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Datasheet

ISL3298EMRTEP
16kV ESD Protected, +125°C, 3.0V to 5.5V, TDFN Packaged, Low Power RS-485/RS-422 Transmitter

Description

The ISL3298EMRTEP is a +16.5kV HBM ESD
Protected (7kV IEC61000 contact), 3.0V to 5.5V
powered, single transmitter for balanced
communication using the RS-485 and RS-422
standards. This driver has very low bus currents
(x40mA); therefore, it presents less than a 1/8 unit
load to the RS-485 bus. This allows more than 256
transmitters on the network without violating the
RS-485 specification 32 unit load maximum, and
without using repeaters.

Hot Plug circuitry ensures that the Tx outputs remain
in a high impedance state while the power supply
stabilizes.

The driver on the ISL3298EMRTEP is not limited, so it
can achieve a 16Mbps data rate and is offered in the
-55°C to +125°C temperature range.

This devices also feature a logic supply pin (V) that
sets the switching points of the DE and DI inputs to be
compatible with a lower supply voltage in mixed
voltage systems.

For a companion single RS-485 receiver in micro
packages, see the ISL3282EMRTEP datasheet.

Device Information

The specifications for an Enhanced Product (EP)
device are defined in a Vendor ltem Drawing (VID),
which is controlled by the Defense Logistics Agency
(DLA). “Hot-links” to the applicable VID and other
supporting application information are provided on
our website.

Applications

Clock distribution

High node count systems

Space constrained systems

Security camera networks

Building environmental control/lighting systems
Industrial/process control networks

Features

= Specifications per DLA VID V62/10602

= Full mil-temp electrical performance from -55°C to
+125°C

= NiPdAu-Ag Lead finish (Sn-free, Pb-free)
(ISL3298EMRTEPZ-TK only)

= Controlled baseline with one wafer fabrication site
and one assembly/test site

= Full homogeneous lot processing in wafer fab

= No combination of wafer fabrication lots in
assembly

= Full traceability through assembly and test by
date/trace code assignment

= Enhanced process change notification
» Enhanced obsolescence management

= Eliminates need for up-screening a COTS
component

= High ESD protection on RS-485 outputs: +16.5kV
HBM

» |[EC61000-4-2 contact test method: £7kV
» Class 3 ESD level on all other pins: >8kV HBM
= Specified for +125°C operation (V¢ < 3.6V only)
= Logic supply pin (V| ) eases operation in mixed
supply systems
= Hot plug - Tx output remains tri-state during
power-up
= Low Tx leakage allows >256 devices on the Bus
= High data rates: up to 16Mbps
= Low quiescent supply current: 150uA (Max)
* Very low shutdown supply current: 1uA (Max)

= -7V to +12V Common Mode Output Voltage Range
(Vee 3.6V Only)

= Current limiting and thermal shutdown for driver
overload protection (V¢ < 3.6V Only)

= Tri-statable Tx output
= 5V tolerant logic input when V¢ < 5V

Table 1. Summary of Features

Part Function Data Rate Slew-rate Hot \' X g:;':;::'t Low-Power Pin
Number (Mbps) Limited? Plug? Pin? Enable? lec (HA) Shutdown? | Count
cc
ISL3298EMRTEP 1Tx 16 NO YES YES YES 150 YES 8-TDFN
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1.
1.1

Overview

Typical Operating Circuit

2.5V +3.3Vto 5V
o] o

Network with V| Pin for Interfacing to Lower Voltage Logic Devices

+3.3V 1.8V
(o) o
= ¢ {
p 0.1pF —‘
6 4 :l_ M O'IHFl 8 1
Voo A Vee - = Vee Vi Vee
- ISL3282EMRTEP ISL3298EMRTEP
ogic R )
A T Y Logic
DEVICE I g
UART) RE bE| 2 (uP, ASIC,
UART)
GND GND
’ 2 4,5
Figure 1. Typical Operating Circuit
Table 2. Truth Table
Transmitting
Inputs Outputs
DE DI Z Y
1 1 1
1 0 1 0
0 X High-z[1] High-z{1]
1. Shutdown Mode
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2,

Pin Information

21 Pin Assignments
WD emoo - (8] Veo
I -
DE [23 | FWU' z
DI [3— V(6] v
GND [4) "o - _ 2 (5| GND
Figure 2. Pin Assignments - Top View
2.2 Pin Descriptions
Pin Number | Pin Symbol Function
Logic-Level supply which sets the V| /V| levels for the DI and DE pins. Power-up this supply after V¢, and
1 Vi
keep V| < Ve
Driver output enable. The driver outputs, Y and Z, are enabled by bringing DE high, and are high impedance
2 DE when DE is low. If the driver enable function isn’t needed, connect DE to V¢ (or V| ) through a 1kQ to 3kQ
resistor.
3 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.
4,5 GND Ground connection. This is also the potential of the TDFN thermal pad.
6 v +15kV HBM, £7kV IEC61000 (contact method) ESD Protected RS-485/422 level, non-inverting transmitter
output.
7 Z +15kV HBM, £7kV IEC61000 (contact method) ESD Protected RS-485/422 level, inverting transmitter output.
8 Vee System power supply input (3.0V to 5.5V). On devices with a V| pin, power-up V¢ first.
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3. Typical Performance Curves

Vee =V = 3.3V, T = +25°C; Unless Otherwise Specified
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Figure 3. Driver Output Current vs Differential Output
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Figure 5. Supply Current vs Temperature
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Figure 7. Driver Output Current vs Short-Circuit Voltage
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Figure 4. Driver Differential Output Voltage vs
Temperature

40

35

\vL =3.3V
30 \
25 \
20

15 V| =25V

\

10 \ ¥

V £2V

0 |
0 1 2 3 4 5 6 7 75

DI Voltage (V)

T T
VCC =3.3V
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Vee = VL = 3.3V, T = +25°C; Unless Otherwise Specified (Cont.)
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Figure 9. Driver Differential Skew vs Temperature Figure 10. Driver Single-Ended Skew vs Temperature
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3.1

VCC or VL fe} DE

DI
o—

Signal
Generator

DE
DI &@
o—— —o
. < o
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Test Circuits and Waveforms
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Y
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Figure 14. Driver Propagation Delay and Differential Transition Times
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Figure 13. DC Driver Test Circuits
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DE . . 3VorV,
VCC or VL o I + DI ﬂ
DI z
54Q Cop ov
Y T

Signal DIFF OUT (Y - 2) / \ Voo
Generator -Vop

Test Circuit Measurement Points
Figure 16. Driver Data Rate

4. Applications 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 transmitters and receivers 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 that 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.

4.1 Driver Features

This 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). The drivers feature low propagation delay skew to maximize bit
width, and to minimize EMI.

The driver is tri-statable using the active high DE input. If the Tx enable function is not required, tie DE to V¢
(or V| ) through a 1kQ to 3kQ resistor.

The ISL3298EMRTEP’s output transition times allow data rates of at least 16Mbps.

4.2 Wide Supply Range

The ISL3298EMRTEP is optimized for 3.3V operation, but can be operated with supply voltages as high as 5.5V.
This device meets the RS-422 and RS-485 specifications for supply voltages less than 4V, and is RS-422 and RS-
485 compatible for supplies greater than 4V. Operation at +125°C requires V¢ < 3.6V, while 5V operation
requires adding output current limiting resistors (as described in the Driver Overload Protection) if output short
circuits (e.g., from bus contention) are a possibility.

FN7607 Rev.2.01
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4.3 5.5V Tolerant Logic Pins

Logic input pins (DI, DE) contain no ESD nor parasitic diodes to V¢ (nor to V| ), so they withstand input voltages
exceeding 5.5V regardless of the V¢ and V| voltages (see Figure 17).

Ve = +3.3V Vee = +2V
Vi 32v
IH TXD
DI
Vop <2V
Vg 22v
DE DEN
Von £ 2V
GND GND
ISL3293E UART/PROCESSOR
Ve = +3.3V Ve = +2V
\ |
bl <V|H =1.4V Txp
Von S 2V
Vi =14V
DE DEN
Von £ 2V
GND GND
ISL3296E UART/PROCESSOR

Figure 17. Using V| Pin to Adjust Logic Levels

4.4 Logic Supply (V| Pin)
Note: Power-up V¢ before powering up the V| supply.

The ISL3298EMRTEP includes a V| pin that powers the logic inputs (DI and DE). These pins interface with “logic”
devices such as UARTSs, ASICs, and ucontrollers, and today most of these devices use power supplies
significantly lower than 3.3V. Thus, the logic device’s low Vg might not exceed the V| of a 3.3V or 5V powered
DI or DE input. Connecting the V| pin to the power supply of the logic device (as shown in Figure 17) reduces the
DI and DE input switching points to values compatible with the logic device’s output levels. Tailoring the logic pin
input switching points and output levels to the supply voltage of the UART, ASIC, or pcontroller eliminates the
need for a level shifter/translator between the two ICs.

V| can be anywhere from V¢ down to 1.35V, but the input switching points may not provide enough noise
margin, and 16Mbps data rates may not be achievable, when V| < 1.5V. The E.C. table in the SMD indicates
typical V|4 and V,_values for various V|_settings so the user can ascertain whether or not a particular V| voltage
meets his/her needs.

The V| supply current (1) is typically much less than 20pA, as shown in Figure 6, when DE and Dl are
above/below V|y/V), .

FN7607 Rev.2.01
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4.5 Hot Plug Function

When a piece of equipment powers-up, there is a period of time where the processor or ASIC driving the RS-485
control line (DE) is unable to ensure that the RS-485 Tx outputs are kept disabled. If the equipment is connected
to the bus, a driver activating prematurely during power up may crash the bus. To avoid this scenario, the
ISL3298EMRTEP incorporates a “Hot Plug” function. During power-up, circuitry monitoring V¢ ensures that the
Tx outputs remain disabled for a period of time, regardless of the state of DE. This gives the processor/ASIC a
chance to stabilize and drive the RS-485 control lines to the proper states.

4.6 ESD Protection

All pins on this device includes class 3 (8kV) Human Body Model (HBM) ESD protection structures, but the
RS-485 pins (driver outputs) incorporate advanced structures allowing it to survive ESD events in excess of
+16.5kV HBM and +7kV to the IEC61000 contact test method. The RS-485 pins are particularly vulnerable to ESD
damage because they typically connect to an exposed port on the exterior of the finished product. Simply touching
the port pins, or connecting a cable, can cause an ESD event that might destroy unprotected ICs. These new ESD
structures protect the device whether or not it is powered up, and without degrading the RS-485 common mode
range of -7V to +12V. This built-in ESD protection eliminates the need for board level protection structures (e.g.,
transient suppression diodes), and the associated, undesirable capacitive load they present.

4.7 Data Rate, Cables, and Terminations

RS-485/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 16Mbps are limited to lengths less than 100’.

Twisted pair is the cable of choice for RS-485/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, to minimize reflections.

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
transmitter or receiver to the main cable should be kept as short as possible.

4.8 Driver Overload Protection

As stated previously, the RS-485 specification requires that drivers survive worst case bus contentions
undamaged. These drivers meet this requirement, for V¢ < 3.6V, via 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, for V¢ < 3.6V, even at the common mode voltage range extremes.

Additionally, these devices utilize a foldback circuit which reduces the short circuit current, and thus the power
dissipation, whenever the contending voltage exceeds either Vo or GND.

In the event of a major short circuit condition, 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 +20°C. If the contention
persists, the thermal shutdown/re-enable cycle repeats until the fault is cleared.

At V¢ > 3.6V, the instantaneous short circuit current is high enough that output stage damage may occur during
short circuit conditions to voltages outside of GND to V¢, before the short circuit limiting and thermal shutdown
activate. For V¢ = 5V operation, if output short circuits are a possibility (e.g., due to bus contention), it is

recommended that a 5Q resistor be inserted in series with each output. This resistor limits the instantaneous
current below levels that can cause damage. The driver Vgp at V¢ = 5V is so large that this small added

resistance has little impact.

FN7607 Rev.2.01
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4.9 High Temperature Operation

Due to power dissipation and instantaneous output short circuit current levels at Vo = 5V, these transmitters may
not be operated at +125°C with V¢ > 3.6V.

At Ve = 3.6V, the device may be operated at +125°C, while driving a 100Q, double terminated, CAT 5 cable at
16Mbps, without triggering the thermal SHDN circuit.

410 Low-Power Shutdown Mode

This BiCMOS transmitter uses a fraction of the power required by its bipolar counterparts and it also includes a
shutdown feature that reduces the already low quiescent Io¢ to a 1pA trickle. This device enters shutdown

whenever the driver disables (DE = GND).

5. Die Characteristics

Table 3. Die and Assembly Related Information

Die Information

Process Si Gate BiICMOS
Assembly Information
Substrate and TDFN Thermal Pad Potential (Powered
GND
Up)
Additional Information
Transistor Count | 516

6. Package Outline Drawing

The package outline drawing is located at the end of this document and is accessible from the Renesas website.
The package information is the most current data available and is subject to change without revision of this
document.

7. Ordering Information

Vendor Item . Package PKG. Carrier
[1]
Part Number! Drawing Part Marking Description DWG. # Typel2l Temp. Range
ISL3298EMRTEP-TK V62/10602-01XB | 298 8 Ld TDFN
[4] L8.2x3A Reel, 1k -55 to +125°C
ISL3298EMRTEPZ-TKB! | V62/10602-01XE | 98Z 8Ld TDFN.
(RoHS Compliant)

1. For the Moisture Sensitivity Level (MSL) rating, see the product information page for ISL3298EMRTEP. For more information about MSL, see
TB363.
2. See TB347 for details about reel specifications.

3. These Pb-free plastic packaged products employ special Pb-free material sets; molding compounds/die attach materials and NiPdAu plate - e4
termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Pb-free products are MSL classified
at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J-STD-020.

4. For the Pb-Free Reflow Profile, see TB493.

FN7607 Rev.2.01
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8. Revision History

Revision

Date

Change

2.01

Mar 4, 2026

Placed in latest template.
Updated Ordering Information table.

* Added Lead Finish Features bullet.

2.00

Oct 24, 2019

Updated links throughout.

Added Related Literature.

Updated Ordering information table by removing retired part and adding tape and reel column.
Removed Products section.

Added Package Outline Drawing.

Updated Disclaimer.

1.00

Jul 28, 2011

Changed in Features “Specifications per DSCC” to “Specifications per DLA” to match website.
In Figure 8 on page 7, corrected units in y axis from mA to pA.

0.00

Mar 30, 2010

Initial Release.
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Plastic Packages for Integrated Circuits

Package Outline Drawing

L8.2x3A
8 LEAD THIN DUAL FLAT NO-LEAD PLASTIC PACKAGE WITH E-PAD
Rev 2,05/15
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I
|
\
A o
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NOTES:
1. Dimensions are in millimeters.
Dimensions in ( ) for Reference Only.
2. Dimensioning and tolerancing conform to ASME Y14.5m-1994.
3. Unless otherwise specified, tolerance : Decimal * 0.05

4. Dimension b applies to the metallized terminal and is measured
between 0.20mm and 0.32mm from the terminal tip.

5. Tiebar shown (if present) is a non-functional feature and may
be located on any of the 4 sides (or ends).

6. The configuration of the pin #1 identifier is optional, but must be
located within the zone indicated. The pin #1 indentifier may be
either a mold or mark feature.
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RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
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These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
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granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.
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