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Complete DDR, DDR2 and DDR3 Memory Power Solution Synchronous Buck Controller,
3-A LDO, Buffered Reference for Embedded Computing Systems

Check for Samples: TPS59116

FEATURES
* Synchronous Buck Controller (VDDQ)

Wide-Input Voltage Range: 3.0-V to 28-V
D-CAP™ Mode with 100-ns Load Step
Response

Current Mode Option Supports Ceramic
Output Capacitors

Supports Soft-Off in S4/S5 States
Current Sensing from Rpgn) Or Resistor
2.5-V (DDR), 1.8-V (DDR2), Adjustable to
1.5-V (DDR3) or Output Range 0.75-V to
3.0-v

Equipped with Power Good, Overvoltage
Protection and Undervoltage Protection

+ 3-ALDO (VTT), Buffered Reference (VREF)

A

Capable to Sink and Source 3 A

LDO Input Available to Optimize Power
Losses

Requires Small 20-uF Ceramic Output
Capacitor

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

Thermal Shutdown

DESCRIPTION

The TPS59116 provides a complete power supply for
DDR/SSTL-2, DDR2/SSTL-18, and DDR3 memory
systems. It integrates a synchronous buck controller
with a 3-A sink/source tracking linear regulator and
buffered low noise reference. The TPS59116 offers
the lowest total solution cost in systems where space
is at a premium. The TPS59116 synchronous
controller runs fixed 400-kHz pseudo-constant
frequency PWM with an adaptive on-time control that
can be configured in D-CAP™ Mode for ease of use
and fastest transient response or in current mode to
support ceramic output capacitors. The 3-A
sink/source LDO maintains fast transient response
only requiring 20-yF (2 x 10 yF) of ceramic output
capacitance. In addition, the LDO supply input is
available externally to significantly reduce the total
power losses. The TPS59116 supports all of the
sleep state controls placing VTT at high-Z in S3
(suspend to RAM) and discharging VDDQ, VTT and
VTTREF (soft-off) in S4/S5 (suspend to disk).
TPS59116 has all of the protection features including
thermal shutdown and is offered in a 24-pin 4 mm x
4mm QFN package.

APPLICATIONS

DDR/DDR2/DDR3/LPDDR3 Memory Power
Supplies in Embedded Computing System

e SSTL-2 SSTL-18 and HSTL Termination
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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.
D-CAP is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A 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.

ORDERING INFORMATION®

MINIMUM
Ta PACKAGE ORDEI\IF\:JAN%‘EERPART PINS gb’;ﬁt’? ORDER
QUANTITY
Large
TPS59116RGER 3000
° o Plastic Quad Flat Pack tape-and-reel
-40°C to 85°C 24
(QFN) Small
TPS59116RGET 250
tape-and-reel

(1) All packaging options have Cu NIPDAU lead/ball finish.

ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range unless otherwise noted

TPS59116 UNITS
VBST -0.3to 36
VBST wrt LL -0.3t0 6
Vi Input voltage range CS, MODE, S3, S5, VTTSNS, VDDQSNS, V5IN, VLDOIN, VDDQSET, v
V5FILT -0.3t0 6
PGND, VTTGND, CS_GND -0.3t0 0.3
DRVH -1.0 to 36
Vout Output voltage range | LL -1.0to 30 \%
COMP, DRVL, PGOOD, VTT, VITREF -0.3t0 6
Ta Operating ambient temperature range -40 to 85 oc
Tstg Storage temperature -55 to 150

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltage
values are with respect to the network ground terminal unless otherwise noted.

RECOMMENDED OPERATING CONDITIONS

MIN MAX UNIT
Supply voltage V5IN, V5FILT 4,75 5.25 \%
VBST, DRVH -0.1 34
LL -0.6 28
VLDOIN, VTT, VTTSNS, VDDQSNS -0.1 3.6
Voltage range VTTREF -0.1 1.8 v
PGND, VTTGND, CS_GND -0.1 0.1
S%VSF’ MODE, VDDQSET, CS, COMP, PGOOD, 01 5.05
Operating free-air temperature, Tp -40 85 °C
DISSIPATION RATINGS
PACKAGE Tp <25°C P(OV\\/,)VER RATING DERATING FAZC;%R ABOVE Tp = Tp =85°C P(()V\\/,)VER RATING
(MW/°C)
24-pin RGE 2.20 22.0 0.88
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ELECTRICAL CHARACTERISTICS
over operating free-air temperature range, Vysin = Vyser = 5 V, VLDOIN is connected to VDDQ output (unless otherwise

noted)
PARAMETER TEST CONDITIONS | MmN TYP  MAX| UNIT
SUPPLY CURRENT
Ta = 25°C, No load, Vs3 = Vg5 =5V,
lvsiNg Supply current 1, VSFILT COMP connected to capacitor 08 2 m
Ta =25°C, No load, Vg3 =0V, Vg5 =5V,
lvsing Supply current 2, VSFILT COMP connected to capacitor 300 600
vsing Supply current 3, V5FILT Ta=25°C, Noload, V53 =0V, Vs =5V, 240 500
Veomp =5V
lVSINSDN Shutdown current, VSFILT | Ta = 25°C, No load, Vg3 = Vg5 =0 V 01 10 hA
I\VLDOINL Supply current 1, VLDOIN | Ta = 25°C, No load, Vs3 = Vg5 =5 V ! 10
lvLpoinz Supply current 2, VLDOIN Ta=25°C, Noload, Vs3g =5V, Vg5 =0V, 0.1 10
IVLDOINSDN Standby current, VLDOIN Ta =25°C, No load, Vg3 = Vg5 =0V 0.1 1.0
VTTREF OUTPUT
VVTTREE Output voltage, VITREF Vvoposns/2 v
-10 mA < lyrrer < 10 MA, Vypposns = 2.5V, 20 20
Tolerance to Vyppgsns/2
-10 mA < Iyrtrer < 10 mA, Vypposns = 1.8V, -18 18
Tolerance to Vypposns/2
VyrtrertoL  Output voltage tolerance mv
-10 MA < lyrtrer < 10 MA, Vyppgsns = 1.5V, 15 15
Tolerance to Vyppgsns/2
-10 mA < Iyrtrer < 10 mA, Vypposns = 1.2V, -12 12
Tolerance to Vypposns/2
VVTTREESRC Source current VVDDQSNS =25V, Vyrtrer =0V -20 40 80 A
m
VVTTREESNK Sink current VVDDQSNS =25V, Wrtrerp = 2.5V 20 40 80
VTT OUTPUT
Vs3 = Vg5 =5V, Vypoin = Vvppgsns = 2.5V 125
VyTTSNS Output voltage, VTT Vs3 = Vs5 = 5V, Vvipoin = Vvoposns = 1.8V 0.9 v
Vs3 = Vg5 =5V, Vypoin = Vvppgsns = 1.5V 0.75
Vvbpgsns = Vvipoin = 2.5V, Vs3 = Vg5 =5V, -20 20
hT=0A
v VTT output voltage tolerance VVDDQSNS = VVLDOIN =25V, V53 = V55 =5V, -30 30
VTTTOL25 to VTTREF vl <1.5A
Vvppgsns = Vvipoin = 2.5V, Vg3 = Vg5 =5V, -40 40
[Ihrrl <3 A
Vvpbpgsns = Vvipoin = 1.8V, Vgg = Vg5 =5V, -20 20
hrr=0A
V. VTT OUtpUt voltage tolerance VVDDQSNS = VVLDOIN =1.8 V, Vs3 = VSS =5 V, 30 30
VTTTOL18 to VTITREF [Tl <1A
Vvpbpgsns = Vvipoin = 1.8V, Vg3 = Vg5 =5V, -40 40
[vrrl <2 A mv
Vvbbgsns = Vvipoin = 1.5V, Vg3 = Vg5 =5V, 20 20
hT=0A
v VTT output voltage tolerance VVDDQSNS = VVLDOIN =15V, V53 = V55 =5V, -30 30
VTTTOL15 to VTTREF vl <1A
Vvbposns = Vvipoin = 1.5V, Vg3 = Vg5 =5V, -40 40
Tl <2 A
Vvppgsns = Vvipoin = 1.2V, Vg3 = Vg5 =5V, -20 20
v =0 A
V. VTT OUtpUt voltage tolerance VVDDQSNS = VVLDOIN =1.2 V, Vs3 = VSS =5 V, 30 30
VTTTOL12 to VITREF [Tl <1A
Vvpbpgsns = Vvipoin = 1.2V, Vg3 = Vg5 =5V, -
vl <15A 0 “
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range, Vysin = Vyser = 5 V, VLDOIN is connected to VDDQ output (unless otherwise
noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
VTT OUTPUT (continued)
Vvipoin = Vvppgsns = 2.5V, Vyrt = VyrTsns = 3.0 3.8 6.0
lTTTocLsre  Source current limit, VTT 119V, PGOOD = HI
Vvipoin = Vvpbposns = 2.5V, Vyrr =0V 1.5 2.2 3.0 A
Vvipoin = Vvbpgsns = 2.5 V, Vyrt = VyrTsns = 3.0 36 6.0
lvrrrocLsnk  Sink current limit, VTT 131V, PGOOD =HI
Vvipoin = Vvbposns = 2.5 V, Vvt = Vyppg 1.5 2.2 3.0
\TTLK Leakage current, VTT Vs3 =0V, Vg5 =5V, Vyrr = Vypposns /2 -10 10
\TTBIAS Input bias current, VTTSNS | Vg3 =5V, Vyrrsns = Vvoposns /2 -1 -0.1 1 MA
I/ TTSNSLK Leakage current, VTTSNS Vs3 =0V, Vg5 =5V, Vyrr = Vypposns /2 -1
N TTDisch Discharge current, VTT \T/’\*/:T 2:5(:% \\// s3 = Vss = Vvpposns = 0V, 10 17 mA
VDDQ OUTPUT
Ta = 25°C, Vypposer = 0 V, No load 2.465 2500 2535
0°C < Th < 85°C, Vypposer = 0 V, No load @ 2.457 2500 2543
-40°C < T < 85°C, Vypposer =0V, No load @ | 2.440 2500 2550
Vuono Output voltage, VDDQ Ta = 25°C, VypposeT = 5 V, No load® 1.776 1.800 1.824 v
0°C < Th < 85°C, Vypposer = 5V, No load® 1.769 1.800  1.831
-40°C < Th < 85°C, Vypposer = 5V, No load™ 1.764 1.800  1.836
I-gg;((i)s Ta < 85°C, Adjustable mode, No 0.75 3.0
Ta = 25°C, Adjustable mode 742.5 750.0 757.5
Vvbbgser VDDQSET regulation voltage | 0°C < T, < 85°C, Adjustable mode 740.2 750.0 759.8 mV
-40°C < Tp < 85°C, Adjustable mode 738.0 750.0 762.0
VvpposeT = 0V 215
Rvbbgsns Input impedance, VDDQSNS | Vyppgser = 5 V 180 kQ
Adjustable mode 460
IVDDOSET Input current, VDDQSET Vvoogser = 0.78 V, COMP = Open 0.04 HA
Vypposer = 0.78 V, COMP = 5V -0.06
lvDDQDisch Discharge current, VDDQ x;BO;EV:SSO:VO V. Vvpposns = 0.5V, 10 40
mA
Ilvipoinpisch  Discharge current, VLDOIN x;Z;EVSSO.ZS(i/V' Vvopgsns = 0.5V, 700
TRANSCONDUCTANCE AMPLIFIER
I Gain Ta = 25°C 240 300 360 uS
lcoMPSNK COMP maximum sink Vg3 =0V, YSS =5V, VVDD_QSET =0V, 13
current Vvbpgsns = 2.7 V, Veowp = 1.28 V uA
lcompsRe COMP maximum source Vg3=0V, YSS =5V, VVDD_QSET =0V, 13
current Vvbposns = 2.3 V, Veowp = 1.28 V
VeoupH COMP high clamp voltage xSB =0V, Y§53=V5 x V!Dg%SET =0V, 131 134 137
vppesns = 2.3 V, Vs = v
VcompLo COMP low clamp voltage x\s/z;QgN\Q !3?7:\/5’ \\;;:;/\;DODQVSET =0V, 118 121 124
DUTY CONTROL
ton Operating on-time Vin =12V, Vyppgser =0 V 520
tono Startup on-time Vin =12V, Vyppgsns = 0 V 125
ton(min) Minimum on-time Ta=25°c® 100 ns
{OFF(min) Minimum off-time Ta=25°c® 350
(1) Ensured by design. Not production tested.
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TPS59116

ELECTRICAL CHARACTERISTICS (continued)
over operating free-air temperature range, Vysin = Vyser = 5 V, VLDOIN is connected to VDDQ output (unless otherwise

noted)
PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
ZERO CURRENT COMPARATOR
Zero current comparator
Vzc offset -6 0 6 mV
OUTPUT DRIVERS
. Source, IpryH = -100 mA 3 6
RpRVH DRVH resistance -
Slnk, IDRVH =100 mA 0.9 3 0
. Source, IpryL = -100 mA 3 6
RprviL DRVL resistance -
Slnk, IDRVL =100 mA 0.9 3
) LL-low to DRVL-on® 10
to Dead time 1 ns
DRVL-off to DRVH-on® 20
INTERNAL BST DIODE
VFBST Forward voltage VVSlN-VBST y |;: =10 mA, TA =25°C 0.7 0.8 0.9 \Y
lVBSTLK VBST leakage current VVB_ST =34V, ViL =28V, Vyppg = 2.6 V, 0.1 1.0 pA
Ta=25°C
PROTECTIONS
V .cs, PGOOD =HI, Vcs <05V 50 60 70
VocL Current limit threshold PGND-CS s mV
VPGND-CS , PGOOD = LO, VCS <05V 20 30 40
) Ta =25°C, Vcs > 4.5V, PGOOD = HI 10 11
ITrRIP Current sense sink current WA
Ta=25°C, Vcs > 4.5V, PGOOD = LO 5 6
TRIP current temperature Rps(on) sense scheme, On the basis o
TCrrrip coefficient of Tp = 25°C@ 4500 ppm/°C
Overcurrent protection (VVSIN—CS -V GND-LL)! VVSIN-CS =60 mV, _
Vocuef COMP offset Ves > 4.5 v(% 5 0 5 v
m
Current limit threshold settin
VR(urip) range 9| Vusincs @ 30 150
POWERGOOD COMPARATOR
PG in from lower 92.5% 95.0% 97.5%
V1vbDQPG VDDQ powergood threshold | PG in from higher 102.5% 105.0% 107.5%
PG hysteresis 5%
IPG(max) PGOOD sink current VVTT =0V, VPGOOD =05V 2.5 7.5 mA
trG(del) PGOOD delay time Delay for PG in 80 130 200 us
UNDERVOLTAGE LOCKOUT/LOGIC THRESHOLD
v V5IN UVLO threshold Wake up 37 4.0 4.3
UVVEIN voltage Hysteresis 0.2 0.3 0.4
No discharge 4.7
VTHMODE MODE threshold . .
Non-tracking discharge 0.1
v VDDOSET threshold volt 2.5 V output 0.08 0.15 0.25 \Y
reshold voltage
THVDDQSET 98 11,8 v output 35 4.0 45
\m High-level input voltage S3, S5 2.2
Vi Low-level input voltage S3, S5 0.3
ViHysT Hysteresis voltage S3, S5 0.2
VINLEAK Logic input leakage current | S3, S5, MODE -1 A
VINVDDQSET Input leakage/ bias current VDDQSET -1 .

(2) Ensured by design. Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range, Vysin = Vyser = 5 V, VLDOIN is connected to VDDQ output (unless otherwise
noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
UNDERVOLTAGE AND OVERVOLTAGE PROTECTION
v VDDQ OVP trip threshold OVP detect 110% 115%  120%
ovp voltage Hysteresis 5%
VDDQ OVP propagation
TovPpEL delay®® propag 15 us
. UVP detect 70%
Vuvp Output UVP trip threshold -
Hysteresis 10%
Output UVP propagation
t; 32
UVPDEL delay® cycle
tuvPEN Output UVP enable delay® 1007
THERMAL SHUTDOWN
3 Shutdown temperature 160
Tson Thermal SDN threshold ©) _ °C
Hysteresis 10
(3) Ensured by design. Not production tested.
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DEVICE INFORMATION
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TERMINAL FUNCTIONS
TERMINAL
/10 DESCRIPTION
NAME NO.
Output of the transconductance amplifier for phase compensation. Connect to V5IN to disable gm
COMP 6 I/O o
amplifier and use D-CAP™ mode.
Current sense comparator input (-) for resistor current sense scheme. Or overcurrent trip voltage
CS 16 1/O setting input for Rpg(on) Current sense scheme if connected to V5FILT through the voltage setting
resistor.
DRVH 21 (0] Switching (top) MOSFET gate drive output.
DRVL 19 (0] Rectifying (bottom) MOSFET gate drive output.
GND 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.
LL 20 /o Switching (top) MOSFET gate driver return. Current sense comparator input (-) for Rpg(en) current
sense.
MODE 4 | Discharge mode setting pin. See VDDQ and VTT Discharge Control section.
NC 7,12 No connect.
PGND 18 - Ground for rectifying (bottom) MOSFET gate driver.
PGOOD 13 o z‘cr)]vgt;rgood signal open drain output, In HIGH state when VDDQ output voltage is within the target
S3 10 | S3 signal input.
S5 11 | S5 signal input.
V5IN 15 | 5-V power supply input for MOSFET gate drivers.
V5FILT 14 | Filtered 5-V power supply input for internal circuits. Connect R-C network from V5IN to V5FILT.
VBST 22 /10 Switching (top) MOSFET driver bootstrap voltage input.
VDDQSET 9 | VDDQ output voltage setting pin. See VDDQ Output Voltage Selection section.
VDDQ reference input for VTT and VTTREF. Power supply for the VTTREF. Discharge current
VDDQSNS 8 110 sinking terminal for VDDQ Non-tracking discharge. Output voltage feedback input for VDDQ output
if VDDQSET pin is connected to V5IN or GND.
VLDOIN 23 | Power supply for the VTT LDO.
VTT 24 (0] Power output for the VTT LDO.
VTTGND 1 - Power ground output for the VTT LDO.
VTTREF 5 (0] VTTREF buffered reference output.
VTTSNS 2 | Voltage sense input for the VTT LDO. Connect to plus terminal of the VTT LDO output capacitor.
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 7
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FUNCTIONAL BLOCK DIAGRAM (RGE)
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DETAILED DESCRIPTION

The TPS59116 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 MOSFETSs 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 Rpsen) 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-uF (two 10-uF 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. TheTPS59116 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.

VDDQ SMPS, Dual PWM Operation Modes

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,
TPS59116 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 V,y and
Vour 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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VDDQ SMPS, Light Load Condition

TPS59116 automatically reduces switching frequency at light load condition to maintain high efficiency. This
reduction of frequency is achieved smoothly and without increase of Vgyrripple or load regulation. Detail
operation is described as follows. As the output current decreases from heavy load condition, the inductor current
is also reduced and eventually comes to the point that its valley touches zero current, which is the boundary
between continuous conduction and discontinuous conduction modes. The rectifying MOSFET is turned off when
this zero inductor current is detected. As the load current further decreased, the converter runs in discontinuous
conduction mode and it takes longer and longer to discharge the output capacitor to the level that requires next
ON cycle. The ON-time is kept the same as that in the heavy load condition. In reverse, when the output current
increase from light load to heavy load, switching frequency increases to the constant 400 kHz as the inductor
current reaches to the continuous conduction. The transition load point to the light load operation loyry (i.e. the
threshold between continuous and discontinuous conduction mode) can be calculated in Equation 1:

| _ 1 Vin — Vour) X Vour
OUT(LL) — 2 x L x f Vin
where
» fis the PWM switching frequency (400 kHz) (1)

Switching frequency versus output current in the light load condition is a function of L, f, V,y and Vgyr, but it
decreases almost proportional to the output current from the Ioyr) given above. For example, it is 40 kHz at
IOUT(LL)/lo and 4 kHz at IOUT(LL)/]-OO'

Low-Side Driver

The low-side driver is designed to drive high-current, low-Rpg(on), N-channel MOSFET(s). The drive capability is
represented by its internal resistance, which are 3 Q for V5IN to DRVL and 0.9 Q for DRVL to PGND. A
dead-time to prevent shoot through is internally generated between top MOSFET off to bottom MOSFET on, and
bottom MOSFET off to top MOSFET on. 5-V bias voltage is delivered from V5IN supply. The instantaneous drive
current is supplied by an input capacitor connected between V5IN and GND. The average drive current is equal
to the gate charge at Vgg = 5 V times switching frequency. This gate drive current as well as the high-side gate
drive current times 5 V makes the driving power which needs to be dissipated from TPS59116 package.

High-Side Driver

The high-side driver is designed to drive high-current, low-Rpg(on) N-channel MOSFET(s). When configured as a
floating driver, 5-V bias voltage is delivered from V5IN supply. The average drive current is also calculated by the
gate charge at Vgg = 5V times switching frequency. The instantaneous drive current is supplied by the flying
capacitor between VBST and LL pins. The drive capability is represented by its internal resistance, which are 3 Q
for VBST to DRVH and 0.9 Q for DRVH to LL.

Current Sensing Scheme

In order to provide both good accuracy and cost effective solution, TPS59116 supports both of external resistor
sensing and MOSFET Rpg(n) sensing. For resistor sensing scheme, an appropriate current sensing resistor
should be connected between the source terminal of the bottom MOSFET and PGND. CS pin is connected to the
MOSFET source terminal node. The inductor current is monitored by the voltage between PGND pin and CS pin.
For Rps(n) Sensing scheme, CS pin should be connected to VSFILT through the trip voltage setting resistor,
Rrip- In this scheme, CS terminal sinks 10-pA |1gip current and the trip level is set to the voltage across the
Rtrip- The inductor current is monitored by the voltage between PGND pin and LL pin so that LL pin should be
connected to the drain terminal of the bottom MOSFET. ltg;p has 4500ppm/°C temperature slope to compensate
the temperature dependency of the Rpg(on). In either scheme, PGND is used as the positive current sensing node
so that PGND should be connected to the proper current sensing device, i.e. the sense resistor or the source
terminal of the bottom MOSFET.
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PWM Frequency and Adaptive On-Time Control

TPS59116 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 Vqy1/Vy technically with the same cycle time.
Although the TPS59116 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.

VDDQ Output Voltage Selection

TPS59116 can be used for both of DDR (Vyppg = 2.5 V) and DDR2 (Vyppg = 1.8 V) power supply and adjustable
output voltage (0.75 V < Vyppg < 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 25 Vypposns/2 DDR
V5IN 1.8 Vybposns/2 DDR2
FB Resistors 15 Vvbbgsns/2 DDR3
Rup= Rpoown=75 kQ
FB Resistors Adjustable Vypposns/2 0.75 V < Vyppo < 3V

VTT Linear Regulator and VTTREF

TPS59116 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 pF. It is recommended
to attach two 10-yF ceramic capacitors in parallel to minimize the effect of ESR and ESL. If ESR of the output
capacitor is greater than 2 mQ, 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-yF ceramic capacitor for
stable operation.

Outputs Management by S3, S5 Control

In the DDR/DDR2/DDR3 memory applications, it is important to keep VDDQ always higher than VTT/VTTREF
including both start-up and shutdown. TPS59116 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 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 (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; SO = 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

SO HI HI On Oon On

S3 LO HI On Oon Off (Hi-Z)
S4/S5 LO LO Off (Discharge) Off (Discharge) Off (Discharge)

(1) Vvpbpgz 1.2V when used as VLDOIN.
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Soft-Start and Powergood

The soft start function of the SMPS is achieved by ramping up reference voltage and two-stage current clamp. At
the starting point, the reference voltage is set to 650 mV (87% of its target value) and the overcurrent threshold
is set half of the nominal value. When UVP comparator detects VDDQ become greater than 80% of the target,
the reference voltage is raised toward 750 mV using internal 4-bit DAC. This takes approximately 85 us. The
overcurrent threshold is released to nominal value at the end of this period. The powergood signal waits another
45 ps after the reference voltage reaches 750 mV and the VDDQ voltage becomes good (above 95% of the
target voltage), then turns off powergood open-drain MOSFET.

The soft-start function of the VTT LDO is achieved by current clamp. The current limit threshold is also changed
in two stages using an internal powergood signal dedicated for LDO. During VTT is below the powergood
threshold, the current limit level is cut into 60% (2.2 A).This allows the output capacitors to be charged with low
and constant current that gives linear ramp up of the output. When the output comes up to the good state, the
overcurrent limit level is released to normal value (3.8 A). TPS59116 has an independent counter for each
output, but the PGOOD signal indicates only the status of VDDQ and does not indicate VTT powergood
externally. See Figure 1.

| 100%

87% | |
80% \
T

VvbbQ

VocL

VpGooD

|

|

|

|

|

|

\

| |

| |

| |

| |

| | |

| | |
Vss | \ |
| | |
}4— 85 HS—>| 45 ps }4’

UDG-04066

Figure 1. VDDQ Soft-Start and Powergood Timing

Soft-start duration, Typpgss, TvrTss are functions of output capacitances.
2 X CVDDQ X VVDDQ X 08

tvobass = I +85us
VDDQOCP

where

lvopooce is the current limit value for VDDQ switcher calculated by Equation 5 2)
¢ _ Cyrr xVvrr

VTTSS — |
VTTOCL

where

lyrrocL = 2.2 A (typ) )

In each of the two previous calculations, no load current during start-up are assumed. Note that both switchers
and the LDO do not start up with full load condition.
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Pre-Biased Start-up

The TPS59116 allows pre-biased start-up of the VDDQ and VTT outputs without causing any undershoot or
ringing in all three discharge modes. The high-side and low-side MOSFETs are kept in the turned-off condition till
the internal soft-start reference increases beyond the feedback voltage at the VDDQSNS pin. The soft-start
operation after this point is the same as the regular startup from a 0 V output.

If the TPS59116 is programmed to operate in no-discharge mode, the VDDQ and VTT outputs do not discharge
any pre-bias voltage, but in non-tracking discharge mode there exist a slow discharge from both VDDQ as well
as VTT outputs. If programmed to operate in tracking discharge mode, the VTT pin has a low impedance path
that forces the voltage at VTT to half the voltage at VDDQ. Normally this creates a low-impedance pull-down
from VTT to GND, if VDDQ is at 0 V.

VDDQ and VTT Discharge Control

TPS59116 discharges VDDQ, VTTREF and VTT outputs during S3 and S5 are both low. There are two different
discharge modes. The discharge mode can be set by connecting MODE pin as shown in Table 3.

Table 3. Discharge Selection

MODE DISCHARGE MODE
V5IN No discharge
VDDQ Tracking discharge
GND Non-tracking discharge

When in tracking-discharge mode, TPS59116 discharges outputs through the internal VTT regulator transistors
and VTT output tracks half of VDDQ voltage during this discharge. Note that VDDQ discharge current flows via
VLDOIN to LDOGND thus VLDOIN must be connected to VDDQ output in this mode. The internal LDO can
handle up to 3 A and discharge quickly. After VDDQ is discharged down to 0.2 V, the internal LDO is turned off
and the operation mode is changed to the non-tracking-discharge mode.

When in non-tracking-discharge mode, TPS59116 discharges outputs using internal MOSFETs which are
connected to VDDQSNS and VTT. The current capability of these MOSFETs are limited to discharge slowly.
Note that VDDQ discharge current flows from VDDQSNS to PGND in this mode. In case of no discharge mode,
TPS59116 does not discharge output charge at all.

Current Protection for VDDQ

The SMPS has cycle-by-cycle overcurrent limiting control. The inductor current is monitored during the OFF state
and the controller keeps the OFF state during the inductor current is larger than the overcurrent trip level. The
trip level and current sense scheme are determined by CS pin connection (see Current Sensing Scheme
section). For resistor sensing scheme, the trip level, V1gp, is fixed value of 60 mV.

For Rps(en) sensing scheme, CS terminal sinks 10 pA and the trip level is set to the voltage across this Rrgp
resistor.

Vigp (MV) = Rigp (KQ) x 10 (uA) )
As the comparison is done during the OFF state, Vgp sets valley level of the inductor current. Thus, the load
current at overcurrent threshold, Iocp, can be calculated as shown in Equation 5.

_ Vire . 'riepie _ Virie 1 (Vi = Vour) X Vour

| = +
ocP
RDS(On) 2 R 2xLxf VN

DS(on) (5)
In an overcurrent condition, the current to the load exceeds the current to the output capacitor thus the output
voltage tends to fall down. If the output voltage becomes less than Powergood level, the V1gp is cut into half and
the output voltage tends to be even lower. Eventually, it crosses the undervoltage protection threshold and
shutdown.
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Current Protection for VTT

The LDO has an internally fixed constant overcurrent limiting of 3.8 A while operating at normal condition. This
trip point is reduced to 2.2 A before the output voltage comes within +5% of the target voltage or goes outside of
1+10% of the target voltage.

Overvoltage and Undervoltage Protection for VDDQ

TPS59116 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, TPS59116 monitors VDDQSNS voltage directly and if it becomes greater than 4 V TPS59116 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, TPS59116
latches OFF both top and bottom MOSFETs. This function is enabled after 1007 cycles of SMPS operation to
ensure startup.

V5FILT Undervoltage Lockout (UVLO) Protection

TPS59116 has 5-V supply undervoltage lockout protection (UVLO). When the V5FILT voltage is lower than
UVLO threshold voltage, SMPS, VTTLDO and VTTREF are shut off. This is a non-latch protection.

V5FILT Input Capacitor

Add a ceramic capacitor with a value between 1.0 yF and 4.7 pF placed close to the V5FILT pin to stabilize yhe
5-V input from any parasitic impedance.

Thermal Shutdown

TPS59116 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.
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APPLICATION INFORMATION

Loop Compensation and External Parts Selection

Current Mode Operation

A buck converter using TPS59116 current mode operation can be partitioned into three portions, a voltage
divider, an error amplifier and a switching modulator. By linearizing the switching modulator, we can derive the
transfer function of the whole system. Since current mode scheme directly controls the inductor current, the
modulator can be linearized as shown in Figure 2.

Voltage Divider

e
VDDQSNS ~
R1
Cm=300uS Vin

Filter
RZ% DRVH
+ Control _< >_|
Ref —

logic Lx

&

Driver —(DRVL )—|

ESR

Cc2——

Py
O
O
o
<
W~
Y
o
Il
~
(o)l
<
O
)
O
[e]
s
—

ce PGND

Error Amplifier Switching Modulator

Figure 2. Linearizing the Modulator

Here, the inductor is located inside the local feedback loop and the inductance does not appear in the small
signal model. As a result, a modulated current source including the power inductor can be modeled as a current
source with its transconductance of 1/Rg and the output capacitor represent the modulator portion. This simplified
model is applicable in the frequency space up to approximately a half of the switching frequency. One note is,
although the inductance has no influence to small signal model, it has influence to the large signal model as it
limits slew rate of the current source. This means the buck converter’s load transient response, one of the large
signal behaviors, can be improved by using smaller inductance without affecting the loop stability.

Total open loop transfer function of the whole system is given by Equation 6.

H(s) = Hy(s) x Hy(s) x Hj(s) (6)

Assuming RL>>ESR, Ro>>R¢ and C>>Cc,, each transfer function of the three blocks is shown starting with
Equation 7.

- R2
M) = Rz + RD) @
Ro(1+sx Ce xR
Hy(s) = — gm X
(1+sxCexRg)(1+sxCe, xR @®
1+sxC,qyXxESR
Ha(®) = ¢ 0 PO BL
(1+sxCyxRL] Rs ©
There are three poles and two zeros in H(s). Each pole and zero is given by the following five equations.
1
Wpy =775
(Ce X Rg) (20)
1
Wpy = 77— -1
(Co x RL) )
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1
Wpg = 7
(Ccz X Rg) (12)
1
Wz1 =
(Cc x Rg) (13)
1
oo = L
?2 " (co x ESR) 1)

Usually, each frequency of those poles and zeros is lower than the 0 dB frequency, fy. However, the f, should be
kept under 1/3 of the switching frequency to avoid effect of switching circuit delay. The fy is given by Equation 15.

1 R2 9m R_c_ 1 0.75 ><g_|\/|><R_C

X

fo =7 x——=x="x =—
2 (R1 + R2) CO RS 2n VOUT CO RS

(15)

Based on small signal analysis above, the external components can be selected by following manner.

1. Choose the inductor. The inductance value should be determined to give the ripple current of
approximately 1/4 to 1/2 of maximum output current.

1 y (VIN(max) - VOUT) *Vour 2 y (VIN(max) - VOUT) X Vour

L= V] x f V]

IIND(rippIe) x f IN(max) IOUT(max) IN(max) (16)
The inductor also needs to have low DCR to achieve good efficiency, as well as enough room above peak

inductor current before saturation. The peak inductor current can be estimated as shown in Equation 17.

1 (VIN(max) - VOUT) X Vour

| Virip
L xf \

IND(peak) = RDS(on)

+
IN(max) (17)

2. Choose rectifying (bottom) MOSFET. When Rpg(on) Sensing scheme is selected, the rectifying MOSFET's
on-resistance is used as this Rg so that lower Rpg(o,) does not always promise better performance. In order
to clearly detect inductor current, minimum Rg recommended is to give 15 mV or larger ripple voltage with
the inductor ripple current. This promises smooth transition from CCM to DCM or vice versa. Upper side of
the Rpg(on) is of course restricted by the efficiency requirement, and usually this resistance affects efficiency
more at high-load conditions. When using external resistor current sensing, there is no restriction for low
Rps(on)- However, the current sensing resistance R itself affects the efficiency

3. Choose output capacitor(s). In cases of organic semiconductor capacitors (OS-CON) or specialty polymer
capacitors (SP-CAP), ESR to achieve required ripple value at stable state or transient load conditions
determines the amount of capacitor(s) need, and capacitance is then enough to satisfy stable operation. The
peak-to-peak ripple value can be estimated by ESR times the inductor ripple current for stable state, or ESR
times the load current step for a fast transient load response. In case of ceramic capacitor(s), usually ESR is
small enough to meet ripple requirement. On the other hand, transient undershoot and overshoot driven by
output capacitance becomes the key factor to determine the capacitor(s).

4. Determine fy and calculate R using Equation 18. Note that higher R shows faster transient response in
cost of unstableness. If the transient response is not enough even with high R¢ value, try increasing the out
put capacitance. Recommended f; is fosc/4. Then R can be derived by Equation 19.

Vv C
R~ < 27t X fn x 2T % O xR
c=4t"lo* 3575 “gm ™ s (18)
Re = 2.8 X Vg1 X Cq [uF] X Rg [M<2] (19)
5. Calculate Cqs . This capacitance cancels the zero caused by ESR of the output capacitor.
When using ceramic capacitor(s), there is no need for Cc..
1 1
U)ZZZ(C xESR)zwm:(C X R¢)
O Cc2 C (20)
Cco = T R.
C (21)
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6. Calculate C.. The purpose of C. is to reduce the DC component to obtain high DC feedback gain. However,
as it causes phase delay, another zero is needed to cancel this effect. This zero, wzl, is determined by C.
and Rc. It is recommended that wzl be 10 times lower than the f, frequency.

f,= 1
z 2n x Co X R 10

(22)
7. When using adjustable mode, determine the value of R1 and R2. .
Y, - 0.75
R1=-9YT """ xR2
0.75 (23)

D-CAP™ Mode Operation
A buck converter system using D-CAP™ Mode can be simplified as below.

Voltage Divider

I\
VDDQSNS
R1
Vin

% PWM
R2 DRVH
+ Control _< >_|

logic Lx
0.75vV LN
h « =

IL lo
Driver —(DR\/L )—| ICJ EoR J

Switching Modulator I
Figure 3. Linearizing the Modulator

The VDDQSNS voltage is compared to the internal reference voltage after divider resistors. The PWM
comparator determines the time to turn-on the top MOSFET. The gain and speed of the comparator is high
enough to keep the voltage at the beginning of each on cycle (or the end of each off cycle) substantially
constant. The DC output voltage may have line regulation due to ripple amplitude that slightly increases as the
input voltage increase.

For loop stability, the 0-dB frequency, f,, defined in Equation 24 needs to be lower than 1/3 of the switching
frequency.
- 1 _ fsw
0= <
2m X ESR X Cq 3

(24)

As fy is determined solely by the output capacitor characteristics, loop stability of D-CAP™ mode is determined
by the capacitor chemistry. For example, specialty polymer capacitors (SP-CAP) have Cg in the order of several
100 pF and have an ESR in the range of 10 mQ. This makes f; on the order of 100 kHz or less and the loop is
then stable. However, ceramic capacitors have an f, of more than 700 kHz, which is not suitable for this
operational mode.

Although D-CAP™ mode provides many advantages such as ease-of-use, minimum external components
configuration and extremely short response time, because there is no error amplifier in the loop, a sufficient
amount of feedback signal needs to be provided by an external circuit to reduce jitter level.

The required signal level is approximately 15 mV at the comparing point. This gives VgippLe = (Vout/0.75) x 15
(mV) at the output node. The output capacitor ESR should meet this requirement.
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The external components selection is much more simple in D-CAP™ mode.

1. Choose inductor. This section is the same as the current mode. Please refer to the instructions in the
Current Mode Operation section.

2. Choose output capacitor(s). Organic semiconductor capacitor(s) or specialty polymer capacitor(s) are
recommended. Determine an ESR to meet the required ripple voltage. A quick approximation is shown in
Equation 25.

\% X 0.015
ESR = —QUT ~ YOUT 60 [mQ]
lRippLE X 075 louT(max) (25)

Thermal Design

Primary power dissipation of the TPS59116 is generated from the VTT regulator. The VTT current flow in both
source and sink directions generates power dissipation from the device. In the source phase, the potential
difference between VLDOIN and VTT times VTT current becomes the power dissipation, Wpggc.

X |

Wpsre = (VVLDOIN - VVTT) VTT (26)

In this case, if VLDOIN is connected to an alternative power supply lower than VDDQ voltage, power loss can be
decreased.

For the sink phase, VTT voltage is applied across the internal LDO regulator, and the power dissipation, Wpsnk,
is calculated by Equation 27:

X |

Wosnk = Vyrr X Iyrr (27)

Because this device does not sink AND source the current at the same time and |y varies rapidly with time, the
actual power dissipation that must be considered for thermal design is an average of Wpgnk. Another power
consumption is the current used for internal control circuitry from V5IN supply and VLDOIN supply. V5IN
supports both the internal circuit and external MOSFETs drive current. The former current is in the VLDOIN
supply can be estimated as 1.5 mA or less at normal operational conditions.

These powers need to be effectively dissipated from the package. Maximum power dissipation allowed to the
package is calculated by Equation 28,

T - T
" J(max) A(max)
Weke =

e\]A

where (28)
o TJ(max) is 125°C
* Tamax is the maximum ambient temperature in the system
* 0,4 is the thermal resistance from the silicon junction to the ambient
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This thermal resistance strongly depends on the board layout. TPS59116 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 x 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 (SLMAQ002). This
document is available at http:\\www.ti.com.

Layout Considerations

Certain points must be considered before designing a layout using the TPS59116.

+ The PCB trace is defined as LL 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.

» Consider adding a small snubber circuit, consisting of 3 Q and 1 nF, between LL and PGND in case a
high-frequency ringing is observed on the LL voltage waveform.

» All sensitive analog traces such as VDDQSNS, VTTSNS and CS should be 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 a short and wide trace. If a different power source is used
for VLDOIN, an input bypass capacitor should be placed to the pin as close as possible with a short and wide
connection.

* The output capacitor for VTT should be placed as close as possible 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 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 mQ.

+ 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), VITREF 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 TPS59116, 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 pad underneath
the package.
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—d@
o ICS
Ceramic
2x10uF
i icw )
150 B ﬂ S
viT 4 ® vDDQ
vDDQ/2 ce 10A
SP—CAP
ss T__H 2x150uF
Ezp <4<
s B L
R4 < VTTGND = PGND
VTTSNS CS_GND gnd
L GND CS
T MODETPSS% 16(RGE) V5IN 5V_IN
\/TTREF. @ VTTREF 2 5 VOFILT——@—
VvDDQ/2 COMP  uv n PGOOD 6 X c2 .
R3 | C3 ca g CDZ' Ceramic Ceramic
— Ceramic Ceramic Onomuo O TuF ia
2x10uF 7.033uF Z>>00n =
l gnd gnd
O I ~coop
DCAP mode, VDDQ=adjustable, Rdson Sense, External LDOIN, Non—tracking Discharge
Figure 4. D-CAP™ Mode
Table 4. D-CAP™ Mode Schematic Components
SYMBOL SPECIFICATION MANUFACTURER PART NUMBER
R1 5.1 kQ -
R2 100 kQ -
R3 75 kQ -
R4 (100 X VVDDQ - 75) kQ -
R5 510
M1 30V, 13 mQ International Rectifier IRF7821
M2 30V,5mQ International Rectifier IRF7832
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s— 4@ N
lCS
Ceramic
2x10uF
Cc1
H M1 Ceramic
UEl B I gnd
viT 4} e Mg P voDQ
1.25V/3A M2 ce 2.5v/10A
= HET S
EzL,<Ld8
ss “ 82 % & ‘
< VTTGND S PGND
VTTSNS CS_GND gnd
GND Cs
mopE P S99TB(REE) o P VR
VTTREF 4 e VTTREF ) VSFILT o o
1.25V/10mA COMP 0 o PGOOD R1 Rz ICS s cz .
c3 c4 ic7 o 8 g Ceramic Ceramic
—L— Ceramic Ceramic Ceramic 2 & Onoomwo TuF Cl
2x1BUF 0.033uF T 4700pF £2>>00n=
| T R
gnd
gnd gnd N
<L ® I rPcooD
VDDQ=2.5V (DDR), Current mode, Rsense, No Discharge
Figure 5. Current Mode
Table 5. Current Mode Schematic Components
SYMBOL SPECIFICATION MANUFACTURER PART NUMBER
R1 6 mQ, 1% Vishay WSL-2521 0.006
R2 - -
R5
MO 30V, 13 mQ International Rectifier IRF7821
M1 30V, 5mQ International Rectifier IRF7832
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TYPICAL CHARACTERISTICS
V5IN+V5FILT SUPPLY CURRENT

V5IN+V5FILT SHUTDOWN CURRENT

Vs Vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
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Figure 6. Figure 7.
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Figure 8. Figure 9.
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TYPICAL CHARACTERISTICS (continued)

CS CURRENT VDDQ DISCHARGE CURRENT
Vs Vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
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Figure 10. Figure 11.
VTT DISCHARGE CURRENT OVERVOLTAGE AND UNDERVOLTAGE THRESHOLD
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Figure 12. Figure 13.
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fsw — Switching Frequency — kHz

Vvppg — VDDQ Output V oltage - V

TYPICAL CHARACTERISTICS (continued)

SWITCHING FREQUENCY

SWITCHING FREQUENCY
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INPUT VOLTAGE OUTPUT CURRENT
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Figure 14. Figure 15.
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Figure 16.

V|n — Input V oltage - V
Figure 17.
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TYPICAL CHARACTERISTICS (continued)
VTT OUTPUT VOLTAGE

VTT OUTPUT VOLTAGE
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Figure 18. Figure 19.
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Figure 20. Figure 21.
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TYPICAL CHARACTERISTICS (continued)
VTTREF OUTPUT VOLTAGE
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Figure 22. Figure 23.
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Figure 24. Figure 25.
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TYPICAL CHARACTERISTICS (continued)

V/bpo (50 mV/div)

Ivopo (2 Aldiv)

. VVTTREF (10 mV/dIV) i

VyrT (10 mV/div)
| T R T
- lvopo GAdY)
t=Time - 2 ps/div t - Time - 20 ps/div
Figure 26. Ripple Waveforms - Heavy Load Condition Figure 27. VDDQ Load Transient Response
Voo (50 mV/div)
S5
VvDDQ
VVTTREF .
(20 mVv/div)
| | : VTTREF
: PGOOD
lvopQ = lvTREF =0 A
t - Time — 20 ps/div t — Time — 100 ps/div
Figure 28. VTT Load Transient Response Figure 29. VDDQ, VTT, and VTTREF Start-Up Waveforms
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TYPICAL CHARACTERISTICS (continued)
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Figure 31. Pre-Biased Start-Up: VDDQ, VTT, and PGOOD

t — Time — 200 ps/div

Figure 30. Soft-Start Waveforms Tracking Discharge
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Figure 32. Soft-Stop Waveforms Non-Tracking Discharge
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TYPICAL CHARACTERISTICS (continued)
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Figure 34. Figure 35.
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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 ©)
@ ©)

TPS59116RGER Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 TPS
59116

TPS59116RGER.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 TPS
59116

TPS59116RGER.B Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 TPS
59116

TPS59116RGET Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
59116

TPS59116RGET.A Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
59116

TPS59116RGET.B Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
59116

@ 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.
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https://www.ti.com/product/TPS59116/part-details/TPS59116RGET
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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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.
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PACKAGE MATERIALS INFORMATION
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INSTRUMENTS
www.ti.com 20-Apr-2023
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)
TPS59116RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS59116RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 20-Apr-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS59116RGER VQFN RGE 24 3000 346.0 346.0 33.0
TPS59116RGET VQFN RGE 24 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4204104/H
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RGEO0024B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Ifi s L&
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0.3
PIN 1 INDEX AREA—] 1
4.1
3.9
0.3 f
0.2
DETAIL
OPTIONAL TERMINAL
TYPICAL
1 MAX
1o =
0.05
0.00
~— (28]
(0.2) TYP

,—EXPOSED
THERMAL PAD 0

13

SEE TERMINAL
DETAIL 5
T NE

()
S
25 -t -
28 D,
.
— -
2xfosH |/
24
PIN 1 ID
(OPTIONAL)

19 0.1@ [c[alB
& 0.050%)

4219013/A 05/2017

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.

i
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EXAMPLE BOARD LAYOUT
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

[2.45)
SYMM

Innd_ -
ﬁf}%ﬂ@ a B .

2ax “"25”5@ ¢ —
a-gee .

25 %*#SQAM
|
B

TYP lo--"o—

20X (0.5) ! |

’EE} ‘

SRR i T

| ‘
‘ (0.975) TYP J———j
L— (3.8) —J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:15X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
o SOLDER MASK
| METAL | fOPENING
| I
| |
/ ‘
|
EXPOSED T __SOLDER MASK EXPOSED—", /kMETAL UNDER
OPENING Nt SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DRRINED
(PREFERRED)

SOLDER MASK DETAILS
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NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

. on this view. It is recommended that vias under paste be filled, plugged or tented.

i3 Texas
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EXAMPLE STENCIL DESIGN
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

—= 4X (1.08) =
(0.64) TYP

24
24X (0.6) {J*B‘E %E}«B»G 7777777 —
195,
r
24X (0.25) I:D
(R0.05) TYP ! 060
SYMM C!j T | [I] TYP

qu | ) [Ijj (3.8)
=

-

i
|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25
78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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 Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

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

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

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

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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