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Features

® Operate from a single +3.3V supply (10% tolerance)

@ Interoperable with 5V logic

® Highdatarates. . .................... up to 10Mbps

@ Single unit load allows up to 32 devices on the bus

@ Slew rate limited versions for error free data transmission

(ISL83483,1SL.83488) ... .............. up to 250kbps
® Low current Shutdown mode (ISL83483, ISL83485,
ISL83491). . ... .. 15nA

@ -7V to +12V common-mode input voltage range

@ Three-state Rx and Tx outputs (except 1ISL83488,
ISL83490)

@® 10ns propagation delay, 1ns skew (ISL83485, 1SL83490,
ISL83491)

® Full duplex and half duplex pinouts

@® Current limiting and thermal shutdown for driver overload
protection

® Pb-free (ROHS compliant)

Applications

@® Factory automation

@® Security networks

@ Building environmental control systems

@ Industrial/process control networks

® Level translators (for example, RS-232 to RS-422)
@® RS-232“ Extension Cords

Description
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These Renesas RS-485/RS-422 devices are BICMOS 3.3V powered, single transceivers that meet
both the RS-485 and RS-422 standards for balanced communication. Unlike competitive devices
, this Renesas family is specified for 10% tolerance supplies (3V to 3.6V).

The ISL83483 and 1SL83488 use slew rate limited drivers which reduce EMI, and minimize
reflections from improperly terminated transmission lines, or unterminated stubs in multidrop

and multipoint applications.

Data rates up to 10Mbps are achievable by using the ISL83485, ISL83490, or ISL83491, which

feature higher slew rates.
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Logic inputs (for example, DI and DE) accept signals in excess of 5.5V, making them compatible
with 5V logic families.

Receiver (Rx) inputs feature a “ fail-safe if open” design, which ensures a logic high output if
Rx inputs are floating. All devices present a “ single unit load” to the RS-485 bus, which
allows up to 32 transceivers on the network.

Driver (Tx) outputs are short-circuit protected, even for voltages exceeding the power supply
voltage. Additionally, on-chip thermal shutdown circuitry disables the Tx outputs to

prevent damage if power dissipation becomes excessive.

The 1SL83488, 1SL83490, and I1SL83491 are configured for full duplex (separate Rx input and Tx
output pins) applications. The ISL83488 and ISL83490 are offered in space saving 8 Ld
packages for applications not requiring Rx and Tx output disable functions (for example, point-
to-point and RS-422). Half duplex configurations (ISL83483, ISL83485) multiplex the Rx inputs
and Tx outputs to provide transceivers with Rx and Tx disable functions in 8 Ld packages.

Truth Tables

TRANSMITTING RECEIVING
INPUTS OUTPUTS INPUTS OUTPUT
RE DE DI z Y RE DE DE A-B RO
Half Duplex | Full Duplex
X 1 1 0 1
0 0 % > +0.2V 1
X 1 0 1 0
, - 0 0 X <-0.2v 0
0 0 X High-Z High-Z
- - 0 0 X Inputs Open 1
1 0 X High-Z * High-Z *
1 0 0 X High-Z *
NOTE: *Shutdown Mode for ISL83483, 1SL83485, 1SL83491 9
1 1 1 X High-Z

NOTE: *Shutdown Mode for ISL83483, 1ISL83485, ISL83491

Pin Descriptions

PIN FUNCTION

RO Receiver output: If A > B by atleast 0.2V, RO is high; If A < B by 0.2V or more, RO is low; RO = High if A and B are unconnected (floating).

RE Receiver output enable. RO is enabled when RE is low; RO is high impedance when RE is high.

DE Driver output enable. The driver outputs, Y and Z, are enabled by bringing DE high. They are high impedance when DE is low.

DI Driver input. A low on DI forces output Y low and output Z high. Similarly, a high on DI forces output Y high and output Z low.

GND Ground connection.

AlY Noninverting receiver input and noninverting driver output. Pin is an input if DE = 0; pin is an output if DE = 1.
B/Z Inverting receiver input and inverting driver output. Pinis an input if DE = 0; pin is an output if DE = 1.

A Noninverting receiver input.

B Inverting receiver input.

Y Noninverting driver output.

z Inverting driver output.

Vee | System power supply input (3V to 3.6V).

NC No Connection.
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Typical Operating Circuits

For calculating the resistor values refer to TB509, “Detecting Bus Signals Correctly with Failsafe Biased RS-485 Receivers”
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I
Absolute Maximum Ratings Thermal Information
Ve toGround. .ouww s s sn e ws wn vw s ws s s vemmmmsmes o o N Thermal Resistance (Typical, Note 4) 0,5 (°C/W)
Input Voltages 8LASOICPackage . ..........c.ovvvvvenn... 170
DI DERE ... oo nmnsmnmns 0 s monsne s nsiss -0.5Vto +7V 8 Ld PDIP Package* ........................ 140
Input/Output Voltages 141Ld SOICPackage . . . ..................... 130
A By covovsmemonn i B 0 W 0 B s -8V to +12.5V 14 Ld PDIP Package* . ...................... 105
RO.......... R R -0.5V to (V¢ +0.5V) Maximum Junction Temperature (Plastic Package) . . ... .. +150°C
Short-Circuit Duration _ Maximum Storage Temperature Range. . . ... .. .. -65°C to +150°C
Yo Z e on vpomnmme me o w50 58 52 00 0 GRENEEES Continuous Pb-Free Reflow Prafile (SOIC only). .. .............. see TB493

4 L *Pb-free PDIPs can be used for through hole wave solder
Operatmg Conditions processing only. They are not intended for use in Reflow solder
Temperature Range processing applications.

ISL834xxIx. ... -40°C to +85°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” can cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
4. 0p is measured with the component mounted on a low-effective thermal conductivity test board in free air. See TB379.

Electrical Specifications Test conditions: V¢ = 3V to 3.6V unless otherwise specified. Typicals are at Vg = 3.3V, Tp = +25°C,

Note 5.
TEMP
PARAMETER SYMBOL TEST CONDITIONS (°C) MIN TYP MAX | UNIT
DC CHARACTERISTICS
Driver Differential VoyT (no load) Vob1 Full - - Vee V
Driver Differential Voyt (withload) |  Vopz | Rl = 100Q (RS-422) (Figure 4A) Full 2 27 . v
R = 540 (RS-485) (Eigure 4A) Full 1.5 2.3 Vee V
Ry =60Q, -7V < Ve = 12V (Eigure 4B) Full 1.5 26 - V
Change in Magnitude of Driver AVop R = 54Q or 100Q (Eigure 4A) Full - 0.01 0.2 \%
Differential Vg for
Complementary Output States
Driver Common-Mode Vgt Voc Ry = 540Q or 100Q (Eigure 4A) Full - 1.8 3 Y
Change in Magnitude of Driver AVoc R = 540Q or 100Q (Figure 4A) Full - 0.01 0.2
Common-Mode Vg for
Complementary Output States
Logic Input High Voltage ViH DE, DI, RE Full 2 - - Y
Logic Input Low Voltage VL DE, DI, RE Full - - 0.8 V
Logic Input Current lINT DE, DI Full -2 - 2 pA
RE Full 25 = 25 pA
Input Current (A, B) lIN2 DE =0V, Vg =0V or 3.6V ViN =12V | Full - 0.6 1 mA
ViN=-7V | Full = 0.3 08 mA
Output Leakage Current (Y, Z) N3 RE=0V,DE=0V,Vcc=0Vor36V V=12V | Full - 14 20 A
pstogaan ViN=-7V | Full -20 -1 = pA
Output Leakage Current (Y, Z) N3 RE=Vcg, DE=0V, Ve =0Vor36V | Vy =12V | Full - 0.03 1 pA
in Shutdown Mode (ISL83491) Vii=-TV Full pF 0.01 i uA
Receiver Differential Threshold VTH -IV=Vey =12V Full -0.2 7 0.2 \Y
Voltage
Receiver Input Hysteresis AVTH Vem = 0V +25 - 50 - mV
Receiver Output High Voltage VoH lg = -4mA, V|p = 200mV Full | Voo - - - \Y
0.4
Receiver Output Low Voltage VoL lo = -4mA, V|p = 200mV Full - - 0.4 Vv
WWW.SZTDBDT.COM
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Electrical Specifications Test conditions: Vcc = 3V to 3.6V unless otherwise specified. Typicals are at Vg = 3.3V, Tp = +25°C,
Note 5. (Continued)

TEMP
PARAMETER SYMBOL TEST CONDITIONS (°C) MIN TYP MAX | UNIT
Three-State (high impedance) lozr 0.4V=sVgo=s24V Full -1 - 1 BA
Receiver Qutput Current
Receiver Input Resistance RiN -V sVep =12V Full 12 19 - kQ
No-Load Supply Current (Note 6) Icc DI =0V or Ve DE=Vcc. | Full - 0.75 12 mA
RE =0V
ar VCC
DE=0V, | Ful . 0.65 1 mA
RE =0V
Shutdown Supply Current IsipN | DE =0V, RE = Ve, DI = 0V or Voo Full . 15 100 nA
(Except 1SL83488 and 1SL83490)
Driver Short-Circuit Current, losp1 DE = Vg, -7V = Vy or Vz £ 12V (Note 7) Full - - 250 mA
V = High or Low
Receiver Short-Circuit Current losr 0V=Vg=sVee Full 8 - 60 mA
DRIVER SWITCHING CHARACTERISTICS (ISL83485, ISL83490, ISL83491)
Maximum Data Rate fmax Full 12 15 - Mbps
Driver Differential Output Delay top Rpipr = 60Q, C|_ = 15pF (Figure 5A) Full 1 10 35 ns
Driver Differential Rise or Fall Time tr tp Rpipg = 60Q, C| = 15pF (Eigure 5A) Full 3 5 20 ns
Driver Input to Output Delay tpLp: tpuL | RL = 27Q, C = 15pF (Eigure 5C) Full 6 10 35 ns
Driver Output Skew tskew | RL=27Q, C|_ = 15pF (Eigure 5C) Full - 1 8 ns
Driver Enable to Output High tzy Ry = 110Q, C|_= 50pF, SW = GND (Figure 6), Full - 45 90 ns
(Except 1SL83490) (Note 8)
Driver Enable to Output Low tzL Ry = 110Q, C|_ = 50pF, SW =V (Eigure 6), Full - 45 90 ns
(Except 1SL83490) (Note 8)
Driver Disable from Output High thz Rp = 110Q, C|_ = 50pF, SW = GND (Eigure 6) +25 - 65 80 ns
(Except 1SL83490) Full _ _ 110 e
Driver Disable from Qutput Low tz Rp = 110Q, C_ = 50pF, SW = V¢ (Eigure 6) +25 - 65 80 ns
(Except 1SL83490) Edi - i i =
Driver Enable from Shutdown to tzH(sHDN) | RL=110Q, C = 50pF, SW = GND (Eigure 6), Full - 115 150 ns
Output High (Except ISL83490) (Notes 10, 11)
Driver Enable from Shutdown to tz (sHon) | RL=110Q, C| = 50pF, SW =V (Eigure 6), Full - 115 150 ns
Output Low (Except 1SL83490) (Notes 10, 11)
DRIVER SWITCHING CHARACTERISTICS (ISL83483, ISL83488)
Maximum Data Rate fmax Full 250 - - kbps
Driver Differential Output Delay tpp Rpier = 60Q, C_ = 15pF (Eigure 5A) Full 600 930 1400 ns
Driver Differential Rise or Fall Time R tF Rpirr = 60Q, C|_ = 15pF (Eigure 5A) Full 400 900 1200 ns
Driver Input to Output Delay tpLH: tPpHL | RL = 27Q, C_ = 15pF (Eigure 5C) +25 600 930 1500 ns
Full 400 - 1500 ns
Driver Output Skew tskeww | RL=27Q, C = 15pF (Eigure 5C) Full - 140 - ns
Driver Enable to Output High tzH Ry = 110Q, C|_ = 50pF, SW = GND (Eigure 6), Full - 385 800 ns
(Except 1SL83488) (Note 8)
Driver Enable to Output Low tzL Ry = 110Q, C|_ = 50pF, SW = V¢ (Eigure 6), Full - 55 800 ns
(Except 1SL83488) (Note 8)
Driver Disable from Output High tyz R = 110Q, C = 50pF, SW = GND (Figure 6) +25 - 63 80 ns
(Except 1SL83488) Eull _ i 110 -

WWW.SZTDBDT.COM
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Test conditions: V¢ = 3V to 3.6V, unless otherwise specified. Typicals are at Vg = 3.3V, Tp = +25°C,

Output Low
(Except 1SL83488 and 1SL83490)

(Notes 10, 11)

TEMP
PARAMETER SYMBOL TEST CONDITIONS (°C) MIN TYP MAX | UNIT

Driver Disable from Output Low tz Ry = 110Q, C_=50pF, SW =V (Figure 6) +25 - 70 80 ns
(Except 1SL83488) Eull _ _ 110 H
Driver Enable from Shutdown to tzH(sHDN) |RL= 1100, C| = 50pF, SW = GND (Notes 10, 11) | Full - 450 2000 ns
Output High (Except 1SL83488)
Driver Enable from Shutdown to tzsHDN) | RL= 110Q, C = 50pF, SW = V¢ (Eigure 6), Full - 126 2000 ns
Output Low (Except 1SL83488) (Notes 10, 11)
RECEIVER SWITCHING CHARACTERISTICS (All Versions)
Receiver Input to Output Delay tpLH, tpHL | (Eigure 7) Full 25 45 90 ns
Receiver Skew | tppH - tpHL | tskp (Eigure 7) +25 - 2 10 ns

Full - 2 12 ns
Receiver Enable to Output High tzH Ry = 1kQ, C = 15pF, SW = GND (Eigure 8), Full - 11 50 ns
(Except ISL83488 and 1SL83490) (Note 9)
Receiver Enable to Output Low tz Ry = 1kQ, C|_ = 15pF, SW = V¢ (Eigure 8), Full - 11 50 ns
(Except ISL83488 and 1SL83490) (Note 9)
Receiver Disable from Qutput High thz Ri = 1kQ, C_ = 15pF, SW = GND (Eigure 8) Full - 7 45 ns
(Except ISL83488 and 1SL83490)
Receiver Disable from Output Low tz Rp = 1kQ, C_ = 15pF, SW = V¢ (Eigure 8) Full - 7 45 ns
(Except ISL83488 and 1SL83490)
Time to Shutdown tsypn | (Note 10) Full 80 190 300 ns
(Except ISL83488 and 1SL83490)
Receiver Enable from Shutdown to | tzhsHpN) |RL = 1kQ, C = 15pF, SW = GND (Eigure 8), Full - 240 600 ns
Output High (Notes 10, 11)
(Except ISL83488 and 1SL83490)
Receiver Enable from Shutdownto | tz; (sypn) | RL = 1kQ, C = 15pF, SW =V (Eigure 8), Full - 240 600 ns

NOTES:

5. All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless

otherwise specified.

. Supply current specification is valid for loaded drivers when DE = 0V.
. Applies to peak current. See ‘Typical Performance Curves” on page 11 for more information.

© 00 =~ D

from entering SHDN.

. When testing the ISL83483, 1SL83485, and 1SL83491, keep RE=0to prevent the device from entering SHDN.
. When testing the 1SL83483, ISL83485, and ISL83491, the RE signal high time must be short enough (typically <100ns) to prevent the device

10. The ISL83483, 1SL83485, and ISL83491 are put into shutdown by bringing RE high and DE low. If the inputs are in this state for less than 80ns,
the parts are ensured not to enter shutdown. If the inputs are in this state for at least 300ns, the parts are ensured to have entered shutdown.
See “Low Power Shutdown Mode (IS 83483, 1SL83485, I1SL83491 Only)” on page 11.

11. Keep RE= VCC, and set the DE signal low time >300ns to ensure that the device enters SHDN.
12. Setthe RE signal high time >300ns to ensure that the device enters SHDN.

WWW.SZTDBDT.COM
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Test Circuits and Waveforms
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FIGURE 5. DRIVER PROPAGATION DELAY AND DIFFERENTIAL TRANSITION TIMES
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Test Circuits and Waveforms (continued)
DE

1100 o M5E ”
SIGNAL @ | sw © GND DE A.sv A 1.5V
GENERATOR CL 50pF Note 10 ; ov
= : tzH, tzH(SHDN) —a| — >ty -
Note 10 OUTPUT HIGH &
PARAMETER | OUTPUT RE DI sw Vou - 0.25v 0
OuT (Y, 2) 50%
thz YiZ X 1/0 GND — ov
f YIZ X 0N V
LZ cc tzL, tZL(SHDN) —
Note 10
tzH YiZ 0 (Note 8) 1/0 GND Note 10 Vee
tzL YiZ 0(Note8) | O/ Vee OouT (Y, 2)
VOL + 0.25V VOL
tZH(SHDN) Y/Z 1 (Note 11) 1/0 GND OUTPUT LOW
tZL(SHDN) YIZ 1 (Note 11) on Vee
FIGURE 6B. MEASUREMENT POINTS
FIGURE 6A. TEST CIRCUIT
FIGURE 6. DRIVER ENABLE AND DISABLE TIMES (EXCLUDING ISL83488, ISL83490)
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FIGURE 7A. TEST CIRCUIT FIGURE 7B. MEASUREMENT POINTS
FIGURE 7. RECEIVER PROPAGATION DELAY
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tz, (Nate 9) 0 1.5V Vee Vee
tzr(sHDN) (Note 12) 0 +1.5V GND VoL *0.28Vy
tz1 (sHDN) (Note 12) 0 -1.5V Vee QUTRUELOW

FIGURE 8A. TEST CIRCUIT FIGURE 8B. MEASUREMENT POINTS
FIGURE 8. RECEIVER ENABLE AND DISABLE TIMES (EXCLUDING 1SL83488, ISL83490)

WWW.SZTDBDT.COM



ARUNA=

Tudi Semiconductor

Application Information

RS-485 and RS-422 are differential (balanced) data
transmission standards for use in long haul or noisy
environments. RS-422 is a subset of RS-485, so RS-485
transceivers are also RS-422 compliant. RS-422 is a
point-to-multipoint (multidrop) standard, which allows only one
driver and up to 10 (assuming one unit load devices) receivers
on each bus. RS-485 is a true multipoint standard, which
allows up to 32 one unit load devices (any combination of
drivers and receivers) on each bus. To allow for multipoint
operation, the RS-485 specification requires that drivers must
handle bus contention without sustaining any damage.

Another important advantage of RS-485 is the extended
Common-Mode Range (CMR), which specifies that the driver
outputs and receiver inputs withstand signals that range from
+12V to -7V. RS-422 and RS-485 are intended for runs as long
as 4000’, so the wide CMR is necessary to handle ground
potential differences, as well as voltages induced in the cable
by external fields.

Receiver Features

These devices use a differential input receiver for maximum
noise immunity and common-mode rejection. Input sensitivity is
+200mV, as required by the RS422 and RS-485 specifications.

Receiver input impedance surpasses the RS-422 spec of 4kQ,
and meets the RS-485 “Unit Load” requirement of 12kQ
minimum.

Receiver inputs function with common-mode voltages as great
as +9V/-7V outside the power supplies (thatis, +12V and -7V),
making them ideal for long networks where induced voltages
are a realistic concern.

All the receivers include a “fail-safe if open” function that
ensures a high level receiver output if the receiver inputs are
unconnected (floating).

Receivers easily meet the data rates supported by the
corresponding driver.

ISL83483, ISL83485£L83491 receiver outputs are tri-statable
using the active low RE input.

Driver Features

The RS-485, RS-422 driver is a differential output device that
delivers at least 1.5V across a 54Q) load (RS-485), and at least
2V across a 100Q load (RS-422) even with Ve = 3V. The
drivers feature low propagation delay skew to maximize bit
width, and to minimize EMI.

Drivers of the 1ISL83483, ISL83485, and ISL83491 are
tri-statable using the active high DE input.

ISL83483 and 1SL.83488 driver outputs are slew rate limited to
minimize EMI, and to minimize reflections in unterminated or
improperly terminated networks. Data rate on these slew rate
limited versions is a maximum of 250kbps. Outputs of
ISL83485, 1SL83490, and 1SL83491 drivers are not limited, so

faster output transition times allow data rates of at least
10Mbps.

Data Rate, Cables, and Terminations

RS-485 and RS-422 are intended for network lengths up to
4000, but the maximum system data rate decreases as the
transmission length increases. Devices operating at 10Mbps
are limited to lengths of a few hundred feet, while the 250kbps
versions can operate at full data rates with lengths in excess of
1000°’.

Twisted pair is the cable of choice for RS-485 and RS-422
networks. Twisted pair cables tend to pick up noise and other
electromagnetically induced voltages as common-mode
signals, which are effectively rejected by the differential
receivers in these ICs.

Proper termination is imperative, when using the 10Mbps
devices, to minimize reflections. Short networks using the
250kbps versions need not be terminated, but, terminations
are recommended unless power dissipation is an overriding
concern.

In point-to-point, or point-to-multipoint (single driver on bus)
networks, the main cable should be terminated in its
characteristic impedance (typically 120Q) at the end farthest
from the driver. In multi-receiver applications, stubs connecting
receivers to the main cable should be kept as short as
possible. Multipoint (multi-driver) systems require that the main
cable be terminated in its characteristic impedance at both
ends. Stubs connecting a transceiver to the main cable should
be kept as short as possible.

Built-In Driver Overload Protection

As stated previously, the RS-485 specification requires that
drivers survive worst case bus contentions undamaged. The
ISL834xx devices meet this requirement through driver output
short-circuit current limits, and on-chip thermal shutdown
circuitry.

The driver output stages incorporate short-circuit current
limiting circuitry, which ensures that the output current never
exceeds the RS-485 specification, even at the common-mode
voltage range extremes. Additionally, these devices use a
foldback circuit which reduces the short-circuit current, and
thus the power dissipation, whenever the contending voltage
exceeds either supply.

In the event of a major short-circuit condition, the ISL834xx
devices also include a thermal shutdown feature that disables
the drivers whenever the die temperature becomes excessive.
This eliminates the power dissipation, allowing the die to cool.
The drivers automatically re-enable after the die temperature
drops about 15°. If the contention persists, the thermal
shutdown/re-enable cycle repeats until the fault is cleared.
Receivers stay operational during thermal shutdown.

WWW.SZTDBDT.COM
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Low Power Shutdown Mode (ISL83483, ISL83485,
ISL83491 Only)

These CMOS transceivers all use a fraction of the power
required by their bipolar counterparts, but the ISL83483,
ISL83485, and ISL83491 include a shutdown feature that
reduces the already low quiescent Icc to a 15nA trickle. They
enter shutdown whenever the receiver and driver are
simultaneously disabled (ﬁ = V¢ and DE = GND) for a

period of at least 300ns. Disabling both the driver and the
receiver for less than 80ns ensures that shutdown is not
entered.

Note that receiver and driver enable times increase when
these devices enable from shutdown. For more information
refer to Notes 8 through 12 on page 7 at the end of the
Electrical Specification table.

WWW.SZTDBDT.COM
11
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Order Number Package Package Quantity o?_?;:i:grk
ISL83483IBZ-T-TUDI SOP8 Tape,Reel,2500 ISL83483IBZ-T
ISL83485IBZ-T-TUDI SOP8 Tape,Reel,2500 ISL83485IBZ-T
ISL83490IBZ-T-TUDI SOP8 Tape,Reel,2500 ISL83490IBZ-T

WWW.SZTDBDT.COM
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1
]
i
)
|
! Dimensions Dimensions
~ A ___ | IS AP In Millimeters In Inches
w | w E' Symbol
{9— ! Min Max Min Max
)
}
, — : A 1.350 1.750 0.053 | 0.069
]
)
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E j Symbol Min Non Max
EC jﬂ AT 6.28 6.33 6.38
A2 6.33 6.38 6.43
EC j] A3 7.52 7.62 i
£‘ f’\\ 17 A4 7.80 8.40 9.00
B1 9.15 9.20 9.25
R—\ /—R
T
‘[)—> B2 9.20 9.25 9.30
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D 1.52
T E 0.43 0.45 0.47
—
Y e F 2.54
' G 0.25
A3
- H 1.54 1.59 1.64
Al
[ro T 3.97 5.7 4,30
\
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.
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