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TPS51916 Complete DDR2, DDR3, DDR3L and DDR4 Memory Power Solution
Synchronous Buck Controller, 2-A LDO, Buffered Reference

1 Features

e Synchronous Buck Controller (VDDQ)
— Conversion Voltage Range: 3V to 28 V
— Output Voltage Range: 0.7 Vto 1.8V
— 0.8% Vggr Accuracy
— Selectable Control Architecture

— D-CAP™ Mode for Fast Transient
Response

— D-CAP2™ Mode for Ceramic Output
Capacitors

— Selectable 300 kHz, 400 kHz, 500 kHz, or
670 kHz Switching Frequencies

— Optimized Efficiency at Light and Heavy Loads
with Auto-skip Function

— Supports Soft-Off in S4 and S5 States
— OCL/OVP/UVP/UVLO Protections
— Powergood Output
* 2-ALDO(VTT), Buffered Reference(VTTREF)
— 2-A (Peak) Sink and Source Current
— Buffered, Low Noise, 10-mA VTTREF Output
— 0.8% VTTREF, 20-mV VTT Accuracy
— Supports High-Z (S3) and Soft-Off (S4, S5)
* Thermal Shutdown
e 20-Pin, 3 mm x 3 mm, QFN Package
* Create a WEBENCH Design

2 Applications

* Memory Power Supplies: DDR2, DDR3, DDR3L,
DDR4

e Termination: SSTL_18, SSTL_15, SSTL_135,
HSTL

3 Description

The TPS51916 device provides a complete power
supply for DDR2, DDR3, DDR3L, and DDR4 memory
systems in the lowest total cost and minimum space.
It integrates a synchronous buck regulator controller
(VDDQ) with a 2-A sink and 2-A source tracking LDO
(VTT) and buffered low noise reference (VTTREF).

The device employs D-CAP™ mode coupled with
300 kHz or 400 kHz frequencies for ease-of-use and
fast transient response or D-CAP2™ mode coupled
with higher 500 kHz or 670 kHz frequencies to
support ceramic output capacitor without an external
compensation circuit. The VTTREF tracks VDDQ/2
within excellent 0.8% accuracy. The VTT, which
provides 2-A sink and 2-A source peak current
capabilities, requires only 10-uF of ceramic
capacitance. A dedicated LDO supply input is
available.

The device also provides excellent power supply
performance. It supports flexible power state control,
placing VTT at high-Z in S3 and discharging VDDQ,
VTT and VTTREF (soft-off) in S4 or S5 state.
Programmable OCL with low-side MOSFET Rpgon)
sensing, OVP, UVP, UVLO and thermal shutdown
protections are also available.

Device Information®
PACKAGE BODY SIZE (NOM)
QFN (20) 3 mm x 3 mm

PART NUMBER
TPS51916

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

Simplified Application

AGND PGND

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

RUK Package

20-Pin QFN
Top View
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Pin Functions
PIN
I} DESCRIPTION
NAME NO.
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, control mode and discharge mode. (See Table 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 I/0 | High-side MOSFET gate driver return. Rpg(on) current sensing input(-).
S3 17 | | S3 signal input. (See Table 1)
S5 16 | | S5 signal input. (See Table 1)
TRIP 18 I | Connect resistor to GND to set OCL at Vg p/8. Output 10-pA current at room temperature, T¢c = 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 | | 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 VDDQ in typical application.
VREF 6 O |1.8-V reference output.
VTT 3 O | VTT 2-A LDO output. Need to connect at least 10 uF of capacitance for stability.
VTTGND 4 — | Power ground for VTT LDO.
VTTREF 5 O | Buffered VTT reference output. Need to connect 0.22 pF or larger capacitance for stability.
VTTSNS 1 I | VTT output voltage feedback.
V5IN 12 I | 5-V power supply input for internal circuits and MOSFET gate drivers.
Thermal pad — | Thermal pad. Connect directly to system GND plane with multiple vias.

Copyright © 2010-2018, Texas Instruments Incorporated

Submit Documentation Feedback 3
Product Folder Links: TPS51916



TPS51916
SLUSAELF —DECEMBER 2010-REVISED DECEMBER 2018

13 TEXAS
INSTRUMENTS

www.ti.com

6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
VBST -0.3 36
VBST® -0.3 6
SwW -5 30
Input voltage @ VLDOIN, VDDQSNS, REFIN -0.3 3.6 \Y
VTTSNS -0.3 3.6
PGND, VTTGND -0.3 0.3
V5IN, S3, S5, TRIP, MODE -0.3 6
DRVH -5 36
DRVH® -0.3 6
VTTREF, VREF -0.3 3.6
Output voltage @ v
VTT -0.3 3.6
DRVL -0.3 6
PGOOD -0.3 6
Junction temperature, T, 125 °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
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001Y +2000 v
(ESD) discharge Charged-device model (CDM), per JEDEC specification JESD22-C101@ +1500

(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.

4 Submit Documentation Feedback
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX | UNIT
Supply voltage V5IN 4.5 5.5 Y
VBST -0.1 335
VBST -0.1 5.5
sSw -3 28
sSw -4.5 28
Input voltage v
VLDOIN, VDDQSNS, REFIN -0.1 35
VTTSNS -0.1 35
PGND, VTTGND -0.1 0.1
S3, S5, TRIP, MODE -0.1 5.5
DRVH -3 335
DRVH-SW -0.1 5.5
DRVH (less than 30% of repetitive period) -4.5 33.5
Output voltage VTTREF, VREF -0.1 35 \%
VTT -0.1 35
DRVL -0.1 5.5
PGOOD -0.1 5.5
Ta Ambient temperature -40 85 °C
6.4 Thermal Information
TPS51916
THERMAL METRIC® RUK (QFN) UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 94.1 °C/W
Rojctop) Junction-to-case (top) thermal resistance 58.1 °C/W
Rgis Junction-to-board thermal resistance 64.3 °C/IW
T Junction-to-top characterization parameter 31.8 °C/W
viB Junction-to-board characterization parameter 58.0 °C/IW
Roc(bot) Junction-to-case (bottom) thermal resistance 5.9 °C/IW

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

report.
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6.5 Electrical Characteristics
over operating free-air temperature range, Vysy = 5 V, VLDOIN is connected to VDDQ output, Vyope= 0 V, Vg3= Vgs= 5 V

(unless otherwise noted)
PARAMETER TEST CONDITION MIN TYP MAX UNIT
SUPPLY CURRENT
lvsingso) V5IN supply current, in SO Ta =25°C, No load, Vg3 = Vg5 =5V 590 pA
lvsings3) V5IN supply current, in S3 Ta=25°C, Noload, Vs3=0V, Vgs =5V 500 pA
lvsiNSDN V5IN shutdown current Ta=25°C, No load, Vg3 = Vg5 =0V 1 pA
IvLDoIN(S0) VLDOIN supply current, in SO Ta=25°C, No load, Vg3 = Vg5 =5V 5 pA
IvLpoINs3) VLDOIN supply current, in S3 Ta=25°C, Noload, Vs3=0V, Vg5 =5V 5 pA
lvLpoINSDN VLDOIN shutdown current Ta=25°C, No load, Vg3 = Vg5 =0V 5 pA
VREF OUTPUT
lvrer = 30 pA, Tp = 25°C 1.8000
VVREF Output voltage 0 pA < lyrer <300 pA, Tp =-10°C to 85°C 1.7856 1.8144 \Y
0 pA < lyger <300 pA, Tp = —40°C to 85°C 1.7820 1.8180
lvrREFOCL Current limit Vyrer = 1.7V 0.4 0.8 mA
VTTREF OUTPUT
VyTTREE Output voltage VVDDQSNSZI \%
Ilrrrer] <100 pA, 1.2 V € Vyppgsns < 1.8 V 49.2% 50.8%
VVTTREE Output voltage tolerance to Vyppg
[rrrerl <10 MA, 1.2V < Vypposns < 1.8 V 49% 51%
I\/TTREFOCLSRC Source current limit Vypposns = 1.8 V, Vyrrrer= 0 V 10 18 mA
IV TTREFOCLSNK Sink current limit Vvppasns = 1.8 V, Vyrrrer = 1.8 V 10 17 mA
IV TTREFDIS VTTREF discharge current Ta=25°C, Vs3=Vg5 =0V, Vyrrrer = 0.5V 0.8 1.3 mA
VTT OUTPUT
Vyrr Output voltage VTTREE \%
[l <10mA, 1.2V < Vypposns < 1.8 V, 20 20
rrrer= 0 A
l(;V;\Tl < 1A, 1.2=Vyppgsns < 1.8V, lyrrrer= _30 30
V, Output voltage tolerance to VTTREF mvV
vrTToL P g lhrrl 2 A, 1.4V S Vypposns S 1.8 V,
£ —40 40
lyrrrRer= 0 A
[l 5_1-5 A, 1.2V = Vyppgsns £ 1.4V, _40 40
lyrTrRer= 0 A
WrrocLsre Source current limit VVDDQSE‘S =18V, Vyrr = Vurrsns = 0.7V, 2 3
lrrRer= 0 A A
N TTOCLSNK Sink current limit VVDDQSL“S =18V, Vyrr =Vyrrsns = 11V, 2 3
IVTTREF_ 0A
[y Leakage current ;r/A =25°C, V53 =0V, Vg5 =5V, Vyrr = 5
VTTREF
Iy TTsnsBIAS VTTSNS input bias current Vg3 =5V, Vg5 =5V, Vyrrsns = VWTTREF -0.5 0.0 0.5 nA
ITTsNsLK VTTSNS leakage current Vs3 =0V, Vg5 =5V, Vyrrsns = VWTREF -1 1
Ta=25°C, Vg3 = Vg5 =0V, Vypposns = 1.8
IvrTDIS VTT Discharge current V, 7.8 mA
Vyrr =05V, lyrrrer= 0 A
VDDQ OUTPUT
VvbDosns VDDQ sense voltage VREEIN
VDDQSNS regulation voltage oo
VvoposnsToL tolerance to REFIN Ta=25°C -3 3 mv
lvbposNs VDDQSNS input current Vyoposns = 1.8 V 39 pA
IREFIN REFIN input current Vrern = 1.8 V -0.1 0.0 0.1 pA
Vs3 = Vg5 = 0V, Vypposns = 0.5 V, MODE
lvbpQDIs VDDQ discharge current pin pulled down to GND through 47 kQ (Non- 12 mA
tracking)
Vs3 = Vs5 =0V, Vyppgsns = 0.5V, MODE
v poINDIS VLDOIN discharge current pin pulled down to GND through 100 kQ 1.2 A
(Tracking)
6 Submit Documentation Feedback Copyright © 2010-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over operating free-air temperature range, Vysn = 5 V, VLDOIN is connected to VDDQ output, Vyope= 0 V, Vg3= Vgs= 5V

(unless otherwise noted)

PARAMETER | TEST CONDITION MIN TYP MAX UNIT
SWITCH MODE POWER SUPPLY (SMPS) FREQUENCY
Vin =12V, Vyppgsns = 1.8V, 300
Rmope = 100 kQ
Vin =12V, Vypposns = 1.8V,
- 400
o Rmope = 200 kQ
fsw VDDQ switching frequency kHz
Vin =12V, Vyppgsns = 1.8V, 500
Rmope = 1 kQ
Vin =12V, Vyppgsns = 1.8V, 670
Rmope = 12 kQ
ton(min) Minimum on-time® DRVH rising to falling 60
ns
torF(min) Minimum off-time DRVH falling to rising 200 320 450
VDDQ MOSFET DRIVER
) Source, Ipryy = -50 mA 1.6 3.0
RpRrvH DRVH resistance -
Sink, Ipryy = 50 MA 0.6 15 o
) Source, IpgryL = —50 mA 0.9 2.0
Rprve DRVL resistance -
Sink, Ipry. = 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
VepsT Forward voltage VysinvesT: Ta = 25°C, [ =10 mA 0.1 0.2 \Y
lvBsTLK VBST leakage current Ta=25°C, Vygst =33V, Vg =28V 0.01 15 pA
LOGIC THRESHOLD
ImobE MODE source current 14 15 16 pA
MODE 0-1 109 129 149
MODE 1-2 235 255 275
MODE 2-3 392 412 432
VTHMoDE MODE threshold voltage MODE 3-4 580 600 620 mvV
MODE 4-5 829 854 879
MODE 5-6 1202 1232 1262
MODE 6-7 1760 1800 1840
Vi S3 or S5 low-level voltage 0.5
Viy S3 or S5 high-level voltage 15 \%
VinysT S3 or S5 hysteresis voltage 0.25
lik S3 or S5 input leak current -1 0 1 pA
SOFT START
) } Internal soft-start time, Cyrgr = 0.1 pF,
tss VDDQ soft-start time S5 rising 10 Vyoposns > 0.99 X Vegen 11 ms
PGOOD COMPARATOR
PGOOD in from higher 106% 108% 110%
PGOOD in from lower 90% 92% 94%
Vinps VDDQ PGOOD threshold -
PGOOD out to higher 114% 116% 118%
PGOOD out to lower 82% 84% 86%
lpg PGOOD sink current Vpgoop = 0.5V 3 5.9 mA
Delay for PGOOD in 0.8 1 1.2 ms
tpepLY PGOOD delay time Delay for PGOOD out, with 100 mV over
- 330 ns
drive
tpasspLY PGOOD start-up delay Cvrer = 0.1 pF, S5 rising to PGOOD rising 25 ms

(1) Ensured by design. Not production tested.

Copyright © 2010-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over operating free-air temperature range, Vysn = 5 V, VLDOIN is connected to VDDQ output, Vyope= 0 V, Vg3= Vgs= 5V
(unless otherwise noted)

PARAMETER | TEST CONDITION | MIN TYP MAX UNIT

PROTECTIONS

ltrRiP TRIP source current Ta=25°C, Vigp =04V 9 10 11 pA

TCrrap (T,E;fl?i;gﬁ:‘(:g current temperature 4700 ppMIC

V1rip V1rip VOltage range 0.2 3 \%
Virp =3.0V 360 375 390

VocL Current limit threshold Vigp =1.6 V 190 200 210 mV
Virp =02V 20 25 30
Virp =3.0V -390 =375 —-360

Vocin Negative current limit threshold Virp = 1.6 V -210 -200 -190 mV
Virp =02V -30 -25 —20

Vzc Zero cross detection offset 0 mVv

Vuvio V5IN UVLO threshold voltage Wake-up 42 a4 45 \Y
Shutdown 3.7 3.9 4.1

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

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

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

tuvepLY VDDQ UVP delay 1 ms

tuvPENDLY VDDQ UVP enable delay 1.2 ms

Voos OOB Threshold voltage 108%

THERMAL SHUTDOWN
Shutdown temperature 140

Tson Thermal shutdown threshold® - °C
Hysteresis 10

8 Submit Documentation Feedback Copyright © 2010-2018, Texas Instruments Incorporated
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6.6 Typical Characteristics
1000 10
—~ 800 < 8
< =
=1 =
~ c
= [
[ =
£ 600 3 6
(@] c
2 S
S 400 g 4
%] c
zZ %]
o Z
= 200 &
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 1. V5IN Supply Current vs Junction Temperature Figure 2. V5IN Shutdown Current vs Junction Temperature
10 16
_ 14
g 8 <
2 =
] £ 12
2 S 10
g e
%) 4 3
z %}
5 o 8
3 E
S 2 6
0 4
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 3. VLDOIN Supply Current vs Junction Temperature Figure 4. Current Sense Current vs Junction Temperature
150 15
= OVP
140 — UvP g
_. 130 = 12
X =4
I o
5 120 =
o (8}
S 110 ° 9
IS <
£ 100 s
o %
> 9 2 6
2 0
£ 80 zZ
o (%]
70 Q 3
a
60 >
50 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 5. OVP/UVP Threshold vs Junction Temperature Figure 6. VDDQSNS Discharge Current vs Junction
Temperature
Copyright © 2010-2018, Texas Instruments Incorporated Submit Documentation Feedback 9

Product Folder Links: TPS51916



TPS51916
SLUSAELF —DECEMBER 2010-REVISED DECEMBER 2018

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)
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Figure 7. VTT Discharge Current vs Junction Temperature
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Typical Characteristics (continued)

800 800
Ruope = 200 kQ — Vuppg=120V Ruope = 1 kQ
700 | V=12V — Vyppg=1.35V 700 | V=12V
— Vyopg = 1.50 V —
T 600 T 600
= =
> >
g 500 g 500 s
[} [}
=) S =)
g 400 e g 400
L L
2 300 2 300
= =
] ]
S 200 S 200
) 2 — Vyppg=1.20V
100 100 = Vyppg =1.35V
Vyopg = 1.50 V
0 0
0O 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10
VDDQ Output Current (A) VDDQ Output Current (A)
Figure 13. Switching Frequency vs Load Current Figure 14. Switching Frequency vs Load Current
800 1.55
Rmope = 200 kQ
700 g 154 vy=12v
= —~ 153
T 600 2
g % 1.52
g 500 S 151
S >
8 400 5 1.50
T = | ——
> - 3 1.49
£ 300 Rmope = 1 kQ
S Vin=12V g 148
'S 200 g
@ —— Vyppg =1.20V 1.47
100 = Vyppg =1.35V
Vyppg = 1.50 V 1.46
0 1.45
0 2 4 6 8 10 2 4 6 8 10 12 14 16 18 20
VDDQ Output Current (A) VDDQ Output Current (A)
Figure 15. Switching Frequency vs Load Current Figure 16. Load Regulation
1.55 0.770
Rwope = 200 kQ — lppg=0A
1.54 — lyppg =20 A 0.765
~ 153
b _0.760
2 1.52 %
§ 151 $0.755
5 150 £ 0.750
g L
>
o 149 — & 0.745
o ~
Q 148 g
g 0.740
1.47
0.735
1.46 Vyppg = 1.5V
1.45 0.730
6 8 10 12 14 16 18 20 22 -10 -5 0 5 10
Input Voltage (V) VTTREF Current (mA)
Figure 17. Line Regulation Figure 18. VTTREF Load Regulation
Copyright © 2010-2018, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Links: TPS51916



TPS51916
SLUSAELF —DECEMBER 2010-REVISED DECEMBER 2018

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)
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Typical Characteristics (continued)
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Figure 25. 1.5-V Load Transient Response
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Figure 26. VTT Load Transient Response
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Figure 28. 1.5-V Startup Waveforms (0.5-V Pre-Biased)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 VDDQ Switch Mode Power Supply Control

The TPS51916 device supports two SMPS control architectures, D-CAP™ mode and D-CAP2™ mode. Both
control modes do not require complex external compensation networks and are 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. The D-CAP2™ mode is dedicated for a
configuration with very low ESR output capacitors such as multi-layer ceramic capacitors (MLCC). For the both
modes, an adaptive on-time control scheme is used to achieve pseudo-constant frequency. The TPS51916
device adjusts the on-time (toy) to be inversely proportional to the input voltage (V,\) and proportional to the
output voltage (Vyppg)- This makes a switching frequency fairy constant over the variation of input voltage at the
steady state condition. These control modes and switching frequencies are selected by the MODE pin described
in Table 2.

7.3.2 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-pA (max)
current capability to drive the REFIN input voltage through a voltage divider circuit. A capacitor with a value of
0.1-uF 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
section.) A few nano farads of capacitance from REFIN to GND is recommended for stable operation.

7.3.3 Soft-Start and Powergood

Provide a voltage supply to VIN and V5IN before asserting S5 to high. TPS51916 device 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. Figure 34 shows the start-up waveforms. The switching regulator waits for 400us
after S5 assertion. The MODE pin voltage is read in this period. A typical VDDQ ramp up duration is 700us.

TPS51916 device 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
PGOOQOD start-up delay is 2.5 ms after S5 is asserted to high. 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

-
)I 400 us |<—700 ps—>|471.4 m54>|
UDG-10137
Figure 34. Typical Start-up Waveforms
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Feature Description (continued)
7.3.4 Power State Control

The TPS51916 device 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 Table 1)

Table 1. S3 or 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)

7.3.5 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. (Please refer to Figure 29) 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 MOSFETSs. (Please refer to Figure 30)
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7.3.6 VTT and VTTREF

The TPS51916 device integrates two high-performance, low-drop-out linear regulators, VTT and VTTREF, to
provide complete DDR2, DDR3, DDR3L, and DDR4 power solutions. The VTTREF has a 10-mA sink/source
current capability, and tracks %2 of VDDQSNS with +1% accuracy using an on-chip %2 divider. A 0.22-uF (or
larger) ceramic capacitor must be connected close to the VTTREF terminal to ensure 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-uF (or larger) ceramic capacitor(s) need to 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 the positive node of VTT output capacitors as a separate trace from the high-
current line to the VTT pin. (Refer to the Layout section for details.)

When VTT is not required in the design, following treatment is strongly recommended.
e Connect VLDOIN to VDDQ.

» Tie VITSNS to VTT, and remove capacitors from VTT to float.

e Connect VTTGND to GND.

* Select MODEZ2, 3, 4 or 5 shown in Table 2 (Select Non-tracking discharge mode).
* Maintain a 0.22-pF capacitor connected at VTTREF.

e Pull down S3 to GND with 1-kQ resistance.

VIN p I

VDDQ

+H

AGND PGND AG_ND PGND
Copyright © 2016, Texas Instruments Incorporated

Figure 35. Application Circuit When VTT Is Not Required

7.3.7 VDDQ Overvoltage and Undervoltage Protection

The TPS51916 sets the overvoltage protection (OVP) when VDDQSNS voltage reaches a level 20% (typ) higher
than the REFIN 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.

18 Submit Documentation Feedback Copyright © 2010-2018, Texas Instruments Incorporated
Product Folder Links: TPS51916



13 TEXAS
INSTRUMENTS
TPS51916

www.ti.com SLUSAE1F —DECEMBER 2010—REVISED DECEMBER 2018

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 VDDQSNS reaches 0 V, the driver output is latched as
DRVH off, DRVL on. VITREF and VTT are turned off and discharged using the non-tracking discharge
MOSFETSs 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.

7.3.8 VDDQ 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.

7.3.9 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 Rpgon), and the controller maintains the off-state when the inductor current
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,
Voctrip, iS determined by Equation 1, where Rrgp is the value of the resistor connected between the TRIP pin
and GND, and ltgp is the current sourced from the TRIP pin. ltgp is 10 pA typically at room temperature, and
has 4700ppm/°C temperature coefficient to compensate the temperature dependency of the low-side MOSFET

RDS(on)-
lTrIP

Voctrip =Rtrip x
1)

Because the comparison is done 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 as shown in Equation 2.
Voctrip |, INDiripple) _ | Voctrip |, 1 Vin—Vour  Vour

Ros(on) 2 Ros(n) | 2 Lx fsw > Vin

locL

where
*  linogipple IS inductor ripple current 2)

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.

7.3.10 VTT Overcurrent Protection

The LDO has an internally fixed constant overcurrent limiting of 3-A (typ) for both sink and source operation.

7.3.11 V5IN Undervoltage Lockout Protection

The TPS51916 has a 5-V supply undervoltage lockout protection (UVLO) threshold. When the V5IN voltage is
lower than UVLO threshold voltage, typically 3.9 V, VDDQ, VTT and VTTREF are shut off. This is a non-latch
protection.

7.3.12 Thermal Shutdown

The TPS51916 includes an internal temperature monitor. If the temperature exceeds the threshold value, 140°C
(typ), VDDQ, VTT and VTTREF are shut off. The state of VDDQ is open, and that of VTT and VTTREF are high
impedance (high-Z) at thermal shutdown. The discharge functions of all outputs 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 (typ).
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7.4 Device Functional Modes

7.4.1 MODE Pin Configuration

The TPS51916 device reads the MODE pin voltage when the S5 signal is raised high and stores the status in a
register. A 15-pA current is sourced from the MODE pin during this time to read the voltage across the resistor
connected between the pin and GND. Table 2 shows resistor values, corresponding control mode, switching
frequency and discharge mode configurations.

Table 2. MODE Selection

RESISTANCE BETWEEN CONTROL SWITCHING
ORI MODE AND GND (k) MODE FREQUENCY (kHz) RISl el Shiolel3
7 200 400 .
Tracking
6 100 300
D-CAP™
5 68 300
4 47 400 .
Non-tracking
3 33 500
2 22 670
D-CAP2™
1 12 670 .
Tracking
0 1 500
7.4.2 D-CAP™ Mode
Figure 36 shows a simplified model of D-CAP™ mode architecture.
Vi
o
VDDQSNS
DRVH | High-Side
H MOSFET
[14] —
Lx
VDDQ
Control <
Logic
and ESR R
Driver LOAD
AN [6] DRVL [ Low-Side
o o 4 MOSFET ——¢
11 — ouT
g RO I 1.8V M

UDG-10136

Figure 36. 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 with ease-of-use
without complex feedback loop calculation and external components. However, it does require a sufficient level
of ESR that represents inductor current information for stable operation and good jitter performance. Organic
semiconductor capacitor(s) or specialty polymer capacitor(s) are recommended.

The requirement for loop stability is simple and is described in Equation 3. The 0-dB frequency, f, defined in
Equation 3, is recommended to be lower than 1/3 of the switching frequency to secure proper phase margin.
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fy = <
0~ 2nxESRxCoyr 3

where
« ESR is the effective series resistance of the output capacitor
Cour is the capacitance of the output capacitor

®3)

e fg, is switching frequency
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.

Figure 37 shows, in the same noise condition, that jitter is improved by making the slope angle larger.

V
VDDQSNS
“ b .| Slope (1) 4
N Jitter
2 AN
Slope (2 €| .
Jitter *
N 20 mv
I
(1) !
A4 v S
’ ’ ~
’ 4 S
¢ ~a
2R 4 S
I} 4
!, /\
1,
3
y
VREFIN
VREFIN +Noise
-
4_t0N_»4—t0FF—> UDG-10139

Figure 37. 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 Figure 37 and Equation 4.
Vour XESR >20mV
fSW X LX
4)

where

Vour is the VDDQ output voltage
Ly is the inductance
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7.5 D-CAP2™ Mode Operation
Figure 38 shows simplified model of D-CAP2™ architecture.
VIN
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VDDQSNS Cc1 Rc1 SwW
Mol . [ . [12]
Lo Il A4 23]
Ce2 Rez DRVH —
1 ]_l'*
—[14 — Lx
Control m VDDQ
Logic |
REFIN 3 ~_ JUUL and
= l'iWM Driver DRVL :: Cout<> Riomn
|_8J _E_l — I
VREF
R1

R2

Il

Figure 38. Simplified Modulator Using D-CAP2™ Mode

The D-CAP2™ mode in the TPS51916 device includes an internal feedback network enabling the use of very low
ESR output capacitor(s) such as multi-layer ceramic capacitors. The role of the internal network is to sense the
ripple component of the inductor current information and combine it with voltage feedback signal. Using
Rc1=Rc2=Rc and Cg;=C,=Cq, 0-dB frequency of the D-CAP2™ mode is given by Equation 5. It is
recommended that the 0-dB frequency (fy) be lower than 1/3 of the switching frequency to secure the proper
phase margin

Rc xCc fsw
fo = <
21:><G><LX><COUT 3
where
* G is gain of the amplifier which amplifies the ripple current information generated by the compensation
circuit (5)

The typical G value is 0.25, and typical RcC time constant values for 500 kHz and 670 kHz operation are 23 ps
and 14.6 ps, respectively.

For example, when fg,=500 kHz and Lyx=1 uH, Cgoyt should be larger than 88 uF.

When selecting the capacitor, pay attention to its characteristics. For MLCC use X5R or better dielectric and
consider the derating of the capacitance by both DC bias and AC bias. When derating by DC bias and AC bias
are 80% and 50%, respectively, the effective derating is 40% because 0.8 x 0.5 = 0.4. The capacitance of
specialty polymer capacitors may change depending on the operating frequency. Consult capacitor
manufacturers for specific characteristics.
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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
8.1.1 DDR3, D-CAP™ 400-kHz Application with Tracking Discharge
V5IN
45V1t055 -
v R2 200 kQ
AN
% 100 ke R3 36 kQ
S5 -
S3 -
Vin
8Vto20V
Cc7 Cc8 Cc9
T.l uF ‘Fo uF ‘Fo uF To pF
V1T ’ ’
075vi2A ‘ PGND N 1
i Wy 0.56 uH
Cc1 CSD17310Q5A 282 VOO
> 15VI20 A
VTTGND JQ
CSD17303Q5
Ci1
T 470 pF
VTTREF
0.75V
» VDDQ_GND

PGND

;1

AGND PGND

Copyright © 2016, Texas Instruments Incorporated

Figure 39. DDRS3, D-CAP™ 400-kHz Application Circuit, Tracking Discharge

8.1.1.1 Design Requirements

Table 3. Design Requirements

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VN Input voltage 8 12 20 \%
Vysin V5IN voltage 4.5 5 5.5 \%
Vvbpg VDDQ output voltage 1.5 \%
lvbpo VDDQ output current 0 20 A
Vvt VTT output voltage 0.75 \%
T VTT output current DDR3 mode , Vy71=0.75V -2 2 A
fsw Switching frequency DCAP mode 400 kHz
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8.1.1.2 Detailed Design Procedure
The external components selection is simple in D-CAP™ mode.

8.1.1.2.1 1. Determine the value of R1 AND R2

The output voltage is determined by the value of the voltage-divider resistor, R1 and R2 as shown in Figure 36.
R1 is connected between VREF and REFIN pins, and R2 is connected between the REFIN pin and GND. Setting
R1 as 10-kQ is a good starting point. Determine R2 using Equation 6.

R _ R1

1.8

IIND(rippIe)
2

xESRY |
Vout -
(6)
8.1.1.2.2 2. Choose the inductor

The inductance value should be determined to yield a ripple current of approximately %2 to % 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 3 (VIN(max) —Vour )< Vout
X = X

B IIND(rippIe) x fsw VIN(max) IO(max) xfsw VlN(max) @)

Lx
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 Equation 8.

Rtrip X hRIP 1 o (V|N(max) - Vout )X Vour
8 X RDS(on) L X fSW VlN(max) (8)

IIND(peak) =

8.1.1.2.3 3. Choose the OCL setting resistance, Rgp
Combining Equation 1 and Equation 2, Ryg;p can be obtained using Equation 9.

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

lrriP ©)

Ririp =

8.1.1.2.4 Choose the output capacitors

Organic semiconductor capacitor(s) or specialty polymer capacitor(s) are recommended. Determine ESR to meet
small signal stability and recommended ripple voltage. A quick reference is shown in Equation 10 and
Equation 11.

1 _fow
27'C X ESR X COUT h 3 (10)
V, xESR
SOUT = =22 > 20mv
fSW X LX (11)
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Table 4. DDR3, D-CAP™ 400-kHz Application Circuit, List of Materials

REFERENCE

DESIGNATOR QTY SPECIFICATION MANUFACTURE PART NUMBER
C8, C9, C10 3 10 pF, 25V Taiyo Yuden TMK325BJ106MM
Ci1 1 470 pF, 2V, 6 mQ Panasonic EEFSEOD471R
L1 1 0.56 pH, 21 A, 1.56 mQ Panasonic ETQP4LR56WFC
Q1 1 30V,21A,45mQ Texas Instruments CSD17310Q5A
Q2 1 30V,32A,2mQ Texas Instruments CSD17303Q5
8.1.1.3 Application Curves
Tek Run - ~ Trig? Tek Run - - - ~ Trig?
Il‘fx J Ilwfii \~

/ \
Fq}vDD- + —t —+ + r-tVDDQ + + + \V
- / o - \~
n;vrw / })v‘:vr‘f \
‘. 5.00V__ & @ [ EETE ] —wm;\\ ] .-milus Hfaum)si/nsls || - 7 a.ouv} ‘. 5.00V__ & @ [ EETE ] —wm;\\ ] .-milus Hfaum)si/nsls || o a.ouv}
[i5aers e
DCAP Mode Vin=12V S3=0ON DCAP Mode Vin=12V S3=0ON
VVDDQ =15V IOUT =10A VVDDQ =15V IOUT =10A
Figure 40. S5 Turn-ON Figure 41. S5 Turn-OFF
Tek stop
3 v - ) [2.00ps 2.50G5/5 @ 5 o000V
u Hw points H
(s
DCAP Mode Vin=12V
VVDDQ =15V IOUT =20A
Figure 42. VDDQ Output Voltage Ripple
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8.1.2 DDR3, DCAP-2 500-kHz Application, with Tracking Discharge

V5IN
45V1055 -
v R2 1kQ
% NN
100 ka2 R3 36 kQ
S5
S3
Vin
8Vto20V
c5
('fg 0.1 pF
VTT ‘ 4/\/\/\,__1}7
0.75Vi2 A R7 00 ‘ o1 u o
c1 CSD17310Q5A0.56 uH
VDDQ
1.5V/10 A
VTTGND Q2
CSD17303Q5
L_ce T~ cio
1uF 4 X100 uF
VTTREF
0.75V A4
J7 » VDDQ_GND
::CZ 423 R5 PGND
0.22 uF| 0.1 uF 49.9kQ
AGND PGND
Copyright © 2016, Texas Instruments Incorporated
Figure 43. DDR3, DCAP-2 500-kHz Application Circuit, Tracking Discharge
Table 5. DDR3, DCAP-2 500-kHz Application Circuit, List of Materials
REFERENCE
DESIGNATOR QTY SPECIFICATION MANUFACTURE PART NUMBER
C8, C9 2 10 pF, 25V Taiyo Yuden TMK325BJ106MM
C10 4 100 pF, 6.3V Murata GRM32ER60J107ME20L
L1 1 0.56 pH, 21 A, 1.56 mQ Panasonic ETQP4LR56WFC
Q1 1 30V, 21A,45mQ Texas Instruments CSD17310Q5A
Q2 1 30V,32A,2mQ Texas Instruments CSD17303Q5
8.1.2.1 Design Requirements
Table 6. Design Requirements
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VN Input voltage 8 12 20 \%
VV5|N V5IN VOItage 4.5 5 55 \Y%
Vvbpo VDDQ output voltage 15 \%
lvbpo VDDQ output current 0 20 A
VvrT VTT output voltage 0.75 \%
(Vens VTT output current DDR3 mode , Vyt1=0.75V -2 2 A
fsw Switching frequency DCAP2 mode 500 kHz
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8.1.2.2 Detailed Design Procedure

The design procedure for this design is very similar to the design procedure for the design described in the
previous section (see DDR3, D-CAP™ 400-kHz Application with Tracking Discharge ). The key differences in the

design procedure is described here.

8.1.2.2.1 Select Mode and Switching Frequency

Select a value of 1 kQ for the mode resistor to set the controller at DCAP2 mode with a switching frequency of

500-kHz.

8.1.2.2.2 Determine output capacitance

Determine output capacitance to meet small signal stability as shown in Equation 12.

RCXCC <fSW
ZWXGXLXXCOUT - 3

where

e RxCc time constant is 23 ps for 500 kHz operation (or 14.6 us for 670 kHz operation)

+ G=0.25

8.1.2.3 Application Curves

(12

Tek Run

Tek Run

1915 P

E Jvnan 3

[FivoDQ

[E3 iVﬂ'R"——/ H

EAVTTREF

MVTFJ !

[IvTT

N
o
\

!

- 5.0V N @ & 500mv &

@ s00nv &) (40045

||2§0M5/s || - s 3.20\:‘ - 5.0V N @

@ s00nv &) (40045 | [25omsrs

& 500my &

1M points

DCAP2 Mode

VVDDQ =15V IOUT =10A

Figure 44. S5 Turn-ON

V=12V S3=0N

[esms)
DCAP2 Mode
VVDDQ =15V

1M points

|| - 3.20\:‘

{18 Aug 20w"
10757 )

V=12V S3=0N

IOUT =10A

Figure 45. Soft-Start Turn-OFF
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Tekstop

N NN NS NN NN,

] J[2.00us [2.50G5/5 H » 5 -muuvl

| 1M points

[18 Aug 2ID|
ai2e21 )

DCAP2 Mode Vin=12V
VVDDQ =15V IOUT =20 A

Figure 46. Output Voltage Ripple

9 Power Supply Recommendations

The device is designed to operate from an input voltage supply between 3 V and 28 V. There are input voltage
and switch node voltage limitations from the MOSFET. A separate 5-V power supply is required for the internal
circuits and MOSFET gate drivers of the device.

10 Layout

10.1 Layout Guidelines

Certain issues must be considered before designing a layout using the TPS51916 device .

VIN capacitor(s), VOUT capacitor(s) and MOSFETSs 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 system GND plane should be inserted, 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 layer(s) as system GND plane(s) 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 capacitor(s) through the high and

low-side MOSFETS, and back to the negative node of the VIN capacitor(s). Connect the negative node of
the VIN capacitor(s) and the source of the low-side MOSFET as close as possible. (Refer to loop #1 of )

— The second important loop is the path from the low-side MOSFET through inductor and VOUT

capacitor(s), and back to source of the low-side MOSFET. Connect the source of the low-side MOSFET
and negative node of VOUT capacitor(s) as close as possible. (Refer to loop #2 of )

— 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. To turn off the low-side MOSFET, high current flows from gate of the
low-side MOSFET through the gate driver and PGND pin, and back to source of the low-side MOSFET.
Connect negative node of V5IN capacitor, source of the low-side MOSFET and PGND pin as close as
possible. (Refer to loop #3 of Figure 47)

28
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Layout Guidelines (continued)

» Connect negative nodes of the VTTREF output capacitor, VREF capacitor and REFIN capacitor and bottom-
side resistance of VREF voltage-divider to GND pin as close as possible. The negative node of the VTT
output capacitor(s), VTITGND, GND and PGND pins should be connected to system GND plane near the
device as shown in Figure 48.

 Because the TPS51916 device controls output voltage referring to voltage across VOUT capacitor,
VDDQSNS should be connected to the positive node of VOUT capacitor using different trace from that for
VLDOIN. Remember that this sensing potential is the reference voltage of VITREF. Avoid any noise
generative lines. GND pin refers to the negative node of VOUT capacitor.

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

» Connect the frequency and mode setting resistor from MODE pin to GND pin ground, and make the
connections as close as possible to the device to avoid coupling from 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 high-side MOSFET, the drain of the
low-side MOSFET and the high-voltage side of the inductor, should be as short and wide as possible.

* VLDOIN should be connected to VOUT 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 negative node of the capacitor
should be connected to system GND plane.

* The output capacitor for VTT should be placed close to the pins with a short and wide connection in order to
avoid additional ESR and/or ESL of the trace.

e VTTSNS should be connected to the positive node of the VTT output capacitor(s) using a separate trace from
the high-current power line. When remote sensing is required attach the output capacitor(s) at that point.
Also, it is recommended to minimize any additional ESR and/or ESL of ground trace between GND pin and
the output capacitor(s).

» Consider adding a low pass filter (LPF) at VTTSNS in case the ESR of the VTT output capacitor(s) is larger
than 2 mQ.

* In order to effectively remove heat from the package, prepare a 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
plane(s) should be used to help dissipation. The thermal land can be connected to either AGND or PGND but
is recommended to be connected to PGND, the system GND plane(s), which has better heat radiation.
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Layout Guidelines (continued)

VLDOIN

0
L|_l

VTT

10 uF VTTGND
VITGND
I

N
Ml

V
VTTREF ouT

-l
.l

5

[ S—
0.22 uF iMODE 1
pr— 19 ~L

TRIP

O

¢ AGND

1

PGND
Figure 47. DC/DC Converter Ground System
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10.2 Layout Example

VLDOIN

\AN

Figure 48. Layout Example
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11 Device and Documentation Support

11.1 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.

11.2 Community Resources

The following links connect to TI community resources. Linked contents are 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.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

D-CAP, D-CAP2, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 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.

‘m 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.
11.5 Glossary

SLYZ022 — Tl 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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

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

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS51916RUKR ACTIVE WQFN RUK 20 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 51916
& no Sh/Br)
TPS51916RUKT ACTIVE WQFN RUK 20 250 Gg[eens('s/([)aH)S CU NIPDAU Level-2-260C-1 YEAR -40 to 85 51916
no r
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MECHANICAL DATA

RUK (S*PWQFN*NQO) PLASTIC QUAD FLATPACK NO—LEAD
PR R
| B
|
35,10
V7 1 2,90
PIN 1 INDEX AREA 4//
TOP AND BOTTOM
0,80
0,70

0,20 REF.
) | .
T IS S I  — T SEATING PLANE
B oos |
0,00
0,50
20X 07501
1 5
Ny T e
20 | THERMBL PAD | 6
DR NG
——  SIZE AND SHAPE SHOWN ——
——" ON SEPARATE SHEET ~—
D ]
) T S |
PT ARNEAR
" n

I

"
L— 20X 8555 (b 10,100 ][C]A]B]

—P 0,40

1,60]—

4208637/C 01/12

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RUK (S—PWQFN—N20) PLASTIC QUAD FLATPACK NO-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C 0,30
1 | 5

U U U —— Exposed Thermal Pad
— Ny e

20
— ! Nen
|

1,70£010 =1— + — -

O e
16 l_ ________ | 1o

1,70+£0,10

Bottom View

Exposed Thermal Pad Dimensions

4209762/1 05/15

NOTE:

All linear dimensions are in millimeters
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LAND PATTERN DATA

RUK (S—PWQFN—N20) PLASTIC QUAD FLATPACK NO—LEAD

Example Board Layout Stencil Opening

Based on a stencil thickness
of 0.100mm (0.004inch)

(Note E)
——I |<—20x0,4 020 [=— —=| |=—20x0,40
Note D - ]UUU(—
] U U U [—_ RO,10—"""
D 1 L [os—] [— 1
—> | O O | — ] S 305
— O 1 2238 — C 935
—/> O O 1 I 4x1,73 | | 4x0,73 «:I
I — t ]
\\ 2,2—— L 2,25
| | 3,8 3,75
\ 65% solder coverage on center pad
l‘ Non Solder Mask
\ Defined Pad Example Via Layout Design
* Via pattern may vary due
to layout constraints
E | (Note D, F)
Solder );/(I]ans]lz eOpening |<—1,8——| 5x#0,5
(Note F) N

Pad Geometry
(Note C)

o | ot

4211052/H 05/15

|

All around

NOTES: A. All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at

www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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IMPORTANT NOTICE AND DISCLAIMER

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

These resources are intended for skilled developers designing with T1 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, or other requirements. These resources are subject to change without notice. TI 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 (www.ti.com/legal/termsofsale.html) 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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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