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53685 (4%)
BRI EA LM MOSFET Rpg(on) Kl DIBERI T 42 OCL. OVP/UVP/UVLO ALK R .
TPS51216-EP % 20 3| 3mm x 3mm WQFN #23% , i & iRN -55°C & 125°C.
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6 Pin Configuration and Functions
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K 6-1. RUK Package 20-Pin WQFN Top View

Z 6-1. Pin Functions

e PIN Ne) 110 DESCRIPTION

DRVH 14 O |High-side MOSFET gate driver output.

DRVL 11 O |Low-side MOSFET gate driver output.

GND 7 Signal ground.

MODE 19 || Connect resistor to GND to configure switching frequency and discharge mode. (See ¥ 8-2.)

PGND 10 — | Gate driver power ground. Rps(on) current sensing input (+).

PGOOD 20 O |Powergood signal open drain output. PGOOD goes high when VDDQ output voltage is within the target range.

REFIN 8 | Reference input for VDDQ. Connect to the midpoint of a resistor divider from VREF to GND. Add a capacitor for
stable operation.

SW 13 1/0 | High-side MOSFET gate driver return. Rps(on) current sensing input ( - ).

S3 17 | | S3 signal input. (See ¥ 8-1.)

S5 16 | | S5 signal input. (See % 8-1.)

TRIP 18 | Connect resistor to GND to set OCL at V1gr;p / 8. Output 10- 1 A current at room temperature, T¢ = 4700
ppm/°C.

VBST 15 I |High-side MOSFET gate driver bootstrap voltage input. Connect a capacitor from the VBST pin to the SW pin.

VDDQSNS 9 I | VDDQ output voltage feedback. Reference input for VTTREF. Also serves as power supply for VTTREF.

VLDOIN 2 I | Power supply input for VTT LDO. Connect VDDAQ in typical application.

VREF 6 O [1.8-V reference output.

VTT 3 O |VTT 2-A LDO output. Need to connect 10 1 F or larger capacitance for stability.

VTTGND 4 — | Power ground for VTT LDO.

VTTREF 5 O |Buffered VTT reference output. Need to connect 0.22 1 F or larger capacitance for stability.

VTTSNS 1 I |VTT output voltage feedback.

V5IN 12 || 5-V power supply input for internal circuits and MOSFET gate drivers.

'Fl;zgrmal — — | Connect to GND
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
VBST -0.3 36
VBST®) -0.3 6
SW -5 30
Input voltage(@ VLDOIN, VDDQSNS, REFIN -0.3 3.6 \%
VTTSNS -0.3 3.6
PGND, VTTGND -03 0.3
V5IN, S3, S5, TRIP, MODE -0.3 6
DRVH -5 36
DRVH®) -0.3 6
DRVH®) (duty cycle < 1%) -25
Output voltage® VTTREF, VREF -0.3 3.6 v
VTT -0.3 3.6
DRVL -0.3 6
DRVL (duty cycle < 1%) -25 6
PGOOD -0.3 6
Junction temperature, T -55 135 °C
Storage temperature, Tgq -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.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(" +2000

Viesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- £500 \
C101@ -

(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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7.3 Recommended Operating Conditions

MIN| NOM|  MAX| UNIT
Supply voltage V5IN 4.5 5.5 \%
VBST -0.1 33.5
VBST® -0.41 55
SW -3 28
sw -4.5 28
Input voltage range VLDOIN, VDDQSNS, REFIN -041 35 v
VTTSNS -0.1 35
PGND, VTTGND -0.41 0.1
S3, S5, TRIP, MODE -0.41 55
DRVH -3 33.5
DRVH@) -01 55
DRVH™ -4.5 33.5
Output voltage range VTTREF, VREF -0.1 3.5 V
VTT -0.1 35
DRVL -041 55
PGOOD -0.1 55
T, Operating junction temperature -55 125 °C

(1) This voltage should be applied for less than 30% of the repetitive period.
(2) Voltage values are with respect to the SW terminal.

7.4 Thermal Information

TPS51216-EP
THERMAL METRIC(") RUK (WQFN) UNIT
20 PINS
R ya Junction-to-ambient thermal resistance 941 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 58.1 °C/W
Royp Junction-to-board thermal resistance 64.3 °C/W
L Junction-to-top characterization parameter 31.8 °C/W
JUNT) Junction-to-board characterization parameter 58.0 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 5.9 °C/W

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

6 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS51216-EP


https://www.ti.com/lit/pdf/spra953
https://www.ti.com.cn/product/cn/tps51216-ep?qgpn=tps51216-ep
https://www.ti.com.cn/cn/lit/pdf/ZHCSQC2
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQC2A&partnum=TPS51216-EP
https://www.ti.com.cn/product/cn/tps51216-ep?qgpn=tps51216-ep

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS51216-EP
ZHCSQC2A - NOVEMBER 2015 - REVISED JULY 2022

7.5 Electrical Characteristics

T, = -55°C to 125°C, VV5IN = 5V, VLDOIN is connected to VDDQ output, Vpope = 0V, Vs3 = Vg5 = 5 V (unless otherwise

noted)
PARAMETER TEST CONDITION \ MIN| TYP| MAX| UNIT
SUPPLY CURRENT
lvsingso) V5IN supply current, in SO T, =25°C, No load, Vg3 = Vg5 =5V 590 LA
lvsings3) V5IN supply current, in S3 Ty =25°C, Noload, Vg3 =0V, Vg5 =5V 500 LA
lv5INSDN V5IN shutdown current T, =25°C, No load, Vg3 = Vg5 =0V 1 LA
lvLDOIN(SO) VLDOIN supply current, in SO T,=25°C, Noload, Vg3 =Vg5=5V 5| uA
lvLDOIN(S3) VLDOIN supply current, in S3 T,=25°C,Noload, Vg3=0V,Vg5=5V 5| uA
IVLDOINSDN VLDOIN shutdown current T,=25°C, Noload, Vg3 =Vg5=0V 5| uA
VREF OUTPUT
Voree Output voltage lvreg = 30 B A, T;=25°C 1.8000 v
0 BA < lyrer <300 LA, T;= -55°Cto 125°C 1.7820 1.8180
lvREFOCL Current limit Vyrep = 1.7V 0.4 0.8 mA
VTTREF OUTPUT
VVTTREF Output voltage Vvppasns/2 \%
[lvrrrRer] <100 1A, 1.2V < Vyppasns < 1.8V 49.2% 50.8%
VVTTREF Output voltage tolerance to Vyppq
[lvrrrRerl <10 MA, 1.2V < Vyppgsns < 1.8V 49% 51%
IyTTREFOCLSRe ~ Source current limit Vvppasns = 1.8 V, Vytrrer= 0V 10 18 mA
lvrTrRerocLsnk  Sink current limit Vvppasns = 1.8 V, Vyttrer = 1.8 V 10 17 mA
IVTTREEDIS VTTREF discharge current Ty=25°C,Vs3=Vs5=0V, Vyrrer = 0.5V 0.8 1.3 mA
VTT OUTPUT
VT Output voltage VVTTREF \
l(;V/lTl < 10 mA, 1.2V < Vyppasns < 1.8V, ly1Trer = ~20 20
VyTTToL Output voltage tolerance to VTTREF el < 14,12 < Wonsws < 18V, hrrer =0 A ~%0 %0 mV
vl <2A, 1.4V < Vyppasns < 1.8V, yrrrer =0 A -40 40
|/I\VTT| <15A, 1.2V < Vyppasns < 14V, lyrrrer = 0 - 40 40
lvrTocLsre Source current limit ?\//‘;[T’ES:";S; /-\1 BV, Vyrr = Vyrrsns = 0.7V, 2 3 .
IV TTOCLSNK Sink current limit XVDDQSNS = 1.8V, Vyr1 = Vyrrens = 1.1V, IyrrrRer = 0 2 3
I TTLK Leakage current T;=25°C,Vs3=0V, Vg5=5V, Vyr1 = Vy1TREF 5
IvTTsNsBIAS VTTSNS input bias current Vs3=5V, Vg5 =5V, Vyrrsns = VVTTREF -0.5 0.0 05| unA
IV TTSNSLK VTTSNS leakage current Vs3=0V, Vg5 =5V, Vyrrsns = VVTTREF -1 0 1
IvTTDIS VTT Discharge current $¢:T2:5;)CS xsﬁ/;\;iz i 8 X Vvopasns = 1.8V, 7.8 mA
VvDDQ OUTPUT
VvDDQSNS VDDQ sense voltage VREFIN
onamare 0o lton ol 7, R |
lvobasns VDDQSNS input current Vybpasns = 1.8V 39 LA
IREFIN REFIN input current Vrepin = 1.8V -0.1 0.0 0.1] unA
lvopapis VDDQ discharge current Zg\?v: t\(/)sézg mrzxgﬁas;ji; (zi\?o\r:’-t“rﬂaoclgrfg';in pulled 12 mA
;
SWITCH MODE POWER SUPPLY (SMPS) FREQUENCY
fsw VDDQ switching frequency Vin =5V, Vvopasns = 1.8V, Ruope = 100k0 %00 kHz
Vin =5V, Vyppasns = 1.8 V, Ryope = 200 k Q 400
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7.5 Electrical Characteristics (continued)

T,= -55°C to 125°C, VV5BIN = 5V, VLDOIN is connected to VDDQ output, Vpope = 0V, Vg3 = Vg5 =5 V (unless otherwise
noted)

PARAMETER TEST CONDITION MIN ‘ TYP ‘ MAX| UNIT
toN(min) Minimum on time DRVH rising to falling1 60 s
toFF(min) Minimum off time DRVH falling to rising 200 320 450
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7.5 Electrical Characteristics (continued)

T,= -55°C to 125°C, VV5BIN = 5V, VLDOIN is connected to VDDQ output, Vpope = 0V, Vg3 = Vg5 =5 V (unless otherwise
noted)

PARAMETER \ TEST CONDITION \ MIN‘ TYP‘ MAX| UNIT

VDDQ MOSFET DRIVER

Rorui DRVH resistance Source, IpryH = - 50 mA 1.6 3.0
Sink, IpryH = 50 MA 0.6 1.5 o

Rorut DRVL resistance Source, IpryL = - 50 mA 0.9 2.0
Sink, IpryL = 50 mA 0.5 1.2
DRVH-off to DRVL-on 10

tbeaD Dead time ns
DRVL-off to DRVH-on 20

INTERNAL BOOT STRAP SW

VegsT Forward voltage Vysin-vesTs Ty = 25°C, I =10 mA 0.1 0.2 \Y

lvBSTLK VBST leakage current Ty =25°C, VygsT =33V, Vgyy =28 V 0.01 1.5 nA

LOGIC THRESHOLD

ImopE MODE source current 14 15 16| uvA
MODE 0 580 600 620

VTHMOoDE MODE threshold voltage MODE 1 829 854 879 mV
MODE 2 1202 1232 1262
MODE 3 1760 1800 1840

Vi S3/S5 low-level voltage 0.5

Viy S3/S5 high-level voltage 1.8 \Y

ViHysT S3/S5 hysteresis voltage 0.25

VK S3/S5 input leak current -1 0 1 nA

SOFT START

tss VDDQ soft-start time ISnéerrirs]ie:gS?;t_\it,igssr:zY>C(\)/.FS{3EQF;\(/),IRL;NF’ 1.1 ms

PGOOD COMPARATOR
PGOOD in from higher 106% 108% 110%
PGOOD in from lower 90% 92% 94%

V1Hpe VDDQ PGOOD threshold
PGOOD out to higher 114% 116% 118%
PGOOD out to lower 82% 84% 86%

lpe PGOOD sink current Vpgoop = 0.5V 3 5.9 mA

tecoLy PGOOD delay time Delay for PGOOD in 0.8 1 1.2 ms
Delay for PGOOD out, with 100 mV over drive 330 ns

tpgssDLY PGOOD start-up delay Cvrer = 0.1 v F, S5 rising to PGOOD rising 2.5 ms

PROTECTIONS

ltrRIP TRIP source current T;=25°C,Virp=04V 9 10 1 LA

TCrraip ;I'g:fl’ﬁ;gzﬁe current temperature 4700 ppgw/“

Virip Vrrip voltage range 0.2 3 \%
Virp =3.0V 360 375 390

VocL Current limit threshold Virp =16V 190 200 210 mvV
Virp=0.2V 20 25 30
Virp =3.0V -390 - 375 - 360

VocLn Negative current limit threshold Virp =1.6 V -210 -200 -190| mV
Virp=0.2V -30 -25 -20

Vzc Zero cross detection offset 0 mV
Wake-up 4.2 44 4.5

Vuvio V5IN UVLO threshold voltage \
Shutdown 3.7 3.9 4.1

Vovp VDDQ OVP threshold voltage OVP detect voltage 118% 120% 122%

tovPDLY VDDQ OVP propagation delay With 100 mV over drive 430 ns

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 9

Product Folder Links: TPS51216-EP


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps51216-ep?qgpn=tps51216-ep
https://www.ti.com.cn/cn/lit/pdf/ZHCSQC2
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQC2A&partnum=TPS51216-EP
https://www.ti.com.cn/product/cn/tps51216-ep?qgpn=tps51216-ep

13 TEXAS
TPS51216-EP INSTRUMENTS
ZHCSQC2A - NOVEMBER 2015 - REVISED JULY 2022 www.ti.com.cn

7.5 Electrical Characteristics (continued)

T,= -55°C to 125°C, VV5BIN = 5V, VLDOIN is connected to VDDQ output, Vpope = 0V, Vg3 = Vg5 =5 V (unless otherwise
noted)

PARAMETER TEST CONDITION MIN‘ TYP‘ MAX| UNIT

Vuvp VDDQ UVP threshold voltage UVP detect voltage 66% 68% 70%

tuvppLy VDDQ UVP delay 1 ms

tuvPENDLY VDDQ UVP enable delay 1.2 ms

Voos OOB threshold voltage 108%

THERMAL SHUTDOWN

Tson Thermal shutdown threshold Shutdown temperature 140 °C
Hysteresis1 10

1. Ensured by design. Not production tested.

™

= Electromigration fail mode

100k

10k

Estimated Life (hours)

100

80 90 100 110 120 130 140 150 160
Continuous Junction Temperature (°C)

A. See data sheet for absolute maximum and minimum recommended operating conditions.
B. Silicon operating life design goal is 10 years at 105°C junction temperature (does not include package interconnect life).
C. Enhanced plastic product disclaimer applies.

A 7-1. TPS51216-EP Derating Chart
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7.6 Typical Characteristics
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7.6 Typical Characteristics (continued)
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B 7-12. Switching Frequency vs Load Current
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7.6 Typical Characteristics (continued)
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7.6 Typical Characteristics (continued)
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7.6 Typical Characteristics (continued)
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8 Detailed Description
8.1 Overview

TPS51216-EP provides complete Power Supply Solution for DDR2, DDR3 and DDR3L memory system.

8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 VDDQ Switch Mode Power Supply Control

TPS51216-EP supports D-CAP mode which does not require complex external compensation networks and is
suitable for designs with small external components counts. The D-CAP mode provides fast transient response
with appropriate amount of equivalent series resistance (ESR) on the output capacitors. An adaptive on-time
control scheme is used to achieve pseudo-constant frequency. The TPS51216-EP adjusts the on-time (tgn) to be
inversely proportional to the input voltage (V|y) and proportional to the output voltage (Vppg). This makes a
switching frequency fairy constant over the variation of input voltage at the steady state condition.
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8.3.2 VREF and REFIN, VDDQ Output Voltage

The part provides a 1.8-V, +0.8% accurate, voltage reference from VREF. This output has a 300- » A (max)
current capability to drive the REFIN input voltage through a voltage divider circuit. A capacitor with a value of
0.1- o F or larger should be attached close to the VREF terminal.

The VDDQ switch-mode power supply (SMPS) output voltage is defined by REFIN voltage, within the range
between 0.7 V and 1.8 V, programmed by the resister-divider connected between VREF and GND. (See 77
9.2.2.2.) A few nano farads of capacitance from REFIN to GND is recommended for stable operation.

8.3.3 Soft-Start and Powergood

TPS51216-EP provides integrated VDDQ soft-start functions to suppress in-rush current at start-up. The soft-
start is achieved by controlling internal reference voltage ramping up. &l 8-1 shows the start-up waveforms. The
switching regulator waits for 400 v s after S5 assertion. The MODE pin voltage is read in this period. A typical
VDDQ ramp up duration is 700 i s.

TPS51216-EP has a powergood open-drain output that indicates the VDDQ 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 (low to high), and +16% (typ) and 330-ns delay for de-assertion (high to low) during running. The
PGOOD comparator is enabled 1.1 ms after VREF is raised high and the start-up delay is 2.5 ms. Note that the
time constant which is composed of the REFIN capacitor and a resistor divider needs to be short enough to
reach the target value before PGOOD comparator enabled.

S5

VREF

vDDQ

PGOOD

>

>| 400 s |<—7oo us—>|<71.4 m54>|

& 8-1. Typical Start-up Waveforms

UDG-10137

8.3.4 Power State Control

The TPS51216-EP has two input pins, S3 and S5, to provide simple control scheme of power state. All of VDDQ,
VTTREF and VTT are turned on at SO state (S3 = S5 = high). In S3 state (S3 = low, S5 = high), VDDQ and
VTTREF voltages are kept on while VTT is turned off and left at high impedance state (high-Z). The VTT output
floats and does not sink or source current in this state. In S4/S5 states (S3=S5=low), all of the three outputs are
turned off and discharged to GND according to the discharge mode selected by MODE pin. Each state code
represents as follow; SO = full ON, S3 = suspend to RAM (STR), S4 = suspend to disk (STD), S5 = soft OFF.

(See % 8-1)
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% 8-1. S3/S5 Power State Control

STATE S3 S5 VREF vDDQ VTTREF VTT

SO HI HI ON ON ON ON

S3 LO HI ON ON ON OFF (high-Z)
S4/S5 LO LO OFF OFF (discharge) OFF (discharge) OFF (discharge)

8.3.5 Discharge Control

In S4/S5 state, VDDQ, VTT, and VTTREF outputs are discharged based on the respective discharge mode
selected above. The tracking discharge mode discharges VDDQ output through the internal VTT regulator
transistors enabling quick discharge operation. The VTT output maintains tracking of the VTTREF voltage in this
mode. (Refer to 7-26.) After 4 ms of tracking discharge operation, the mode changes to non-tracking
discharge. The VDDQ output must be connected to the VLDOIN pin in this mode. The non-tracking mode
discharges the VDDQ and VTT pins using internal MOSFETs that are connected to corresponding output
terminals. The non-tracking discharge is slow compared with the tracking discharge due to the lower current
capability of these MOSFETs. (Refer to & 7-27.)

8.3.6 VTT Overcurrent Protection
The LDO has an internally fixed constant overcurrent limiting of 3-A (typ) for both sink and source operation.
8.3.7 V5IN Undervoltage Lockout (UVLO) Protection

TPS51216-EP has a 5-V supply UVLO protection threshold. When the V5IN voltage is lower than UVLO
threshold voltage, typically 3.93 V, VDDQ, VTT, and VTTREF are shut off. This is a non-latch protection.

8.3.8 Thermal Shutdown

TPS51216-EP includes an internal temperature monitor. If the temperature exceeds the threshold value, 140°C
(typical), VDDQ, VTT and VTTREF are shut off. The thermal shutdown state of VDDQ is open, VIT and
VTTREF are high impedance (high-Z) respectively, and the discharge functions are disabled. This is a non-latch
protection and the operation is restarted with soft-start sequence when the device temperature is reduced by
10°C (typical).
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8.4 Device Functional Modes
8.4.1 MODE Pin Configuration

The TPS51216-EP reads the MODE pin voltage when the S5 signal is raised high and stores the status in a
register. A 15- 1 A current is sourced from the MODE pin during this time to read the voltage across the resistor
connected between the pin and GND. % 8-2 shows resistor values, corresponding switching frequency, and
discharge mode configurations.

% 8-2. MODE Selection

RESISTANCE BETWEEN SWITCHING
HEDERO MODE AND GND (k2) FREQUENCY (kHz) DUEELEE el
3 200 400
Tracking
2 100 300
1 68 300
Non-tracking
0 47 400

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS51216-EP

Submit Document Feedback

19


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps51216-ep?qgpn=tps51216-ep
https://www.ti.com.cn/cn/lit/pdf/ZHCSQC2
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQC2A&partnum=TPS51216-EP
https://www.ti.com.cn/product/cn/tps51216-ep?qgpn=tps51216-ep

13 TEXAS
TPS51216-EP INSTRUMENTS
ZHCSQC2A - NOVEMBER 2015 - REVISED JULY 2022 www.ti.com.cn

9 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
S REIEH T HNM . & I IEFF N, DR RS EE.

9.1 Application Information

TPS51216-EP is highly integrated synchronous step-down buck solution. The device is used to convert a higher
DC-DC voltage to lower DC output voltage to provide VDDQ and VTT for various DDR memory power solutions.

9.1.1 D-CAP Mode

9-1 shows a simplified model of D-CAP mode architecture.

Vin
O
VDDQSNS ) )
DRVH [ High-Side
|—14—| : MOSFET
Lx
vDDQ
Control <
Logic
and ESR R
Driver LOAD

DRVL | Low-Side
|—11—| 9 MOSFET

[6 ]
§ 0 f«sv 1 H ICOUT

UDG-10136

& 9-1. Simplified D-CAP Model

The VDDQSNS voltage is compared with REFIN voltage. The PWM comparator creates a set signal to turn on
the high-side MOSFET. The gain and speed of the comparator is high enough to maintain the voltage at the
beginning of each on-cycle (or the end of each off-cycle) to be substantially constant. The DC output voltage
monitored at VDDQ may have line regulation due to ripple amplitude that slightly increases as the input voltage
increase. The D-CAP mode offers flexibility on output inductance and capacitance selections and provides ease-
of-use with a low external component count. However, it requires a sufficient amount of output ripple voltage for
stable operation and good jitter performance.

The requirement for loop stability is simple and is described in /5#2£5 1. The 0-dB frequency, f, defined in J5 £
= 1, is recommended to be lower than 1/3 of the switching frequency to secure proper phase margin.

_ 1 _ fow
ZTCXESRXCOUT B 3 (1)

fo

where

* ESRis the effective series resistance of the output capacitor
* Court is the capacitance of the output capacitor
fsw is switching frequency
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Jitter is another attribute caused by signal-to-noise ratio of the feedback signal. One of the major factors that
determine jitter performance in D-CAP mode is the down-slope angle of the VDDQSNS ripple voltage. K 9-2
shows, in the same noise condition, a jitter is improved by making the slope angle larger.

A
Y, OO OO SO SO SOTSS SO SO _
VDDQSNS i
Q Slope (1) 4
Jitter
Y AN p :’”: \ """"""""""""""""""""
Slope (2)_4_>|" i
Jitter 3 j 3‘
‘ ‘ 20 mV
,,,,,,,,,,,,,,,,,, I < N N A N AU 2
VREFIN
VRern *Noise [ T P p A
4_tON_»4—t0FF—> UDG-10139

& 9-2. Ripple Voltage Slope and Jitter Performance

For a good jitter performance, use the recommended down slope of approximately 20 mV per switching period
as shown in & 9-2 and J7 38 2.

M >20mV

where

* Vopuyr is the VDDQ output voltage
* Ly is the inductance

9.1.2 Light-Load Operation

In auto-skip mode, the TPS51216-EP 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. /5 #£3{ 3 shows the boundary load condition of
this skip mode and continuous conduction operation.

lLoaDL) = (Vi _VOUT)x Vour 1
) 2xLy Vin - few 3)

9.1.3 VTT and VTTREF

TPS51216-EP integrates two high performance, low-dropout linear regulators, VTT and VTTREF, to provide
complete DDR2/DDR3/DDR3L power solutions. The VTTREF has a 10-mA sink/source current capability, and
tracks %2 of VDDQSNS with £1% accuracy using an on-chip %z divider. A 0.22- u F (or larger) ceramic capacitor
must be connected close to the VTTREF terminal for stable operation. The VTT responds quickly to track
VTTREF within £40 mV at all conditions, and the current capability is 2 A for both sink and source. A 10- 1 F (or
larger) ceramic capacitor must be connected close to the VTT terminal for stable operation. To achieve tight
regulation with minimum effect of wiring resistance, a remote sensing terminal, VTTSNS, should be connected to
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the positive node of the VTT output capacitors as a separate trace from the high-current line to the VTT pin.
(Refer to 77 11.1 for details.)

When VTT is not required in the design, the following treatments are strongly recommended.

* Connect VLDOIN to VDDAQ.

* Tie VTTSNS to VTT, and remove capacitors from VTT to float.

* Connect VTTGND to GND.

* Select MODE 0 or MODE 1 shown in ¥ 8-2 (select non-tracking discharge mode).
* Maintain a 0.22-pF capacitor connected at VTTREF.

* Pull down S3 to GND with 1-k Q resistance.

TPS51216

vDDQ

)
@
(]
(@)
w)
o
o
=
)
<
9]
o)
o

1]

AGND PGND AGND PGND

UDG-13089

& 9-3. Application Circuit When VTT is not Required

9.1.4 VDDQ Overvoltage and Undervoltage Protection

TPS51216-EP sets the overvoltage protection (OVP) when the VDDQSNS voltage reaches a level 20% (typ)
higher than the REFIN voltage. When an OV event is detected, the controller latches DRVH low and DRVL high.
VTTREF and VTT are turned off and discharged using the non-tracking discharge MOSFETs regardless of the
tracking mode.

The undervoltage protection (UVP) latch is set when the VDDQSNS 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 VDDQ, VTT, and VTTREF outputs. UVP detection function is enabled after 1.2 ms of SMPS
operation to ensure startup.

To release the OVP and UVP latches, toggle S5 or adjust the V5IN voltage down and up beyond the
undervoltage lockout threshold.
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9.1.5 VDDQ Overcurrent Protection

The VDDQ SMPS has cycle-by-cycle overcurrent limiting protection. The inductor current is monitored during the
off-state using the low-side MOSFET Rpg(on) and the controller maintains the off-state while the voltage across
the low-side MOSFET is larger than the overcurrent trip level. The current monitor circuit inputs are PGND and
SW pins so that those should be properly connected to the source and drain terminals of low-side MOSFET. The
overcurrent trip level, Virp, is determined by 52\ 4.

Virip = Rrrip xltriP (4)

where

* Rygrp is the value of the resistor connected between the TRIP pin and GND
* Itrip is the current sourced from the TRIP pin. ltgrip is 10 1 A typically at room temperature, and has 4700
ppm/°C temperature coefficient to compensate the temperature dependency of the low-side MOSFET

Rps(on)-

Because the comparison is done during the off-state, Vtrp sets the valley level of the inductor current. The load
current OCL level, IocL, can be calculated by considering the inductor ripple current as shown in 5 #£5{ 5.

Vire |, IND(ipple) | _ Vrgip L1 Un—Vour |, Vour
8x RDS(on) 2 8x RDS(on) 2 Lx fsw > Vin

locL =
®)
where

liND(ripple) IS inductor ripple current

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.

9.2 Typical Application

V5IN
45Vto55V R2 200 kQ
R1 ANV
100 k2 R3 36 kQ
S5 -
S3 -
c12 v,
—p "IN
10 uF 8V 020
cs5 c7 c8 c9 c10
R6  o1uF 0.1 uF | 10 uF | 10 uF | 10 uF
PGND 0 =
VIT _ —\— -
0.75Vi2 A R7 0Q J PGND L1
s Q1 0.56 uH
70pF U1 ‘ FDMS8680 ‘ m . vbDbQ
TPS51216RUK ‘ > 15Vi20
VTTGND «—s Q2
:] FDMS8670AS
Q3 £
——C6 FDMS8670AS| ~ > C11
1wk 330 uF
VTTREF
-
0.75V A4
» VDDQ_(
L 1
PGND AGND
0.22 uF| 0.1 uF
_ ; UDG-10165
Kl 9-4. DDR3, 400-kHz Application Circuit, Tracking Discharge
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9.2.1 Design Requirements

See & 9-1 for the design parameters.

% 9-1. Design Parameters

Vin vDDQ lvbpa VTT vt Fsw
8to20V 15V 20 A 0.75V 2A 400 kHz

9.2.2 Detailed Design Procedure

9.2.2.1 List of Materials

% 9-2. DDR3, 400-kHz Application Circuit, List of Materials

REFERENCE DESIGNATOR QTY SPECIFICATION MANUFACTURER PART NUMBER
C8, C9, C10 3 10 uF, 25V Taiyo Yuden TMK325BJ106 MM
c1 1 330 uF, 2V, 6 mQ Panasonic EEFSX0D331XE
L1 1 0.56 pH, 21 A, 1.56 m Q Panasonic ETQP4LR56WFC
Q1 1 30V,35A,85mQ Fairchild FDMS8680
Q2, Q3 2 30V,42A,3.5mQ Fairchild FDMS8670AS

For this example, the bulk output capacitor ESR requirement for D-CAP mode is described in 77 f£3{ 6,

whichever is greater.

ESR >
Vout

20mV><fSW xL 3

or ESR>

9.2.2.2 External Components Selection

The external components selection is simple in D-CAP mode.

1. Determine the value of R4 and R5.

27'[ X fSW X COUT

(6)

The output voltage is determined by the value of the voltage-divider resistor, R4 and R5, as shown in [§] 9-4.
R4 is connected between VREF and REFIN pins, and R5 is connected between the REFIN pin and GND.

Setting R4 as 10-k Q is a good starting point. Determine R5 using /7 f£3{ 7.

R5 =

R4

1.8

Vout -

Inp(ripple) X ESR
2

2. Choose the inductor.

The inductance value should be determined to yield a ripple current of approximately ¥4 to %2 of maximum
output current. Larger ripple current increases output ripple voltage and improves the signal-to-noise ratio

and helps stable operation.

1

(VIN(max) —Vour )< Vout
y _

3

@)

(VIN(max) —Vour )< Vout
X

L =
X D (ripple) * f
pple) * 'SW

VIN(max)

- logmax) * fsw

VIN(max)

8)
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The inductor needs a low direct current resistance (DCR) to achieve good efficiency, as well as enough room

above peak inductor current before saturation. The peak inductor current can be estimated in 72X 9.

Vige 1 (VIN(max) —Vour )‘ Vout
x RDS(on) Lx xfsw VlN(max)

IIND(peak) ~8
©)

Choose the OCL setting resistance, Rtrp.

Combining 77 23 4 and J#£3{ 5, Rtrjp can be obtained using /5725 10.

(Vin —Vour) Vout
8><(IOCL [ (2><LX) X (fSW XVIN) ><RDS(On)

lrriP (10)

Rrrip =

Choose the output capacitors.

Tl recommends organic semiconductor capacitors or specialty polymer capacitors. Determine ESR to meet

small signal stability and recommended ripple voltage. A quick reference is shown in 7725 11 and J5 250
12.

1 _ fsw
21 X ESRX COUT B 3

(11)

M >20mV
fSW XLX (12)

9.2.3 Application Curve

TRSS1163EVM 12¥in; 1241104

VRipPLE
(20 mV/div)

WJWM"WM#MM"M et

t—Time — 1 us/div

& 9-5. Output Ripple
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10 Power Supply Recommendations

TPS51216-EP is designed to operate from input voltage supply range of 8 to 20 V. This supply must be well
regulated. The power supply must be well bypassed for proper electrical performance. See 7 11.2 for
recommended bypass capacitor placement.
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11 Layout
11.1 Layout Guidelines

Certain issues must be considered before designing a layout using the TPS51216-EP.

VIN capacitors, VOUT capacitors, 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 VDDQSNS, VTTSNS, MODE, REFIN, VREF, and TRIP
should be placed away from high-voltage switching nodes such as SW, DRVL, DRVH, or VBST to avoid
coupling. Use internal layers as ground planes and shield feedback trace from power traces and components.
The DC/DC converter has several high-current loops. The area of these loops should be minimized in order
to suppress generating switching noise.

- The most important loop to minimize the area of is the path from the VIN capacitors through the high and
low-side MOSFETSs, and back to the capacitors through ground. Connect the negative node of the VIN
capacitors and the source of the low-side MOSFET at ground as close as possible. (Refer to loop number
1 of & 11-1)

- The second important loop is the path from the low-side MOSFET through inductor and VOUT capacitors,
and back to source of the low-side MOSFET through ground. Connect source of the low-side MOSFET
and negative node of VOUT capacitors at ground as close as possible. (Refer to loop number 2 of & 11-1)

- 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 V5IN 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 V5IN capacitor, source of the low-side MOSFET and
PGND at ground as close as possible. (Refer to loop number 3 of & 11-1)

Because the TPS51216-EP controls output voltage referring to voltage across VOUT capacitor, VDDQSNS

should be connected to the positive node of VOUT capacitor. In a same manner GND should be connected to

the negative node of VOUT capacitor.

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.

Connect the frequency and mode setting resistor from MODE pin to ground, and make the connections as

close as possible to the device. The trace from the MODE pin to the resistor and from the 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 vias 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.

VLDOIN should be connected to VDDQ output with short and wide traces. An input bypass capacitor should

be placed as close as possible to the pin with short and wide connections.

The output capacitor for VTT should be placed close to the pin with a short and wide connection in order to

avoid additional ESR and/or ESL of the trace.

VTTSNS should be connected to the positive node of the VTT output capacitors as a separate trace from the

high-current power line and is strongly recommended to avoid additional ESR and/or ESL. If it is needed to

sense the voltage at the point of the load, it is recommended to attach the output capacitors at that point.

Also, it is recommended to minimize any additional ESR and/or ESL of ground trace between GND pin and

the output capacitors.

Consider adding a low pass filter (LPF) at VTTSNS in case the ESR of the VTT output capacitors is larger

than2mQ.
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VDDQSNS can be connected separately from VLDOIN. Remember that this sensing potential is the
reference voltage of VTTREF. Avoid any noise generative lines.

The negative node of the VTT output capacitors and the VTTREF capacitor should be tied together by
avoiding common impedance to high-current path of the VTT source/sink current.

GND pin node represents the reference potential for VTTREF and VTT outputs. Connect GND to negative
nodes of VTT capacitors, VTTREF capacitor and VDDQ capacitors with care to avoid additional ESR and/or
ESL. GND and PGND should be connected together at a single point.

In order to effectively remove heat from the package, prepare the thermal land and solder to the package
thermal pad. Wide trace of the component-side copper, connected to this thermal land, helps heat spreading.
Numerous vias with a 0.3-mm diameter connected from the thermal land to the internal/solder-side ground
planes should be used to help dissipation.

CAUTION

Do not connect PGND pin directly to this thermal land underneath the package.

11.2 Layout Example

L

T ’%‘
VLDOIN ~ TPS51216 VIN
VTT viT

5]

T —j

VTTGND o VITGND 1o
41
O |_4J #TH m
VOUT
VTTREF
[5] # t—
'_
0.22 uF MODE | t N
p— 19 _
TRIP
18 ®
,J_‘VREF REFM_‘GND L‘J
§ g 6 8 7
T10 nF
UDG-10166
K 11-1. DC/DC Converter Ground System
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12 Device and Documentation Support
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12.3 Trademarks

D-CAP™ is a trademark of Texas Instruments.
TI E2E™ is a trademark of Texas Instruments.

P R bR BN & H BT E Y7 .
12.4 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘S \ 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.
12.5 NiER
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13 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 ©)
@ ©)
TPS51216MRUKREP Active Production WQFN (RUK) | 20 3000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -55to 125 51216M
V62/16601-01XE Active Production WQFN (RUK) | 20 3000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -55t0 125 51216M

@ 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.

OTHER QUALIFIED VERSIONS OF TPS51216-EP :
o Catalog : TPS51216
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NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

Addendum-Page 2
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS51216MRUKREP WQFN RUK 20 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS51216MRUKREP WQFN RUK 20 3000 346.0 346.0 33.0
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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

1"

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

@1.7)
SYMM

o jﬁ@ﬂ{ +++++++++

t ‘
e N B S L}
S e I CD oy

! SYMM

e B B = S

16X (0.4) \ !

;* 0 -

5 l \ J CDH

(R0.05) / ‘ ‘
TYP
VIA |

LAND PATTERN EXAMPLE

SCALE:20X
0.05 MAX 0.05 MIN
ALL AROUND ALL AROUND
Y= SOLDER MASK
METAL OPENING
SOLDER MASK P~ __METAL UNDER
Nt OPENING SOLDER MASK

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
oll§
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.
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