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4 Pin Configuration and Functions
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B 4-1. RGZ Package (Top View)

PIN i
o DESCRIPTION

NAME NO.

1R- -4R 36, 33, 29, 26 O |Data output from receivers

1A - 4A 47,3,9,13 1/0O | M-LVDS bus non-inverting input/output

1B - 4B 48, 4,10, 14 I/0 | M-LVDS bus inverting input/output

GND 6.7 gf 9?5537 31, | | Circuit ground. ALL GND pins must be connected to ground.

Vee 21, 1455 126’324’ 37, | |Supply voltage. ALL VCC pins must be connected to supply.

1RE - 4RE 40,42, 19, 21 | Recelver en_abl_e, active low, enables_lnlelduaI receivers. When this pin is left floating,
internally this pin will be pulled to logic HIGH.
Failsafe enable pin. When this pin is left floating, internally this pin will be pulled to logic
HIGH.

1FSEN - 39. 41. 20. 22 | | This pin enables the Type 2 receiver for the respective channel.

4FSEN T
xFSEN =L — Type 1 receiver inputs
xFSEN = H — Type 2 receiver inputs
Power Down pin. When this pin is left floating, internally this pin will be pulled to logic LOW.

PDN 30 When PDN is HIGH, the device is powered up.
When PDN is LOW, the device overrides all other control and powers down. All outputs are
Hi-Z

1,5, 8,12, 17, 25, 28,

NC 32, 35 Not Connected

NC 44 Not Connected. Internal Tl Test pin. This pin must be left unconnected.

PowerPAD™ - Connected to GND

(1) Signal Types: | = Input, O = Output, /O = Input or Output.

Copyright © 2024 Texas Instruments Incorporated

PRI 3
Product Folder Links: SN65MLVD048
English Data Sheet: SLLS903


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/sn65mlvd048?qgpn=sn65mlvd048
https://www.ti.com.cn/cn/lit/pdf/ZHCSV56
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSV56A&partnum=SN65MLVD048
https://www.ti.com.cn/product/cn/sn65mlvd048?qgpn=sn65mlvd048
https://www.ti.com/lit/pdf/SLLS903

SN65MLVD048

ZHCSV56A - DECEMBER 2009 - REVISED MARCH 2024

13 TEXAS
INSTRUMENTS

www.ti.com.cn

5 Specifications

5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN TYP MAX UNIT
Vee Supply voltage range(? -05 4 \Y
RE, FSEN -0.5 4 Y
Input voltage range
AorB -1.8 4 \Y,
Output voltage range R -0.3 4 \%
Pp RE at 0V, C_ = 15pF, V|p = 400mV, 125MHz 339 mwW
Tstg Storage Temperature -65 150 °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, except differential /0 bus voltages, are with respect to network ground terminal.

5.2 ESD Ratings

VALUE UNIT

V (Esp)

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(")

+7000

Electrostatic discharge

Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002(2)

+1500

(1) JEDEC document JEP 155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vee Supply voltage 3 3.3 3.6 \
Viy High-level input voltage 2 Vee \%
Vi Low-level input voltage GND 0.8 \Y
VaorVg Voltage at any bus terminal -14 3.8 \Y
Vipl Magnitude of differential input voltage 0.05 Vee \Y
Vic Differential common-mode input voltage -1 3.4 \%
R Differential load resistance 30 50 Q
1/ty) Signaling rate 250 Mbps
Ta Operating free-air temperature -40 85 °C
5.4 Package Dissipation Ratings
PACKAGE(™ St pokei ;5A°ﬁ NG DiR;g\I/h:EGTip;Cszeg . PovTvIE; ?ai?mc
48-Pin QFN (RGZ) Low-K 1298 mW 12.98 mw/°C 519 mW
High-K 3448 mw 34.48 mW/°C 1379 mW

(1)  The thermal dissipations are in the consideration of soldering down the powerPAD without via on each type of boards.

(2) This is the inverse of the junction-to-ambient thermal resistance when board-mounted and with no air flow.
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5.5 Thermal Information

THERMAL METRIC(") RGZ UNIT
48-Pins

R oA Junction-to-ambient thermal resistance 254 °C/W
R0 Jc(top) Junction-to-case (top) thermal resistance 15.1 °C/W
R o8 Junction-to-board thermal resistance 8.7 °C/wW
b g7 Junction-to-top characterization parameter 0.2 °C/W
by Junction-to-board characterization parameter 8.7 °C/W
R 0 Jc@ot) Junction-to-case (bottom) thermal resistance 1.4 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics application
report.

5.6 Device Electrical Characteristics
over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT

RE at OV for all channels
Cy = 15pF, V|p = 400mV, 125MHz

Power down PDN =L 0.75 1.5 mA

lec Supply current 86 94| mA

(1) Alltypical values are at 25°C and with a 3.3V supply voltage.

5.7 Receiver Electrical Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT

ViT+ Positive-going differential input Type 1 35

voltage threshold Type 2 135 mV
Vir- Negative-going differential input Type 1 -35

voltage threshold Type 2 See % 6-1and & 6-2 Py mv
Vuys Differential input voltage hysteresis | Type 1 25

Vit = Vir-) Type 2 0 mv
Vou High-level output voltage lon = - 8mA 24 \
VoL Low-level output voltage loL = 8mA 0.4 \%
iy High-level input current Viy =2V to Ve -10 LA
M Low-level input current V)L = GND to 0.8V -10 BA
loz High-impedance output current Vo =0V or Ve -10 15 pA

One input (VA or Vg) = - 1.4V or 3.8V,

Inorlg  Receiver input current Other input = 1.2V -20 20 pA
s Receiver differential input current Va=Vg= - 1.4V or 3.8V —a 4 LA
(Ia - Ig)
Ia(oFF) Or N One input (V5 or Vg) = - 1.4V or 3.8V, B
Ie(orF) Receiver input current Other input = 1.2V, Vg = GND or 1.5V 32 32 LA
Receiver power-off differential input current Va=Vg= -1.4V or 3.8V, Vcc = GND or
IAB(OFF) ) p p A B CcC -4 4 LA
(Ia - Ig) 1.5V
Ca . V| = 0.4sin(30E6 m t) + 0.5V,
or Cg Input capacitance Other input at 1.2V 5 PF
Cas Differential input capacitance Vag = 0.4sin(30E6 m t) + 0.5V 3 pF
Can Input capacitance balance, (Ca/Cg) 0.99 1.01
(1) All typical values are at 25°C and with a 3.3V supply voltage.
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(2) HP4194A impedance analyzer (or equivalent)
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5.8 Receiver Switching Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
tpLH Propagation delay time, low-to-high-level output 2 6 ns
tPHL Propagation delay time, high-to-low-level output 2 6| ns
tr Output signal rise time 1 2.3
t Output signal fall time C_ = 15pF, See K 6-2 1 23| ns
tsk(p) Pulse skew (|tpyL - tpLHl) Type 1 3 270 ps

Type 2 150 460
tsk(pp) Part-to-part skew 800| ps
tiitgper) Period jitter, rms (1 standard deviation)®? All channels switching, 125MHz 6| ps
tie)  Cycle-to-cycle jitter, rms(?) clock input®), See [ 6-4 13| ps
tigdeyy ~ Deterministic jitter() Type | 800] ps

Type 2 | All channels switching, 250Mbps 945| ps

Type 1 |2"%-1 PRBS input®), See %] 6-4 9| ps
tigran)  Random jitter(®)

Type 2 8| ps
tpzH Enable time, high-impedance-to-high-level output C_ = 15pF, See A 6-3 15| ns
tpzL Enable time, high-impedance-to-low-level output C, = 15pF, See 4 6-3 15| ns
tphz Disable time, high-level-to-high-impedance output C_ = 15pF, See K 6-3 10| ns
tpLz Disable time, low-level-to-high-impedance output C_ = 15pF, See K 6-3 10 ns
(1) All typical values are at 25°C and with a 3.3V supply voltage.

(2) Jitter is ensured by design and characterization. Stimulus jitter has been subtracted from the numbers.
(3) t =t=0.5ns (10% to 90%)
Copyright © 2024 Texas Instruments Incorporated TR 7 7
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5.9 Typical Characteristics
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5.9 Typical Characteristics (continued)
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i 5-7. Receiver (Type-2) Transition Time vs Output Load & 5-8. Added Receiver Peak-to-Peak Jitter vs Signaling Rate
Capacitor
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5.9 Typical Characteristics (continued)
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Frequency
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5.9.1 Eye Patterns (continued)
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6 Parameter Measurement Information

(V A+V g)i2

Vem

K 6-1. Receiver Voltage and Current Definitions

% 6-1. Type-1 Receiver Input Threshold Test Voltages

RESULTING RESULTING COMMON-
APPLIED VOLTAGES DIFFERENTIAL INPUT MODE INPUT VOLTAGE RECEIVER
VOLTAGE OUTPUT(M
Via Vig Vip Vic
2.400 0.000 2.400 1.200 H
0.000 2.400 -2.400 1.200 L
3.400 3.365 0.035 3.3825 H
3.365 3.400 -0.035 3.3825 L
-0.965 -1 0.035 -0.9825 H
-1 -0.965 -0.035 -0.9825 L
(1) H=high level, L = low level, output state assumes receiver is enabled ( RE = L)
3 6-2. Type-2 Receiver Input Threshold Test Voltages
RESULTING RESULTING COMMON-
APPLIED VOLTAGES DIFFERENTIAL INPUT MODE INPUT VOLTAGE RECEIVER
VOLTAGE OuUTPUT("
Via Vig Vip Vic
2.400 0.000 2.400 1.200 H
0.000 2.400 -2.400 1.200 L
3.400 3.265 0.135 3.3325 H
3.4000 3.335 0.05065 3.3675 L
-0.865 -1 0.135 -0.9325 H
-0.935 -1 0.065 -0.9675 L

(1) H=high level, L = low level, output state assumes receiver is enabled ( RE = L)
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A. Allinput pulses are supplied by a generator having the following characteristics: t. or t; < 1ns, Frequency = 1MHz, duty cycle = 50
5%. C,_ is a combination of a 20%-tolerance, low-loss ceramic, surface-mount capacitor and fixture capacitance within 2 cm of the

D.U.T.

B. The measurement is made on test equipment with a - 3dB bandwidth of at least 1GHz.

Kl 6-2. Receiver Timing Test Circuit and Waveforms
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A. Allinput pulses are supplied by a generator having the following characteristics: t, or t < 1ns, frequency = 1MHz, duty cycle = 50 + 5%.

R is 1% tolerance, metal film, surface mount, and located within 2 cm of the D.U.T

C. C,is the instrumentation and fixture capacitance within 2 cm of the D.U.T. and +20%. The measurement is made on test equipment with
a - 3dB bandwidth of at least 1GHz.

w

& 6-3. Receiver Enable/Disable Time Test Circuit and Waveforms
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INPUTS
CLOCK INPUT Va-Vs Vem
Type1| 0.2V
VA - VB —“4 ypP pk 1v
«—— 1/fo ———» Type 2 0.4 Vpk
Period Jitter
IDEAL vV,
output OH
Vee/2
VoL v
«—— 1/fo———» A
PRBS INPUT >< >< ><
ACTUAL VoH %
OUTPUT |, B
cc .
Peak to Peak Jitter
VoL ¢ VoH
e(n) oUTPUT Y N
_ Vecl2
tjit(per) —l tc(n) - 1/fo | v
oL
it(pp)
Cycle to Cycle Jitter
OUTPUT
Vee/2
VoL
 ten) Y Y1) ™

tiit(cc) = te(n) = to(n+1)!

All input pulses are supplied by the Agilent 81250 Parallel BERT Stimulus System with plug-in E4832A.

The cycle-to-cycle jitter measurement is made on a TEK TDS6604 running TDSJIT3 application software.

All other jitter measurements are made with an Agilent Infiniium DCA-J 86100C Digital Communications Analyzer.

Period jitter and cycle-to-cycle jitter are measured using a 125MHz 50 + 1% duty cycle clock input. Measured over 75K samples.
Deterministic jitter and random jitter are measured using a 250Mbps 25 - PRBS input. Measured over BER = 1012

moow?>»

K] 6-4. Receiver Jitter Measurement Waveforms
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7 Device Functional Modes

Z% 7-1. Device Function Table

INPUTS(") RECEIVER TYPE OUTPUT(")
VID = VA - VB PDN FSEN ﬁ R
Vip > 35mV H Type 1
-35mV < V|p < 35mV L Type 1 ?
Vip < - 356mV L L Type 1 L
Vip > 135mV H L Type 2 H
65mV < V|p < 135mV H L Type 2 ?
V|p < 65mV H L Type 2 L
Open Circuit L L Type 1 ?
Open Circuit H L Type 2 L
X X H X 4
X X OPEN X 4
X L X X X 4
(1)  H=high level, L=low level, Z=high impedance, X=Don’ t care, ?=indeterminate
Receiver Enable
Vee
360 kQ
o 400 Q
RE ¢ /\\\—®—® |
7V
Receiver Input Receiver Output
Vee Vee
100
A B R
100

K 7-1. Equivalent Input and Output Schematic Diagrams

16 EXXFIRE
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8 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.
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8.3 Trademarks

PowerPAD™ and TI E2E™ are trademarks of Texas Instruments.
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9 Revision History
T o DLRTRRAS B DU AT 85 24 i RSAS B TR AN [

Changes from Revision * (December 2009) to Revision A (March 2024) Page
o BT EA SRR IR BFIZE LS MG THE T e 1

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

SN65MLVDO048RGZR Active Production VQFN (RGZ) | 48 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 MLVDO048
SN65MLVD048RGZR.B Active Production VQFN (RGZ) | 48 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 MLVDO048
SN65MLVDO048RGZT Active Production VQFN (RGZ) | 48 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 MLVDO048
SN65MLVD048RGZT.B Active Production VQFN (RGZ) | 48 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 MLVDO048
SN65MLVDO048RGZTG4 Active Production VQFN (RGZ) | 48 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 MLVDO048
SN65MLVDO048RGZTG4.B Active Production VQFN (RGZ) | 48 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 MLVDO048

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |+ KO |4 P1—»]
DO OO0 OO T
o| |e o Bo W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
SN65MLVD048RGZR VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
SN65MLVDO048RGZT VQFN RGZ 48 250 180.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
SN65MLVDO48RGZTG4 | VQFN RGZ 48 250 180.0 16.4 7.3 7.3 1.5 12.0 | 16.0 Q2
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN65MLVD048RGZR VQFN RGZz 48 2500 353.0 353.0 32.0
SN65MLVD048RGZT VQFN RGZz 48 250 213.0 191.0 35.0
SN65MLVD048RGZTG4 VQFN RGZz 48 250 213.0 191.0 35.0
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GENERIC PACKAGE VIEW
RGZ 48 VQFN - 1 mm max height

7x 7,0.5 mm pitch PLASTIC QUADFLAT PACK- NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGZ0048B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|

7.15
6.85

2X|5.5

fe——0J4.1+0.1 —

13 x 24 EXPOSED
THERMAL PAD
wlesh [ YOUTUUUUUODY
e 25
T l -
) e d
) ! -
=) =
ox %9,7k7,ﬁ+‘7,4,£, SYMM
55 ) ‘ d
= | |
=) -
) ‘ - {
-—P 136 a8x 539
aNaNalaNalafalaNaNatalal
48 37 $
PIN1ID SYMM
(OPTIONAL) ¢ aex 33 —

0.2) TYP

0.10 |C|B|A
0.0504)

4218795/B 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT

RGZ0048B VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
4.1)
(1115)TYPA44T<44444H—
(0685)44#‘44_
TYP a7
48X (0.6) |
18gpetasBypl-———
] ‘ s
|
4esX(024)j @ [ ‘ -
|
- 0 Fo—i—-—c3 -5
I ‘ \ i (1.115)
TYP
44X (0.5) — s | 0
oo ‘ O O + O —O1-—=5 © (0.685)
SYMM 9| TYP
G B S 5 ..
0.2) TYP
@ )VIA Lo o i o o (6.8)
R0.05
( TYQ [:P] @) O [q:]
‘ -
EE% [j:]zs
ge0080000880
| |
| 13 24 |
‘ SYMM |
| Ny 1
‘ (6.8) -
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:12X
0.07 MAX 0.07 MIN
ALLAROUND’IF ALL AROUND
SOLDER MASK
METAL \
EXPOSEDMETAL 1 ‘ OPEMNG
EXPOSED METAL 1 |
\__sOLDER MASK L ! METAL UNDER
OPENING N SOLDER MASK

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK DETAILS

SOLDER MASK
DEFINED

4218795/B 02/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGZ0048B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(1.37)
48 TYP

o H%%WHHHHHHG ***** a

s

-

LT
%%

|
48X (0.24) | )
2 [ A<
A _ - j
44X (0.5) — I;T_] ® ® ® o l;T—] (JI__?;)
symm ()

(LJ,CP ;
(R0.05) TYP

|
|
L I ==
|
|
|
i

: ) rQ O O O Ea— (6.8)
-
12[%3 [I]zs
@%%WHMHMHHHvJ
! S\((LMM i
L (6.8) 4‘

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 49

73% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:12X

4218795/B 02/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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