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TPS51215A Single Phase, D-CAP2™ Controller with 2-Bit VID Control
and Low Power Mode

1 Features

Differential voltage feedback
DC compensation for accurate regulation
Wide input voltage range: 3 V to 28 V

Flexible, 2-bit VID supports output voltage from
0.5-V to 2.0-V and 0-V Vgur

D-CAP2™ mode at 600kHz for Ultra-Low/Low
ESR Output Capacitor

4700 ppm/°C, low-side Rpg(on) current sensing

Programmable soft-start time and output voltage
transition time

Built-in output discharge

Power good output

Integrated boost switch

Built-in OVP/UVP/OCP

Thermal shutdown (non-latched)

3-mm x 3-mm, 20-Pin, QFN (RUK) package

Applications
Notebook computers
Desktop computers
Industrial PC

3 Description

The TPS51215A is a single-phase, D-CAP2™
synchronous buck controller with a 2-bit VID input
supporting 0 V and three other independent
externally programmable output voltage levels, where
full external programmability of the voltage level, step
setting and voltage-change slew rate is desired. It is
used for Intel IMVP8/9 applications where multiple
voltage levels are desired.

The TPS51215A supports all POS/SPCAP and/or all
ceramic MLCC output capacitor options in
applications where remote sense is a requirement.
Tight DC load regulation is achieved through external
programmable integrator capacitor. The TPS51215A
provides full protection suite, including OVP, OCL, 5-
V UVLO and thermal shutdown. It supports the
conversion voltage up to 28 V, and output voltages
adjustable from 0.5V to2 V.

The TPS51215A is available in the 3 mm x 3 mm,
QFN, 0.4-mm pitch package and is specified from
—40°C to 125°C.

Device Information®
PACKAGE BODY SIZE (NOM)
WQFN (20) 3.00 mm x 3.00 mm

PART NUMBER
TPS51215A

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application
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5 Pin Configuration and Functions

RUK Package

20-Pin WQFN
Top View
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Pin Functions
PIN
110 DESCRIPTION
NAME NO.
BST 1 | Supply input for high-side MOSFET driver (bootstrap terminal). Connect a capacitor from this pin to the SW pin. Internally
connected to V5IN via the bootstrap MOSFET switch.
DRVH 13 (0] High-side MOSFET gate driver output.
DRVL 14 (0] Synchronous low-side MOSFET gate driver output.
EN 10 | Enable input for the device. Support 3.3-V logic
GND 17 | Combined AGND and PGND point. The positive on-resistance current sensing input.
Voltage sense return tied directly to GND sense point of the load. Tie to GND with a 10-Q resistor to close feedback if
GSNS 1 | o . ;
remote sensing is used. Short to GND if remote sense is not used.
MODE 16 | connect to V5IN
PGOOD 7 (@] PGOOD output. Connect pull-up resistor.
SLEW 19 | Program the startup using 4.5 pA and voltage transition time using 45 pA from an external capacitor via current source.
SwW 12 I/0 | High-side MOSFET gate driver return. The Rpgeny CUrrent sensing input (-).
TRIP 18 | Connect resistor to GND to set OCL at V1gp/8. Output 10 A current at room temperature, T¢ = 4700ppm/°C.
VO 5 | Voltage need to be set to 0V, corresponding to 00
Vi 4 | Voltage set-point programming resistor input, corresponding to 01
V2 3 | Voltage set-point programming resistor input, corresponding to 10
V3 2 | Voltage set-point programming resistor input, corresponding to 11
V5IN 15 | 5-V power supply input for internal circuits and MOSFET gate drivers
Logic input for set-point voltage selector. Use in conjunction with VID1 pin to select among four set-point reference voltages.
VIDO 8 | .
Support 1-V and 3.3-V logic.
Logic input for set-point voltage selector. Use in conjunction with VIDO pin to select among four set-point reference voltages.
VID1 9 | .
Support 1-V and 3.3-V logic.
VREF 6 o 2V, 300-pA voltage reference. Bypass to GND with a 1-puF ceramic capacitor.
VSNS 20 | Voltage sense return tied directly to the load voltage sense point. Tie to Vgyr with a 10-Q resistor to close feedback if
remote sensing is used.
Thermal Pad — — | Connect directly to system GND plane with multiple vias.
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @
MIN MAX UNIT
BST -0.3 36
BST® -0.3 6
transient < 20 ns -2 6.5
-5 30
SW -
5 transient < 20 ns -5 32
Input voltage range® v
EN, TRIP, MODE, VID1, VIDO -0.3 5.5
V5IN -0.3 5.3
SLEW, VSNS -0.3 3.6
GSNS -0.35 0.35
GND -0.3 0.3
DRVH -5 36
-0.3 6
DRVH®) .
transient < 20 ns -2 6.5
Output voltage range® -0.3 6 \Y
DRVL -
transient < 20 ns -2 6.5
PGOOD -0.3 6
VREF, VO, V1, V2, V3 -0.3 3.6
Junction temperature, T, -40 150 °C
Storage temperature, Tstg 55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may 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 Conditions. 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.

(3) Voltage values are with respect to the SW terminal

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000
V(Esp) Electrostatic discharge Charg(%d—device model (CDM), per JEDEC specification JESD22- +500 \
Cc101 -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
Supply voltage V5IN 4.5 5.25 Y
BST -0.1 335
BSTW 0.1 5.5
SW -3 28
sw® —4.5 28
Input voltage range \%
EN, TRIP, MODE, VID1, VIDO -0.1 5.5
SLEW, VSNS -0.1 35
GSNS -0.3 0.3
GND -0.1 0.1
DRVH -3 335
DRVH® —4.5 335
DRVH® 0.1 5.5
Output voltage range -0.1 55 \%
DRVL -
transient < 20 ns -15 5.5
PGOOD -0.1 5.5
VREF, VO, V1, V2, V3 -0.1 35
Operating free-air temperature, T, -40 125 °C
(1) Voltage values are with respect to the SW terminal.
(2) This voltage should be applied for less than 30% of the repetitive period.
6.4 Thermal Information
TPS51215A
THERMAL METRIC® RUK (WQFN) UNIT
20 PINS
Rosa Junction-to-ambient thermal resistance 94.1 °C/W
Rojctop) Junction-to-case (top) thermal resistance 58.1 °C/W
Ross Junction-to-board thermal resistance 64.3 °C/W
var Junction-to-top characterization parameter 31.8 °C/W
ViB Junction-to-board characterization parameter 58.0 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance 5.9 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics

Over recommended free-air temperature range, VIN = 12 V, V5IN = 5V, T; = -40°C to 125°C, typical values are at T; = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY
VN Input Voltage Range VIN 3 28 \%
e V5IN Supply Current gl‘?viltzﬁ?ﬁg\’/@‘;ji\zlé\//OUt #0, Non 610 HA
V5IN Stand-by Current No load, Vgn=3.3V, Vout=0 250 HA
\/51NSDN V5IN Shutdown Current No load, Vgn=0V 1 HA
UVLO
Wake up V5IN voltage 4.4 4.6 \%
VvsiN_uvLo V5IN Under-Voltage Lockout Shut down V5IN voltage 3.8 4 \%
Hysteresis V5IN voltage 400 mV
VREF VOLTAGE
Copyright © 2020, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

Over recommended free-air temperature range, VIN = 12 V, V5IN = 5V, T; = -40°C to 125°C, typical values are at T; = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VVREF Output Voltage lyrer = 30 pA, w/r/t GSNS 2 \%
0 pA <lyger < 30 pA, 0°C <T; £ 85°C -0.8 0.8 %
VVREFTOL Output Voltage Tolerance 0 MA <lyrer < 300 pA, -40°C <T; <
N -1 1 %
125°C
IVREFOCL Current Limit VVREF-GSNS =1.7V 0.4 1 mA
DUTY CYCLE and FREQUENCY CONTROL
FSW SWItChlng Frequency 1) \:/|5,\{/= 12 V, VVSNS =1.8 V, VMODE 600 KHz
TonMiIN) Minimum On-time DRVH rising to falling 40 ns
TorFMIN) Minimum Off-time DRVH falling to rising 320 ns
DRIVERS
. . . . Source, Ipryy = 50 mMA 1.5 Q
RprvH High-side Driver Resistance -
Slnk, IDRVH =50 mA 0.6 Q
. . . . Source, Ipry = 50 mMA 0.9 Q
RprvL Ligh-side Driver Resistance -
Slnk, IDRVL =50 mA 0.4 Q
) DRVH-off to DRVL-on 14 ns
tp Dead Time
DRVL-off to DRVH-on 21 ns
SOFTSTART AND SLEWRATE
During Soft Start 4.5 HA
IsLew - - -
During Vout Dynamic Scaling 45 HA
POWER GOOD
. ) PG from low to high 1 ms
TPGDLY PG Deglltch Time N
PG from high to low 0.2 us
VOUT falling (fault) 84 %
VOUT rising (good) 92 %
VpgTH PG Threshold —
VOUT rising (fault) 116 %
VOUT falling (good) 108 %
IPGMAX PG Sink Current VPGOOD =0.5Vv 6 mA
IPGLK PG Leak Current VPGOOD =5.5V 1 UA
CURRENT LIMIT
ITrRIP TRIP source current T;=25°C, Vigrp =04V 9 10 11 HA
TRIP source current temperature
TCrrip coefficient® 4700 ppm/C
Vrrip VTRIP Voltage Range 0.2 3 \%
VTRlP = 3.0V 360 375 390
VocL Current Limit Threshold Vg = 1.6V 188 200 212 mV
VTRlP =0.2V 20 25 30
VTRlP = 3.0V -390 -375 -360
VNocL Negative Current Limit Threshold Vg = 1.6V -212 -200 -188 mV
VTRlP =0.2V -30 -25 -20
LOGIC THRESHOLD
VEN(ON) EN Threshold High-level 15 \%
VEN(OFF) EN Threshold Low-level 0.5 \%
VEN(HSYS) EN Hysteresis 250 mV
I EN Leakage Current -1 1 UuA
VVIDx(HI) VIDx Threshold High-level 0.9 \%
6 Submit Documentation Feedback Copyright © 2020, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over recommended free-air temperature range, VIN = 12 V, V5IN = 5V, T; = -40°C to 125°C, typical values are at T; = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vvipx(Li) VIDx Threshold Low-level 0.3 \%
Ivibx VIDx Leakage Current -1 1 UA
OUTPUT UNDERVOLTAGE AND OVERVOLTAGE PROTECTION
Vovp OVP Trip Threshold 118 120 123 %
TovPoLy OVP Deglitch Time 0.2 us
Vyvp UVP Trip Threshold 65 68 70 %
TuveDLY UVP Deglitch Time 1 ms
VOUT VOLTAGE
VsLewcLp SLEW Clamp Voltage Vrerin = 1.1V 1.012 1.188 \
Om Error Amplifier Transconductance Verepn = 1.1V 60 us
Isns VSNS Input Current Vysns = 1.1V 20 UuA
lvsnsDis VSNS Discharge Current EN=0, Vysns=0.5V,VMODE = 5V 12 mA
OUTPUT DISCHARGE
Rpis Discharge Resistance T;=25°C, Vyout =0.5V, Vg\=0V 42 Q
Thermal protection
Tote OTP Trip Threshold 140 °C
ToTPHSY OTP Hysteresis 10 °C
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6.6 Typical Characteristics
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Figure 5. Efficiency Curve, Vout=1.8V

Figure 6. Efficiency Curve, Vout=1.65V
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7 Detailed Description

7.1 Overview

TPS51215A is a synchronous step-down controller which can operate from 3 V to 28 V input voltage (V,y). The
proprietary D-CAP2™ mode enables low external component count, ease of design, optimization of the power
rail for cost, size and efficiency. TPS51215A is able to adapt to both low equivalent series resistance (ESR)
output capacitors such as POSCAP or SP-CAP, and ultra-low ESR ceramic capacitors.

The TPS51215A needs an external 5V supply to power the internal control circuitry. The undervoltage lockout
(UVLO) circuit monitors the V5IN pin voltage to protect the internal circuitry from low input voltages. TPS51215A
operates in fixed 600kHz switching frequency.

The TPS51215A supports 2-bits VID and Low Power Mode(LPM) to dynamically change the Vout voltage to
satisfy the Intel IMVP8/9 applications — VCCIN_AUX, VCCIO_0, VCCIO_1_2 applications.

7.2 Functional Block Diagram

VO V1 V2 V3

VIDO

00 01 10 1
VREF . Reference VviD1
Virern - 32% — Y PGOOD
VRerin +8/16%
GSNS | | ! _
v [ ] >
Vrerin *+ 20%
SLEW VRerIN — 8/16%
VSNS > Y
+ PWM Control I._ogic
VREFIN + e On/Off Time
- e Minimum On/Off
| e SKIP/FCCM MODE
Disch e OCL/OVP/UVP
f 1SCRATEE e Disharge
VBG Phase BST
Compensation
DRVH
10 pA /I/ swW
8R L
5 Rt X
R ton
_I—Q One- a V5IN
TRIP I::l— 7R < Shot
NO L DRVL
+ 5.V UVLO
R — +
21 5o [
V50K
44V/40V
r
TPS51215A ! GND
O O
/i? UDG-11203

7.3 Feature Description

7.3.1 Switch Mode Power Supply Control

The TPS51215A is a high performance, single-synchronous step-down controller with differential voltage
feedback. It realizes accurate regulation at the specific load point over wide load range.
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Feature Description (continued)

The TPS51215A is using D-CAP2 mode which do not require complex external compensation networks and can
minimize the external components counts. An adaptive on-time control scheme is used to achieve pseudo-
constant frequency. The TPS51215A adjusts the on-time (toy) to be inversely proportional to the input voltage
(V\n) and proportional to the SMPS output voltage (Vout). The switching frequency remains nearly constant over
the variation of input voltage at the steady-state condition.

7.3.2 VREF, VO, V1, V2, V3 and Output Voltage

The device provides a 2.0-V, accurate voltage reference from the VREF pin. This output has a 300-pA current
sourcing capability to drive V1, V2 and V3 input voltages through a voltage divider circuit as shown in Figure 7. If
higher overall system accuracy is required, the sum of total resistance (R1+R2+R3+R4+R5) from VREF to GND
should be designed to be more than 67 kQ. A MLCC capacitor with a value of 0.1-uF or larger should be placed
close to the VREF pin.

The device also provides 2-bit VID flexible output voltage control. Fixed 0OV output voltage and up to three
voltage levels can be programmed externally by a voltage divider circuit. Fixed OV output voltage corresponds to
VID 00, V1 corresponds to VID 01, V2 corresponds to VID 10 and V3 corresponds to VID 11. It is not necessary
to match the voltage set point (Vsgt1, Vsee OF Vsers ) to any particular V1, V2 or V3 input. Assignment of the
input voltage is entirely dependent on the user requirement, which makes the device very easy and flexible to
use.

The device can also be configured to provide 1-bit VID flexible output voltage operation. In the applications
where fewer than four input voltage levels are needed, the remaining input voltage pins cannot be left floating.

VRer 2V
—%m TPS51215A
V3
 Vsem 1 11
- [
R2
V. V2
- SET2 '__l 10
- [
R3 V1
. Veens r o1
o [
R4
v VO
. SET4 '__l OO
= [
R5
L VIDO VID1

Figure 7. Setting the Output Voltage

7.3.3 Soft-Start and Power Good

Prior to asserting EN high, the power stage conversion voltage and V5IN voltage should be ready. When EN is
asserted high, TPS51215A provides soft start to suppress in-rush current during start-up. The soft start action is
achieved by an internal SLEW current of 4.5 pA (typ) sourcing into a external MLCC capacitor connected from
SLEW pin to GND.

Use Equation 1 to determine the soft-start timing.
Vourt

IsLEW

tss =CsiLew

where
e Cgew is the soft start capacitance
*  Vgur is the output voltage
e g gpw is the internal 4.5-pA current source Q)
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Feature Description (continued)

The TPS51215A has a open-drain PowerGood output pin that indicates the Vout voltage is within the target
range. The target voltage window and transition delay times of the PGOOD comparator are +8% (typ) and 1-ms
delay for assertion from low to high, and +£16% (typ) and 0.2-us delay for de-assertion from high to low during
operation.

7.3.4 SLEW and VID Function

In addition to providing soft start function, SLEW is also used to program the VID transition time. TPS51215A
supports 2-bit VID and 1-bit VID operations. VIDO and VID1 works with 1.05-V logic level signals with capability
of supporting up to 3.3-V logic high.

VO V1 V2 V3

VIDO

060 01 10 M

* VID1

g
VSNS [] g 12 SLEW
]
-

UDG-11206

©
[ ]

(1) 11: Enable during VID transitioning, 45 pA.
(2) 12: Soft start, 4.5 pA.

Figure 8. VID Configuration

During VID transition:

* SLEW current is increased to 45 pA. Based on the VID transition time of the system, the amount of the SLEW
capacitance can be calculated to meet such requirement. The minimum SLEW capacitance can be supported
by the device is 2nF.

dt
C =1 X —
SLEW ~ISLEW * 4y
where
e g ew is 45 pA, dV is the voltage change during VID transition
e dtis the required transition time (2)

» FCCM (forced continuous conduction mode) operation is used regardless of the load level. In the meantime,
the overcurrent level is temporality increased to 125% times the normal OCL level to prevent false OC trip
during fast SLEW up transition. Power good, UVP and OVP functions are all blanked as well. All normal
functions are resumed 16 internal clock cycles (64 us) after VID transition is completed.

e Additional SLEW CLAMP is implemented. If severe output short occurs (either to GND or to some other high
voltage rails in the system), SLEW is engaged into SLEW CLAMP, approximately 50 mV above or below the
output voltage reference point. After 32 internal clockcycles, the CLAMP is engaged, UVP and OVP functions
are activated to disable the controller at fault.

o If VID 00 is selected, part will enter low power mode where the DRVL and DRVH will be stop switching and
Vout will decay to OV. At mean time, the PGOOD pin still keeps high. The Vout transition time can be
calculated by Equation 2

 VID is fixed to 11 internally until soft-start end which means that Vout ramp to V3 in soft start period.
Figure 10 showed the power up sequence
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Feature Description (continued)

w Ko X ><“VS>

V3

Decay
Vout

Figure 9. Low Power Mode Enter and Exit

VIN

V5IN /

EN

V3

—» 5000S 4/_\ V2
vouT]
<Forced to 11 >< VID=10 >
VID

SS_END

Figure 10. Power up Sequence

7.3.5 MODE Pin Configuration
MODE pin should be connected to V5IN pin.

7.3.6 Light-Load Operation

In auto-skip mode, the TPS51215A SMPS control logic automatically reduces its switching frequency to improve
light-load efficiency. To achieve this intelligence, a zero cross detection comparator is used to prevent negative
inductor current by turning off the low-side MOSFET. Equation 3 shows the boundary load condition of this skip
mode and continuous conduction operation.

lLoap(LL) = (Vi _VOUT)x Vour , 1
) 2xLy Vin - few ?)

7.3.7 Out-of-Bound Operation

When the output voltage rises to 8% above the target value, the out-of-bound operation starts. During the out-of-
bound condition, the controller operates in forced PWM-only mode. Turning on the low-side MOSFET beyond the
zero inductor current quickly discharges the output capacitor. During this operation, the cycle-by-cycle negative
overcurrent limit is also valid. Once the output voltage returns to within regulation range, the controller resumes
to auto-skip mode.
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Feature Description (continued)
7.3.8 Current Sensing and Overcurrent Protection

In order to provide both cost effective solution and good accuracy, TPS51215A supports MOSFET Rpson)
sensing. For Rpgon) sensing scheme, TRIP pin should be connected to GND through the trip voltage setting
resistor, Rtgp. In this scheme, TRIP terminal sources 10pA of ltgp current (at T; = 25°C) and the trip level is set
to 1/8 of the voltage across the Rg;p. The inductor current is monitored by the voltage between the GND pin and
the SW pin so that the SW pin is connected to the drain terminal of the low-side MOSFET. l{gp has a
4700ppm/°C temperature slope to compensate the temperature dependency of the Rpgen). GND is used as the
positive current sensing node so that GND should be connected to the sense resistor or the source terminal of
the low-side MOSFET.

TPS51215A has cycle-by-cycle overcurrent limiting protection. The inductor current is monitored during the off-
state and the controller maintains the off-state when the inductor current is larger than the overcurrent trip level.
The overcurrent trip level, Vocrrip, IS determined by Equation 4.

|
VocTriP =RtRIP X( TZIP j

4

Because the comparison is made during the off-state, Voctrip Sets the valley level of the inductor current. The
load current OCL level, Io¢, can be calculated by considering the inductor ripple current.

Overcurrent limiting using Rpsony Sensing is shown in Equation 5.

Voctree |, INogippie) _ | Voctree |, 1, Vin—Vour _ Vour
RDS(on) 2 RDS(on) 2 LX fSW X V|N

locL =

where
*  Iinpgipple IS inductor ripple current (5)

In an overcurrent condition, the current to the load exceeds the current to the output capacitor, thus the output
voltage tends to fall down. Eventually, it crosses the undervoltage protection threshold and shuts down.

7.3.9 Overvoltage and Undervoltage Protection

The TPS51215A sets the overvoltage protection (OVP) when VSNS voltage reaches a level 20% (typ) higher
than the target voltage. When an OV event is detected, the controller changes the output target voltage to 0 V.
This usually turns off DRVH and forces DRVL to be on. When the inductor current begins to flow through the
low-side MOSFET and reaches the negative OCL, DRVL is turned off and DRVH is turned on, for a minimum on-
time.

After the minimum on-time expires, DRVH is turned off and DRVL is turned on again. This action minimizes the
output node undershoot due to LC resonance. When the VSNS reaches 0 V, the driver output is latched as
DRVH off, DRVL on.

The undervoltage protection (UVP) latch is set when the VSNS voltage remains lower than 68% (typ) of the
REFIN voltage for 1 ms or longer. In this fault condition, the controller latches DRVH low and DRVL low and
discharges the Vg 7. UVP detection function is enabled after 1.2 ms of SMPS operation to ensure startup.

To release the OVP and UVP latches, toggle EN or adjust the V5IN voltage down and up beyond the
undervoltage lockout threshold.

7.3.10 V5IN Undervoltage Lockout Protection

TPS51215A has a 5-V supply undervoltage lockout protection (UVLO) threshold. When the V5IN voltage is lower
than UVLO threshold voltage, typically 4.0 V, Vo is shut off. This is a non-latch protection.

7.3.11 Thermal Shutdown

TPS51215A includes an internal temperature monitor. If the temperature exceeds the threshold value, 140°C
(typ), Vout is shut off. The state of Vot is open at thermal shutdown. This is a non-latch protection and the
operation is restarted with soft-start sequence when the device temperature is reduced by 10°C (typ).

Copyright © 2020, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: TPS51215A


http://www.ti.com/product/tps51215a?qgpn=tps51215a
http://www.ti.com
http://www.ti.com/product/tps51215a?qgpn=tps51215a
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSDW9A&partnum=TPS51215A

13 TEXAS

INSTRUMENTS
TPS51215A

SLUSDW9A —JUNE 2020—REVISED JUNE 2020 www.ti.com

7.4 D-CAP2 Control Mode
Figure 11 shows a simplified model of D-CAP2 mode architecture in the TPS51215A.

ViN

VSNS Cer Sw Q

-

|
|_ DH =
Rl =
c1 SLEW Lx

L Control
|| ] ;l>—L_ o Logic ™M Vour
- and

Rc1

]
L
2
]

o L
V3 + Compa':’r\;\tlc’:/: Driver :'DL_,:: o
I: —[ 9 Rioap
Cour

I—f——

20V

TPS51215A

UDG- 11262

B
I —

Figure 11. Simplified D-CAP2 Mode Architecture

When TPS51215A operates in D-CAP2 mode, it uses an internal phase compensation network (R¢1, Res, Ces
and C, and G) to work with very low ESR output capacitors such as multi-layer ceramic capacitors (MLCC) and
POSCAP. The role of such network is to sense and scale the ripple component of the inductor current
information and then use it in conjunction with the voltage feedback to achieve loop stability of the converter.

The switching frequency used for D-CAP2 mode is 600 kHz and it is generally recommended to have a unity
gain crossover (f0) of 1/4 of the switching frequency, which is approximately 150 kHz for the purpose of this
application.

Given the range of the recommended unity gain frequency, the power stage design is flexible, as long as
Equation 6 is true.

1 <i><f0

2xnx Loyt xCourt 10 ©)

When TPS51215A is configured in D-CAP2 mode, the overall loop response is dominated by the internal phase
compensation network. The compensation network is designed to have two identical zeros at 7.7 kHz in the
frequency domain, which serves the purpose of splitting the L-C double pole into one low frequency pole (same
as the L-C double pole frequency) and one high-frequency pole (greater than the unity gain crossover
frequency).
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8 Application and Implementation

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

8.1 Application Information

This section describes two different applications for the TPS51215A controller. Design 1 is a 2-Bit VID lccmax) =
30A, application for VCCIN_AUX application in Intel IMVP9 platform. Design 2 is a 1-Bit VID lccmay) =10A, for
VCCIO_1_2 in Intel RocketLake-S platform.

8.2 Typical Applications

VSNS SLEW TRIP GND MODE

TPS51215A

VREF PGOOD VIDO VID1

.
|

Figure 12. Typical 2-Bit VID Application

8.2.1 Design Requirements

The Step One: Determine the Specifications section and the Step Two: Determine System Parameters section
itemize the system agent rail application requirements.

8.2.2 Detailed Design Procedure

The simplified design procedure creates VCCIN-AUX rail for IMVP9 Intel platform application using the
TPS51215A controller.

8.2.2.1 Step One: Determine the Specifications

. V00=0V
e Vg =11V
e V=165V
e V=18V

* lecimay =30 A
*  lpynmay =12 A

8.2.2.2 Step Two: Determine System Parameters
The input voltage range and operating frequency are of primary interest.
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Typical Applications (continued)

In this example:
e 55VsVys20V
b fSW = 600 kHz

8.2.2.3 Step Three: Determine Inductor Value and Choose Inductor

Smaller values of inductor have better transient performance but higher ripple and lower efficiency. Higher values
have the opposite characteristics. It is common practice to limit the ripple current to 25% to 50% of the maximum
current. In this example, use 25%:

lbp=30A%x04=12A
At fgy = 600 kHz with a 20-V input and a 1.8-V output:

1.8V 1
20V -1.8V)x ——
L (Vout ~Vin)xTon ~ (Vour —Vin)xDxT ( )~ 20V 600KHz
|p7p |p7p 12A (7)

For this application, a 0.22-uH, 1.15-mQ inductor from Cyntec with part number CMLEO63T-R22MS is used.

8.2.2.4 Step Four: Set the Output Voltages

Set the output voltage levels. for VO, V1, V2 and V3 pins ).
e VID 00, VO =Vger; =0V

« VID10,V2=Vge, = 1.1V

e VID 01, V1= Vg3 =165V

e VID11,V3=Vgr, =18V

The resistor value:

* Vrer=2V
* R1=20kQ
* R2=15kQ

* R3=549kQ
* R4=110kQ

« R5=0Q
Veer 2V
%m
TPS51215A
VSET4 ’J] V3
L
R2
Vsers r
[ ]ve
R3
VSET2 ,_
I_:I Vi1
R4
VSET1
e [ — |
VIDO VID1
Figure 13. Setting the Output Voltage
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Typical Applications (continued)
8.2.2.5 Step Five: Calculate SLEW Capacitance

SLEW can be used to program the soft-start time and voltage transition timing. During soft-start operation, the
current source used to program the SLEW rate is 4.5 pA (nominal). During VID transition, the current source is
switched to a higher current of 45 pA.

In this design example, the requirement is to complete VID_00 to VID_11 transition within 120 pus, calculate the
SLEW capacitance based on Equation 8.
dT 120 us

c 14l _45.a - 3nF
SLEW =gy ~ TR Ty @®)

For Voyur = 1.8 V, the soft start timing based on Cg gy is 1.2 ms.

The slower slew rate is desired to minimize large inductor current perturbation during startup and voltage
transition, thus reducing the possibility of acoustic noise.

8.2.2.6 Step Six

TPS51215A uses a low-side on-resistance (Rps(n) ) s€nsing scheme. The TRIP pin sources 10 WA of current and
the trip level is set to 1/8 of the voltage across the TRIP resistor (Rtg;p ). The overcurrent trip level is determined
by Rtrip X (ltrip /8). Because the comparison is done during the off state, the trip voltage sets the valley current.
The load current can be calculated by considering the inductor ripple current.

8 [|OCL _((VIN ~Vour )JX (Vour )

(2xLx) ) (fsw xMin )J *Fos(en)

lrriP )

Rrrip

where
e V) is the input voltage
*  Vgur is the output voltage
o fgw is the switching frequency (600 kHz)
*  Rpson is the low-side FET on resistance
e |ltgp is the trip current, 10 A (nominal)
e Lx s the output inductance 9)

8.2.2.7 Step Seven: Determine the Output Capacitance

The switching frequency for D-CAP2 mode is 600 kHz and it is generally recommend to have a unity gain
crossover (fy) of 1/4 of the switching frequency, which is approximately 150kHz for the purpose of this
application.

Given the range of the recommended unity gain frequency, the power stage design is flexible, as long as the LC
double pole frequency is less than 10% of f.

1 gixfozngszZkHz

Ly 10
mLout *Cout (10)

As long as the LC double pole frequency is designed to be less than 1/10 of f,, the internal compensation
network provides sufficient phase boost at the unity gain crossover frequency in order for the converter to be
stable with enough margin.

When the ESR frequency of the output bulk capacitor is in the vicinity of the unity gain crossover frequency of
the loop, additional phase boost is achieved. This applies to POSCAP and/or SPCAP output capacitors.

When the ESR frequency of the output capacitor is beyond the unity gain crossover frequency of the loop, no
additional phase boost is achieved. This applies to low/ultra low ESR output capacitors, such as MLCCs.

Equation 11 and Equation 12 can be used to estimate the amount of capacitance needed for a given dynamic
load step/release. Note that there are other factors that may impact the amount of output capacitance for a
specific design, such as ripple and stability. Equation 11 and Equation 12 are used only to estimate the transient
requirement, the result should be used in conjuction with other factors of the design to determine the necessary
output capacitance for the application.
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Typical Applications (continued)
V, x t
L x (AILOAD(max))Z x [O&JTSW + tMIN(off)]
IN(min)
COUT(min_under) = v Y
IN(min) ~ YouT
2x AV oAD(insert) X [(V)J *tsw —tvineofry [* VouT
IN(min) (11)
Lout % (AlLOAD(max))2
COUT(min_over) = 2% AV Y
X AV oAD(release) % YOUT (12)

Equation 11 and Equation 12 calculate the minimum Cgt for meeting the transient requirement, which is 480 puF
assuming +7.5% voltage allowance for load step and release.

8.2.2.8 Step Eight: Select Decoupling and Peripheral Components

For the TPS51215A, peripheral capacitors use the following minimum values of ceramic capacitance. X5R or
better temperature coefficient is recommended. Tighter tolerances and higher voltage ratings are always
appropriate.

e V5IN decoupling 22.2 yF, 26.3 V

* VREF decoupling 0.22 pFto 1 pF, 24V

» Bootstrap capacitors 2 0.1 uF, 210 V

e Pull-up resistors on PGOOD, 100 kQ
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Typical Applications (continued)
8.2.3 Application Examples

8.2.3.1 Design 1: 2-Bit VID lccmax) = 30 A, DCAP2 600-kHz Application for VCCIN_AUX in Intel TigerLake

platform

» GSNS
T ‘] 0
2.7n 34.8k =
——2.2u —
L L
VSNS SLEW TRIP GND
V5IN - \/5IN
Vi
VREF
DRVL J ———» VSNS
J Qi
TPS51215A Lout 0

PGOOD VIDO
[ [

VID1 EN

- 100 k

VIDO  VID1 EN

DRVH

SW

BST

Figure 14. Application Circuit for Design 1

Table 1. VID Table for Design 1

e " OUTPUT VOLTAGE
()
0 0 0
0 1 1.1
1 0 1.65
1 1 1.8

Table 2. List of Materials for Design 1

VOouT

J :ﬁfQ Cour suk + Cout mice

IDRIEESﬁI(ESI?\IIEANF%IIE? QTY SPECIFICATION MANUFACTURER NSQEER
Ciy (not shown) 10 pF, 25 V TDK C3216X5R1V106M160AB
Cout_BULK 220 pyF, 6.3V, 5mQ Panasonic 6TPF220M5L
Cout MLCC 12 22 UF, 6.3V Murata GRM21BR60J226ME39L
Lout 0.22 pH, 38 A, 1.15 mQ Cyntec CMLEO063T-R22MS-68
Q1 Q2 30V, 45A Texas Instruments CSD87355Q5D
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8.2.3.2 Design 2: 2-Bit VID, lcgmax = 10 A, for VCCIO_1_2 in Intel RocketLake - S platform

. » GSNS
1 ’
2.7n 15k =
P— 2.2u —
L L
TRIP GND
V5IN » V5IN
ViN
DRVL ————» VSNS
,': al § 0
TPS51215A DRVH H _W&L
SW — P VOUT
—— Cour mce
VO 011 [
VREF PGOOD VIDO VID1 EN BST J Q2
§° | i
VF{E\;V L|_l
= l ? 100 k l
PGOOD
LPM EN
Figure 15. Application Circuit for Design 2
Table 3. VID Table for Design 2
VID1 VIDO OUTPUT VOLTAGE
V)
0 0 0
0 1 Not Used
1 0 Not Used
1 1 1.0
Table 4. List of Materials for Design 2
REFERENCE PART
DESIGNATOR QTY SPECIFICATION MANUFACTURER NUMBER
Cin (not shown) 3 10 uF, 25 V TDK C3216X5R1V106M160AB
COUTiMLCC 6 22 uF, 6.3V Murata GRM21BR60J226ME39L
Lout 1 0.47 uH, 25 A,2.9 mQ Cyntec CMLEO063T-R47MS-68
Q1 Q2 1 30V, 45A Texas Instruments CSD87355Q5D
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8.2.4 Application Curves of Design 1

Vout=2Vidiv

EN=5Vidiv

IL=10A/div . I

IL=10A/Giv.

400us/div

Figure 16. Start Up Relative to EN Rising

‘80us/div

Figure 17. Shut Down Relative to EN Falling

Vout=20mVidiv, AC

I )

]

Vout=20mVidiv, AC

A

HL-5Adiv

]

-

IL=5A/div

4us/div

Figure 18. Steady State oyt =1 A

- 2us/div

Figure 19. Steady State Ioyt =10 A

4
oy | [t
il
6
e >
|
Figure 20. VID Transient, VID =01 to 11, Voyr=1.1Vto 1.8 Figure 21. VID Transient, VID = 11 to 01, Vour = 1.8 V to 1.1
v \
_ [Volut-soomviav : ’ T
P P e 4 — [ VID1,0=5V/div
i Lok
' 1
' Il Ml |

200us/div

Figure 22. Low Power Mode Exit Voyr =0V to 1.8V

200us/div.

Figure 23. Low Power Mode Enter Voyr=1.8Vto 0V
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Vout=100mV/div, 1.8V offset

= [ Vout=100mVidiv, 1.8V offset

P i e

| . | s JL-jondv. ¢
etoati st a sy e

D Peme e T
14
Figure 24. Load Transient, louyr=0Ato 16 A, T, =Ty =1 s Figure 25. Load Transient, loy1 =16 Ato 30 A, T, =Ty =1
gs
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9 Power Supply Recommendations

The TPS51215A is intended to be powered by a well regulated dc voltage. and input voltage is 3 V to 28 V. Input
supply must be appropriate for th desired output current. If the input voltage supply is located for from the part,
come additional input buck capacitance is recommended. Typical value is 50uF and 0.1uF Vin capacitor is
needed.

* VIN is the power of input for buck, V5IN is power supply for internal control logic.

» EN is high before VIN has the power input, V5IN power supply must be provided after or same time with VIN,
otherwise the output will be latched, this latch can be recovered by toggling the EN pin or re-power up the
V5IN

« EN is low before VIN and V5IN have the power input, then there is no power supply input sequence
requirement

10 Layout

10.1 Layout Guidelines

Certain issues must be considered before designing a layout using the TPS51215A.

* V|y capacitor(s), Vout capacitor(s) and MOSFETs are the power components and should be placed on one
side of the PCB (solder side). Other small signal components should be placed on another side (component
side). At least one inner plane should be inserted, connected to ground, in order to shield and isolate the
small signal traces from noisy power lines.

« All sensitive analog traces and components such as VSNS, SLEW, MODE, VO, V1, V2, V3, VREF and TRIP
should be placed away from high-voltage switching nodes such as SW, DH, DL or BST to avoid coupling.
Use internal layer(s) as ground plane(s) and shield feedback trace from power traces and components. Need
to placed close to the part and minimized length of routing trace.

» The DC/DC converter has several high-current loops. The area of these loops should be minimized in order to
suppress generating switching noise.

— Loop #1. The most important loop to minimize the area of is the path from the V,y capacitor(s) through the
high and low-side MOSFETSs, and back to the capacitor(s) through ground. Connect the negative node of
the Vy capacitor(s) and the source of the low-side MOSFET at ground as close as possible. (Refer to loop
#1 of Figure 26)

— Loop #2. The second important loop is the path from the low-side MOSFET through inductor and Vgyr
capacitor(s), and back to source of the low-side MOSFET through ground. Connect source of the low-side
MOSFET and negative node of Vgt capacitor(s) at ground as close as possible. (Refer to loop #2 of
Figure 26)

— Loop #3. The third important loop is of gate driving system for the low-side MOSFET. To turn on the low-
side MOSFET, high current flows from V5 capacitor through gate driver and the low-side MOSFET, and
back to negative node of the capacitor through ground. To turn off the low-side MOSFET, high current
flows from gate of the low-side MOSFET through the gate driver and PGND, and back to source of the
low-side MOSFET through ground. Connect negative node of V5 capacitor, source of the low-side
MOSFET and PGND at ground as close as possible. (Refer to loop #3 of Figure 26)

» VSNS can be connected directly to the output voltage sense point at the load device or the bulk capacitor at
the converter side. For additional noise filtering, insert a 10-Q, 1-nF, R-C filter between the sense point and
the VSNS pin. Connect GSNS to ground return point at the load device or the general ground plane/layer.
VSNS and GSNS can be used for the purpose of remote sensing across the load device, however, care must
be taken to minimize the routing trace to prevent excess noise injection to the sense lines.

» Connect the overcurrent setting resistors from TRIP pin to ground and make the connections as close as
possible to the device. The trace from TRIP pin to resistor and from resistor to ground should avoid coupling
to a high-voltage switching node.

« Connections from gate drivers to the respective gate of the high-side or the low-side MOSFET should be as
short as possible to reduce stray inductance. Use 0.65 mm (25 mils) or wider trace and via(s) of at least 0.5
mm (20 mils) diameter along this trace.

» The PCB trace defined as SW node, which connects to the source of the switching MOSFET, the drain of the
rectifying MOSFET and the high-voltage side of the inductor, should be as short and wide as possible.

» In order to effectively remove heat from the package, prepare the thermal land and solder to the package
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Layout Guidelines (continued)

thermal pad. Wide trace of the component-side copper, connected to this thermal land, helps to dissipate heat
Numerous vias with a 0.3-mm diameter connected from the thermal land to the internal/solder-side ground
plane(s) should be used to help dissipation.

’J_‘VREF
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ontroller i #11 H Vout
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L | i . ]
|
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Figure 26. DC/DC Converter Ground System
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11 Device and Documentation Support

11.1 Device Support

11.1.1 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 Tl PRODUCT OR SERVICE.

11.2 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

11.3 Community Resources

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.

11.4 Trademarks
D-CAP2, E2E are trademarks of Texas Instruments.

11.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.6 Glossary

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

12 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 ©)
@ ©)
TPS51215ARUKR Active Production WQFN (RUK) | 20 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 51215A
TPS51215ARUKR.A Active Production WQFN (RUK) | 20 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 51215A

@ 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 Tl 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 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. TI 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.

Addendum-Page 1


https://www.ti.com/product/TPS51215A/part-details/TPS51215ARUKR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

i PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 14-Sep-2020
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS51215ARUKR WQFN RUK 20 3000 330.0 12.4 33 33 11 8.0 | 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS51215ARUKR WQFN RUK 20 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RUK 20 WQFN - 0.8 mm max height

3 x 3, 0.4 mm pitch PLASTIC QUAD FLATPACK - 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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RUK0020B

PACKAGE OUTLINE
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

lj‘— 5

PIN 1 INDEX AREA—

N w
[(eJESN

DETAIL
OPTIONAL TERMINAL
TYPICAL

le—[]1.7+0.05 —=

10

SEE TERMINAL
DETAIL
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PIN 11D
(OPTIONAL)

15 t
20x 0-25

DIMENSION A

OPTION 01

0.1

OPTION 02

0.2)

(DIM A) TYP
OPT 02 SHOWN

ﬁEXPOSED

THERMAL PAD

0.15
0.1® [c[A® [BO |
0.05() |

&

¥

4222676/A 02/2016

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
RUK0020B WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SCALE:20X
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NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4222676/A 02/2016

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
RUK0020B WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

SYMM

\———% (0.47) TYP

(R0.05) TYP ‘ 16
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20X (0 6) Trrrr T T T T T
L

|
ZOX(OZ)TC‘:] 21\% \ (0.47)
L%a@%jeuﬁrlﬁsﬁw
0

16X (0.4)
-

R
| 6 T 10 |
i 4X ([10.75) i

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD 21:

78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4222676/A 02/2016

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

Texas
INSTRUMENTS
www.ti.com




IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
will 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 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.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated
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