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TPS53317 6-A Output, D-CAP+ Mode, Synchronous Step-Down,
Integrated-FET Converter for DDR Memory Termination
Features 3 Description

Tl proprietary Integrated MOSFET and Packaging

Technology

Supports DDR Memory Termination with up to 6-A

Continuous Output Source or Sink Current
External Tracking

Minimum External Components Count

1-V to 6-V Conversion Voltage

D-CAP+™ Mode Architecture

Supports All MLCC Output Capacitors and
SP/POSCAP

Selectable SKIP Mode or Forced CCM
Optimized Efficiency at Light and Heavy Loads

Selectable 600-kHz or 1-MHz Switching
Frequency

Selectable Overcurrent Limit (OCL)

Overvoltage, Over-Temperature and Hiccup
Undervoltage Protection

Adjustable Output Voltage from 0.6 Vio 2 V
3.5 mm x 4 mm, 20-Pin VQFN Package

Applications

Memory Termination Regulator for DDR, DDR2,
DDR3, DDR3L, and DDR4

VTT Termination

Low-Voltage Applications for 1-V to 6-V Input
Rails

The TPS53317 device is a FET-integrated
synchronous buck regulator designed mainly for DDR
termination. It can provide a regulated output at 2
Vppq With both sink and source capability. The
TPS53317 device employs D-CAP+™ mode
operation that provides ease of use, low external
component count and fast transient response. The
device can also be used for other point-of-load (POL)
regulation applications requiring up to 6 A. In
addition, the device supports full, 6-A, output sinking
current capability with tight voltage regulation.

The device features two switching frequency settings
(600 kHz and 1 MHz), integrated droop support,
external tracking capability, pre-bias startup, output
soft discharge, integrated bootstrap switch, power
good function, V5IN pin UVLO protection, and
supports both ceramic and SP/POSCAP capacitors. It
supports input voltages up to 6.0 V, and output
voltages adjustable from 0.6 Vto 2.0 V.

The TPS53317 device is available in the 3.5 mm x 4
mm, 20-pin, VQFN package (Green RoHs compliant
and Pb free) with TI proprietary Integrated MOSFET
and packaging technology and is specified from
—40°C to 85°C.

Device Information‘
PACKAGE BODY SIZE (NOM)
VQFN (20) 3.50 mm x 4.00 mm

PART NUMBER
TPS53317

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Added Pin Configuration and Functions section, ESD Rating table, Feature Description section, Device Functional
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Changes from Original (JUNE 2011) to Revision A Page

» Changed from "SKIP and Forced CCM" to "SKIP or Forced CCM" in FEATURES.........cocoiiiiiiieiiie et 1

+ Changed from "600-kHz and 1-MHz Switching" to "600-kHz or 1-MHz Switching" in FEATURES .........cccociiiiiiiiiiieeee 1

* Added clarity to Simplified APPIICALION ArAWING ....c...tiiteiiieitieite ettt sh e b e e b e e sb e e e r e e b e seneeneenneeneee 1

+ Changed from "fgy = 600 kHz" to " fgyy = 1 MHZ" for tongmin) iIN EC tabI .eceevi, 7
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5 Pin Configuration and Functions

RGB Package

20-Pin VFQN
Top View
8 w
=z (@] [a)] [
5 0 9 =z o
> o = W m
20 19 18 17 16
PGND| D1 15 ] sw
PGND | D2 14 ]sw
PGND | D3 13 ]sw
VIN[ D4 12 ]sw
Exposed
VIN[ D5 Thermal Pad {14 Csw
6 7 8 9 10
o Y % pd 5
Z o
@
cs3k ¢
Pin Functions
PIN
oM DESCRIPTION
NAME NO.
BST 16 | Power supply for internal high-side gate driver. Connect a 0.1-uF bootstrap capacitor between
this pin and the SW pin. A series boot resistor is optional.
COMP 8 (0] Connect an R-C-C network between this pin and VREF for loop compensation.
EN 17 | Enable pin (3.3-V logic compatible).
GND 6 - Analog ground.
MODE 18 | Allows selection of different operation modes. (See Table 1)
1
PGND 2 G Power ground.
PGOOD 19 (0] Open drain power good output. Connect pullup resistor.
REFIN 9 | External tracking reference input. Apply voltage between 0.6 V to 2.0 V. For non-tracking mode,
connect REFIN to VREF via resistor divider.
11
12
SW 13 I/0 Switching node output.
14
15
V5IN 20 | 5-V power supply for analog circuits and gate drive.
4
VIN 5 | Power supply input pin.
VOUT 10 | Output voltage monitor input pin.
VREF 7 (0] 2.0-V reference output. Connect a 0.22-uF ceramic capacitor to GND.

(1) I'=Input, O = Output, G = Ground
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
BST (with respect to SW), V5IN, VIN -0.3 7
BST -0.3 14
Input voltage range EN -0.3 7 \
MODE, REFIN -0.3 3.6
VOUT -1 3.6
SW -2 7
SW (transient 20 ns and E = 5 pJ) -3
Output voltage range COMP, VREF -0.3 3.6 \
PGOOD -0.3 7
PGND -0.3 0.3
Operating junction temperature, T, —40 150 ‘C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 300 ‘C
Storage temperature, Tgg -55 150 ‘C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (") +2000
Charged-device model (CDM), per JEDEC specification JESD22-C101 () +500

\

V(Esp) Electrostatic discharge

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions. Pins listed as £2000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions. Pins listed as £500 V may actually have higher performance.

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

MIN NOM MAX UNIT
BST (with respect to SW), EN, VIN -0.1 6.5
V5IN 4.5 6.5
Input voltage range BST —-0.1 13.5 \
SW -1.0 6.5
VOUT, MODE, REFIN -0.1 35
COMP -0.1 35
VREF 2
Output voltage range \
PGOOD -0.1 6.5
PGND -0.1 0.1
Operating temperature range, Ta -40 85 °C
Copyright © 2011-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.4 Thermal Information

TPS53317
THERMAL METRIC(" RGB (VQFN) UNIT
20 PINS
Reua Junction-to-ambient thermal resistance 35.5 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 39.6 °C/W
Reus Junction-to-board thermal resistance 12.4 °C/W
Wyt Junction-to-top characterization parameter 0.5 °C/W
()T Junction-to-board characterization parameter 12.5 °C/W
ReJcibot) Junction-to-case (bottom) thermal resistance 3.7 °C/W

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

report, SPRA953.

6.5 Electrical Characteristics

over recommended free-air temperature range, Vysn = 5.0 V, PGND = GND (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT

SUPPLY: VOLTAGE, CURRENTS AND 5 V UVLO
lvinsD VIN shutdown current EN ='LO’ 0.02 5 uA
Vysin V5IN supply voltage V5IN voltage range 4.5 5.0 6.5 \
lysin V5IN supply current E'\é(J:oTHzVSIN supply current, fsy 1.1 2 mA
lvsinsD V5IN shutdown current EN = ‘LO’, V5IN shutdown current 0.2 7.0 uA
VvsuvLo V5IN UVLO Ramp up; EN = "HI' 4.20 4.37 4.50 \Y
VvsuvHys V5IN UVLO hysteresis Falling hysteresis 440 mV
VVREFUVLO REF UvLO™ Rising edge of VREF, EN = 'HI' 1.8 \Y
VVREFUVHYS REF UVLO hysteresis (" 100 mvV
Veossirir Reset bolow the s trothold 9 23 31] v
VOLTAGE FEEDBACK LOOP: VREF, VOUT, AND VOLTAGE GM AMPLIFIER

Vgerin = 1V, No droop 1% 0% 1%
VoutTtoL Output voltage accuracy

Vgerin = 0.6 V, No droop 1% 0% 1%
Voree VREF lvrer = 0 HA 1.98 2.00 2.02 v

lvrer = 50 pA 1.975 2.000 2.025
IREFSNK VREF sink current Vyger = 2.05 V 2.5 mA
am Transconductance 1.00 mS
Vewm Common mode input voltage range(" 2 \%
Vom Differential mode input voltage 80 mV
lCOMPSNK COMP pin maximum sinking current |\1/1(iIOMP =2V, (Vrerin - Vour) = 80 80 PA
lcompsre COMP pin maximum sourcing current Veomp =2V -80 pA
VoFFseT Input offset voltage Ta =25°C 0 mV
RbscH Output voltage discharge resistance 42 Q
f_3dovL -3dB Frequency " 45 6.0 7.5 MHz
CURRENT SENSE: CURRENT SENSE AMPLIFIER, OVERCURRENT AND ZERO CROSSING

Gain from the current of the low-
AcsiNT Internal current sense gain side FET to PWM comparator 43 53 57 mV/A

when PWM = "OFF"
locL Positive overcurrent limit (valley) 7.6 A
locL(neg) Negative overcurrent limit (valley) -9.3 A
Vzxorr Zero crossing comp internal offset 0 mV

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

over recommended free-air temperature range, Vysy = 5.0 V, PGND = GND (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
PROTECTION: OVP, UVP, PGOOD, and THERMAL SHUTDOWN
Y PGOOD deassert to lower Measured at the VOUT pin wrt/ 84
PGDLL (PGOOD — Low) VREEIN °
VpGHYSHL PGOOD high hysteresis 8%
Y PGOOD de-assert to higher Measured at the VOUT pin wrt/ 116%
PGDLH (PGOOD — Low) VREEIN °
VPGHVSHH PGOOD hlgh hysteresis -8%
Measured at the VIN pin with a 2-
VINMINPG Minimum VIN voltage for valid PGOOD mA sink current on PGOOD pin. 0.9 1.3 1.5 \
V5IN is grounded here.®
Vour OVP threshold Measured at the VOUT pin wrt/ 117% 120% 123%
REFIN
Measured at the VOUT pin wrt/
Vuve UVP threshold Vgerin, device latches OFF, begins 65% 68% 71%
soft-stop
THsp Thermal shutdown(") ls‘t%tgh off controller, attempt soft- 145 °C
(1) Controller re-starts after o
THsD(hys) Thermal Shutdown hysteresis temperature has dropped 10 C
DRIVERS: BOOT STRAP SWITCH
RbsonssT Internal BST switch on-resistance Igst = 10 MA, Tp = 25°C 10 Q
IgsTLK Internal BST switch leakage current Vst =14V, Vg =7V 1 HA
TIMERS: ON-TIME, MINIMUM OFF-TIME, SS, AND I/0 TIMINGS
\'\/A\ﬁ,\,;sv, Vyout = 1.05 V, fgw =1 210
t PWM one-shot (" ns
ONESHOTC Vyin=5V, Vyour = 1.05 V, fgw = 310
600 kHz
Vun=5V, Vyour=1.05V, fgyy = 1
tMIN(ofr) Minimum OFF time MHz, DRVL on, 270 ns
SW = PGND, Vyout < VReFIN
) . From Vgyr ramp starting to Voyr
tinT(ss) Soft-start time —95%, default setting 1.6 ms
. Fi V =2Vto Voyri d
tiNT(sSDLY) Internal soft-start delay time tor?;nmpVSSF 0 Vour Is ready 260 us
. At external tracking, the time from
tpGDDLY PGOOD startup delay time Vour is ready to ramp up 8 ms
tPGDPDLYH PGOOD high propagation delay time 50 mV over drive, rising edge 0.8 1 1.2 ms
tpGDPDLYL PGOOD low propagation delay time 50 mV over drive, falling edge 10 us
' Time from the VOUT pin out of
foveoLy OVP delay time +20% of REFIN to OVP fault 10 us
Time from EN_INT going high to 5
undervoltage fault is ready
tUVDLYEN Undervoltage fault enable delay - ms
External tracking from VOUT ramp 8
starts
. Time from the VOUT pin out of
tuvpoLy UVP delay time -32% of REFIN to UVP fault 256 Hs
LOGIC PINS: I/0 VOLTAGE AND CURRENT
i PGOOD low impedance, Igink = 4
VpcpPD PGOOD pull-down voltage mA, Vygp = 4.5 V 0.3 \Y
lpGDLKG PGOOD leakage current EEC\DIOD high impedance, forced to -1 0 1 HA
VENH EN logic high EN, VCCP logic 2 Vv
VenL EN logic low EN, VCCP logic 0.5 \
len EN input current 1 HA

(2) If V5IN is higher than 1.5 V, PGOOD is valid regardless of the voltage applied at VIN. This is based on bench testing.
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Electrical Characteristics (continued)

over recommended free-air temperature range, Vysy = 5.0 V, PGND = GND (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold 1 80 130 180
Threshold 2 200 250 300 mV
VMODETH MODE threshold voltage ®
Threshold 3 370 420 470
Threshold 4 1.765 1.800 1.850 \%
ImopE MODE current 15 HA

(©)

See Table 1 for descriptions of MODE parameters.

6.6 Typical Characteristics

Characterization data tested using the TPS53317EVM-750 where the external tracking input sets the output voltage and
operates in non-droop mode. See SLUUG642 for detailed configuration.
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95 95
90 90 e —
o | y/ M
~ _ z, T
85 7 — ——— | 85 77~ 74 = \?\
-~ —_—l—
——— \\ ~ <=
~80 [ = — 80 |4 =
v/ e I Y7/
> 75 > 75
o I // 2 ] / /
S 70 H - £ 70 H -
E '// Ambient Temp T, E I Ambient Temp T,
65 'v/ —40°C 65 ' —40°C
0T 0T
60 60
| V=25V 25T | V=25V 25T
55 H ;lom 2 g(-)GkV — — - 60T 55 H ;/om 2 867|§HV oo — 7 60T
sw = HzPWM | __ __ _ sw = z —
5 U 85T 50 U 85T
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Output Current (A)

Figure 3. Efficiency vs. Output Current
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Typical Characteristics (continued)

Characterization data tested using the TPS53317EVM-750 where the external tracking input sets the output voltage and
operates in non-droop mode. See SLUU642 for detailed configuration.
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60 " 0T 60 | 0T
Il V=33V 25C I V=33V 25C
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Output Current (A) Output Current (A)
Figure 5. Efficiency vs. Output Current Figure 6. Efficiency vs. Output Current
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Figure 7. Load Regulation Figure 8. Load Regulation
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Figure 9. Load Regulation Figure 10. Load Regulation
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Typical Characteristics (continued)

Characterization data tested using the TPS53317EVM-750 where the external tracking input sets the output voltage and
operates in non-droop mode. See SLUU642 for detailed configuration.
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7 Detailed Description

7.1 Overview

The TPS53317 device is a D-CAP+™ mode adaptive on-time converter. Integrated high-side and low-side FETs
support a maximum of 6-A DC output current. The converter automatically operates in discontinuous conduction
mode (DCM) to optimize light-load efficiency. Multiple switching frequencies are provided to enable optimization
of the power train for the cost, size and efficiency requirements of the design (see Table 1).

In adaptive on-time converters, the controller varies the on-time as a function of input and output voltage to
maintain a nearly constant frequency during steady-state conditions. In conventional constant on-time converters,
each cycle begins when the output voltage crosses to a fixed reference level. However, in the TPS53317 device,
the cycle begins when the current feedback reaches an error voltage level which is the amplified difference
between the reference voltage and the feedback voltage.

7.2 Functional Block Diagram

TPS53317
v 2% VRerin + 16% — J—Elﬂ PGOOD
-32% — +
REFIN o |
- Delay i
+ —_—
oV >— VREFIN — 16% — = GND
VREFIN +20% — =
CoMP | 8 _ 15 pA
VS UvP Control Logic i
~_Amplifier > e On/Off Time SOnI—Tltme 18| MODE
REFIN | 9 + —» 9 »| OVP e Minimum On/Off election
g2 e SKIPIFPWM o o [16] BsT
Ramp e OCL/OVP/UVP
Comp —I_ « Discharge
T

En[17 o _|Pw
4 | VIN
VREF | 7 ’ DRVH
YW Internal Voltage J VIN
Reference
VOuT |10 [ Current Sense
Amplifier ¢ 11| sSw
I
bz sw
ton XGON

One-

Shot
p—{3s] sw
SW —e ) SW
Current 20] VaIN

Sense

2 DRVL Jl_
-l )
ZC Threshold —

—|| Modulation

GND | 6 Discharge
PGND
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PGND PGND
UDG-11106
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7.3 Feature Description

7.3.1 PWM Operation
Referring to Figure 16, in steady state, continuous conduction mode, the converter operates in the following way.

Starting with the condition that the top FET is off and the bottom FET is on, the current feedback (Vs) is higher
than the error amplifier output (Vcomp). Vs falls until it hits Veomp, Which contains a component of the output
ripple voltage. Vs is not directly accessible by measuring signals on pins of TPS53317 device. The PWM
comparator senses where the two waveforms cross and triggers the on-time generator.

Current
Feedback
Ves
s
>
s Veomp /\
3 VRer

>
Time (us)

UDG-10187

Figure 16. D-CAP+™ Mode Basic Waveforms

The current feedback is an amplified and filtered version of the voltage between PGND and SW during low-side
FET on-time. The device also provides a single-ended differential voltage (Vo) feedback to increase the system
accuracy and reduce the dependence of circuit performance on layout.

7.3.2 PWM Frequency and Adaptive On-Time Control

In general, the on-time (at the SW node) can be estimated by Equation 1.
_Vour 1

ton
Vin  fsw

where
» fswis the frequency selected by the connection of the MODE pin (1)

The on-time pulse is sent to the top FET. The inductor current and the current feedback rises to peak value.
Each ON pulse is latched to prevent double pulsing. Switching frequency settings are shown in Table 1.

7.3.3 Light-Load Power Saving Features

The TPS53317 device has an automatic pulse-skipping mode to provide excellent efficiency over a wide load
range. The converter senses inductor current and prevents negative flow by shutting off the low-side gate driver.
This saves power by eliminating re-circulation of the inductor current. Further, when the bottom FET shuts off,
the converter enters discontinuous mode, and the switching frequency decreases, thus reducing switching losses
as well.

The device also provides a special light-load power saving feature, called ripple reduction. Essentially, it reduces
the on-time in SKIP mode to effectively reduce the output voltage ripple associated with using an all MLCC
capacitor output power stage design.
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Feature Description (continued)

7.3.4 Power Sequences

7.3.4.1 Non-Tracking Startup

The TPS53317 device can be configured for non-tracking application. When non-tracking is configured, output
voltage is regulated to the REFIN voltage which taps off the voltage dividers from the 2-V reference voltage.
Either the EN pin or the V5IN pin can be used to start up the device. The device uses internal voltage servo DAC
to provide a 1.6-ms soft-start time during soft-start initialization. (See Figure 18.)

In a non-tracking application, the output voltage is determined by the resistive divider between the VREF pin and
the REFIN pin.
R2

R1+R2 )

Vout = VRer x

TPS53317

VREF |:7
R1

REFIN |:9

R2

Figure 17. Non-Tracking Configuration

»
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|

| -

| |

| |

! 1

_/ |

VREF ‘ !

|

| |

|

! 1

va

| | Internal soft-start delay time
REFIN l<_>|_ 260 ps typical

|
L
b B Soooooe- —— +16%
! P } Power good window, — 48%
| |
| | |
! P ! reference to REFIN — 8%
! P ! i — -16%
| | |
VOUT |t | | 1
| |
o *
| ! PGOOD
1 ! L Delay
PGOOD i ! 1.0 ms
| I
L 1 >
Tme
Figure 18. Non-Tracking Startup Timing
Copyright © 2011-2015, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: TPS53317


http://www.ti.com/product/tps53317?qgpn=tps53317
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAK4D&partnum=TPS53317
http://www.ti.com/product/tps53317?qgpn=tps53317

13 TEXAS
INSTRUMENTS
TPS53317

SLUSAK4D —JUNE 2011-REVISED JULY 2015 www.ti.com

Feature Description (continued)
7.3.4.2 Tracking Startup

The TPS53317 device can also be configured for tracking application. When tracking configuration is desired,
output voltage is also regulated to the REFIN voltage which comes from an external power source. In order for
the device to differentiate between a non-tracking configuration or a tracking configuration, there is a minimum
delay time of 260 ps required between the time when VREF reaches 2 V to the time when the REFIN pin voltage
can be applied, in order for the device to track properly (see Figure 21). The valid REFIN voltage range is
between 0.6 Vand 2 V.

In a tracking application, the output voltage should be one half of the VDDQ voltage. VDDQ can be VIN or it can
be an additional voltage rail. Thus, R1= R2 both in Figure 19 and Figure 20.
1
Vout = *Vvppa

TPS53317 TPS53317
REFIN | 9 | VDDO
Figure 19. Tracking Configuration 1 Figure 20. Tracking Configuration 2
A
EN AND
V5IN [ 400 ps typical

| f
_/ VOUT is ready to ramp up
VREF ! / (REFIN can be applied)

|

|

|

|

|

|

|

|

} | |
REFIN l |

! | 260 us | |

! iminimum ] |

! ‘ Forced } }

! CCM _y‘ ! ; ‘4— Determined

! o Operation ; ‘ ‘ ! Operation
ot [—t— SRl

! Lo PGOOD ! 1600 mv | |

! Lo startup : : —

I I Delay I I

| | | | ! |

! Lo 8.0ms ™ ! | | !

PGOOD ‘ — PGOOD Propagation ! | | !
o l»-  Delayi0ms | | o
1 1 1 1 1 1 1

v

Figure 21. Tracking Startup Timing

Select PWM mode for an application that requires external tracking, because the output voltage can not be
decreased during a no-load condition when the device operates in SKIP mode.
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Feature Description (continued)
7.3.5 Protection Features

The TPS53317 device offers many features to protect the converter power train as well as the system
electronics.

7.3.5.1 5-V Undervoltage Protection (UVLO)

The TPS53317 device continuously monitors the voltage on the V5IN pin to ensure that the voltage level is high
enough to bias the device properly and to provide sufficient gate drive potential to maintain high efficiency. The
converter starts with approximately 4.3 V and has a nominal 440 mV of hysteresis. If the 5-V UVLO limit is
reached, the converter transitions the phase node into an off function, and the converter remains in the off state
until the device is reset by cycling the 5-V supply until the 5-V POR is reached (2.3-V nominal). The power input
does not have a UVLO function.

7.3.5.2 Power Good Signals

The TPS53317 device has one open-drain power good (PGOOD) pin. During startup, there is a 1-ms power
good high propagation delay. The PGOOD pin de-asserts as soon as the EN pin is pulled low or an undervoltage
condition on V5IN or any other fault is detected.

7.3.5.3 Output Overvoltage Protection (OVP)

In addition to the power good function described above, the TPS53317 device has additional OVP and UVP
thresholds and protection circuits.

An OVP condition is detected when the output voltage is approximately 120% x Vggpn. In this case, the
converter de-asserts the PGOOD signals and performs the overvoltage protection function. During OVP, the low-
side FET is always on before triggering a negative overcurrent. When a negative OC is also tripped, the low-side
FET is no longer continuously on, and pulsed signals are generated to limit the negative inductor current. When
the VOUT pin voltage drops below 400 mV, the low-side FET turns off and the converter latches off. The
converter remains in the off state until the device is reset by cycling the 5-V supply until the 5-V POR is reached
(2.3-V nominal) or when the EN pin is toggled off and on.

7.3.5.4 Output Undervoltage Protection (UVP)

Output undervoltage protection works in conjunction with the current protection described in the Overcurrent
Protection and Overcurrent Limit sections. If the output voltage drops below 68% of Vgern, after approximately a
250-us delay, the device stops switching and enters hiccup mode. After a hiccup waiting time, a restart is
attempted. If the fault condition is not cleared, hiccup mode operation may continue indefinitely.

7.3.5.5 Overcurrent Protection

Both positive and negative overcurrent protection are provided in the TPS53317 device.
» Overcurrent Limit (OCL)
* Negative OCL

7.3.5.5.1 Overcurrent Limit

If the sensed current value is above the OCL setting, the converter delays the next ON pulse until the current
drops below the OCL limit. Current limiting occurs on a pulse-by-pulse basis. The device uses a valley current
limiting scheme where the DC OCL trip point is the OCL limit plus half of the inductor ripple current. The typical
valley OCL threshold is 7.6 A or 5.4 A (depending on mode selection). The average output current limit
calculation is shown in Equation 4.

During the overcurrent protection event, the output voltage droops if the duty cycle cannot satisfy output voltage
requirements and continues to droop until the UVP limit is reached. Then, the converter de-asserts the PGOOD
pin, and then enters hiccup mode after a 250-us delay. The converter remains in hiccup mode until the fault is
cleared.

1
I =1 +—=xlp_
OCL(de) = 'OCL(valley) * 5 *'P-P @
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Feature Description (continued)

7.3.5.5.2 Negative OCL

The negative OCL circuit acts when the converter is sinking current from the output capacitor(s). The converter
continues to act in a valley mode, the typical value of the negative OCL set point is —9.3 A or —6.5 A (depending
on mode selection).

7.3.6 Thermal Protection

The TPS53317 device has an internal temperature sensor. When the temperature reaches a nominal 145°C, the
device shuts down until the temperature decreases by approximately 10°C, when the converter restarts.

7.4 Device Functional Modes

7.4.1 Non-Droop Configuration

The TPS53317 device can be configured as a non-droop solution. The benefit of a non-droop approach is that
load regulation is flat, therefore, in a system where tight DC tolerance is desired, the non-droop approach is
recommended. For the Intel system agent application, non-droop is recommended as the standard configuration.

The non-droop approach can be implemented by connecting a resistor and a capacitor between the COMP and
the VREF pins. The purpose of the type Il compensation is to obtain high DC feedback gain while minimizing the
phase delay at unity gain cross over frequency of the converter.

The value of the resistor (Rc) can be calculated using the desired unity gain bandwidth of the converter, and the
value of the capacitor (C¢) can be calculated by knowing where the zero location is desired. The capacitor Cp is
optional, but recommended. Its appropriate capacitance value can be calculated using the desired pole location.

Figure 22 shows the basic implementation of the non-droop mode using the device

I
VIN
COMP VREF

L L L ’J_‘
VOUT
LT
'_
': sw Lout
._| }—' |—0
+ .
_ﬂ— PWM Driver § ESR
— RLoAD Comparator :: § Rout
8 kQ = c
| Cour
VREF
Figure 22. Non-Droop Mode Basic Implementation
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Device Functional Modes (continued)

Figure 23 shows shows the load regulation using non-droop configuration.

Figure 24 shows the transient response of the device using non-droop configuration, where Coyt = 3 x 47 pWF.
The applied step load is from 0 A to 2 A.

0.85 d
0.83 =
0.81 B |
S O i WWMW
S 077 | ! 1
8 o |
§ 0.75
2 073
=}
S o071
_o"'-—-—"-—‘—-' T e
0.69 : -
0.67 o |
Non-Droop Configuration il
0.65 l |
Output Current (A) =l t;::: | | e [z ==
V|N 15V VOUT -0.75V | = 1 onae wa Rezion || G 1l ::"_.........[4_.;!..‘ mm:um:l:
CH 2: Vour CH 4: loyr CH 3: SW
(20 mV/div) (1 A/div) (1 V/div)
Figure 23. Load Regulation (Non-Droop Configuration) Figure 24. Non-Droop Configuration Transient Response

7.4.2 Droop Configuration

The terminology for droop is the same as load line or voltage positioning as defined in the Intel CPU V¢ope
specification. Based on the actual tolerance requirement of the application, load-line set points can be defined to
maximize either cost savings (by reducing output capacitors) or power reduction benefits.

Accurate droop voltage response is provided by the finite gain of the droop amplifier. The equation for droop
voltage is shown in Equation 5.

AcsinT Xlout

vV _
PROOP = RoRroOP X 9u

where
* low-side on-resistance is used as the current sensing element
*  Acgnr is a constant, which nominally is 53 mV/A.
* oyt is the DC current of the inductor, or the load current
*  Rbproor is the value of resistor from the COMP pin to the VREF pin
* gwmis the transconductance of the droop amplifier with nominal value of 1 mS (5)

Equation 6 can be used to easily derive Rproop for any load line slope/droop design target.
Vbroop _ _ AcsnT . g _ AcsiNT
= -~ RprRoop =
lour  Roroop *9m RLoAD_LINE X 9M (6)

RLoAD LINE =
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Device Functional Modes (continued)
Figure 25 shows the basic implementation of the droop mode using the TPS53317 device.
Rproopr
A%
ViN
COMP VREF
[ ] [ ]
L L L ’J_‘VOUT
LT
|_
': sw Lout
. _D_m
__ﬂ_ PWM Driver § ESR
— RLoAD Comparator : g Rout
8 kQ H Cour
VREF

Figure 25. DROOP Mode Basic Implementation

The droop (voltage positioning) method was originally recommended to reduce the number of external output
capacitors required. The effective transient voltage range is increased because of the active voltage positioning
(see Figure 26).

Load insertion
lout Load release —»
Droop
Vourt setpointat 0 A
Maximum transient voltage
= (5%—1%) x 2 = 8% X VouT
i Vourt setpoint at 6 A
Non-
Droop A
Maximum overshoot voltage =(5%-1%) x 1 = 4% X VouT
Vourt setpoint at 0 A +
Maximum undershoot voltage =(5%—-1%) x 1 = 4% x VouT
-
Figure 26. DROOP vs Non-DROOP in Transient Voltage Window
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Device Functional Modes (continued)

In applications where the DC and the AC tolerances are not separated, (meaning that there is no strict DC

tolerance requirement) the droop method can be used.

Table 1. Mode Definitions

e LIGHT-LOAD SWITCHING OVERCURRENT
MODE RESISTANCE (k)| POWER SAVING | FREQUENCY LIMIT (OCL)
MODE (fsw) VALLEY (A)
1 0 600 kHz 7.6
2 12 600 kHz 5.4
SKIP
3 22 1 MHz 5.4
4 33 1 MHz 7.6
5 47 600 kHz 7.6
6 68 600 kHz 5.4
PWM
7 100 1 MHz 5.4
8 OPEN 1 MHz 7.6

Figure 27 shows the load regulation of the 1.5-V rail using an Rproop value of 6.8 kQ.

Figure 28 shows the transient response of the TPS53317 device using droop configuration and Coyt = 3 x 47

uF. The applied step load is from 0 A to 2 A.

0.85 )
0.83
0.81 5 r
[ty |
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8
S 075
2 073
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0.69 '
0.67 Droop Configuration
0.65 |
Output Current (A) i TR =ch '. e - T Wiry utm v, —atient
Vin=15V Vour=0.75V lrmo oo e g
CH 2: Vout CH 4: lout CH 3: SW
(20 mV/div) (1 A/div) (1 V/div)
Figure 27. Load Regulation (Droop Configuration) Figure 28. Droop Configuration Transient Response
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl 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 TPS53317 device is a FET-integrated synchronous buck regulator designed mainly for DDR termination. It
can provide a regulated output at 2 VDDQ with both sink and source capability. The device employs D-CAP+
mode operation that provides ease-of-use, low external component count and fast transient response.

8.2 Typical Applications

8.2.1 DDR4 SDRAM Application

This DDR4 application requires a tight load tolerance, fast transient response, and sinking current capability, the
design uses a non-droop PWM configuration.

R1 R2
100 kQ 68 kQ

PGND 0.1pF
| PGOOD MODE EN  BST
v
L1 ouT
J_ 0.25 uH
= c4 |c3 |c2 a1 W
22 4F |22 uF |22 uF |22 uF ™M

C7 |C8 Cc9 C10 |C11 (C12

TPS53317 1 uF|22 uF |22 pF |22 uF |22 pF |22 uF

ViN P

ci3 |c14 |ci5 |ci16 |ci7 |cis
22 uF |22 pF|22 pF |22 pF |22 pF |22 pF

60.4 kQ
R6 a c20
3.9k 33pF oo
—_ 10nF< R5
c21 - ; 60.4 kQ

Tz.z nF —|_

Figure 29. DDR4 SDRAM Application

8.2.1.1 Design Requirements

* Input voltage : Vy=1.2V

» Output voltage: Voyr = 0.6 V

*  Maximum load step size of 3 A @ slew rate 7 A/lus (-1.5Ato 1.5 A)

+ DC +AC + Ripple voltage regulation limit at sense point: 42 mV (0.642 V overshoot, 0.558 V undershoot)
*  Maximum load: Iyax = 2.5 A
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Typical Applications (continued)
8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Step 1. Determine Configuration

Because this DDR4 application requires a tight load tolerance, fast transient response, and sinking current
capability, the design uses a non-droop PWM configuration. Choose 600-kHz switching frequency due to the
duty cycle and minimim off-time of the device, and set an overcurrent (OC) valley limit of 5.4 A due to the
maximum load requirement of 2.5 A. Referring to Table 1 select an Ryope value of 68 kQ.

8.2.1.2.2 Step 2. Select Inductor

Smaller inductor values have better transient performance but higher ripple and lower efficiency. High values
have the opposite characteristics. It is common practice to limit the ripple current to 30% to 50% of the maximum
current. Choose 50% to allow use of a smaller inductor for faster transient performance.

Alp_p =25A%05=1.254 @)
=—— XV X(1—-D
Fow X Alp_p - our ( )
where
« D =duty cycle (8)

Because this device operates in DCAP+ mode, the frequency and duty cycle vary based on the input voltage, the
output voltage and load. With a 2.5-A load, a 1.2-V input voltage and 0.60 V output voltage, fsy is experimentally
measured at approximately 800 kHz and duty cycle of 0.55. Therefore L is calculated as shown in Equation 10.

1

L= X 0.6V X 045 = 0.270 uH
(800 kHz X 1.25 A) : )

Choose the closest standard value, 0.25 pH.

8.2.1.2.3 Step 3. Determine Output Capacitance
Use Equation 10 to calculate the output capacitance for a desired maximum overshoot.
Al3yr X L

Cout (min),05 = m

where
* Courminy,0s is the minimum output capacitance for a desired overshoot
*  Algyr is the maximum output current change in the application
*  Vgur = desired output voltage
*  Vqg is the desired output voltage change due to overshoot (10)

Choose a value of 30 mV to account for normal output voltage ripple.
c _ (3A)2x0.25uH 625 uF
oUTmin)08 = 5506V x 0.03V oM (11)

Use Equation 12 to calculate the necessary output capacitance for a desired maximum undershoot.
V,
Alfyr X L X ( f};’; X tow + tMIN(off))

Vin =V,
2 X Voyr X Vyg X (W X tow — tMIN(off))

Cour (min),us =

where
* Cour(miny,us is the minimum output capacitance for a desired undershoot
* Vs is the desired output voltage change due to overshoot
* g is the period of switch node
* tuine is the minimum off-time (270 ns) (12)
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Typical Applications (continued)
Again, choose 30 mV to account for normal output voltage ripple.
(3A)2 x 0.25 uH x ((1)'3 5 x 8001kHZ +270 ns)
Cour (min),us = 12 V — 06V 1 = 157.6 pF
2% 0.6V x0.03V x (Z=57 X 555 775 — 270715 )

The undershoot requirements determine, so there must be a minimum of 157.6 pF. Because this is a DDR
application where size is also a consideration, this design uses only ceramic capacitors. To account for voltage
de-rating of capacitors and provide additional margin, this design includes eleven 22-uF output capacitors.

8.2.1.2.4 Step 4. Input Capacitance

This design requires sufficient input capacitance to filter the input current from the host source. Use Equation 14
to calculate the necessary input capacitance.

D x (1-D)
X
AVinep—py X fsw

CIN(min) = Iout

where
* AVyp.p is the desired input voltage ripple (typically 1% of the input voltage) (14)
0.55 x (1 —=0.55)

As with the output capacitance selection, this design accounts for voltage de-rating of capacitors and provides
additional margin, using four 22-puF input capacitors.

8.2.1.2.5 Step 5. Compensation Network
In order to achieve stable operation, the crossover frequency should be less than 1/5 of the switching frequency.

1 _gu R
=" X X =80 kH
fCO 27T COUT RS d
where
+ Rg=53mQ (16)

Account for capacitor de-rating here and set the value of Cqyt to 160 uF, so that Equation 17 is true.
X R¢ X 2w X C 80 kHz X 53 mf) X 2m X 160 uF
:fco S ouT _ u — 426 kO,
Ium 1msS (17)

Choose an R value of 3.9 kQ. Determine C¢ by choosing the value of the zero created by R and C¢. Using the
relationship described in Equation 18.

f, = @ — 1
z 5 21 X R, X CC (18)

C

Equation 18 yields a Cg value of 2.55 nF. Choose the closest common capacitor value of 2.2 nF. To determine a
value for Cp, first consider the relationship described in Equation 19.

1 1
f%) = =
CCXCP 27T><RC><CP
21T X RC X CC ¥ CP
« Cg>>Cp (19)
Because C¢ >> Cp , set the pole to be two times the switching frequency as described in Equation 20.
1 1
Cp = = = 25.5pF
P=2m X Rp X 2foy 27 X 3.9 kQ X 2 x 800 kHz p 20)
To boost the gain margin, set Cp to 33 pF.
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Typical Applications (continued)

TPS53317

- Re
VREF 7J AVAVAY,
—_——Cp
Cc
y | |
COMP 8J 1

Figure 30. Compensation Network Circuit

8.2.1.2.6 Peripheral Component Selection

As described in Table 1, connect a 0.22-uF capacitor from the VREF pin to GND and connect a 0.1-uF bootstrap
capacitor from the SW pin to the BST pin. Because the PGOOD pin is open drain, connect a pullup resistor

between it and the 5-V rail.

8.2.1.3 Application Curves

95 stop = T = ——— I
I u
90
85 ¢
~ 80 /| Vour I |
S / (20 mv/div) ' \‘-._
> 75 " i
g / K ‘
(9]
5 10 A o
S e |/
W 65
60 / Design Example p—
/ V=12V
55 Vour = 0.6 V
50 I fsw = 600 kHz PWM lout
0.0 05 1.0 15 2.0 25 | |[(LA/MIY) =
Output Current (A) @ z0.0mv Hvalue — e T IL;_:UGS[; ][ & 7 ozamv
& Max 638.8mV 6385.9m 637.6m 640.4m G§3.4u |USv-82.7000ps FLIM points
“‘ﬂlh 569.6mv  369,7m 568.8m  370.4m 261,74
3 [195ep 2013
(@D Peak-Peak  69.20mV 69.24m 6K.00m _ 70.80m  710.2u | 112:39:32
Figure 31. Efficiency Figure 32. Load Transient
60 200 60 200
V=12V lour =0 A V=12V lour = 2.5 A
50 Vour=0.6V  fgy =600 kHz PWM | 160 50 SN Vour=06V  fgy, = 600 kHz PWM 160
N '\/\
40 120 40 120
\\ \\ N
= 0 § 80 _. 30 N ] i~ 80
[ — T
S 2 e ] [~ 0 o S 2 ] 0 o
] ® N
S 10 \\\ o 8 T 10 AN o %
€ TN N £ £ Rt \ £
2 0 -40 o 2 0 J -40 o
g feo = 86.66 kHz N \ s feo = 89.83 kHz N
-10 | Phase Margin = 63.3° N —-80 -10 | Phase Margin = 64.7° -80
_p0 | Gain Margin = 19.58 dB N N ~120 _op | Gain Margin =17.32 dB N ~120
-30 Mag \\ -160 -30 Mag Y1 -160
Ph —
a0 ase 200 40 Phase —200
1k 10k 100k M 1k 10k 100k iMm
Frequency (Hz) Frequency (Hz)
Figure 33. Bode Plot, No Load Figure 34. Bode Plot, Full Load
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Typical Applications (continued)

850 0.610
830 0.608
¥ 810 ] 0.606
L
< 790 /’\ S 0.604
£ 770 Ve $ 0.602
3 =
g 750 < 0.600
s / 2
o 730 3 0.598
£ / =
§ 710 / 3 0.596
=
@ 690 Design Example 0.594 Design Example
670 V=12V 0.592 V=12V
1 fsw = 600 kHz PWM fow = 600 kHz PWM
650 0.590
—25 —20 -15 -1.0 05 00 05 1.0 15 20 25 —25 —20 -15 -1.0 -05 00 05 1.0 15 20 25
Output Current (A) Output Current (A)
Figure 35. Switching Frequency vs. Load Figure 36. Load Regulation
8.2.2 DDR3 SDRAM Application
R1 R2
100 kQ 68 kQ
5V
1.
— cé
PGND 0.1uF
l IN PGOOD MODE EN
J_ L1 Vout
= ca |c3 |c2 (a1 0.25 uH
22 uF |22 uF (22 uF (22 pF
- T T T c7 |cs |co |cio |ci1 |ci2

TPS53317

C20

39KQ | g33pF

Cc21

Tz.z nF

ViN

:

C19
10 nF

T

=

R4
60.4 kQ

R5
60.4 kQ

A4

1 uF |22 uF|22 puF |22 pF |22 pF |22 pF

ci4 |ci15 |c16 [c17 |cis
22 uF 22 pF|22 pF |22 pF |22 pF |22 pF

C23

0.1 pF

Figure 37. Typical Application Schematic, DDR3

8.2.2.1 Design Requirements
* VlN = 15 V
* VOUT = 075 V
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Typical Applications (continued)
8.2.3 Non-Tracking Point-of-Load (POL) Application
R1 R2
100 kQ 47 kQ
5-VViy P ’
—LCS
Iz.z WF
— C6
PGND 0.1uF
l V5IN  PGOOD MODE EN BST
J_ L1
= c4 |c3 |c2 |c1 0.25 uH v
22 uF |22 uF |22 uF |22 4F ouT

C7 |C8 Cc9 C10 |C11 (C12

TPS53317 1 uF|22 uF |22 pF |22 uF |22 pF |22 uF

ci3 |c14 |ci5 |c16 |ci7 |ci8
22 uF 22 pF|22 pF |22 pF |22 pF |22 pF

o T
— C19 c23 =
] 10nF 0.1 puF
- R6 c20
39K (3300 R4 R5
L= 150kQ | 100 kQ

c21

Tz.z nF

Figure 38. Typical Application Schematic, Non-Tracking Point-of-Load (POL)

8.2.3.1 Design Requirements
® VIN =3.3 V
° VOUT =12V

8.2.3.2 Application Curves

60 200 60 200
sy V=33V  losr=0A NI
50 N Vour=1.2V  fg, =600 kHz PWM | 160 50 Tl Vour=12V  fgy = 600 kHz PWM 160
40 M 120 40 120
\.\ NG v\ N
_. 30 N 80 —~ 30 N S o 80
g N N —T g N h R —
S 20 = 0 = 20 ~ 0
s N b 9 N bt
S 10 0 @ S 10 r 0 @
= ™~ ] = N ]
c NN \ < c ™M =
> 0 S -40 o > 0 5 -40 ©
g foo = 89.36 kHz I~ g feo = 95.05 kHz
—10 | Phase Margin = 66.54° N | 80 -10 | Phase Margin = 65.83° N —80
_20 Gain Margin = 15.58 dB _120 _20 Gain Margin = 14.18 dB _120
\
-30 Mag ~160 -30 Mag ~160
—— Phase —— Phase
—40 —-200 —40 —-200
1k 10k 100k M 1k 10k 100k M
Frequency (Hz) Frequency (Hz)
Figure 39. Bode Plot No Load Figure 40. Bode Plot Full Load
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9 Power Supply Recommendations

This device operates from an input voltage supply between 1 V and 6 V. This device requires a separate 5-V
power supply for analog circuits and gate drive. Use the proper bypass capacitors for both the input supply and
the 5-V supply in order to filter noise and to ensure proper device operation.

10 Layout

10.1 Layout Guidelines

Stable power supply operation depends on proper layout. Follow these guidelines for an optimized PCB layout.

+ Connect PGND pins to the thermal pad underneath the device. Use four vias to connect the thermal pad to
internal ground planes.

» Place VIN, V5IN and VREF decoupling capacitors as close to the device as possible.

» Use wide traces for the VIN, PGND and SW pins. These nodes carry high current and also serve as heat
sinks.

» Place feedback and compensation components as close to the device as possible.
* Place COMP and VOUT analog signal traces away from noisy signals (SW, BST).
» The GND pin should connect to the PGND in only one place, through a via or a 0-Q resistor.

10.2 Layout Example

ﬁmﬂj

z| o |4 -
= [a) =z
PGND PGND SW
PGND SW VOUT
—I— PGND] | Thermal Pad Sw — Y Y YN
—e
l VIN SW
VIN VIN SW
ol [l 2] [2] [5 PGND
> o
© ’;‘ ’g‘ 2| |5
|_‘ [
— | - VIN
L
Figure 41. TPS53317 Board Layout
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TI's Terms of
Use.

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

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

11.2 Trademarks

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

11.3 Electrostatic Discharge Caution

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

11.4 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
DPA02257RGBR ACTIVE VQFN RGB 20 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 53317
TPS53317RGBR ACTIVE VQFN RGB 20 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 53317
TPS53317RGBT ACTIVE VQFN RGB 20 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 53317 -

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

® Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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.
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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 [« P1L—>
R R R T
el |o 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 OO0 OO0 0 O0 Sprocket Holes
1 1
[ [
Sl I —
A4-—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)
TPS53317RGBR VQFN RGB 20 3000 330.0 12.4 3.8 4.3 15 8.0 12.0 Q1
TPS53317RGBT VQFN RGB 20 250 180.0 12.4 3.8 4.3 15 8.0 12.0 Q1
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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)
TPS53317RGBR VQFN RGB 20 3000 367.0 367.0 35.0
TPS53317RGBT VQFN RGB 20 250 210.0 185.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| - I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
DPA02257RGBR RGB VQFN 20 3000 381.5 5 2250 0
TPS53317RGBR RGB VQFN 20 3000 381.5 5 2250 0
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MECHANICAL DATA

RGB (R—PVQFN—N20)

PLASTIC QUAD

FLATPACK NO—-LEAD

4,15
-
3,85 E
15 | 1
[
16 ‘ 10
[
B J{ e 3,65
3,35
20 6
Pin 1 Index Area /
Top and Bottom 1 \ 5
¢ 0,20 Nominal
1,00 Lead Frame
0,80
) o M o O o B B

T Seating Plane

0,00
Seating Height

0,50 <«
| o 950
f 0,30
L |
JUUUY
|
0D )L — °
THERMAL PAD
D, | ]
SIZE AN[) SHAPE
73 SHOWN ON S%PARATE@HEET Ei
D ‘ ]
e ) L ‘ N Y Gl
| 10
AN nn I
20X
15 \ 1 0,18
&1010@C AlB]
0,05M@|C

Bottom View

4210219/B  05/2011

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
QFN (Quad Flatpack No—Lead) package configuration.

The Pin 1 identifiers are either a molded, marked, or metal feature.

Dimensioning and tolerancing per ASME Y14.5M—1994.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.
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THERMAL PAD MECHANICAL DATA

RGB (R—PVQFN—N20) PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

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

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

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

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

PIN 1 INDICATOR

C0,30
\ 1 :
UUUUU | —— Exposed Thermal Pad
T 20_) b 4 A/C 6
> d
2,10+0,10 = + =
i > d
16_\ 10
ANMNAN
15 1

<+ 2,601+0,10-¥

Bottom View

Exposed Thermal Pad Dimensions

4210242/C 05/12

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGB (R—PVQFN—N20) PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design
0.125mm Stencil Thickness

Example 4E'::)urd Layout (Nz’;g E)
00000 _t-weo T 100000
4,30 TD 26 (G 4,25 zssrg OIB ! gl
=SS S E
0000 = LT pnpag e
\ / |
16xcf;/ |-<— —"I I“— 2°X0-25\ N 15050 *_‘ L ———I I——— 0,23 x 20 PL.

/ N area on center thermal pad
I Non Solder Mask AN Example Via Layout Design
| Defined Pad \ may vary depending on constraints
- — Example ‘ . (Note D, F)
/ < Solder Mask Opening N 1,40
, (Note F) \
/ 0,08 O O—F
RO,14 - —p— w0
T O—f
* Example 5X¢O,3
T Pad Geometry
\ All Around

597 solder coverage by printed

4210359/C  05/12

NOTES: A

oow

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
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