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6-A Qutput D-CAP+™ Mode Synchronous Step-Down, Integrated-FET Converter
for DDR Memory Termination

Check for Samples: TPS53317

FEATURES
e Tl proprietary Integrated MOSFET and
Packaging Technology

e Supports DDR Memory Termination with up to
6-A Continuous Output Source or Sink Current

e External Tracking

e Minimum External Components Count
e 1-Vto 6-V Conversion Voltage

* D-CAP+™ Mode Architecture

e Supports All MLCC Output Capacitors and
SP/POSCAP

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

e Selectable 600-kHz or 1-MHz Switching
Frequency

e Selectable Overcurrent Limit (OCL)

e Overvoltage, Over-Temperature and Hiccup
Undervoltage Protection

e Hiccup Undervoltage Protection
e Adjustable Output Voltage from 0.6 Vto 2 V
e 3.5mm x 4 mm, 20-Pin QFN Package

APPLICATIONS

 Memory Termination Regulator for DDR,
DDR2, DDR3 and DDR3L

e VTT Termination

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

DESCRIPTION

The TPS53317 is a FET-integrated tracking
synchronous buck regulator designed mainly for DDR
termination. It can provide a regulated output at ¥
Vbpo With both sink and source capability. The
TPS53317 employs D-CAP+™ mode operation that
provides ease of use, low external component count
and fast transient response. It can also be used for
other POL regulation applications requiring up to 6 A.
In addition, the TPS53317 still utilizes pulse-width-
modulation (PWM) for output voltage regulation when
sinking current. The switchers are turned on in pulses
to sink the negative inductor current to the input side.

The TPS53317 features two switching frequency
settings (600 kHz and 1 MHz), synchronous operation
in skip mode, integrated droop support, external
tracking support, pre-bias startup, output soft
discharge, integrated bootstrap switch, power good
function, EN/Input UVLO protection, and both output
ceramic and SP/POS/AL capacitor support. It
supports supply and conversion voltages up to 6.0 V,
and output voltages adjustable from 0.6 V to 2.0 V. It
also provides external tracking support.

The TPS53317 is available in the 3.5 mm by 4 mm,
20-pin QFN package (Green RoHs compliant and Pb
free) with Tl proprietary Integrated MOSFET and
packaging technology and is specified from -40°C to
85°C.
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

D-CAP+ is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION®

@ MINIMUM
Ta PACKAGE ORDERING NUMBER PINS OUTPUT SUPPLY QUANTITY ECO PLAN
Plastic QFN TPS53317RGBR 20 Tape and reel 3000 Green (RoHS and
-40°C to 85°C — no Pb/Br)
(RGB) TPS53317RGBT 20 Mini reel 250

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the Tl
website at www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

THERMAL INFORMATION

TPS53317
THERMAL METRIC® RGB UNITS
20 PINS

Ba Junction-to-ambient thermal resistance @ 355
8ctop Junction-to-case (top) thermal resistance ® 39.6
B35 Junction-to-board thermal resistance 124 o
Wit Junction-to-top characterization parameter®) 0.5
Wig Junction-to-board characterization parameter® 125
B3chot Junction-to-case (bottom) thermal resistance (") 3.7

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

(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-
standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

(5) The junction-to-top characterization parameter, y;t, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 8;,, using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 63, , using a procedure described in JESD51-2a (sections 6 and 7).

(7) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific
JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT
MIN MAX
VIN, V5IN, BST (with respect to SW) -0.3 7.0
BST -0.3 14.0
Input voltage range SW =2 ! \Y
EN -0.3 7
MODE, REFIN -0.3 3.6
VOUT -1 3.6
COMP, VREF -0.3 3.6
Output voltage range PGOOD -0.3 7.0 \%
PGND -0.3 0.3
Junction temperature T, -40 150
Storage temperature Tstg -55 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 300 °C

(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.

RECOMMENDED OPERATING CONDITIONS

VALUE
MIN TYP MAX UNIT

VIN, EN, BST (with respect fo SW) -0.1 6.5

V5IN 45 6.5
Input voltage range BST -0.1 135 \

SwW -1.0 6.5

VOUT, MODE, REFIN -0.1 35

COMP, VREF -0.1 35
Output voltage range PGOOD -0.1 6.5 \

PGND -0.1 0.1
Operating temperature range, Tp -40 85 °C
Copyright © 2011-2012, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS
over recommended free-air temperature range, Vysy = 5.0 V, PGND = GND (unless otherwise noted)

PARAMETER | CONDITIONS ‘ MIN TYP MAX | UNIT
SUPPLY: VOLTAGE, CURRENTS AND 5V UVLO
lvinsD VIN shutdown current EN ='LO' 0.02 5 HA
Vsvin 5VIN supply voltage V5IN voltage range 4.5 5.0 6.5 \
lsvin 5VIN supply current EN ="HI', V5IN supply current 1.1 2 mA
IsvinsD 5VIN shutdown current EN =‘LO’, V5IN shutdown current 0.2 7.0 HA
Vysuvio 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 \%
Vyreruvhys  REF UVLO hysteresis® 100 mv
VpORSVEILT Reset OVP latch is reset by V5IN falling below the reset threshold 15 2.3 3.1 \
VOLTAGE FEEDBACK LOOP: VREF, VOUT, AND VOLTAGE GM AMPLIFIER
VouTTtoL VOUT accuracy Vrern = 1V, No droop -1% 0% 1%
Veres VREF lvrer = 0 HA 1.98 2.00 2.02 v

lvrer = 50 PA 1.975 2.000 2.025
IREESNK VREF sink current Vyrer = 2.05V 2.5 mA
[e] Transconductance 1.00 mS
Vewm Common mode input voltage range® 0 2 \%
Vom Differential mode input voltage 0 80| mVvV
lcompsnK COMP pin maximum sinking current | Vcowp = 2 V, (Vrerin - Vout) = 80 mV 80 HA
lcompsre COMP pin maximum sourcing current | Vcowp =2 V -80 HA
VorEsET Input offset voltage Ta=25°C 0 mV
RpscH Output voltage discharge resistance 42 Q
f_adbvi —3dB Frequency® 45 6.0 75| MHz
CURRENT SENSE: CURRENT SENSE AMPLIFIER, OVERCURRENT AND ZERO CROSSING
AcsinT Internal current sense gain V?Iﬁgnnf?&vq,\;h:e cou'r:r'e:n t of the low-side FET to PWM comparator 43 53 57| mV/IA
locL Positive overcurrent limit (valley) 7.6 A
locL(neg) Negative overcurrent limit (valley) -9.3 A
Vzxorr Zero crossing comp internal offset 0 mVv
PROTECTION: OVP, UVP, PGOOD, and THERMAL SHUTDOWN
VpepLL ?P%O()%%d_e)aizsvr)t to lower Measured at the VOUT pin wrt/ Vrgrin 84%
VpGHYSHL PGOOD high hysteresis 8%
VpeDLH ?P%O()%%d_e)—?;s\;la)rt to higher Measured at the VOUT pin wrt/ Vgegn 116%
VpGHYSHH PGOOD high hysteresis -8%
ViwineG I\P/Iinimum VIN voltage for valid Measured at the VIN pin with a 2-mA sink current on PGOOD 0.9 13 15 v
GOOD pin

Vove OVP threshold Measured at the VOUT pin wrt/ Vgggin 117%  120%  123%
Vue UVP threshold lg/leegailﬁtsjrsegﬁz_i;tt;l; VOUT pin wrt/ Vgegin, device latches OFF, 65% 68% 71%
THsp Thermal shutdown® Latch off controller, attempt soft-stop. 145 °C
THsp(nys) Thermal Shutdown hysteresis® Controller re-starts after temperature has dropped 10 °C

(1) Ensured by design, not production tested.
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TPS53317

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

PARAMETER | CONDITIONS ‘ MIN TYP MAX | UNIT
DRIVERS: BOOT STRAP SWITCH
RpsonesT Internal BST switch on-resistance Igst =10 mA, Tp = 25°C 10 Q
lesTLK Internal BST switch leakage current Vest =14V, Vg =7V 1 HA
TIMERS: ON-TIME, MINIMUM OFF-TIME, SS, AND I/O TIMINGS
S PWM one-shot @ Vuin = 5V, Vyout = 1.05 V, fgw = 1 MHz 210 .
Vyin =5V, Vyour = 1.05 V, fgy = 600 kHz 310
tuiNoff Minimum OFF time \SIW:SGVM\J/,VS/L\J,LS:QO\Z\E/Q.:,SW =1 MHz, DRVL on, 270 ns
tinT(ss) Soft-start time From EN = HI to VOUT =95%, default setting 1.6 ms
tiNT(SSDLY) Internal soft-start delay time From EN = HI to VOUT ramp starts 260 us
tpGDDLY PGOOD startup delay time External tracking 8 ms
tPGDPDLYH PGOOD high propagation delay time | 50 mV over drive, rising edge 0.8 1 1.2 ms
tpeDPDLYL PGOOD low propagation delay time 50 mV over drive, falling edge 10 us
tovepLy OVP delay time Time from the VOUT pin out of +20% of REFIN to OVP fault 10 ps
Time from EN_INT going high to undervoltage fault is ready 2
tuvDLYEN Undervoltage fault enable delay ms
External tracking from VOUT ramp starts 8
tuvepLY UVP delay time Time from the VOUT pin out of —30% of REFIN to UVP fault 256 ps
LOGIC PINS: I/0 VOLTAGE AND CURRENT
VpepPD PGOOD pull-down voltage PGOOD low impedance, Ignk = 4 mA, Vygy =4.5V 0.3 \
IpeDLKG PGOOD leakage current PGOOD high impedance, forced to 5.5 V -1 0 1 HA
VENH EN logic high EN, VCCP logic 2 \%
VenL EN logic low EN, VCCP logic 0.5 \
len EN input current 1 HA
Threshold 1 80 130 180
Viooz MODE threshold voltage® Threshold 2 200 250 300 mv
Threshold 3 370 420 470
Threshold 4 1.765 1.800 1.850 \Y
ImopE MODE current 15 HA
(2) Ensured by design, not production tested.
(3) See Table 2 for descriptions of MODE parameters.
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TPS53317
RGB PACKAGE
(Top View)
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Table 1. PIN FUNCTIONS
PIN
1/0 DESCRIPTION
NO. NAME
Power supply for internal high-side gate driver. Connect a 0.1-pF bootstrap capacitor between this pin and
16 BST | !
the SW pin.
8 COMP (@) Connect series R-C filter between this pin and VREF for loop compensation.
17 EN | Enable of the SMPS (3.3-V logic compatible).
6 GND - Signal ground.
18 MODE | Allows selection of switching frequencies light-load modes. (See Table 2)
1
PGND | Power ground. Source terminal of the rectifying low-side power FET. Positive input for current sensing.
3
19 PGOOD (@) Power good output. Connect pull-up resistor.
9 REFIN Target output voltageinput pin. Apply voltage between 0.6 V to 2.0 V.
11
12
13 SW 1/0 Switching node output. Connect to the external inductor. Also serve as current-sensing negative input.
14
15
20 V5IN | 5-V power supply for analog circuits and gate drive.
5 VIN | Power supply input pin. Drain terminal of the switching high-side power FET.
10 VOUT | Output voltage monitor input pin.
7 VREF (@) 2.0-V reference output. Connect a 0.22-puF ceramic capacitor to GND.
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BLOCK DIAGRAM

TPS53317
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Figure 1. Typical DDR Memory Termination Regulator Circuit (Non-droop Configuration)
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Figure 2. Application Using Droop Configuration
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APPLICATION INFORMATION

Functional Overview

The TPS53317 is a D-CAP+™ mode adaptive on-time converter. Integrated high-side and low-side FET supports
a maximum of 6-A DC output current. The converter automatically runs in discontinuous conduction mode (DCM)
to optimize light-load efficiency. Multiple switching frequencies are provided to enable optimization of the power
chain for the cost, size and efficiency requirements of the design (see Table 2).

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, 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.

PWM Operation
Referring to Figure 3, 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 (V¢s) is higher
than the error amplifier output (Vcomp)- Ves falls until it hits Veopme, Which contains a component of the output
ripple voltage. Vs is not directly accessible by measuring signals on pins of TPS53317. The PWM comparator
senses where the two waveforms cross and triggers the on-time generator.

Current
Feedback
VCS
s
)
] Veome /\
‘>’ VRer
»ione
¢—————t— P
-
Time (us)
UDG-10187

Figure 3. 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 TPS53317 also provides a single-ended differential voltage (Vout) feedback to increase the
system accuracy and reduce the dependence of circuit performance on layout.
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Product Folder Link(s): TPS53317


http://www.ti.com/product/tps53317?qgpn=tps53317
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAK4B&partnum=TPS53317
http://www.ti.com/product/tps53317?qgpn=tps53317

TPS53317 A UMENTS

SLUSAK4B —JUNE 2011-REVISED MAY 2012 www.ti.com

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
« fsw is 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 2.
Non-Droop Configuration

The TPS53317 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.

Figure 4 shows the basic implementation of the non-droop mode using the TPS53317.

o

~ Gmy =1mS Rc Cc
Y/ =
REFIN >—@—’—/\/\/\/—| : Lour

>—m—o
Gmc=1mS +>
¥ Driver
1 L Rbs(on) >—@ . _ﬂ PWM a §ESR
= = - Comparator € g RouT
—

RLoaD
8 kQ | Cour

b - L

UDG-11168

Figure 4. Non-Droop Mode Basic Implementation
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Figure 5 shows shows the load regulation using non-droop configuration.

Figure 6 shows the transient response of TPS53317 using non-droop configuration, where Cqyr = 3 X 47 yF. The
applied step load is from 0 Ato 2 A.
0.85 r e

0.83 5 ] g

j©
0.81 - 1 .
0.79 ‘
0.77
0
0.75 i

B ! L
0.73 I \
0.71 |

Output Voltage (V)

0.69
0.67

Non-Droop Configuration

0.65 <
1 2 3 4 5 6 F ‘ ‘ ‘ ‘

Output Current (A) (@D omvan 1 8200w WD /130 ’m,s 2000msis sonsipt

D 1.ovidiv MO 8y:20.0M
D 1.ondiv MQ 8y:20.0M 189 acas RL:100k
Auto June 14,2011

Figure 5. Load Regulation for 1.5-V Input and 0.75- Figure 6. Non-Droop Configuration Transient
V Output (Non-Droop Configuration) Response
CH 2: Vour (20 mV/div)
CH 4: I oap (1 A/div)
CH 3: SW (1 v/div)

Droop Configuration

The terminology for droop is the same as load line or voltage positioning as defined in the Intel CPU Vcore
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 2.
Acsint xIL)

V =
PROOF ™ Roroop * G

» low-side on-resistence is used as the current sensing element

e Acgnr is a constant, which nominally is 53 mV/A.

e I(L) is the DC current of the inductor, or the load current

*  Rproop is the value of resistor from the COMP pin to the VREF pin

e Gy is the transconductance of the droop amplifier with nominal value of 1 mS 2)
Equation 3 can be used to easily derive Rproop for any load line slope/droop design target.
R _Voroop ___ AcsnT . g _ AcsINT
LOAD_LINE = 'y "R G. = DROOP = o G
(L) DROOP * Gm LOAD _LINE % Gm 3)
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Figure 7 shows the basic implementation of the droop mode using the TPS53317.

O

~ Gmy =1mS Rproor
VREFIN '_/\/\/\/_ —
+ H Lout
—
q

Gmc=1mS +
+

Driver
L L Ros(on) N I PWM ESR

= —
Comparator e § RouTt
RLoab —

8 kQ Cour

VREF

UDG-11167

Figure 7. 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 8).

Load insertion
ILoap Load release —p»
Droop
VOUT setpoint at 0 A
Maximum transient voltage
=(5%-1%) x2=8% x Vo1
e l .. Jour setpointat6 A
Non-
Droop |77 N T T """""""""""
Maximum overshoot voltage =(5%-1%) x 1 =4% x Vg1
VOUT setpoint at 0 A v
A
Maximum undershoot voltage =(5%—1%) x 1 =4% x Vg1
____________________________________ B 2

UDG-11080

Figure 8. DROOP vs Non-DROOP in Transient Voltage Window

In applications where the DC and the AC tolerances are not separated, which means there is not a strict DC
tolerance requirement, the droop method can be used.
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Table 2. Mode Definitions

MODE LIGHT-LOAD SWITCHING OVERCURRENT
MODE RESISTANGE (k@) | POWER SAVING FREQUENCY LIMIT (OCL)
MODE (fsw) VALLEY (A)
1 0 600 kHz 6
2 12 600 kHz 4
SKIP
3 22 1 MHz 4
4 33 1 MHz 6
5 a7 600 kHz 6
6 68 600 kHz 4
PWM
7 100 1 MHz 4
8 OPEN 1 MHz 6

Figure 9 shows the load regulation of the 1.5-V rail using an Rproop Value of 6.8 kQ.

Figure 10 shows the transient response of the TPS53317 using droop configuration and Coyr = 3 X 47 yF. The
applied step load is from 0 A to 2 A.

Output Voltage (V)

Figure 9. Load Regulation for 1.5-V Input and 0.75-

0.85
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0.79

0.77

0.75

0.73

0.71
0.69

0.67

Droop Configuration

0.65
0 1 2

3 4 5

Output Current (A)

V Output (Droop Configuration)

6

D 20.0mVidiv
@D 1.0vidiv
D 1.0A/div

MO 8y:20.0M
MO 8y:20.0M

b Syzmon ”m

D | 34.6mv

ATD|-16.19mV

CH 2:
CH4

Response
Vout (20 mV/div)
 lLoap (1 A/div)

CH 3: SW (1 V/div)

50045 200.0MSis
Single Seq

1acas RL:100K

11:34:00

5.0ns/pt

Figure 10. Droop Configuration Transient
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Light-Load Power Saving Features

The TPS53317 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.

TPS53317 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.

Power Sequences

Non-Tracking Startup

The TPS53317 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 2VREF. Either the EN pin or the V5IN
pin can be used to start up the device. The TPS53317 uses internal voltage servo DAC to provide a precise 1.6-
ms soft-start time during soft-start initialization. (See Figure 11)

Tracking Startup

TPS53317 can also be configured for tracking application. When tracking configuration is desired, output voltage
is also regulated to the REFIN voltage which comes from external power source. In order for TPS53317 to
differentiate between a non-tracking configuration or a tracking configuration, there is a minimum delay time of
260 pus required between the time when the EN pin or the 5VIN pin is validated to the time when the REFIN pin
voltage can be applied, in order for the TPS53317 to track properly (see Figure 12). The valid REFIN voltage
range is between 0.6 V to 2 V.

Protection Features

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

5-V Undervoltage Protection (UVLO)

The TPS53317 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 of 440 mV of hysteresis. If the 5-V UVLO limit is reached, the
converter transitions the phase node into a off function. And the converter remains in the off state until the device
is reset by cycling 5 V until the 5-V POR is reached (2.3-V nominal). The power input does not have a UVLO
function.

Power Good Signals

The TPS53317 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.

Output Overvoltage Protection (OVP)

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

An OVP condition is detected when the output voltage is approximately 120% x Vgern. 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 is turned off (non-latch) until the VOUT pin voltage
exceeds 400 mV again.
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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 70% of Vgern, after approximately a
250 ps delay, the device stops switching and enters hiccup mode. After a hiccup waiting time, a re-start is
attempted. If the fault condition is not cleared, hiccup mode operation may continue indefinitely.

Overcurrent Protection

Both positive and negative overcurrent protection are provided in the TPS53317:
* Overcurrent Limit (OCL)
» Negative OCL (level same as positive OCL)

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 TPS53317 uses a valley
current limiting scheme where the DC OCL trip point is the OCL limit plus half of the inductor ripple current. The
minimum valley OCL is 6 A or 4 A (depending on mode selection) over process and temperature.

During the overcurrent protection event, the output voltage likely droops until the UVP limit is reached. Then, the
converter de-asserts the PGOOD pin, and then enters hiccup mode after an 250-us delay. The converter
remains in hiccup mode until the fault is cleared..

1
[ =1 +—xl
OCL(dc) ~ 'OCL(valley) ™ 5 *'P-P @

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 absolute value of the negative OCL set point is typically -6.5 A or -4.5 A
(depending on mode selection) .

Thermal Protection

Thermal Shutdown

The TPS53317 has an internal temperature sensor. When the temperature reaches a nominal 145°C, the device
shuts down until the temperature cools by approximately 10°C. Then the converter restarts.
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Startup Timing Diagrams

EN AND V5IN
Internal DAC/S
nterna S Fixed
¥ 3%

—

Power Good window, reference to REFIN %

=3%

'''''''''''''''''''''''''''''''''''''''''''''''''''' —3%
PGOOD
VouTt < pl— Delay
1.0 ms
PGOOD
UDG-11061
Figure 11. Non-Tracking Start-Up
EN AND V5IN |
REFIN
Forced Laop
CCM —p= Determined
Operation Operation
vouT
P 260 ps
g minimum
—9 ms———
PGOOD
1 ms—d-hl
UDGE-11479
Figure 12. Tracking Start-Up
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TYPICAL CHARACTERISTICS
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= : 20.748
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: —— Skip Mode, fey = 600 kHz 0 0.746 ——  Skip Mode, fsy = 600 kHz
60 |3 —— Skip Mode, fgy =1 MHz 0.744 —— Skip Mode, fsy =1 MHz
ss i e PWM Mode, fsyy = 600 kHz oar | e PWM Mode, fgy, = 600 kHz
[ X PWM Mode, fsyw = 1 MHz D N A N Y PWM Mode, fsy = 1 MHz
50 0.740
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current (A) G001 Output Current (A) G001
Figure 13. Efficiency vs Output Current Figure 14. Output Voltage vs Output Current
(1.5-V Input and 0.75-V Output)

(2.5-V Input and 0.75-V Output)

LAYOUT CONSIDERATIONS

Good layout is essential for stable power supply operation. Follow these guidelines for an efficient PCB layout.

Connect PGND pins (or at least one of the pins) to the thermal PAD underneath the device. Also connect
GND pin 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, VOUT, 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 analog signal away from noisy signals (SW, BST).

17
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Changes from Original (JUNE 2011) to Revision A Page
e Changed from "SKIP and Forced CCM" to "SKIP or Forced CCM" in FEATURES ........cooiiiiiiiiieiiie e 1
¢ Changed from "600-kHz and 1-MHz Switching" to "600-kHz or 1-MHz Switching" in FEATURES .......cccccccevviiiiveeeciiiee. 1
e Added clarity to Simplified APPlICAtION ArAWING .....coiiiiiiiiee ettt e e et e e e s s bbb et e e e e e abe e e e e e e e atbeeeeesanbaeeas 1
» Changed from "fgy, = 600 kHz" to " fg, = 1 MHZz" for tonminy in EC table 5
LI Yo [o [=To I ol = T4 4 A (o B =TI @ L0 1 B 11X €] 3 AN | PRSPPI 7
Changes from Revision A (JULY 2011) to Revision B Page
LI @1 0 F= g Lo [=To I [V ot 1] 1 [PPSR PPPP 1
¢ Added Memory Termination bullet in APPLICATIONS ...ttt e e e e e e e s st e e e e ettt e e e e e e s ataaeaeeesnsbaeeas 1
LI Yo (o [=To I ol = T 1A (o DT ST @4 | = I (O NPT EPPPP 1
LI @1 o F=TaTo T=To I (11 [ o) i T U I AP T T EP PSP PR PPPR 8
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
TPS53317RGBR ACTIVE VQFN RGB 20 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS53317RGBT ACTIVE VQFN RGB 20 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. 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
* —» =K e— P1—
% { I
iy’
@ ’@ @ Bf l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
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
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 1.5 8.0 12.0 Q1
TPS53317RGBT VQFN RGB 20 250 180.0 12.4 3.8 4.3 1.5 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*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
TPS53317RGBR VQFN RGB 20 3000 367.0 367.0 35.0
TPS53317RGBT VQFN RGB 20 250 210.0 185.0 35.0
TPS53317RGBT VQFN RGB 20 250 210.0 185.0 35.0
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MECHANICAL DATA

RGB (R—PVQFN—N20) PLASTIC QUAD FLATRPACK NO—LEAD
4,15
’
3,85 E
15 | 1
|
16 ‘ 10
B J{ 3,65
3,35
20 6
Pin 1 Index Area /
Top and Bottom 1 \ 5
¢ 0,20 Nominal
1,00 Lead Frame
0,80 L -
N

T Seating Plane

0,00
Seating Height

YYUUY
L ! o 6
20[ D )L -
THERMAL PAD
D) ‘ -
SIZE AND SHAPE
73 SHOWN ON S%PARATE SHEET Ei
) ‘ -
e ) L ‘ N Y Gl
| 10
MmN Lo 0.30
15 \ 1 ,
&1010@C AlB]
0,05M|C
Bottom View 4210219/ 05/2011

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.

QFN (Quad Flatpack No—Lead) package configuration.

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.

A
B
C
D
E.
ﬁ Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.
The Pin 1 identifiers are either a molded, marked, or metal feature.
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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

0,30
\ : : E d Thermal Pad
Xpose erma a
>k UUQU U/z— P
T — d
) d
2,10£0,10 = + =
i > d
== 10
ANMAN
15 11

<+ 2,60x0,10-»

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 Board Layout (Note E)
4,80 475
JUPUU Ao LUDOL
g ) ‘ -~ = —
4,30 r C > 26 = (G 4,25 zesr D |o8 | (G—
2,60 —-F—> —r &3 HlE=—F = e
2,0 91 2,0 T ] | <= 0,30 x
* () (G + C =10 (-
LI Epry - — 1— —
[ F[[]DD =~ 085 x 20 PL - DBHDD |- 0,80 x 20 PL.
\ /
16,(7[5‘/ |___ ——-I I——— 20x0.28\ N 050 J L -——I I——— 023 x 20 PL
AN XU,

59% solder coverage by printed

/ N area on center thermal pad

I Non Solder Mask AN Example Via Layout Design

| Defined Pad \ may vary depending on constraints
e — Example . (Note D, F)

/ ~ o Solder Mask Opening N 140

(Note F) \

5150

Example 5x90,3
Pad Geometry

(Note C)

4210359/C  05/12

NOTES: A. All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

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

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>.

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

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

oow
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	FEATURES
	APPLICATIONS
	DESCRIPTION
	THERMAL INFORMATION
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED OPERATING CONDITIONS
	ELECTRICAL CHARACTERISTICS
	clarity to BLOCK DIAGRAMBLOCK DIAGRAM

	APPLICATION INFORMATION
	Functional Overview
	PWM Operation
	PWM Frequency and Adaptive on Time Control
	Non-Droop Configuration
	Droop Configuration
	Light-Load Power Saving Features
	Power Sequences
	Non-Tracking Startup
	Tracking Startup

	Protection Features
	5-V Undervoltage Protection (UVLO)
	Power Good Signals
	Output Overvoltage Protection (OVP)
	Output Undervoltage Protection (UVP)
	Overcurrent Protection

	Thermal Protection
	Thermal Shutdown

	Startup Timing Diagrams

	TYPICAL CHARACTERISTICS
	LAYOUT CONSIDERATIONS



