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General Description

The DS10BR254 is a 1.5 Gbps 1:4 LVDS repeater optimized
for high-speed signal routing and distribution over FR-4 print-
ed circuit board backplanes and balanced cables. Fully dif-
ferential signal paths ensure exceptional signal integrity and
noise immunity.

The device has two different LVDS input channels and a se-
lect pin determines which input is active. A loss-of-signal
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Features

m DC - 1.5 Gbps low jitter, low skew, low power operation
m  Wide Input Common Mode Voltage Range allows for DC-
coupled interface to LVDS, CML and LVPECL drivers
Redundant inputs

LOS circuitry detects open inputs fault condition
Integrated 100Q2 input and output terminations

(LOS) circuit monitors both input channels and a unique 8 kV ESD on LVDS I/O pins protects adjoining
LOS pin is asserted when no signal is detected at that input. components
Wide input common mode range allows the switch to accept ™ Small 6 mm x 6 mm LLP-40 space saving package
signals with LVDS, CML and LVPECL levels; the output levels . .
are LVDS. A very small package footprint requires a minimal Appllcatlons
space on the board w_hlle the_floyv-through pinout gllc_)ws €asy o (Clock distribution
board layout. Each differential input and output is internally . .
terminated with a 100Q resistor to lower device return losses, ™ Clock and data buffering and muxing
reduce component count and further minimize board space. =~ ® OC-12/STM-4
m SD/HD SDI Routers
Typical Application
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Block Diagram
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Connection Diagram
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Pin Descriptions

Pin Name :,ll:mber /0, Type Pin Description
INT+, IN1-, 4,5, I, LVDS Inverting and non-inverting high speed LVDS input pins.
IN2+, IN2-, 6,7,
OuUTO+, OUTO-, 29,28, |[O,LVDS Inverting and non-inverting high speed LVDS output pins.
OUT1+, OUT1-, 27, 26,
OuUT2+, OUT2-, 24, 23,
OUT3+, OUT3- 22,21
SEL_in 14 I, LVCMOS This pin selects which LVDS input is active.
LOSHT, 37, O, LVCMOS Loss Of Signal output pins, LOSn report when an open input fault
LOS2 36 condition is detected at the input, INn. These are open drain
outputs. External pull up resistors are required.
PWDNO, 35, I, LVCMOS Channel output power down pin. When the PWDNn is set to L, the
PWDNT1, 34 channel output OUTn is in the power down mode.
PWDN?2, 33,
PWDN3 32
PWDN 38 I, LVCMOS Device power down pin. When the PWDN is set to L, the device
is in the power down mode.
VDD 3,8, Power Power supply pins.
15,25, 30
GND 16, DAP |Power Ground pin and a pad (DAP - die attach pad).
NC 1,2 NC NO CONNECT pins. May be left floating.
9, 10,
11, 12,
13,17,
18, 19,
20, 31,
39, 40
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DS10BR254

Package Thermal Resistance

Absolute Maximum Ratings (vote 4
0)a +26.9°C/W

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Office/ 8,c +3.8°C/W
Distributors for availability and specifications. ESD Susceptibility
Supply Voltage -0.3V to +4V HBM (Note 1) 28 kV
LVCMOS Input Voltage -0.3V to (Vg + 0.3V) MM (Note 2) =250V
LVCMOS Output Voltage -0.3V to (V¢ + 0.3V) CDM (Note 3) >1250V
LVDS Input Voltage —0.3V10 +4V Note 1: Human Body Model, applicable std. JESD22-A114C
Differential Input Voltage IVIDI v Note 2: Machine Model, applicable std. JESD22-A115-A
LVDS Output Voltage -0.3Vto (VCC +0.3V) Note 3: Field Induced Charge Device Model, applicable std.
LVDS Differential Output Voltage 0.0V to +1V JESD22-C101-C
LVDS Output Short Circuit Current 5ms .
Duration Recommended Operating
Junction Temperature +150°C Conditions
Storage Temperature Range -65°C to +150°C
Lead Temperature Range Min  Typ Max Units
Soldering (4 sec.) +260°C Supply Voltage (Vc) 3.0 3.3 3.6 \Y
Maximum Package Power Dissipation at 25°C Receiver Differential Input 0 1 v
SQA Package 4.65W Voltage (Vip)
Derate SQA Package 37.2 mW/°C above +25°C Operating Free Air -40 425 +85 °C

Temperature (T,)

Electrical Characteristics

Over recommended operating supply and temperature ranges unless otherwise specified. (Note 5, Note 6, Note 7)

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

LVCMOS DC SPECIFICATIONS

Viu High Level Input Voltage 2.0 Vo \

Vi Low Level Input Voltage GND 0.8 \

Iy High Level Input Current Viy=3.6V 0 =10 pA
Vo =3.6V

I Low Level Input Current Vv =GND 0 =10 pA
Ve =3.6V

VeL Input Clamp Voltage oy ==18 MmA, Vo =0V -09 | -15 \'%

VoL Low Level Output Voltage lo,=4 mA 0.26 0.4 \

LVDS INPUT DC SPECIFICATIONS

Vip Input Differential Voltage 0 1 \

Viy Differential Input High Threshold Vem = +0.05V or V-0.05V 0 +100 mV

Vo Differential Input Low Threshold -100 0 mV

Veur Common Mode Voltage Range Vp =100 mV 0.05 Ve - \

0.05

iy Input Current z!l:;;.ee\)/c:'r(?\)/ +1 +10 bA

Cn Input Capacitance Any LVDS Input Pin to GND 1.7 pF

Rin Input Termination Resistor Between IN+ and IN- 100 0

www.national.com




Symbol Parameter Conditions | Min | Typ | Max | Units

LVDS OUTPUT DC SPECIFICATIONS

Vop Differential Output Voltage 250 350 450 mV

AVop  |Change in Magnitude of Vqp, for Complimentary R, =100Q a5 35 mv
Output States

Vos Offset Voltage 1.05 1.2 | 1.375 \

AV Change in Magnitude of Vg for Complimentary R, =100Q 55 35 my
Output States

los Output Short Circuit Current (Note 8) OUT to GND -35 -55 mA

OUT to Ve 7 55 mA

Cout Output Capacitance Any LVDS Output Pin to GND 1.2 pF

Rout Output Termination Resistor Between OUT+ and OUT- 100 Q

SUPPLY CURRENT

lec Supply Current PWDN=H 113 | 135 mA

locz Power Down Supply Current PWDN =L 50 60 mA

Note 4: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur, including inoperability and degradation of device reliability
and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or other conditions beyond those indicated in
the Recommended Operating Conditions is not implied. The Recommended Operating Conditions indicate conditions at which the device is functional and the
device should not be operated beyond such conditions.

Note 5: The Electrical Characteristics tables list guaranteed specifications under the listed Recommended Operating Conditions except as otherwise modified
or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and are not guaranteed.

Note 6: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground except V, and
AVgp.

Note 7: Typical values represent most likely parametric norms for Vi = +3.3V and T, = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not guaranteed.

Note 8: Output short circuit current (lg) is specified as magnitude only, minus sign indicates direction only.
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DS10BR254

AC Electrical Characteristics

Over recommended operating supply and temperature ranges unless otherwise specified.

Symbol | Parameter | Conditions | Min | Typ | Max | Units
LVDS OUTPUT AC SPECIFICATIONS
tpLHD Differential Propagation Delay Low to 440 | 650 ps
High (Note 11)
: - - - R, = 1000
tpHLD Differential Propagation Delay High to 400 | 650 ps
Low (Note 11)
tsko1 Pulse Skew ltp 15 — tprip! 40 100 ps
(Note 11, Note 12)
tskpe Channel to Channel Skew 40 125 ps
(Note 11, Note 13)
tskps Part to Part Skew 50 200 ps
(Note 11, Note 14)
tyT Rise Time (Note 11) R, = 1000 150 | 300 ps
oot Fall Time (Note 11) 150 | 300 ps
ton Any PWDN to Output Active Time 8 20 ys
torr Any PWDN to Output Inactive Time 5 12 ns
tseL Select Time 5 12 ns
JITTER PERFORMANCE (Note 17)
tRyt Vp = 350 mV 135 MHz 0.5 1 ps
e | (R;'\'/‘I‘;O\Tal‘ﬂ:‘;r Vow=1.2V 311 MHz 05 | 1 ps
ts (Note 15 Clock (RZ) 503 MHz 05 | 1 ps
thua 750 MHz 0.5 1 ps
toys V|p =350 mV 270 Mbps 6 22 ps
to Deterministic Jitter Voy = 1.2V 622 Mbps 6 21 oS
tDJS— (Peak to Peak Value) K28.5 (NRZ) 1.0625 Gbps 9 18 oS
Dl | (Note 16)
toya 1.5 Gbps 9 17 ps
tryq V|p =350 mV 270 Mbps 0.01 | 0.03 | Ulpp
try Total Jitter Vom= 12V 622 Mbps 0.01 | 0.03 | Ulpp
trs (Note 17) PRBS-23 (NRZ) 14 0625 Gbps 0.01 | 0.04 | Ulop
trua 1.5 Gbps 0.01 | 0.06 | Ulpp

Note 9: The Electrical Characteristics tables list guaranteed specifications under the listed Recommended Operating Conditions except as otherwise modified
or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and are not guaranteed.

Note 10: Typical values represent most likely parametric norms for V¢ = +3.3V and T, = +25°C, and at the Recommended Operation Conditions at the time of
product characterization and are not guaranteed.

Note 11: Specification is guaranteed by characterization and is not tested in production.

Note 12: tgpy, Itp 1p — tpipl, Pulse Skew, is the magnitude difference in differential propagation delay time between the positive going edge and the negative
going edge of the same channel.

Note 13: tgc,, Channel to Channel Skew, is the difference in propagation delay (tp, p OF toy p) @mong all output channels in Broadcast mode (any one input to
all outputs).

Note 14: tg, 5, Part to Part Skew, is defined as the difference between the minimum and maximum differential propagation delays. This specification applies to
devices at the same V¢ and within 5°C of each other within the operating temperature range.

Note 15: Measured on a clock edge with a histogram and an acummulation of 1500 histogram hits. Input stimulus jitter is subtracted geometrically.

Note 16: Tested with a combination of the 1100000101 (K28.5+ character) and 0011111010 (K28.5- character) patterns. Input stimulus jitter is subtracted
algebraically.

Note 17: Measured on an eye diagram with a histogram and an acummulation of 3500 histogram hits. Input stimulus jitter is subtracted.
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DC Test Circuits

/s DS10BR254 : VOH

N+ TN N ouT+
R D

Power Supply

RL

Power Supply

IN- ouT-

30007820

FIGURE 1. Differential Driver DC Test Circuit

AC Test Circuits and Timing Diagrams

Vs DS10BR254
IN+ l\ '\ ouT+
Signal Generator R D RL
IN- OUT-

30007821

FIGURE 2. Differential Driver AC Test Circuit

V V-

IN  vdifi=ov
+
TPLHV TPHLD
ouT Vdiff=0v
N\ s
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FIGURE 3. Propagation Delay Timing Diagram

+VOD |

Vdiff = (OUT+) - (OUT-)

'VOD
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FIGURE 4. LVDS Output Transition Times

www.national.com

vsedaolsa



DS10BR254

Functional Description

The DS10BR254 is a 1.5 Gbps 1:4 LVDS repeater optimized
for high-speed signal routing and distribution over lossy FR-4
printed circuit board backplanes and balanced cables.

TABLE 1. Input Select Truth Table

CONTROL Pin (SEL_in) State

Input Selected

0

IN1

1

IN2

www.national.com 8




Input Interfacing

The DS10BR254 accepts differential signals and allows sim-
ple AC or DC coupling. With a wide common mode range, the
DS10BR254 can be DC-coupled with all common differential

LVDS DS10BR254
Driver 1000 Differential T-Line Receiver
1000

Typical LVDS Driver DC-Coupled Interface to an DS10BR254 Input

CML3.3V or CML2.5V

Driver
Vce
DS10BR254
500 500 100Q Differential T-Line Receiver
OuUT+ IN+
1000
T
OUT- IN-

Typical CML Driver DC-Coupled Interface to an DS10BR254 Input

LVPECL LVDS
Driver 1000 Differential T-Line Receiver
OouT+ IN+
1000

OuUT-
150-250Q 150-250Q

3000
Typical LVPECL Driver DC-Coupled Interface to an DS10BR254 Input

drivers (i.e. LVPECL, LVDS, CML). The following three fig-
ures illustrate typical DC-coupled interface to common differ-
ential drivers. Note that the DS10BR254 inputs are internally
terminated with a 100Q resistor.

30007831

30007832

7833

www.national.com
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DS10BR254

Output Interfacing

The DS10BR254 outputs signals compliant to the LVDS stan-
dard. Its outputs can be DC-coupled to most common differ-
ential receivers. The following figure illustrates typical DC-
coupled interface to common differential receivers and

DS10BR254
Driver

QuUT+

100Q2 Differential T-Line

assumes that the receivers have high impedance inputs.
While most differential receivers have a common mode input
range that can accomodate LVDS compliant signals, it is rec-
ommended to check respective receiver's data sheet prior to
implementing the suggested interface implementation.

Differential
Receiver

IN+

CML or
LVPECL or
LVDS

0007834

3
Typical DS10BR254 Output DC-Coupled Interface to an LVDS, CML or LVPECL Receiver

www.national.com
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Typical Performance
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30007863

A 1.5 Gbps NRZ PRBS-7 After 2"
Differential FR-4 Stripline
V:100 mV / DIV, H:100 ps / DIV

So00mi |

SUPPLY CURRENT (mA)

soomy; L

i, 200 Dpsiiv

30007861
A 622 Mbps NRZ PRBS-7 After 2"
Differential FR-4 Stripline
V:100 mV / DIV, H:200 ps / DIV
120 T
Vee=3.3V
110 Ta=25°C All Outputs ON -
NRZ PRBS-7
100
3 Outputs ON
90
80 2 Qutputs ON—
70
1 Output ON
60 |
0 0.8 1.6 2.4 3.2 4.0

DATA RATE (Gbps)

30007870

Supply Current as a Function of a Number of Outputs Used

ooy L g

=500 Cro

200 Dpsiliv-

30007862

A 1.06 Gbps NRZ PRBS-7 After 2"
Differential FR-4 Stripline
V:100 mV / DIV, H:200 ps / DIV

B0

e

Sp0.Ops/tiv-

30007860

A 270 Mbps NRZ PRBS-7 After 2"
Differential FR-4 Stripline
V:100 mV / DIV, H:500 ps / DIV

11
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DS10BR254

Physical Dimensions inches (millimeters) unless otherwise noted
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Order Number DS10BR254TSQ
NS Package Number SQA40A
(See AN-1187 for PCB Design and Assembly Recommendations)
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4 LVDS Repeater

DS10BR254 1.5 Gbps 1

Notes
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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