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DS92LV8028 8 Channel 10:1 Serializer

Check for Samples: DS92LV8028

FEATURES
e All 8 Channels Synchronous to One Parallel
Clock Rate, from 25 to 66 MHz

e Duplicates Function of Multiple DS92LV1021
and '1023 10-bit Serializer Devices

e Serializes from One to Eight 10-bit Parallel
Inputs into Data Streams with Embedded
Clock

e Eight 5 mA Modified Bus LVDS Outputs that
are Capable to Drive Double Terminations

e @Speed Test - PRBS Generation to Check
LVDS Transmission Path to SCAN921224 or
SCAN921260

e On Chip Filtering for PLL

e 740mW Typ Power Dissipation (Loaded, PRBS,
66MHz, 3.3V)

e High Impedance Inputs and Outputs on Power
Off

e Single Power Supply at +3.3V (+/-10%)
e 196-Pin NFBGA Package

« JTAG Pins Reserved for Next Version of
Device

e Industrial Temperature Range Operation: -40
to +85 °C

DESCRIPTION

The DS92LVv8028 integrates eight serializer devices
into a single chip. The DS92LV8028 can
simultaneously serialize up to eight 10-bit data
streams. The 10-bit parallel inputs are LVTTL signal
levels. The serialized outputs are LVDS signals with
extra drive current for point-to-point and lightly loaded
multidrop applications. Each serializer block in the
DS92LVv8028 operates independently by using
strobes from a single shared PLL.

The DS92LVv8028 uses a single +3.3V power supply
with a typical power dissipation of 740mwW (3.3V /
PRBS / 66 MHz). Each serializer channel has a
unique power down control to further conserve power
consumption.

For high-speed LVDS serial data transmission, line
quality is essential, thus the DS92LV8028 includes an
@SPEED TEST function. Each Serializer channel
has the ability internally generated a PRBS data
pattern. This pattern is received by specific
deserializers (SCAN921224) which have the
complement PRBS verification circuit.  The
deserializer checks the data pattern for bit errors and
reports any errors on the test verification pins on the
deserializer.

For additional information - please see the
Applications Information section in this datasheet.

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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2001-2013, Texas Instruments Incorporated



DS92LV8028 A UMENTS

SNLS1521 —-NOVEMBER 2001 -REVISED APRIL 2013 www.ti.com

Block Diagram
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‘ 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 W@

Supply Voltage (Vcc) -0.3V to +4V
LVCMOS/LVTTL Input Voltage -0.3V to (V¢ +0.3V)
Bus LVDS Driver Output Voltage -0.3V to +3.9V
Bus LVDS Output Short Circuit  Duration 10ms

834 196 NFBGA: 34°C/W
Package Thermal Resistance 0;c 196 NFBGA: 8°C/W
Storage Temperature -65°C to +150°C
Junction Temperature +125°C
Lead Temperature | (Soldering, 10 seconds) +225°C
ESD Rating (HBM) +3.0kV
Reliability Information | Transistor Count: 37.5k

(1) “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be specified. 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.

Recommended Operating Conditions

Min Typ Max Units
Supply Voltage (Vcc) 3.0 3.3 3.6 \Y
Operating Free Air  Temperature (Ta) -40 +25 +85 °C
Clock Rate 25 66 MHz

Electrical Characteristics
Over recommended operating supply and temperature ranges unless otherwise specified.® @

Symbol | Parameter | Conditions | Pin/Freq. Min | Typ ‘ Max | Units

LVCMOS/LVTTL DC Specifications
\im High Level Input Voltage DINN[0-9], TCLK, 2.0 Vee \Y
Vi Low Level Input Voltage MS_PWDN, PWDNn, GND 0.8 \%
Ve Input Clamp Voltage lcL = -18 mA S;NSCT”A%'?,“’ -0.87 | -1.5 \Y
In Input Current Vjy = OV or 3.6V BIST_SEL<0:3> -10 +-1| +10 | pA

Bus LVDS DC Specifications

Over recommended operating supply and temperature unless otherwise specified.

(1) Typical values are given for Vcc = 3.3V and Ty = +25°C.

(2) Current into device pins is defined as positive. Current out of device pins is defined as negative. Voltages are referenced to ground
except VOD, and AVOD which are differential voltages.

(3) BIST_SEL pins are pull-up internally.

Copyright © 2001-2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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Electrical Characteristics (continued)
Over recommended operating supply and temperature ranges unless otherwise specified.® @

Symbol Parameter Conditions Pin/Freq. Min Typ Max | Units
Vop Output Differential Voltage (DO+) 350 500 550 my
- (DO
AVop Output Differential Voltage RL = 100Q, C, = 10pF 3 35 mv
Unbalance to GND
Vos Offset Voltage 11 12 1.3 Y
AVos Offset Voltage Unbalance 2 35 mV
DO =0V, Din = H, DOn+, DON-
los Output Short Circuit Current MS_PWDN and DEN = -50 -90 mA
2.4V
MS_PWDN or DEN =
loz Tri-State Output Current 0.8v, DO =0V OR -10 +/-1 10 HA
VDD
lox Power-Off Output Current VDD = O\Q’ gvo =0vor -10 +-1 10 HA

SER/DES SUPPLY CURRENT (apply to pins DVDD, PVDD and AVDD)
Over recommended operating supply and temperature ranges unless otherwise specified.

Supply Current Vee = 3.6V, f=25MHz 145 mA
(SYNC pattern) R =100 Q f = 66MHz 175 mA
lcco
Worst Case Supply Current Vee = 3.6V, f =25 MHz 148 | 166 | mA
(Checker-board pattern) R =100 Q Figure 1 f= 66 MHz 263 350 mA
lcexp MS_PWDN = 0.1V,

Supply Current Powered Down - 22 200 A

(Master) el DEN =0V M
lcexo Worst Cast Power Saving Per MS_PWDN = 3V, 66 MHz 6 mA
(Ind. Ch) Channel Disabled PWDNn = 0V 25 MHz 36 mA
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Serializer Timing Requirements for TCLK
Over recommended operating supply and temperature ranges unless otherwise specified.® @

Symbol Parameter Conditions Pin/Freq. Min Typ Max Units
trep Transmit Clock Period 15.15 40 ns
Transmit Clock High
trem Tima 40 50 60 %
trei Transmit Clock Low See Figure 3 TCLK 40 50 60 %
Time
TCLK Input Transition
tokT E)I-Ime 3 6 ns
tr TCLK Input Jitter 80 PSrms

(1) Typical values are given for Vcc = 3.3V and Ty = +25°C.

(2) Current into device pins is defined as positive. Current out of device pins is defined as negative. Voltages are referenced to ground

except VOD, and AVOD which are differential voltages.

Serializer Switching Characteristics
Over recommended operating supply and temperature ranges unless otherwise specified.® @

Symbol Parameter Conditions Pin/Freq. Min Typ Max Units
Bus LVDS Low-to-High
tLT Transition Time ’ Re = 100Q 198 236 400 ps
Eus LVDS HiohtoL C_=10pF to GND @ DOn+, DON-
us igh-to-Low i
thLT TransitiongTime Figure 2 115 232 400 ps
DIN (0-9) Setup to
tois ( T(%LK P R, = 100Q, 15 ns
529 Ho | C_=10pF to GND DINN(0-9), TCLK
toi DIN ( -Tg::jg rom Flgure 4 1.5 ns
DO + HIGH to
thzo TRI-STATE Delay 57 12 ns
DO = LOW to TRI-
tzo STATE Delay R_ = 100Q, 6.9 12 ns
DO + TRI.STATE C_=10pF to GND DOn+, DONn-, DEN
tzHp QIGH-DeIay e Figure 5 6.2 12 ns
DO = TRI-STATE to
tZLD LOW Delay 5.8 12 ns
SYNC Pattern Delay,
tspp Figure 8 Y _ TCLK, SYNCn, A*trep S*trep ns
igure R, = 100Q
Serializer PLL Lock C.=10pF to GND D—,\?Smpvt\),gﬁ
tpLD Time Figure 6 - 510*t'|'cp 513*t'|'cp ns
R, = 100Q
tsp Serializer Delay C_=10pF to GND Dlggg;g)bg?_‘K’ trep + 3.2 trep + 3.5 trcp + 6 ns
Figure 7 '
Individual Channel TCLK, DOn+, DOn-, " " "
ticR Power up Time R, = 1000, PWDNn 60*trep 63*trep 70%trep ns
C_=10pF to GND -
tMcr Master Power up Time L=EEP %}E;ﬁ? 6 510*trcp 513*rcp ns
Speed Test Enable
e | %P Time Ry =100Q BIST_ACT, 10*trcp ns
S — BIST_SEL (0:3),
tsro | @5Pe® TTniZt bisable R, = 100Q TCLK, DOn+, DOn- T*trep ns
¢ Channel to Channel R, = 100Q, 25 MHz 130 ps
SKEW Skew C_=10pF to GND 66 MHz 80 ps

(1) Typical values are given for Vcc = 3.3V and Ty = +25°C.

(2) Current into device pins is defined as positive. Current out of device pins is defined as negative. Voltages are referenced to ground

except VOD, and AVOD which are differential voltages.
3) tuHTs e togir @nd tryt specifications are ensured by design using statistical analysis.
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Serializer Switching Characteristics (continued)
Over recommended operating supply and temperature ranges unless otherwise specified.® @

Symbol Parameter Conditions Pin/Freq. Min Typ Max Units
R, =100Q, 25MHz 18.4 20.7 ps
traT Random Jitter C_=10pF to GND @
(4) 66MHz 7.5 8.8 ps
i Deterministic Jitter, c :1%Lp|:: ;L()O%(RID ®3) 25MHz ~130 45 40 iad
BT Figure 9 - ®) 66MHz -190 -92 -40 ps

(4) tryT specification is the rms jitter measurement of the serializer output when the device is transmitting SYNC pattern.

(5) tpy specification is measured with the serializer output transmitting PRBS pattern from the internal BIST mode. It is a measurement of
the center distribution of OV (differential) crossing in comparsion with the ideal bit position. See Figure 9

AC Timing Diagrams and Test Circuits

10 pF
$ Vaitt = (Dos) = (Dp-)

20%

Y HLT

Figure 2. Serializer Bus LVDS Output Load and Transition Times

90% l

TCLK

toLkr

10%
ov

|-—

teLkr

Figure 3. Serializer Input Clock Transition Time
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trep

TCLK 1.5V 1.5V 1.5V

tois toin

Dinp <0:9> 1.5V Setup Hold 1.5V

Figure 4. Serializer Setup/Hold Times

Parasitic package and
trace capacitance
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Figure 5. Serializer Input Clock Transition Time TRI-STATE Test Circuit and Timing

MS_PWDN sov 0.8V
4 or
N
L2D
tpLp —> | tzwp ©r
710
Do+ TRI-STATE Output Active TRI-STATE

Figure 6. Serializer PLL lock Time and MS_PWDN TRI-STATE Delays
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Dy X Do ~Diyys SYMBOL N X Do ~Dinys SYMBOL N+1 X

tsp

o\ | \ A

Timing shown for TCLK_R/F = HIGH

START STOP | START STOP
BT Do - Dg SYMBOL N-1 ol i Dgo - Dg SYMBOL N BiT

- 00000000 UEEEREERLR M XEEEEER./

Figure 7. Serializer Delay

DEN

MS_PWDN
PWDNn
tsep
SYNCn ,/

SYNC PATTERN

Figure 8. SYNC Timing Delays

Ideal Bit Start Ideal Bit Stop

toyir Min. toy1 Typ. oyt Max. toyir Min. toyr Typ. toyr Max.
p tair P!
Negative : Positive Negative : Positive
Deterministic | Deterministic Deterministic . Deterministic
Jitter 1 Jitter Jitter 1 itter
- ! + - ! +
0 0

Figure 9. Deterministic Jitter and Ideal Bit Position
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loc Vs Freq (PRBS - BIST)

300 ——— -
Loaded Typ. loe (mA)‘i—
243.55 4
250 | '{:—
% 223.96
200 s UL
;‘.'9// 199.64
P
< 150 |+143.62 /%/
1S
%135.03
100 122.7
—— 3.0V
50 —a— 3.3V
—— 3.6V
0 1 1 1 1
0 10 20 30 40 50 60 70 80
MHz
Figure 10. Icc vs Freq
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FUNCTIONAL DESCRIPTION

The DS92LVvV8028 combines eight 10:1 serializers into a single chip. Each of the eight serializers accepts 10 or
less data bits. The serializers then multiplex the data into a serial stream with embedded clock bits and route to
the LVDS output. The LVDS output is a 5 mA current loop driver. It provides enough drive for point-to-point and
lightly loaded multidrop applications. The serialized data stream is compatible with the DS92LV1210,
DS92LV1212A, DS92LV1224, DS92LV1260 10-bit deserializers from TI.

Each of the eight channels on the DS92LV8028 has their own serializer function but share a single PLL. There is
a single Transmit Clock (TCLK) for all eight channels. The data on all eight 10-bit interfaces is latched into the
device with the rising edge of TCLK. Each of the serialized data streams is independent of the others and
includes the embedded clock information. The skew between the serializer outputs is minimal.

There is a master power-down signal (MS_PWDN) to put the entire device into a low power consumption state.
In addition, there is a power-down control signal for each of the eight channels. This allows the device to
efficiently operate as one to eight 10-bit serializers.

The @SPEED TEST signal initiates the sending of a random data pattern over the LVDS links. This allows for
testing the links for bit error rates at the frequency they will be carrying data. In addition, the JTAG boundary
scan circuits will be added to the device at a later date. The JTAG signal pins are reserved on this version. See
package connection diagram.

The DS92LVv8028 has four operating modes. They are the Initialization, Data Transfer, Resynchronization,
@SPEED TEST states. In addition, there are two passive states: Power-down and TRI-STATE.

The following sections describe each operating mode and passive state.

Initialization

Before the '8028 serializes and transmits data, it and the receiving deserializer device(s) must initialize the link.
Initialization refers to synchronizing the Serializer's and the Deserializer's PLLs to local clocks. The local clocks
should be the same frequency, or within the specified range if from different sources. After all devices
synchronize to local clocks, the Deserializers synchronize to the Serializers as the second and final initialization
step.

Step 1. After applying power to the serializer, the outputs are held in TRI-STATE and the on-chip power-
sequencing circuitry disables the internal circuits. When Vcc reaches VccOK (2.1V), the PLL in the serializer
begins locking to the local clock (TCLK). A local on-board data source or other source provides the specified
clock input to the TCLK pin.

After locking to TCLK, the serializer is now ready to send data or SYNC patterns, depending on the level of the
SYNC input or a data stream at the data inputs. The SYNC pattern sent by the serializer consists of six ones and
six zeros switching at the input clock rate.

Step 2: The Deserializer PLL must synchronize to the Serializer to complete the initialization. (Refer to the
deserializer data sheet for operation details during this step of the Initialization State.) The Deserializer identifies
the rising clock edge in a synchronization pattern or non-repetitive data pattern. Depending on the data pattern
that it is being transmitted, the Deserializer will synchronize to the data stream from the Serializer after some
delay. At the point where the Deserializer's PLL locks to the embedded clock, the LOCK pin goes low and valid
data appears on the output.

The user's application determines control of the SYNC signal input. One recommendation is a direct feedback
loop from the LOCK pin on the deserializer. The serializer stops sending SYNC patterns when the SYNC input
returns to a low state.

Data Transfer

After initialization, the serializer accepts data from the inputs DINNO to DINN9. The serializer uses the rising edge
of the TCLK input to latch incoming data. If the SYNCn input is high for 4 TCLK cycles, the data on DINnO-DINN9
is ignored and SYNC pulses are transferred.

The serial data stream includes a start bit and stop bit appended by the serializer, which frame the ten data bits.
The start bit is always high and the stop bit is always low. The start and stop bits also function as clock bits
embedded in the serial stream.

10 Submit Documentation Feedback Copyright © 2001-2013, Texas Instruments Incorporated
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The Serializer transmits the data and clock bits (10+2 bits) at 12 times the TCLK frequency. For example, if
TCLK is 40 MHz, the serial rate is 40 X 12 = 480 Mbps. Since only 10 bits are from input data, the serial
'payload' rate is 10 times the TCLK frequency. For instance, if TCLK = 40 MHz, the payload data rate is 40 X 10
= 400 Mbps. TCLK is provided by the data source and must be in the range 25 MHz to 66 MHz nominal.

The serializer outputs (DO0+ — DO7+) can drive a point-to-point connection or lightly loaded multidrop
connections. The outputs transmit data when the driver enable pin (DEN) is high, MS_PWDN and PWDNn are
high, and SYNCn is low. When DEN is driven low, all the serializer output pins will enter TRI-STATE.

When any one of eight attached Deserializer channels synchronizes to the input from the Serializer, it drives its
LOCK pin low and synchronously delivers valid data on the output. The Deserializer locks to the embedded
clock, uses it to generate multiple internal data strobes, and drives the embedded clock on the RCLK pin. The
RCLK is synchronous to the data on the ROUT pins. While LOCK is low, data on ROUT is valid. Otherwise,
ROUT is invalid.

Resynchronization

Whenever one of the connected DS92LV1212, '1212A, '1224, or '1260 deserializers loses lock, it will
automatically try to resynchronize to the data stream from the serializer. If the data stream is not a repetitive
pattern, then the deserializer will automatically lock.

For example, if the deserializer's received embedded clock edge is not detected two times in succession, the
PLL loses lock and the LOCK pin is driven high. The '1212, '1212A, '1224, or '1260 deserializers will
automatically begin searching for the embedded clock edge. If it is a random data pattern, the deserializer will
lock to that stream. If the data pattern is repetitive, the deserializer's PLL will not lock in order to prevent the
deserializer to lock to the data pattern rather than the clock. We refer to such patterns as repetitive-multiple-
transition, RMT.

Therefore, if the data stream is not random data or the deserializer is the DS92LV1210, there needs to be a
feedback path from the deserializer to the serializer. This feedback path can be as simple as connecting the
deserializer's LOCK pin to the serializer's SYNC pin. This will automatically signal the serializers to send SYNC
patterns whenever the deserializer loses lock.

The user has the choice of allowing the deserializer to resynchronize to the data stream, or to force
synchronization by pulsing the Serializer SYNC pin. This scheme is left up to the user discretion.

Power-down

The Power-down state is a low power sleep mode that the Serializer and Deserializer typically occupy while
waiting for initialization, or to reduce power when there are no pending data transfers. The DS92LV8028
serializers enter Power-down when MS_PWDN is driven low. In Power-down, the PLL stops and the outputs go
into TRI-STATE. To exit Power-down, the system drives MS_PWDN high.

Each of the serializers in the '8028 also has an individual power down, PWDNn control pin. This control enables
the deactivation of individual serializers while allowing others to operate normally. The benefit is that spare
serializers can be allocated for backup operation, but not consuming power until employed for data transfers.

Upon exiting Power-down, the Serializer enters the Initialization state. The system must then allow time to
initialize before data transfer can begin.

TRI-STATE

When the system drives DEN pin low, the serializer outputs enter TRI-STATE. This will TRI-STATE the output
pins (DOO+ to DO7+). When the system drives DEN high, the serializers will return to the previous state as long
as all other control pins remain static (PWDNn, TCLK, SYNCnh, and DINn[0:9]).

@SPEED Test Feature

Since the high-speed LVDS serial data transmission line quality is essential to the chipset operation, a means of
checking this signal integrity is built into the DS92L.V8028 serializer. Each Serializer channel has the ability to
transfer an internally generated PRBS data pattern. This pattern traverses the transmission line to the
deserializer. Specific deserializers (SCAN921224 for example) have the complement PRBS pattern verification
circuit. The deserializer checks the data pattern for bit errors and reports any errors on the test verification pins
on the deserializer.

Copyright © 2001-2013, Texas Instruments Incorporated Submit Documentation Feedback 11
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The @SPEED feature uses 5 signal pins. The BIST_SEL[0:3] and BIST_ACT pins together determine the
functions of the BIST mode. The BIST_ACT signal activates the test feature. The BIST_SEL[0:2] select 1 of 8
channels as the output for the BIST pattern. All channels perform BIST when BIST _ACT = H and
BIST_SEL[0:3]=08H.

The JTAG pins are reserved on this version of the serializer. They will be JTAG compliant functionality on the
next version. The @SPEED test will also be available through a JTAG command when available.

Truth Table (BIST mode)
No BIST function performed when BIST_SEL (0:3) are set from 9H to FH even when BIST_ACT is set at HIGH. See ®

BIST_ACT BIST_SEL <3> BIST_SEL <2> BIST_SEL <1> BIST_SEL <0> MODE
H L L L L BIST on channel 0
H L L L H BIST on channel 1
H L L H L BIST on channel 2
H L L H H BIST on channel 3
H L H L L BIST on channel 4
H L H L H BIST on channel 5
H L H H L BIST on channel 6
H L H H H BIST on channel 7
: : L L L s
L X X X X NO BIST
L H H H H Default - NO BIST
(1) BIST_SEL pins are pull-up internally.
12 Submit Documentation Feedback Copyright © 2001-2013, Texas Instruments Incorporated
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Functional Block Diagram

5 DS92LVv8028 SERIALIZER
@ SPEED TEST =————pl—pl L TAG (RES)
MS_PWDN > PRBS GEN
< DEN
TCLK o
10 Doo+

SYNCO =——p|

PWDNQ —P
10 Do+

Dyn1[0:9] #— PtoS

SYNC | =—p|

PWDN 1 =——Pp
10 Dog+

DN [0:9] #— Ptos

Doo-

Do -

SYNC2 —————P | P03-
PWDN?2 = N
10 P I:)03+
DNz [0:9] #-— U Ptos
SYNC3 ———p T P03-
PWDN3 —p
10 L Dos+
Din4 [0:9] #-— A PtosS
SYNC4 =——————p> (T: Y04
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10 Dos +
SYNCS =——————P

PWDN5 =
10 Dog+

Ding [0:9] #— Ptos

SYNC6 =y
FWONG ———

10 Do7+
D7 [0:9] #-— PtosS
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PWDN7 =
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Figure 11. DS92LV8028 Functional Block Diagram
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APPLICATION INFORMATION

USING THE DS92LVv8028

The DS92LVv8028 is an easy to use serializer that combines eight 10:1 serializers into a single chip with a
maximum payload of 5.28Gbps. Each of the eight serializers accepts 10 or less data bits. The serializers then
multiplex the data into a serial data stream with embedded clock bits and route to the LVDS output at up to
660Mbps per channels. The LVDS output is a 5 ma current loop driver that can be used for point-to-point and
lightly loaded multidrop applications. Each of the eight channels has their own serializer function but share a
single Transmit Clock (TCLK) with a single PLL for the entire chip. The data on all eight channels is latched into
the device with the rising edge of TCLK and the data stream is compatible with the DS92LV1210,
DS92LV1212A, DS92LV1224, DS92L V1260 deserializers from TI.

If using less than 10 bits of data, it is recommended to tie off adjacent bits to the embedded clock bits to prevent
causing a RMT in the data payload. For example, if only using 8 bits, tie DO High and D9 Low.

Power Considerations

All CMOS design of the Serializer and Deserializer makes them inherently low power devices. Additionally, the
constant current source nature of the LVDS outputs minimize the slope of the speed vs. Icc curve of CMOS
designs.

PCB LAYOUT AND POWER SYSTEM CONSIDERATIONS

Circuit board layout and stack-up for the BLVDS devices should be designed to provide low-noise power feed to
the device. Good layout practice will also separate high-frequency or high-level inputs and outputs to minimize
unwanted stray noise pickup, feedback and interference. Power system performance may be greatly improved by
using thin dielectrics (2 to 4 mils) for power / ground sandwiches. This arrangement provides plane capacitance
for the PCB power system with low-inductance parasitic, especially proven effective at high frequencies above
approximately 50MHz, and makes the value and placement of external bypass capacitors less critical. External
bypass capacitors should include both RF ceramic and tantalum electrolytic types. RF capacitors may use values
in the range of 0.01 uF to 0.1 uF. Tantalum capacitors may be in the 2.2 uF to 10 uF range. Voltage rating of the
tantalum capacitors should be at least 5X the power supply voltage being used.

It is a recommended practice to use two vias at each power pin as well as at all RF bypass capacitor terminals.
Dual vias reduce the interconnect inductance by up to half, thereby reducing interconnect inductance and
extending the effective frequency range of the bypass components. Locate RF capacitors as close as possible to
the supply pins, and use wide low impedance traces (not 50 Ohm traces). Surface mount capacitors are
recommended due to their smaller parasitics. When using multiple capacitors per supply pin, locate the smaller
value closer to the pin. A large bulk capacitor is recommend at the point of power entry. This is typically in the
50uF to 100uF range and will smooth low frequency switching noise. It is recommended to connect power and
ground pins straight to the power and ground plane, with the bypass capacitors connected to the plane with via
on both ends of the capacitor. Connecting a power or ground pin to an external bypass capacitor will increase
the inductance of the path.

A small body size X7R chip capacitor, such as 0603, is recommended for external bypass. Its small body size
reduces the parasitic inductance of the capacitor. User must pay attention to the resonance frequency of these
external bypass capacitors, usually in the range of 20-30MHz range. To provide effective bypassing, very often,
multiple capacitors are used to achieve low impedance between the supply rails over the frequency of interest. At
high frequency, it is also a common practice to use two via from power and ground pins to the planes, reducing
the impedance at high frequency.

Some devices provide separate power and ground pins for different portions of the circuit. This is done to isolate
switching noise effects between different sections of the circuit. Separate planes on the PCB are typically not
required. Pin Description tables typically provide guidance on which circuit blocks are connected to which power
pin pairs. In some cases, an external filter many be used to provide clean power to sensitive circuits such as
PLLs.

Use at least a four layer board with a power and ground plane. Locate CMOS (TTL) swings away from the LVDS
lines to prevent coupling from the CMOS lines to the LVDS lines. Closely-coupled differential lines of 100 Ohms
are typically recommended for LVDS interconnect. The closely-coupled lines help to ensure that coupled noise
will appear as common-mode and thus is rejected by the receivers. Also the tight coupled lines will radiate less.

14 Submit Documentation Feedback Copyright © 2001-2013, Texas Instruments Incorporated
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TRANSMISSION MEDIA

The DS92LV8028 Serializers can be used in point-to-point configuration of a backplane across PCB traces or
through cable interconnect. In point-to-point configurations the transmission media needs only to be terminated at
the receiver end. The DS92LV8028 may also be used with double terminations for a total load or 50 Ohms for
use in certain limited multidrop applications. Termination impedances lower than 50 Ohms is not recommended.

TERMINATION

Termination of the LVDS interconnect is required. For point-to-point applications termination should be located at
the load end. Nominal value is 100 Ohms to match the line's differential impedance. Place the resistor as close
to the receiver inputs as possible to minimize the resulting stub between the termination resistor and receiver.

Additional general guidance can be found in the LVDS Owner's Manual - available in PDF format from the TI
web site at SNLA187

DS92LVv8028 BLVDS SERIALIZER BYPASS RECOMMENDATIONS

General device specific guidance is given below. Exact guidance can not be given as it is dictated by other board
level /system level criteria. This includes the density of the board, power rails, power supply, and other integrated
circuit power supply needs.

For a typical application circuit, please see Figure 12.

DVDD = DIGITAL SECTION POWER SUPPLY

These pins supply the digital portion of the device. A 0.1uF capacitor is sufficient for these pins.

PVDD = PLL SECTION POWER SUPPLY

The PVDD pin supplies the PLL circuit. The PLL(S) require clean power for the minimization of Jitter. A supply
noise frequency in the 300kHZ to 1MHz range can cause increased output jitter. Certain power supplies may
have switching frequencies or high harmonic content in this range. If this is the case, filtering of this noise
spectrum may be required. A notch filter response is best to provide a stable VDD, suppression of the noise
band, and good high-frequency response (clock fundamental). This may be accomplished with a pie filter (CRC
or CLC). The pie filter should be located close to the PVDD power pin. Separate power planes for the PVDD pins
is typically not required.

AVDD = LVDS SECTION POWER SUPPLY

The AVDD pin supplies the LVDS portion of the circuit. The DS92LV8028 has nine AVDD pins. Due to the nature
of the design, current draw is not excessive on these pins. A 0.1uF capacitor is sufficient for these pins. If space
is available, a 0.01uF may be used in parallel with the 0.1uF capacitor for additional high frequency filtering.

GROUNDs

The AGND pin should be connected to the signal common in the cable for the return path of any common-mode
current. Most of the LVDS current will be odd-mode and return within the interconnect pair. A small amount of
current may be even-mode due to coupled noise, and driver imbalances. This current should return via a low
impedance known path.

A solid ground plane is recommended for DVDD, PVDD and AVDD. Using a split plane may have a potential
problem of ground loops, or difference in ground potential at various ground pins of the device.
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APPLICATION DIAGRAM
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Figure 12. Typical Application Circuit
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Figure 13. Top View of DS92LV8028 (196-pin NFBGA)
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Table 1. Pin Descriptions

Pin Number Name Type Description
C7, C9, C10, D6, D7, D9, E5, EG77, AGND Analog ground.
€6, C8, C11, b5, b8, D10, ES, AVDD Analog power supply.
E8, F7
33V BIST Active. Control pin for BIST mode enable.When BIST_ACT = H
B12 BIST_ACT CMOS and BIST_SEL (0:3) = OH to 8H, device will go to BIST mode
| accordingly. See Truth Table (BIST mode) Default at Low
33V . . L
BIST_SEL BIST select. Control pins for which serializer is set for BIST mode.
Al3,B13, D11, E11 (0:3) CMIOS See Truth Table (BIST mode) ) Default at Vpp
33V Serializer output data enable. Enable data output DOUTn (0:9). n =
M14 DEN CMOS serializer number. When driven low, puts the Bus LVDS outputs in
| TRI-STATE. Default at Low.
A2, A3, A12, B2, B3, C2, C4,
D12, E1, E2, E9, E10, E12, E13, -
E14. F6. F10, H10, K6, K10. DGND Digital Ground.
M13, P1
E3, E4, F1, F2, F3, F4, F11, F12,
Gl, G2, G3, G4, G11, G12, G14,
H1, H2, H3, H4, H11, H12, H13,
H14,J1, J2, J3, J4, J11, J12,
J13, J14, K1, K2, K3, K4, K11, 33V
K12, K13, K14, L3, L4, L5, L6, DINNX CMOS Data input. Inputs for the ten bit serializers. n = serializer number, x =
L7, L8, L9, L10, L11, L12, L13, | bit number. Default at Low.
L14, M3, M4, M5, M6, M7, M8,
M9, M10, M11, N3, N4, N5, N6,
N7, N8, N9, N10, N11, P2, P3,
P4, P5, P6, P7, P8, P9, P10 P11,
P12
B11-A11, B10-A10, B9-A9, B8- Bus LVDS . . _ -
A8, B7-A7, AG-B6. A5-B5 A4-B4 Doutnx o Bus LVDS differential outputs. n = serializer number.
Al, B1, C3, C5, D4, D13, D14,
F5, F8, F9, F13, G6, G10, G13, DVDD Digital power supply.
H7,
33V Master Powerdown. MS_PWDN driven low shuts down the PLL and
N14| MS_PWDN CMOS TRI-STATE all outputs, putting the device into a low power 'sleep’
| mode. Default at Low.
G5, G8, G9, H5, H6, H8, H9, J5, .
36, 37. 39, 310 NC (1:12) No connect.
C1,D1 PGND PLL ground.
D2, D3 PVDD PLL power supply.
NL N2, N13, ML M2, M12, P13, | ssroy g@o\’s Individual Powerdown. PWDN (0:7) driven low puts individual
P14 ' | serializer into TRI-STATE, low power 'sleep’ mode. Default at Low.
SYNC pattern enable. When driven high for a mininum of 4 cycles,
33V SYNC patterns will be transmitted on the Bus LVDS serial output. The
J8, K5, K7, K8, K9, L1, L2, N12| SYNC (0:7) CMOS SYNC pattern sent by the serializer consists of six ones and six zeros
| switching at the input clock rate. SYNC pattern continues to be sent if
SYNC continues at high. Default at Low. See Functional Description.
C13 TCK JTAG pin. Reserved for future use. Leave this pin floating.
B14 TDI JTAG pin. Reserved for future use. Leave this pin floating.
Ci14 TDO JTAG pin. Reserved for future use. Leave this pin floating.
Al4 T™MS JTAG pin. Reserved for future use. Leave this pin floating.
C12 TRSTN JTAG pin. Reserved for future use. Leave this pin floating.
33V
F14 TCLK CMOS Transmit Clock. Input for 25MHz - 66 MHz (nominal) system clock.

(1) BIST_SEL pins are pull-up internally.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
DS92LV8028TUF/NOPB ACTIVE NFBGA NZH 196 119 Green (RoHS SNAGCU Level-3-260C-168 HR -40 to 85 DS92LVv8028T
& no Sh/Br) UE
>B

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© |ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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.
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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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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
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