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Features

VN Voltage: Support 2.5-V, 3.3-V and 5-V Power Rails
Vipoin Voltage Range: 1.1 Vto 3.5V
Flexible Input Voltage Tracking Directly from REFIN or

Through External Resistor Divider
B 3-ASink and Source Current Capability for DDR
Termination
Integrated Power MOSFETs
Output Remote Sensing
Fast Load-Transient Response
Open-Drain Power Good to Monitor OUT Regulation
Built in Soft-Start and UVLO, Current Limit and Thermal
Shutdown Protection
®  Support DDR, DDR2, DDR3, DDR3L, Low Power DDR3
and DDR4 VTT Applications
Operating Temperature Range: —40°C to +125°C
Small Package with 3x3 DFN-10
B Pb-Free and are RoHS Compliant

Applications

| Memory VTT Regulator for DDR, DDR2, DDR3, DDR3L,
Low Power DDR3 and DDR4

B Notebooks, Desktops, and Workstations
Servers, Networking equipment and Datacenters
Telecom and Base Station

3-A Sink and Source DDR Termination Regulator

Description

With the development of main processors in PCs and servers,
more and more source double-data-rate (DDR) memories are
required in the mainboard, where the input voltage becomes
lower and lower, and space limitation becomes higher and
higher.

The TPL51200 series devices are 3-A sink and source DDR
termination regulators specifically designed for the DDR
applications with heavy space limitation. The TPL51200 series
devices implement a fast load-transient response and only
requires a minimum output capacitance of 20 pF.

The TPL51200 series devices support a remote-sensing
function and all power requirements for DDR VTT bus
termination. In addition, the TPL51200 series devices provide
an open-drain PG signal for VTT regulation indication and an
EN signal that can be used to discharge VTT for DDR
applications.

The TPL51200 series devices are available in the thermally
efficient 10-pin 3x3 DFN package with thermal pad, and support
the operating temperature range from —40°C to +125°C.

Typical Application Schematic

Hl] REFIN

vDDQ =12V

Vioon = VDDQ = 12 V [2] Lboin
10 WF 0 1pF
VIT=0.6V < . [3] out
10 pF 10 pF 1o WF
4] PGND

TTT

GND

_[T] SNS

IN |10 Vin=3.3V
4.7 uF

<100 kQ

PG |9 *® PG Signal to 1/10
GND |8
TPL51200

EN [7] Enable Signal
REFOUT 6] * VTTREF =0.6V

0.1 pF
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Product Family Table

Part Number | Output Current Orderable Number Package Transport Media, Quantity MSL Marking information

TPL51200 3A TPL51200-DF8R 3x3 DFN-10 4,000 MSL3 L200

www.3peak.com 2/ 18 Rev.A.1


http://www.3peakic.com.cn/

A 3PEAK TPL51200 Series

INCORPORATED 3-A Sink and Source DDR Termination Regulator

Table of Contents

LTSS =T PP 1
N ] o] o= 4 o ] £ PP 1
[ 1T 1] € o o PSR 1
Y/ oY ox= AN o o] [Tox= 10X TS Tl 4 1= 0 0 = L[ SRR 1
[ oo LU Tox fl = 10 0 11 V2 1= o1 = R 2
LI 101 L= 0 ) O 1= 0L PO SRR PRR 3
LAV A FY o I = (0 VSRR 4
Pin Configuration and FUNCLIONS ......uuiiiiiie et e et e e e e e e st e et e e e s e s n s teeeeeeeeesasannbaneeeaeeesannsnraeeeeaeaeas 5
Y 0= od 1 Lo 1 f o 1 0 =PSSO 6
ADSOIULE MAXIMUM RALINGS ..eeeitrieeiiiei ettt et e e kbt e et e e s st e e ek b et e e aab et e e sas e e e e e as R et e e aab e e e e e sn et e e anbe e e e nnn et e e nnnneeeanneees 6
SIS B = 11 o To L ST TP PP P PP OUPPPPPP 6
Recommended OPEratiNng CONGILIONS ..........uiiiiieieiie ettt et e s bt e ekt e e aa et e e s b b e e e ek b et e e aab et e e anbb e e e e abbe e e e anneeeesnreeas 6
TREMMAL INFOIMALION ...ttt oot oo et e e e bbbt e oo sk e et e o b s e e e e ea b et e e e a ket e e e b b et e e an b e e e e e abr et e e anneeeennnneeas 6
ST (g or= N O FoT o To) ] ] o SO OO P TP PP PR OUPPPPPP 7
Typical PerfOrmManCe CharaCtEIISTICS. ... ..ouuiieiiiree ettt ettt e e st e e e b et e e e be et e e aa b et e e e bbb e e e nbe e e e as b et e e abr et e s anneeeeanneees 9
DA EU DS CITPLION .t s 12
OVEIVIBW ...ttt ettt ettt e et e okt e o4 sk et e 4 st e 442 Rt e 442k bt e e 4R R et 44 4o R b et 44 s E et e £ aa b e e 44 4R R e £ e 4R R e e e e eA R et 4o R R et e e en b et e e e R E et e e nn e e e e nre s 12
(VT oi T gt Tl =] oot QB T=To [ = TP PP PP E PP UPRPPRPPPPP 12
[ E LU (=l BT ot T o [0 PP PO P P PP PP PP PPPPPP 12
Application and IMPIEMENTALION .........uuiiiiiii e aaaaaaaaaaannn s aann i annnnnanannnnnnnnnnnnnnnnnnn 14
PN o] o] [Tor= 1ol W Y {o] 4 s 4 F=1i o] o IO T PO P U PP OPPPPPPP 14
LY o 1Ler= oY o] o [[ox= oo T PP PP PP PUPPPRPP 14
LAY OUL REGUITEIMENTS .....eeieiiiie e ettt ettt e ekt e oo a ket eoas et e a4k b et a2 e a ket e e 42 b e et 44k b st a2 aa R e et ook b e e a4 eh b et e e aabee e e e st e e e e annb e e e anbneeennnes 15
LIz T o J=I= U a o I L=T= I o e o o 1= 6 o o PP PPPPPPPRt 16
Package OULHNG DiMENSIONS .. ... s 17
1330 B B T Lt O I PP T PP O PPPRTRTRTRPRPRPRTIR 17
IMPORTANT NOTICE AND DISCLAIMER.......cetttttiittittttiieieieieeeaeaeaeseseaeeeasssaeassesesssessssssssssssssssesssssssssssssssssssssssssssssssnnnnes 18

www.3peak.com 3/ 18 Rev.A.1


http://www.3peakic.com.cn/

A 3PEAK TPL51200 Series

INCORPORATED

3-A Sink and Source DDR Termination Regulator

Revision History

Date Revision Notes
2019/11/30 Rev.Pre Preliminary Version
2020/05/15 Rev.A.0 Initial Released

1. Add Tape and Reel Information
2020/12/22 Rev.A.1

2. Update Package Outline Dimensions
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Pin Configuration and Functions

TPL51200 Series

DFN-10 Package

Top View
REFIN [T} "~~~ 7777 RECI RN
Ll 10
L |
Fsa ) [
LDOIN [ 2] ; \ 19l Pc
| |
Fz1 1 Exposed I e
ouT [3] | PAD , 18] eND
| |
1 | I 1357
PGND |4 | | L 17]EN
| |
sNs [57 ! ' 67 REFOUT
I 4 =2

Pin Functions

NAME PIN NUMBER | TYPE DESCRIPTION
Regulator enable pin. Drive EN high to turn on the regulator; drive EN low to turn off the regulator. For
=N ! automatic startup, connect EN to VIN directly.
GND 8 - Ground reference pin. Connect GND pin to PCB ground plane directly.
Regulator power supply input pin. A 1-uyF or larger ceramic capacitor from IN to ground (as close as
N 10 possible to IN pin) is required to reduce the jitter from previous-stage power supply.
LDOIN 2 LDO power supply input pin.
LDO output voltage pin. Total capacitance of 20-uF or larger from OUT to ground (as close as possible
ouT ° © to OUT pin) is required to ensure regulator stability.
PG 9 O Open-drain power-good output pin.
PGND 4 - Power ground pin. Connect PGND pin to PCB ground plane directly.
REFIN 1 | Reference input pin. For DDR application, set to VDDQ/2 through resistor divider.
REFOUT 6 (0] Reference output pin. Connect to ground through a 0.1-yF to 1-uF ceramic capacitor.
LDO output voltage sense pin. Connect SNS to the remote DDR termination bypass capacitors to get
SNS ° accurate remote feedback sensing of OUT voltage.

(1) Exposed PAD must be connected to a large-area ground plane to maximum the thermal performance.

www.3peak.com
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Specifications

Absolute Maximum Ratings

3-A Sink and Source DDR Termination Regulator

MIN MAX UNIT
EN, IN, LDOIN, PG, REFIN, SNS -0.3 6 \Y
PGND to GND -0.3 0.3 \Y
OUT, REFOUT -0.3 3.6 \Y
T, Junction Temperature Range —40 150 °C
Tste Storage Temperature Range -55 150 °C
TL Lead Temperature (Soldering 10 sec) 260 °C
(1) Stresses beyond the Absolute Maximum Ratings may permanently damage the device.
(2) All voltage values are with respect to GND.
ESD Ratings
Condition Minimum Level Unit
HBM Human Body Model ESD ANSI/ESDA/JEDEC JS-001 +2000 \Y
CDM Charged Device Model ESD ANSI/ESDA/JEDEC JS-002 +1500 \Y
Recommended Operating Conditions
MIN MAX UNIT
IN Regulator input voltage 2.375 5.5 \Y
LDOIN LDO input voltage -0.1 3.5 \Y
EN Regulator enable voltage -0.1 3.5 \Y
ouT LDO output voltage -0.1 3.5 Vv
SNS LDO output sense voltage -0.1 3.5 V
REFIN Reference input voltage 0.5 1.8 \Y
REFOUT Reference output voltage -0.1 1.8 \Y
PG Power-good pull-up voltage -0.1 3.5 Vv
PGND Power ground voltage to GND -0.1 0.1 \Y
T, Junction Temperature Range —40 125 °C
Thermal Information
PACKAGE 0,a Buc UNIT
3x3 DFN-10 77.66 16.33 °C/IW
www.3peak.com 6/ 18 Rev.A.1
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Electrical Characteristics

TJ =—-40°C to +125°C (typlcal value at TJ = +25°C), V|N = VEN =33 V, VLDOIN =1.8 V, VREFIN =0.9 V, VSNS =0.9 V, C|N =10 [JF, and COUT =3x10 HF,

unless otherwise noted unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Supply Input Voltage and Current
Vin Input supply voltage range 2.375 5.5 \Y
Vibomn LDO input voltage range 35 v
Input supply UVLO Ta =+25°C, Vy rising 2.3 2.375 \%
UVLOWw
Hysteresis 50 mV
Iin Input supply current of IN Ta=+25°C, Ven = 3.3V, lour = 0 mA 0.8 1 mA
Ta= +25°C, Ven = 0 V, VRerin = 0 V, lout = 0 mA 65 80 |JA
Iin_sp Shutdown current of IN
TA = +25°C, VEN =0 V, VREFIN >04 V, |ou'|' =0mA 200 400 |JA
ILDOIN Input current of LDOIN Ta= +25°C, Ven = 3.3 V, IOUT =0mA 1 50 “A
ILooin_sp Shutdown current of LDOIN Ta=+25°C, Ven =0V, lour = 0 mA 1 50 UA

Reference Input and Output

VRrerIN Reference input voltage 0.5 1.8 Vv
Reference input UVLO Ta = +25°C, Vgerin rising 360 390 420 mV
UVLOkgerin
Hysteresis 20 mV
IReFIN Input current of REFIN Ven =3.3V 1 pA
VRrerout Reference output voltage VREeFIN \%
~1mMA< Irgrour £ 1TMA, 0.5V < Vrern < 1.8V -12 12 mV
Vrerout 1oL | Tolerance of REFOUT to REFIN
=10 MA < Irgrour £ 10 MA, 0.5V < Vrgrn £ 1.8V -15 15 mV
Irerout sreL | Source current limit of REFOUT | Vrerour = 0.5V 10 60 mA
Irerout snke | Sink current limit of REFOUT Vrerour = 1.5V 10 60 mA
Regulated Output Voltage and Current
Vrerour = 1.25 V (DDR1), lour =0 A 1.25 \Y
Tolerance -15 15 mV
Vrerour = 0.9V (DDR2), lour =0 A 0.9 \Y
Tolerance -15 15 mV
Vrerour = 0.75 V (DDR3), lour =0 A 0.75 \
Vour Output voltage
Tolerance -15 15 mV
Vrerour = 0.675 V (DDR3L), lour =0 A 0.675 \
Tolerance -15 15 mV
Vrerour = 0.6 V (DDR4), loyr =0 A 0.6 \Y
Tolerance -15 15 mV
AVour Tolerance of OUT to REFOUT | —2A <lour < 2A -25 25 mV
lout sreL Source current limit of OUT Vsns = 90% % Vrerour 3 4.5 A
lout snkL Sink current limit of OUT Vsns = 110% X Vrerout 3.2 55
Rois Discharge resistance Ta=+25°C, VReen =0V, Vour =0.3V, Ven =0V 12 Q
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Electrical Characteristics (continued)

TJ =—-40°C to +125°C (typlcal value at TJ = +25°C), V|N = VEN =33 V, VLDOIN =1.8 V, VREFIN =0.9 V, VSNS =0.9 V, C|N =10 [JF, and COUT =3x10 HF,

unless otherwise noted unless otherwise noted.

Enable Control

EN High-level input voltage Device enable 1.7 \Y
Ven EN Low-level input voltage of Device disable 0.5 \Y

Hysteresis 0.25 \Y
len Leakage current of EN Ta=+25°C,Ven=0Vto 6.5V —1 1 HA
Power Good

PG lower threshold With respect to REFOUT -23.5% -20% | —17.5%
Ves PG upper threshold With respect to REFOUT 17.5 20% 23.5%

Hysteresis 5%
lpc Leakage current of PG 1 uA
VoLre) PG low-level output voltage Source 4 mA to PG pin 0.4 Vv
toLvpe) PG start-up delay Startup rising edge, Vsns within 15% of Vrerour 2 ms
toLvpe_B) PG start-up bad delay Vsns is beyond the £20% PG trip threshold 10 us
Temperature Range

Thermal shutdown threshold Temperature increasing 155 °C
Teo Hysteresis 25 °C
T, Operating junction temperature —40 125 °C
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Typical Performance Characteristics

3-A Sink and Source DDR Termination Regulator

TJ =—-40°C to +125°C (typlcal value at TJ = +25°C), V|N = VEN =33 V, VLDOIN =1.8 V, VREFIN =0.9 V, VSNS =0.9 V, C|N =10 [JF, and COUT =3x10 HF,

unless otherwise noted unless otherwise noted.
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° 25°C P 25°C
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= =
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Output Current (A) Output Current (A)
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Figure 1 OUT Load Regulation Figure 2 OUT Load Regulation
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Typical Performance Characteristics (continued)

TJ =—-40°C to +125°C (typlcal value at TJ = +25°C), V|N = VEN =33 V, VLDOIN =1.8 V, VREFIN =0.9 V, VSNS =0.9 V, C|N =10 [JF, and COUT =3x10 HF,

unless otherwise noted unless otherwise noted.
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Typical Performance Characteristics (continued)

TJ =—-40°C to +125°C (typlcal value at TJ = +25°C), V|N = VEN =33 V, VLDOIN =1.8 V, VREFIN =0.9 V, VSNS =0.9 V, C|N =10 [JF, and COUT =3x10 HF,

unless otherwise noted unless otherwise noted.
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Figure 13 REFOUT Load Regulation Figure 14 REFOUT Load Regulation
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Figure 17 Load Transient Figure 18 Output Short-to-GND Protection
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Detailed Description

Overview

The TPL51200 series devices are 3-A sink and source DDR termination regulators specifically designed for the DDR applications
with heavy space limitation. The TPL51200 series devices implement a fast load-transient response and only requires a minimum
output capacitance of 20 pF.

The TPL51200 series devices support a remote-sensing function and all power requirements for DDR VTT bus termination. In addition,
the TPL51200 series devices provide an open-drain PG signal for VTT regulation indication and an EN signal that can be used to
discharge VTT for DDR1 to DDR4 applications.

Functional Block Diagram

LDOIN |J-| _
L

IN M Discharge SNS
[] - —L]—e

p
]_
o
c
=

A
EN M Device .| Regulation
L ENABLE Control Control [, AMP
- PGND
4 7y F y I::I
— EA
+
REFIN M | . 1 REFOUT
LJ BUF LJ
h 4 {
GND m PO\é\IeI’ GOIOd K Discharge
LI ontro i PG
|
% [ ! LJ

=

Figure 19 Functional Block Diagram

Feature Description
Sink and Source Regulator (OUT and SNS)

The TPL51200 series devices are 3-A sink and source DDR termination regulators specifically designed for the DDR applications
with heavy space limitation. The TPL51200 series integrate a high-performance, low-dropout linear regulator with fast-feedback loop
that can support fast load transient response with small ceramic capacitors. To get tight regulation tolerance, the remote sensing pin,
SNS pin, must be connected to OUT pin through a separate trace from high current path.

Voltage Reference (REFIN and REFOUT)

The TPL51200 series uses the voltage at the REFIN pin as the reference voltage, and the output voltage at the REFOUT pin exactly
follow the REFIN voltage within the tolerance of VREFOUT_TOL. When the TPL51200 series are configured for standard DDR
applications, the voltage at the REFIN pin is divided through an external voltage divider from the DDR supply bus, VDDQ.

The TPL51200 series support the REFIN input voltage range from 0.5 V to 1.8 V. When the REFIN voltage is higher than rising UVLO
threshold of REFIN and IN voltage is ready, there is voltage regulated at the REFOUT pin, which the REFOUT pin is independent
with EN status.
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Enable Control (EN)

The TPL51200 series integrate the high-active device enable control feature. Connect this pin to the GPIO of an external processor
or digital logic control circuit to enable and disable the device.

Under-voltage Lockout (IN UVLO)

The TPL51200 series use an under-voltage lockout circuit to keep the regulator shut off until IN voltage exceeds the rising UVLO
threshold of IN.

Power-Good Indicator (PG)

The TPL51200 series integrate an open-drain output power good indicator. After regulator startup, the PG pin keeps low impendence
until the output voltage enters the power-good window, +20% of REFOUT voltage. When output voltage enters the power-good
window, the PG pin turns to high output impedance, and PG is pulled up to high-voltage level after 2-ms delay to indicate the output
voltage is ready. It is recommended to connect a 100-kQ pull-up resistor between PG pin and the pull-up voltage supply.
Over-Current Protection

The TPL51200 series integrate a constant over-current protection. When the output voltage exists the power-good window, +20% of
REFOUT voltage, the current-limit level reduces 50% of the full level. After the output voltage enters the power-good window, the
current-limit level is released to the full level.

Over-Temperature Protection

The recommended operating junction temperature range is —40°C to 125°C. When the junction temperature is between 125°C and
the thermal shutdown (TSD) threshold, the regulator can still work well, but it will reduce the device lifetime for long-term using.

The over-temperature protection works when the junction temperature exceeds the thermal shutdown (TSD) threshold, which turns
off the regulator immediately. Until when the device cools down and the junction temperature falls below the thermal shutdown

threshold minus thermal shutdown hysteresis, the regulator turns on again.
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Application and Implementation

NOTE
Information in the following applications sections is not part of the 3PEAK’s component specification and 3PEAK does
not warrant its accuracy or completeness. 3PEAK’s customers are responsible for determining suitability of
components for their purposes. Customers should validate and test their design implementation to confirm system

functionality.

Application Information

The TPL51200 series devices are 3-A sink and source DDR termination regulators specifically designed for the DDR applications.

The following application schematic shows a typical usage of the TPL51200 series.
Typical Application

Adjustable Output Operation
Figure 20 shows the typical application schematic of the TPL51200 series in DDR4 applications.

10 kQ
VDDQ =12V ANN—e » ’J1:| REFIN IN [10—e . Vin=3.3V
_Ll nk q 4.7 uF
<10kQ 1100 kQ
Vipon = VDDQ =12 V [2] LooiN PG [9]— PG Signal to 1/0
10uF  |01pF
GND [8
TPL51200
EN [7] Enable Signal
. . o I
VIT=0.6V 3| OoUT
10 uF 10 uF 10 uF REFOUT [6] VTTREF = 0.6V
— T T 4] PGND 0.1 uF
GND

_[T] SNS

Figure 20 Typical Application Schematic

IN Input Capacitor

3PEAK recommends placing a 1-pF or greater capacitor with a 0.1-yF bypass capacitor in parallel close to IN pin to keep the input
voltage stable. The voltage rating of the capacitors must be greater than the maximum input voltage.

LDOIN Input Capacitor

3PEAK recommends placing a 10-pyF or greater capacitor with a 0.1-yF bypass capacitor in parallel close to LDOIN pin to keep the
voltage stable during transient. More input capacitors are required if there are large output capacitors used at the OUT pin. It is
suggested to place input capacitors with a half of the output capacitance value at the LDOIN pin.

Output Capacitor

To ensure stable operation, the TPL51200 series requires output capacitors of 20 yF or greater. 3PEAK recommends selecting three
10-yF X5R-or X7R-type ceramic capacitor in parallel to minimize the equivalent series resistance (ESR) and equivalent series

inductance (ESL). The output capacitors must be placed as close to the OUT pin as possible.

Power Dissipation

During normal operation, LDO junction temperature should not exceed 125°C. Using below equations to calculate the power
dissipation and estimate the junction temperature.
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The power dissipation can be calculated using Equation 1.

P, = (VlN - VOUT)X lour + Vin Xlono (1
The junction temperature can be estimated using Equation 2. 6ua is the junction-to-ambient thermal resistance.

T,=T,+P,x6,, (2)

Layout Requirements

e Both input capacitors and output capacitors must be placed as close to the device pins as possible.

e Suggest bypass the input pin to ground with a 0.1 pF bypass capacitor. The loop area formed by the bypass capacitor
connection, voltage input pin and the ground pin of the system must be as small as possible.

e Suggest use wide trace lengths or thick copper weight to minimize 1xR drop and heat dissipation.

e The GND pin and the PGND pin must be connected to the thermal pad with multiple thermal vias as many as possible

connected to the internal ground planes.
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Tape and Reel Information

D1: Reel Diameter W1: Reel Width
ﬁ Direction of Feed
I—--
ocoolooooloooolooloolo Eﬁﬁ
ataz| [[o1 e2| |[o1 02
&) &) &) &) &) & o \HE & l‘ wo
a3l a4| |([o3/04) (0304
L ﬁ KO
PO AD —
- BO
D1 w1 A0 BO KO PO wWo Pin1
Order Number Package
(mm) (mm) (mm) (mm) (mm) (mm) (mm) Quadrant
TPL51200-DF8R 3x3 DFN-10 330 17.6 3.3 3.3 1.1 8 12 Q2
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Package Outline Dimensions

3x3 DFN-10
D Nd
10 | | 0 MILLIMETER
; SYMBOL
| U U U U ;1 MIN | NOM | MAX
| o A 070 | 075 | 0.80
‘ 0 02 AL 0 | 002 | 0.05
i : b 0.20 | 0.25 | 0.30
i b1 0. 23REF
‘*f fffff — - — — = c 0. 203REF
: = B D 2.90 | 3.00 | 3.10
‘ *
‘ 0 \ D2 2.35 | 2.40 | 2.45
! m—kf e 0. 50BSC
‘ / — Nd 2. 00BSC
o ‘ ‘ (7 m E 2.90 | 3.00 | 3.10
1 2 ‘ e ‘ 2 L nt E2 1.60 | 1.65 | 1.70
EXPOSED THERMAL - . b -
TOP VIEW PAD ZONE BOTTOM VIEW L 0.35 | 0.40 | 0.45
R 0. 20REF
i 0. 075REF
} « 0. 35REF
! : *%
| Z = BB D2RIEZR 1A % & £0. 055
JF B
SIDE VIEW
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IMPORTANT NOTICE AND DISCLAIMER

Copyright© 3PEAK 2012-2023. All rights reserved.

Trademarks. Any of the 38 or 3PEAK trade names, trademarks, graphic marks, and domain names contained in this document /material are
the property of 3PEAK. You may NOT reproduce, modify, publish, transmit or distribute any Trademark without the prior written consent of 3PEAK.
Performance Information. Performance tests or performance range contained in this document/material are either results of design simulation or
actual tests conducted under designated testing environment. Any variation in testing environment or simulation environment, including but not limited
to testing method, testing process or testing temperature, may affect actual performance of the product.

Disclaimer. 3PEAK provides technical and reliability data (including data sheets), design resources (including reference designs), application or other
design recommendations, networking tools, security information and other resources "As Is". 3PEAK makes no warranty as to the absence of defects,
and makes no warranties of any kind, express or implied, including without limitation, implied warranties as to merchantability, fithess for a particular
purpose or non-infringement of any third-party’s intellectual property rights. Unless otherwise specified in writing, products supplied by 3PEAK are not
designed to be used in any life-threatening scenarios, including critical medical applications, automotive safety-critical systems, aviation, aerospace,
or any situations where failure could result in bodily harm, loss of life, or significant property damage. 3PEAK disclaims all liability for any such

unauthorized use.
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