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COMPLETE DDR, DDR2 AND DDR3 MEMORY POWER SOLUTION
SYNCHRONOUS BUCK CONTROLLER, 3-A LDO, BUFFERED REFERENCE

2· Synchronous Buck Controller (VDDQ)
– Wide-Input Voltage Range: 3.0-V to 28-V The TPS51116 provides a complete power supply for

DDR/SSTL-2, DDR2/SSTL-18, and DDR3 memory– D�íCAP™ Mode with 100-ns Load Step
systems. It integrates a synchronous buck controllerResponse
with a 3-A sink/source tracking linear regulator and

– Current Mode Option Supports Ceramic buffered low noise reference. The TPS51116 offers
Output Capacitors the lowest total solution cost in systems where space

is at a premium. The TPS51116 synchronous– Supports Soft-Off in S4/S5 States
controller runs fixed 400kHz pseudo-constant– Current Sensing from RDS(on) or Resistor
frequency PWM with an adaptive on-time control that

– 2.5-V (DDR), 1.8-V (DDR2), Adjustable to can be configured in D-CAP™ Mode for ease of use
1.5-V (DDR3) or Output Range 0.75-V to and fastest transient response or in current mode to
3.0-V support ceramic output capacitors. The 3-A

sink/source LDO maintains fast transient response– Equipped with Powergood, Overvoltage
only requiring 20-mF (2 × 10 mF) of ceramic outputProtection and Undervoltage Protection
capacitance. In addition, the LDO supply input is

· 3-A LDO (VTT), Buffered Reference (VREF) available externally to significantly reduce the total
– Capable to Sink and Source 3 A power losses. The TPS51116 supports all of the

sleep state controls placing VTT at high-Z in S3– LDO Input Available to Optimize Power
(suspend to RAM) and discharging VDDQ, VTT andLosses
VTTREF (soft-off) in S4/S5 (suspend to disk).

– Requires only 20-mF Ceramic Output TPS51116 has all of the protection features including
Capacitor thermal shutdown and is offered in both a 20-pin

HTSSOP PowerPAD™ package and 24-pin 4�¿QFN.– Buffered Low Noise 10-mA VREF Output
– Accuracy 20 mV for both VREF and VTT
– Supports High-Z in S3 and Soft-Off in S4/S5

· DDR/DDR2/DDR3/LPDDR3 Memory Power
– Thermal Shutdown Supplies

· SSTL-2 SSTL-18 and HSTL Termination

1

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

2D-CAP, PowerPAD are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright © 2004–2009, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.





RECOMMENDED OPERATING CONDITIONS
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MIN MAX UNIT

Supply voltage, V5IN, V5FILT 4.75 5.25 V

VBST, DRVH -0.1 34

LL -0.6 28

VLDOIN, VTT, VTTSNS, VDDQSNS -0.1 3.6
Voltage range VVTTREF -0.1 1.8

PGND, VTTGND, CS_GND -0.1 0.1

S3, S5, MODE, VDDQSET, CS, COMP, PGOOD, -0.1 5.25DRVL

Operating free-air temperature, TA -40 85 °C
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ELECTRICAL CHARACTERISTICS
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over operating free-air temperature range, VV5IN = 5 V (1), VLDOIN is connected to VDDQ output (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

SUPPLY CURRENT

TA = 25°C, No load, VS3 = VS5 = 5 V,IV5IN1 Supply current 1, V5IN (1) 0.8 2 mACOMP connected to capacitor

TA = 25°C, No load, VS3 = 0 V, VS5 = 5 V,IV5IN2 Supply current 2, V5IN (1) 300 600COMP connected to capacitor

TA = 25°C, No load, VS3 = 0 V, VS5 = 5 V,IV5IN3 Supply current 3, V5IN (1) 240 500VCOMP = 5 V
mAIV5INSDN Shutdown current, V5IN (1) TA = 25°C, No load, VS3 = VS5 = 0 V 0.1 1.0

IVLDOIN1 Supply current 1, VLDOIN TA = 25°C, No load, VS3 = VS5 = 5 V 1 10

IVLDOIN2 Supply current 2, VLDOIN TA = 25°C, No load, VS3 = 5 V, VS5 = 0 V, 0.1 10

IVLDOINSDN Standby current, VLDOIN TA = 25°C, No load, VS3 = VS5 = 0 V 0.1 1.0

VTTREF OUTPUT

VVTTREF Output voltage, VTTREF VVDDQSNS/2 V

-10 mA < IVTTREF < 10 mA, VVDDQSNS = 2.5 V, -20 20Tolerance to VVDDQSNS/2

-10 mA < IVTTREF < 10 mA, VVDDQSNS = 1.8 V, -18 18Tolerance to VVDDQSNS/2
VVTTREFTOL Output voltage tolerance mV

-10 mA < IVTTREF < 10 mA, VVDDQSNS = 1.5 V, -15 15Tolerance to VVDDQSNS/2

-10 mA < IVTTREF < 10 mA, VVDDQSNS = 1.2 V, –12 12Tolerance to VVDDQSNS/2

VVTTREFSRC Source current VVDDQSNS = 2.5 V, VVTTREF = 0 V -20 -40 -80
mA

VVTTREFSNK Sink current VVDDQSNS = 2.5 V, VVTTREF = 2.5 V 20 40 80

VDDQ OUTPUT

TA = 25°C, VVDDQSET = 0 V, No load 2.465 2.500 2.535

0°C �” TA�” 85°C, VVDDQSET = 0 V, No load (2) 2.457 2.500 2.543

-40°C �” TA �” 85°C, VVDDQSET = 0 V, No load (2) 2.440 2.500 2.550

TA = 25°C, VVDDQSET = 5 V, No load (2) 1.776 1.800 1.824VVDDQ Output voltage, VDDQ V
0°C �” TA�” 85°C, VVDDQSET = 5V, No load (2) 1.769 1.800 1.831

-40°C �” TA �” 85°C, VVDDQSET = 5V, No load (2) 1.764 1.800 1.836

-40°C �” TA �” 85°C, Adjustable mode, No 0.75 3.0load (2)

TA = 25°C, Adjustable mode 742.5 750.0 757.5 mV

VVDDQSET VDDQSET regulation voltage 0°C �” TA�” 85°C, Adjustable mode 740.2 750.0 759.8

-40°C �” TA �” 85°C, Adjustable mode 738.0 750.0 762.0

VVDDQSET = 0 V 215 k�Ÿ

RVDDQSNS Input impedance, VDDQSNS VVDDQSET = 5 V 180

Adjustable mode 460

VVDDQSET = 0.78 V, COMP = Open -0.04
IVDDQSET Input current, VDDQSET mA

VVDDQSET = 0.78 V, COMP = 5 V -0.06

VS3 = VS5 = 0 V, VVDDQSNS = 0.5 V,IVDDQDisch Discharge current, VDDQ 10 40 mAVMODE = 0 V

VS3 = VS5 = 0 V, VVDDQSNS = 0.5 V,IVLDOINDisch Discharge current, VLDOIN 700 mAVMODE = 0.5 V

(1) V5IN references to PWP packaged devices should be interpreted as V5FILT references to RGE packaged devices.
(2) Specified by design.
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ELECTRICAL CHARACTERISTICS (continued)
over operating free-air temperature range, VV5IN = 5 V, VLDOIN is connected to VDDQ output (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VTT OUTPUT

VS3 = VS5 = 5 V, VVLDOIN = VVDDQSNS = 2.5 V 1.25

VVTTSNS Output voltage, VTT VS3 = VS5 = 5 V, VVLDOIN = VVDDQSNS = 1.8 V 0.9 V

VS3 = VS5 = 5 V, VVLDOIN = VVDDQSNS = 1.5 V 0.75

VVDDQSNS = VVLDOIN = 2.5 V, VS3 = VS5 = 5 V, -20 20IVTT = 0 A

VTT output voltage tolerance VVDDQSNS = VVLDOIN = 2.5 V, VS3 = VS5 = 5 V,VVTTTOL25 -30 30 mVto VTTREF |IVTT| < 1.5 A

VVDDQSNS = VVLDOIN = 2.5 V, VS3 = VS5 = 5 V, -40 40|IVTT| < 3 A

VVDDQSNS = VVLDOIN = 1.8 V, VS3 = VS5 = 5 V, -20 20IVTT = 0 A

VTT output voltage tolerance VVDDQSNS = VVLDOIN = 1.8 V, VS3 = VS5 = 5 V,VVTTTOL18 -30 30 mVto VTTREF |IVTT| < 1 A

VVDDQSNS = VVLDOIN = 1.8 V, VS3 = VS5 = 5 V, -40 40|IVTT| < 2 A

VVDDQSNS = VVLDOIN = 1.5 V, VS3 = VS5 = 5 V, -20 20IVTT = 0 A

VTT output voltage tolerance VVDDQSNS = VVLDOIN = 1.5 V, VS3 = VS5 = 5 V,VVTTTOL15 -30 30 mVto VTTREF |IVTT| < 1 A

VVDDQSNS = VVLDOIN = 1.5 V, VS3 = VS5 = 5 V, -40 40|IVTT| < 2 A

VVDDQSNS = VVLDOIN = 1.2 V, VS3 = VS5 = 5 V, -20 20IVTT = 0 A

VTT output voltage tolerance VVDDQSNS = VVLDOIN = 1.2 V, VS3 = VS5 = 5 V,VVTTTOL12 -30 30 mVto VTTREF |IVTT| < 1 A

VVDDQSNS = VVLDOIN = 1.2 V, VS3 = VS5 = 5 V, -40 40|IVTT| < 1.5 A

VVLDOIN = VVDDQSNS = 2.5 V, VVTT = VVTTSNS = 3.0 3.8 6.01.19 V, PGOOD = HIIVTTTOCLSRC Source current limit, VTT
VVLDOIN = VVDDQSNS = 2.5 V, VVTT = 0 V 1.5 2.2 3.0

A
VVLDOIN = VVDDQSNS = 2.5 V, VVTT = VVTTSNS = 3.0 3.6 6.01.31 V, PGOOD = HIIVTTTOCLSNK Sink current limit, VTT
VVLDOIN = VVDDQSNS = 2.5 V, VVTT = VVDDQ 1.5 2.2 3.0

IVTTLK Leakage current, VTT VS3 = 0 V, VS5 = 5 V, VVTT = VVDDQSNS /2 -10 10

IVTTBIAS Input bias current, VTTSNS VS3 = 5 V, VVTTSNS = VVDDQSNS /2 -1 -0.1 1 mA

IVTTSNSLK Leakage current, VTTSNS VS3 = 0 V, VS5 = 5 V, VVTT = VVDDQSNS /2 -1 1

TA = 25°C, VS3 = VS5 = VVDDQSNS = 0 V,IVTTDisch Discharge current, VTT 10 17 mAVVTT = 0.5 V

TRANSCONDUCTANCE AMPLIFIER

gm Gain TA = 25°C 240 300 360 mS

COMP maximum sink VS3 = 0 V, VS5 = 5 V, VVDDQSET = 0 V,ICOMPSNK 13current VVDDQSNS = 2.7 V, VCOMP = 1.28 V
mA

COMP maximum source VS3 = 0 V, VS5 = 5 V, VVDDQSET = 0 V,ICOMPSRC -13current VVDDQSNS = 2.3 V, VCOMP = 1.28 V

VS3 = 0 V, VS5 = 5 V, VVDDQSET = 0 V,VCOMPHI COMP high clamp voltage 1.31 1.34 1.37VVDDQSNS = 2.3 V, VCS = 0 V
V

VS3 = 0 V, VS5 = 5 V, VVDDQSET = 0 V,VCOMPLO COMP low clamp voltage 1.18 1.21 1.24VVDDQSNS = 2.7 V, VCS = 0 V
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ELECTRICAL CHARACTERISTICS (continued)
over operating free-air temperature range, VV5IN = 5 V, VLDOIN is connected to VDDQ output (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

DUTY CONTROL

TON Operating on-time VIN = 12 V, VVDDQSET = 0 V 520

TON0 Startup on-time VIN = 12 V, VVDDQSNS = 0 V 125
ns

TON(min) Minimum on-time TA = 25°C (3) 100

TOFF(min) Minimum off-time TA = 25°C (3) 350

ZERO CURRENT COMPARATOR

Zero current comparatorVZC -6 0 6 mVoffset

OUTPUT DRIVERS

Source, IDRVH = -100 mA 3 6
RDRVH DRVH resistance

Sink, IDRVH = 100 mA 0.9 3
�Ÿ

Source, IDRVL = -100 mA 3 6
RDRVL DRVL resistance

Sink, IDRVL = 100 mA 0.9 3

LL-low to DRVL-on (3) 10
TD Dead time ns

DRVL-off to DRVH-on (3) 20

INTERNAL BST DIODE

VFBST Forward voltage VV5IN-VBST , IF = 10 mA, TA = 25°C 0.7 0.8 0.9 V

VVBST = 34 V, VLL = 28 V, VVDDQ = 2.6 V,IVBSTLK VBST leakage current 0.1 1.0 mATA = 25°C

PROTECTIONS

VPGND-CS , PGOOD = HI, VCS < 0.5 V 50 60 70
VOCL Current limit threshold mV

VPGND-CS , PGOOD = LO, VCS < 0.5 V 20 30 40

TA = 25°C, VCS > 4.5 V, PGOOD = HI 9 10 11
ITRIP Current sense sink current mA

TA = 25°C, VCS > 4.5 V, PGOOD = LO 4 5 6

TRIP current temperature RDS(on) sense scheme, On the basisTCITRIP 4500 ppm/°Ccoefficient of TA = 25°C (3)

Overcurrent protection (VV5IN-CS - VPGND-LL), VV5IN-CS = 60 mV,VOCL(off) -5 0 5COMP offset VCS > 4.5 V (3)

mV
Current limit threshold settingVR(trip) VV5IN-CS

(3) (4) 30 150range

POWERGOOD COMPARATOR

PG in from lower 92.5% 95.0% 97.5%

VTVDDQPG VDDQ powergood threshold PG in from higher 102.5% 105.0% 107.5%

PG hysteresis 5%

IPG(max) PGOOD sink current VVTT = 0 V, VPGOOD = 0.5 V 2.5 7.5 mA

TPG(del) PGOOD delay time Delay for PG in 80 130 200 ms

(3) Specified by design.
(4) V5IN references to PWP packaged devices should be interpreted as V5FILT references to RGE packaged devices.
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ELECTRICAL CHARACTERISTICS (continued)
over operating free-air temperature range, VV5IN = 5 V, VLDOIN is connected to VDDQ output (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

UNDERVOLTAGE LOCKOUT/LOGIC THRESHOLD

Wake up 3.7 4.0 4.3V5IN UVLO thresholdVUVV5IN voltage Hysteresis 0.2 0.3 0.4

No discharge 4.7
VTHMODE MODE threshold

Non-tracking discharge 0.1

2.5 V output 0.08 0.15 0.25 V
VTHVDDQSET VDDQSET threshold voltage

1.8 V output 3.5 4.0 4.5

VIH High-level input voltage S3, S5 2.2

VIL Low-level input voltage S3, S5 0.3

VIHYST Hysteresis voltage S3, S5 0.2

VINLEAK Logic input leakage current S3, S5, MODE -1 1
mA

VINVDDQSET Input leakage/ bias current VDDQSET -1 1

UNDERVOLTAGE AND OVERVOLTAGE PROTECTION

OVP detect 110% 115% 120%VDDQ OVP trip thresholdVOVP voltage Hysteresis 5%

VDDQ OVP propagationTOVPDEL 1.5 msdelay (5)

UVP detect 70%
VUVP Output UVP trip threshold

Hysteresis 10%

Output UVP propagationTUVPDEL 32delay (5)
cycle

TUVPEN Output UVP enable delay (5) 1007

THERMAL SHUTDOWN

Shutdown temperature 160
TSDN Thermal SDN threshold (5) °C

Hysteresis 10

(5) Specified by design.
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TERMINAL FUNCTIONS

TERMINAL

NO. I/O DESCRIPTION
NAME

PWP RGE

Output of the transconductance amplifier for phase compensation. Connect to V5IN to disableCOMP 8 6 I/O gm amplifier and use D-CAP™ mode.

Current sense comparator input (-) for resistor current sense scheme. Or overcurrent trip
CS 15 16 I/O voltage setting input for RDS(on) current sense scheme if connected to V5IN (PWP), V5FILT

(RGE) through the voltage setting resistor.

DRVH 19 21 O Switching (top) MOSFET gate drive output.

DRVL 17 19 O Rectifying (bottom) MOSFET gate drive output.

GND 5 3 - Signal ground. Connect to minus terminal of the VTT LDO output capacitor.

CS_GND - 17 Current sense comparator input (+) and ground for powergood circuit.

Switching (top) MOSFET gate driver return. Current sense comparator input (-) for RDS(on)LL 18 20 I/O current sense.

MODE 6 4 I Discharge mode setting pin. See VDDQ and VTT Discharge Control section.

NC - 7,12 No connect.

Ground for rectifying (bottom) MOSFET gate driver (PWP, RGE). Also current sensePGND 16 18 - comparator input(+) and ground for powergood circuit (PWP).

Powergood signal open drain output, In HIGH state when VDDQ output voltage is within thePGOOD 13 13 O target range.

S3 11 10 I S3 signal input.

S5 12 11 I S5 signal input.

V5IN 14 15 I 5-V power supply input for internal circuits (PWP) and MOSFET gate drivers (PWP, RGE).

Filtered 5-V power supply input for internal circuits. Connect R-C network from V5IN toV5FILT - 14 I V5FILT.

VBST 20 22 I/O Switching (top) MOSFET driver bootstrap voltage input.

VDDQSET 10 9 I VDDQ output voltage setting pin. See VDDQ Output Voltage Selection section.

VDDQ reference input for VTT and VTTREF. Power supply for the VTTREF. Discharge
VDDQSNS 9 8 I/O current sinking terminal for VDDQ Non-tracking discharge. Output voltage feedback input for

VDDQ output if VDDQSET pin is connected to V5IN or GND.

VLDOIN 1 23 I Power supply for the VTT LDO.

VTT 2 24 O Power output for the VTT LDO.

VTTGND 3 1 - Power ground output for the VTT LDO.

VTTREF 7 5 O VTTREF buffered reference output.

Voltage sense input for the VTT LDO. Connect to plus terminal of the VTT LDO outputVTTSNS 4 2 I capacitor.
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The TPS51116 is an integrated power management solution which combines a synchronous buck controller, a
10-mA buffered reference and a high-current sink/source low-dropout linear regulator (LDO) in a small 20-pin
HTSSOP package or a 24-pin QFN package. Each of these rails generates VDDQ, VTTREF and VTT that
required with DDR/DDR2/DDR3 memory systems. The switch mode power supply (SMPS) portion employs
external N-channel MOSFETs to support high current for DDR/DDR2/DDR3 memory’s VDD/VDDQ. The preset
output voltage is selectable from 2.5 V or 1.8 V. User defined output voltage is also possible and can be
adjustable from 0.75 V to 3 V. Input voltage range of the SMPS is 3 V to 28 V. The SMPS runs an adaptive
on-time PWM operation at high-load condition and automatically reduces frequency to keep excellent efficiency
down to several mA. Current sensing scheme uses either RDS(on) of the external rectifying MOSFET for a
low-cost, loss-less solution, or an optional sense resistor placed in series to the rectifying MOSFET for more
accurate current limit. The output of the switcher is sensed by VDDQSNS pin to generate one-half VDDQ for the
10-mA buffered reference (VTTREF) and the VTT active termination supply. The VTT LDO can source and sink
up to 3-A peak current with only 20-mF (two 10-mF in parallel) ceramic output capacitors. VTTREF tracks VDDQ/2
within 1% of VDDQ. VTT output tracks VTTREF within 20 mV at no load condition while 40 mV at full load. The
LDO input can be separated from VDDQ and optionally connected to a lower voltage by using VLDOIN pin. This
helps reducing power dissipation in sourcing phase. TheTPS51116 is fully compatible to JEDEC DDR/DDR2
specifications at S3/S5 sleep state (see Table 2). The part has two options of output discharge function when
both VTT and VDDQ are disabled. The tracking discharge mode discharges VDDQ and VTT outputs through the
internal LDO transistors and then VTT output tracks half of VDDQ voltage during discharge. The non-tracking
discharge mode discharges outputs using internal discharge MOSFETs which are connected to VDDQSNS and
VTT. The current capability of these discharge FETs are limited and discharge occurs more slowly than the
tracking discharge. These discharge functions can be disabled by selecting non-discharge mode.

The main control loop of the SMPS is designed as an adaptive on-time pulse width modulation (PWM) controller.
It supports two control schemes which are a current mode and a proprietary D-CAP™ mode. D-CAP™ mode
uses internal compensation circuit and is suitable for low external component count configuration with an
appropriate amount of ESR at the output capacitor(s). Current mode control has more flexibility, using external
compensation network, and can be used to achieve stable operation with very low ESR capacitor(s) such as
ceramic or specialty polymer capacitors.

These control modes are selected by the COMP terminal connection. If the COMP pin is connected to V5IN,
TPS51116 works in the D-CAP™ mode, otherwise it works in the current mode. VDDQ output voltage is
monitored at a feedback point voltage. If VDDQSET is connected to V5IN or GND, this feedback point is the
output of the internal resistor divider inside VDDQSNS pin. If an external resistor divider is connected to
VDDQSET pin, VDDQSET pin itself becomes the feedback point (see VDDQ Output Voltage Selection section).

At the beginning of each cycle, the synchronous top MOSFET is turned on, or becomes ON state. This MOSFET
is turned off, or becomes OFF state, after internal one shot timer expires. This one shot is determined by VIN and
VOUT to keep frequency fairly constant over input voltage range, hence it is called adaptive on-time control (see
PWM Frequency and Adaptive On-Time Control section). The MOSFET is turned on again when feedback
information indicates insufficient output voltage and inductor current information indicates below the overcurrent
limit. Repeating operation in this manner, the controller regulates the output voltage. The synchronous bottom or
the rectifying MOSFET is turned on each OFF state to keep the conduction loss minimum. The rectifying
MOSFET is turned off when inductor current information detects zero level. This enables seamless transition to
the reduced frequency operation at light load condition so that high efficiency is kept over broad range of load
current.

In the current mode control scheme, the transconductance amplifier generates a target current level
corresponding to the voltage difference between the feedback point and the internal 750 mV reference. During
the OFF state, the PWM comparator monitors the inductor current signal as well as this target current level, and
when the inductor current signal comes lower than the target current level, the comparator provides SET signal
to initiate the next ON state. The voltage feedback gain is adjustable outside the controller device to support
various types of output MOSFETs and capacitors. In the D-CAP™ mode, the transconductance amplifier is
disabled and the PWM comparator compares the feedback point voltage and the internal 750 mV reference
during the OFF state. When the feedback point comes lower than the reference voltage, the comparator provides
SET signal to initiate the next ON state.
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PWM Frequency and Adaptive On-Time Control

VDDQ Output Voltage Selection

VTT Linear Regulator and VTTREF

Outputs Management by S3, S5 Control
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TPS51116 employs adaptive on-time control scheme and does not have a dedicated oscillator on board.
However, the device runs with fixed 400-kHz pseudo-constant frequency by feed-forwarding the input and output
voltage into the on-time one-shot timer. The on-time is controlled inverse proportional to the input voltage and
proportional to the output voltage so that the duty ratio is kept as VOUT/VIN technically with the same cycle time.
Although the TPS51116 does not have a pin connected to VIN, the input voltage is monitored at LL pin during
the ON state. This helps pin count reduction to make the part compact without sacrificing its performance. In
order to secure minimum ON-time during startup, feed-forward from the output voltage is enabled after the output
becomes 750 mV or larger.

TPS51116 can be used for both of DDR (VVDDQ = 2.5 V) and DDR2 (VVDDQ = 1.8 V) power supply and adjustable
output voltage (0.75 V < VVDDQ < 3 V) by connecting VDDQSET pin as shown in Table 1. Use adjustable output
voltage scheme for DDR3 application.

Table 1. VDDQSET and Output Voltages

VDDQSET VDDQ (V) VTTREF and VTT NOTE

GND 2.5 VVDDQSNS/2 DDR

V5IN 1.8 VVDDQSNS/2 DDR2

FB Resistors 1.5 VVDDQSNS/2 DDR3
RUP= RDOWN=75 k�Ÿ

FB Resistors Adjustable VVDDQSNS/2 0.75 V < VVDDQ < 3 V (1)

TPS51116 integrates high performance low-dropout linear regulator that is capable of sourcing and sinking
current up to 3 A. This VTT linear regulator employs ultimate fast response feedback loop so that small ceramic
capacitors are enough to keep tracking the VTTREF within 40 mV at all conditions including fast load transient.
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 capacitor(s) as a separate trace from VTT pin. For stable
operation, total capacitance of the VTT output terminal can be equal to or greater than 20 mF. It is recommended
to attach two 10-mF ceramic capacitors in parallel to minimize the effect of ESR and ESL. If ESR of the output
capacitor is greater than 2 m�
 , insert an RC filter between the output and the VTTSNS input to achieve loop
stability. The RC filter time constant should be almost the same or slightly lower than the time constant made by
the output capacitor and its ESR. VTTREF block consists of on-chip 1/2 divider, LPF and buffer. This regulator
also has sink and source capability up to 10 mA. Bypass VTTREF to GND by a 0.033-mF ceramic capacitor for
stable operation.

In the DDR/DDR2/DDR3 memory applications, it is important to keep VDDQ always higher than VTT/VTTREF
including both start-up and shutdown. TPS51116 provides this management by simply connecting both S3 and
S5 terminals to the sleep-mode signals such as SLP_S3 and SLP_S5 in the notebook PC system. All of VDDQ,
VTTREF and VTT are turned on at S0 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 (high-Z) state. The VTT output
is floated and does not sink or source current in this state. In S4/S5 states (S3 = S5 = low), all of the three
outputs are disabled. Outputs are discharged to ground according to the discharge mode selected by MODE pin
(see VDDQ and VTT Discharge Control section). Each state code represents as follow; S0 = full ON, S3 =
suspend to RAM (STR), S4 = suspend to disk (STD), S5 = soft OFF. (See Table 2)

Table 2. S3 and S5 Control

STATE S3 S5 VDDQ VTTREF VTT

S0 HI HI On On On

S3 LO HI On On Off (Hi-Z)

S4/S5 LO LO Off (Discharge) Off (Discharge) Off (Discharge)

(1) VVDDQ�• 1.2 V when used as VLDOIN.
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Overvoltage and Undervoltage Protection for VDDQ

V5IN (PWP), V5FILT (RGE) Undervoltage Lockout (UVLO) Protection

V5IN (PWP), V5FILT (RGE) Input Capacitor

Thermal Shutdown

TPS51116
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TPS51116 monitors a resistor divided feedback voltage to detect overvoltage and undervoltage. If VDDQSET is
connected to V5IN or GND, the feedback voltage is made by an internal resistor divider inside VDDQSNS pin. If
an external resistor divider is connected to VDDQSET pin, the feedback voltage is VDDQSET voltage itself.
When the feedback voltage becomes higher than 115% of the target voltage, the OVP comparator output goes
high and the circuit latches as the top MOSFET driver OFF and the bottom MOSFET driver ON.

Also, TPS51116 monitors VDDQSNS voltage directly and if it becomes greater than 4 V TPS51116 turns off the
top MOSFET driver. When the feedback voltage becomes lower than 70% of the target voltage, the UVP
comparator output goes high and an internal UVP delay counter begins counting. After 32 cycles, TPS51116
latches OFF both top and bottom MOSFETs. This function is enabled after 1007 cycles of SMPS operation to
ensure startup.

TPS51116 has 5-V supply undervoltage lockout protection (UVLO). When the V5IN (PWP) voltage or V5FILT
(RGE) voltage is lower than UVLO threshold voltage, SMPS, VTTLDO and VTTREF are shut off. This is a
non-latch protection.

Add a ceramic capacitor with a value between 1.0 mF and 4.7 mF placed close to the V5IN (PWP) pin or V5FILT
(RGE) pin to stabilize 5 V from any parasitic impedance from the supply.

TPS51116 monitors the temperature of itself. If the temperature exceeds the threshold value, 160°C (typ),
SMPS, VTTLDO and VTTREF are shut off. This is a non-latch protection and the operation is resumed when the
device is cooled down by about 10°C.

Copyright © 2004–2009, Texas Instruments Incorporated Submit Documentation Feedback 17

Product Folder Link(s): TPS51116











Layout Considerations

TPS51116
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This thermal resistance strongly depends on the board layout. TPS51116 is assembled in a thermally enhanced
PowerPAD™ package that has exposed die pad underneath the body. For improved thermal performance, this
die pad needs to be attached to ground trace via thermal land on the PCB. This ground trace acts as a heat
sink/spread. The typical thermal resistance, 39.6°C/W, is achieved based on a 6.5 mm × 3.4 mm thermal land
with eight vias without air flow. It can be improved by using larger thermal land and/or increasing vias number.
Further information about PowerPAD™ and its recommended board layout is described in (SLMA002). This
document is available at http:\\www.ti.com.

Certain points must be considered before designing a layout using the TPS51116.
· PCB trace defined as LL node, which connects to source of switching MOSFET, drain of rectifying MOSFET

and high-voltage side of the inductor, should be as short and wide as possible.
· Consider adding a small snubber circuit, consists of 3 �Ÿ and 1 nF, between LL and PGND in case a

high-frequency surge is observed on the LL voltage waveform.
· All sensitive analog traces such as VDDQSNS, VTTSNS and CS should placed away from high-voltage

switching nodes such as LL, DRVL or DRVH nodes to avoid coupling.
· VLDOIN should be connected to VDDQ output with short and wide trace. If different power source is used for

VLDOIN, an input bypass capacitor should be placed to the pin as close as possible with short and wide
connection.

· The output capacitor for VTT should be placed close to the pin with 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 VTT output capacitor(s) 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 of the point of the load, it is recommended to 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 LPF at VTTSNS in case ESR of the VTT output capacitor(s) is larger than 2 m�Ÿ.
· VDDQSNS can be connected separately from VLDOIN. Remember that this sensing potential is the reference

voltage of VTTREF. Avoid any noise generative lines.
· Negative node of VTT output capacitor(s) and VTTREF capacitor should be tied together by avoiding

common impedance to the high current path of the VTT source/sink current.
· GND (Signal GND) pin node represents the reference potential for VTTREF and VTT outputs. Connect GND

to negative nodes of VTT capacitor(s), VTTREF capacitor and VDDQ capacitor(s) with care to avoid
additional ESR and/or ESL. GND and PGND (power ground) should be connected together at a single point.

· Connect CS_GND (RGE) to source of rectifying MOSFET using Kevin connection. Avoid common trace for
high-current paths such as the MOSFET to the output capacitors or the PGND to the MOSFET trace. In case
of using external current sense resistor, apply the same care and connect it to the positive side (ground side)
of the resistor.

· PGND is the return path for rectifying MOSFET gate drive. Use 0.65 mm (25mil) or wider trace. Connect to
source of rectifying MOSFET with shortest possible path.

· Place a V5FILT filter capacitor (RGE) close to the TPS51116, within 12 mm (0.5 inches) if possible.
· The trace from the CS pin should avoid high-voltage switching nodes such as those for LL, VBST, DRVH,

DRVL or PGOOD.
· In order to effectively remove heat from the package, prepare thermal land and solder to the package’s

thermal pad. Wide trace of the component-side copper, connected to this thermal land, helps heat spreading.
Numerous vias with a 0.33-mm diameter connected from the thermal land to the internal/solder-side ground
plane(s) should be used to help dissipation. Do NOT connect PGND to this thermal land underneath the
package.
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PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

TPS51116PWP ACTIVE HTSSOP PWP 20 70 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116PWPG4 ACTIVE HTSSOP PWP 20 70 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116PWPR ACTIVE HTSSOP PWP 20 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116PWPRG4 ACTIVE HTSSOP PWP 20 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116RGER ACTIVE VQFN RGE 24 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116RGERG4 ACTIVE VQFN RGE 24 3000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116RGET ACTIVE VQFN RGE 24 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

TPS51116RGETG4 ACTIVE VQFN RGE 24 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI 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. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

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

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TPS51116PWPR HTSSOP PWP 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1

TPS51116RGER VQFN RGE 24 3000 330.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2

TPS51116RGET VQFN RGE 24 250 180.0 12.4 4.3 4.3 1.1 8.0 12.0 Q2

TPS51116RGET VQFN RGE 24 250 180.0 12.4 4.25 4.25 1.15 8.0 12.0 Q2
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TPS51116PWPR HTSSOP PWP 20 2000 367.0 367.0 38.0

TPS51116RGER VQFN RGE 24 3000 367.0 367.0 35.0

TPS51116RGET VQFN RGE 24 250 195.0 200.0 45.0

TPS51116RGET VQFN RGE 24 250 210.0 185.0 35.0
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