g XTRM Series
) REL XTR50010

SEMICONDUCTOR
HIGH TEMPERATURE BIDIRECTIONAL LEVEL TRANSLATORS FAMILY

FEATURES DESCRIPTION
A Supply voltage from 2.5V to 5.5V. The XTR50010 is a family of bidirectional level translators that
A Operational beyond the -60°C to +230°C temperature range. can be used for data communication between devices or systems
A OE/DIR input can be referenced to VCCA or VCCB. operating at different supply voltages. XTR50010 is able to oper-
A Up to £8mA output drive (Directional). ate from -60°C to +230°C, with supply voltages from 2.5V to
A Max Data Rates (Bidirectional) 5.5V.

- 8Mbps (Translate to 5V) In XTR50011 or XTR50012, the communication direction be-

- 6Mbps (Translate to 3.3V) tween An and Bn ports are automatically and independently

- 4Mbps (Translate to 2.5V) sensed by the circuit. This allows simultaneous data flow in any
A Max Data Rates (Directional) direction.

- 30Mbps (3.3 to 5V) In XTR50014 or XTR50015, the DIR logic-level input is used to

- 20Mbps (2.5 to 5V) control the data flow direction. The DIR input can be powered by

- 15Mbps (Translate to 3.3V) either VCCA or VCCB. This brings more flexibility at system level.

- 10Mbps (Translate to 2.5V) Parts from the XTR50010 family are available in ruggedized SMT
A Ruggedized SMT packages. and through-hole packages. Parts are also available as bare
A Also available as bare die. dies.

APPLICATIONS

A Reliability-critical, Automotive, Aeronautics & Aerospace,
Down-hole.
A Level shifted data transmission.

PRODUCT HIGHLIGHT

Bidirectional data transmission Directional data transmission
2.5V to 5.5V 2.5V to 5.5V 2.5V to 5.5V 2.5V to 5.5V
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ORDERING INFORMATION

X TR 50 010
v N7 ¥ ¥
Source: Process: Part family Part number
X = X-REL Semi TR = HiTemp, HiRel
R = HiRel
Product Reference Temperature Range Package Pin Count Marking
XTR50010-BD -60°C to +230°C Bare die XTR50010
XTR50011-S -60°C to +230°C Ceramic SOIC 16 XTR50011
XTR50011-D -60°C to +230°C Ceramic side braze DIP 16 XTR50011
XTR50012-FE -60°C to +230°C Gull-wing flat pack with ePad 8 XTR50012
XTR50012-D -60°C to +230°C Ceramic side braze DIP 8 XTR50012
XTR50014-S -60°C to +230°C Ceramic SOIC 16 XTR50014
XTR50014-D -60°C to +230°C Ceramic side braze DIP 16 XTR50014
XTR50015-FE -60°C to +230°C Gull-wing flat pack with ePad 8 XTR50015
XTR50015-D -60°C to +230°C Ceramic side braze DIP 8 XTR50015

Other packages and packaging configurations possible upon request. Contact X-REL for plastic packaged parts.
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ABSOLUTE MAXIMUM RATINGS

-0.5t0 6.0V

Voltage on any pin to GND

Storage Temperature Range

Operating Junction Temperature Range

ESD Classification

-70°C to +230°C

-70°C to +300°C

1kV HBM MIL-STD-883

Caution: Stresses beyond those listed in “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. These are
stress ratings only and functionality of the device at these or any other condition beyond those indicated in the operational sections of
the specifications is not implied. Exposure to “ABSOLUTE MAXIMUM RATINGS” conditions for extended periods may permanently

affect device reliability.

PRODUCT VARIANTS

Bidirectional versions

a1 [ O \J =] B1
vcea [ 5] VCCB
Az [ 4] B2
A3 | 4+ 13 | B3
E XTR50011
As4 =] 7] B4
as ] ] B5
as [ ] B6
oe =] 7] GND

veea [T O\-/
Al ]2
E XTR50012
Az =]
oe [}

VvCCB

] B1
7] B2

GND

Directional versions
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For FE package option, ePAD connected to GND

BLOCK DIAGRAM: XTR50010-BD
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Arrows aside pad names indicate whether the input is internally pulled up or down.
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PIN DESCRIPTION

1 Al Bidirectional input/output with respect to B1 input/output.

2 VCCA Supply voltage of An input/output.

3 A2 Bidirectional input/output with respect to B2 input/output.

4 A3 Bidirectional input/output with respect to B3 input/output.

5 A4 Bidirectional input/output with respect to B4 input/output.

6 A5 Bidirectional input/output with respect to B5 input/output.

7 A6 Bidirectional input/output with respect to B1 input/output.

8 OE Output enabl_e pin. When driven low, it puts all the outputs An, Bn to high impedance. OE pin can be
referenced either to VCCA or VCCB.

9 GND Common ground of VCCA and VCCB supplies.

10 B6 Bidirectional input/output with respect to A6 input/output.

11 B5 Bidirectional input/output with respect to A5 input/output.

12 B4 Bidirectional input/output with respect to A4 input/output.

13 B3 Bidirectional input/output with respect to A3 input/output.

14 B2 Bidirectional input/output with respect to A2 input/output.

15 vCcCB Supply voltage of Bn input/output.

16 B1 Bidirectional input/output with respect to A1 input/output.

T T,

1 VCCA Supply voltage of An input/output.

2 Al Bidirectional input/output with respect to B1 input/output.

3 A2 Bidirectional input/output with respect to B2 input/output.

4 OE Output enabl'e pin. When driven low, it puts all the outputs An, Bn to high impedance. OE pin can be
referenced either to VCCA or VCCB.

5 GND Common ground of VCCA and VCCB supplies.

6 B2 Bidirectional input/output with respect to A2 input/output.

7 B1 Bidirectional input/output with respect to A1 input/output.

8 vCccCB Supply voltage of Bn input/output.
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1 A1l Bidirectional input/output with respect to B1 input/output. Data direction is set with DIR pin.

2 VCCA Supply voltage of An inputs/outputs.

3 GND Common ground of VCCA and VCCB supplies.

4 A2 Bidirectional input/output with respect to B2 input/output. Data direction is set by DIR pin.

5 A3 Bidirectional input/output with respect to B3 input/output. Data direction is set by DIR pin.

6 A4 Bidirectional input/output with respect to B4 input/output. Data direction is set by DIR pin.

7 A5 Bidirectional input/output with respect to B5 input/output. Data direction is set by DIR pin.

8 A6 Bidirectional input/output with respect to B4 input/output. Data direction is set by DIR pin.

9 B6 Bidirectional input/output with respect to A6 input/output. Data direction is set by DIR pin.

10 B5 Bidirectional input/output with respect to A5 input/output. Data direction is set by DIR pin.

11 B4 Bidirectional input/output with respect to A4 input/output. Data direction is set by DIR pin.

12 B3 Bidirectional input/output with respect to A3 input/output. Data direction is set by DIR pin.

13 B2 Bidirectional input/output with respect to A2 input/output. Data direction is set by DIR pin.
Sets the data direction between An and Bn input/output. If DIR pin is driven high the data direction

14 DIR is from An to Bn. If DIR pin is driven low the data direction is from Bn to An. DIR pin can be refer-
enced either to VCCA or VCCB.

15 vCcCB Supply voltage of Bn input/output.

16 B1 Bidirectional input/output with respect to A1 input/output. Data direction is set by DIR pin.

1 VCCA Supply voltage of An input/output.

2 GND Common ground of VCCA and VCCB supplies.

3 A1l Bidirectional input/output with respect to B1 input/output. Data direction must be set with DIR pin.

4 A2 Bidirectional input/output with respect to B2 input/output. Data direction must be set with DIR pin.

5 B2 Bidirectional input/output with respect to A2 input/output. Data direction must be set with DIR pin.

6 B1 Bidirectional input/output with respect to A1 input/output. Data direction must be set with DIR pin.
Sets the data direction between An and Bn input/output. If DIR pin is driven high the data direction

7 DIR is from An to Bn. If DIR pin is driven low the data direction is from Bn to An. DIR pin can be refer-
enced either to VCCA or VCCB.

8 VCCB Supply voltage of Bn input/output.
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RECOMMENDED OPERATING CONDITIONS

Parameter Min Typ Max Units

Supply voltage

VCCAVCCB 25 55 v
Voltage on An, Bn o' VCCA/VCCB' v
Voltage on OE, DIR o' max(VCCA,VCCB)' | V

. 2
#mctlon Temperature 60 230 c
1

k During transient operation, SW and OCS can reach values under OV and above VIN. Extreme values are limited by internal clamping
diodes to GND and to VCCA/VCCB.
Operation beyond the specified temperature range is achieved.
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ELECTRICAL SPECIFICATIONS
XTR50011/XTR50012 ELECTRICAL SPECIFICATIONS

Unless otherwise stated, specification applies for -60°C<T;<230°C.

Parameter | Condition | Min | Typ | Max | Units
Sugglx voltage
VCCA 2.5 5.5 \
VCCB 2.5 5.5 \
Quiescent current on VCCA+VCCB supplies, T.mp=25°C, OE high 20 pA
on VCCA+VCCB supplies, Ta_mb=25°C, OE low 10 pA
Input voltage
VCCA/NCCB=2.5V 1.8 \Y
High-level Input Voltage VCCA/NCCB=3.3V 25 \
Vi VCCA/NCCB=5V 2.75 \
VCCA/NCCB=5.5V 2.85 \Y
VCCA/NCCB=2.5V 0.8 \
Low-level Input Voltage VCCA/NCCB=3.3V 1.3 \
Vi VCCA/NCCB=5V 1.8 \Y
VCCA/VCCB=5.5V 1.9 \Y
OutEut voltage
VCCA/NCCB=2.5V, loyr=20pA (sink) 2.22
High-level Output Voltage VCCA/NCCB=3.3V, loyr=20uA (sink) 3.03 v
Vou VCCA/NCCB=5V, loyr=20pA (sink) 4.73
VCCA/NCCB=5.5V, loyr=20pA (sink) 5.23
VCCA/NCCB=2.5V, lour=20pA (source) 278
Low-level Output Voltage VCCA/VCCB=3.3V, lour=20uA (source) 272 mV
VoL VCCA/VCCB=5V, loyr=20uA (source) 271
VCCA/NCCB=5.5V, loyr=20uA (source) 270
Switching Characteristics
A to B, VCCA=2.5V, VCCB=2.5V, Cour=50pF 29 71 ns
A to B, VCCA=2.5V, VCCB=3.3V, Cour=50pF 25 52 ns
A to B, VCCA=2.5V, VCCB=5V, Cour=50pF 18 44 ns
Propagation delay A to B, VCCA=3.3V, VCCB=2.5V, Cour=50pF 26 60 ns
teo A to B, VCCA=3.3V, VCCB=3.3V, Cour=50pF 17 42 ns
A to B, VCCA=3.3V, VCCB=5V, Cour=50pF 12 30 ns
A to B, VCCA=5V, VCCB=2.5V, Cour=50pF 18 53 ns
A to B, VCCA=5V, VCCB=3.3V, Cour=50pF 12 35 ns
A to B, VCCA=5V, VCCB=5V, Cour=50pF 8 23 ns
OE to A, VCCA=2.5V, VCCB=2.5-5V, Cour=50pF 24 66 ns
. OE to A, VCCA=3.3V, VCCB=2.5-5V, Cour=50pF 12 42 ns
to,,f Lzmpagam” delay OE to A, VCCA=5V, VCCB=2.5-5V, Cour=50pF 7 34 ns
- OE to B, VCCB=2.5V, VCCA=2.5-5V, Cour=50pF 14 43 ns
OE to B, VCCB=3.3V, VCCA=2.5-5V, Cour=50pF 7 28 ns
OE to B, VCCB=5V, VCCA=2.5-5V, Cour=50pF 5 16 ns
OE to A, VCCA=2.5V, VCCB=2.5-5V, Cour=50pF 120 280 ns
OE Propagation delay OE to A, VCCA=3.3V, VCCB=2.5-5V, Cour=50pF 95 175 ns
t OE to A, VCCA=5V, VCCB=2.5-5V, Cour=50pF 75 130 ns
PD_HL OE to B, VCCB=2.5V, VCCA=2.5-5V, Cour=50pF 100 260 ns
OE to B, VCCB=3.3V, VCCA=2.5-5V, Cour=50pF 90 170 ns
OE to B, VCCB=5V, VCCA=2.5-5V, Cour=50pF 75 127 ns
Rise time A to B, VCCA=2.5-5V, VCCB=2.5V, Cour=50pF 4 16 ns
trise A to B, VCCA=2.5-5V, VCCB=3.3V, Cour=50pF 3 10 ns
A to B, VCCA=2.5-5V, VCCB=5V, Cour=50pF 2 6 ns
Fall time A to B, VCCA=2.5-5V, VCCB=2.5V, Cour=50pF 8 19 ns
teaLL A to B, VCCA=2.5-5V, VCCB=3.3V, Cour=50pF 4 12 ns
A to B, VCCA=2.5-5V, VCCB=5V, Cour=50pF 2 6 ns
A to B, VCCA=2.5-5V, VCCB=2.5V, Cour=50pF 4 Mbps
Maximum data rate A to B, VCCA=2.5-5V, VCCB=3.3V, Cour=50pF 6 Mbps
A to B, VCCA=2.5-5V, VCCB=5V, Cour=50pF 8 Mbps
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XTR50014/XTR50015 ELECTRICAL SPECIFICATIONS
Unless otherwise stated, specification applies for -60°C<T;<230°C.
Parameter | Condition Min Typ | Max | Units
Sugglx voltage
VCCA 25 5.5 \Y
VCCB 2.5 5.5 \
Quiescent current on VCCA+VCCB supplies, T.mp=25°C, DIR high 20 pA
on VCCA+VCCB supplies, Ta_mb=25°C, DIR low 10 pA
Input voltage
VCCA/VCCB=2.5V 1.8 \Y
High-level Input Voltage VCCA/NCCB=3.3V 25 \
Vi VCCA/NCCB=5V 2.75 v
VCCA/VCCB=5.5V 2.85 \Y
VCCA/NCCB=2.5V 0.8 \Y
Low-level Input Voltage VCCA/NCCB=3.3V 1.3 \
Vi VCCA/NCCB=5V 1.8 \Y
VCCA/VCCB=5.5V 1.9 \
Output voltage
VCCANCCB=2.5V, lour=2mA (sink) 2.34 Vv
High-level Output Voltage VCCA/NCCB=3.3V, loyr=4mA (sink) 3.08
Von VCCA/VCCB=5V, loyr=8mA (sink) 4.71
VCCA/NCCB=5.5V, loyr=8mA (sink) 5.22
VCCA/NCCB=2.5V, loyr=2mA (source) 180 mV
Low-level Output Voltage VCCA/NCCB=3.3V, lour=4mA (source) 195 mV
VoL VCCA/VCCB=5V, lour=8mA (source) 210 mV
VCCA/VCCB=5.5V, loyr=8mA (source) 185 mV
Switching Characteristics
From A to B, VCCA=2.5V, VCCB=2.5V, Cour=50pF 44 90 ns
From A to B, VCCA=2.5V, VCCB=3.3V, Cour=50pF 30 67 ns
From A to B, VCCA=2.5V, VCCB=5V, Cour=50pF 23 50 ns
Propagation delay From A to B, VCCA=3.3V, VCCB=2.5V, Cour=50pF 37 87 ns
tep From A to B, VCCA=3.3V, VCCB=3.3V, Cour=50pF 18 57 ns
From A to B, VCCA=3.3V, VCCB=5V, Cour=50pF 14.5 375 ns
From A to B, VCCA=5V, VCCB=2.5V, Cour=50pF 29.5 79 ns
From A to B, VCCA=5V, VCCB=3.3V, Cour=50pF 19 50 ns
From A to B, VCCA=5V, VCCB=5V, Cour=50pF 10 30 ns
DIR to A, VCCA=2.5V, VCCB=2.5-5V, Cour=50pF 37 96 ns
. DIR to A, VCCA=3.3V, VCCB=2.5-5V, Cour=50pF 18 59 ns
t'iLRm':rf’fagatm“ delay DIR to A, VCCA=5V, VCCB=2.5-5V, Cour=50pF 10 37 ns
- DIR to B, VCCB=2.5V, VCCA=2.5-5V, Cour=50pF 18 67 ns
DIR to B, VCCB=3.3V, VCCA=2.5-5V, Cour=50pF 10 53 ns
DIR to B, VCCB=5V, VCCA=2.5-5V, Cour=50pF 7.5 48 ns
DIR to A, VCCA=2.5V, VCCB=2.5-5V, Cour=50pF 140 290 ns
. DIR to A, VCCA=3.3V, VCCB=2.5-5V, Cour=50pF 112 181 ns
P'R Propagation delay DIR to A, VCCA=5V, VCCB=2.5-5V, Cour=50pF 87 133 | ns
PD_DIR_HL DIR to B, VCCB=2.5V, VCCA=2.5-5V, Cour=50pF 101 282 ns
DIR to B, VCCB=3.3V, VCCA=2.5-5V, Cour=50pF 91 266 ns
DIR to B, VCCB=5V, VCCA=2.5-5V, Cour=50pF 89 256 ns
o A to B, VCCA=2.5-5V, VCCB=2.5V, Cour=50pF 5 17 ns
f:l;e time A to B, VCCA=2.5-5V, VCCB=3.3V, Cour=50pF 3 11 ns
A to B, VCCA=2.5-5V, VCCB=5V, Cour=50pF 2 6 ns
Fall time A to B, VCCA=2.5-5V, VCCB=2.5V, Cour=50pF 8 21 ns
traLL A to B, VCCA=2.5-5V, VCCB=3.3V, Cour=50pF 4 11 ns
A to B, VCCA=2.5-5V, VCCB=5V, Cour=50pF 2 6 ns
A to B, VCCA=2.5-5V, VCCB=2.5V, Cour=50pF 10 Mbps
Maximum data rate A to B, VCCA=2.5-5V, VCCB=3.3V, Cour=50pF 15 Mbps
Ato B, VCCA=2.5V, VCCB=5V, Cour=50pF 20 Mbps
A to B, VCCA=3.3V, VCCB=5V, Cour=50pF 30 Mbps
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THEORY OF OPERATION

Introduction

The XTR50010 is a family of bidirectional level translators that
can be used for data communication between devices or sys-
tems operating at different supply voltages.

XTR50010 parts are able to operate from -60°C to +230°C, with
supply voltages from 2.5V to 5.5V.

Operation Modes

XTR50011/XTR50012 operation (bidirectional)

The block architecture for one 1/O channel of XTR50011 or
XTR50012 devices is shown in the figure below. These devices
do not require a direction-control signal to control the direction of
data flow from A to B or from B to A. In a static state, the output
drivers of the XTR50011 or XTR50012 can maintain a high or
low, but are designed to present a weak output (10kQ output
impedance), so that they can be overdriven by an external, low-
impedance driver when data on the bus starts flowing in the
opposite direction. However, load capacitors of up to 50pF can
be connected at the output as theses capacitors will be charged
and discharged during transitions by strong drivers controlled by
the “One-Shot” blocks of the figure below.

The One-Shot blocks driving the output transistors T1-T4 detect
rising or falling edges of input signal on the A or B ports. During
a rising edge, the One-Shot blocks turn on the PMOS transistors
T1 and T3 for a short duration, which speeds up the low-to-high
transition. Similarly, during a falling edge, the One-Shot blocks
turn on the NMOS transistors T2 and T4 for a short duration,
which speeds up the high-to-low transition. After the rising or
falling transition, the state is maintained with 10kQ output im-
pedance drivers.

OE @O

Level |
shifter

ccccdecaad

Level
shifter

Z}-

PACKAGE OUTLINES

XTR50014/XTR50015 operation (directional)

The block architecture for one I/O channel of XTR50014 or
XTR50015 is shown in the figure below. These devices are de-
signed for asynchronous communication between two data bus-
es. The logic levels of the direction-control (DIR) input activate
either the B-port outputs or the A-port outputs. The device
transmits data from the A bus to the B bus when the B-port out-
puts are activated and from the B bus to the A bus when the A-
port outputs are activated. The input circuitry on both A and B
ports is always active and must have a logic HIGH or LOW level
applied to prevent excess short-circuit current on the power
supplies.

The DIR input can be powered either by VCCA or VCCB. This

brings more flexibility at system level.
vces

DIR @ . ;
i Non-
;{ ’; overlapping
Level
shifter
VCCA Non- _|
over idppiug
A B
Non-
overlapping
Level
shifter

Non-
over :dppilly

Dimensions shown in mm [inches].

Ceramic gull-wing flat pack with ePad DFP8

4x R 0.81[0.032] | 584 |
[0.230] .. 8x0.13
[0.005]
pggea
7REL
5.84 [/ ~ 6.600.25 7.75 £0.25
[0.230] | xTrereee [0.260 £0.01] [0.305 +0.01]
YYWWANN |
T804 T
ePAD l 4x R 0.64 [0.025]
* f
| 064 5.46 £0.25
[0.025] [0.215 £0.10]
i

1.45 3
[0.057] 6x1.27 Ll 8x0.30
[0.050] [0.012]

5.46 +0.25
[0.215 £0.10]
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4x R 0.13 [0.005] " 0375 ]

9.00
[0.354]

s || /AREL

[0.293] XTRPPPPP

10.30 £0.40
[0.406 +0.016]

00851 osey | A+ e

4x R 0.76 [0.030] [0.450]

787 737
[0.310] [0.290]

127 530
™ [0.050] [.130]

o
2.16 8x 4.00 +0.50
0.085
t ! [0.158 +o 020]
6x 2. 54 8X 0. 46
[0. 100] [0 018]

20.32
[0.800]

11.43

4x R 0.76 [0.030]

7.87 7.37

[0.310] [0.290]

14x 0.03
[0.010]
+

=

»‘ 1.27 30
[0.050] [0.130]
2.16 16x 4 0;+0 50
(0.085] [0.158 +0.020]
v
14x 2.54 ‘ ‘F 16x 0.46
[0.100] ST [o.018]
Part Reference: XTRPPPPPP
XTR X-REL Semiconductor, high-temperature, high-reliability product (XTRM Series).
PPPPP Part number (0-9, A-Z).
Unique Lot Assembly Code: YYWWANN
YY Two last digits of assembly year (e.g. 11 = 2011).
ww Assembly week (01 to 52).
A Assembly location code.
NN Assembly lot code (01 to 99).
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IMPORTANT NOTICE & DISCLAIMER

Information in this document supersedes and replaces all information previously supplied. Information in this document is provided solely in
connection with X-REL Semiconductor products.

The information contained herein is believed to be reliable. X-REL Semiconductor makes no warranties regarding the information contain
herein. X-REL Semiconductor assumes no responsibility or liability whatsoever for any of the information contained herein. X-REL Semi-
conductor assumes no responsibility or liability whatsoever for the use of the information contained herein. The information contained herein
is provided "AS IS, WHERE IS" and with all faults, and the entire risk associated with such information is entirely with the user. X-REL Sem-
iconductor reserves the right to make changes, corrections, modifications or improvements, to this document and the information herein
without notice. Customers should obtain and verify the latest relevant information before placing orders for X-REL Semiconductor products.
The information contained herein or any use of such information does not grant, explicitly or implicitly, to any party any patent rights, licens-
es, or any other intellectual property rights, whether with regard to such information itself or anything described by such information.

Unless expressly approved in writing by an authorized representative of X-REL Semiconductor, X-REL Semiconductor products are not
designed, authorized or warranted for use in military, aircraft, space, life saving, or life sustaining applications, nor in products or systems
where failure or malfunction may result in personal injury, death, or property or environmental damage.

General Sales Terms & Conditions apply.

For more information on X-REL Semiconductor’s products, technical support or ordering:
v Web: www.x-relsemi.com/products
v Tel: +33 456 580 580
v Fax: +33 456 580 599
v Sales: sales@x-relsemi.com

www.x-relsemi.com/EN/Sales-Representatives
Information: info@x-relsemi.com
Support:  support@x-relsemi.com
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