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CSD967201-Q1 Automotive Synchronous Buck Smart Power Stage

1 Features

« 3V to 20V input voltage range

*  60A nominal, 90A peak current capability

* AEC-Q100 qualified for automotive applications
— Device temperature grade 1: —40°C to +125°C

ambient operating temperature range, Tx

— Junction temperature: —40°C to +150°C, T,

* Functional Safety-Capable
— Documentation available to aid functional safety

system design

» 87.7% power stage peak efficiency at 650kHz, 12V
VN, 0.6V Vour

* 89.4% power stage peak efficiency at 650kHz, 12V
VN, 0.8V Vour

* Reduced switch-node ringing

» High-frequency operation (up to 2MHz)

» Temperature compensated bi-directional current
sense reporting (SpA/A)

* Body braking mode (BB)

* Fault detection
— High-side short (HSS)

* Fault protection
— Overtemperature (OT)
— Cycle-by-cycle valley overcurrent limiting

(I0CyALLEY)
— Secondary peak over current protection

(I0Cpeak)
— Cycle-by-cycle negative overcurrent detection
* 5mm x 6mm x 0.75mm QFN industry common
footprint package
* Green, RoHS compliant without exemption

2 Applications

* Automotive ADAS

» Automotive infotainment and cluster

» Software-defined vehicle: high-performance
compute

3 Description

The CSD967201-Q1 power stage is a highly
optimized design for use in an automotive qualified
high-power, high-density synchronous buck converter.
This device integrates the driver IC and power
MOSFETs into one Pb-free monolithic design to
complete the power stage switching function. This
combination produces high-current, high-efficiency,
and high-speed switching capability in a small industry
standard 5mm x 6mm x 0.75mm footprint.

CSD967201-Q1 integrates accurate current sensing
and temperature sensing functionality to simplify
system design and improve accuracy. Protections
include cycle-by-cycle overcurrent and negative
overcurrent limiting, overtemperature shutdown, HS
FET short, and UVLO on VCC, VIN, and BOOT.

The CSD967201-Q1 is compatible with the
TPS64300-Q1 VRS-11 controller, as well as other
standard VRS-11 controllers.

Package Information
PACKAGE(")

VDK (WQFN-FCRLF, 38)

PACKAGE SIZE®

6mm x 5mm

PART NUMBER
CSD967201-Q1

(1)  For more information, see Section 10.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.
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Simplified Application Diagram

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. ADVANCE INFORMATION for preproduction products; subject to change

without notice.
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4 Pin Configuration and Functions
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Figure 4-1. VDK Package 38-Pin WQFN-FCRLF (5mm x 6mm x 0.75mm) - Top View

Table 4-1. CSD967201-Q1 Pin Functions

PIN
T?‘?E DESCRIPTION
NAME NO.
AGND 2 GND |Analog ground
BOOT 31 /o Bootstrap capacitor connection. Connect a minimum 0.1uF, 16V, X5R ceramic capacitor from BOOT to PHASE
pin. The bootstrap capacitor provides the charge to switch HS FET. The bootstrap diode is integrated.
EN 33 | This pin is used to enable the device. When EN is logic high, the gate driver responds to PWM inputs. When EN is
logic low, both MOSFET gates are actively driven off.
Output of current sensing amplifier. The output of this pin is proportional to the inductor current with a gain of
IMON 36 (0]
5uA/A.
Connect a bypass capacitor from this pin to AGND. The recommendation is to use one 100nF, 16V, X7R capacitor
BP33 1 I/0
on BP33.
5
6 —
10
PGND 1922 GND |Power ground for the internal power stage.
35,
37
Phase pin. Bootstrap capacitor connection return path for the HS FET floating driver. This pin is connected to
PHASE 30 O |VSW internally. Connect a minimum 0.1uF, 16V, X5R ceramic capacitor from BOOT to PHASE pin. The bootstrap
capacitor provides the charge to switch HS FET. The bootstrap diode is integrated.
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Table 4-1. CSD967201-Q1 Pin Functions (continued)
PIN
TYPE DESCRIPTION
NAME NO.
Tri-state input from external controller. Logic low sets control FET gate low and sync FET gate high. Logic high
PWM 32 | |sets control FET gate high and sync FET gate low. Either Body Brake or DCM is enabled if PWM stays in Hi-Z for
greater than the tri-state shutdown holdoff time (t3yT).
1 -
SW ;g O | Switch node connecting the HS MOSFET source and LS MOSFET drain - pin connection to the output inductor.
38
Temperature amplifier output. Reports a voltage proportional to the IC temperature. An ORing function is
TMON/F 34 o integrated in the IC. When used in multiphase applications, a single wire can be used to connect the TMON/FLT
LT pins of all the ICs. Only the highest temperature is reported. TMON/FLT is pulled up to 3V if thermal shutdown
detection circuit is tripped.
VCC 3 | PWR Supply voltage for internal analog circuitry. This pin is bypassed to AGND. The recommendation is to use one
2.2uF, 10V, X5R capacitor on VCC.
Supply voltage for gate drivers. This pin is bypassed to PGND. The recommendation is to use one 1uF, 16V, X7R
VDRV 4 | PWR f
capacitor on VDRV.
VIN 24 — | Power input voltage pin. Connect input capacitors close to this pin. The recommendation is to use at least five
29 10uF, 25V, X7R capacitors on VIN, plus two 0.1uF, 50V, X7R caps close to the VIN pins.

(1)

| = input, O = output, GND = ground
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5 Specifications

5.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)(")

MIN MAX UNIT
VinPUT PVIN to PGND -0.3 24 \
PVIN to SW (DC) -0.3 24 \
PVIN to SW (Transient for 25ns) 26 \
SW to PGND (DC) -0.3 24 \Y
SW to PGND (Transient for 25ns) 26 \%
BP33 -0.3 3.6
VCC to AGND -0.3 6 \Y
VDRV to PGND -0.3 6 \
EN, TMON/FLT to AGND() -0.3 VCC +0.3 \
IMON, PWM to AGND -0.3 6 \
BOOT to PHASE®) -0.3 VCC +0.3 \Y
BOOT to PGND -0.3 Vsw +5 \Y
Transient Load ma’i(h'r\lees%(glg min Hvsa(lice: A
T, Junction temperature -40 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Must not exceed 6V

5.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC
- Q100-002 () +2000
V(Esp) Electrostatic discharge - \%
Charged-device model (CDM), per AEC +750
Q100-011 -

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

5.3 Recommended Operating Conditions

over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vee VCC supply voltage 4.5 5 55 \Y
VN PVIN supply voltage (DC nominal for start-up) 3 12 20 \%
Vi PVIN supply voltage (transient after start-up) (Vin_uvLo RisiNG - 27 Vv
VIN_uVLO_HYS)
Vout 0.2 0.6 2.0 \Y
lout Output current (DC) 60 A
louTt Pk Output current transient 90 A
fsw Switching frequency 200 500 2000 kHz
Minimum PWM on time 12 30 ns
Minimum PWM off time (steady state) 60 ns
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5.3 Recommended Operating Conditions (continued)
over operating junction temperature range (unless otherwise noted)
MIN NOM MAX UNIT
T, ‘ Junction temperature —40 150 °C

5.4 Thermal Information

VDK (WQFN-FCRLF)
THERMAL METRIC(") UNIT
38 PIN
Rga Junction-to-ambient thermal resistance 26.7 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 8.49 °C/W
Ress Junction-to-board thermal resistance 3.66 °C/W
Wyr Junction-to-top characterization parameter 0.12 °C/W
Y Junction-to-board characterization parameter 3.66 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 1.17 °C/W

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

5.5 Electrical Characteristics

Over recommended operating conditions and junction temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VIN
VINsHuto Voltage at which device tri-states output | VIN rising 21 22 223 \
OWN
VINSD—HY VINSHUTDOWN hysteresis 500 mV
s
WiNstandd |\ standby supply current VIN =12V, PWM = Z 105 WA
y
VDRV +VCC
locrory_s Standby supply current EN = Low, PWM =Z 60 HA
tandby
loc+pry_s Standby supply current EN = High, PWM =Z 16 mA
tandby

Power-On Reset and Undervoltage Lockout

VDRYV rising 3 \Y
Vpor VDRYV voltage for complete power down

VDRV falling 2.8 \
Vee _uvio | VCC undervoltage lockout voltage VCC rising 3.8 4 \%

VCC undervoltage lockout voltage

Vs _vee hysteresis 200 mV
VorRv_uvL |ypRy undervoltage lockout voltage VDRYV rising 4 4.2 Y,
O_RISING
Vprv_uvL | VDRV undervoltage lockout voltage 200 mv
O_HYS hysteresis
ViN_uvo | pyiN undervoltage lockout voltage PVIN rising 2.85 3 3.1 \Y
_RISING
Vin_uvio |PVIN undervoltage lockout voltage 295 300 350 mv
_HYS hysteresis
PWM
Cpwm_iN |PWM pin capacitance 200 pF
Rpwm PWM resistance 4 kQ
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5.5 Electrical Characteristics (continued)

Over recommended operating conditions and junction temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PWM input logic level high, rising 2.2 23 \%
ViHPwM , , , , VCC =5V
PWM input logic level high, falling 1.9 2.0 \
PWM input tri-state window high 1.9
VPWMT VCC =5V
PWM input tri-state window low 1.3 \Y
PWM input logic level low, rising 1.2 1.3 \Y
VPWML - - - VCC =5V
PWM input logic level low, falling 0.89 1.0 \Y
SW
EN =0V, VDRV =0, 4V < VIN < 20V 1 146 mV
Vsw_Lke |SW voltage due to HS leakage EN =0V, 4.5V < VDRV <6V, 4V < VIN <
’ ’ 46 138 mV
20V
EN
VIH_EN Logic level high threshold 2.0 25 \
Ren Enable pin internal pulldown 500 kQ
ViLEN Logic level low threshold 0.8 \Y

Temperature Sense (TMON/FAULT)

VTMON_O | TMON offset voltage Vmon = Vrmon_ofrs * Ty * Vrvon_GAIN 600 mV
FFS - -

Vtmon_25 | TMON voltage at TJ = 25°C (Across 776 800 824 mv
c VCC)

TMON voltage temperature coefficient

Grwon (across VCC) 8 mv/*C

TMON_A

CCURA |Temperature sensing accuracy -3 3 %

CcY

ITmMoN TMON sinking current Vrmon = 0.8V (25°C) TBD 0.24 TBD mA

ITmoN TMON sourcing current Vrmon = 0.8V (25°C) TBD 6.6 TBD mA

VTMON_F | TMON voltage at fault 3 33 v

AULT

Current Sense (IMON)
Current sensing range 1K Sense resistor —40 10CpEak A
Current sensing accuracy —30A <=1 <—-10A, LS FET ON -5 5 %
Current sensing accuracy up to 10A -10A <=1_<10A, LS FET ON 500 mA
Current sensing accuracy up to 30A 0A <=1 <30A,LS FET ON 900 mA
Current sensing accuracy 30A <= <60A, LS FET ON -3 3 %
Current sensing accuracy 10A <= <60A, LS FET ON -5 5 %
Current sensing accuracy 60A <=1 < 90A, LS FET ON -5 5 %

IMON_VO | oy rrent sense dynamic voltage range 0.8 2.2 \Y

UT_RANGE

MON_GA! | Cyrrent sense gain IMONREF = 1.25V 5 HA/A

N
Protections (IOC, HSS, NOC, Thermal Shutdown)
lnss High side short threshold PWM = Low -100 A

Negative cycle-by-cycle current limit

INocL | falling threshold PWM = Low —45 A
Negative cycle-by-cycle current limit rising _ »

InocH threshold for hysteresis current limiting PWM = Low 25 A

I0Cpgak | Over current peak threshold PWM = Hi 113 130 140 A
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5.5 Electrical Characteristics (continued)

Over recommended operating conditions and junction temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IOCVALLE | Oyer current valley threshold PWM = Low 85 95 110 A
Y
VeBOOT_F | B0t cap fault voltage threshold 2.2 \Y;
AULT
Veeoot_ |Boot cap recharge voltage threshold 26 v
CHG (rising) '
VegooTt | Boot cap recharge voltage threshold
- : 2.1 \Y
CHG (falling)
TSHUTDO | Thermal shutdown threshold (rising) 155 °C
WN
TsHutoo Thermal shutdown hysteresis (falling) 20 °C
WN_HYS
5.6 Switching Characteristics (Timing)
Over recommended operating conditions and junction temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Power-On Reset and Undervoltage Lockout
¢ EN and VCC rising, PWM=L. Time
PD_POR_ | POR to PWM Delay between VCC_UVLO to low side gate 75| s
PWM drive is H. Cgpss = 100nF
t EN rising, VCC=H, PWM=L. Time
PD_EN_P | EN to PWM Delay between EN=H to low side gate drive is 25| us
WM H. Cgpss = 100nF
PWM
tPD_PWM_ | P to SW Delay Vipwm to SW 50% rising, 10A 27 40| ns
sw
tar- Tri-state window enter hold-off time Viupwm 10 Vet to SW tristate 25 ns
HOLDOFF
t3RD- Tri-state window exit hold-off time \./”'.'PWM from Vewwr t0 Veww to SW 27 ns
HOLDOFF rising
Current Sense (IMON)
tPD sw M | SW to IMON delay (delay between IMON
ST ; 35 ns
ON peak from actual inductor current peak)
Minimum number of PWM cycles for - .
. . Current sense within specified accuracy 10 cycles
ImoN LaT |@ccurate current sense during transient
ENCY Minimum PWM LS Ton for accurate . o
Current sense within specified accuracy 100 ns
current sense for DC accuracy
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5.7 Typical Device Characteristics: Power Stage

The typical CSD967201-Q1 characteristic curves are based on measurements made on a PCB design with dimensions of 3.5
in (W) x 5in (L) x 0.00958 in (T) and 8 20z copper layers. See the Application and Implementation for a detailed explanation.
The operating conditions for all graphs are V |y = 12V, Vpry = 5V, Ve = 5V, Vout = 0.8V, f gw = 650kHz, Loyt = 85nH, lout

= 30A, T, = 25°C with no heat sink and no airflow. For device efficiency and power, no controller loss or DC inductor loss

is included unless otherwise stated (inductor AC loss is not excluded). For board efficiency and power, all losses from the
power stage, inductor AC and DC losses, as well as board and connector losses are included unless otherwise stated.

92

lout (A)
Figure 5-3. 12VIN Board Efficiency

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 5T 54 57 60

% 0.4 VOUT
——— 0.6 VOUT
88 14 0.8 VOUT
86 1.2 VouT
84
82 s
;\? 80 E
= 78 ®
g i
g 2
S 74 a
g §
70 3
68
66
0.4 VOUT
o4 0.6 VOUT
62 0.8 VOUT
60 1.2 VOUT 0
03 6 9 121518 21 242I73toi\3336394245 55T 54 5760 o 5 10 15 20 25 30 35 40 45 50 55 o0
out (A) lout (A)
Figure 5-1. 12VIN Device Efficiency Figure 5-2. 12VIN Device Power Loss
92 20
% 0.4 VOUT
18| = 06 VvOUT
88 0.8 VOUT
86 1.2 VOUT
84
82 s
g 80 B
78 ®
g i
- 2
S 74 a
g 5
70 3
68
66
0.4 VOUT
o4 —— 06 VOUT
62 0.8 VOUT
60 1.2 VOUT

5 10 15 20 25 3 40 45 50 55 60

IouatO(A)
Figure 5-4. 12VIN Board Power Loss

92

90
88
86
84
82
80
78
76
74
72
70
68
66

Efficiency (%)

64
62
60

0.4 VOUT

= 0.6 VOUT

0.8 VOUT
1.2 VOUT

lout (A)
Figure 5-5. 6VIN Device Efficiency

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 5T 54 57 60U

Power Dissipated (W)

0.4 VOUT
0.6 VOUT
0.8 VOUT
1.2 VOUT

5 10 15 20 25

30 35 40 45 50 55 60
lout (A)

Figure 5-6. 6VIN Device Power Loss

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback 9

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLPS801&partnum=CSD967201-Q1

NOILVINYO4ANI 3ONVAQV

CsSD967201-Q1
SLPS801 — NOVEMBER 2025

TI Confidential - NDA Restrictions

13 TEXAS

INSTRUMENTS

www.ti.com

5.7 Typical Device Characteristics: Power Stage (continued)

The typical CSD967201-Q1 characteristic curves are based on measurements made on a PCB design with dimensions of 3.5
in (W) x 5in (L) x 0.00958 in (T) and 8 20z copper layers. See the Application and Implementation for a detailed explanation.
The operating conditions for all graphs are V |y = 12V, Vpry = 5V, Ve = 5V, Vout = 0.8V, f gw = 650kHz, Loyt = 85nH, lout

= 30A, T, = 25°C with no heat sink and no airflow. For device efficiency and power, no controller loss or DC inductor loss

is included unless otherwise stated (inductor AC loss is not excluded). For board efficiency and power, all losses from the

power stage, inductor AC and DC losses, as well as board and connector losses are included unless otherwise stated.
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5.7 Typical Device Characteristics: Power Stage (continued)

The typical CSD967201-Q1 characteristic curves are based on measurements made on a PCB design with dimensions of 3.5
in (W) x 5in (L) x 0.00958 in (T) and 8 20z copper layers. See the Application and Implementation for a detailed explanation.
The operating conditions for all graphs are V |y = 12V, Vpry = 5V, Ve = 5V, Vout = 0.8V, f gw = 650kHz, Loyt = 85nH, lout

= 30A, T, = 25°C with no heat sink and no airflow. For device efficiency and power, no controller loss or DC inductor loss

is included unless otherwise stated (inductor AC loss is not excluded). For board efficiency and power, all losses from the
power stage, inductor AC and DC losses, as well as board and connector losses are included unless otherwise stated.
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Figure 5-13. TMON Voltage vs Actual Temp Figure 5-14. TMON Calculated Temp vs Actual Temp
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Figure 5-15. VCC + VDRV Current vs Switching Frequency

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 11

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLPS801&partnum=CSD967201-Q1

NOILVINYO4ANI 3ONVAQV

TI Confidential - NDA Restrictions

13 TEXAS
CSD967201-Q1 INSTRUMENTS
SLPS801 — NOVEMBER 2025 www.ti.com

5.8 Typical Characteristics: Current Sense

The typical CSD967201-Q1 characteristic curves are based on measurements made on a PCB design with dimensions of
3.51in (W) x 5in (L) x 0.00958 in (T) and 8 20z copper layers. Of these 12 copper layers, 8 are signal layers of 10z copper
thickness and 4 are power layers of 20z copper thickness. See the Application and Implementation section for a detailed
explanation. The conditions for all graphs is V|y = 12V, Vpry = 5V, Ve = 5V, Voyut = 0.8V, Loyt = 85nH, I oap = 30A, T =
25°C with no heat sink and no airflow. No controller loss or DC inductor loss unless otherwise stated (inductor AC loss is not
excluded).

IMON Current vs Load Current 60
300 55
285 IMON o
270 Ideal (5uA/A)
= <
225 g 40
o5 e
T
< 180 9 30
3 165 K
= 150 3%
O 135 o
= 120 8 2
105 Z 15
2 g
75 = 10
60 5
45
30 0
15
0 5
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 0 5 10 15 20 25 30 35 40 45 50 55 60
Load (A) Load (A)
Figure 5-16. IMON Current vs Current Figure 5-17. IMON Calculated Load Current vs Actual Load
Current

IMON Error vs Load Current

10%
9%

Error (%)
8%
7%
6%
5%
4%
3%
2%
1%

0
-1%
2%
-3%
-4%
-5%
6%
7%
-8%
-9%

-10%

1

IMON Error (%)

0 15 20 25 30 35 40 45 50 55 60
Load (A)

Figure 5-18. Current Sense Accuracy for Load Current from 10A to 60A (Error % vs Load Current)
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6 Detailed Description
6.1 Overview

The CSD967201-Q1 monolithic power stage is a highly optimized design for use in a high-power, high-density
synchronous buck converter.

6.2 Functional Block Diagram

EN VDRV
1 1
|:I_‘ LT
vVCC q"_J
~ T BOOT
LDO
e PHASE
BP33 [ Fault
Detection ,— VIN
T High-Side
O uvLO o ) FET
TMON/ Temperature Sense » |/ 1
FLT Thermal Shutdown V4 |
L Startup [€——UVLO Gate Driver r] SW
Logic Logic L
PWMH o ! Low-Side
Tri-State & FET
Pwm [ ] > . PWML LG
| "l Logic » —
PWMT r
> [ ]renp
A 4 AA
Current Sense :
A 4

Non-overlap Circuit (4

MON [ J——

6.3 Feature Description
6.3.1 Powering the CSD967201-Q1 and Gate Drivers

CSD967201-Q1 requires an external voltage to supply the integrated driver IC and provide the necessary gate
drive power for the MOSFETs. The V¢ pin supplies the driver IC logic and sense circuitry. The Vpgry pin
supplies the gate drive power. Tl recommends a 1uF, 10V, X5R or higher ceramic capacitor to bypass V¢ to
Acnp- Connect this ceramic capacitor directly between Ve and Agnp on the top side of the PCB. Bypass the
Vpry pin to Pgnp using a 1uF, 10V, X5R ceramic capacitor. Place this ceramic capacitor as close as possible to
Vpry- Tl recommends to have at least five 10uF, 25V, X7R or higher ceramic capacitors from V,\ to Pgnp-

The device also includes a bootstrap circuit to provide gate drive power for the control FET. Connect a ceramic
capacitor (with a value of minimum 100nF, 16V, X5R) between BOOT and PHASE pins to generate the bootstrap
supply to drive the control FET . Tl recommends to maintain a placeholder for an Rgoot resistor in series with
the bootstrap capacitor to slow down the turn on speed of the control FET and reduce voltage spikes on the
SW node, if necessary. Evaluate the voltage stress during first prototype development. Adjust the value of Rgpoot
accordingly. For applications that use 12V or less as the typical input supply voltage, a boot resistor can not be
necessary.

6.3.1.1 Undervoltage Lockout (UVLO) Protection

The V¢ and Vpgry supplies are monitored for UVLO conditions and both control FET and sync FET gates are
held low until adequate supply is available. An internal comparator evaluates the V¢ and Vpgry voltage level,
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and if both are above the UVLO threshold, the device logic becomes active. If Vs or Vpgy is less than the
UVLO threshold, the gate driver is disabled and the internal MOSFET gates are actively driven low.

At the rising edge of the Vpry voltage, both control FET and sync FET gates are actively held low during Vpry
transitions between Vpor to Vpry uvio Rising- This region is referred to as the gate drive latch zone, seen in
Figure 6-1. In addition, at the falling edge of the Vpgry voltage, both control FET and sync FET gates are actively
held low during the VDRV_UVLO_RlS|NG'VDRV_HYS to VPOR transition.

A
o Gate Drive
pri-gro-Riame / LatCh Zone\ - VDR\/ UVLO, RISIN(-B VDRV UVLO_HYS
>
x
S
Vpor = ~Vpor
Time

Figure 6-1. UVLO Operation

The CSD967201-Q1 power stage device must be powered up and enabled before the PWM signal is applied.
TMON/FLT and PWM are actively held low until Vin is above V|4 vin, and Vpry exceeds Vpry uvio rising and
tstartup-Delay time has passed. This process enables handshaking between the controller and the power stage to
make sure that PWM is not fired until the power stage is ready.

6.3.1.2 Power Up and Down Sequence
V|n and Vpry can be powered up in any sequence. Vpry is connected to Ve with a 2.2Q) resistor.

When Vpgry exceeds Vpry uvLo Rrising: TMON/FLT and IMON start rising after tsiartup-pelay time has passed. If no
faults as described in Section 6.3.7 are detected, TMON goes on to report accurate die temperature and IMON
corresponds to the load current.

6.3.2 Power Stage and Gate Drivers

The main power blocks for CSD967201-Q1 are High Side (HS) and Low Side (LS) LDNMOS FETs, and
high performance gate drivers. These drivers feature fixed dead-time control to minimize switching losses and
switch-node ringing.

6.3.2.1 Integrated Clamp Circuit

CSD967201-Q1 has an integrated clamp circuit that prevents the voltages across the HS and LS FETs from
reaching a voltage beyond the safe operating conditions. This triggering of the clamp achieves avalanche free
operation and minimizes stress to the FETSs.

6.3.2.2 Gate Drivers Power and Control

CSD967201-Q1 has an internal high-performance gate driver IC that features fixed dead-time control for lowest
possible switching loss and switch-node ringing reduction.

6.3.2.2.1 Power and Bootstrap Circuit

The gate drivers are powered from the VDRV pin, while the logic controlling them is powered from VCC. The
device also includes a bootstrap circuit to provide gate drive power for the control FET. The bootstrap circuitry
is able to work with at least a 100nF capacitor (Cgpot) between the BOOT and PHASE pins to generate the
bootstrap supply to drive the control FET.

An optional resistor, RgooT, is used in series with the bootstrap capacitor to slow down the turn on speed of the
control FET and reduce voltage spikes on SW, if necessary.
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Note that the integrated clamp prevents the voltage across the FETs from exceeding safe operating ratings and
serves as the first line of defense.

6.3.3 Enable (EN)

The EN pin is TTL compatible. The device sustains logic level thresholds during all V¢ operating conditions
between Vycc uvio and V. In addition, if this pin is left floating, a weak internal pulldown resistor pulls the EN
pin below the logic level low threshold. The operational functions of this pin follow the timing diagram outlined
in Figure 6-2. A logic level low actively holds both control FET and sync FET gates low. See Section 6.3.5 for
details on the operation of the current sensing circuit.

Tl recommends to connect the EN pin to controller DRON to allow the controller to reset the fault. Refer to
Section 6.3.7 for details on fault behavior.

A

-~ 50% 50%—~ )

| |
EN | |

H tEN-PD,H !4—> tEN-PD,L

——50% 50% — =

Voltage

Time

Figure 6-2. CSD967201-Q1 EN Timing Diagram

6.3.4 Pulse Width Modulation (PWM) Control

The input PWM pin controls the switching logic when EN is at logic level high. For normal forced continuous
conduction mode operation, PWM is toggled between logic level low and logic level high, and the SW node
follows with some propagation delay. A third PWM state is also defined between logic level high and low, the
tri-state window. PWM must dwell inside the tri-state window for more than the tri-state hold-off time (t347) for this
logic level to be registered. The tri-state shutdown propagation delay (t3gp) is inclusive of the tri-state hold-off
time. The tri-state mode can be entered by actively driving the PWM input into the tri-state window or the PWM
input can be made high impedance and internal current sources can drive the pin voltage to the tri-state voltage,

Vewmr-

ML | ‘
PWM | t3RII3-HOLDOFF
tPD_PWM_SW : I
|

Voltage

t3T-HOLDOFF

Time

Figure 6-3. PWM Timing Diagram
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6.3.4.1 DCM Operation: Phase Off, Body Braking and Diode Emulation Modes

To support Discontinuous Conduction Mode (DCM) operation, the tri-state logic level enables several related
functions depending on the sequence of PWM:

» Body Braking Mode: When tri-state mode is first detected both gates are immediately turned off. Assuming
the device is switching beforehand, this results in body diode conduction until the main inductor current is
driven to OA. This body diode conduction mode is referred to as body-braking mode and can be used to
increase the speed of discharge of the inductor current (for example, to limit the overshoot during a load
release transient). Multiple body-braking cycles can occur consecutively as long as PWM goes from tri-state
level to low prior to going high.

A

PWM

VSW

Time

Figure 6-4. Body-Braking Mode
* Phase Off Mode If the tri-state level is maintained beyond the complete discharge of the inductor current,
this effectively turns off the power stage. This mode is used in multiphase applications to allow dynamic
phase shedding to increase the efficiency at light load.

A

|
|
PWM !
|
|
|
|
|
|

VSW 1 [

Time

Figure 6-5. Phase Off Mode:
6.3.4.2 PWM State Diagram

Figure 6-6 demonstrates how the various operating states are connected and which transitions are allowed
along with a couple of examples of common scenarios.
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Figure 6-6. PWM State Diagram

Both VpywmL and Vpwmny threshold levels are designed to accommodate both 3.3V and 5V logic controllers.
6.3.5 Current Sense Output (IMON)

CSD967201-Q1 features integrated inductor current sensing. The device outputs a current that is proportional to
the current flowing through the output inductor.

When a fault occurs, the power stage first flags the controller by raising the voltage of the TMON/FLT pin to 3V.
The expected behavior of the controller to a power stage fault is to shut down the system by driving PWM into
the tri-state window for all phases.

6.3.6 Temperature Monitoring - TMON (Thermal Monitor)

During normal operation the output TMON/FLT pin is a highly accurate analog temperature measurement of the
power stage die temperature. The TMON/FLT pin has no local bypass capacitor requirements, but can drive up
to 470pF of capacitance to accommodate controller side filtering of the TMON/FLT pin for enhanced accuracy
and noise immunity.

The TMON/FLT pin also includes a built in ORing function. When connecting TMON/FLT pins of more than one
device together, the TMON/FLT bus automatically reads the highest TMON/FLT voltage among all devices. This
connection simplifies the temperature sense and fault reporting design for multi-phase applications, where a
single line TMON/FLT bus can be used to tie the TMON/FLT pins of all phases together and the system can
monitor temperature of the hottest device.
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The TMON/FLT output also serves as a fault output and is driven to 3V. See Section 6.3.7 for details.
6.3.7 Faults and Protection Mechanisms

CSD967201-Q1 incorporates multiple fault detection and protection mechanisms for conditions that cause
detriment to the system or the IC such as overtemperature.

CSD967201-Q1 has built-in overtemperature protection (described in Section 6.3.7.7), over current protection
(described in Section 6.3.7.5), and high-side short detection (described in Section 6.3.7.8). Only catastrophic
faults such as overtemperature fault and high side short are flagged to the controller by driving TMON/FLT to 3V.

Table 6-1. CSD967201-Q1 TMON/FLT and IMON Fault Response Summary
CSD967201-Q1
POWER STAGE IMMEDIATE RESPONSE ON TMON/FLT AND
FAULT FAULT RESPONSE IMON
TMON/FLT IMON

lgnore PWM, HS and LS FET HiZ (allow good phases to drive

Vprv, Vee, below UVLO Off, PWM pulled low with weak TMON) Hi-Z
pulldown

V Do not turn on HS, turn on LS if Normal operation Normal operation

BOOT_UVLO PWM low from controller P P

Vin UvLo Ignore PWM, HS and LS FET off | HiZ (allow good phases to drive Hi-Z

TMON)
Keep LS FET on (or tri-state

I0CyaLLey OVer current valley mode) until inductor current falls Normal operation Normal operation

below valley current limit and
PWM is not high

Truncate HS pulse, turn on LS for
I0Cpgak Over current peak min-off-time, respond to PWM if Normal operation Normal operation
PWM=LOW/TRISTATE

LS and HS are turned off at NOC
Negative over current limit until the NOC hysteretic limit, Normal operation Normal operation
cycle is repeated if NOC persists

Ignore PWM, HS and LS FET Off

Over temp until Tsyutpown falling threshold, Set to 3V (Fault) Normal operation
then respond to PWM
High Side Short (HSS) Keep LS FET on Latch to 3V (Fault) Normal operation

« Overtemp is cleared after the temperature falls below the threshold because the fault is not latched
Fault recovery mechanism » Fault recovery is automatic for the power stage for all states except HSS
» Power cycle to recover from HSS fault, because the fault is latched

6.3.7.1 VDRV Fault Detection

At startup, PWM is low with a weak pulldown and nothing is active on the device. During normal operation, if the
VpRry Voltage sags below Vpry uvLo Rising-VDRv uvLo Hys: CSD967201-Q1 turns off the LS and HS FET and
ignores the PWM input signal, while IMON and TMON are in tri-state mode. However, if Vpgy does drop below
Vpor, CSD967201-Q1 does a full power down. In multiphase operation, TMON is driven by other phases that
are in normal operation as TMON/FLT continues to report the temperature allowing the the voltage rail to still be
powered by phases not in fault.

6.3.7.2 VCC Fault Detection

During normal operation, if the V¢ voltage sags below Vcc yvlo, CSD967201-Q1 turns off the LS and HS
FET and ignores the PWM input signal, while IMON and TMON are in tri-state mode. In multiphase operation,
TMON is driven by other phases that are in normal operation as TMON/FLT continues to report the temperature
allowing the voltage rail to still be powered by phases not in fault.
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6.3.7.3 BOOT_FAULT Undervoltage

CSD967201-Q1 detects a fault whenever Vgoor falls under Vgoot FauLt- This fault detection is only active after
the first PWM high is detected, to avoid the part getting stuck in a fault condition during initial power up.

Upon detection of this fault, CSD967201-Q1 does not turn on the HS, and turns on the LS if PWM is low from the
controller. IMON and TMON are normal operation. This fault is Vgoor rises above Vgoot FauLT-

6.3.7.4 VIN Undervoltage

CSD967201-Q1 detects a fault whenever V| falls under V yyvLo- This fault detection is only active after the first
PWM high is detected, to avoid the part getting stuck in a fault condition during initial power up.

Upon detection of this fault, CSD967201-Q1 TMON/FLT is put into tri-state mode. The power stage then turns off
the HS and LS FET by ignoring PWM. IMON is Hi-Z and TMON output is normal operation. This fault is cleared
when V| is above VnuviLo-

6.3.7.5 High Side Overcurrent (I0C) Protection
This power stage is equipped with two layers of over current protection, IOCya gy and IOCpgak.

When the current through the control FET exceeds the current limiting over current valley threshold (I0Cya EY),
but does not return to the IOCy5 gy current limit during the LS FET on time, the LS FET on time is extended
until the inductor current is below the IOCyu gy limit. If the PWM level is high when the IOCyu gy limit is
crossed, the HS FET is turned on for the remaining duration of the PWM high signal, with SW duration of a
minimum of TONpyn. It is possible that the LS will be kept on until the next PWM high, effectively skipping a
PWM high pulse. IMON and TMON are normal operation.

ILOAD
MoN S~~~ AR N T T T
PWM
HS DRV on for min on time
HS DRV I Tl
LS DRV 11 1
Vr1mon@Temp

TMON/FLT

Figure 6-7. I0Cya gy Protection

In cases of large transients, or when the inductor ripple increases due to inductor saturation and lower
inductance, a second current limit is implemented (IOCpgak). When the current through the control FET exceeds
the current limiting over current peak threshold (IOCpgak) the power stage automatically truncates the SW pulse
that cycle by turning off the control FET and turning on the sync FET (as if a PWM low is detected). IMON and
TMON are normal operation.
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ILOAD

IMON /NN

Drivers immediately (<100ns)
modulate PWM signal when
HS current exceeds I0C

PWM
HS DRV

LS DRV ¥ ¥

VTMON at Temp

TMON/FLT

Figure 6-8. IOCpgak Protection

6.3.7.6 Negative Over Current (NOC) Protection

This power stage is equipped with negative over current (NOC) protection. when the current through the LS
FET exceeds the NOC threshold, the power stage automatically turns off the LS and HS FET until the NOCH
threshold is reached. This cycle repeats until the NOC threshold is no longer reached, or until the controller
detects a fault (most likely overvoltage on the output). IMON and TMON are normal operation.

PWM

HS DRV
LS DRV m

TMON/FLT Vruon ene

U]
i

Figure 6-9. NOC Protection

6.3.7.7 Overtemperature (OT) Protection

An over temperature fault occurs when the die temperature reaches the thermal shutdown temperature (see
the Electrical Characteristics table). The power stage automatically reacts to an over temperature fault to avoid
damage.
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Temp. S

—— All these events must
‘ happen <100ns after
fault event occurs

IMON Vesaias

PWM

HS DRV

3V

TMON/FLT VTMON at TSHUTDOWN rising

VTMON at TSHUTDOWN falling

Figure 6-10. OT Protection

When the power stage detects the overtemperature event, the power stage automatically turns off both the
control FET and the sync FET and sets TMON/FLT to 3V. If the temperature falls below the overtemperature
threshold hysteresis band, the driver again responds to PWM commands and the TMON/FLT pin returns to
normal operation. A weak pulldown resistance allows TMON/FLT to return to normal operation from a fault so
there is a significant delay before the TMON/FLT output reports the correct temperature. As with any event that
interrupts the normal PWM behavior (see Section 6.3.3 and Section 6.3.1.1), design the application to disable
the controller when the controller detects an OT event and to engage the soft-start sequence to prevent potential
damage to the power stage or the system.

6.3.7.8 High-Side Short (HSS) Detection

This power stage is equipped with high-side short detection circuitry. A high-side short is detected by monitoring
the negative current (drain to source current) flowing through the sync FET when PWM is low. If a high side short
occurs, the current in the sync FET builds rapidly due to the shoot-through current when PWM is low.

When the negative current exceeds the HSS threshold specified in the Electrical Characteristics table, the
TMON/FLT flag is latched to 3V, the HS FET is turned off and the LS FET is turned on.

VSW —

ILS

Happens <100ns after
fault event occurs

PWM

HS DRV

LS DRV

TMON/FLT V1MON at Temp
Figure 6-11. HSS Protection
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6.4 Device Functional Modes

Undervoltage Lockout (UVLO)
When VCC is lower than the specified UVLO threshold. Both the high side and low side FETs are off.

Active Switching (Tri-state Mode)

In this mode of operation, PWM is in tri-state mode. Both the high side and low side FETs are off.

Active Switching (Low)

In this mode of operation, PWM is at logic level low. The high side FET is off, and the low side FET is on.

Active Switching (High)
In this mode of operation, PWM is at logic level high. The high side FET is on, and the low side FET is off.

Fault

The power stage device is in a fault state. TMON/FLT is pulled high based on the kind of fault. Both the high side
FET and low side FET are off.
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7 Application and Implementation

Note

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

7.1 Application Information

The CSD967201-Q1 power stage is a highly optimized design for synchronous buck applications using
monolithic enabled circuit IP with a 5V gate drive. The control FET and sync FET silicon are parametrically tuned
to yield the lowest power loss and highest system efficiency. As a result, a rating method is used that is tailored
towards a more systems-centric environment. The advanced gate driver techniques make sure of avalanche
free operation and maintain very fast switching of the power MOSFETs for improved efficiency. System-level
performance curves such as power loss, safe operating area, and normalized graphs allow engineers to predict
the product performance in the application.

In addition, this power stage incorporates integrated temperature and inductor sensing. This technology allows
extremely accurate sensing of both temperature and current for high-end applications without the need for
additional board components that add design complexity, cost, and space requirements to the design.

7.1.1 Current Rating

CSD967201-Q1 operates with a wide range of applications including highly dynamic load scenarios. For this
reason, both a peak continuous current rating and a recommended DC current rating are specified. The peak
continuous rating defines the peak transient load currents at which the device can operate. Operation above this
level initiates the over-current protection and results in current-limiting behavior or shutdown of the device as
described in Section 6.3.7. The recommended DC current rating defines the maximum continuous load current
at which the device can safely operate.

7.1.2 Integrated Current Sensing

The CSD967201-Q1 power stage incorporates state-of-the-art inductor current sensing. This technology uses
temperature compensated on-resistance based sensing of the sync FET current during the on-state (PWM logic
level low) and emulates the inductor current during the HS FET conduction.

As a result, the instantaneous inductor current can be calculated based on Equation 1.

I = (IIOSUT) 1)

where

* |_is the instantaneous inductor current in A
* liour is the current measured at the IOUT pin in uA
» 5 is the conversion factor coefficient of the IOUT pin signal

The smart sensing technology automatically adjusts to changes in the input voltage, output voltage, temperature,

bias voltage, output inductance, and switching frequency to produce a very low error in the emulated signal

during steady-state operation. During a tri-state condition, the current sense ramps down to OA and remains at

OA until the device receives a PWM signal. In the tri-state condition, the device turns off the synchronization

FET so that the ramp-down rate of the IOUT pin signal increases slightly to accurately represent the additional

voltage drop due to the body diode conduction. This current sensing scheme enables the following features:

» Highly accurate current sensing over a wide operating range

» Temperature compensated sensing eliminates the need for complex thermistor based temperature
compensation

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 23

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLPS801&partnum=CSD967201-Q1

NOILVINYO4ANI 3ONVAQV

TI Confidential - NDA Restrictions

13 TEXAS
CSD967201-Q1 INSTRUMENTS
SLPS801 — NOVEMBER 2025 www.ti.com

» Temperature compensation intrinsic to each part enabling multiphase designs to more accurately share
current

» Simplified PCB design

« Enables the use of low DCR inductors for improved system-level efficiency

7.1.3 VDS Ratings

DC rating is the VDS that can be applied to the device in operation over extended period of time. Transient rating
is the maximum VDS that can be applied to the device in operation over a short period of time, as specified
below.

Derating from absolute max specifications is accounted for. Additional de-rating is not required if the device is
operated within the shown safe operating area.

Probe VDS at the power stage pins using a high bandwidth differential probe. Because this measurement is
prone to board parasitics, layout, routing, and so on, probing the device at the power stage pins between PVIN
and SW for the HS FET and between SW and PGND for the LS FET is essential to get an accurate reading.

7.1.4 Power Loss Curves

In an effort to simplify the design process for engineers, Texas Instruments has provided measured efficiency
and power loss performance curves. The power loss curves plot power loss as a function of load current. This
curve is measured by configuring and running the power stage as the curve is in the final application. The
measured power loss is the power stage power loss which consists of both input conversion loss and gate drive
loss.

Power loss = (Vy % i) + (Vpry X Iprv) = (Vsw_ave X ILoaD) (2)

In this case, Vpgry and Ipgry refer to the voltage and current of both the V¢ and Vpry combined. The power loss
curve is measured under isothermal test conditions at a junction temperature of T; = 25°C.
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7.2 Typical Application
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Note: this is a conceptual drawing only. Actual designs can require additional components not shown.

Figure 7-1. Typical Application Schematic

7.2.1 Design Requirements

The following table summarizes the key design requirements for this application.

Table 7-1. Design Parameters

PARAMETER VALUE
Input voltage (V|n) 6V — 19V
Bias supply (Vpry and V¢c) 5V

Power loss < 5W at 30A over full VIN operating range
Power stage switching frequency (Fsw) 650kHz
Output inductor (LoyT) 85nH
Junction temperature (T,) 25°C

Output current (loyT)

60A for 10ms

90A for 10us

Output voltage (Vour)

0.6V -1.3V
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Table 7-2. Recommended Passive Components and Board Level Parasitic Tolerance

MIN NOM MAX UNIT

Cin IN Bypass capacitance 10 uF
CgooTt BOOT capacitance 0.1 0.22 0.47 uF
Cvce VCC input bypass capacitance 0.3 1 uF
Cgp33 BP33 input bypass capacitance 47 100 150 nF
Cvbrv VDRYV input bypass capacitance 0.3 1 uF
CimoN External parasitic capacitance seen by IMON 10 100 pF
L Switch Node coil inductance 20 220 nH
Rgoot BOOT resistance 0 0 5 Q
Rimon- Resistance value that can be placed between pins 1000 o)
CSBIAS

CpwMm Parasitic capacitance on PWM line 200 pF
Rrmons Resistance value that is placed from the pin to GND 20 kQ
FAULT

Crmon Parasitic capacitance on TMON line 470 pF
FAULT

7.2.2 Detailed Design Procedure

Output Inductor Selection

A smaller inductance yields better transient performance, but leads to higher ripple current and lower efficiency.
Higher inductance has the opposite effect. 85nH is chosen for the output inductor in the typical example as the
value achieves a good balance between transient performance and output ripple.

Input Capacitor Selection

Having input capacitance helps minimize the input voltage ripple. TI recommends to use five 10uF, 0805, 10V,
ceramic capacitors to reduce the input continuous current stress seen by each capacitor.

Switching Frequency Selection

Select switching frequency depending on intended use case, in this case 650kHz.

Duty Cycle Selection

Select duty cycle using the equation of a buck converter as follows.
D =Vout/Vin 3)

7.2.3 Application Curves

The application curves are shown in the Typical Characteristics for efficiency and power loss. The operating
conditions for the figures are V\y = 12V, Vpry vce = 5V, Vour = 0.8V, f gw = 650kHz, Loyt = 85nH, Ioyt = OA to
60A, T, = 25°C, unless specified otherwise.

7.3 Power Supply Recommendations

CSD967201-Q1 is designed to operate with a well-regulated 6V to 19V input supply on the VIN pin. A well-
regulated 5V input supply is required on the VDRV pin.

CSD967201-Q1 provides CSD967201-Q1 BOOT-SW supply. Connect a boot capacitor, and optionally boot
resistor, to control the turn-on slew rate.

Powering on the controller or power stage first in sequence is safe. PWM is an input pin. IMON and TMON/FLT
are output pins.
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7.4 Layout

7.4.1 Layout Guidelines
7.4.1.1 Recommended Schematic Overview

Several critical components must be used in conjunction with this power stage device. Figure 7-2 shows a
CSD967201-Q1 schematic example with the critical components needed for proper operation.

*  Cpgoort: Bootstrap capacitor

*  RpooT: Bootstrap resistor (optional, most likely not needed)

» Cpgpas: Filter capacitor for BP33
*  Cycc: Bypass capacitor for Ve
* Cypry: Bypass capacitor for Vpgry

*  Rycc: Filter resistor between Vpry and Ve

* Cin1: Bypass capacitor (critical to be close to V)y pins) to help with ringing reduction

*  Cin2: Cing, and Cing: Bulk bypass capacitors for V

*  Cgnug: Snubber capacitor (optional, most likely not needed)

*  Rgnug: Snubber resistor (optional, most likely not needed)
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ijlez ic.m :l o
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Figure 7-2. Recommended Design Schematic

CSD967201-Q1 has been optimized for 12V input applications. For 12V input voltage, good layout practices
typically eliminate the need for external components to help control the voltage stress due to switch-node
ringing. However, Texas Instruments always recommends including placeholders for the components Rgoor,
Csnus and Rgnyg for new designs to give the designer options to control ringing without re-designing the PCB
in case the layout cannot be optimized. For applications that are intended for greater than 12V input, these
components can be necessary to make sure of proper voltage margin in the design. Make sure to verify the
voltage margin during the validation phase of any new development.
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7.4.1.2 Recommended PCB Design Overview

There are two key system-level parameters that can be addressed with a proper PCB design: electrical and
thermal performance. Properly optimizing the PCB layout yields maximum performance in both areas. A brief
description on how to address each parameter is added in the following sections.

7.4.1.3 Electrical Performance

CSD967201-Q1 has the ability to switch at voltage rates greater than 10 kV/us. The PCB layout design,
placement of the input capacitors, inductor, and output capacitors are key factors that must be optimized in
layout for optimum performance.

» The placement of the input capacitors relative to V|y and Pgnp pins of CSD967201-Q1 device hold the
highest priority during the component placement routine. Make sure to minimize these node lengths. Because
of this, placing ceramic input capacitors as close as possible to the V |y and Pgnp pins (see Recommended
PCB Layout section) is advisable. In multi-phase designs, the available area close to the power stage on the
top side is typically limited. TI recommends that one 1uF, 0402, 50V, ceramic capacitor be placed on the top
side of the board as close as possible to V|y and Pgnp pins. In addition, placing a minimum of 40uF of bulk
ceramic capacitance as close as possible to each CSD967201-Q1 in a design is advisable. In high-density
multiphase designs, Tl| recommends to use three 22pF, 0805, 16V, ceramic capacitors placed on the bottom
layer directly beneath the power stage.

» For the bootstrap capacitor, CgpoT, the recommendation is to place a ceramic capacitor with a minimum
value of 0.1uF, 0402, 16V, as close as possible to the BOOT and BOOTR pins.

» Tl recommends to place the switch node of the output inductor relatively close to the power stage
CSD967201-Q1 Vs pins. Maintaining the Vg connection area as short and wide as feasible to reduce
PCB conduction loss and reduce the switching noise level is key."

7.4.1.4 Thermal Performance

Because CSD967201-Q1 has the ability to use the GND planes as the primary thermal path, Tl recommends to

use thermal vias to draw heat from the device into the system board. The following three design strategies help

minimize the amount of solder that often wicks down the via barrel:

» Intentionally separate the vias to avoid a cluster of holes in a given area.

* Use the smallest drill size allowed. The example in Section 7.4.2 includes vias with a 0.25mm diameter drill
hole and a 0.5mm diameter capture pad.

» Tent the opposite side of the via with solder-mask.

The number and drill size of the thermal vias align with the end user’s PCB design rules and manufacturing
capabilities. The thermal vias also act as the main GND return path for the device. A typical via has a DC current
handling capability range between approximately 2A and 3A. Use this estimate to calculate the number of GND
vias to place beneath and near the power stage. For example, for a 40A design, place 20 GND vias beneath and
beside the power stage.

1 Keong W. Kam, David Pommerenke, “EMI Analysis Methods for Synchronous Buck Converter EMI Root Cause Analysis”, University
of Missouri — Rolla
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7.4.2 Layout Example

@)

Figure 7-4. Recommended PCB Layout Bottom Layer (Bottom View)

7.4.3 Multiphase Layout Considerations

For applications that require multiple power stages driven in parallel for a single rail, follow these additional
layout guidelines.

« All power stages and the associated controllers must share a common ground.

— Make sure that Layer 2 of the board is a solid ground plane.
* Route the IMON and IMONREF return traces to the controller CS# and CSBIAS pins on a quiet inner layer.
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* The recommended distance from the controller to the closest power stage is no smaller than 800 mils.

» Phase-to-phase noise coupling can often be reduced by adjusting settings in the controller rather than board
level layout changes. Verify the existence of phase-to-phase noise coupling prior to completion of board
design.

7.4.4 Footprint Compatibility

CSD967201QVDKRQ1 is designed to be footprint-compatible with other similar automotive standard 5mm x
6mm x 0.75mm power stages. See Section 10 for mechanical dimensions for footprint compatibility.
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8 Device and Documentation Support

8.1 Device Support

8.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

8.2 Documentation Support

8.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on

Notifications 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.

8.4 Support Resources

TI 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 Tl's views; see Tl's Terms of Use.

8.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
8.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘SE. \ 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.

8.7 Glossary

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

9 Revision History

DATE REVISION NOTES

November 2025 * Initial release
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10 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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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable part number Status Material Package | Pins Package qty | RoHS | Lead finish/Ball MSL rating/Peak Op temp (°C) | Part marking
Q) type Carrier ©) material reflow ®)
(2) 4) ©®)

(1)
@)

@)
(4)

®)
(6)

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

Material type: WWhen 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.

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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10.1 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

. ~>‘|<—K0 « P1-»]

I T

® & o|( Bo W

v
Reel X A
Diameter
Cavity —>| A0 |<—

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 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O 0O O O Sprocket Holes
I I
T T
Q1 : Q2 Q1 : Q2
d==—d== t-—T-—1-
Q3 | Q4 Q3 | Q4 User Direction of Feed
[ & 4 |
T T
A
Pocket Quadrants
Reel Reel "
. Package | Package . . . A0 BO KO P1 w Pin1
Reiice Type Drawing [HIiE SRC Dl(amm:‘;er WI(‘::;“)Iw (mm) (mm) (mm) (mm) (mm) Quadrant
CSD967201QVDKRQ1 ‘,’!ggﬂ; VDA 38 3000 330 12.4 530 6.30 1.20 8.00 12.00 Q1
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TAPE AND REEL BOX DIMENSIONS

Device

Package Type

Package Drawing

Pins

SPQ

Length (mm)

Width (mm)

Height (mm)

CSD967201QVDKRQ1

WQFN-FCRLF

VDA

38

3000

367

367

38
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VDKO0038A

PACKAGE OUTLINE
WQFN-FCRLF - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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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VDKO0038A

EXAMPLE BOARD LAYOUT
WQFN-FCRLF - 0.8 mm max height
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NOTES: (continued)

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

number SLUA271 (www._ti.com/lit/slua271).

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

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

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

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

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