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DS36C200 Dual High Speed Bi-Directional Differential Transceiver

Check for Samples: DS36C200

FEATURES DESCRIPTION
« Optimized for DSS to DVHS Interface Link The DS36C200 is a dual transceiver device optimized

. . . . for high data rate and low power applications. This
Compatible IEEE 1394 Signaling Voltage device provides a single chip solution for a dual high

Levels speed bi-directional interface. Also, both control pins
e Operates Above 100 Mbps may be routed together for single bit control of
« Bi-directional Transceivers datastreams. Both control pins are adjacent to each

other for ease of routing them together. The
* 14-lead SOIC Package DS36C200 is compatible with IEEE 1394 physical
+ Ultra Low Power Dissipation layer and may be used as an economical solution
« +100 mV Receiver Sensitivity with some considerations. Please reference the
. . . : application information on 1394 for more information.
’ L(?W Differential OUtPUt Swing Typical 210 mv The device is in a 14-lead small outline package. The
 High Impedance During Power Off differential driver outputs provides low EMI with its
low output swings typically 210 mV. The receiver
offers £100 mV threshold sensitivity, in addition to
common-mode noise protection.

Connection Diagram
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Figure 1. SOIC Package
See Package Number D (R-PDSO-G14)
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

Functional Diagram
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings®®

Supply Voltage (Vcc) -0.3V to +6V
Enable Input Voltage
(DE, RE®) -0.3V to (Ve + 0.3V)
Voltage (DI/RO) -0.3V to +5.9V
Voltage (DO/RI) -0.3V to +5.9V
Maximum Package Power Dissipation @+25°C
1255 mwW

M Package
Derate M Package
Storage Temperature Range

10.04 mW/°C above +25°C
-65°C to +150°C

Lead Temperature Range

(Soldering, 4 sec.) +260°C
ESD Rating @

(HBM, 1.5 kQ, 100 pF) >35kV

(EIAJ, 0 Q, 200 pF) 2 300V

(1) “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be ensured. They are not meant to imply

that the devices should be operated at these limits. The table of “Electrical Characteristics” specifies conditions of device operation.
(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.
(3) ESD Rating: HBM (1.5 kQ, 100 pF) = 3.5 kV EIAJ (0Q, 200 pF) = 300V

Recommended Operating Conditions

Min Typ Max Units
Supply Voltage (Vcc) +4.5 +5.0 +5.5 \%
Receiver Input Voltage 0 2.4 \
Operating Free Air
Temperature (Ta) 0 25 70 °C
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Electrical CharacteristicsY®@®
Over supply voltage and operating temperature ranges, unless otherwise specified

Symbol | Parameter ‘ Conditions ‘ Pin | Min ‘ Typ ‘ Max | Units
DIFFERENTIAL DRIVER CHARACTERISTICS (RE* = V¢¢)
Vob Output Differential Voltage R, = 55Q, (Figure 2) DO+, 172 210 285 mV
AVop Vop Magnitude Change DO~ 0 4 35 mv
VoH Output High Voltage 1.36 Y
VoL Output Low Voltage 1.15 Y
Vos Offset Voltage 1.0 1.25 1.6 Y
AVos Offset Magnitude Change 0 5 25 mV
lozp TRI-STATE Leakage Vout = Vec or GND -10 +1 +10 HA
loxp Power-Off Leakage Vout = 5.5V or GND, Ve = 0V -10 +1 +10 pA
losp Output Short Circuit Current Vourt = 0V -4 -9 mA
DIFFERENTIAL RECEIVER CHARACTERISTICS (DE = GND)
V1h Input Threshold High Vem =0V to 2.3V RI+, +100 mV
2 Input Threshold Low RI- -100 mvV
Iin Input Current VN = +2.4V or OV -10 +1 +10 HA
VoH Output High Voltage lon = =400 pA RO 3.8 4.9 Y
Inputs Open 3.8 49 \%
Inputs Terminated, R; = 55Q 3.8 4.9 Y
Inputs Shorted, V|p = 0V 49 \%
VoL Output Low Voltage loL =2.0 mA, Vp = -200 mV 0.1 0.4 Y
losr Output Short Circuit Current Vourt = 0V -15 -60 -100 mA
DEVICE CHARACTERISTICS
\m Input High Voltage DI, DE 2.0 Vee Y
VL Input Low Voltage RE* GND 0.8 Y
IiH Input High Current VN = Ve or 2.4V +1 +10 WA
I Input Low Current Vin = GND or 0.4V +1 +10 HA
Ve Input Clamp Voltage lcp = -18 mA -15 -0.8 Y
lccop Power Supply Current No Load, DE = RE* = V¢ Ve 3 7 mA
R, =55Q, DE = RE* = V¢ 11 17 mA
lccr DE = RE* = OV 6 10 mA

(1) Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground
except Vop and Vp.

(2) All typicals are given for Ve = +5.0V and Tp = +25°C.

(3) The DS36C200 is a current mode device and only function with datasheet specification when a resistive load is applied to the drivers
outputs.
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Switching Characteristics
Over supply voltage and operating temperature ranges, unless otherwise specified. ) @

Symbol ‘ Parameter | Conditions ‘ Min | Typ | Max ‘ Units

DIFFERENTIAL DRIVER CHARACTERISTICS

tPHLD Differential Propagation Delay High to Low R_ =55Q, C, =10 pF 1.0 25 5.5 ns
tpLHD Differential Propagation Delay Low to High (Figure 3 and Figure 4) 1.0 2.6 5.5 ns
tskp Differential Skew |tphip — trLHD| 0 0.1 2 ns
trLH Transition Time Low to High 0 0.5 2 ns
tTHL Transition Time High to Low 0 0.5 2 ns
tpHz Disable Time High to Z R_ =55Q 0.3 5 20 ns
tpLz Disable Time Low to Z (Figure 5 and Figure 6) 0.3 5 20 ns
tpzH Enable Time Z to High 0.3 10 30 ns
tpzL Enable Time Z to Low 0.3 10 30 ns
DIFFERENTIAL RECEIVER CHARACTERISTICS

tPHLD Differential Propagation Delay High to Low C_ =10 pF, V|p =200 mV 15 5 9 ns
tpLHD Differential Propagation Delay Low to High (Figure 7 and Figure 8) 15 4.6 9 ns
tskp Differential Skew |tphip — trLHD| 0 0.4 3 ns
t, Rise Time 0 1.5 5 ns
t Fall Time 0 1.5 5 ns
tpHz Disable Time High to Z C_=10pF 1 20 ns
tpLz Disable Time Low to Z (Figure 9 and Figure 10) 1 20 ns
tpzH Enable Time Z to High 0.3 10 30 ns
tpzL Enable Time Z to Low 0.3 10 30 ns

(1) C,includes probe and fixture capacitance.
(2) Generator waveform for all tests unless otherwise specified: f = 1 MHz, Zg = 50Q, t, < 1 ns, t; < 1 ns (0%-100%).
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PARAMETER MEASUREMENT INFORMATION

DO+

Driver ENABLED

Generator
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------------------ 3V
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toLhD teuLp
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Xov (Differential) Xov
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VDIFF ov ov
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trLH L

Figure 4. Differential Driver Propagation Delay and Transition Time Waveforms

DO+
RL/Z
Ve —O
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Generator DO- =

Figure 5. Driver TRI-STATE Delay Test Circuit
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Figure 7. Receiver Propagation Delay and Transition Time Test Circuit
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Figure 8. Receiver Propagation Delay and Transition Time Waveforms
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Figure 10. Receiver TRI-STATE Delay Waveforms
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APPLICATION INFORMATION

TRUTH TABLES

The DS36C200 has two enable pins DE and RE*, however, the driver and receiver should never be enabled
simultaneously. Enabling both could cause multiple channel contention between the receiver output and the
driving logic. It is recommended to route the enables together on the PC board. This will allow a single bit
[DE/RE*] to control the chip. This DE/RE* bit toggles the DS36C200 between Receive mode and Transmit mode.
When the bit is asserted HIGH the device is in Transmit mode. When the bit is asserted LOW the device is in
Receive mode. The mode determines the function of the 1/O pins: DI/RO, DO/RI+, and DO/RI-. Please note that
some of the pins have been identified by its function in the corresponding mode in the three tables below. For
example, in Transmit mode the DO/RI+ pin is identified as DO+. This was done for clarity in the tables only and
should not be confused with the pin identification throughout the rest of this document. Also note that a logic low
on the DE/RE* bit corresponds to a logic low on both the DE pin and the RE* pin. Similarly, a logic high on the
DE/RE* bit corresponds to a logic high on both the DE pin and the RE* pin.

Table 1. Receive Mode®

Input(s) Input/Output
DE RE* [RI+] = [RI-] RO
L L >+100 mV H
L L <-100 mV L
L L 100 mV > & > -100 mV X
L H X Zz
(1) H = Logic high level
L = Logic low level
X = Indeterminate state
Z = High impedance state
Table 2. Transmit Mode™®
Input(s) Input/Output
DE RE* DI DO+ DO-
H H L L H
H H H H L
H H 2>&>0.8 X X
L H X z z
(1) H = Logic high level
L = Logic low level
X = Indeterminate state
Z = High impedance state
Copyright © 1998-2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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DEVICE PIN DESCRIPTIONS

Pin# Name Mode Description
(In mode only)
3 DE Transmit Driver Enable: When asserted low driver is disabled. And when asserted
high driver is enabled.
1,7 DI TTL/CMQOS driver input pins
10, 13 DO+ Non-inverting driver output pin
11,12 DO- Inverting driver output pin
4 RE* Receive Receiver Enable: When asserted low receiver is enabled. And when
asserted high receiver is disabled.
1,7 RO Receiver output pin
10, 13 RI+ Paositive receiver input pin
11, 12 RI- Negative receiver input pin
5 GND Transmit and | Ground pin
2 Ve Receive Positive power supply pin, +5V + 10%
6,8,9, 14 NC No Connect
IEEE 1394

The DS36C200 drives and receives IEEE 1394 physical layer signal levels. The current mode driver is capable of
driving a 55Q load with Vgop between 172 mV and 285 mV. The DS36C200 is not designed to work with a link
layer controller IC requiring full 1394 physical layer compliancy to the standard. No clock generator, no
arbitration, and no encode/decode logic is provided with this device. For a 1394 link where speed sensing, bus
arbitration, and other functions are not required, a controller and the DS36C200 will provide a cost effective, high
speed dedicated link. This is shown in Figure 11. In applications that require fully compliant 1394 protocol, a link
layer controller and physical layer controller will be required as shown in Figure 11. The physical layer controller
supports up to three DC36C200 devices (not shown).

The DS36C200 drivers are current mode drivers and intended to work with a two 110Q termination resistors in
parallel with each other. The termination resistors should match the characteristic impedance of the transmission
media. The drivers are current mode devices therefore the resistors are required. Both resistors are required for
half duplex operation and should be placed as close to the DO/RI+ and DO/RI- pins as possible at opposite
ends of the bus. However, if your application only requires simplex operation, only one termination resistor is
required. In addition, note the voltage levels will vary from those in the datasheet due to different loading. Also,
AC or unterminated configurations are not used with this device. Multiple node configurations are possible as
long as transmission line effects are taken into account. Discontinuities are caused by mid-bus stubs,
connectors, and devices that affect signal integrity.

The differential line driver is a balanced current source design. A current mode driver, generally speaking has a
high output impedance and supplies a constant current for a range of loads (a voltage mode driver on the other
hand supplies a constant voltage for a range of loads). Current is switched through the load in one direction to
produce a logic state and in the other direction to produce the other logic state. The typical output current is mere
3.8 mA, a minimum of 3.1 mA, and a maximum of 5.2 mA. The current mode requires that a resistive
termination be employed to terminate the signal and to complete the loop as shown in Figure 12. The 3.8 mA
loop current will develop a differential voltage of 210 mV across the 55Q termination resistor which the receiver
detects with a 110 mV minimum differential noise margin neglecting resistive line losses (driven signal minus
receiver threshold (210 mV — 100 mV = 110 mV)). The signal is centered around +1.2V (Driver Offset, Vog) with
respect to ground as shown in Figure 8.

The current mode driver provides substantial benefits over voltage mode drivers, such as an RS-422 driver. Its
guiescent current remains relatively flat versus switching frequency. Whereas the RS-422 voltage mode driver
increases exponentially in most case between 20 MHz-50 MHz. This is due to the overlap current that flows
between the rails of the device when the internal gates switch. Whereas the current mode driver switches a fixed
current between its output without any substantial overlap current. This is similar to some ECL and PECL
devices, but without the heavy static Icc requirements of the ECL/PECL designs. LVDS requires > 80% less
current than similar PECL devices. AC specifications for the driver are a tenfold improvement over other existing
RS-422 drivers.
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Fail-safe Feature:

The LVDS receiver is a high gain, high speed device that amplifies a small differential signal (20mV) to CMOS
logic levels. Due to the high gain and tight threshold of the receiver, care should be taken to prevent noise from
appearing as a valid signal.

The receiver's internal fail-safe circuitry is designed to source/sink a small amount of current, providing fail-safe
protection (a stable known state of HIGH output voltage) for floating, terminated or shorted receiver inputs.

1. Open Input Pins. The DS36C200 is a dual transceiver device, and if an application requires only one
receiver, the unused channel inputs should be left OPEN. Do not tie the receiver inputs to ground or any
other voltages. The input is biased by internal high value pull up or pull down resistors to set the output to a
HIGH state. This internal circuitry will ensure a HIGH, stable output state for open inputs.

2. Terminated Input. If the driver is disconnected (cable unplugged), or if the driver is in a TRI-STATE or
power-off condition, the receiver output will again be in a HIGH state, even with the end of the cable 100Q
termination resistor across the input pins. The unplugged cable can become a floating antenna which can
pick up noise. If the cable picks up more than 10mV of differential noise, the receiver may see the noise as a
valid signal and switch. To insure that any noise is seen as common-mode and not differential, a balanced
interconnect should be used. Twisted pair cable will offer better balance than flat ribbon cable.

3. Shorted Inputs. If a fault condition occurs that shorts the receiver inputs together, thus resulting in a 0V
differential input voltage, the receiver output will remain in a HIGH state. Shorted input fail-safe is not
supported across the common-mode range of the device (GND to 2.4V). It is only supported with inputs
shorted and no external common-mode voltage applied.

If there is more than 10mV of differential noise, the receiver may switch or oscillate. If this condition can happen
in your application, you may wish to add external fail-safe resistors to create a larger noise margin. External
lower value pull up and pull down resistors (for a stronger bias) may be used to boost fail-safe in the presence of
higher noise levels. The pull up and pull down resistors should be in the 5kQ to 15kQ range to minimize loading
and waveform distortion to the driver. The common-mode bias point should be set to approximately 1.2V (less
than 1.75V) to be compatible with the internal circuitry.

Additional information on fail-safe biasing of LVDS devices may be found in AN-1194 (SNLAO51).

1/0 Link
TPA
Control ———————
Controller DS36C200
TPB
(A)
= 1/0 Link
o | Link Phy-Layer TPA
Link Layer Controller Control e —
Layer . DS36C200
Controller 1/0 TPB
[ ] |/O Link R
D/N
— Code Arb.
(B)
Figure 11. (A) Dedicated IEEE 1394 Link
(B) Full IEEE 1394 Compliant Link
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Figure 12. Typical in Home Application

1/2 DS36C200 1/2 DS36C200
DE DE
DI/RO DI/RO
1100 1100
< Il <
7/

RE RE

Figure 13. Typical Interface Connection

(1) The DS36C200 is a current mode device and only function with datasheet specification when a resistive load is applied to the drivers
outputs.
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REVISION HISTORY

Changes from Revision C (April 2013) to Revision D Page
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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 ©)
@ ©)

DS36C200M/NOPB Active Production SOIC (D) | 14 55 | TUBE Yes SN Level-1-260C-UNLIM 0to 70 DS36C200M
DS36C200M/NOPB.A Active Production SOIC (D) | 14 55 | TUBE Yes SN Level-1-260C-UNLIM 0to 70 DS36C200M
DS36C200MX/NOPB Active Production SOIC (D) | 14 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM 0to 70 DS36C200M

DS36C200MX/NOPB.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM 0to 70 DS36C200M

@ 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DS36C200MX/NOPB SoIC D 14 2500 330.0 16.4 65 | 935 | 23 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DS36C200MX/NOPB SOIC D 14 2500 367.0 367.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
DS36C200M/NOPB D SOIC 14 55 495 8 4064 3.05
DS36C200M/NOPB.A D SOIC 14 55 495 8 4064 3.05
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT
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DETAIL A
TYPICAL
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NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. 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 0.15 mm, per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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LAND PATTERN EXAMPLE
SCALE:8X
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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
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X
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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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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