noted)
MIN MAX UNIT
VDD -0.3 6
Input voltage — \%
PWM, SKIP -0.3 6
BST -0.3 35
BST (transient <20 ns) -0.3 38
BST to SW; DRVH to SW -0.3 6
Output voltage \%
Sw -2 30
DRVH, SW (transient <20 ns) -5 38
DRVL -0.3 6
Ground pins GND to PAD -0.3 0.3 \%
Operating junction temperature, T, -40 125 °C
Storage temperature range, Ty -55 150 °C

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

(2) All voltage values are with respect to the network ground terminal unless otherwise noted.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per AEC Q100-002Y +2000 v
(ESD) discharge Charged device model (CDM), per AEC Q100-011 +750

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

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

MIN NOM MAX UNIT
VDD 45 5 55
Input voltage — \%
PWM, SKIP -0.1 55
BST -0.1 34
BST to SW; DRVH to SW -0.1 55
Output voltage \Y
SwW -1 28
DRVL -0.1 55
Ground pins GND to PAD -0.1 0.1 \%
Operating junction temperature, T, -40 125 °C

6.4 Thermal Information

TPS59603-Q1
THERMAL METRIC® WSON (DSG) UNIT
8 PINS
Roia Junction-to-ambient thermal resistance 63.1 °C/W
Rojctop) Junction-to-case (top) thermal resistance 74.1 °C/W
Ross Junction-to-board thermal resistance 34.3 °C/W
Wit Junction-to-top characterization parameter 2.0 °C/W
ViR Junction-to-board characterization parameter 34.9 °C/W
Roic(bot) Junction-to-case (bottom) thermal resistance 11.7 °C/W

(1) BEXRESANFAERNESER , BSAMARE (¥S4F/ IC HERER) ( XHEES : SPRAS3 ) .

MY © 2020, Texas Instruments Incorporated
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6.5 Electrical Characteristics
These specifications apply for —40°C < T, < 125°C, and V\pp = 5 V unless otherwise specified.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VDD INPUT SUPPLY
Vskip = Vypp Of Vskip =0V,
PWM = High 160 600
Vskip = Vvpp Of Vskip =0V, 250
lcc Supply current (operating) PWM = Low HA
Vskip = Vypp Of Vskp =0V, 130
PWM = Float
Vskip = Float 8
VDD UNDERVOLTAGE LOCKOUT (UVLO)
Rising threshold 4.19
VuvLo UVLO threshold _ \%
Falling threshold 3.65
VUvHYS UVLO hysteresis 0.2 \Y
PWM AND SKIP I/0O SPECIFICATIONS
. Pullup to VDD 1.7 MQ
R Input impedance
Pulldown (to GND) 800 kQ
Vi Low-level input voltage 0.6 \Y
Viy High-level input voltage 2.70 \Y
Vigu Hysteresis 0.2 \Y
Vrs Tri-state voltage 1.3 2.0 \Y
Tri-state activation time (falling)
trHOLD(off1) PWM 60 ns
Tri-state activation time (rising)
tTHOLD(off2) PWM 60 ns
t Tri-state activation time (falling) 1 s
TSKF SKIP u
Tri-state activation time (risin
trskr SKIP ( g) 1 us
t3RD(PWM) Tri-state exit time PWM 100 ns
t3RD(EKIP) Tri-state exit time SKIP 50 us
HIGH-SIDE GATE DRIVER (DRVH)
— _ om0
tRORVH) Rise time tl?)Rs\é;)nsmg, CprvH = 3.3 nF; 20% 30 ns
tRPD(DRVH) Rise time propogation delay CprvH = 3.3 nF 40 ns
Source resistance,
Rsrc Source resistance (VesT Vsw) =5V, 2 4 Q
hlgh state, (VBST - VDRVH) =01V
tF(DRVH) Fall time DRVH falling, CprvH = 3.3 nF 8 ns
tFPD(DRVH) Fall-time propagation delay CprvH = 3.3 nF 25 ns
Sink resistance,
Rsnk Sink resistance (Vgst — Vsw) forced to 5 V, 0.5 1.6 Q
low state (VDRVH - VSW) =01V
RpRVH DRVH to SW resistance® 100 kQ

(1) Specified by design. Not production tested.

RN © 2020, Texas Instruments Incorporated
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Electrical Characteristics (3 FR)

These specifications apply for —40°C < T, £ 125°C, and V\pp = 5 V unless otherwise specified.

PARAMETER ’ TEST CONDITIONS MIN TYP MAX UNIT

LOW-SIDE GATE DRIVER (DRVL)

tRDRVL) Rise time S;ZL rising, Cpry1 = 3.3 nF; 20% to 15 ns
trRPD(DRVL) Rise time propagation delay Cprvt =3.3nF 35 ns

Source resistance, (Vypp—GND) = 5
Rsre Source resistance V, 1.5 3 Q
high state, (Vypp — Vpry) = 0.1V

trORVL) Fall time DRVL falling, CpryL = 3.3 nF 10 ns
trpD(DRVL) Fall-time propagation delay Cprvi=3.3nF 15 ns
Rsnk Sink resistance f)i\/r\]/ks;:tsgtﬁ;:\’,L(YvGDRl_D()SE8.)1=V5 V. 0.4 1.6 Q
RDRVL DRVL to GND resistance® 100 kQ
GATE DRIVER DEAD-TIME

trT) Rising edge 20 40 ns
troT) Falling edge 10 25 ns
ZERO CROSSING COMPARATOR

Vzx Zero crossing offset ’ SW voltage rising -2.25 0 2.00 mV
BOOTSTRAP SWITCH

VegsT Forward voltage I =10 mA 120 240 mV
IRLEAK Reverse leakage (Vest —Vvop) =25V 2 pA
Rps(on) On-resistance 12 24 Q
6 MRAX © 2020, Texas Instruments Incorporated
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6.6 Typical Characteristics
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Typical Characteristics (T X)
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7 Detailed Description

7.1 Overview

The TPS59603-Q1 device is a synchronous-buck MOSFET driver designed to drive both high-side and low-side
MOSFETSs. It allows high-frequency operation with current driving capability matched to the application. The
integrated boost switch is internal. The TPS59603-Q1 device employs dead-time reduction control and shoot-
through protection, which helps avoid simultaneous conduction of high-side and low-side MOSFETSs. Also, the
drivers improve light-load efficiency with integrated DCM-mode operation using adaptive crossing detection.
Typical applications yield a steady-state duty cycle of 60% or less. For high steady-state duty cycle applications,
including a small external Schottky diode may help to ensure sufficient charging of the bootstrap capacitor.

7.2 Functional Block Diagram

VDD ¢
Ty ]
DRVL
] ! 1 |BST
* Voo Level Shift ll: | 8| DRVH
= T |
VDD el — [7]sw
1V
1.7 MQ T
+
skiPl 3 Tri-State 1—
Logic _U'_
800 kQ g
VDD gy
o 1
= 4 |vDD
PWM |:2 Tri-State .
Logic _| ) 5 | DRVL
1 J |_/
800 kQ
GND

7.3 Feature Description

7.3.1 UVLO Protection

The UVLO comparator evaluates the VDD voltage level. As Vypp rises, both DRVH and DRVL hold actively low
at all times until V\pp reaches the higher UVLO threshold (Vyy 0 w)- Then, the driver becomes operational and
responds to PWM and SKIP commands. If VDD falls below the lower UVLO threshold (Vyyio L = Vuvio H —
Hysteresis), the device disables the driver and drives the outputs of DRVH and DRVL actively low. B 13 shows
this function.

CAUTION
Do not start the driver in the very low power mode (SKIP = Tri-state).

RN © 2020, Texas Instruments Incorporated 9
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Feature Description (3T )

A

VUVLO Hpmm e e e

|
|
Vuvio Lfb-=——=—————=A- L

7.3.2 PWM Pin

13. UVLO Operation

>

UDG-12218

The PWM pin incorporates an input tri-state function. The device forces the gate driver outputs to low when
PWM is driven into the tri-state window and the driver enters a low power state with zero exit latency. The pin
incorporates a weak pullup to maintain the voltage within the tri-state window during low-power modes.
Operation into and out of a tri-state condition follows the timing diagram outlined in ¥ 14.

When VDD reaches the UVLO_H level, a tri-state voltage range (window) is set for the PWM input voltage. The
window is defined as the PWM voltage range between PWM logic high (V,4) and logic low (V,) thresholds. The
device sets high-level input voltage and low-level input voltage threshold levels to accommodate both 3.3-V

(typical) and 5-V (typical) PWM drive signals.

When the PWM exits the tri-state condition, the driver enters CCM for a period of 4 us, regardless of the state of
the SKIP pin. Typical operation requires this time period in order for the auto-zero comparator to resume.

ViH
e V|L
SN

2585
o525
be5252s
ety

e

e
.,’
&

585

S5
SHig
bdats)
eteled

T
&
X

>

TR TS
otetetell

I

50
S AL,
s
LRSI

525

525

525

75

::
‘:
ol

55

i i
High-Z Window
| |
| |
| I
! |
| b
| b
HDR ! | -
] —
b L
I b o
N
I bt [
I b [
LDR A A
b o
1o trPD-DRVH |
R R
M N
o b
trPDDRVLY | | tror | | I tr.pT
bbby Pobo

o

525

525

525

Time

14. PWM Tri-State Timing Diagram
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Feature Description (3T )
7.3.3 SKIP Pin

The SKIP pin incorporates the input tri-state buffer as PWM. The function is somewhat different. When SKIP is
low, the zero crossing (ZX) detection comparator is enabled, and DCM mode operation occurs if the load current
is less than the critical current. When SKIP is high, the ZX comparator disables, and the converter enters FCCM
mode. When the SKIP pin is in a tri-state condition, typical operation forces the gate driver outputs low and the
driver enters a very-low-power state. In the low-power state, the UVLO comparator remains off to reduce
quiescent current. When the SKIP pin voltage is pulled either low or high, the driver wakes up and is able to
accept PWM pulses in less than 50 ps.

%= 1 shows the logic functions of UVLO, PWM, SKIP, DRVH, and DRVL.

% 1. Logic Functions

UVvVLO PWM SKIP DRVL DRVH MODE
Active — — Low Low Disabled
Inactive Low Low High® Low pcM®
Inactive Low High High Low FCCM
Inactive High HorL Low High

Inactive Tri-state HorL Low Low Low power
Inactive — Tri-state Low Low Very-low power

(1) Until zero crossing protection occurs.
7.3.3.1 Zero Crossing (ZX) Operation

The zero crossing comparator is adaptive for improved accuracy. As the output current decreases from a heavy
load condition, the inductor current also reduces and eventually arrives at a valley, where it touches zero current,
which is the boundary between continuous conduction and discontinuous conduction modes. The SW pin detects
the zero-current condition. When this zero inductor current condition occurs, the ZX comparator turns off the
rectifying MOSFET.

7.3.4 Adaptive Dead-Time Control and Shoot-Through Protection

The driver utilizes an anti-shoot-through and adaptive dead-time control to minimize low-side body diode
conduction time and maintain high efficiency. When the PWM input voltage becomes high, the low-side MOSFET
gate voltage begins to fall after a propagation delay. At the same time, DRVL voltage is sensed, and high-side
driving voltage starts to increase after DRVL voltage is lower than a proper threshold.

V— 06V
. R-DRVL
DRVL «—IRPD-DRVL—»;
I:
tFPD-DRVL™ i
I:
) j 90%
a < / 4.0V
tF-DRVH
[4-tRPD-DRVH» 1oV ‘ 10
_______ . oV
DRVH Y — 10% \
Time UDG-12226

15. Rise and Fall Timing and Propagation Delay Definitions
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Typical operation manages to near zero the dead-time between the low-side gate turn-off to high-side gate
voltage turn-on, and high-side gate turn-off to low-side gate turn-on, in order to avoid simultaneous conduction of
both MOSFETS, as well as to reduce body diode conduction and recovery losses. This operation also reduces
ringing on the leading edge of the SW waveform.

A
PWM/
DRVL
10V =~ -— 10V

tR-DT |
]
|

|
1.0V !
DRVH | frm————mm—mmm e

Time UDG-12227

16. Dead-Time Definitions

7.3.5 Integrated Boost-Switch

To maintain a BST-SW voltage close to VDD (to get lower conduction losses on the high-side FET), the
conventional diode between the VDD pin and BST pin is replaced by a FET, which is gated by the DRVL signal.
7.4 Device Functional Modes

The TPS59603-Q1 device operates in CCM mode when the SKIP pin is high, and it enters DCM mode when the
SKIP pin is low. When both the SKIP pin and the PWM pin are in a tri-state condition, it forces the gate driver
outputs low and the driver enters a very-low-power state.

12 MRAX © 2020, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps59603-q1?qgpn=tps59603-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS59603-Q1

www.ti.com.cn ZHCSKRIA —JANUARY 2020—REVISED MARCH 2020

8 Power Supply Recommendations

The voltage range for the VDD pin is between 4.5V and 5.5 V. A 5-V power supply is recommended for the VDD
pin of the TPS59603-Q1 device.

9 Layout

9.1 Layout Guidelines

To improve the switching characteristics and design efficiency, these layout rules must be considered:
» Locate the driver as close as possible to the MOSFETS.
» Locate the VDD and bootstrap capacitors as close as possible to the driver.

» Pay special attention to the GND trace. Use the thermal pad of the package as the GND by connecting it to
the GND pin. The GND trace or pad from the driver goes directly to the source of the MOSFET, but should
not include the high current path of the main current flowing through the drain and source of the MOSFET.

» Use a similar rule for the switch-node as for the GND.

e Use wide traces for DRVH and DRVL closely following the related SW and GND traces. A width of between
80 and 100 mils is preferable where possible.

» Place the bypass capacitors as close as possible to the driver.
e« Avoid PWM and enable traces going close to the SW and pad where high dV/dT voltage can induce
significant noise into the relatively high-impedance leads.

A poor layout can decrease the reliability of the entire system.

9.2 Layout Recommendation
B 17 above shows the primary current loops in each phase, numbered in order of importance.

The most important loop to minimize the area of is loop 1, the path from the input capacitor through the high and
low-side FETs, and back to the capacitor through ground.

Loop 2 is from the inductor through the output capacitor, ground, and Q2. The layout of the low-side gate drive
(Loops 3a and 3b) is important. The guidelines for the gate drive layout are:

» Make the low-side gate drive length as short as possible (1 inch or less preferred).

» Make the DRVL width to length ratio of 1:10, wider (1:5) if possible.

» If changing layers is necessary, use at least two vias.

Ca VBaT
|| .
1§ T
Q1
" v
| |DRV ‘ !
/ e L
g ) L[ Voore
L R -
L co Q2 ' . —— Cout
o DRVL ‘ o
/ e A e P N D
____________ A PGND
------ v UDG-12191
N

17. Layout recommendations to minimize major Current loops
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10.2.1 AHRICHY
GEFHTI5 4 ADAS N TPS59632-Q1 2.5V & 24V, =/ AH/ BB T BR AN 245 i 48 ) B %

10.3 #HX&JE

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.

10.4 FEkr
E2E is a trademark of Texas Instruments.

10.5 FFHHEES

A XU EOSARMANE ESD Y. FHEEREIR, S SE&—RaR sl B CE T S Ram S, BB MOS I 32 &5 it
‘%\ i
10.6 Glossary

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TPS59603QDSGRQ1 ACTIVE WSON DSG 8 3000 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 603Q
TPS59603QDSGTQ1 ACTIVE WSON DSG 8 250 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 603Q

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI'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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GENERIC PACKAGE VIEW
DSG 8 WSON - 0.8 mm max height

2x 2,0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
DSG0008B WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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A N O e Y e e O AN |
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0.00
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I
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| oosl 3\
|

L[]

[
% 1
=
o
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o
[5
71 71 1 1

gx 9-3

0.2
PIN 11D gx 0-4

0.2 0.1® |C|A|B
i 0.0509) ﬁ
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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
DSG0008B WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

~—(0.9) — (@0.2) VIA

8X (0.5)
1
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8X (0.25) -
SYMM 9
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1
|

6X (0.5)
oo L ) | .
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|
R0.05) TYP SYMM
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED LETTToC EXPOSED
METAL " METAL
SOLDER MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOEDEEE%\‘ II\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4222124/E 05/2020

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSG0008B WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X(0.5) SYMM

8X (0.25) — —

Sy ()

77777777 — 49— |- — - J‘; —
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—E3 [
6X (0.5) \ T) \ 0.7)
%;B, \T | 5
4 N 1
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1

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X
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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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