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RS7LSB104

Bi-directional Level Translator for
Open-drain and Push-Pull Applications

Features

No Direction-Control

Max Data Rates
100 Mbps (Push-Pull)

e 1.1Vto55VonAportsand 1.1Vto 5.5V onB
Ports (VCCA<VCCB)

e VCC Isolation: If Either VCC is at GND, Both
Ports are in the High-Impedance State

e No Power-Supply Sequencing Required: VCCA
or VCCB can be Ramped First

e loff Supports Partial Power-Down-Mode
Operation

e ESD protection exceeds 4000V HBM

e Extended Temperature: -40°C to +125°C

Application

I2C/SMBus, MDIO, SPI Interface
Low-Voltage ASIC Level Translation
Cell phone, Tablet, PC

Server, Telecommunication

Description

The RS7LSB104 is a 4-bit configurable dual supply
bidirectional auto sensing translator that does not
require a directional control pin. The A and B ports
are designed to track two different power supply
rails, VCCA and VCCB respectively.

A port supporting operating voltages from 1.1V to
5.5V while it tracks the VCCA supply, and the B
ports supporting operating voltages from 1.1V to
5.5V while it tracks the VCCB supply. This allows
the support of both lower and higher logic signal
levels while providing bidirectional translation
capabilities between any of the 1.2V, 1.8V, 2.5V,
3.3V and 5V voltage nodes

When the output-enable (OE) input is low, all
outputs are placed in the high-impedance state. To
ensure the high-impedance state during power up
or power down, OE should be tied to GND through
a pulldown resistor; the minimum value of the
resistor is determined by the current-sourcing
capability of the driver.

Ordering Information

Part Number Package Description
RS7LSB104L TSSOP14 5x 4.4 mm
RS7LSB104ZM UQFN-12 1.7x2.0 mm
RS7LSB104ZB TQFN-14 3.5x3.5 mm
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Block Diagram
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Figure 1: Block Diagram

Pin Configuration

UQFN-12 (Top view) TSSOP14 (Top view) TQFN-14 (Top view)
OE VCCA VCCB
VCCA :1:: LSJ' L1 vees veea LI 0O 1 ] vece ij t’r:
. N AM [T ]2 13 I [ 1] B1 A [23 T Bt
A L2 o] e A2 [CIT]s 12 |11 B2 A2 [37 |rs7iseioazs | [12] B2
A2 [37] Rs7LSB104zM [ 9| B2 A3 [T )4 R(iZL;,S\E;%L T | B3 A :—E—q’ e r“Il: >
Top View aM T s 10 T B4 A [ 5] L107] B4
A3 [4] L8] B3 NC [8] = - 9] NC
NC [T |6 9 1T ~c I~ ool
At [3] o 71 &4 oo [T 7 s 1 o L
P GND OE
GND
Pin Name UQFN-12 TSSOP-14 TQFN-14 Description
VCCA 1 1 1 A-port supply voltage.1.1V < VCCA <55V
A1 2 2 2 Input/output A. Referenced to VCCA.
A2 3 3 3 Input/output A. Referenced to VCCA
A3 4 4 4 Input/output A. Referenced to VCCA
A4 5 5 5 Input/output A. Referenced to VCCA
GND 6 7 7 Ground.
Output enables (active High).
OE 12 8 8 -
Pull OE low to place all outputs in 3-state mode.
B4 7 10 10 Input/output B. Referenced to VCCB
B3 8 11 11 Input/output B. Referenced to VCCB
B2 9 12 12 Input/output B. Referenced to VCCB
B1 10 13 13 Input/output B. Referenced to VCCB
VCCB 11 14 14 B-port supply voltage.1.1V < VCCB 5.5V
NC / 6,9 6,9 Not Connect
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Absolute Maximum Ratings

Symbol Parameter MIN TYP MAX Unit
Tstore | Storage Temperature -65 - +150 °C
VCCA | DC Supply Voltage port B -0.3 - 6.5 \
VCCB | DC Supply Voltage port A -0.3 - 6.5 \Y
VIOB | Vi(A) referenced DC Input / Output Voltage -0.3 - 6.5 \Y
VIOB Vi(B) referenced DC Input / Output Voltage -0.3 - 6.5 \%
VOE | Enable Control Pin DC Input Voltage -0.3 - 6.5 v
Ishort | Short circuit duration (I/O to GND) 50 mA

Notes:

Stresses greater than those listed under MAXIMUM RATINGS may cause permanent damage to the

device. This is a stress rating only and functional operation of the device at these or any other conditions

above those indicated in the operational sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect reliability.

Recommended operation conditions

Symbol Parameter MIN TYP MAX Unit
VCCA | VCCA Positive DC Supply Voltage 1.1 - 5.5 \Y,
VCCB | VCCB Positive DC Supply Voltage 1.1 - 5.5 \Y,

VOE Enable Control Pin Voltage GND - 5.5 \Y,
VIO I/O Pin Voltage GND - 5.5 \Y
At/AV | Input transition rise or fall time - - 10 ns/\V
TA Operating Temperature Range -40 - +125 °C
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DC Electrical Characteristics

Unless otherwise specified, -40°C<Ta< 125°C, 1.1V<Vccas5.5V, 1.1V<Vcess5.5V

*
Symbol Parameter Test Conditions | MIN TYP | MAX Unit
1.1V<VCCA <1.95 VCCA*0.75 VCCA \
VIHA A port Input HIGH Voltage
1.95<VCCA 5.5V VCCA*0.65 VCCA \
1.1VsVCCA £1.95 - - VCCA*0.25 | V
VILA A port Input LOW Voltage
1.95<VCCA 5.5V - - VCCA*0.35 | V
1.1V<VCCA <1.95 VCCB*0.75 VCCA \
VIHB B port Input HIGH Voltage
1.95<VCCA 5.5V VCCB*0.65 VCCB \4
1.1VsVCCA £1.95 - - VCCB*0.25 | V
VILB B port Input LOW Voltage
1.95<VCCA 5.5V - - VCCB*0.35 | V
1.1VsVCCA <1.95 VCCA*0.75 VCCA \
VIH(EN) Control Pin Input HIGH Voltage
1.95<VCCA 5.5V VCCA*0.65 VCCA \
VILEEN Control Pin Inout LOW Volt 1.1VsVCCA <1.95 - - VCCA*0.25 | V
ontrol Pin Inpu oltage
EN) nine 9 | "1.95<vcCa <5.5v - - | vcearo3s | v
VOHA A port Output HIGH Voltage IOH = —20 pA 1.1V=VCCAs<5.5V VCCA-0.4 - - \
VOLA A port Output LOW Voltage IOH = 20pA 1.1V=VCCAs<5.5V - - 04 \
VOHB B port Output HIGH Voltage IOH = —20 pA 1.1V=VCCB<5.5V VCCB-0.4 - - \
VOLB B port Output LOW Voltage IOH =20 uA 1.1V<VCCB<1.65V - - 04 \
VCCA=1.1V to 5.5V, 6
_ VCCB=1.1V to 5.5V - WA
ICCA VCCA Supply Current EN=High VCCA= 5.5V, VCCB= OV i i 6 uA
VCCA= 0V, VCCB=5.5V - -2 pA
VCCA=1.1V to 5.5V, 6
) VCCB=1.1V to 5.5V - pA
IccB VCCB Supply Current EN=High VCCA= 5.5V, VCCB= 0V - 2 uA
VCCA= 0V, VCCB=5.5V - 6 pA
EN=High VCCA=1.1V to 5.5V,
ICCA+ICCB | Combined supply current VCCB=1.1V to 5.5V 12 pA
ICCZA Static supply current VCCA 6 uA
EN=Low VCCA=1.1V to 5.5V,
IcCzB | Static supply current VCCB VCCB=1.1V10 5.5V 6 uA
| I/O Tri-state Output Mode A or B port VCCA=1.1V to 5.5V,
oz Leakage Current EN=Low VCCB=1.1V to 5.5V 2 HA
VCCA=0V,
A port VCCB=0V to 5.5V 5 uA
IOFF Partial power down current
VCCA=0V to 5.5V
B port VCCB=0V 5 HA
II-EN Control pin leakage Current VI =VCCI or GND - - 12 MA
Note:

1. All units are production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed by design.
Typical values are for Vecce = +5 V, Veca= +3.3 V and Ta= +25°C.
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AC Electrical characteristics

Timing Characteristics
(CLoap = 15pF, driver output impedance < 50Q, RLoap = 1 MQ, Ta=-40°C to 125°C)

Veea= 1.2V£0.1V

Over recommended operating free-air temperature range (unless otherwise noted)

Test VCCB= 1.8V VCCB= 2.5V VCCB = 3.3V VCCB= 5V
Symbol Parameter Conditions Unit
MIN MAX | MIN | MAX | MIN | MAX | MIN MAX
Propagation
tPHL_AB | Obeo s | Push-pul 12 10 10 10 ns
Propagation
tPLH_AB | oo B | Push-pul 20 15 15 15 ns
Propagation
tPHL_BA | pOPe % S A | Push-pul 12 10 10 10 ns
Propagation
tPLH_BA | pOPe% A | Push-pul 20 15 15 15 ns
{EN | Enable Time | EN t‘éA or 200 200 200 200 ns
DIS | Disable Time | = ‘34" 250 250 250 250 ns
{RA AportRise | b oh pull 30 30 30 30 ns
Time
{RB B p?.“ Rise | pysh-pul 30 30 30 30 ns
Ime
tFA AportFall 1 b e oul 20 20 25 25 ns
Time
tFB B Ff.” Fall 1 pysh-pull 20 20 25 25 ns
ime
tSKEW | Channel to Channel Skew 1 1 1 1 1
Maximum
MDR Dots Rata | Push-pul 20 20 20 20 Mbps
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Vcea= 1.8V0.15V
Over recommended operating free-air temperature range (unless otherwise noted)

Test VCCB= 2.5V VCCB = 3.3V VCCB= 5V .
Symbol Parameter Conditions Unit
MIN MAX MIN MAX MIN MAX
Propagation
tPHL_AB Delay A > B Push-pull 10 9 9 ns
Propagation
tPLH_AB Delay A > B Push-pull 12 11 11 ns
Propagation
tPHL_BA Delay B > A Push-pull 9 9 9 ns
Propagation
tPLH_BA Delay B > A Push-pull 14 12 12 ns
tEN Enable Time ENtoAorB 200 200 200 ns
tDIS Disable Time ENtoAorB 250 250 250 ns
{RA A port Rise Push-pull 30 30 30 ns
Time
{RB B p?.“ Rise Push-pull 30 30 30 ns
ime
tFA A port Fall Time Push-pull 20 25 25 ns
tFB B port Fall Time Push-pull 25 30 30 ns
tSKEW Channel to Channel Skew 1 1 1 ns
MDR Max"g”m Data Push-pull 52 60 60 Mbps
ate
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Vecea= 2.5V10.2V

Over recommended operating free-air temperature range (unless otherwise noted)

Test VCCB= 2.5V VCCB = 3.3V VCCB= 5V
Symbol Parameter Conditions Unit
MIN MAX MIN MAX MIN MAX
Propagation
tPHL_AB Delay A > B Push-pull 10 9 9 ns
Propagation
tPLH_AB Delay A > B Push-pull 12 10 10 ns
Propagation
tPHL_BA Delay B > A Push-pull 9 9 9 ns
Propagation
tPLH_BA Delay B > A Push-pull 14 12 12 ns
tEN Enable Time ENtoAorB 200 200 200 ns
{DIS Disable ENtoAorB 250 250 250 ns
ime
RA | A p?."t Rise Push-pull 30 30 30 ns
ime
{RB B p?."t Rise Push-pull 30 30 30 ns
ime
tFA A qurt Fall Push-pull 20 30 30 ns
ime
{FB B port Fall Push-pull 25 25 25 ns
Time
tSKEW | Channel to Channel Skew 1 1 1 ns
Maximum
MDR Data Rate Push-pull 70 100 100 Mbps

7 RSM-DS-R-0278



RSM RS7LSB104

Bi-directional Level Translator for

www.raystar-tek.com Open-drain and Push-Pull Applications

Vcea= 3.3V10.3V

Over recommended operating free-air temperature range (unless otherwise noted)

Symbol Parameter Test Condltions VCCB = 3.3V VCCB= 5V Unit
MIN MAX MIN MAX
tPHL_AB Propagation Delay A > B Push-pull 9 9 ns
tPLH_AB Propagation Delay A > B Push-pull 12 12 ns
tPHL_BA Propagation Delay B > A Push-pull 9 9 ns
tPLH_BA Propagation Delay B > A Push-pull 11 10 ns
tEN Enable Time ENto AorB 200 200 ns
tpIs Disable Time ENtoAorB 250 250 ns
{RA A port Rise Time Push-pull 30 30 ns
tRB B port Rise Time PUSh-pU” 30 30 ns
tFA A port Fall Time Push-pull 25 25 ns
tFB B port Fall Time Push-pull 25 25 ns
tSKEW Channel to Channel Skew 1 1 ns
MDR Maximum Data Rate Push-pull 100 100 Mbps
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Veca= 5V+0.5V

Over recommended operating free-air temperature range (unless otherwise noted)

Symbol Parameter Test Conditions VCCB= 5V Unit
MIN MAX
tPHL_AB Propagation Delay A > B Push-pull 9 ns
tPLH_AB Propagation Delay A > B Push-pull 12 ns
tPHL_BA Propagation Delay B > A Push-pull 9 ns
tPLH_BA Propagation Delay B > A Push-pull 10 ns
tEN Enable Time ENto AorB 200 ns
tDIs Disable Time ENtoAorB 250 ns
tRA A port Rise Time Push-pull 30 ns
tRB B port Rise Time Push-pull 30 ns
tFA A port Fall Time Push-pull 25 ns
tFB B port Fall Time Push-pull 25 ns
tSKEW Channel to Channel Skew 1 ns
MDR Maximum Data Rate Push-pull 100 Mbps

10
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Test Circuits

Vel

j ’7Vcco

DUT

—IN ouT
I 15pF % 1MQ

Figure 2 Data Rate, Pulse Duration, Propagation Delay, Output Rise-Time and Fall-Time Measurement

Using a Push-Pull Driver

Vear —\ /— Veco

DUT

IN ouT
—E‘ 15pF —_FI 1MQ%

Figure 3 Data Rate, Pulse Duration, Propagation Delay, Output Rise-Time and Fall-Time Measurement

Using an Open-Drain Driver

’02"Vcco
s1
From Output 50kQ O Open
* *
C 50kQ
TEST S1
tezL Lt
pzL ,tPLz 2 x Veco
(tais)
terz ,tPzn
Open
(ten)

Figure 4 Load Circuit for Enable-Time and Disable-Time Measurement

Notes:

1. CL includes probe and jig capacitance.

2. tenis the same as tpz and tpzh. tais is the same as tpz and tprz.
3. Vcai is the supply voltage associated with the input.

4. Vcco is the supply voltage associated with the output.
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Voltage Waveforms

The outputs are measured one at a time, with one transition per measurement. All input pulses are supplied by
generators that have the following characteristics:

PRR <10 MHz
Z0=50Q
dv/dt 21 V/ns

I
I i
Input Vg 2 Ve /2
ov

Qutput cleiel !
A== 01 xVgeo — -

t,—pi — —» :H—t[

Figure 6 Propagation Delay Times

OE input

I
I
I
|
l I
bz — 4 —» | Pz
Output | : : : Vou
Waveform 1 . | Veeo ! 2 : I
S1at?2 x Veeo (.
| | H x 0.1
| RS Vau
! I :
(-
tozn—w - Iz
|
I

|
Quiput | ——————— Vou
Waveform2 ' VoH x 0.9
S1at GND @ Voco/ 2
av

Figure 7 Enable and Disable Times

1. Waveform 1 is for an output with internal such that the output is high, except when OE is high.
2. Waveform 2 is for an output with conditions such that the output is low, except when OE is high.
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Functional Description

The RS7LSB104 device is a 4-bit bidirectional voltage level converter specifically designed for converting logic voltage
levels. This device is of a buffer architecture, which features an edge rate accelerator (monostable) to enhance the
overall data rate. This device can only convert push-pull CMOS logic outputs.

The RS7LSB104 architecture (see fig8) does not require a direction-control signal to control the direction of data flow
from A to B or from B to A. In a dc state, the output drivers of the RS7LSB104 can maintain a high or low, but are
designed to be weak, so that they can be over driven by an external driver when data on the bus starts flowing the
opposite direction. The output one shots detect rising or falling edges on the A or B ports. During a rising edge, the one
shot turns on the PMOS transistors (T1, T3) for a short duration, which speeds up the low- to-high transition. Similarly,
during a falling edge, the one shot turns on the NMOS transistors (T2, T4) for a short duration, which speeds up the
high-to-low transition.

One

T8 b= H Shot “
One
T4 E Shot

Figure 8 Level Shifter Architecture

Input Driver Requirements

Typical Iin vs Vin characteristics of the RS7LSB104 are shown in fig9. For proper operation, the device driving the data
I/Os of the RS7LSB104 must have drive strength of at least 2 mA.

A

VT/4K Q

\

-(VD-VT)/4KQ | ]

(1) Vris the input threshold voltage of the RS7LSB104 (typical VCCI/2).
(2) VD is the supply voltage of the external driver.
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Power Up

There is no requirement for the power sequence. During operation, RS7LSB104 can work at both Vcca < Vces During
power-up sequencing, any power supply can be ramped up first. The RS7LSB104 has circuitry that disables all output
ports when either Vcc is switched off (Vccas = 0 V).

Enable and Disable

The RS7LSB104 has an OE input that is used to disable the device by setting OE = low, which places all I/Os in the
high-impedance (Hi-Z) state. The disable time (tais) indicates the delay between when OE goes low and when the outputs
actually get disabled (Hi-Z). The enable time (ten) indicates the amount of time the user must allow for the one-shot
circuitry to become operational after OE is taken high.

Pullup or Pulldown Resistor on I/O Lines

The RS7LSB104 is designed to drive capacitive loads of up to 70 pF. The output drivers of the RS7LSB104 have low
dc drive strength. If pullup or pulldown resistors are connected externally to the data I/Os, their values must be kept
higher than 50 kQ to ensure that they do not contend with the output drivers of the RS7LSB104.

For the same reason, the RS7LSB104 should not be used in applications such as 12C or 1-Wire where an open drain
driver is connected on the bidirectional data 1/0. For these applications, use a device from the RS7LSXXX

series of level translators.
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Application Information

1.8V | I I | 3.3V
C1=0.1uF C2=0.1uF
L vcea | vee ;
1.8V 3.3V
EN
SYSTEM *
CONTROLLER RS7L58104 SYSTEM
DATA [ 2| m B1 [ 2] pATA
< Z A2 B2 [€ <
< Zl A3 B3 [ <
[« 1 pa B4 | >

| GND |

Figure 10 Application Circuit

Power Supply Guidelines

Suggests conducting a meticulous PCB layout with shorter PCB wiring lengths to avoid excessive capacitive loads and
ensure correct OS triggering. The PCB signal wiring length must be kept sufficiently short so that any reflected round-
trip delay is less than the monostable duration. This ensures that any reflections encounter low impedance at the driver,
thereby improving signal integrity. The OS circuit is designed to maintain a duration of approximately 10 ns. The
maximum capacitance of the lumped load to be driven also directly depends on the monostable duration. For heavy
capacitive loads, the monostable may time out before the signal is fully driven to the positive power rail. The OS duration
has been set to achieve a better balance among considerations such as dynamic ICC, load driving capability, and
maximum bit rate. The PCB wiring length and connectors have increased the capacitance of the RS7LSB104 output,
so Raystar suggests considering this lumped load capacitance to avoid OS re-triggering, bus contention, output signal
oscillation, or other adverse system-level effects.
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Package Information
UQFN 1.7x2.0-12L

1 D |
| . Nj2 ’ 4’»
_,% ’ N[ LJ Y | ||| |
Inr!exzzla1 |
w0
-1 nt-—-+++-—- ) =B
]
—— I l | it
Ny 1
| __._._}. N5 I i 0
|
[ Ne 0.70
L
241)5
TOP VIEW BOTTOM VIEW RECOMMENDED LAND PATTERN
PKG. DIMENSIONS(MM)
SYMBOL| Min Max
J| A 045 0.55
< | Al 0.00 0.05
‘ 1_|_1_ A3 0.15 REF
,_’ A D 165 175
< < E 1.95 2.05
b ? :
SIDE VIEW —
L 045 0.55
Note:
1.All dimensions are in mm.
2.Dimensions exclude burrs, mold flash or protrusions.
3Refer Jedec MO-287A 4y UQFN1.7X2.0-12L (ZM12) POD Rev.0
4. Recommended land pattern is for reference only. ¢ . "
Raystar Microelectronics Technology Inc.
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TSSOP-14L
14 8 — SYMBOLS MIN. NOM. MAX.
] g N A — 1.20
H H H H H H H t . 1 Al 0.05 ” 0.15
VeI o/ A2 0.80 1.00 1.05
_/\‘ AL b 0.19 - 0.30
F c 0.09 - 0.20
D 4.90 5.00 5.10
] El 4.30 4.40 4.50
) E 6.20 6.40 6.60
69 0.65 BSC
’ L1 1.00 REF
=T | L 0.45 0.60 0.75
H m m |J i H i tﬂ s 0.20 - -
1 7 b} C 2 - 8
S
D
"R
\> \ 0
/ y ~ £
SEATING PLANEFy — \ J — & GAUGE PLANE
... DETAIL F - i SEATING PLANE
<
L
L1
Note:
1.All dimensions are in mm. Angels in degrees.
2.Dimensions exclude burrs, mold flash or protrusions.
3.Refer Jedec MO-153F \ TSSOP14 POD Rev.0
« i
4. Recommended land pattern is for reference only. Ra)’star MlcrOEIe(itronlcs TeGhno‘ogy InG.
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TQFN3.5X3.5-14L (ZB14)

ﬁ

Index Area

TOP VIEW

A1
A3

SIDE VIEW

Note:

1.All dimensions are in mm.

2.Dimensions exclude burrs, mold flash or protrusions.
3.Refer Jedec MO-220

4. Recommended land pattern is for reference only.

D1
PKG. DIMENSIONS(MM)
No | Nf3 SYMBOL Min Max
J U UJ U ( = A 0.80 0.90
1
A1 0.00 0.05
N8 | lus
- ; A3 0.20 REF
- — D 3.42 3.58
wl T—- —-—|—-— S
; E 3.42 3.58
N[ | hwt D1 1.95 2.15
| E1 1.95 215
M
m | m m b 0.20 0.30
T N2 e 0.50 TYP
e b
el 1.50 TYP
BOTTOM VIEW L 0.32 0.48
2.35
0.5
2.1 =
L
2 o4 E

=

!

0.35

RECOMMENDED LAND PATTERN(unit:mm)

TQFN 3.5X3.5-14L POD Rev.0

| ! Raystar Microelectronics Technology Inc.
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Revision History

Revision Description Date
0.9 Preliminary 2026/3/3
1.0 Initial Release 2026/4/17
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