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4 Pin Configuration and Functions

©)
L]+ s [ ]
I 7 [
L] s [ ]
L] s [ ]
Not to scale

Vee

[oe]

A

GND

4-1. D Package, SOIC 8 Pins

(Top View)
3k 4-1. Pin Functions
NO NAME TYPE DESCRIPTION
1 R (0] Receive data output
2 RE | Receiver enable, active low
3 DE | Driver enable, active high
4 D | Driver data input
5 GND GND Device ground
6 A 1/0 Bus I/O port, A (complementary to B)
7 B 1/0 Bus 1/O port, B(complementary to A)
8 Vee P 5V Supply Pin
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5 Specifications

5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT
Vee Supply voltage 7 \%
Voltage range at any bus terminal -10 15 \%
Input voltage, VI (D, DE, R, or RE) -0.3 Vee + 0.5 \%
Ta Operating free-air temperature range -40 125 °C
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 are with respect to network ground terminal GND.

5.2 Recommended Operating Conditions

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

MIN NOM MAX| UNIT
Vee Supply voltage 4.75 5 5.25 \Y
ViorV Voltage at any bus terminal (separately 12 \
1=ric or common mode), 7 v

Vi High-level input voltage, D, DE, and RE 2 \Y
Vi Low-level input voltage, D, DE, and RE 08| V
Vip Differential input voltage(") 12|V
| High-level output current Driver 60| mA
of Receiver -400| pA

Driver -60| mA
loL Low-level output current -

Receiver 8| mA
Ta Operating free-air temperature, -40 125| °C

(1) Differential input /output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.
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5.3 Thermal Resistance Characteristics

SN65LBC176-Q1
THERMAL METRIC(") D (SOIC) UNIT
8 PINS
R gia Junction-to-ambient thermal resistance 116.7 °C/W
Reic Junction-to-case thermal resistance 56.3 °C/W
R 6B Junction-to-board thermal resistance 63.4 °C/W
Wt Junction-to-top characterization parameter 8.8 °C/W
W B Junction-to-board characterization parameter 62.6 °C/W
R aucot) Junction-to-case (bottom) thermal resistance n/a °C/W

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

report.

5.4 Electrical Characteristics - Driver

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vik Input clamp voltage j=-18 mA -1.5 \%
Vo Output voltage lo=0 6 \Y
IVopil Differential output voltage lo=0 15 6 \%
Vops Differential output voltage xte“ =TTVI012 g0 Fig 2, @ 1.1 \Y
Vopal Differential output voltage R =540 See Fig 1, @ 1.1 v
Change in magnitude of differential
AlVop| output voltage™ 0.2 v
R =54 Qor 100 Q
Voc Common-mode output voltage See Fig 1 -1 \%
Change in magnitude of common-
ANocl mode output voltage(") 0.2 v
i Vo=12V 1 mA
lo Output current 8)utput disabled, °
Vo=-7V -0.8 mA
(™ High-level input current V=24V -100 HA
I Low-level input current V=04V -100 pA
Vo=-7V -250 mA
Vo=0V -150 mA
los Short-circuit output current
Vo =Vce 250 mA
Vo=12V 250 mA
Receiver disabled
Vi=0orV and driver 1.75 mA
1=0orVee, enabled
lec Supply current No Load e -
eceiver an
driver disabled 0.25)  mA

(1) A|Vop|andA | Voc | are the changes in magnitude of Vop and Vg, respectively, that occur when the input changes from a high level

to a low level.
(2) This device meets the ANSI Standard RS-485 VOD requirements above 0°C only.
(3) This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions.
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5.5 Switching Characteristics - Driver

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

PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
tyop) Differential output delay time R, =54 Q 8 31 ns
tiop) Differential output transition time |C_ =50 pF 12 ns

See Fig 3
tsk(p) Pulse skew ( | td(ODH) - td(ODL)l ) 9 6 ns
. . R . =110 Q
tpzH Output enable time to high level See Figure 4 65 ns
. R =110 Q
tpzL Output enable time to low level See Figure 5 65 ns
Output disable time from high R.=110Q
tprz level See Figure 4 105 ns
. . R .=110Q
tpLz Output disable time from low level See Figure 5 105 ns
(1) Alltypical values are at Vcc =5V, Tp = 25°C.
5.5.1 Symbol Equivalents
Data Sheet Parameter RS-485
VO Voa, Vob
| Vopr | Vo
| Vopz | Vi (RL=54 Q)
| Vops | Vi (test termination measurement 2)
AfVop | Vel =1 Vel
Voc [ Vos |
A Voc | | Vos - Vos |
los None
lo lia; lib
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5.6 Electrical Characteristics - Reciever

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

PARAMETER TEST CONDITIONS MIN TYP(M) MAX UNIT
Virs Positive-going input threshold Vo=27V lo = -0.4 mA 0.2 Vv
voltage
Vir. Negative-going input threshold Vo=05V o = 8 mA 020 Vv
voltage
Vhys Hysteresis voltage (Vi1+ - V|t—) (see Figure 4) 50 mV
Vik Enable-input clamp voltage l|=-18 mA -1.5 \Y
. VID =200 mV .
VoH High-level output voltage lop = -400 pA See Fig 6 2.7 \Y
VoL Low-level output voltage V'D_= 200 mV See Fig 6 0.45 \Y;
|o|_ =8 mA
loz High-impedance-state output current |V =04V to 24V +20 uA
Lo Otherinput=0 |[Vi=12V 1 mA
Iy Line input current 3)
\ V) =-7 -0.8 mA
Iy High-level enable-input current Vig=27V -100 A
I Low-level enable-input current V=04V -100 uA
r Input resistance 12 kQ
Receiver disabled
Vi=0orV and driver 3.9 mA
1=0orvee, enabled
lec Supply current No Load o -
eceiver an
driver disabled 0.2 mA

(1)
@)

@)

All typical values are at Vo =5V, Ty = 25°C.
The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for
common-mode input voltage and threshold voltage levels only.
This applies for both power on and off; refer to ANSI Standard RS-485 for exact conditions.

5.7 Switching Characteristics - Reciever
over operating free-air temperature range (unless otherwise noted), C_ = 15 pF

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Propagation delay time, low- to

tpLH high-level single-ended output 1 37 ns
- - : Vip=-15Vto15V

Propagation delay time, high- to .
tPHL low-level single-ended output See Figure 7 M 37 ns
tsk(p) Pulse skew ( | td(ODH) - td(ODL)l ) 10 ns
tpzn Output enable time to high level See Figure 8 35 ns
tpzL Output enable time to low level 35 ns
¢ Output disable time from high 35 ns
Pre level See Figure 8
tpLz Output disable time from low level 35 ns
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Parameter Measurement Information

270
Oor3V >
P 27Q Voe
L

6-1. Driver Vgop and V¢

Vtest
R1
3750
Y
D -
0Vor3V RL =600 Voo
z
R2
~TV < Vg <12V 3750
Y

test

6-2. Driver Vgp3

fffffff 3V
CL 50 pF Input M
RL=540 see Note B) H H ov
Generator Vo teLm * <+ *' '¢ tprL
(see Note A) T | E — - ~15V
Outputﬂ%

~-15V
P *‘*tf

VOLTAGE WAVEFORMS

A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; <6 ns, ;<6 ns, Zg =
50 Q.
B. C, includes probe and jig capacitance.

TEST CIRCUIT

6-3. Driver Test Circuit and Voltage Waveforms

Output

3V !
|‘ " : O 5 V
C_ =50 pF RL=110Q DR I 7”*,V
I 1 OH
Generator (see Note B) I Outout ! R N
= P 23v.
(see Note A) = [ V. ~0V
tsz 4’: ‘7 off =~
TEST CIRCUIT VOLTAGE WAVEFORMS
A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; <6 ns, ;<6 ns, Zg =

50 Q.
B. C, includes probe and jig capacitance.

6-4. Driver Test Circuit and Voltage Waveforms
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5V
ffffffffff 3V
RL=110Q Input 15V 15V
| | oV
Output toz, A:_H ! '
! by,
CL =50 pF ! | 5V
Generator (see Note B) ' | 05V
(see Note A) Output 23V [ ;,, '
Y VoL
- TEST CIRCUIT VOLTAGE WAVEFORMS
A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t, <6 ns, <6 ns, Zg =

50 Q.
B. C_ includes probe and jig capacitance.

6-5. Driver Test Circuit and Voltage Waveforms

Generator
(see Note A) 500
15V CL=10pF
(see Note B)I
N ov 1
) | | VOL
e P e
TEST CIRCUIT VOLTAGE WAVEFORMS

A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t, <6 ns, <6 ns, Zg =
50 Q.
B. C_ includes probe and jig capacitance.

6-7. Receiver Test Circuit and Voltage Waveforms
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15V S1

-15vV —o0

Generator
(see Note A) 50 Q

CL=10pF
(see Note B)

2 kQ S2
o/o— 5V

TEST CIRCUIT =

3V 3V
S1to1.5V S1to-1.5V
S2 Open Input S2 Closed
S3 Closed S3 Open
oV ov
| L I
Vou 45V
Output Output
p oV p
VOL
3V 3V
S1to 1.5V S1to-1.5V
S2 Closed Input S2 Closed
S3 Closed S3 Closed
oV ov
~1.3V
Output Output
VoL
VOLTAGE WAVEFORMS

A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t, <6 ns, <6 ns, Zg =

50 Q.
B. C_ includes probe and jig capacitance.

6-8. Receiver Test Circuit and Voltage Waveforms
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6 Detailed Description
6.1 Device Functional Modes

# 6-1. Function Table - Driver

Input(!) Output Outputs
D DE A B
H H H L
L H L H
X L Z Z

(1)

H = high level, L = low level, ? = indeterminate, X = irrelevant, Z

= high impedance (off)
% 6-2. Function Table - Receiver

Differential Inputs ENABLE Output
A-B RE R
VID20.2V L H
-02V<VID<0.2V L ?
VIDs-0.2V L L
X H VA
Open L H

EQUIVALENT OF D, RE, and
DE INPUTS

TYPICAL OF AAND B I/O PORTS

Vee o

100 kQ NOM 3kQ

—— A Port Only NOM
AorB

100 kQ NOM
B Port Only

TYPICAL OF RECEIVER OUTPUT

Vee

6-1. Schematics of Inputs and Outputs
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7 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.

7.1 Documentation Support

7.1.1 Related Documentation

72 RFIXDVNOEFERNZ R (THD 5%

RFEFIXRODEMICOVWTOBHAEZZTEASICE. ticom OFNA ABRTAINAZRAVTSEEY, TE
HMOBHZZ MBS, 27 VY I LTRRIDE, EECALEINTORRBERICBIZIZA (DI ANEEE
FUBRNET, ZEOFMICOVTR, BETIAERFIXVMNIBENTVAIRFTEBEZCBESEE L,

73HR—K- DY—A

TIE2E™ HR—K - 73— AR, IV _THARIEZAOEELKFTICEITIE I REIFAN—KYS5A
EADEBEEBDCENTEDEMTYT, BEOEZZRRLLEY, BEOEMEZLEY TD LT, ®EFTTH
ERTEZRRLRICBIENTEET,

D20EnTVWBIATOVIER, ZYUTIEBEICKY), BIRROFERHEEIADIENDTT, chslE T ogi
ZBRTDEOTREL, BFLETIORBEZRMLEEDOTRESY EFRA, TIOEAZKHEZSHBLTILSES
Wo

7.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

IRXTOBERRF., ThTNOMBEEICREELET,

75 BRESHEBICETSEEEER
CDICIE, ESDICK2>THETAHARMN B ET, TFHRA 41 VAYVILXDOYVIEE, IC ZEVYWIRSEBRICIEEICE
‘ PEFEZEEIS CEEZHBLET, ELLVEYRVBSRUTREFIBICHDLBWVEE, FNARAERBIZDEThIHYE
?0
‘m ESD ICkBWEE, DIFABHUEBETASTFNAADZLABMEETZIHICOEYET, BHEIC DBEE. NTX—4

ADFHCENTRIETTAREATVRLEN SHNDITERN HH D, BREIRELPI<E2TVET,

7.6 R
TEHRA A VAVILAXY BEE COREEICK, ARPHREO—EBITERNBHENTVET,
8 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 ©)
@ ©)
SN65LBC176QDRG4Q1 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 J176Q1
SN65LBC176QDRG4Q1.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 J176Q1
SN65LBC176QDRQ1 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 J176Q1
SN65LBC176QDRQ1.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 J176Q1

@ 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 TI RoHS Statement for additional information and value definition.

) |ead 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 TlI'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. Tl 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 TI 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.

OTHER QUALIFIED VERSIONS OF SN65LBC176-Q1 :
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https://www.ti.com/product/SN65LBC176-Q1/part-details/SN65LBC176QDRG4Q1
https://www.ti.com/product/SN65LBC176-Q1/part-details/SN65LBC176QDRQ1
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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o Catalog : SN65LBC176

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

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

9. Board assembly site may have different recommendations for stencil design.
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