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TPS51120 Dual, Synchronous Step-Down Controller With 100-mA Standby Regulators for
Notebook System Power

1 Features

3.3-V and 5-V 100-mA Bootstrapped Standby
Regulators with Independent Enables

Selectable D-CAP™ Mode Enables Fast
Transient Response Less than 100 ns

Selectable Low Ripple Current Mode

Less than 1% Internal Reference Accuracy
Selectable PWM-only/Auto-skip Modes
Low-side Rpson) Loss-less Current Sensing
Rsense Accurate Current Sense Option

Internal Soft-Start and Integrated Vot Discharge
Transistors

Integrated 2-V Reference

Adaptive Gate Drivers with Integrated Boost Diode
Powergood for Each Channel with Delay Timer
Fault Disable Mode

Supply Input Voltage Range: 4.5V to 28 V

Applications
Notebook Computers System Bus and 1/0O

3 Description

The TPS51120 is a highly sophisticated dual,
synchronous step-down controller. It is a full featured
controller designed to run directly off a three- or four-
cell Li-ion battery and provide high-power and 5-V
and/or 3.3-V standby regulation for all the
downstream circuitry in a notebook computer system.
High-current, 100-mA, 5-V or 3.3-V on-board linear
regulators have glitch-free switch over function to
SMPS and can be kept alive independently during
standby state. The pseudo-constant frequency
adaptive on-time control scheme supports full range
of current mode operation including simplified loop
compensation, ceramic output capacitors as well as
seamless transition to reduced frequency operation at
light-load condition. Optional D-CAP mode operation
optimized for SP-CAP or POSCAP output capacitors
allows further reduction of external compensation
parts. Dynamic UVP supports VIN line sag without
latch off by hitting 5-V UVP. No negative voltage
appears at output voltage node during UVLO, UVP,
and OCP, OTP or loss of VIN.

The TPS51120 32-pin QFN package is specified from
—40°C to 85°C ambient temperature.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (32) 5.00 mm x 5.00 mm

PART NUMBER
TPS51120

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

RHB Package
32-Pin VQFN
Bottom View

~ ~ AN
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SKIPSEL [ 32 9C T EN5
TONSEL [ 31 10C] EN3
PGOOD1 [ 30 1) PGOOD2
EN1 [D 29 12C) EN2
VBST1 [ 28 13C) vBST2
DRVH1 [D 27 14C) DRVH2
LL1 [ 26 5CY L2
25, 16
on 020 n A
56° TEBEECS
a > > > a
Pin Functions
PIN
I/0 DESCRIPTION
NAME NO.
COMP1 O | Loop compensation pin (error amplifier output). Connect RC from this pin to GND for proper loop
COMP2 fe) compensation with current mode operation. Tie this pin to V5FILT for D-CAP mode operation.
Cs1 23 ' Current sense comparator input (-) for resistor sensing scheme. Or, overcurrent trip setting input for
cS2 18 | Rps(ony current sense scheme if connected to VSFILT through the threshold setting resistor.
DRVH1 27 O | High-side MOSFET gate drive output. Source 3.5 Q, sink 1.5 Q, LL-node referenced floating driver. Drive
DRVH?2 14 fe) voltage corresponds to VBST to LL voltage.
DRVL1 25 O | Rectifying (low-side) MOSFET gate drive output. Source 3.5 Q, sink 1.5 Q, PGND referenced driver. Drive
DRVL2 16 fe) voltage is VREGS5 voltage.
EN1 29 | Channel 1 and Channel 2 SMPS enable pins. Connect to 5 V to turn on with internal 3-ms soft-start.
Slower soft-start is possible by applying an external capacitor from each of these pins to ground to
EN2 12 ' program ramp rate.
VREGS, 3.3-V low dropout linear regulator enable pin. Connect to GND to disable. Float or tie to enabled
EN3 10 |
VREGS to turn on the regulator.
ENS 9 | VREGS5, 5-V low dropout linear regulator enable pin. Connect to GND to disable. Float or tie to VBAT to
turn on the regulator.
GND 5 | Signal ground pin.
LL1 26 /O | High-side MOSFET gate driver return. Also serve as current sense comparator input (-) for Rps(on)
LL2 15 /O |sensing, and input voltage monitor for on-time control circuitry
PGND1 24 1/0 Ground return for rectifying MOSFET gate driver. Connect PGND2, PGND1 and GND strongly together
near the source of the rectifying FET or the GND connection of the current sense resistor. Also serve as
PGND2 17 /0 | current sense comparator input (+).
PGOOD1 30 O Power-good window comparator open drain output. Pull up with resistor to V5FILT or appropriate signal
voltage. Current capability is 5-mA. PGOOD goes high 1-ms after VFB is within specified limits. Power
PGOOD?2 11 O | bad (terminal goes low) is within 10 ps.
SKIPSEL 32 | Skip and fault mode selection pin. Refer to Table 5
TONSEL 31 | On-time selection pin. Refer to Table 1 and Table 5.
V5FILT 20 | 5-V supply input for the entire control circuit. Should be provided from VREGS via RC filter.

Copyright © 2005-2015, Texas Instruments Incorporated
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Pin Functions (continued)
PIN
IO DESCRIPTION

NAME NO.

VBST1 28 | Supply Input for High-side MOSFET Driver. Connect capacitor from this pin to respective LL terminal. An
internal PN diode is connected between VREGS5 to each of these pins. User can add external schottky

VBST2 13 ' diode if forward drop is critical to drive the power MOSFET.

VFB1 ' SMPS feedback input. Connect the feedback resistor divider here for adjustable outputs. Tie these pins to

VEB2 | V5FILT or for fixed output option. Refer to Table 5

VIN 22 | Supply Input for 5-V and 3.3-V linear regulator. Typically connected to VBAT.

VO1 1 | These terminals serve four functions: on-time adjustment, output discharge, VREG5, VREG3 switchover
input and feedback inputs for 5-V, 3.3-V fixed-output option. Connect to positive terminal of respective

Vo2 8 ' switch mode power supply’s output capacitor.

VREE2 4 o 2-V reference output. Capable of +50-pA, £2% over 0 - 85°C temperature range. Bypass to GND by 1-nF
ceramic capacitor. Tie this pin to GND disables both SMPS.

VREG3 19 o 3.3-V, 100-mA low dropout linear regulator output. Bypass to PGND by 10-uF ceramic capacitor. Runs
from VIN supply. Shuts off with EN3. Switches over to VO2 when 3.1 V or above is provided.
5-V, 100-mA low dropout linear regulator output. Bypass to PGND by 10-yF ceramic capacitor. Runs from

VREG5 21 O VIN supply. Internally connected to VBST and DRVL. Shuts off with EN5. Switches over to VO1 when 4.8
V or above is provided.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range unless otherwise noted™®

MIN MAX UNIT
VBST1, VBST2 -0.3 36
VBSTL1, VBST2 wrt LL -0.3 6
Input voltage VIN, EN5 -0.3 30 v
SKIPSEL, TONSEL, EN1, EN2, CS1, CS2, 03 6
V5FILT, VFB1, VFB2, EN3, VO1, VO2
DRVH1, DRVH2 -1 36
DRVH1, DRVH2 (wrt LL) -0.3 6
Output voltage LL1,LL2 -1 30 \%
VREF2, VREG3, VREG5, PGOOD1, PGOOD?2, 03 6
DRVL1, DRVL2, COMP1, COMP2
PGND1, PGND2 -0.3 0.3
VREF2 1
Source/sink current VBST 100 mA
VREGS5, VREG3 (source only) 200
Ta  Operating ambient temperature -40 85
T; Junction temperature -40 125 oc
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 255
Tsg Storage temperature -55 150

(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.

6.2 Recommended Operating Conditions

MIN MAX | UNIT
Input voltage, V5FILT 45 55 \%
VBST1, VBST2 -0.1 34
VBST1, VBST2 wrt LL -0.1 55
Input voltage range VIN, EN5 -0.1 28 \%
SKIPSEL, TONSEL, EN1, EN2, CS1, CS2, V5FILT, VFB1, VFB2, EN3 -0.1 55
V01, VO2 -0.1 55
DRVH1, DRVH2 -0.8 34
DRVH1, DRVH2 (wrt LL) -0.1 55
Output voltage range LL1, LL2 08 28 \%
VREF2, VREG5, VREG3, PGOOD1, PGOOD2, DRVL1, DRVL2, COMP1,
COMP2 -0.1 5.5
PGND1, PGND2 -0.1 0.1
VREF2 0.08
Source/sink current VBST 50 mA
VREGS5, VREF3 (source only) 100
Operating ambient temperature range, Tp -40 85 °C
Copyright © 2005-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.3 Thermal Information

TPS51120
THERMAL METRIC® RHB UNIT
32 PINS
Rgia Junction-to-ambient thermal resistance 38.5 °C/W

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

6.4 Electrical Characteristics

over operating free-air temperature range, Vy = 12 V, Vyrees = Vvseier = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT
SUPPLY CURRENT
VIN current, VREG5=VREG3=No
Load, EN3=EN5=FLOAT,
linccap Supply current EN1=EN2=5V, CS=5V, COMP Current mode 750 1500
connected to Cap
VIN current, VREG5=VREG3=No
liINNOCAP Supply current Load, EN3=EN5=FLOAT; D-CAP mode 700 1400
EN1=EN2=5V, CS=5V, COMP=5V
VIN current, VREG5=No Load
InsstY) — Stand-by current EN3=0V, EN5=FLOAT, 5-V only 30 45| MA
EN1=EN2=0
VIN current, VREG3=No Load
InasTBY)  Stand-by current EN3=FLOAT, EN5=0, 3.3-V only 12 20
EN1=EN2=0
VIN current, VREG5=VREG3=VREF2=No Load
I|N532(STBY) Stand-by current EN3=EN5=FLOAT, EN1=EN2=0 100 160
liN(SHDN) Shut down current VIN current, EN3=EN5=EN1=EN2=0V 10 20
VOUT and VREF2 VOLTAGES
Vgg2 = 3.3V, Ta= 25°C, No Load 3.241  3.300 3.359
Vgg2 = 3.3V, Ta= 0 to 85°C, No Load 3.234  3.300 3.366
Vgg2 = 3.3V, Ta=-40 to 85°C, No Load 3.224  3.300 3.376
Vout Output voltage VEg1 =5V, Ta= 25°C, No Load 4.910 5.000 5.090 \%
Veg1 =5V, Ta= 0 to 85°C, No Load 4900 5.000 5.100
Vgg1 =5V, Ta= -40 to 85°C, No Load 4885  5.000 5.115
Adjustable mode output range 1.0 55
Vapy Output regulation voltage Adjustable mode 1.00 \%
Adjustable mode, Tp= 25°C -0.9% 0.9%
Vapyp  OQutput regulation voltage Adjustable mode, T,= 0 to 85°C 1.3% 1.3%
tolerance
Adjustable mode, Tp=-40 to 85°C -1.6% 1.6%
VVREF2 2-V output regulation voltage lvrer2 = 50 PA, Ta= 25°C 1.97 2.00 2.03
V. 2-V output regulation voltage lvrer2 + 50 WA, Ta= 0 to 85°C 1.96 204 VvV
VREFZT tolerance Ivrerz £ 50 PA, Ta= -40 to 85°C 1.95 2.05
. VFBx=1.02V, COMPx=o0pen 0.02
lves VEB input current MA
VFBx=1.02V, COMPx=5V 0.02
Rpischarg  Discharge switch resistance VOx=0.5V, Tp= 25°C 10 20 Q
VREG3 VOLTAGE
VVREG3 VREG3 Output Regulation Voltage | lyregz = 20 mA, 6V < VIN < 28V, Tp= 25°C 3.25 3.30 3.35
lvregz = 1-50 mA, 6V < VIN < 28V, Tp= 0 to 85°C 321 3.37 Vv
VVREG3T VREG3 Output Voltage Tolerance lvrReas = 1 - 100 MA , 6V < VIN < 28V, Ta= -40 to 316 339
85°C ' '
lvrEGS VREG3 Output Current Ta = 25°C, VREG3=3.14v® 170 mA

(1) Ensured by design. Not production tested.
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Electrical Characteristics (continued)

over operating free-air temperature range, Vy,y = 12 V, Vyrees = Vvseier = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Viboasw VREG3 Bootstrap Switch Rising edge of VO2, VREG3 drops to VO2 voltage 2.85 310 V
Threshold Hysteresis 120 mv
RLbossw \él;;ggni(e)otstrap Switch 13 3.0 0
VREGS5 VOLTAGE
VVREG5 VREG5 Output Regulation Voltage | lyregs = 20 mA, 6V < VIN < 28V, TA= 25°C 4.925 5.00 5.075
VVREG5T VREGS5 Output Voltage Tolerance | lyregs =1 -50 mA, 6V < VIN < 28V, Tp= 0 to 85°C 4.89 5.11 Vv
g,;o%;5 =1-100mA, 6V <VIN <28V, Tp)=-40to 4.80 515
IVREGS VREG5 Output Current Ta = 25°C, VREG5=4.75 V) 200 mA
Vibossw VREGS5 Bootstrap Switch Rising edge of VO1, VREGS5 drops to VO1 voltage 4.30 485 V
Threshold Hysteresis 140 mv
RLbossw \él;figgni(e)otstrap Switch 13 3.0 0
TRANSCONDUCTANCE AMPLIFIER
Gm Gain Tp=25°C 280 uSs
lcompsink COMP Maximum Sink Current VFBx=1.05V, COMPx=1.28V 8 12 16 uA
lcompsre  COMP Maximum Source Current | VFBx=0.95V, COMPx=1.28V -15 -11 -7
VcompHI COMP High Clamp Voltage CSx=0V, VFBx=0.95V 1.26 1.34 1.42 v
Vcompo ~ COMP Low Clamp Voltage CSx=0V, VFBx=1.05V 1.08 1.12 1.20
OUTPUT DRIVER
RpRvH DRVH resistance SFJurce, Vvest-orvit = 1V 33 !
Sink, Vpryh-LL = 1V 15 3 o
RpRvL DRVL resistance SFJurce, Vvress-DRvL = 1V 33 !
Sink, VprvL-penp = 1V 15 3
. DRVH-off to DRVL-on, Tp= 25°C 20
To Dead time ns
DRVL-off to DRVH-on, Tp= 25°C 30 60
V7= DRVH-off threshold LL to GNDW 2
VprL DRVL-off threshold DRVL to GND @ 1.1 v
INTERNAL BST DIODE
VEegsT Forward Voltage Vyvregs-vesT: | = 10 mA, Ta= 25°C 0.7 0.8 0.9 \%
IrBST Reverse Current VBST =34V, VREG5=5V 0.1 1.0
IsstLeaky VBST Leakage current VBST=34V, LL=28V, EN3=EN5=EN1=EN2=0V 0.1 1.0 bA
ON-TIME TIMER, INTERNAL SOFT-START and HOUSEKEEPING CLOCK
Tonia On time, 5V, 180 kHz V0 11=12V, Vour1=5V, TONSEL=5V, Ta= 25°C 2150 2340 2530
Tonib On time, 5V, 220 kHz V1 11=12V, Vour1=5V, TONSEL=FLOAT, Ta= 25°C 1790 1950 2110
Tonie On time, 5V, 280 kHz V0 11=12V, Vouri=5V, TONSEL=2V, Ta= 25°C 1370 1490 1610
Tonid On time, 5V, 380 kHz V1 11=12V, Vour1=5V, TONSEL=GND, Tx= 25°C 1020 1110 1200
Tonza On time, 3.3V, 270 kHz V1 12=12V, Vour2=3.3V, TONSEL=5V, Ta= 25°C 940 1030 1120
Tonzh On time, 3.3V, 330 kHz Yuz==12V. Vour:=3.3V, TONSEL=FLOAT. Ta= 780 850  920| ns
Tonze On time, 3.3V, 430 kHz Vi 12==12V, VouT1=3.3V, TONSEL=2V, Tp= 25°C 580 650 720
Tonzd On time, 3.3V, 580 kHz Vi 12==12V, VouT1=3.3V, TONSEL=GND, Ta= 25°C 430 480 530
Tongingt ~ Minimum on time, 5V Ta = 25°C, TONSEL=GND, V=28V, VO1=1V 70
Tongingz ~ Minimum on time, 3.3V Ta = 25°C, TONSEL=GND, V| ,=28V, VO2=1V 45
Torrquiny  Minimum off time Ta = 25°C, VFB=0.9V, LL=0.5V 480
Tss Internal Soft Start Timer Ta = 25°C, ENx>3V 772 clks
Copyright © 2005-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

over operating free-air temperature range, Vy,y = 12 V, Vyrees = Vvseier = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SLss Internal Soft Start Slope Ta = 25°C, ENx>3V, Slope wrt. VFB @ 0.3 V/ms
Fek HK clock frequency 230 290 350 | kHz
UVLO/LOGIC THRESHOLD
Venipon  LDO enable threshold ENS, EN?' low to high 03 06 08
Hysteresis 0.2
Veniporls EN3 pullup voltage EN3 = FLOAT (OPEN)®@ 1.7 v
Venlporls ENS5 pullup voltage EN5= FLOAT (OPEN)® 3.3
IENLDOFL EN3, ENS5 pullup current VENXx < 0.5V 15 40| pA
Wake up 3.8 4.0 4.2 \%
Vuvvreesy VREGS UVLO threshold -
Hysteresis 100 200 300 mv
Auto-SKIP Mode Enabled 0 0.7
VskiPsEL SKIPSEL threshold Auto-SKIP Mode Enabled, Faults Off 1.3 2.2
PWM-Only Mode Enabled 2.7 55
Fast Switching Frequency 0 0.7 \%
Medium Switching Frequency #2 1.3 2.2
VTONSEL TONSEL threshold - —
Medium Switching Frequency #1 2.7 3.0
Slow Switching Frequency 4.5 55
. SKIPSEL, TONSEL=0V 3
IseL SKIPSEL/TONSEL input current MA
SKIPSEL, TONSEL=5V 2
Venswstar EN1, EN2 SS Start Voltage BJT Base input, Switcher begins to Track ENx 0.5 0.9 1.2
Vensweno  ENI, EN2 SS End Voltage I'r‘]‘t’g’r'ﬁa'fggﬂ;ti‘f'é°éss"‘$f*;eg§"cab'e when using 275 2900
lenswi 2 EN1, EN2 Pullup Current EN1, EN2=0.6V 1 2 3| MA
VThvEBL VFB1 threshold 5.0V preset output V5F_|(I)‘£
\
VTHVEBR2 VFB2 threshold 3.3V preset output V5F_I(I)_'£
CURRENT SENSE
VoeL Current limit threshold Eg%%%jﬁ?se scheme , Vegnp - ves Voltage, 67 80 93| mv
ITrRIP CS Sink Current Rps(on) sense scheme, PGOOD=Hi, Ty= 25°C 9 10 11| pA
TCitrIP Itrip temperature Coefficient Rps(on) sense scheme, On the basis of 25°C 4500 ppcn:1/°
VocLoff OCP Comparator Offset STDVSTEE?-SCS&\S/SGND-LL) voltage, Vvrecs.cs = 80mV, -10 0 10
Vi) ;L:]gznt limit threshold setting VyseiLr-Ves voltage 30 150 mv
Ve gfef;cgtcross detection Comparator Veanpy-ViLx Voltage, SKIPSEL=0V 5 1 5
POWERGOOD COMPARATOR
Power Bad Threshold 7% +10% +13%
VTHPG) PGOOD Threshold -
Hysteresis +5%
Ipc(MAX PGOOD Sink Current PGOOD=0.5V 25 5.0 mA
TreDEL PGOOD Delay Timer Delay for PGOOD in, ‘clks’=HK Clock 256 clks
UNDERVOLTAGE and OVERVOLTAGE PROTECTION
Vove VFBx OVP Trip Threshold OVP detect 110% 115% 120%
TovPDEL VFBx OVP Delay Time 2 ms

(2) Ensured by design. Not production tested.
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Electrical Characteristics (continued)
over operating free-air temperature range, Vy,y = 12 V, Vyrees = Vvseier = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. UVP detect 65% 70% 75%
Vuvp VFBx UVP Trip Threshold -
Hysteresis 6%
TuvPDEL VFBx UVP Delay Timer ‘clks’=HK Clock 128 clks
THERMAL SHUTDOWN
Shutdown temperature 145
Tsont Thermal shutdown threshold - °C
Hysteresis 10
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6.5 Typical Characteristics
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Typical Characteristics (continued)
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Figure 8. Current Sense Current vs Junction Temperature
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The TPS51120 is a highly sophisticated dual synchronous buck controller targeted for notebook I/O and system
bus supply solutions. It support both D-CAP mode and current mode. With D-CAP control mode implemented,
compensation network can be removed. Besides, the fast transient response also reduced the output
capacitance. In case very low output ripple voltage needed, current mode can be implemented with simplified
loop compensation and ceramic output capacitors.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 PWM Operation

The switching mode power supply (SMPS) block of TPS51120 supports an adaptive on time control pulse-width-
modulation (PWM). Switching frequency is selectable from four choices. The TPS51120 supports both true
current mode control and D-CAP mode control, selectable up to the requirements from system design. All N-
channel MOSFET totem-pole architecture is employed for external switches. The synchronous top (high-side)
MOSFET is turned on, or is “SET”, at the beginning of each cycle. This MOSFET is turned off, or is “RESET”
after a constant “on-time” period which is defined by the frequency of customer’s choice and input and output
voltage ratio. For different control mode, the condition for the top MOSFET turn on again is different.

If current mode is implemented, then the top MOSFET is turned on again if inductor current is reduced to meet
both conditions of:

1. the current level corresponds to the error amount of output voltage and,
2. below the overcurrent limit level

If D-CAP mode is implemented, then the top MOSFET is turned on again when both of below conditions is met:
1. the internal or external feedback voltage cross with the internal 1-V reference and,
2. the inductor current below the overcurrent limit level

Repeating operation in this manner, the controller regulates the output voltage. The synchronous bottom
(lowside) or the rectifying MOSFET is turned on each cycle in the negative phase to the top MOSFET to keep
the conduction loss minimum. The rectifying MOSFET turns off on the event reverse inductor current flow is
detected. This enables seamless transition to skip mode function so that high efficiency is kept over a broad
range of load current. At the beginning of the soft start period, the rectifying MOSFET remains in the off state
until the top MOSFET is turned on for at least once.

7.3.2 Adaptive On-Time Control

The TPS51120 employs adaptive on time control scheme and does not have a dedicated oscillator on board.
However, it works almost constant frequency over the entire input voltage range (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. The input voltage monitoring is accomplished through sensing the LL node,
not at VIN node, during the ‘ON’ state. This eliminates the influence of the voltage drop across the top MOSFET
to the frequency especially in heavy load condition. The VIN pin is not used for the on-time control but used only
for the 5 V and 3.3 V regulators’ supply. The switching frequency is selectable from four combinations shown in
the table below by setting TONSEL pin voltage. This allows the system design to pursue highest efficiency (5
V/180 kHz, 3.3 V/270 kHz), smallest components size (5 V/380 kHz, 3.3 V/580 kHz) or a good balance of both in
the medium. Also shown in the table are the typical on-time for each frequency and 5 V, 3.3 V outputs at
VIN=12. Output voltage feed-forward is enabled after the output voltage exceeds 1.0 V in order to achieve stable
start up.

Table 1. Frequency Selection and Typical On-Time

TONSEL CONNECTION CH1(LL1=VIN=12 V) CH2 (LL2=VIN=12 V)
FREQUENCY (kHz) ON-TIME @ 5 V (ns) FREQUENCY (kHz) ON-TIME @ 3.3 V (ns)
V5FILT 180 2340 270 1030
FLOAT (OPEN) 220 1950 330 850
VREF2 280 1490 430 650
GND 380 1111 580 480

7.3.3 Light Load Operation

TPS51120 automatically reduces switching frequency at light load condition to maintain high efficiency. This
reduction of frequency is achieved smoothly and without an increase in 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
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Feature Description (continued)

inductor current is detected. The on-time is kept the same as that in the heavy load condition. As the load current
further decreases, 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. This results in reducing the switching
frequency. In reverse, when the output current increases from light load to heavy load, switching frequency
increases to the constant predetermined frequency as the inductor current reaches to the continuous conduction.
The transition load point to the light load operation loyrey (i-e. the threshold between continuous and
discontinuous conduction mode) can be calculated as shown in Equation 1.

| _ 1 o (VIN - VOUT) X Vour
OUT(LL) ™ 2 x L x f VN

@

where f is the PWM switching frequency which is determined by TONSEL pin. Switching frequency versus output
current in the light load condition is a function of L, f, V|y and Vg, but it decreases almost proportional to the
output current from the Ioyr(y given in Equation 1.

7.3.4 Forced PWM Operation

Tying SKIPSEL to V5FILT or leaving it float force the part to operate in continuous conduction mode for entire
load range by disabling zero inductor current detection. Switching frequency is kept at the frequency selected by
TONSEL input. System designers may want to use this mode to avoid certain frequency in light load condition
with the cost of low efficiency. However, please be aware the output has a capability to both sink and source
current in this mode. If the output terminal is connected to a voltage source higher than the regulated voltage, the
converter sinks current from the output and boosts the charge into the input capacitor. This may cause
unexpected high voltage at VIN and may damage the part.

7.3.5 5-V, 100-mA, LDO and Switchover (VREG5)

A 5-V, 100-mA linear regulator is integrated in the TPS51120. This low drop-out (LDO) regulator services the
main analog supply rail for the IC and provides the current for the gate drivers. The regulator is a PMOS type
with transconductance control and the pole is determined by the value of output capacitance. Typically, the value
of this capacitor must be greater than 4.7 yF. A 10-yF ceramic capacitor is recommended for a typical design.
Current limit and thermal protection are included in the regulator. Additionally, if the VOL1 voltage exceeds 4.8 V,
then the regulator is switched off and the 5V rails are bootstrapped to the 5-V switcher output, improving the
efficiency of the converter. A glitch-free switchover is accomplished. The VREGS5 output voltage does not show a
short “glitch” down to 4.8 V when this bootstrapping action is taken. The switchover impedance from VOL1 to
VREGS is typically 1.3 Q. Standby current is designed for 30-yA operation allowing the user to leave the
regulator alive while maintaining maximum battery life. The EN5 pin is a high voltage input and can be tied to
VBAT or left open to enable the 5-V regulator. This 5-V regulator must be enabled prior to enable switching
regulators. Pull EN5 to ground to shut off the regulator. Disabling the regulator does not promise shutting down
the switchers once 5 volts is supplied via the bootstrap path. Because switchover occurs, the 5-V switcher MUST
be turned off with the LDO in order to shut down the device. EN5 does NOT function as a master disable.

7.3.6 3.3-V, 100-mA, LDO and Switchover (VREG3)

A 3.3-V, 100-mA linear regulator is integrated as a second regulator in the TPS51120. This LDO provides a
handy standby supply for 3.3 V ‘Always On’ voltages in the notebook system. The characteristics of this LDO are
identical to the 5V LDO except for the switchover voltage. Apply 10-uF ceramic capacitor from VREG3 to PGND
in adjacent to the device. If the VO2 voltage exceeds 3.1 V, then this regulator is switched off and the 3.3 V rail
is bootstrapped to the 3.3 V switcher. Note if the VO2 voltage is set higher by external feedback dividers, for
example 5 V, that high voltage is presented at VREGS3 after switchover. The EN3 pin is a low voltage input that
can be tied to V5FILT or left open to enable the 3.3-V regulator. This 3.3-V regulator can be turned on or kept
alive independent to the 5-V regulator.
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Feature Description (continued)
7.3.7 2-V, 50-uA Sink - Source Reference (VREF2)

This is a handy reference for generating auxiliary voltages. The tolerance is +2% over 50-pA load and 0°C to
85°C ambient temperature ranges. The four-state logic (SKIPSEL, TONSEL) takes advantage of this reference
for additional selection modes. This reference is enabled when both EN3 and EN5 become high, shuts down
after both switchers are turned off and VREG5 or VREG3 is shut down. Please refer to Table 3. If this output is
forcibly tied down to ground, both SMPS are turned off without latch. Bypass VREF2 pin to GND by a 1-nF
capacitor.

7.3.8 Low-Side Driver

The low-side gate driver, DRVL, is designed to drive high current low Rpgen N-channel MOSFET(s). The
maximum drive voltage is 5.5 V which is delivered from VREF5 pin. The instantaneous drive current is supplied
from the output capacitor at the VREF5 pin. The average drive current is equal to the FET's gate charge at
VGS=5 V times switching frequency. The VREG5 pin voltage may contain high frequency noise due to parasitic
inductance by wiring and pointing current flow into the gate capacitor. The drive capability is represented by its
internal resistance, which are 3.5 Q for VREG5 to DRVL and 1.5 Q for DRVL to PGND. Adaptive dead time
control generates delay times between top MOSFET off to bottom MOSFET on, and bottom MOSFET off to top
MOSFET on, preventing the totem-pole switches to shoot through. Top MOSFET off is detected as LL-node
voltage declining below 2 V. Bottom MOSFET off is detected as DRVL voltage become 1.1 V.

7.3.9 High-Side Driver

The high-side gate driver, DRVH, is designed to drive high current, low Rpgon N-channel MOSFET(s). When
configured as a LL-node referenced floating driver, connect 0.1-uF ceramic capacitor between corresponding
VBST pin and LL pin. A 5-V bias voltage is delivered from VREG5 supply. VBST is internally connected to
VREGS through a high voltage PN diode. This internal diode provides sufficient gate voltage for ordinary 4.5-V
drive power MOSFETs and helps reducing external component. However, in the case where the gate bias
voltage is critical for driving the top MOSFET, application designer may add an external schottky diode from
VREGS5 pin to VBST pin. Note schottky diodes have quite high reverse leakage current at high temperature. The
instantaneous drive current is supplied by the flying capacitor connected between VBST and LL pins. The
average drive current is equal to the gate charge at VGS=5 V times switching frequency. The drive capability is
represented by its internal resistance, which are 3.5-Q for VBST to DRVH and 1.5Q for DRVH to LL. The
maximum recommended voltage that can be applied between DRVH pin and LL pin is 5.5 V, DRVH pin to PGND
pin is 34 V.

7.3.10 Soft-Start

The TPS51120 has an internal 3-ms voltage-servo soft start for each channel. When the EN1 or EN2 pin
exceeds 0.9 V, an internal DAC begins ramping up the reference voltage. Smooth control of the output voltage
during start up is maintained. However, if a slower soft-start is required, an external capacitor may be tied from
the EN1 or EN2 pin to GND. In this case, the TPS51120 charges the external capacitor with the integrated 2-uA
current source. The lower of either the EN voltage slew rate or the internal soft start slew rate dominates the
start-up ramp. In addition, if tracking discharge is required, the EN pin can be used to control the output voltage
discharge smoothly. An approximate value for the soft start reference voltage as a function of EN voltage is
Vssrer = (Venx — 0.9)/1.5 < 1 V. At the beginning of soft-start period, the rectifying MOSFET maintains an off
state until the top MOSFET is turned on for at least once. This prevents high negative current to flow back from
the output capacitor in the event of output capacitor pre-charged condition.

7.3.11 Soft-Stop

Discharge mode or ‘Soft Stop’ is always on during Faults or Disable. In this mode, an event that would cause the
switcher to be turned off (EN1 or EN2 low, OVP, UVP, UVLO) causes the output to be discharged through 10-Q
transistor inside the VO terminal. The external rectifying MOSFET is not turned on for the soft off operation to
avoid a chance to cause negative voltage at the output. Soft-stop time constant is a function of the output
capacitance and the resistance of the discharge transistor. This discharge ensures that, upon restart, the
regulated voltage always starts from zero volts. In case a SMPS is restarted before discharge completion, soft-
stop is terminated and the switching resumes after the reference level comes back to the remaining output
voltage.
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Feature Description (continued)

7.3.12 Powergood

The TPS51120 has dedicated powergood output for each SMPS, PGOOD1 and PGOOD2. The PGOOD
monitors are open drain 5-mA pull down outputs. These outputs are low on startup and stay low until the switcher
feedback voltages are within a specified range for 256 clocks or approximately 1 ms. If the VFB pin falls outside
the 10% tolerance band, the respective PGOOD pin goes low within microseconds. Then if the VFB pin comes
back within 5% of target (1 V) for greater than 1 ms, then the respective PGOOD pin goes high again. The
PGOOD pin should be typically pulled up through a 100 kQ or greater value resistor to the V5FILT pin. Both
PGOOD pins go low during fault conditions (Thermal Shutdown, UVLO, UVP, OVP) and Disable.

7.3.13 Current Sensing and Overcurrent Protection

The SMPS has cycle-by-cycle over current limiting. The inductor current is monitored during the rectifying
MOSFET is on and the controller does not allow the next ON cycle while the current level is above the trip
threshold. In order to provide good accuracy and cost effective solution, TPS51120 supports both of external
resistor sensing and MOSFET Rpgn) Sensing which are selected by CS terminal connection. 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 bottom MOSFET source terminal node. The inductor
current is monitored by the voltage between PGND pin and CS pin. In this scheme, the trip level is fixed value of
80 mV. For Rpg(n) sensing scheme, CS terminal is connected to VSFILT through a trip voltage setting resistor
Rrip- In this scheme, CS terminal sinks 10-pA l1gip current and the trip level is set to the voltage across the
Rtrip. The trip level should be in the range of 30 mV to 150 mV. This allows designer to select a variety of
MOSFETSs for the bottom arm. 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. Igp has 4500ppm/°C temperature
slope, with respect to its 25°C value, to compensate the temperature dependency of the Rpgen). In either
scheme, PGND is used as the positive current sensing node so that PGND pin should be connected to the
proper current sensing device, i.e. the sense resistor or the source terminal of the bottom MOSFET. In an
overcurrent condition, since the current to the output capacitor is limited while the load drags more, the output
voltage tends to go down. It ends up with passing into the undervoltage protection and latches off as both DRVH
and DRVL are at low level.

Table 2. Current Sensing Connection

Temperature
e ToEElnsi Coefficient (ppm/°C)
RDS(on) sensing V5FILT ITRIP X RTRIP / RDS(on) 4500
Rsense sensing Bottom FET source node (=Rsgnsg (-) node) 80 MV / Rsense none

7.3.14 Overvoltage Protection

For over voltage protection (OVP), the TPS51120 monitors VFB voltage. When the VFB voltage is higher than
115% of the target, the OVP comparator output goes high and the circuit latches both switchers. The offending
channel is latched DRVH low and DRVL high, the other channel is simply latched as DRVH and DRVL at low. Be
aware negative voltage may appear at the output terminal of the offending channel because of LC resonant
configured by the power inductor and the output capacitor. The system designer is responsible to this negative
voltage if any protection is need. The OVP propagation delay is less than 3 ps.

7.3.15 Undervoltage Protection

For under voltage protection (UVP), the TPS51120 monitors VFB voltage. When the VFB voltage is lower than
70% of the target and the UVP comparator output goes high, the internal UVP delay counter begins count. After
the 128 clocks, approximately 0.5 ms, TPS51120 latches off both channels as DRVH and DRVL at low. This
function is enabled after the softstart reference has exceeded the internal 1-V reference operation to ensure
startup. Please refer to Table 4.

20 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated
Product Folder Links: TPS51120


http://www.ti.com/product/tps51120?qgpn=tps51120
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS670C&partnum=TPS51120
http://www.ti.com/product/tps51120?qgpn=tps51120

13 TEXAS
INSTRUMENTS
TPS51120

www.ti.com SLUS670C —JULY 2005—REVISED JANUARY 2015

Feature Description (continued)
7.3.16 5-V Supply and UVLO Protection

TPS51120 has two 5-V terminals. VREGS is the output of 5-V linear regulator. This terminal also serves as input
pin for the gate driver circuits. Internal switchover FET is connected between this pin and VO1. V5FILT is the V¢
supply input for the control circuitry on the chip. Connect with R-C low pass filter from VREGS to this V5FILT to
eliminate spiky high frequency noise. State definition pins such as SKIPSEL, TONSEL, VFB (fixed output case)
and COMP (for D-CAP mode) or CS resistors that need stable 5V should refer to V5FILT. The part has 5-V
supply under voltage lock out protection (UVLO) to prevent unpredictable operation under insufficient power. The
TPS51120 monitors VREG5 voltage. When the VREGS voltage is lower than UVLO threshold, the SMPS'’s are
shut off. The output discharge or ‘soft stop’ feature is enabled for the channel one and channel two. However,
because the discharge circuit derives its power from the 5-V line, power must be presented long enough to
ensure that discharge is complete during shutdown. Also, during power up, the TPS51120 attempts to discharge
the output capacitor until the UVLO (on) threshold is reached. A 5-V UVLO is non-latch protection and is
automatically resumed up on 5-V recovery.

7.3.17 VIN Line Sag Protection (Dynamic UVP)

Since the TPS51120 serves primarily as system power (i.e. used for generating 3.3 V and 5 V) it is very
important that the system not enter UVP if the VIN supply has dropped below 6V. UVP would be caused by the
5-V output dropping due to input line sag. When the VIN pin drops below the 5-V regulator voltage, the 5-V
regulator ‘tracks’ VIN (LDO operation). The UVP threshold is adjusted downward when the VREGS is below
4.8 V. This ensures that 5-V supply UVLO trips before the latching UVP condition occurs and the system power
can recover normally when VIN recovers. This feature is very useful for transient VIN events such as adapter
insertion

7.3.18 Thermal Shutdown

The TPS51120 employs thermal shutdown for the switchers at 145°C. This is a non-latch protection with
hysteresis of 10°C. Both switching regulators and both internal regulators stop. VREG5 and VREG3 LDOs may
not turn on if the part is preheated above the recovery temperature before starting up. Reduce the temperature to
or below T, = 85°C to resume operation safely.

Table 3. Enable Logic States (Voutl=5V, Vout2=3.3 V)

EN5® EN3 EN1 EN2 VREG5 VREG3 VREF2® SMPS1 SMPS2
Low Low High or Low | High or Low Off Off Off Off Off
Low-to-High Low High or Low | High or Low LDO 5V Off Off Off Off
Low Low-to-High | High or Low | High or Low Off LDO 3.3V Off Off Off
Low-to-High | Low-to-High Low Low LDO 5V LDO 3.3V On Off Off
High High Low Low-to-High LDO 5V SW 3.3V On Off On
High High Low-to-High Low SW5V LDO 3.3V On On Off
High High High High SW5V SW 3.3V On On On
High-to-Low | High-to-Low High High SW5V SW 3.3V On On On
High High High-to-Low | High-to-Low LDO 5V LDO 3.3V On Off Off
High-to-Low High High-to-Low High Off LDO 3.3V Off Off Off
High High-to-Low High High-to-Low SW5V Off On On Off
High High-to-Low Low High-to-Low LDO 5V Off Off Off Off
High-to-Low High Low Low Off LDO 3.3V Off Off Off
High High-to-Low Low Low LDO 5V Off Off Off Off

(1) Because of Switch-over, the 5-V switcher MUST be turned off with the LDO in order to shut down the device. EN5 does NOT function as
a master DISABLE.

(2) Forcing VREF2 output to ground disables SMPS1 and SMPS2 without latch.
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Feature Description (continued)
Table 4. Protection States (Voutl =5V, Vout2 = 3.3 V)
DRVH1 DRVL1 DRVH2 DRVL2 PGOOD1 VREG5 VREG3 | VREF2 FOR
PGOOD2 RESTART
UVPch1l Low Low Low Low Low/Low LDO5V |LDO 33V On Toggle EN1
UVPch2 Low Low Low Low Low/Low LDO5V |LDO 33V On Toggle EN2
OVPch1l Low High Low Low Low/Low LDO5V |LDO 33V On Toggle EN1
OVPch1l Low Low Low High Low/Low LDO5V |LDO 33V On Toggle EN2
Thermal SHDN Low Low Low Low Low/Low Off Off Off Lower Package
Temperature
VIN <5.0 Normal Normal Normal Normal Low/Normal SW5V SW3.3V On Raise VIN
VREG Low Low Low Low Low/Low LDO but | LDO 3.3V On Raise VIN,
UVLO dropping Reduce 5V
current
OCPchl Limited Estended Normal Normal Low/Normal LDO5V | SW3.3V On Reduce CH1
Duty Duty Current
OCPch2 Normal Normal Limited Estended Normal/Low SW5V |LDO33V On Reduce CH2
Duty Duty Current
EN1 Low Low Low Normal Normal Low/Normal LDO5V | SW3.3V On Float or tie to
VREG5
EN2 Low Normal Normal Low Low Normal/Low SW5V |LDO33V On Float or tie to
VREG5
EN1, EN2, EN3 Low Low Low Low Low/Low LDO 5V Off Off Float EN3, then
Low float EN1,2 or
tie to VREG5
ENS5, EN1 Low Low Low Low Low Low/Low Off LDO 3.3V Off Float EN5 or tie
to VBAT, tie
EN1 to VREG5

7.4 Device Functional Modes

7.4.1 Current Mode

The current mode scheme is a sequence of feedback control described as follows. The output voltage is
monitored at the middle point of voltage divider resistors and fed back to a transconductance amplifier. The
amplifier outputs target current level proportional to error amount between the feedback voltage and the internal
1 V reference voltage. The inductor current level is monitored during the off-cycle, when rectifying MOSFET is
turned on. The PWM comparator compares the inductor current signal with this target current level that is
indicated at the COMP pin voltage. When both signals are equal (at the valley of the current sense signal), the
comparator provides the “SET” signal to the gate driver latch. The current mode option has relatively higher
flexibility by the external compensation network provided to the COMP pin. And it is suitable for lowest ripple
design with output capacitor(s) having ultra-low ESR. When sensing the inductor current, accuracy and cost
always trades off. In order to give the circuit designer a choice between these two, TPS51120 supports both of
external resistor sensing and MOSFET Rpg(on) sensing. Please contact factory for current mode EVM with Rgense
capability.
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Device Functional Modes (continued)
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Figure 28. Current Mode, External 1.8-V / 6-A, 1.5-V / 6-A, Rggnse Sensing

7.4.1.1 Current Mode Operation

A buck converter using TPS51120 current mode operation can be partitioned into three portions, a voltage
divider, an error amplifier and a switching modulator. By linearizing the s witching 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 29.

Voltage Divider

R1
VFB GCm=280uS Vin
R Filter DRVH
+ Control 40_{
Ref — logic Lx
1.0v
7 &
, DRVL
I Driver 40—{ ESR
COMP T . -
Re Ro=75M Co
Co2—— Rs
ce PGND
/77 —/77r /77
Errar Amplifier Switching Modulator
Figure 29. Linearizing the Modulator
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Device Functional Modes (continued)

Here, the inductor is located inside the local feedback loop and its 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 2.

H(s) = Hy(s) x Hy(s) X Hy(s) @

Assuming RL>>ESR, Ro>>R and C:>>Cc2, each transfer function of three block is shown in Equation 3
through Equation 5.

Hy(s) = _ R
! (R, + Ry) ®3)
Rq (1 C R
Hy(s) = — Gm X O( el C)

(1+sxCeXxRg)(1L+sxCe, XRg)
(1 +sx Cqy X ESR) RL
(1+sxCoxRL Rs

“

Hs(s) =
(5)
There are three poles and two zeros in H(s). Each pole and zero is given by Equation 6 through Equation 10.

“P1L T (Ce >1< Ro) ©
2 g .
“Ps = (cczi R ©
" oo xR 0
P22 = (Co xl ESR) (10)

Usually, each frequency of those poles and zeros is lower than the 0 dB frequency, f,. However, the f; should be
kept under 1/3 of the switching frequency to avoid effect of switching circuit delay. The f; is given by next
equation Equation 11.

R R
-1 R2 «Gm,“c_ 1., 10 Gm C

fo= = =
O 21" RI+R2" Cy, Rg 2t Vgyr Co Rg

(11)

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.

L = 1 y (VIN(maX) - VOUT) X VOUT B 2 y (VIN(max) — VOUT) X VOUT
'inDripple) * | ViN(ma) lout(maxy * f ViN(max) (12)

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 in Equation 13.
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Device Functional Modes (continued)
| _ Ve , 1 (VIN(max) - VOUT) X Vour
IND(peak) —
(peak) RDS(on) L xf VIN(max) (13)

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(on) 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 Rps(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(n)- However, the current sensing resistance R itself affects the efficiency.

3. Choose output capacitor(s). If organic semiconductor capacitors (OS-CON) or specialty polymer capacitors
(SP-CAP), are used, the ESR to achieve required ripple value at a stable state or transient load condition
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 14. Note that higher R¢ shows faster transient response in
cost of unstableness. If the transient response is not enough even with high Rc value, try increasing the
output capacitance. Recommended f, is f/4.

Co
RCSZWXfOXVOUTXﬁXRS 4

5. Calculate Cc,. The purpose of this capacitance is to cancel the zero caused by ESR of the output capacitor.
If ceramic capacitor are used, there is no need for Ccs.

1 1
W22 = 7T el P T~ o)
(Co x ESR) (Cer X Re) (15)
Co X ESR
Cez = R
¢ (16)

6. Calculate Cc. Purpose of Cc is to cut DC component to obtain high DC feedback gain. However, as it
causes phase delay, another zero to cancel this effect at f, frequency is need. This zero, w,,, is determined
by Cc and Rc. Recommended w,; is 10 times lower to the f, frequency.

flz—l _fo
217 25 X Co X Rg 10 an

7. In case of adjustable mode, determine the value of R1 and R2. Recommended R2 value is from 10 kQ to
20 kQ. Determine R1 using Equation 18.

Ry = (VOUT - 1'0) X R; (18)

7.4.2 D-Cap Mode

The D-CAP mode operation is enabled by tying the COMP pin to V5FILT. In this mode, the PWM comparator
monitors the feedback voltage directly and compares the voltage with the internal 1-V reference. When both
signals are equal at the valley of the voltage sense signal, the comparator provides the “SET” signal to the top
MOSFET gate driver. Because the compensation network is implemented on the part and the output waveform
itself is used as the error signal, external circuit design is largely simplified. Another advantage of the D-CAP
mode is its inherent fast transient response. A trade-off is a sufficient amount of ESR required in the output
capacitor. SPCAP or POSCAP is recommended. The inductor current information is still used in the D-CAP
mode for over current protection and light load operation. Do NOT neglect current sensing design in this mode.
To summarize, the D-CAP mode is suitable for the lowest external component count with the fastest transient
response, but with relatively large ripple voltage. It is easy to design the loop once appropriate output capacitor
and inductor current ripple is selected.
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Device Functional Modes (continued)
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Figure 30. D-Cap Mode, Fixed 5-V / 6-A, 3.3-V/6-A, Rpgon) Sensing

7.4.2.1 D-Cap Mode Operation
A buck converter system using D-CAP mode can be simplified as shown in Figure 31.

Voltage Divider

R1
VFB Vin
R2 DRVH
Control 40_{
logic Lx
/% 1.0v LYY 4
& —
! DRVL b lo
Driver ——— )—{ ICJ ESR J
Ve —e RL
1 Co
Switching Modulator

Figure 31. Linearizing the Modulator

The VO voltage is compare with internal reference voltage after divider resistors (Internal resistor mode. For
adjustable mode, the comparison is directly at VFB). The PWM comparator determines the timing to turn on 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 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 the loop stability, the 0-dB frequency, f,, defined below need to be lower than 1/3 of the switching frequency.

— 1 fSW
fo = =S¥
2% X ESR x Cg (19)
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Device Functional Modes (continued)

As fy is determined solely by the output capacitor’s characteristics, loop stability of D-CAP mode is determined by
the capacitor’'s chemistry. For example, specialty polymer capacitors (SP-CAP) have Co in the order of several
100 yF and ESR in range of 10 mQ. These produce an fj in the order of 100 kHz or less and the loop is stable.
However, ceramic capacitors have f; at 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, due to not employing an error amplifier in the loop, sufficient
amount of feedback signal needs to be provided by external circuit to reduce jitter level. The required signal level
is approximately 15 mV at comparing point, either the internal or external VFB voltages. The output capacitor’s
ESR should meet this requirement.

The external components selection is much simple in D-CAP mode.
1. Choose inductor based on frequency and acceptable ripple current.

2. Choose output capacitor(s).Organic semiconductor capacitor(s) or specialty polymer capacitor(s) are
recommended. Determine ESR to meet required ripple voltage above. A quick approximation is shown in
Equation 20.

Vo X 0.015
ESR = -QUT— 7%
IRiPPLE (20)

7.5 Programming

The TPS51120 has varieties of configurations choice. It is important to tailor appropriately with regard to the
system design requirements. Table below shows programming table for the control scheme selection, frequency
selection, output voltage selection and skip selection. Faults-off disables UVP, OVP and UVLO. This is mainly
intended for debugging purpose. Enable states and possible connections for the LDO’s EN3, EN5 pins and
SMPS’s EN1, EN2 pins are also shown.

Table 5. Function Programming Table

PIN GND VREF2 FLOAT V5FILT
COMP N/A N/A Current Mode D-CAP Mode
(apply R-C network)
TONSEL (CH1/CH2) [kHz] 380 /580 280/ 430 220/ 330 180/ 270

VFB1 Adjustable output (connect to the resistor divider) 5V fixed output
VFB2 Adjustable output (connect to the resistor divider) 3.3 V fixed output
SKIPSEL AUTO-SKIP AUTO-SKIP (FAULTS OFF) PWM PWM
EN1, EN2 Switcher Off Not used Switcher on Switcher on
EN3, EN5 LDO Off Not used LDO on LDO on (EN3 only)
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8 Application and Implementation

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

8.1 Application Information

The TPS51120 is typically used as a dual-synchronous buck controller, which convert an input voltage ranging
from 4.5V to 28 V, to output voltage ranging 1V to 5.5 V, targeted for notebook 1/0O and low voltage system bus

supply s

olutions.

8.2 Typical Application

= V5FILT
c31
1 nF
It
R21 < GND S R11
100 kQ <& < 100 kQ
T s m— =~ P_GooD1
EN_LDO3 <—— A VBAT
VBAT
A
EN_2 TPS51120RHB EN_1 1 c1o
c1o (QFN-32) T 200F
20pF T a3 c1 a1
2_;2"‘“ :‘el IRF7821:: ocj“uF ==0.1 v ;:IRF7821 4-I7_1l-|H
Vo2 [ MM ' ’ MM EI Vo1
3.3VI6A 5V/I6A
c2B C2A Q4 PowerPAD Q2 C1A Cc1B
150 pF 150 pF : IRF7832 ,': IRF7832] 150 pF [ 150 pF
= = ~— - = =
EI VO1_GND
VO2_GND E péﬁn
P§N7D2
3.6 kQ I~ VBAT
4 4 _L C30
NA
o e [en]
Figure 32. D-Cap Mode, Fixed 5-V / 6-A, 3.3-V/6-A, Rpg(on) Sensing
8.2.1 Design Requirements
Table 6. Design Parameters
DESIGN PARAMETER VALUE
Input Voltage Range 45Vto 28V
Channel 1 Output Voltage 5V
Channel 1 Output Current 6 A
Channel 2 Output Voltage 33V
Channel 2 Output Current 6 A
28 Submit Documentation Feedback Copyright © 2005-2015, Texas Instruments Incorporated
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8.2.2 Detailed Design Procedure

1.

2.
3.

Determine output voltage. Since 5 V and 3.3 V is the default fixed output voltage, tie VFB1 and VFB2 to
V5FILT to choose the internal feedback resistor divider.

Choose control mode. Tie COMP1 and COMP2 to V5FILT to choose D-CAP control mode.

Choose switching frequency. Tie TONSEL to VREF2, choose 280kHz/430kHz for channell and channel2
respectively.

Choose the inductor. To make the inductor ripple current at ¥2 of maximum output current, calculate
inductance according to Equation 12 as below:

2 (28V -5V)x5V

1= = 4.9uH
BA x 280kHz 28V 1)
”_ 2 L (28V-3.3V)x33V _,,
B6A x 430kHz 28V 22)

4.7-uH and 2.2-uH inductor is chosen for channell and channel2 respectively. Check inductor specification,
make sure the saturation current is higher than peak inductor current in this application with enough room.

Choose the output capacitor. To get an acceptable jitter level, approximately 15mV ripple at comparing
point is needed. Refer to Equation 20. This require the minimum ESR of output capacitors for channell and
channel?2 is:
ESR1 = (Voutl x 0.015) + Iripplel = (5 V x 0.015) + 3 A = 25 mQ (23)
ESR2 = (Vout2 x 0.015) + Iripple2 = (3.3 V x 0.015) + 3 A =16.5 mQ (24)

Choose 2pcs 150-uF/50-mQ SP-CAP in parallel, the equivalent capacitance and ESR is 300 uF and 25 mQ,
meet above requirement.

0dB frequency f0 calculated as below:

0= L =21kHz
271 x25mQ x 300uF (25)

FO is much less than 1/3 of the switching frequency, loop should be stable.

8.2.3 Application Curves

S L Vouroomvidy) S L Vourz(omvidy)
- o (5 Aliv) | I (5 Aldiv)

SRR DA AR EAAARDAANAR NN

TARRAYYY Wwwvwwwm
W_ : : : R oo : : b ]

s B Ay . AU S s & A
t—Time - 20 ps/div t-Time - 20 ps/div
Figure 33. 5-V Load Transient Response Figure 34. 3.3-V Load Transient Response
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Figure 35. 5-V

Startup Waveforms

t—Time — 1 ms/div

Figure 36. 3.3-V Startup Waveforms
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Figure 37. 5-V Switchover Waveforms
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Figure 38. 3.3-V Switchover Waveforms
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Figure 39. 5-V Soft-Stop Waveforms
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Figure 40. 3.3-V Soft-Stop Waveforms
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9 Power Supply Recommendations

The TPS51120 is designed to operate from input supply voltage in the range of 4.5 V to 28 V. Make sure power
supply voltage in this range.

10 Layout

10.1 Layout Guidelines

Certain points must be considered before starting a layout work using the TPS51120.

e Connect RC low-pass filter from VREG5 to V5FILT, 1 yF and 5.1 Q are recommended. Place the filter
capacitor close to the device, within 12 mm (0.5 inches) if possible.

 VREGS5 and VREGS3 require at least 4.7 uF, VREF2 requires a 1-nF ceramic bypass capacitor which should
be placed close to the device and traces should be no longer than 10 mm.

» Connect the overcurrent setting resistors from CSx to V5FILT (NOT VREG5) and close to the device, right
next to the device if possible. The trace from CSx to V5FILT should avoid coupling to high-voltage switching
node.

* In the case of using adjustable output voltage with an external resistor divider, the discharge path (VOX)
should have a dedicated trace to the output capacitor; separate from the output voltage sensing trace, and
use 1.5 mm or wider trace with no loops. Make the feedback current setting resistor (the resistor between
VFBx to GND) is tied close to the device’s GND. Place on the component side and avoid vias between this
resistor and the device.

» Connections from the drivers to the respective gate of the high-side or the low-side MOSFET should be as
short as possible to reduce stray inductance. Use 0.65 mm (25 mils) or wider trace.

» All sensitive analog traces and components such as VOx, COMPx, VFBx, VREF2, GND, ENx, PGOODX,
CSx, V5FILT, TONSEL and SKIPSEL should be placed away from high-voltage switching nodes such as LLx,
DRVLx or DRVHx nodes to avoid coupling. Use internal layer(s) as ground plane(s) and shield feedback trace
from power traces and components.

e Gather ground terminal of VIN capacitor(s), Vout capacitor(s) and source of low-side MOSFETSs as close as
possible. GND (signal ground) and PGNDx (power ground) should be connected strongly together near the
device. PCB trace defined as LLx node, which connects to source of high-side MOSFET, drain of low-side
MOSFET and high-voltage side of the inductor, should be as short and wide as possible.

* In order to effectively remove heat from the package, prepare thermal land and solder to the package’s
thermal pad. Three by three or more vias with a 0.33-mm (13mils) diameter connected from the thermal land
to the internal ground plane should be used to help dissipation. Do NOT connect PGNDXx to this thermal land
underneath the package.
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10.2 Layout Example
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Figure 41. Layout Example
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11 Device and Documentation Support

11.1 Trademarks

D-CAP is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

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

11.3 Glossary

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

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS51120RHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
51120
TPS51120RHBR.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
51120
TPS51120RHBR.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
51120
TPS51120RHBRG4 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
51120
TPS51120RHBRG4.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
51120
TPS51120RHBRG4.B Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
51120
TPS51120RHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
51120
TPS51120RHBT.A Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
51120
TPS51120RHBT.B Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
51120
TPS51120RHBTG4 Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
51120

@ 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 TI RoHS Statement for additional information and value definition.

® | ead 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.
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® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO |4 P1—»]
DO OO0 OO T
o| |e o Bo W
Rl |
L & 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
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS51120RHBR VQFN RHB 32 3000 330.0 12.4 53 53 1.5 8.0 12.0 Q2
TPS51120RHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
TPS51120RHBRG4 VQFN RHB 32 3000 330.0 12.4 5.3 53 1.1 8.0 12.0 Q2
TPS51120RHBT VQFN RHB 32 250 180.0 12.4 53 53 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS51120RHBR VQFN RHB 32 3000 353.0 353.0 32.0
TPS51120RHBR VQFN RHB 32 3000 346.0 346.0 33.0
TPS51120RHBRG4 VQFN RHB 32 3000 346.0 346.0 33.0
TPS51120RHBT VQFN RHB 32 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch 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.
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PACKAGE OUTLINE
RHBO0O32E VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
214 Fe ]
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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4223442/B 08/2019

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

75% 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.

INSTRUMENTS
www.ti.com




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
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