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6 Pin Configuration and Functions

HKR Package
16-Pin CFP
Top View - Live Bug

rF=-—--- |
VTTREF | 1 |16 | VTTSNs
VDDQSNS | 2 |15 | AGND
VLDOIN | 3 : :14 | vTTIV,
VLDOIN [ |4 | 13 ] viTivg
| Thermal Pad |
VLDOIN | 5 | (Bottom Side) l12] ] vy,
PGND [ |6 | 1111 pcoop
PGND | 7 |10[__] voorv,,
PGND | 8 | Jo 1en
Pin Functions
PIN
1/0 DESCRIPTION
NAME NO.
VTTREF 1 (0] Reference output. Connect to GND through 0.1-uF ceramic capacitor.
VDDQSNS 2 | VDDQ sense input. Reference input for VTTREF.
3
VLDOIN 4 | Supply voltage for the LDO. Connect to VDDQ voltage or an alternate voltage source.
5
6
PGND 7 — | Power ground. Connect output for the VTT/ V g LDO to negative pin of the output capacitor.
8
EN 9 | Enable pin. Driving this pin to logic high enables the device; driving this pin to logic low disables the
device.
2.5- or 3.3-V power supply. A ceramic decoupling capacitor with a value between 1 and 10 pF is
VDDV 10 I ¢
required.
PGOOD 11 o PGO_QD output pin. PGOOD pin is an open drain output to indicate the output voltage is within
specification.
12
VTTNo 13 (0] Power output for VTT LDO
14
AGND 15 — | Signal ground. Connect to negative pin of output capacitors.(l)
VDDQ sense input, reference input for VTTREF. Voltage sense for VTT/ V g . Connect to positive pin of
VTTSNS 16 | .
the output capacitor or the load.

(1) Thermal pad must be connected to GND.

4 Copyright © 2015, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature, unless otherwise noted®

MIN MAX UNIT
V\n /VDD, VLDOIN, VTTSNS, VDDQSNS —-0.36 3.6
Input voltage @ EN -0.3 6.5 Y,
PGND to AGND -0.3 0.3
Vo IVTT, VTTREF -0.3 3.6
Output voltage @ Y
PGOOD -0.3 3.6
Peak output current Internally limited A
PG pin sink current 5 mA
T, Maximum operating junction temperature -55 150 °C
Tstg Storage temperature 55 150 °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.

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

7.2 ESD Ratings

VALUE UNIT
v Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins ) +4000 v
(ESD) discharge | charged device model (CDM), per JEDEC specification JESD22-C101, all pins @ +750
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
MIN NOM MAX| UNIT
Supply voltage V\y / VDD 2.375 35
VLDOIN 0.9 3.5
EN, VTTSNS -0.1 3.5
VDDQSNS 1.0 3.5 Vv
Voltage
Vo !/ VTT, PGOOD -0.1 3.5
VTTREF -0.1 1.8
PGND -0.1 0.1
T; Operating junction temperature -55 125 °C
7.4 Thermal Information
TPS7H3301-SP
THERMAL METRIC @ @ @) HKR (CFP) UNIT
16 PINS
Raic(bot) Junction-to-case (bottom) thermal resistance 0.6 °C/IW

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

report, SPRA953.

(2) Do not allow package body temperature to exceed 265°C at any time or permanent damage may result.

(3) Maximum power dissipation may be limited by overcurrent protection.

Copyright © 2015, Texas Instruments Incorporated
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7.5 Electrical Characteristics
Over full temperature range, —55°C to }25°C, Vinvop = 3.3 V and 2.375V,Vy, poiy = 1.8 V, Vypposns = 1.8 V,
VVOSNS/VTTSNS =0.9 V, VEN = VVIN/VDD' f’j‘/‘ﬁ DDR /‘__‘\Zﬁ (unless otherwise nOted)
PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY CURRENT
Iin /lvop Supply current V en = 3.3V, No Load 18 30 mA
V gn = 0V, VDDQSNS = 0, No Load 3 5
IvpD(SDN) Shutdown current mA
V en =0V, VDDQSNS > 0.78 V, No Load 6.5 8
ILpoin Supply current of VLDOIN V en = 3.3V, No Load 575 1200 MA
Shutdown current of
ILboIN(SDN) VLDOIN V en =0V, No Load 50 100| pA
INPUT CURRENT
lvoDQsns Input current, VDDQsns Ven=33V 4 6 HA
Vo ! Vit OUTPUT
1.25 \%
V oo = 2.5 V, Vyrrrer = 1.25 V (DDR1), | o =0 A
-6 6 mVv
0.9 \%
V poin = 1.8V, Vyrrrer = 0.9 V (DDR2), | o =0 A
-6 6 mV
0.75 \%
VVOSNSVTTSNS Output DC voltage, VO V 1pon = 1.5V, Vyr1ree = 0.75 V (DDR3), | o =0 A 5 p v
— m
0.675 \%
V oo = 1.35 V, Vyrrrer = 0.675 V (DDR3L), | =0 A
-6 6 mVv
0.60 \%
V oo = 1.20 V, Vyrrrer = 0.60 V (DDR4), 1 o =0 A
-6 6 mV
Vin ! Vop = 2_-95 V, Vvoposns = 2.50 V, V 11 = Vyrrrer — 50 mV 50 230
(DDR1), 1 5=0.5A
Vin/ Vpp = 2.95 V, Vypposns = 2.50 V, V 11 = Vyrrrer — 50 mV
(DDR1), I o=1A 101 300
Vin/ Vpp =2.95V, Vyvoposns = 250V, V 17 = Vyr7Rer — 50 MV
(DDR1), 1 o =2.0 A( ) 209 400
Viy/ Vpp = 2.375 V( \)/\/DDQSNS =180V, V 11 = Vyrrrer — 50 mV 54 230
(DDR2), | 5 = 0.5 A
Vin / Vpp = 2.375 v Vypposns = 1.80 V, V 11 = Vyrrrer — 50 mV
(ODRZ ) o = 1 AC 108 300
Vin/ Vpp = 2.375 V, vVDDQSNS =1.80V, V 11 = Vyrrrer — 50 mV
(DDR2), | o = 2.0 A 228 400
Vin/ Vpp = 2_-375 V, Vyppgsns = 1.50 V, V 11 = Vygrer — 50 mV 52 230
(DDR3), 1 = 0.5 A
Vin/ Vpp =2.375 V, V, =150V,V =V —-50 mV
VLODIN — VTT 1) VLODIN > VTT (S\IIDRS?DI J 1A VDDQSNS TT VTTREF 104 300 mV
Vi / Vop =2.375 V, Vypposns = 150V, V 17 = Vyrrger = 50 mV
(DDR3), 1 5=2.0 A® 216 400
Vin/ Vpp = 2-§75 V, Vypposns = 1.35 V, V 11 = Vyrrrer — 50 mV 50 230
(DDR3L), 1 o= 0.5 A
Vin / Vop = 2.375 V, Vyppgsns = 1.35 V, V 11 = Vyrrrer — 50 mV
(DDR3L), 1 o = 1 A 102 300
Vin/ Vpp = 2.375 V, vVDDQSNS =1.35V, V 11 = Vyrrer — 50 mV 212 400
(DDR3L), | o = 2.0 AR
Vin/ Vpp = 2_-375 V, Vyppgsns = 1.20 V, V 11 = Vyrrrer — 50 mV 50 230
(DDR4), 1 =05 A
Vin/ Vpp = 2.375 V, Vyppgsns = 1.20 V, V 11 = Vyrrrer — 50 mV
(DDR4), 1 o=1A 102 300
Vi / Vop =2.375 V, Vypposns = 120 V, V 17 = Vyrrger = 50 mV
(DDR4), 1 5=2.0 A® 210 400
v Output voltage tolerance to | ! vo = =3 A, across Vy voltage range® 12 25 34 v
VOTOLNVTTTOL V. - @ m
VTTREF I vo = 3 A, across V) voltage range -34 -25 -12
lvosrcL VO/VTT source current limit | With reference to V yrrrer, Vyrrsns = 90% % V yrrrer 3.25 8 A

(1) Dropout / Headroom information provided to help designer in optimizing system efficiency
(2) Specified by characterization and not production tested

6 Copyright © 2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over full temperature range, —=55°C to 125°C, V\\ypp = 3.3 V and 2.375V,Vy poiy = 1.8 V, Vyppgsns = 1.8 V,

Vyosnsvirsns = 0.9V, Vey = Vynwvon, 7/ DDR RZA (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
lvosncL VO/VTT sink current limit With reference to V vr1rer, Vvrrsns = 110% % V yrrrer 35 5.5 A
RpscHre Discharge impedance, Q V ppgsns =0V, Vyg =03V, Vegy=0V, Ty =25°C 18 25 Q
POWERGOOD COMPARATOR
PGOOD window lower threshold with respect to Vyrrer -23.5% -20% -17.5%
V1HPe) VO/VTT PGOOD threshold PGOOD window upper threshold with respect to Vyrtrer 17.5% 20% 23.5%
PGOOD hysteresis 5%
TpesTUPDLY PGOOD startup delay Startup rising edge, VOSNS within 15% of V\1rer 2 ms
VpcoobLow Output low voltage I sink =4 MA 0.4 \Y
TpeaDDLY PGOOD bad delay V osns is outside of the #20% PGOOD window 1 us
IPGOODLK Leakage current \ngg\g; :@f;"‘i(g(;?/OD high impedance), 1] pA
Vppgsns AND Vyrrrge OUTPUT
Vbposns Vpposns Voltage range 1.0 2.80 \
Vbpgsns_uvio l\(/)?:?(%ms undervoltage V ppgsns ising 780 mv
Vooosswnis  iogiant hystoress 20 v
V vTTREF VyrTrReF Voltage Vbposns / 2 \
—10 MA < | yrrree <10 MA, Vyppgsns = 2.5V -15 15
y voltace tolerance t —10 MA <! yrrer <10 MA, Vypposns = 1.8 V -15 15 .
V \TTREF VVVDTJSSE:S 9 ~10 MA <! yrrrer <10 MA, Vyppgsns = 1.5 V -15 15
~10 MA <I yrrrer <10 MA, Vypposns = 1.35 V -15 15
—10 MA <I yrrrer <10 MA, Vypposns = 1.2 V -15 15
| VITREFSRCL V yr1Rer Source current limit | VITREF =0V 10 40 mA
| vTTREFSNCCL V yrrrer Sink current limit VTITREF=0V 6 40 mA
| vrTREFDIS VVTTREF discharge current EN =0V, V ppgsns =0V, Vyrrrer = 0.5V 13 mA
UVLO/EN LOGIC THRESHOLD
Wake up, T 5 = 25°C 2.18 2.25 \Y
VVINUWIN UVLO threshold -
Hysteresis 50 mV
VENIH High-level input voltage Enable 1.7
VeniL Low-level input voltage Enable 0.3 \%
VENnysT Hysteresis voltage Enable 0.5
lENLEAK Logic input leakage current | EN, T o = 25°C -1 1 HA
THERMAL SHUTDOWN
Teon '(I;f;ermal shutdown threshold ShUtdOWT‘ temperature 210 oc
Hysteresis 12

(3) Ensured by design, not production tested

Copyright © 2015, Texas Instruments Incorporated
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7.6 Typical Characteristics

For Figure 1 through Figure 15, (3 x 150 pF T530D157M010ATEQO5 tantalum + 4 x 4.7 uF MLCC) or equivalent

capacitance/ESR are used on the output.
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128 _—— — 125T 0.93 — 125C
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— 1.27 \k — 0.92 \%
(] (]
g 126 - g o091 -
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5 1 = 3 0 %
£ — £ ~—
O 124 O o089
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1.22 0.87
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Output Current (A) Output Current (A)
Vyn=33V  VDDQSNS =25V Vyn=33V  VDDQSNS =18V
Figure 1. Output Voltage vs Output Current Figure 2. Output Voltage vs Output Current
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< 077 \ s o7 E—
Y ° \
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S S
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——]
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-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Output Current (A) Output Current (A)
Vyn=33V  VDDQSNS =15V Vyn =33V VDDQSNS =1.35V
Figure 3. Output Voltage vs Output Current Figure 4. Output Voltage vs Output Current
0.66 1.29
— 25T — 25T
0.65 — 125T 1.28 ~— — 125C
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0.64
= - 127 S
S 063 e S ~
[ [
g 062 = g 126 !
g \ = \
> \ >
5 0.61 | 5 1.25 —
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05 \\ 1.24
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Figure 5. Output Voltage vs Output Current

Figure 6. Output Voltage vs Output Current
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Typical Characteristics (continued)

For Figure 1 through Figure 15, (3 x 150 pF T530D157M010ATEOQOS tantalum + 4 x 4.7 uyF MLCC) or equivalent

capacitance/ESR are used on the output.
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Qo o
8 0.89 \\ 8 0.74 \\
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0.87 0.72
-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 3
Output Current (A) Output Current (A)
Vyn=295V  VDDQSNS =18V Vyn=2.375V  VDDQSNS =15V
Figure 7. Output Voltage vs Output Current Figure 8. Output Voltage vs Output Current
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S S N
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3 3 06
O o067 S T~
— 0.59 e ——
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-3 -2 -1 0 1 2 -3 -2 -1 0 1 2 3
Output Current (A) Output Current (A)
Vyin = 2.375 V VDDQSNS =1.35V Vyn=2.375V  VDDQSNS =12V
Figure 9. Output Voltage vs Output Current Figure 10. Output Voltage vs Output Current
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,HEJ 1.254 "g_g 0.904
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1.25 0.9
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VTTREF Current (mA) VTTREF Current (mA)
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Figure 11. RF Voltage vs REFOUT Current Figure 12. RF Voltage vs REFOUT Current
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Typical Characteristics (continued)

For Figure 1 through Figure 15, (3 x 150 pF T530D157M010ATEOQOS tantalum + 4 x 4.7 uyF MLCC) or equivalent
capacitance/ESR are used on the output.
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Figure 13. RF Voltage vs REFOUT Current Figure 14. RF Voltage vs REFOUT Current
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Figure 15. RF Voltage vs REFOUT Current Figure 16. Dropout Voltage vs Output Current
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Figure 17. Output Voltage vs Output Current, DDR3 Figure 18. Output Voltage vs Output Current, DDR3
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Typical Characteristics (continued)

For Figure 1 through Figure 15, (3 x 150 pF T530D157M010ATEOQOS tantalum + 4 x 4.7 uyF MLCC) or equivalent

capacitance/ESR are used on the output.
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Figure 19. Output Voltage vs Output Current, DDR2
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Figure 20. Output Voltage vs Output Current, DDR2
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8 Detailed Description

8.1 Overview

The TPS7H3301-SP device is a sink and source double data rate (DDR) termination regulator specifically
designed for low input voltage, low-cost, low-noise systems where space and weight is a key consideration.

8.2 Functional Block Diagram

VDDQSNS| 2

[3,45| VLDOIN
+
— ) § | 1] VTTREF
225V -\I\UVTJ J
o] A EL
DchgREF _L

i

———N ENVTT DchgVTT

EN| 9
,—l_/ <

REFINOK

VDDV, | 1

VOSNS/VTTSNS| 16

[ =]

2,13,14 | VONTT

o 13

PGND | 15

Startup
Delay

8.3 Feature Description

8.3.1 VO Sink/Source Regulator

The TPS7H3301-SP is a 3A sink/source tracking termination regulator specifically designed for low input voltage,
low-cost, and low external component count systems where space is a key application parameter. The
TPS7H3301-SP integrates a high-performance, low-dropout (LDO) linear regulator that is capable of both
sourcing and sinking current. The LDO regulator employs a fast feedback loop so that ceramic capacitors can be
used to support the fast load transient response. To achieve tight regulation with minimum effect of trace
resistance, a remote sensing pin, VOSNS/VTTSNS, should be connected to the positive pin of the output
capacitor(s) as a separate trace from the high current path from Vo/VTT.

The TPS7H3301-SP has a dedicated pin VLDOIN, for VTT power supply to minimize the LDO power dissipation
on user application. The minimum VLDOIN voltage is 400mV above the 1/2 VDDQSNS voltage or as highlighted
in electrical table VLDOIN to VTT headroom for various load conditions.
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Feature Description (continued)
8.3.2 Reference Input (VDDQSNS)

The output voltage, Vo/VTT, is regulated to VTTREF. VDDQSNS incorporates integrated resistor divider network.
VDDQSNS can be connected to memory supply bus (VDDQ). VDDQSNS should be connected to the memory
supply bus (VDDQ). The TPS7H3301-SP supports VDDQSNS voltage from 1.0 V to 3.5 V, making it versatile
and ideal for many types of low-power LDO applications.

8.3.3 Reference Output (VTTREF)

When it is configured for DDR termination applications, VTTREF generates the DDR VTT reference voltage for
the memory application. VTTREF block consists of an on-chip 1/2 divider and a low-pass filter (LPF). VTITREF
tracks 1/2 of VDDQSNS with 1% accuracy. It is capable of supporting both a sourcing and sinking load of 10 mA.
VTTREF becomes active when VDDQSNS voltage rises to 0.78 V and Vin/VDD is above the UVLO threshold.
When VTTREF is less than 0.375 V, VTTREF is disabled and subsequently discharges to GND through an
internal MOSFET. VO/ VTT is also dicharged following discharge of VTTREF. VTTREF is independent of the EN
pin state. To meet stability criteria, a capacitor of 0.1 uF min must be installed close to VTTREF (pinl). Capacitor
value at VTTREF (pin 1) must not exceed 2.2 pF.

8.3.4 EN ControL (EN)

When EN is driven high, the TPS7H3301-SP Vo/ VTT regulator begins normal operation. When EN is driven low,
Vo/VTT is discharges to GND through an internal 18-Q MOSFET. VTTREF remains on when EN is driven low.
EN is not tied high internally to prevent power sequencing issues with an external signal that may be controlling
the enable. EN is floating input and not internally tied, thus the user can have complete control over where and
when the EN signal is generated. EN feeds directly into PowerGood (PGOOD). When enable is low Pgood is
low.

8.3.5 PowerGood Function (PGOOD)

The TPS7H3301-SP provides an open-drain PGOOD output that goes high when the Vo/VTT output is within
20% of VTTREF (typ). PGOOD deasserts within 1 us after the output exceeds the size of the powergood
window. During initial Vo/VTT startup, PGOOD asserts high 2 ms (typ) after the Vo/ VTT enters power good
window. Because PGOOD is an open-drain output, a 100-kQ, pullup resistor between PGOOD and a stable
active supply voltage rail is required.

8.3.6 VO Current Protection
The LDO has a constant OCL.

8.3.7 VIN UVLO Protection

For VIN/ VDD undervoltage lockout (UVLO) protection, the TPS7H3301-SP monitors VIN/ VDD voltage. When
the VIN/ VDD voltage is lower than the UVLO threshold voltage, both the VTIT nd VTTREF regulators are
powered off. This shutdown is a non-latch protection.

8.3.8 Thermal Shutdown

The TPS7H3301-SP monitors its junction temperature. If the device junction temperature exceeds its threshold
value, (typically 210°C), the VO/VTT and VTTREF regulators are both shut off, discharged by the internal
discharge MOSFETS. This shutdown is a non-latch protection.
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8.4 Device Functional Modes

TPS7H3301-SP a 3-A source-sink LDO provides low output noise to meet system needs. In order to improve
efficiency in the LDO, TPS7H3301-SP LDO can operate from low VLDOIN voltage rail, thus using dual voltage
source one for the VLDOIN that supports high current and an alternate voltage source that provides voltage for
VDDQSNS pin.

Typcically VLDOIN and VDDQSNS pins are tied together. In the memory system VDDQ is a high-current supply
that powers the core, the I/O, and the logic of the memory, VTTREF is a low-current, precision reference voltage
that provides a threshold between a logic high (one) and a logic low (zero) that adapts to changes in the 1/O
supply voltage. By providing a precision threshold that adapts to the supply voltage, VTTREF realizes wider
noise margins than those possible with a fixed threshold and normal variations in termination and drive
impedance. Specifications vary from device manufacturer to manufacturer, but the most common specification is
0.49 to 0.51 times VDDQ and draws only tens to hundreds of microamps. For TPS7H3301-SP VTTREF is
desinged to source / sink 10 mA.
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9 Application and Implementation

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

9.1 Application Information

The TPS7H3301-SP device is a highly-integrated source sink LDO. The device is targeted to support VTT
voltage for DDR memory applications and is capable of sourcing and sinking 3-A load current. The TPS7H3301-
SP user’'s guide is available on www.ticom, SLVUAK2. The guide highlights standard EVM test results,
schematic, and bill of materials (BOM) for reference.

9.2 Typical Application
The design example describes a 2.5-V Vin, DDR3 configuration.

| TPSTH330l |

|
‘ \ R1
VTTREF = VDDQSNS / 2 - .
1 |VTTREF VTTSNS| 16
‘j—um 1] (o
VDD
ESNSQ AGND| 15 VTT/Vo=0.75V
AGND \ [
Hs VLDOIN VTTNo| 14 :
, VODQ | ) . Q s c7 co c11
DDR3 -1.5V J -VLDOIN 2 \/TTNO@ cé cs c10
| =0
c3 ; <
£

|
C4 5 |VLDOIN VTTVo| 12
|
DG GND PGOOD POWER GOOD
3 i ‘ R3
7 |PGND VDD/| 10 | 2"
{:‘ Vin
DS =END ENE ENABLE

Lo J Cl2——

iLPGND

Figure 21. Typical Application Circuit

9.2.1 Design Requirements
See the Recommended Operating Conditions for recommended limits.
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Typical Application (continued)

9.2.2 Detailed Design Procedure

Table 1. Design Example 1 List of Materials

IIDQIESFII(EBT\II,EANI%IIE? DESCRIPTION SPECIFICATION PART NUMBER MANUFACTURER
R1 . 3920 CRCWO0603392RFKEA
R3 Resistor 100 kQ CRCWO0603100KINEA

C3, C5, C6, C7 150 pF, 10 V T530D157M010ATEOO5S Kemet
c2 1000 pF GRM188R71H102KA01D MuRata
Cc1 Capacitor 0.1 pF 08053C104KAT2A AVX

C4, C8, C9, C10, C11 4.7 pF, 10V 1210ZC475KAT2A Murata

C12 10 pF, 10V GRM21BR71A106KE51L Murata

9.2.2.1 VIN/VDD Capacitor

Add a ceramic capacitor, with a value between 1- and 10-uF, placed close to the VIN/VDD pin, to stabilize the
bias supply (2.5-V rail or 3.3-V rail) from any parasitic impedance from the supply.

9.2.2.2 VLDO Input Capacitor

Depending on the trace impedance between the VLDOIN/ VDDQ bulk power supply to the device, a transient
increase of source current is supplied mostly by the charge from the VLDOIN/ VDDQ input capacitor. Use a 150-
WF (or greater) tantalum capacitor in parallel with 4.7uf ceramic capacitor to supply this transient charge. Provide
more input capacitance as more output capacitance is used at VO. In general, use one-half of the Cg 7 value for
input. One can also determine the input capacitance based upon headroom between VLDOIN and VTT/ Vo
voltage differential in the application.

9.2.2.3 VTT Output Capacitor

For stable operation, the total capacitance of the VTT/ Vo output pin must be greater than 470 uF. Attach three,
3 x 150-pF low esr tantalum capacitors in parallel with ceramic capacitors to minimize the effect of equivalent
series resistance (ESR) and equivalent series inductance (ESL). If the ESR is greater than 2 mQ, insert an R-C
filter between the output and the VTTSNS input to achieve loop stability. The R-C filter time constant should be
almost the same as or slightly lower than the time constant of the output capacitor and its ESR.

9.2.2.4 VTTSNS Connection

To achieve tight regulation with minimum effect of trace resistance, a remote sensing pin, the VTTSNS pin
should be connected to the positive pin of the VTT pin output capacitor or capacitors as a separate trace from
the high-current path from VTT. Consider adding a low-pass R-C filter at the VTTSNS pin in case the ESR of the
VTT output capacitor or capacitors is larger than 2 mQ. The R-C filter time constant should be approximately the
same or slightly lower than the time constant of the VTT output capacitance and ESR.

» VTT

" =
| c3
PGND | 6 | S0

PGND | 8 | <
Figure 22. R-C Filter for VTTSNS
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9.2.2.5 Low VIN Applications

TPS7H3301-SP can be used in an application system where either a 2.5-V rail or a 3.3-V rail is available. The
TPS7H3301-SP minimum input voltage requirement is 2.375 V. If a 2.5-V rail is used, ensure that the absolute
minimum voltage (both DC and transient) at the device pin is be 2.375 V or greater. The voltage tolerance for a
2.5-V rail input is between -5% and 5% accuracy, or better.

9.2.2.6 S3 and Pseudo-S5 Support

The TPS7H3301-SP provides S3 support by an EN function. The EN pin could be connected to an SLP_S3
signal in the end application. Both VTTREF and Vo/VTT are on when EN = high (SO state). VTTREF is
maintained while Vo/ VTT is turned off and discharged via an internal discharge MOSFET when EN = low (S3
state). When EN = low and the VDDQSNS voltage is less than 0.780 V, TPS7H3301-SP enters pseudo-S5 state.
Both VTTREF and VTTREF outputs are turned off and discharged to GND through internal MOSFETs when
pseudo-S5 support is engaged (S4/S5 state). Figure 23 shows a typical startup and shutdown timing diagram for
an application that uses S3 and pseudo-S5 support.

9.2.2.7 Tracking Startup and Shutdown

The TPS7H3301-SP also supports tracking startup and shutdown when EN is tied directly to the system bus and
not used to turn on or turn off the device. During tracking startup, VO/VTT follows VTTREF once VDDQSNS
voltage is greater than 0.78 V. VDDQSNS incorporates the resistor divider network. The typical soft-start time for
the VDDQ rail is approximately 3 ms, however it may vary depending on the system configuration. The SS time
of the VO/VTT output no longer depends on the OCL setting, but it is a function of the SS time of the VDDQ rail.
PGOOD is asserted 2 ms after VO/VTT is within £20% of VTTREF. During tracking shutdown, VO/VTT falls
following VTTREF until VTTREF reaches 0.37 V. Once VTTREF falls below 0.37 V, the internal discharge
MOSFETSs are turned on and quickly discharge both VITREF and VO/VTT to GND. PGOOD is deasserted once
VO/VTT is beyond the +20% range of VTTREF. Figure 24 shows the typical timing diagram for an application
that uses tracking startup and shutdown.

There are no sequencing requirements between Vin/VDD and VLDOIN. If VLDOIN is applied first followed by
VDD/Vin there is no issue. Vin UVLO protection monitors Vin/VDD voltage, when Vin/Vdd is lower than UVLO
threshold both VTT and VTTREF regulators are powered off.

3.3VIN

VLDOIN

VDDQSNS

VTTREF

EN
(S3_SLP)

VO

PGOOD

ﬂstk

Figure 23. Typical Timing Diagram for S3 and Pseudo-S5 Support
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3.3VIN
) / \
VLDOIN / \
VDDQSNS
VTTREF - ( \
tss determined
by the SS time V,,~=0.75V
vo of VLDOIN Vo
PGOOD
|<-2ms -b‘

Figure 24. Typical Timing Diagram of Tracking Startup and Shutdown

9.2.2.8 Output Tolerance Consideration for VTT DIMM Applications

The TPS7H3301-SP is specifically designed to power up the memory termination rail (as shown in Figure 25).
The DDR memory termination structure determines the main characteristics of the VTT rail, which is to be able to
sink and source current while maintaining acceptable VTT tolerance. See Figure 26 for typical characteristics for
a single memory cell.

EEEEN " EREN

DDR3 240-Pin Socket

TPS7H3301-SP

. . VO
1 1 L

150 uF | 150 pF | 150 pF
Lo | l

Figure 25. Typical Application Diagram for DDR3 VTT DIMM using TPS7H3301-SP
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Q1

Ouput _C|

Buffer

(Driver)
M

25Q
Receiver

.......

UDG-08023

Figure 26. DDR Physical Signal System Bidirectional SSTL Signaling

In Figure 26, when Q1 is on and Q2 is off:
e Current flows from VDDQ via the termination resistor to VTT
* VTT sinks current

In Figure 26, when Q2 is on and Q1 is off:
e Current flows from VTT via the termination resistor to GND
» VTT sources current

Because VTT accuracy has a direct impact on the memory signal integrity, it is imperative to understand the
tolerance requirement on VTT. Based on JEDEC VTT specifications for DDR and DDR2 (JEDEC standard: DDR
JESD8-9B May 2002; DDR2 JESDS8-15A Sept 2003).

VTTREF — 40 mV <VTT <VTTREF + 40 mV, for both dc and ac conditions
The specification itself indicates that VTT must keep track of VTTREF for proper signal conditioning.

The TPS7H3301-SP ensures the regulator output voltage to be:
VTTREF =34 mV <VTT <VTTREF + 34mV, for both DC and AC conditions and -3 A <l <3 A

The regulator output voltage is measured at the regulator side, not the load side. The tolerance is applicable to
DDR, DDR2, DDR3 and Low Power DDR3/DDR4 applications (see Table 2 for detailed information). To meet the
stability requirement, a minimum output capacitance of 470 yF is needed, combination of both Tantalum and
ceramic capacitors. Considering the actual tolerance on the MLCC capacitors, four or higher 4.7-uF ceramic
capacitors in parallel with 3 x 150 pF low esr tantalum capacitor are sufficient to meet the above requirement.
For higher esr tantalum capacitors it will require multiple tantalum capacitors in parallel with ceramic capacitors to
meet system needs.
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Table 2. DDR, DDR2, DDR3, and LP DDR3 Termination Technology and Their Differences

LOW POWER DDR3
DDR DDR2 DDRS3 (DDR3L)
FSB Data Rates | 200, 266, 333 and 400 MHz | 400, 533, 677 and 800 MHz 800, 1066, 1330 and 1600 MHz | Same as DDR3
On-die termination for data On-die termination for data
A Motherboard termination to | group. VTT termination for group. VTT termination for
Termination VTT for all signals address, command and control | address, command and control Same as DDR3
signals signals
Not as demanding Not as demanding
Termination Max source/sink transient ) coonr:%/miﬁd Slggﬁlt?olga?i%rc?sfd ) coonrlr%/masr?d S?gr?tlfol)(at(ijgcriesfd
Current Demand gugrrznts of upto 2.6 Ato VT VTT Same as DDR3
' * ODT handles data signals |« ODT handles data signals
Less than 1 A of burst current Less than 1 A of burst current
2.5-V Core and I/0 1.25-V 1.35-V Core and 1/O
Voltage Level VTT 1.8-V Core and I/0 0.9-V VTT | 1.5-V Core and I/0 0.75-V VTT 0.68-V VTT

The TPS7H3301-SP is designed as a Gm driven LDO. The voltage droop between the reference input and the
output regulator is determined by the transconductance and output current of the device. The typical Gm is 250 S
at 3 A and changes with respect to the load in order to conserve the quiescent current (that is, the Gm is very
low at no load condition). The Gm LDO regulator is a single pole system. Its unity gain bandwidth for the voltage
loop is only determined by the output capacitance, as a result of the bandwidth nature of the Gm (see
Equation 1).

Gm

F = ——————————
UGBW 2x TCXCOUT

where
e Fygaw is the unity gain bandwidth
¢« Gm is transconductance
e Coyur is the output capacitance (2)

There are two limitations to this type of regulator when it comes to the output bulk capacitor requirement. To
maintain stability, the zero location contributed by the ESR of the output capacitors should be greater than the
—3-dB point of the current loop. This constraint means that higher ESR capacitors should not be used in the
design. In addition, the impedance characteristics of the ceramic capacitor should be well understood in order to
prevent the gain peaking effect around the Gm —3-dB point because of the large ESL, the output capacitor and
parasitic inductance of the VO trace.

Figure 27 shows the bode plot simulation for a typical DDR3 configuration of the TPS7H3301-SP, where:

e Vn=24V

* Vvipon =15V

« Vyo=0.75V

¢« lo=2A

3 x 150-yF low-ESR tantalum capacitors (T530D157MO10ATEOO5) in parallel with 4 x 4.7-uF ceramic
capacitor include

* ESR=1.66 mQ

 ESL =800 pH

The unity-gain bandwidth is approximately 87.3 kHz and the phase margin is 82°. The 0-dB level is crossed, the
gain peaks because of the ESL effect. However, the peaking is kept well below 0 dB.
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Figure 27. Bode Plot for a Typical DDR3 Configuration

Figure 8 shows the load regulation and Figure 28 shows the transient response for a typical DDR3 configuration.
When the regulator is subjected to +1.5-A load step and release, the output voltage measurement shows no
difference between the DC and AC conditions.

<

1 T T T | T T T T | 1 T 1 T | T 1 T#S?lmn —SPI m 1 T | T T T 1 T 1 T 1 1 T 1 T T 1
Output Capacitors 3 x 150 uF tantalum 4 x 47 uF ceramic
Cutput Current 24 source/sink
-DDR3 Win = 24V VLDOIN = H5V; VDDQ = 1.5V: wit =075V

!

Q1 Gate VTT Sourcing

_...|IT.|.I.|..I|

Figure 28. Transient Plot
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9.2.2.9 LDO Design Guidelines

The minimum input (VLDOIN) to output voltage (Vo/Vy) difference (headroom) decides the lowest usable supply
voltage Gm-driven to drive a certain load. For TPS7H3301-SP, a minimum of 300 mV (VLDOINyn — VOwuax) iS
needed in order to support a Gm driven sourcing current of 3 A based on a design of Vjy = 3.3V and C gyr =
470 yF. Because the TPS7H3301-SP is essentially a Gm driven LDO, its impedance characteristics are both a
function of the 1/Gm and Rpg(n Of the sourcing MOSFET (see Figure 29). The current inflection point of the
design is between 3 A and 4 A. When | gic is less than the inflection point, the LDO is considered to be
operating in the Gm region; when Igrc is greater than the inflection point but less than the overcurrent limit point,
the LDO is operating in the Rpg(n) region. The typical sourcing Rpg(on) is 154 mQ with V y = 3.0 V and T, =
125°C.

>
1
[
S T
8
o
>
5
&
=
(o]
1
Q Inflection | 1/R. o
> Point
(between ;
3Aand4A) iOvercurrent

\ Limi\

Isre - Source Current - A

UDG-08026

Figure 29. TPS7H3301-SP Impedance Characteristics
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9.2.3 Application Curve

TPS7H3301-SP with transient board isolated / V2 isolated
Vin=24V;VDDQ= 1.8V RL=0.450hm (2A) V=09V

VDDQSNS isolated from VLDOIN/

3 x150uF tantalum capacitors EVMJreduced injection signal Resistive load 1ohm w added pole
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c ]
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Vit = 0.9V @ 0.45 ohm; Load =2 A 1601 Fremooey i)
Complete loop 2 Slide Bar -10.14  Gain (dB}
TPS7TH3301 - SP V1 28,99 K Frequency (F2) 0 Phase (deg)
Cin=5x 50uF cer // 130uf tantalum 0 Gain (dB) -277  Slope (20dB/decade)
Cout = 826  Phase (deg)
3% 150uF fantalum// 4 x 4.7uf ceramics -1.18  Slope (20dB/decade)
Inj signal 100mV/ 1Hz -1KHz
TKHZ - 100KHz - 3.3mV
(@) 100kHz - 5 MHz - 3.3 mV (@)
o e8]
-— -
1 1
1 Frequency 5M

10 Power Supply Recommendations

Figure 30. DDR2 2-A Load Vin 2.4V 0.9 Vtt

TPS7H3301-SP is designed to support DDR, DDR2, DDR3, DDR3L, and DDR4 VTT applications. TPS7H3301-
SP VLDOIN supports voltage range from 0.9 V to 3.5 V. The supply must be well regulated. Having a separate
VLDOIN and VDDQSNS allows designer to optimize system efficiency. Vin/VDD is used to bias the TPS7H3301-
SP IC and its voltage range is from 2.375 V to 3.5 V. This supply must be well regulated and bypassed with a
ceramic capacitor with a value of 1 pF and 10 pF. Tl recommends that VLDOIN and VDDQSNS be isolated from
each other. If this is not possible then an RC filter must be used to isolated VLDOIN and VDDQNSS. However, in
so doing the dynamic tracking of VTT and VTTREF will be lost. See the user's guide SLVUAK2 for additional

details.

Copyright © 2015, Texas Instruments Incorporated
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11 Layout

11.1 Layout Guidelines
Consider the following points before starting the TPS7H3301-SP layout design.

The input bypass capacitor for VLDOIN should be placed as close as possible to the pin with short and wide
connections.

The output capacitor for VO/VTT should be placed close to the pin with short and wide connection in order to
avoid additional ESR and/or ESL trace inductance.

VOSNS should be connected to the positive node of VO/VTT output capacitors as a separate trace from the
high current power line. This configuration is strongly recommended to avoid additional ESR and/or ESL. If
sensing the voltage at the point of the load is required, it is recommended to attach the output capacitor or
capacitors at that point. Also, it is recommended to minimize any additional ESR and/or ESL of ground trace
between the GND pin and the output capacitor or capacitors.

Consider adding low-pass filter at VOSNS if the ESR of the VO/VTT output capacitor or capacitors is larger
than 2 mQ.

VDDQSNS can be connected separately from VLDOIN. Remember that this sensing potential is the reference
voltage of VTTREF. Avoid any noise-generating lines.

The negative node of the VO/VTT output capacitor or capacitors and the VTTREF capacitor should be tied
together by avoiding common impedance to the high current path of the VO/VTT source/sink current.

The GND and PGND pins should be connected to the thermal land underneath the die pad with multiple vias
connecting to the internal system ground planes (for better result, use at least two internal ground planes).
Use as many vias as possible to reduce the impedance between PGND/GND and the system ground plane.
Also, place bulk caps close to the DIMM load point, route the VOSNS to the DIMM load sense point.

In order to effectively remove heat from the package, properly prepare the thermal land. Apply solder directly
to the package’s thermal pad. The wide traces of the component and the side copper connected to the
thermal land pad help to dissipate heat. Numerous vias 0.33 mm in diameter connected from the thermal land
to the internal/solder side ground plane or planes should also be used to help dissipation.

11.2 Layout Example

| TPS7H3301 I
|
VTTREF = VDDQSNS / 2
- Q 1 | VTTREF VTTSNS| 16
Cref ‘
2 | VDDQ 15
SNS AGND VTT/Vo
AGND ‘

|
VTTVo
[ 3 14
VDDQ = VLDOIN _ - ViLDoI

E VLDOIN VTT/Vo{ 13

CIN—= 5 | VLDOIN VTT/VO@

— COUT

THERMAL VIAS
ON PAD

PGOOD -11 POWER GOOD

AR I O AGND

Power Ground Plane

Figure 31. Layout Recommendation
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11.3 Thermal Considerations

Because the TPS7H3301-SP is a linear regulator, the VO current flows in both source and sink directions,
thereby dissipating power from the device. When the device is sourcing current, the voltage difference between
VLDOIN and VO times IO (l,o ) current becomes the power dissipation as shown in Equation 2.

Poiss src = (Muboin - Wo) X lo_sre @
In this case, if VLDOIN is connected to an alternative power supply lower than the VDDQ voltage, overall power
loss can be reduced. For the sink phase, VO voltage is applied across the internal LDO regulator, and the power
dissipation, Ppss_snk can be calculated by Equation 3.

Poiss snk = Vo * lo snk

(3)
Because the device does not sink and source current at the same time and the 10 current may vary rapidly with
time, the actual power dissipation should be the time average of the above dissipations over the thermal
relaxation duration of the system. Another source of power consumption is the current used for the internal
current control circuitry from the VIN supply and the VLDOIN supply. This can be estimated as 5 mW or less
during normal operating conditions. This power must be effectively dissipated from the package.

The thermal performance of an LDO depends on the printed circuit board (PCB) layout. Because the
TPS7H3301-SP device is shipped unformed, only the recommended heat pad pattern is shown. Lead pad
placement depends on final form factor.

To further improve the thermal performance of this device, using a larger than recommended thermal land as
well as increasing the number of vias helps lower the thermal resistance from junction to heat slug. TI
recommends that up to 48 (0.01 inch) thermal vias can be located under the device package.

JiRF © 2015, Texas Instruments Incorporated 25
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12.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 #HX&IR

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

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

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

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4 Bl s
A o Ea s EIRMAE ESD Y. (EMEESEIN, R SRR s B T S ik, WiE MOS | R
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12.5 Glossary

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

13 MU, BERATATIEE B

S N SR ORI AN = e R A AL

Mo IXEEAE SR B E AR F T IR AL I B Ml . IX RO S R e R HA
ASCREHATIEAT IS OL T R BB . B3RS

ﬁiﬁl?ﬁﬁ%ﬁ’]/ﬂ SEARRRAS, T A B 2 PR S

26 JiRF © 2015, Texas Instruments Incorporated


http://www.ti.com.cn
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/cn/lit/pdf/SLYZ022

HEF

TENAX (TN ST 87 Rl A BURYE JESDAG foirdnie, X Pri ™ AT oS AT BEIE . 180k, Mo, ousesle ek, IFaBURE
JESDA8 s AR LSRR AT SRR S5 o P 42 T AT AT MR BUR BT AR 35 2, FRIIEIR (5 B 5 5 B HA RN TA ™ i 5
HBARAEIT SR A B L (AT B8 5 26 5 2 A1

T ARIEIL IR B A AR VERE AT & i A B I T - S™ B 65 2R 5 SR IKIE IS . U T1 ARIERISE I A, B T A B2 A2 i
PR e e PR H R . BRAREER G TREVERE, 15 B 4 2O S M AL BT A S 80T IR

Tk S35 B sl 7 7 i BT AN AR AT 5% . % R HAE AT T1 A0 07 s RS T EAT 5058 RN S 20 7 7 i RSE A 9% XU S
7 N BEIE S BT SR e A .

TIAKAER TULFIR AL FRl s s e 5 7 T A S 55 A & e HLES sl 510 T AR AP T (MBS
FRAT AL T CRAIE SRR o TI ITRAT 558 =07 7 MBI S A SR 5 2, ASRERI UM TI BRI e 7™ G el S5 ROVFT . 24, A ], A
PEZAE BT e 5 AT 28 =07 M LRI B AR BT R VT, BUR TI MR FIBEIL e il 7 T K VFT .

XTI b TR EAE R TS B EEEE Sy, RS0 N AEAT AR A LS ELRT AT A ORI 26, IRBIAT A BRSO A et AT
Hiflo TSR SO B SCEA KA AT ST S5 . RIEE = J7 (945 S5 AT e o ZR B I BR A 2% 1«

FERER TI ARSI, AR Z AL IR 5 S B IR 5 T b B S B0 BUAF AL 22 s (B ), ISR 25456 T 44 s o5 i & B
ABEARTRAL, HXRAELM . BAEERAAT . T XSRS B AR IR 2 A RSB SRR LS5

FPRNF IR, AR A SAE BB AT R B T1 3243, (EARATRE A /) 0 Sl A2 55 L7 i S AEFL N HR (T T 7 ey A SG (K AT ik
B BRI AR ESR . B FEIIORE R, A TR AR 5 St 2 A BT AR R iR BRI, AU AR fa R e A MR
RALJE R BARA R REIR N B 0 3 (R (1 A AR LR I RIUE iR it 25 7 A U A2 D 8 2K 2 4 SRR B ) o AT T A1
xb T R HACHRIE AT K

R AR, AT e SRS A AT REXT T AT R IR AS . T B E bR RS 35 Bh 2 P W R ) S s A AT AL iE
I Th g % A T bR B SR IR 0 7= Al 7 26 RS Tk, ESRZ SR IR N IX 6 2 3K

TI 414Kk 3545H T FDA Class Il (BRI A BOCERIT &4 MIRBFT], BRIESHHRAE R CA&IER T &1 TSR R il
AR T R34 S s sm B BRI T A R s T TH T E SIS MBI N . WLF AT A &, Ftdedeem
@i?ﬁéﬁﬁ%ﬁ%ﬂ%i&ﬂ@ TI AT E R ST ORI IR A, FER 2 P SR dE, I H R P 7650 L 5 8 A R T E
VR RIE B R

TI TR E A ISOITS16949 ZESKIF= M, XE/F= i FEATIRE . AT, B AR @ ™= M i ek 2] 1ISOITS16949

R, TIAKIBAEA 54T

7 8L
S www.ti.com.cn/audio WBEHRE www.ti.com.cn/telecom
TR # AN 28 1 www.ti.com.cn/amplifiers TR L www.ti.com.cn/computer
HR i s www.ti.com.cn/dataconverters VT www.ti.com/consumer-apps
DLP® 7= www.dlp.com AEE www.ti.com/energy
DSP - #5548 www.ti.com.cn/dsp Tk A www.ti.com.cn/industrial
A B R ) 2 www.ti.com.cn/clockandtimers BRIT T www.ti.com.cn/medical
B www.ti.com.cn/interface 2285 . FH www.ti.com.cn/security
B www.ti.com.cn/logic RERT www.ti.com.cn/automotive
R YR www.ti.com.cn/power AT A% www.ti.com.cn/video
MEEHEE (MCU) www.ti.com.cn/microcontrollers
RFID &4t www.ti.com.cn/rfidsys
OMAP I i b PR 25 www.ti.com/omap
ToLR @ www.ti.com.cn/wirelessconnectivity N X 3 7E LA S LI www.deyisupport.com

MRZyHiht:  _EHETT R ET XD KiE1568 5, i KJE32 #RIRE 4D 200122
Copyright © 2016, M8 FARA (L) HRAF


http://www.ti.com.cn/audio
http://www.ti.com.cn/telecom
http://www.ti.com.cn/amplifiers
http://www.ti.com.cn/computer
http://www.ti.com.cn/dataconverters
http://www.ti.com.cn/home_a_consumer_electronics
http://www.dlp.com
http://www.ti.com.cn/hdr_a_energy
http://www.ti.com.cn/dsp
http://www.ti.com.cn/industrial
http://www.ti.com.cn/clockandtimers
http://www.ti.com.cn/home_a_medical
http://www.ti.com.cn/interface
http://www.ti.com.cn/home_a_security
http://www.ti.com.cn/logic
http://www.ti.com.cn/automotive
http://www.ti.com.cn/power
http://www.ti.com.cn/home_a_vi
http://www.ti.com.cn/microcontrollers
http://www.ti.com.cn/rfidsys
http://www.ti.com/omap
http://www.ti.com.cn/home_p_wirelessconnectivity

’- PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS

www.ti.com 25-Apr-2017

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples
ge 1yp g g p p p g p
I Drawing Qty @ (6) (3) (4/5)
5962-1422801VXC ACTIVE CFP HKR 16 1 TBD NIAU N/ A for Pkg Type -551t0 125 5962-1422801VXC
TPS7H3301-SP L
5962R1422801VXC ACTIVE CFP HKR 16 1 TBD NIAU N/ A for Pkg Type -55 10 125 5962R1422801VXC
TPS7H3301-RHA L
TPS7H3301HKR/EM ACTIVE CFP HKR 16 1 TBD NIAU N / A for Pkg Type 25 only TPS7H3301HKREM

® 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): 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 Sh/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.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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
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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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MECHANICAL DATA

HKR (R—CDFP—F16) CERAMIC DUAL FLATPACK

9.880 [ 0.389]

< > 0,380 | 0.369
0.844 [0.033] 16X
[ REF 0.482 [ 0.01 9]
C 0.382 | 0.015
—fi & 16 ":
| m— —— 4 T
13 [ 4] — S— TR [ 88] a0 o
———— —
l I:a_ 3
25.142 [ 0.990
[ 24642 [0.970]
2.333 [ 0.092
[ 1835 [0.072]
! | ————
o s8] :
1.190 [0.047]
0.690 | 0.027
HEAT SINK
(MATERIAL THK.) ” | 6.840 [0.269]
KCW— < > 6.340 | 0.250
e
9,050 [ 0.356]
8550 | 0.337 2
l - — 5

4217895/A 07/12

NOTES:  A. Al linear dimensions are in millimeters (inches).
B. This drawing is subject to change without notice.
C. This package is hermetically sealed with a metal lid. Lid and heat slug are connected to pin 8 (Gnd).
D

The terminals will be gold plated.
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