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Dual Phase, D-CAP+™, Eco-mode™ Step-Down Controller with 8-Bit DAC

Check for Samples: TPS53624

FEATURES

e Selectable Dual-or Single-Phase
e Minimum External Parts Count

e 8-Bit DAC Supports Wide Range of
Applications

e Optimized Efficiency at Light and Heavy Loads

e Patented Output Overshoot Reduction (OSR)
Reduces Output Capacitance

e Accurate, Adjustable Voltage Positioning

» Selectable 200, 300, 400 and 500 kHz
Frequency

e Pat. Pending AutoBalance Phase Balancing
» Selectable 8-Level Current Limit
e 3-Vto 28-V Conversion Voltage Range

e Fast MOSFET Driver with Integrated Boost
Diode

» Integrated Overvoltage Protection (OVP)
e Small 6 x 6, 40-Pin QFN PowerPAD™ Package

APPLICATIONS

» High-Current, Low-Voltage ASIC or
Microprocessor Core Regulator

DESCRIPTION

The TPS53624 is a dual-phase step down controller
with integrated gate drivers. The PCNT pin enables
operation in dual or single-phase mode to optimize
efficiency depending on the load requirements.
Advanced control features such as D-CAP+™
architecture and OSR provides fast transient
response with low output capacitance. The DAC
supports VID-on-the-fly to optimize the output voltage
to the operating state of the system to reduce
quiescent power. The auto-skip feature of the
TPS53624 optimizes light-load efficiency in single
phase operation. System management features
include adjustable thermal monitor input and output
(THRM, THAL), output current monitoring (IMON),
and complimentary power good signals (PG and
PGD). Adjustable control of the output voltage slew
rate and voltage positioning are provided. In addition,
the TPS53624 includes two high-current FET gate
drivers to drive high and low side N-channel FETs
with exceptionally high speed and low switching loss.
All logic input and output pins have flexible LV input
and output thresholds that enable interface with logic
voltages from 1 V to 3.6 V.

The TPS53624 is packaged in a space saving,
thermally enhanced, RoHS compliant 40-pin QFN
and is rated to operate from —10°C to 105°C.

ORDERING INFORMATION®

Ta DEVICE OUTPUT MINIMUM
PACKAGE NUMBER PINS SUPPLY QUANTITY
. TPS53624RHAT 250
—10°C to 105°C Plastic Quad Flat Pack (QFN) 40 Tape-and-reel
TPS53624RHAR 2500

(1) Forthe most current package and ordering information, see the packaging information at the end of this document, or see the Tl website

at www.ti.com.

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+, Eco-mode, PowerPAD are trademarks of Texas Instruments.

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

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ABSOLUTE MAXIMUM RATINGS

Over operating free-air temperature range (unless otherwise noted, all voltages are with respect to GND.) &

VALUE
UNIT
MIN MAX
VBST1, VBST2 -0.3 36
@ VBST1to LL1. VBST2 to LL2 -0.3 6
Input voltage range CSP1, CSN1, CSP2, CSN2, MODE, OSRSEL, PCNT, SLEW, v
THRM, TRIPSEL, TONSEL, V5FILT, V5IN, VIDO, VID1, VID2, -0.3 6
VID3, VID4, VID5, VID6, VID7, VFB, EN, THAL
LL1, LL2 -5 30
DRVH1, DRVH2 -5 36
Output voltage range® DRVH1, DRVH2 to LL1 or LL2 -0.3 v
VREF, DROOP, DRVL1, DRVL2, IMON, PG, PGD -0.3
PGND, GFB -0.3 0.3
Operating junction temperature, T, -40 125 oc
Storage junction temperature, Tgg -55 150

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

(2) All voltage values are with respect to the network ground terminal unless otherwise noted.

THERMAL INFORMATION

THERMAL METRIC® RHA (40 PIN) UNITS
03a Junction-to-ambient thermal resistance 32
038 Junction-to-board thermal resistance 10 °C/W
B3chot Junction-to-case (bottom) thermal resistance 3.4

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

RECOMMENDED OPERATING CONDITIONS

over operating free-air temperature range, all voltages wrt GND (unless otherwise noted)

MIN TYP MAX UNIT
Conversion voltage (no pin assigned) 3 28
Supply voltages \%
V5IN, V5FILT 4.5 5.5
VBST1, VBST2 -0.1 34
;)/i%I;age range, conversion DRVHL, DRVH2 08 34 Vv
LL1, LL2 -0.8 28
CSN1, CSN2, CSP1, CSP2, DROOP, DRVL1, DRVL2, IMON,
Voltage range, 5-V pins MODE, OSRSEL PG, PGD, SLEW, THRM, TONSEL, TRIPSEL, -0.1 55 \%
VREF, VFB
Voltage range, 3.3-V pins EN -0.1 3.6 \%
:)/i‘r’]';age range, VCCP /0 PCNT, VIDO, VID1, VID2, VID3, VID4, VID5, VID6, VID7, THAL -0.1 13| v
Ground pins PGND, GFB -0.1 0.1
Electrostatic Discharge Human body model (HBM) 2 v
Protection (ESD) Charged device model (CDM) 1.5
Operating free air temperature, T -10 105 °C
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ELECTRICAL CHARACTERISTICS
over recommended free-air temperature range, Vysg 1 = Vysiv = 5.0 V, GFB = PGND = GND, Vyg = Vour (unless otherwise

noted).
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT

SUPPLY: CURRENTS, UVLO AND POWER-ON RESET

lys V5IN + VSFILT supply current Voac < Vurs < Vpac + 100 mV, EN = HI 2.3 4| mA
lyssTRY V5IN + V5FILT standby current EN=LO 1 uA
Vuvion VSFILT UVLO OK threshold x‘E’ZFfH:I;\;va"i’:&X:]’;Bb:;?g mV, Ramp up; 4.25 4.4 45| v

Vyseitr = Vysin. Ramp down; Vey = HI, Vygg = 100 mV,
VuvioL V5FILT UVLO fault threshold Restart if 5 V falls below Vpog then rises > Vi on is 4 4.2 4.3 \Y
toggled with 5V > Vyyi0H

Voor VSFILT fault latch reset threshold \Q’XZZLJ; tg\@v’g:rgﬁ an%Wg{hE:\If;uTt'é’ ;Z‘ge’r?ftart if5-v 14 19 23| v
REFERENCES: DAC, VREF, VBOOT AND DRVL DISCHARGE

VvipsTp VID step size Change VIDO HI to LO to HI 6.25 mVv
Vobact VFB no load active 0.750 V < Vypg < 1.250 V -1.35% 1.35%

Vpac2 VFB no load active/sleep 0.500 V £ Vg £0.750 V -11 11 mV
Vpacs VFB deeper sleep 0.300V < Vyeg < 0.500 V -14 14 mv
Vbaca VFB above microcontroller VID 1.250V<Vypp <16V -1.35% 1.35%

VVREF VREF output 45V < Vyse7S55V, Igge =0 1.665 1.700 1.750 \Y,
VVREFSRC VREF output source Irer = 0 A to 250 pA -9 -3 mV
VREFSNK VREF output sink Irer = —250 PA to 0 uA 10 3B mv
VyeooT Internal VFB initial boot voltage Initial DAC boot voltage 0.99 1.00 1.01 \%
VOLTAGE SENSE: VFB AND GNDSNS

(V=Y VFB input bias current \l\/l\(/);;n:fgu\llt: giégblzeOO{/UVLO; 9 40 MA
lvrBDQ VFB input bias current, discharge Fault, disable or UVLO, Vygg = 100 mV 90 125 175 uA
lcrs GNDSNS input bias current Not in fault, disable or UVLO; Vygg =2V, GSNS =0V -40 -8 HA
VbELGND GNDSNS differential +300 mvV
AGAINGND GNDSNS/GND gain 0.995 1.000 1.011 VIV
Vvescom VFB common mode input -0.3 2 \Y
CURRENT MONITOR

VIMONLK Zero-level current output ZACS = 0 mV, Ryyon = 12.7 kQ 0 5 150 mV
ViMonLo Low-level current output ZACS =10 mV, Rjyon = 12.7 kQ 202 250 302 1\%
VIMINMID Mid-level current output ZACS =20 mV, Ryon = 12.7 kQ 460 500 538 mvV
VIMONHI High-level current output ZACS =40 mV, Ryon = 12.7 kQ 958 1000 1058 mV
Kimon Gain factor 2 HA/MV
limonsre Current monitor source 2ACS = 60 mV 108 130 uA
VIMONSNK Current monitor clamp 2ACS =40 mV, Ryyon = OPEN 1.02 1.11 \%
Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS (continued)

over recommended free-air temperature range, Vysg 1 = Vysiv = 5.0 V, GFB = PGND = GND, Vyg = Vour (unless otherwise
noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT
CURRENT SENSE: OVERCURRENT, ZERO CROSSING, VOLTAGE POSITIONING AND PHASE BALANCING
Vrripsel = GND, Rg gw to GND 8.2 135
Vrripsel = REF, Rgigw to GND 11.4 16.8
VrripseL = 3.3 V, Rgigw to GND 14.5 20.3
v, OCP voltage set VrripseL = Vst Rsiew to GND 19.3 25.3 mv
ocPP (valley current limit) Virpser = GND, R gw to VREF 24.0 30.5
VrripseL = REF, Rg gw to VREF 30.2 37
Vrripsel = 3.3 V, Rgigw to VREF 38.1 455
VrripseL = Vst Rsiew to VREF 48.9 57
Vrripsel = GND, Rg gw to GND 12.5 17.7
VrripseL = REF, Rg gw to GND 15.8 215
Vrripsel = 3.3 V, Rg gw to GND 19.2 25
v Negative OCP voltage VrripseL = VvsriLT, Rsiew to GND 25.5 315 mv
OCPN (minimum magpnitude) VirpseL = GND, Re gw to VREF 32.1 38.3
Vrripsel = REF, Rgigw to VREF 405 46.7
Vrripsel = 3.3V, Rggw to VREF 51.9 58.5
VrripseL = VvsriLt: Rsiew to VREF 64.9 71.8
Vocpee Channel-to-channel OCP matching (CSP1-CSN1) — (CSP2—-CSN2) at OCP for each channel +1.0 mVv
lcs CS pin input bias current CSPx and CSNx -1 0.2 1 MA
OIM-DROOP Droop amplifier transconductance Vysns =1V 482 500 522 us
IbrooP Droop amplifier sink/source current 50 100 150 uA
Droop amplifier clamp voltage
VDCLAMPN (neggtive)p P 9 (VVREF - VDROOF’) 46 mv
Droop amplifier clamp voltage
VDCLAMPP (posiﬁve) P P g (VDROOP - VVREF) 1.2 \
Vpac = 0.750 V;
| Internal current share tolerance -3% 3%
BAL_TOL Vesp1 — Vesnt = Vespz — Vesnz = Vocee_min
AcsinT Internal current sense gain Gain from CSPx — CSNx to PWM comparator 5.93 6.11 VIV
DRIVERS: HIGH-SIDE, LOW-SIDE, CROSS CONDUCTION PREVENTION AND BOOST RECTIFIER
V -V, =5V, HI state, (V. -V, =01V 1.2 25
Romn DRVH on-resistance (Vvestx — Vi) (VvesT — VbRVH) N
(Vvestx — Vi) =5V, LO state, (Vpryn — Vi) = 0.1V 0.8 25
V =25V, (V -V =5V, source 2.2
IpRVH DRVH sink/source current® DRVHX Vvesm — Vi - A
Vprvhx = 2.5V, (Vyestx — Vi) =5V, sink 2.2
. . DRVHx 10% to 90% Cprynx = 3 NF 17 30
tbRVH DRVH transition time ns
DRVHx 90% to 10% Cpgryux = 3 NF 13 30
HI state, (V. -V, =0.1V 0.9 2
RprvL DRVL on-resistance v o) Q
LO state, (Vprve — Vpenp) = 0.1 V 0.4 1
V =2.5V, source 2.7
IpRVL DRVL sink/source current® DRVLX - A
Vprvix = 2.5V, sink 8
. X DRVLx 90% to 10%, CDRVLX = 3 nF 10 30
tbRrvVL DRVL transition time ns
DRVLx 10% to 90%, CDRVLX = 3 nF 14 30
. . LLx falls to 1V to DRVLx rises to 1 V 14 19 29
tNnoNovLP Driver non-overlap time - ns
DRVLx falls to 1V to DRVHx rises to 1 V 21 29 40
VEegsT BST rectifier forward voltage Vysin — VyesT, Ir =5 MA, Ty = 25°C 0.6 0.7 0.8 \%
lBsTLK BST rectifier leakage current Vyest =34V, V=28V 0.1 1 MA
(1) Specified by design. Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)
over recommended free-air temperature range, Vysg 1 = Vysiv = 5.0 V, GFB = PGND = GND, Vyg = Vour (unless otherwise

noted).
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT
OVERSHOOT REDUCTION (OSR) THRESHOLD SETTING
VosrseL = GND 78 106 135
Vosr OSR voltage set Vosrse = REF e 140 174 mvV
VosrseL = 3.3V 151 186 224
VosrseL = V5FILT OFF
Vosruys OSR voltage Hysteresis® All settings 20 mvV
TIMERS: SLEW RATE, SLEW, ON-TIME AND 1I/O TIMING
IsLew 1 RsLew to GND current Rsiew = 125 kQ from SLEW to GND 9.9 10 10.2 uA
IsLew 2 RsLew to VREF current RsLew = 45 kQ from VREF to SLEW 9.5 10.2 10.8 HA
teTARTUP VFB startup time lg\%,félf \‘;@ég? faluzlfjo Time from EN 0.60 0.80 09| ms
SlLstRT VFB slew soft-start Is.ew = |10 pA|, EN goes HI (soft-start) 1.3 1.6 1.9 mVius
SR VFB slew rate Istew = |10 pA| 10 12.5 15| mVlips
traDPO PGD power-on delay time Time from PG going low to PG going high 0.4 0.7 1 ms
teDDGLTO PGD deglitch time ;I;ivn\:e from VFB out of +300 mV Vpuac boundary to PGOOD 40 74 100 us
treDDGLTU PGD deglitch time ;I;i\r;e from VFB out of =300 mV Vpuc boundary to PGOOD 50 105 150 us
Vion = GND, Vi1, =12V, Vygg =1 V 315 400 465
fron Ontime control Vion = Vrer Vix =12V, Vypg = 1V 215 260 300 ns
Vion =33V, V1, =12V, Vygg =1V 170 200 230
Vron = Ve Vix = 12V, Vygg = 1 145 170 190
tin Controller minimum OFF time Fixed value 70 102 125 ns
tyibDBNC VID debounce time® 100 ns
tpsiDBNG PCNT debounce Time® 100 ns
tveevip VID change to VFB Change® 600 ns
tvRONPGD EN low to PGD low 20 74 100 ns
tpepvec PGD low to VFB change® 100 ns
tyRTDGLT THAL deglitch time 0.3 1 3 ms
PROTECTION: OVP, PGOOD, VR, VR_TT FAULTS OFF AND INTERNAL THERMAL SHUTDOWN
VovpH Fixed OVP voltage VFB > Vgypy for 1 ps, DRVL turns ON 1.6 1.8 \%
Vecon PGD high threshold ggi’s%reegma;t g;?[\éf; pin wrt / VID code, device latches 180 258 mv
Vool PGD low threshold ll;/leege;rs]:rsegﬂig: VFB pin wrt / VID code, device latches off, _367 973 my
VTHRM Thermal shutdown voltage Measured at THERM; THAL goes LO 0.69 0.75 0.81 \%
ITHRM THERM current Measure ltygrm to GND 57.5 61 67.5 MA
VNOFLT All faults OFF THRM > V5FILT + Vqy; not latched 4.75 4.9 5 \%
THinT L?S{Sg\ivi?gtmuer thermal Latch off controller 160 °C

(2) Specified by design. Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)
over recommended free-air temperature range, Vysg 1 = Vysiv = 5.0 V, GFB = PGND = GND, Vyg = Vour (unless otherwise

Product Folder Links: TPS53624

noted).
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT

LOGIC PINS: I/0 VOLTAGE AND CURRENT
VVRTTL THAL pull-down voltage Pul- down voltage with 20-mA sink current 0.15 0.40 \%
IVRTTLK THAL leakage current Hi-Z leakage current, Apply 5-V in off state -2 0.2 2 uA
VeikpeL PG, PG pull-down voltage Pull-down voltage with 3-mA sink current 0.1 0.4 \%
leLkpaLk PG, PGOOD leakage current Hi-Z leakage current, Apply 5-V in off state -2 0.1 2 HA
VveepH I/ LV logic high PCNT, EN, VIDO, VID1, VID2, VID3, VID4, VID5, VIDS, 0.83 v
Vveert I/0 LV logic low VID7 0.3 Y
lveepLk /0 LV leakage \L/E:kj%evcu"e”t' Vvip = Veent = 1V; ~1.00 0.01 100| pA
iDLK /0 LV leakage 'éf\la';agg cprrent, Vvip = Veent = 1V; 5 10 15|  pA
lENH 1/0 3.3-V leakage Leakage current, Vgy = 3.3V 10 25 HA
oL x\’n\D/(I)EN::V\é%f/VWDz: Vvipa= Vvips= Vvips= Vvipe= Vvip7 = 0 3 15 1 pA
IseLecT VrripseL = VosrseL = VronseL = 5 V -2 15 5 HA
lcTRL Vpent =0V, Vgy=3.3V -1 HA
IMoDEL Vwmope = 0V -5 5 pA
IMoDEH Vmope =5V 10 40 pA
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DEVICE INFORMATION

RHA PACKAGE

40 PINS
(TOP VIEW)
| -
o w
w O 5 = ® h o
w O & W 2 ¥ o
¥ £ v 4 0 Z |o 0o 0
> O > o - W la a O
YEEEEEEEEE
MODE |1} DRVH2
GND["2> | VBST2
CSP2[ 3 8] LL2
CSN2["%3 DRVL2
CSN1[ 53 Z6] V5IN
TPS53624
CSP1[ & 5] PGND
GFB[ 7 | DRVLA1
VFB['§: LL1
THRM[ g3 (27] vBST1
THAL [10; ] DRVH1
i1 A3 A3 44 A3 4 A7 A4 49
2 N~ P © B ¥ O N v O
o2 =z 4909909 9 a9 9 9 9
= >9 >5>5>5>5>55

Table 1. PIN FUNCTIONS

TERMINAL
lfe} DESCRIPTION
NAME NO.
CsP1 6 | | Positive current sense inputs. Connect to the most positive node of current sense resistor or inductor DCR
cSsp2 3 | | sense R-C network.
CSN1 5 | | Negative current sense inputs. Connect to the most negative node of current sense resistor or inductor DCR
CSN2 4 | | sense RC network.
Output of gy, error amplifier. A resistor to VREF sets the droop gain. A capacitor to VREF helps shape the
DROOP 39 0 :
transient response.
DRVH1 21 @) . ) .
High-side N-channel MOSFET gate drive outputs.
DRVH2 30 @)
DRVL1 24 @) .
Synchronous N-channel MOSFET gate drive outputs.
DRVL2 27 0]
EN 35 | Controller enable. 3.3-V I/O level; 100-ns de-bounce. Logic high 3.3-V enables the controller. Logic low stops
the controller.
GND 2 — | Return for analog circuits.
Voltage sense return tied directly to GND of the microprocessor. Tie to GND with a 100-Q resistor to close
GFB 7 | h . h
feedback when the microprocessor is not in the socket.
IMON 1 o Current monitor output. Viyon = ZVisense X K X Ryon- Reference Ryyon to GNDSNS. Voltage is clamped at
1.1-V maximum.
LL1 23 lfe} ) ) ) ) . .
High-side N-channel MOSFET gate drive return. Also, input for adaptive gate drive timing.
LL2 28 lfe}
MODE 1 — | Tie to GND to select CPU mode.
OSRSEL 32 O | Overshoot reduction (OSR) setting. The OSR threshold can be selected or OSR can be disabled.
S5= Negative active power good output; Open drain. Transitions low of approximately 50 ms after VOUT reaches
PG 34 0] h
the VID level. Leave open if unused.
Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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Table 1. PIN FUNCTIONS (continued)

TERMINAL
lfe} DESCRIPTION

NAME NO.

PGND 25 — | Synchronous N-channel MOSFET gate drive return.

PG 33 o Power good output; Open-drain. 6ms delay from voltage reaching the power good threshold. Leave open if
unused

PCNT 13 | | Single or dual phase control. 1-V 1/O level. A low is single phase mode.

SLEW 37 | Precision current set-point for slew rate control. Tie the Rg gy resistor to GND for the low OCP range; tie
RsLew to VREF for the high OCP range.

THAL 10 O | Thermal flag open drain output - active low. Fall time < 100ns with 56Q pull-up to 1V. 1ms de-glitch filter.

THRM 9 /o Thermal sensor input. An internal, 60-pA current source flows into an NTC thermistor connected to GND.
The voltage threshold is 0.75 V. Also is a faults off input, (THERM = V5FILT) for debug mode.
On-time selection pin. The operating frequency can be set between 200 kHz and 500 kHz in 100 kHz steps.

TONSEL 36 | h -
Frequency can be changed during operation.

TRIPSEL 31 | Overcurrent protection (OCP) setting. TRIPSEL is set with the Rg gy connection. The valley current limit at
the CS inputs can be selected in a range from approximately 10 mV to approximately 50 mV.

VBST1 22 | . . .
High-side N-channel MOSFET bootstrap voltage inputs.

VBST2 29 |

VIDO 20

VID1 19

VID2 18

VID3 17 .

| VID bits (MSB to LSB). 1-V I/O level; 100ns de-bounce

VID4 16

VID5 15

VID6 14

VID7 12

VSEILT 38 | 5-V power input for control circuitry. Has internal 3-Q resistor to 5VIN; bypass to GND with a 21-pF ceramic
capacitor.

V5IN 26 | 5-V power input for drivers; bypass to PGND with 22.2 yF ceramic capacitor.

VREF 40 O | 1.7-V, 250-pA voltage reference. Bypass to GND with a 0.22-uF ceramic capacitor.

VEB 8 | Voltage sense line tied directly to Vcore of the microprocessor. Tie to Voyt with a 100-Q resistor to close
feedback when the microprocessor is not in the socket.

Thermal Pad Connect directly to system GND plane with multiple vias.
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FUNCTIONAL BLOCK DIAGRAM

DROOP TONSEL V5FILT
|_39_I 36 38
el Ton
Differential Amplifier V5IN
VFB \Y
o] AEE VBST1
EA > CLK| Op-Time | CO co1
GNDSNS + CMP [PWM Generator De-MUX DRVH1
Smart
LL Driver
VREF 23| LL1
LIM ADDR .
VvIDo MUX | LL1 DRVL1
— LL2
VID1 |
ISHARE
VID2 PGND
VID3
VID4 VBST2
VID5 30 | DRVH2
CO2| Smart .
VID6 Driver LL2
VID7
27 | DRVL2
SLEW J—T
CSP1 n +®
CSN1 +
cSP2 Current [
Sensing | AppR
Circuitry ——
CSN2 | 4
1S2 —
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APPLICATION DIAGRAMS
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Figure 1. Inductor DCR Current Sense Application Diagram
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Application Circuit List of Materials

Recommended part numbers for key external components for the circuits in Figure 1 is listed in Table 2. These
components have passed applications tests.

Table 2. Key External Component Recommendations

FUNCTION MANUFACTURER COMPONENT NUMBER
High-side MOSFET Infineon BSCO80NO3MSG
Low-side MOSFET (x2) Infineon BSCO30NO3MSG
Panasonic ETQP4LR36AFC
Inductors Tokin MPCG1040LR36
Toko FDUE10140D-R36M
Panasonic EEFLX0D331R4
Bulk Output Capacitors Sanyo 2TPLF330M5
Kemet T5282337M2R5ATEO05-6666
. . Panasonic ECJ2FB0J106K
Ceramic Output Capacitors
Murata GRM21BR60J106KE19L
. Panasonic ERTJ1VV154]
NTC Thermistors
Murata NCP18XF151J03RB
Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 11
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DETAILED DESCRIPTION

FUNCTIONAL OVERVIEW

The TPS53624 is a D-CAP+™ mode adaptive on-time converter. The output voltage is set using a DAC that
outputs a reference in accordance with the 8-bit VID code defined in Table 5. VID-on-the-fly transitions are
supported with the slew rate controlled by a single resistor on the SLEW pin. Two powerful integrated drivers
support output currents in excess of 50 A. The converter enters single phase mode under PCNT control to
optimize light-load efficiency. Four switching frequency selections are provided in 100-kHz increments from 200
kHz to 500 kHz per phase to enable optimization of the power chain for the cost, size and efficiency
requirements of the design. (See Table 3)

Table 3. Frequency Selection Table

TO'?\?TE';‘;?)L(I/’?GE FREQUENCY (kHz)
GND (0) 200
VREF (L.7) 300
33 400
5 500

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 voltage-mode constant on-
time converters, each cycle begins when the output voltage crosses to a fixed reference level. However, in the
TPS53624, the cycle begins when the current feedback reaches an error voltage level which is the amplified
difference between the DAC voltage and the feedback voltage.

This approach has two advantages:
1. The amplifier DC gain sets an accurate linear load-line; this is required for CPU core applications.
2. The error voltage input to the PWM comparator is filtered to improve the noise performance.

In a steady-state condition, the two phases of the TPS53624 switch 180° out-of-phase. The phase displacement
is maintained both by the architecture (which does not allow both hig-side gate drives to be on in any condition)
and the current ripple (which forces the pulses to be spaced equally). The controller forces current sharing
adjusting the on-time of each phase. Current balancing requires no user intervention, compensation, or extra
components.

Multi-Phase, PWM Operation

Referring to the Functional Block Diagram and , in dual-phase steady state, continuous conduction mode, the
converter operates as follows:

Starting with the condition that both high-side MOSFETs are off and both low-side MOSFETs are on, the
summed current feedback (Vcyp) is higher than the error amplifier output (Vproop)- Veme falls until it hits Vproops
which contains a component of the output ripple voltage. The PWM comparator senses where the two
waveforms cross and triggers the on-time generator.
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Summed Current Feedback

Voltage -V

T tON

= Vewp

VDROOP

Time - us
Figure 2. D-CAP+ Mode Basic Waveforms

The summed current feedback is an amplified and filtered version of the CSPx and CSNx inputs. The TPS53624
provides dual independent channels of current feedback to increase the system accuracy and reduce the
dependence of circuit performance on layout compared to an externally summed architecture.

PWM Frequency and Adaptive on Time Control

The on-time (at the LL node) is determined by Equation 1.

V
ton = [ﬂ] X (LJ +30ns
Vin fsEL
where
e fgg is the frequency selected by the connection of the TONSEL pin Q)

The on-time pulse is sent to the high-side MOSFET. The inductor current and summed current feedback rise to
their maximum value, and the multiplexer and de-multiplexer switch to the next phase. Each ON pulse is latched
to prevent double pulsing.

The current sharing circuitry compares the average values of the individual phase currents, then adds or
subtracts a small amount from each on-time in order to bring the phase currents into line. No user design is
required.

Accurate droop is provided by the finite gain of the droop amplifier. The calculation for output voltage droop,
Vproop IS shown in Equation 2.

Rboroop * Gm

Vbroopr =

where
* Rcsis the effective current sense resistance, regardless if a sense resistor or inductor DCR is used
e Acs is the gain of the current sense amplifier
e ZI(L) is the DC sum of inductor currents
*  Rproop is the value of resistor from the DROOP pin to VREF
e Gy(droop) is the GM of the droop amplifier 2)
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The capacitor in parallel with Rproop matches the slew rate of the DROOP pin with the current feedback signals
to prevent ring-back during transient load conditions.

Ry xAloyt xgu xL _30pF

Cproop =

where
¢ Ry is load-line slope defined by proicessor mnufacturer
e Algyr is maximum dynamic load current for the processor

Duax = ton / ton+torrmin
e V(L) is the voltage across the inductor (Vgar — Vcore)- ?3)

The 30-pF term accounts for the slew rate limit of the amplifier without external capacitance.

AutoBalance Current Sharing

The basic mechanism for current sharing is to sense the average phase current, then adjust the pulse width of
each phase to equalize the current in each phase. The block diagram is shown in Figure 3.

TPS53624

MUX

VDAC

§ R(ton)

5 us + Kx (11-12)
Filter
— + <
PWM
MUX =

5 s + NK x (12-1) —
Filter C(ton)

N

UDG-12128

Figure 3. Current Sharing Block Diagram

Figure 3 also shows the TI D-CAP+™ constant on-time modulator. The PWM comparator (not shown) starts a
pulse when the feedback voltage meets the reference. This pulse turns on the gate of the high-side MOSFET.
After the MOSFET turns on, the LL voltage for that phase is driven up to the battery input. This charges C(toy)
through R(ton). The pulse is terminated when the voltage at C(toy) matches the toy reference, normally the DAC
voltage (Vpac)-

The circuit operates in the following fashion, using Figure 3 as the block diagram and to show the circuit action at
the level of an individual pulse (PWM1). First assume that the 5 pus averaged value of 11 = 12. In this case, the
PWM modulator terminates at VDAC, and the normal pulse width is delivered to the system. If instead, 11 > 12,
then an offset is subtracted from VDAC, and the pulse width for phase one is shortened, reducing the current in
phase one to compensate. If 11 < 12, then a longer pulse is produced, again compensating on a pulse-by-pulse
basis.
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Because the increase in pulse width is proportional to the difference between the actual phase current and the
ideal current, the system converges smoothly to equilibrium. Because the filtering is so much lighter than
conventional current sharing schemes, the settling time is very fast. Analysis shows the response to be single
pole with a bandwidth of approximately 60 kHz.

The speed advantage of the TPS53624 is beneficial because processors quickly move from full speed to idle and
back to save power when processing light and moderate loads. A multi-phase converter that takes milliseconds
to implement current sharing is never in equilibrium and thermal hot-spots can result. The TPS53624 allows rapid
dynamic current and output voltage changes while maintaining current balance.

Overshoot Reduction (OSR) Feature

The problem of overshoot in low duty-cycle synchronous buck converters results from the output inductor having
a small voltage (Vcore) With which to respond to a transient load release.

In Figure 5, a single phase converter is shown for simplicity. In an ideal converter, with the common values of 12-
V input and 1.2-V output, the inductor has 10.8 V (12 V — 1.2 V) to respond to a transient step, and 1.2 V to
respond once the load releases.

12V

701

Figure 5. Synchronous Converter

UDG-07187
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Figure 6 shows a two-phase converter. The energy in the inductor is transferred to the capacitance on the Vcore
node above and the output voltage (green trace) overshoots the desired level (lower cursor, also green). In this
case, the magnitude of the overshoot is approximately 40 mV. The LLx waveforms (yellow and blue traces)
remain flat during the overshoot, indicating the DRVLXx signals are on.

The performance of the same dual phase circuit, but with OSR enabled is shown in Figure 7. In this case, the
low side FETs shut off when overshoot is detected and the energy in the inductor is partially dissipated by the
body diodes. The overshoot is reduced by 25 mV. The dips in the LLx waveforms show the DRVLx signals are

OFF only long enough to reduce the overshoot.
L= 0.36uH L=0.36uH
Output Capacitance: Output Capacitance:

Yin=20% VYD) = 1.075Y Bulk = 4330uF, 4 Smohrn, Low ESL Yin=2%. ¥¥iD) = 1.075¢ Bulk = 443300F; 4 Smohrn, Low ESL
Load: Idc = 104, lac = 404 Ceramic = 7HZ2UF + 215 10uF Load: lde = 104, lac = 404 Cerarnic = PRZ2UF + 215 10uF

HEENNE R
NN RN

——
———
-
=
-
==
=
—
e
=
F——-.
—
E———

WOUT OSR OFF [OSRSEL =5Y) WaUT OSR 0N (DSR3EL = YREF)
Chi 20.0Y Eipy Chz  200% By I 4.0ps G2SMSE 1.6nzht chi 100y Eiy Chz 10.0% Eiy I 4 Ops GZSMSHE 1 Bhzdat
Ch3 1ov 0 B Chd S0.0mY Q B 4 Ch3 = 700mY Ch3 1.0% B Chd S0.0rY £ Bw & Ch3 ~ 700rY

Figure 6. Circuit Performance Without Overshoot Figure 7. Transient Release Performance Improved
Reduction with Overshoot Reduction

Implementation

OSR is implemented using a comparator between the DROOP and ISUM nodes. To implement OSR, simply
terminate the OSRSEL pin to the desired voltage to set the threshold voltage for the comparator. The settings
are:

e GND = Minimum voltage (Maximum reduction)

* VREF = Medium voltage

* +3.3V = Maximum voltage

* 5V =0SR off

Use the highest setting that provides the desired level of overshoot reduction to eliminate the possibility of false
OSR operation.

Light Load Power Saving Features

The TPS53624 has several power saving features to provide excellent efficiency over a very large load range.
This feature is implemented with PCNT pin.. This pin is a VCCP 1/O level. A LO on this pin puts the converter
into single phase mode, thus eliminating the quiescent power of phase two when high power is not needed.

In addition, the TPS53624 has an automatic pulse skipping skip mode. Regardless of the state of the logic
inputs, the converter senses negative inductor current flow and prevents it by shutting off the low-side
MOSFET(s). This saves power by eliminating recirculating current.
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MOSFET Drivers

The TPS53624 incorporates a pair of strong, high-performance gate drives with adaptive cross-conduction
protection. The driver uses the state of the DRVLx and LLx pins to be sure the high-side or low-side MOSFET is
off before turning the other on. Fast logic and high drive currents (up to 8 A typicall) quickly charge and
discharge MOSFET gates to minimize dead-time to increase efficiency. The high-side gate driver also includes
an internal P-N junction boost diode, decreasing the size and cost of the external circuitry. For maximum
efficiency, this diode can be bypassed externally by connecting Schottky diodes from V5IN (anode) to VBSTX
(cathode).

Voltage Slewing

The TPS53624 ramps the internal DAC up and down as the VID is changing. These timings are independent of
switching frequency, as well as output resistive and capacitive loading. The slew rate is set by a resistor from the
SLEW pin to AGND (Rg ew)- Rs ew Sets both the slew rate and the soft-start rate.

KsLew * VsLew

RsLew = SR
where
b KSLEW = 1.25 X 109
* Vg ew is equal to the slew reference Vg gwrerwhen Rg gy is tied to GND (4)

Connecting Rg gw to VREF enables the high range of overcurrent protection and changes Vg gy in Equation 4 to
0.45 V (VREF — Vg ewrer). The soft-start rate is 1/8 the slew rate.

At start-up the VID code should be stable at the time EN goes high. For example, the Vy,p for IMVP6.5 is 1.1 V.
The soft-start time to Voot IS shown in Equation 5.
1.1V x8
©)

tss =——=p—
SR (5)

Protection Features
The TPS53624 features full protection of the converter power chain as well as the system electronics.

Input Undervoltage Protection (UVLO)

The TPS53624 continuously monitors the voltage on the V5FILT pin to ensure the value is high enough to bias
the devices properly and provide sufficient gate drive potential to maintain high efficiency. The converter starts
with approximately 4.4 V and has a nominal 200 mV of hysteresis. This function is not latched, therefore
removing and restoring 5-V power to the device resets it. The power input (V,\,) does not include a UVLO
function, so the circuit runs with power inputs down to approximately 3 x Vcoge.
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Power Good Signals

The TPS53624 has two open-drain powergood pins. PGD and PG have the following nominal thresholds:
» High: Vpac + 200 mV
° LOW . VDAC - 300 mV

The differences are:
» PG transitions active low shortly ( approxiimately 50 us) after Vqyr reaches the V,y voltage on power-up.

e PGD rises at the same time as PG reaches the power good threshold defined above. PGD is high when
power is good and low when power is not good.

Both power good signals go inactive when the EN pin is pulled low or an undervoltage condition on V5IN is
detected. Both are also masked during DAC transitions to prevent false triggering during voltage slewing.

Output Overvoltage Protection (OVP)

In addition to the power good function described above, the TPS53624 has additional OVP and UVP thresholds
and protection circuits.

An OVP condition is detected when VOUT is > 200 mV greater than Vpac. In this case, the converter sets PGD
signals inactive and then latches OFF. The converter remains in this state until the device is reset by cycling
either V5IN or EN

However, because of the dynamic nature of VR systems, the +200 mV OVP threshold is blanked much of the
time. In order to provide protection to the processor 100% of the time, there is a second OVP level fixed at 1.55
V which is always active. If the fixed OVP condition is detected, the PGD signals are forced inactive and the
DRVLx signals are driven HI. The converter remains in this state until either V5IN or EN are cycled.

Output Undervoltage Protection (UVP)

Output undervoltage protection works in conjunction with the current protection described below. If VOUT drops
below the low PGD threshold for 80 ps, then the drivers are turned OFF until either V5IN or EN are cycled.

Current Protection

Two types of current protection are provided in the TPS53624.
* Overcurrent protection (OCP)
» Negative overcurrent protection

Overcurrent Protection (OCP)

The TPS53624 uses a valley current limiting scheme, so the ripple current must be considered. The DC current
value at OCP is the OCP limit value plus half of the ripple current. Current limiting occurs on a phase-by-phase
and pulse-by-pulse basis. If the voltage between CSPx and CSNx is above the OCP value (selected by
combination of TRIPSEL pin connection and Rg, gy termination), the converter holds off the next ON pulse until it
drops below the OCP limit. For inductor current sensing circuits, the voltage between CSPx and CSNx is the
inductor DCR value multiplied by the resistor divider which is part of the NTC compensation network. As a result,
a wide range of OCP values can be obtained by changing the resistor divider value. In general, use the highest
TRIPSEL setting possible with the least attenuation in the resistor divider to provide as much signal to the device
as possible. This provides the best performance for all parameters related to current feedback.

In OCP mode, the voltage droops until the UVP limit is reached. Then, the converter sets the PGD pins inactive,
and the drivers are turned OFF. The converter remains in this state until the device is reset by the EN or the
V5IN pin.
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Settings use both the TRIPSEL pin and the Rg gy termination. The eight possible OCP settings are shown in
Table 4. For the levels in mV for a specific setting, see the Electrical Characteristics table.

Table 4. TRIPSEL Settings

OCP RsLew Tied to GND Rs ew Tied to VREF
TRIPSEL GND VREF 3.3v 5V GND VREF 3.3V 5v
Setting Level 1 2 3 4 5 6 7 8

Negative Overcurrent Protection

The negative OCP circuit acts when the converter is sinking current. The converter continues to act in a valley
mode, so to have a similar negative DC limit, the absolute value of the negative OCP set point is typically 50%
higher than the positive OCP set point.

Thermal Protection

Two types of thermal protection are provided in the TPS53624
» Thermal flag open drain ouptut signal (THAL)
* Thermal shutdown

Thermal Flag Open Drain Ouptut Signal THAL

The THAL signal is an Intel-defined open-drain signal that is used to protect the power chain. To use THAL,
place an NTC thermistor at the hottest area of the PC board and connect it to the THRM pin. THRM sources a
precise 60-yA current, and THAL goes LO when the voltage on THERM reaches 0.7 V. Therefore, the NTC
thermistor needs to be 11.7 kQ at the trip level. A series or parallel resistor can be used to trim the resistance to
the desired value at the trip level.

THAL signal does not change the operation of TPS53624

Thermal Shutdown

The TPS53624 also has an internal temperature sensor. When the temperature reaches a nominal 160°C, the
device shuts down. The converter remains in this state until either V5IN or EN is cycled.

Current Monitor

The TPS53624 includes a power monitor function. The power monitor puts out an analog voltage proportional to
the output power on the IMON pin.

Vivon = Acs X GMimon x O Ves = Kimon * D, Ves

where
*  Kimon is given in the Electrical Characteristics table
e X Vs is the sum of the voltages at the inputs to the current sense amplifiers (6)
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Single-Phase Operation

The TPS53624 is a two-phase controller. This controller can also be configured for single-phase operation. There

are two ways the controller operates in single-phase mode.

« PCNT =0 V. In this case, the controller starts up as dual-phase but goes into single-phase after start-up is
completed. This mode is used for improving efficiency of a two-phase converter while operating under light
load conditions.

« PCNT =5 V. In this case, the controller operates in a complete single-phase mode. The drivers for Phase 2
are totally disabled in this mode.

In order to use the controller purely as a single-phase controller, connect PCNT to V5FILT. Also, the current
sense input pins of the second phase (CSN2, CSP2) must be grounded. All the other pins of the second phase
must be left open.

VID Table

The TPS53624 incorporates the 8-bit VID table shown in Table 5.
Table 5. VID Table (continued)

Table 5. VID Table

VID
VDAC
VID Hex 7 6 5 4 3 2 1 0
Hex 7 6 5 4 3 2 1 0 VDAC 26 0 0 1 0 0 1 1 0 1.37500
0 0 0 0 0 0 0 0 0 OFF 27 0 0 1 0 0 1 1 1 1.36875
1 0 0 0 0 0 0 0 1 OFF 28 0 0 1 0 1 0 0 0 1.36250
2 0 0 0 0 0 0 1 0 1.60000 29 0 0 1 0 1 0 0 1 1.35625
3 0 0 0 0 0 0 1 1 1.59375 2A 0 0 1 0 1 0 1 0 1.35000
4 0 0 0 0 0 1 0 0 1.58750 2B 0 0 1 0 1 0 1 1 1.34375
5 0 0 0 0 0 1 0 1 1.58125 2C 0 0 1 0 1 1 0 0 1.33750
6 0 0 0 0 0 1 1 0 1.57500 2D 0 0 1 0 1 1 0 1 1.33125
7 0 0 0 0 0 1 1 1 1.56875 2E 0 0 1 0 1 1 1 0 1.32500
8 0 0 0 0 1 0 0 0 1.56250 2F 0 0 1 0 1 1 1 1 1.31875
9 0 0 0 0 1 0 0 1 1.55625 30 0 0 1 1 0 0 0 0 1.31250
A 0 0 0 0 1 0 1 0 1.55000 31 0 0 1 1 0 0 0 1 1.30625
B 0 0 0 0 1 0 1 1 1.54375 32 0 0 1 1 0 0 1 0 1.30000
(e} 0 0 0 0 1 1 0 0 1.53750 33 0 0 1 1 0 0 1 1 1.29375
D 0 0 0 0 1 1 0 1 153125 34 0 0 1 1 0 1 0 0 1.28750
E 0 0 0 0 1 1 1 0 1.52500 35 0 0 1 1 0 1 0 1 1.28125
F 0 0 0 0 1 1 1 1 151875 36 0 0 1 1 0 1 1 0 1.27500
10 0 0 0 1 0 0 0 0 1.51250 37 0 0 1 1 0 1 1 1 1.26875
11 0 0 0 1 0 0 0 1 1.50625 38 0 0 1 1 1 0 0 0 1.26250
12 0 0 0 1 0 0 1 0 1.50000 39 0 0 1 1 1 0 0 1 1.25625
13 0 0 0 1 0 0 1 1 1.49375 3A 0 0 1 1 1 0 1 0 1.25000
14 0 0 0 1 0 1 0 0 1.48750 3B 0 0 1 1 1 0 1 1 1.24375
15 0 0 0 1 0 1 0 1 1.48125 3C 0 0 1 1 1 1 0 0 1.23750
16 0 0 0 1 0 1 1 0 1.47500 3D 0 0 1 1 1 1 0 1 1.23125
17 0 0 0 1 0 1 1 1 1.46875 3E 0 0 1 1 1 1 1 0 1.22500
18 0 0 0 1 1 0 0 0 1.46250 3F 0 0 1 1 1 1 1 1 1.21875
19 0 0 0 1 1 0 0 1 1.45625 40 0 1 0 0 0 0 0 0 1.21250
1A 0 0 0 1 1 0 1 0 1.45000 41 0 1 0 0 0 0 0 1 1.20625
1B 0 0 0 1 1 0 1 1 1.44375 42 0 1 0 0 0 0 1 0 1.20000
1c 0 0 0 1 1 1 0 0 1.43750 43 0 1 0 0 0 0 1 1 1.19375
1D 0 0 0 1 1 1 0 1 1.43125 44 0 1 0 0 0 1 0 0 1.18750
1E 0 0 0 1 1 1 1 0 1.42500 45 0 1 0 0 0 1 0 1 1.18125
1F 0 0 0 1 1 1 1 1 1.41875 46 0 1 0 0 0 1 1 0 1.17500
20 0 0 1 0 0 0 0 0 1.41250 47 0 1 0 0 0 1 1 1 1.16875
21 0 0 1 0 0 0 0 1 1.40625 48 0 1 0 0 1 0 0 0 1.16250
22 0 0 1 0 0 0 1 0 1.40000 49 0 1 0 0 1 0 0 1 1.15625
23 0 0 1 0 0 0 1 1 1.39375 4A 0 1 0 0 1 0 1 0 1.15000
24 0 0 1 0 0 1 0 0 1.38750 4B 0 1 0 0 1 0 1 1 1.14375
25 0 0 1 0 0 1 0 1 1.38125 AC 0 1 0 0 1 1 0 0 1.13750
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Table 5. VID Table (continued)

Table 5. VID Table (continued)

VDAC

0.78750

0.78125

0.77500

0.76875

0.76250
0.75625

0.75000
0.74375
0.73750

0.73125

0.72500
0.71875

0.71250
0.70625
0.70000

0.69375

0.68750
0.68125

0.67500
0.66875
0.66250

0.65625
0.65000
0.64375

0.63750

0.63125

0.62500

0.61875
0.61250
0.60625
0.60000
0.59375
0.58750

0.58125

0.57500
0.56875

0.56250
0.55625
0.55000

0.54375
0.53750
0.53125

0.52500
0.51875
0.51250

0.50625
0.50000
0.49375

0.48750

0.48125

0.47500

0.46875

0.46250
0.45625

0.45000

VID

0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0

Hex

84

85
86

87

88
89

8A
8B
8C

8D
8E

8F
90
91

92
93
94
95
96
97
98
99
9A
9B
9C
9D
9E

9F
A0

Al

A2

A3

A4

A5

A6

A7

A8

A9

AA

AB

AC
AD

AE

AF

BO

Bl

B2

B3

B4
B5

B6

B7

B8

B9

BA

VDAC

1.13125
1.12500
1.11875

1.11250
1.10625
1.10000

1.09375
1.08750
1.08125

1.07500
1.06875
1.06250

1.05625
1.05000
1.04375

1.03750
1.03125
1.02500

1.01875
1.01250
1.00625

1.00000
0.99375
0.98750

0.98125

0.97500
0.96875

0.96250

0.95625
0.95000

0.94375

0.93750
0.93125

0.92500

0.91875
0.91250

0.90625

0.90000
0.89375

0.88750

0.88125

0.87500

0.86875

0.86250
0.85625

0.85000
0.84375
0.83750

0.83125

0.82500
0.81875

0.81250
0.80625
0.80000

0.79375

VID

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1
0
1
0
1
0

1

Hex

4D
4E
aF

50
51

52

53
54
55

56
57
58

59
5A
5B

5C
5D
5E

5F
60
61

62
63
64

65

66
67
68
69
6A

6B
6C
6D

6E
6F
70

71

72
73

74
75
76

7
78
79

7A
7B
7C

7D
7E
7F
80
81

82
83
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Table 5. VID Table (continued) Table 5. VID Table (continued)
VID VID
VDAC VDAC
Hex | 7 6 5 4 3 2 1 0 Hex | 7 6 5 4 3 2 1 0
BB 1 0 1 1 1 0 1 1 0.44375 EO 1 1 1 0 0 0 0 0 0.21250®
BC 1 0 1 1 1 1 0 0 0.43750 E1 1 1 1 0 0 0 0 1 0.206250
BD 1 0 1 1 1 1 0 1 0.43125 - N N n o o 0 I o 0200000
BE 1 0 1 1 1 1 1 0 0.42500
E3 1 1 1 0 0 0 1 1 o
BF | 1 0 1 1 1 1 1 1 0.41875 019375
co 1 1 0 0 0 0 0 0 0.41250 E4 1 1 1 0 0 1 0 0 0.18750%
c1 1 1 0 0 0 0 0 1 0.40625 E5 1 1 1 0 0 1 0 1 0.18125M
c2 1 1 0 0 0 0 1 0 0.40000 E6 1 1 1 0 0 1 1 0 0175000
c3 1 1 0 0 0 0 1 1 0.39375 £ 1 1 1 o 0 1 1 1 0168750
ca 1 1 0 0 0 1 0 0 0.38750
E8 1 1 1 0 1 0 0 0 0.162500
c5 1 1 0 0 0 1 0 1 0.38125
E9 1 1 1 0 1 0 0 1
c6 1 1 0 0 0 1 1 0 0.37500 0.15625%
c7 1 1 0 0 0 1 1 1 0.36875 EA 1 1 1 0 1 0 1 0 0.15000®
c8 1 1 0 0 1 0 0 0 0.36250 EB 1 1 1 0 1 0 1 1 0143750
co 1 1 0 0 1 0 0 1 0.35625 £C 1 1 1 0 1 1 0 0 0.137500
cA 1 1 0 0 1 0 1 0 0.35000 0 1 1 1 0 1 1 0 1 0131250
cB 1 1 0 0 1 0 1 1 0.34375 5 5
EE 1 1 1 1 1 1 @
cc 1 1 0 0 1 1 0 0 0.33750 012500
co | 1 1 0 0 1 1 0 1 0.33125 EF 1 1 ! 0 1 ! 1 1 0.11875%
CE 1 1 0 0 1 1 1 0 0.32500 Fo 1 1 1 1 0 0 0 0 0.11250
CF 1 1 0 0 1 1 1 1 0.31875 F1 1 1 1 1 0 0 0 1 0.10625M
DO 1 1 0 1 0 0 0 0 0.31250 2 1 1 1 1 o 0 1 o 0.10000®
D1 1 1 0 1 0 0 0 1 0.30625
F3 1 1 1 1 0 0 1 1 0.09375®
D2 1 1 0 1 0 0 1 0 0.30000
Fa 1 1 1 1 0 1 0 0 @
3 | 1| 2| o | 1] o] o 1] 1| gaeame 0.08750
F5 1 1 1 1 0 1 0 1 1
D4 1 1 0 1 0 1 0 0 0.28750W 0.08125%
F6 1 1 1 1 0 1 1 0 1
ps | 1| 1 | o | 1] o 2| o] 1| gasime 0.07500%
F7 1 1 1 1 0 1 1 1 1
D6 1 1 0 1 0 1 1 0 0.275000 0.06875%
F8 1 1 1 1 1 0 0 0 @
D7 1 1 0 1 0 1 1 1 0.26875® 0.06250
F9 1 1 1 1 1 0 0 1 @
8 | 1 | 2 | o | 1] 2] o ol o gm0 0.05625
FA 1 1 1 1 1 0 1 0 @
Do | 1| 2| o | 1] 2] o o 1| gasesw 0.05000
FB 1 1 1 1 1 0 1 1 @
DA 1 1 0 1 1 0 1 0 0.25000® 0.04375
FC 1 1 1 1 1 1 0 0 @
DB 1 1 0 1 1 0 1 1 0.24375® 0.03750
FD 1 1 1 1 1 1 0 1 0.03125@
DC 1 1 0 1 1 1 0 0 0.237500
FE 1 1 1 1 1 1 1 0 OFF
DD 1 1 0 1 1 1 0 1
0.23125% FF | 1 1 1 1 1 1 1 1 OFF
DE 1 1 0 1 1 1 1 0 0.225000
e 1 1 o 1 1 1 1 1 0218750 (1) Device operating characteristics and tolerances below 0.3 V
: are not specified.
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APPLICATION INFORMATION

Design Procedure
The TPS53624 has the simplest design procedure of any IMVP6.5 ~ore controller on the market.

Choosing Initial Parameters

Step One

Determine the processor specifications. For the purposes of this document, the Intel® Auburndale 45-V
Processor from Table 2 of the RS — Intel® IMVP-6.5 Mobile Processor and Mobile Chipset Voltage Regulation
Specification, Reference Number 24779, Revision 1.0 is used.

The processor requirements provide the following key parameters.

o VHFM =1.075V

i RlMVP =-1.9mQ

* lecmax) = 90 A

*  Ipyngmax =35 A

* lecde) = 37 A

* Slew rate = 5 mV/pys (minimum)

The last requirement shows that the converter must support a 25% overcurrent for 10 pys without going out of
tolerance. The TPS53624 is designed to support the momentary OCP requirement internally, so only the DC

OCP limit needs to be considered when calculating OCP levels. This also means that the power-chain does not
have to be over-designed to meet Intel requirements.

Step Two
Determine system parameters.

The input voltage range and operating frequency are of primary interest.

For example

* ViNmax =20V

* Vinmin =9V

b fSW = 300 kHz

Step Three

Determine current sensing method.

The TPS53624 supports both resistor sensing and inductor DCR sensing. Inductor DCR sensing is chosen.

For resistor sensing, substitute the resistor value (1 mQ recommended for a 50-A application) for Rcg in the
subsequent equations and skip Step Five.
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Step Four
Determine inductor value and choose inductor.

Smaller inductor values have better transient performance but higher ripple and lower efficiency. Higher values
have the opposite characteristics. It is common practice to limit the ripple current to between 30% and 50% of the
maximum current per phase. In this case, use 40%:

lb_p =ﬂx0.4 =10A
2phases @
At fgy = 300 kHz, with a 20-V input and a 1.075-V output.
L V xdT

V = (Vingmax) — Viem )

T = VHEM

. ) (fXVIN(max)) ®)

L=0.34 pH

An inductance value of 0.36 pH is chosen. Ensure that the inductor does not saturate during peak loading
conditions.

lsaT :[lﬁqﬂ+lp—PJx1.2x1.25:45A
PHASE 9)

The factor of 1.2 is included to allow for current sensing and current limiting tolerances. The factor of 1.25 is due

to Intel's 25% momentary OCP requirement described above.

The chosen inductor should have the following characteristics:

» As flat an inductance vs. current curve as possible. Inductor DCR sensing is based on the idea L/DCR is
approximately a constant through the current range of interest.

» Either high saturation or soft saturation
» Low DCR for improved efficiency, but at least 0.7 mQ for proper signal levels.
» DCR tolerance as low as possible for load-line accuracy.

For this application, a 0.36-yH, 1.0-mQ inductor is chosen.

Step Five
Design the thermal compensation network.

In most designs, NTC thermistors are used to compensate thermal variations in the resistance of the inductor
winding. This winding is generally copper, and therefore has a resistance coefficient of 3900 PPM/°C. NTC
thermistors, however, have very non-linear characteristics and need two or three resistors to linearize them over
the range of interest. The typical DCR circuit is shown in Figure 8.
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CSP CSN

UDG-07188
Figure 8. Typical DCR Sensing Circuit
In this circuit, good performance is obtained when:

L
oy Csense *Req
DCR (10)

In Equation 10, all of the parameters are defined in Figure 8 except Req, Which is the series/parallel combination
of the other four discrete resistors. Cgense Should be a capacitor type which is stable over temperature. Use X7R
or better dielectric (COG preferred).

Because calculating these values by hand is difficult, Tl offers a spreadsheet using the Excel Solver function.
Contact your local Tl representative to get a copy of the spreadsheet.

In the reference design, the following values are input to the spreadsheet:

e L=0.36pH

* Rpcr=1mQ

* Load Line (typically -1.9 mQ for SV processors)

e Minimum overcurrent limit = 56 A

* Thermistor Ry5 and “B” value = 4700 kQ

The spreadsheet then calculates the TRIPSEL setting and the values of:

° RSEQU

* Rseries
* Rpar

* Csense

In this case, the TRIPSEL setting is TRIPSEL = 5 V with Rg gy to GND and the nearest standard component
values are:

+ Reenies = 43.2 kQ
 Rppg = 143 KQ

+ Rsgou = 24.3 kQ
* Csense =18 nF
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Note the effective divider ratio for the inductor DCR. The effective current sense resistance (Rcse) is shown in
Equation 11.

R R Rp N
CS(eff) = "DCR XRSEQUTPN

where
* Rp y is the series/parallel combination of RyrcRseries and Rpag (11)

Re N - Rpar x (Rntc +Rseries)
~ Rear Ryt +RseriES (12)

RCS(eff) is 0.77 mQ.

Step Six
Determine the output capacitor configuration.

Intel has several recommended configurations in the specifications. The TPS53624 meets every requirement
with margin using the minimum configuration given in the Intel specification (Option 3). Depending on the layout,
it is possible to reduce the output capacitance further, or to use alternate capacitor technologies. A good rule of
thumb is that a successful design has a combination of bulk and ceramic capacitance totaling at least 1600 pF.

Step Seven

Set the load line.

The load line is set by the droop resistor using Riyye and Regefr-
R x A
CS(eff) *ACS _ 4 7510y

Roroop =
Gm *Rimve (13)

Step Eight
Calculate the droop capacitor value.
Ru xflourxam>L 3656 _105pF
Res xAcs xDyax x V(L) (14)

Cproop =

Because better overall transient performance is obtained by allowing a small ring-back, a small value capacitor
(between 33 pF and 68 pF) is used. This capacitor also helps in eliminating any noise that may be present at the
DROOP pin.

Step Nine

Calculate Rg gwy-

Rs ew sets the slew rate and the soft-start rate. The soft-start rate is 1/8 of the slew rate. Given the Intel
requirements, the slew rate minimum requirement is 5 mV/us.

R _ Kstew * VsLEw
SLEW = SR

here
« From the overcurrent limit setting in Step Five, Rg gy is terminated to GND
Ksiew = 1.25 x 10°
Vsigw = 1.25 V (15)

Taking into account the tolerance on Kg gy, Rs ew = 250 kQ.
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Step Ten
Calculate Ryyon-

Rimon is calculated to set the voltage on the IMON pin to approximately 1.0 V at maximum processor current.
V
IMON 0
Kimon *lcc(max) X Resefr)

Rimon =

here
* Viyon=10V
*  Kmon =2 HA/mV
* lecmay =90 A
*  Rcsemn =0.77 mQ
* Rpmon = 13.1kQ
¢  Civon = 3300pF and is added in parallel to R0\ to give a smooth response on IMON pin. (16)

Step Eleven
Calculate THAL pin components.

The THERM pin produces a nominal 61 pA current. The trip voltage is 0.75 V. Therefore, the resistance at the
trip point needs to be 0.75V / 61 pA = 12.3 kQ. For a trip temperature of 85°C, the recommended 150 kQ NTC
thermistor is 10.3 kQ. To move the trip point to the correct resistance, we add a series resistance of 2.0 kQ.
Depending on the thermistors selection and desired trip point, adding a parallel resistance to obtain the correct
resistance at the trip point is also possible. In order to keep the sensing as accurate as possible in both cases,
the contribution of the fixed resistance at the trip point should be as small as possible.

* V5IN decoupling 2 2.2 yF, 210 V

e V5FILT decoupling =2 1 yF, 210V

* VREF decoupling 0.22 yFto 1 yF, 24V

e Bootstrap capacitors = 0.22 uF, = 10 V Bootstrap diodes (optional) 30 V Schottky diode, BAT-54 or better
+  Pull-up resistors on PGOOD, PG, THAL, and PCNT pins per Intel guidelines

For power chain and other component selection, see Table 2.

Step Twelve
Select decoupling and peripheral components.

For peripheral capacitors use the following minimum values of ceramic capacitance. A capacitor with an X5R or
better temperature coefficient is recommended. Tighter tolerances and higher voltage ratings are always
appropriate.

* V5IN decoupling = 2.2 pF, =2 10V

* V5FILT decoupling 2 1 pF, = 10V

* VREF decoupling 0.22 pF to 1 pF, 24V

e Bootstrap capacitors =2 0.22 yF, 210 V

» Bootstrap diodes (optional) 30 V Schottky diode, BAT-54 or better

+  Pull-up resistors on PGOOD, PG, THAL, and PCNT pins per Intel guidelines
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Layout Guidelines

The TPS53624 has fully differential current and voltage feedback. As a result, no special layout considerations
are required. However, all high-performance multi-phase power converters, like the TPS53624, require a certain
level of care in layout.

Schematic Review

Because the voltage and current feedback signals are fully differential it is a good idea to double check the
polarity.

+ CSP1/CSN1

+ CSP2/CSN2

* VCCSENSE to VFB / VSSSENSE to GSNS

Specific Guidelines

Separate Noisy Driver Interface Lines from Sensitive Analog Interface Lines

The TPS53624 makes this as easy as possible, as the two sets of pins are on opposite sides of the device. In
addition, the CPU interface signals are grouped on one side of the device, and the MCH and platform interface
signals are grouped on the opposite side. This arrangement is shown in Figure 9.

Sensitive
Analog o
Interface u O
w O
¥
>
ed B9 37 b4 89 84 8d 92 B
Mmooyt 30
GND|[Z; {29
CSP2[ 3
CSN2[ 4}
CSN1[’5) TPS53624
csPil&s RHA PACKAGE
GFB| 7>
VFB| 83
THRM |9
THAL[10: ) o
03 f3 A4 f4 A4 A AR A g
8525853882538
= > b > > > > > > > CPU
Interface
UDG-12127

Figure 9. Device Layout by Pin Function

Given the physical layout of most systems, the current feedback (CSPx, CSNx) may have to pass near the

power chain. Clean current feedback is required for good load-line, current sharing, and current limiting

performance of the TPS53624. This requires the designer take the following precautions.

« Make a Kelvin connection to the pads of the resistor or inductor used for current sensing. See Figure 10 for a
layout example.

» Lay out the current feedback signals as a differential pair to the device.

* Lay out the lines in a quiet layer. Isolate them from noisy signals by a voltage or ground plane.
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» Design the compensation capacitor for DCR sensing (Csense) as close to the CS pins as possible.
d Place RPAR near CSENSE'

» Place any noise filtering capacitors directly under the TPS53624 and connect to the CS pins with the shortest
trace length possible.

Noisy i Quiet

LL,

UDG-07189

Figure 10. Make Kelvin Connections to the Inductor for DCR Sensing

» Ensure that all vias in the CSPx and CSNx traces are isolated from all other signals

» Lay out the dotted signal traces in internal planes

» If possible, change the name of the CSNx trace to prevent unintended connections to the Vcore plane
» Design CSPx and CSNx as a differential pair in a quiet layer

» Design the capacittor as near to the device pins as possible
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Minimize High Current Loops

Figure 11 shows the primary current loops in each phase, numbered in order of importance. The most important
loop to minimize the area of is Loop 1, the path from the input capacitor through the high and low-side
MOSFETSs, and back to the capacitor through ground.

UDG-07190

Figure 11. Major Current Loops Requiring Minimization

Loop 2 is from the inductor through the output capacitor, ground and Q2. The layout of the low-side gate drive
(Loops 3a and 3b) is important. The guidelines for gate drive layout are:

» Make the low side gate drive as short as possible (1 inch or less preferred).
* Make the DRVL width to length ratio of 1:10, wider (1:5) if possible
» If changing layers is necessary, use at least two vias
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Power Chain Symmetry

The TPS53624 does not require special care in the layout of the power chain components, because independent
isolated current feedback is provided. Make every effort to lay out the phases in a symmetrical manner. The
current feedback from each phase must be free of noise and have the same effective current sense resistance. A
value of 1 mQ of current feedback resistance is recommended.

Place Analog Components as Close to the Device as Possible

Place components close to the device in the following order.
1. CS pin noise filtering components

2. DROOP pin compensation component

3. Decoupling capacitor

4. SLEW resistor (Rg gw)

Grounding Recommendations

The TPS53624 has separate analog and power grounds, and a thermal pad. The normal procedure for
connecting these is:

1. Connect the thermal pad to PGND.

2. Tie the thermal pad to the system ground plane with at least 4 small vias or one large via.

3. GND can be connected to any quiet space. A quiet space is defined as a spot where no power supply
switching currents are likely to flow. This applies to both the VCORE regulator and other regulators. Use a
single point connection to the point, and pour a GND island around the analog components.

4. Make sure the low-side MOSFET source connection and the decoupling capacitors have plenty of vias.

Decoupling Recommendations

« Decouple V5 to PGND with at least a 2.2-uF ceramic capacitor. This fits best on the opposite side of the
device.

» Use double vias to connect to the device.
» Decouple V5FILT with 1-yF to AGND with leads as short as possible.
» Decouple VREF to AGND with 0.22-uyF, with short leads as short as possible.

Conductor Widths
» Follow Intel guidelines with respect to the voltage feedback and logic interface connection requirements.
* Maximize the widths of power, ground and drive signal connections.

» For conductors in the power path, be sure there is adequate trace width for the amount of current flowing
through the traces.

» Make sure there are sufficient vias for connections between layers.
e Use a minimum of 1 via per ampere of current
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TYPICAL CHARACTERISTICS
SUPPLY CURRENT REFERENCE VOLTAGE
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Figure 12. Figure 13.
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Figure 14. Figure 15.
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TYPICAL CHARACTERISTICS (continued)
HIGH FREQUENCY OUTPUT VOLTAGE

LOW FREQUENCY OUTPUT VOLTAGE
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OUTPUT CURRENT OUTPUT CURRENT
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Figure 16. Figure 17.
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Figure 18. Figure 19.
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TYPICAL CHARACTERISTICS (continued)
CURRENT SHARE IMBALANCE CURRENT MONITOR VOLTAGE
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Figure 20. Figure 21.
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Figure 22. Figure 23.
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TYPICAL CHARACTERISTICS (continued)

EFFICIENCY EFFICIENCY
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Figure 24. Figure 25.
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Figure 26. Start-Up, Viy =20 V
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Figure 27. Start-Up, V|y =9V
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TYPICAL CHARACTERISTICS (continued)
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Figure 28. PG and PGOOD, V|y =20 V Figure 29. PG and PGOOD, V|y =9 V
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Figure 30. Output Ripple, V|y =20V Figure 31. Output Ripple, Viy=9V
36 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated

Product Folder Links: TPS53624


http://www.ti.com/product/tps53624?qgpn=tps53624
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSB66&partnum=TPS53624
http://www.ti.com/product/tps53624?qgpn=tps53624

i3 TEXAS
INSTRUMENTS

www.ti.com

TPS53624

SLUSB66 —MARCH 2013

TYPICAL CHARACTERISTICS (continued)
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Figure 32. Load Insertion, Viy =20 V, Ipc =15 A, Iac = 35 A, Figure 33. Load Insertion
Persistence Mode
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Figure 34. Load Insertion, Viy=9V, Ipc =15 A, Iac =35 A,
Persistence Mode
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Figure 35. Load Insertion, Viy=9V, Ipc =15 A, [p,c=35A
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TYPICAL CHARACTERISTICS (continued)
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Figure 36. Load Release, Viy=20V, Ipc =15 A, [o,c =35 A, Figure 37. Load Release, Viy=20V, Ipc =15A, Ia,c =35 A
Persistence Mode
I""""Y""""'IIIILdSIBdH"""""Illllllll_""I""Y""|""'illLdSIBdH"""""""""I
. . Cuput Capacuance . . Ouput Capacitance: -

Vin=9¥ ¥IVID) =1.075Y : Bulk - 43300F, 4 Smohym, Low ESL | |- ¥in =3¢ Y{YID) <1075y
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Figure 38. Load Release, Viy=9 V, Ipc =15 A, Iac =35 A, Figure 39. Load Release, ViN=9 V, Ipc =15 A, Iac =35 A,
Persistence Mode
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TYPICAL CHARACTERISTICS (continued)
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Figure 40. VID Change from 1.075V t0 0.875V, Ipc =15 A Figure 41. VID Change from 1.075V t0 0.875V, Ipc =3 A
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Figure 42. PCNT Toggle: V|y =20V
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Figure 43. PCNT Toggle: Viy=9V
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Gain - dB

GAIN AND PHASE

OUTPUT IMPEDANCE AND PHASE
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Figure 44. Figure 45.

In Figure 44 and Figure 45
Output bulk capacitance = 4 x 330 pF, 4.5 mQ, Low ESL
Output MLCC capacitance = 7 x 22 uF + 21 x 10 pF

VlN =20V
VVlD =1.075V
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PACKAGING INFORMATION

® 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 Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

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

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, 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.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side 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 Top-Side Marking for that device.

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.

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.

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
I Drawing Qty %) (3) (4)
TPS53624RHAR ACTIVE VQFN RHA 40 2500 Green (RoHS CUNIPDAU  Level-3-260C-168 HR ~ -40to 125 TPS
& no Sh/Br) 53624
TPS53624RHAT ACTIVE VQFN RHA 40 250 Green (RoHS  CU NIPDAU  Level-3-260C-168 HR ~ -40 to 125 TPS
& no Sh/Br) 53624
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http://www.ti.com/product/TPS53624?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS53624?CMP=conv-poasamples#samplebuy
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*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)

TPS53624RHAR VQFN RHA

40

2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0

Q2

TPS53624RHAT VQFN RHA

40

250 180.0 16.4 6.3 6.3 11 12.0 | 16.0

Q2
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 4-Feb-2015
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS53624RHAR VQFN RHA 40 2500 367.0 367.0 38.0
TPS53624RHAT VQFN RHA 40 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
Uuuuuujuuuuu_]
40 O {71
P THERMAL PAD 9
) | d
D) d
) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
) - 2
k=) R
ANNNNNNNN ﬂ
30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@05 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO-220 variation VJJD-2.

w3 TExas
INSTRUMENTS

www.ti.com



THERMAL PAD MECHANICAL DATA

RHA (S—PVQFN—-N40) 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 Optional Pin 1 Feature
C0,30 See Note B
0,1840,05 (2 Places) — »H€—0,22+0,05 (2 Places)
A 4 1 10
7S wUUuuujuuuuu
40D an
) —— Exposed Thermal Pad
D) (@n
D) (an
4,15+0,10 =) — — =
D) (e
D) (@
D) (am
D) (am
31 D 20
ANNNANNNNN
30 21
— 4,1510,10 —¥

Bottom View

Exposed Thermal Pad Dimensions

4206355-2/X 08/14

NOTES: A. All linear dimensions are in millimeters
B. The Pin 1 Identification mark is an optional feature that may be present on some devices
In addition, this Pin 1 feature if present is electrically connected to the center thermal pad
and therefore should be considered when routing the board layout.

wip TExas
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http://www.ti.com/lit/slua271

LAND PATTERN DATA

RHA (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design

Example Board Layout 0,125 (-I{lhc:(t:: ISﬁenC"

|<—36x05 Y ey 3650,
“*\g000000T0 O;B:D%gjﬂﬁuuuu -
Sle 20 lg = LI S
= 6 6 6 o = 5168 = 03] 5,15 6,75

0000000000~ 4> Tono0a000ie

51 —— -~ 515 ——

68 —— -~ 75—~
! (69% Printed Solder Coverage by Area)
|
I Non Solder Mask Defined Pad Example Via Layout Desigr)
i Via layout may vary depending
' T~ on layout constraints
(Note D, F)
4,15
0,08 0.85 Example 1§X¢O,3 I\
RO,14 ' . Y Solder Mask Opening \(-B o O O
// + y \\ (Note F)
l B | O O O
|\ [-— , Pad Geometr 415
OO7 0,28 (NteC)y © O O O
Il Around
© O O O
12x1,0
12x1,0

~— —

4207627-2/R 08/14

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, 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 recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.

wi3 TEXAS
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www.ti.com


http://www.ti.com/lit/slua271

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 JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. 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.

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

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
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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