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INTRODUCTION

Texas Instruments provides an array of advanced bus-interface devices. Designers can
select the best solutions for speed, level translation, power consumption, noise rejection, fault
tolerance, or simply driving a high-speed local bus or backplane.

Gunning Transceiver Logic (GTL) devices are reduced-voltage-swing, high-speed interface
devices between cards operating at LVTTL logic levels and backplanes operating at GTL
signal levels. High-speed backplane operation is a direct result of the reduced output swing
(<1 V), reduced input threshold levels, and output edge control. Tl offers LVTTL-to-GTL
translators in SSOP and TSSOP Widebus[ packages to interface with TTL/LVTTL-based
subsystems in wireless, remote access, mass storage and legacy telecom/networking
applications.

Gunning Transceiver Logic Plus (GTLP) devices are reduced-voltage-swing devices that are
designed for high-speed interface between cards operating at LVTTL logic levels and
backplanes operating at GTLP signal levels. High-speed backplane operation in excess of
80 MHz is a direct result of the reduced output swing (<1 V), reduced input threshold levels,
output edge control, and overshoot-protection circuitry. All devices are optimized for the
higher threshold voltage and lower noise margin GTLP derivative of the JEDEC JESD8-3 GTL
standard. Tl offers LVTTL-to-GTLP translators in low-profile, fine-pitch ball grid array
(LFBGA), Widebus, and octal packages to interface with TTL/LVTTL-based subsystems in
wireless, remote access, mass storage and legacy telecom/networking applications.

BTL/FB+ transceivers from Tl provide high drive and speed, while minimizing skew and
ground-bounce noise. BTL devices are compatible with IEEE Std 1194.1-1991. The BTL/FB+
standard uses a greatly reduced output swing and a tighter switching region, improved noise
margins, live insertion, bus hold on inputs, series damping resistors on high-drive outputs, and
space-saving package options.

ABTE has wider noise margins and is backward compatible with existing TTL logic. ABTE
devices support the VMEG4-ETL specification, with tight tolerances on skew and transition
times. ABTE is manufactured using the latest 0.8-u BICMOS process by providing high drive
up to 90 mA. Other features include a bias pin and internal pullup resistors on control pins for
maximum live-insertion protection. Bus-hold circuitry eliminates external pullup resistors on
the inputs and series damping resistors on the outputs to damp reflections.

VME complies with VMEG64 Standard and has 2.94-V regulated output voltage with 1%
tolerance at 25°C. VME provides bias for up to 32 lines of active termination for VME buses,
—575-mA sourcing current for termination, +475-mA sinking current for active negation
drivers, current limit and thermal shutdown protection, and low thermal resistance
surface-mount packages.

For more information on these and other Tl products, please contact your local TI
representative, authorized distributor, the TI technical support hotline at 972-644-5780, or
visit the Tl home page at http://www.ti.com

MicroStar BGA, MicroSTAR Jr., OEC, TI-OPC, Widebus, and Widebus+ are trademarks of Texas Instruments.
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GTL FAMILY SUMMARY

Primary features of the GTL devices:

3.3-V or 3.3/5-V V¢ operation with 5-V tolerant LVTTL inputs and outputs (I1/0Os)
(except GTL1655), which allows the devices to act as 5-V TTL-to-GTL/GTL+, as
well as 3.3-V LVTTL-to-GTL/GTL+, translators.

GTL1655 supports live insertion with backplane precharge circuitry.

High point-to-point frequencies with acceptable short-backplane frequencies. The
GTL16612 transition device provides for higher distributed load (RLC) frequencies
(>60 MHz), due to its optimized edge rate.

GTL+ FREQUENCY
DEVICE FUNCTION DRIVE | MAX p-p MAX RLC
(mA) (MHz) (MHz)
Medium-Drive Devices
SN74GTL16612A 18-bit universal bus transceiver 34 85 >60
SN74GTL16616 17-bit universal bus transceiver with buffered clock 50 95 25-33
SN74GTL16622A 18-bit bus transceiver 50 200 25-33
SN74GTL16923 18-bit bus transceiver 50 200 25-33
High-Drive Devices
SN74GTL1655 | 16-bit universal bus transceiver | 100 | 160 | 25-33

Additional features of GTL devices:

loff Circuitry prevents damage to the device during partial power down, a feature of
all GTL devices (see lyf in the data sheets).

Power-up 3-state (PU3S) forces outputs to the high-impedance state during power
up and power down, which prevents driver conflict during hot swap or hot insertion,
a feature of the GTL1655 (see Igzpy and lgozpp in the data sheets).

BIAS V¢ circuitry allows easy internal precharging of backplane 1/O pins for true
live-insertion applications where active backplane data cannot be suspended or
disturbed during circuit-board insertion or removal, a feature of the GTL1655 (see
BIAS Vc in the data sheets).

Bus hold is a feature of all GTL devices. It eliminates floating inputs by holding them
at the last valid logic state. This eliminates the need for external pullup and
pulldown resistors on unused or undriven inputs, reducing power requirements,
cost, and board-layout time. There is no bus-hold circuitry on the B port (GTL/GTL+
side) because this defeats the purpose of open-drain outputs that take on the
high-impedance state, which allows the bus to achieve a logic-high state via the
pullup resistors.

OECT circuitry controls the rising and falling edges of the GTL16612 GTL/GTL+
outputs, and reduces line reflections and EMI, thereby improving overall signal
integrity.

Edge-rate control (ERC) is featured on the high-drive GTL1655. Fast or slow edge
rates are achievable by holding the ERC pin at Vcc or GND, respectively.

GTL devices are available in the shrink small-outline package (SSOP) (56-pin
GTL16612 and GTL16616 only) and thin shrink small-outline package (TSSOP)
(56 pins or 64 pins).




GTLP FAMILY SUMMARY

Primary features of the GTLP devices:

® 3.3-V V(¢ operation with 5-V tolerant LVTTL 1/Os, which allows the devices to act
as 5-V TTL-to-GTL/GTL+, as well as 3.3-V LVTTL-to-GTL/GTL+, translators.

® Optimized OEC circuitry allows clock frequencies of >80 MHz in high-performance,
heavily loaded backplane applications.

® Fully supports live insertion with backplane precharge circuitry
® CMOS construction for low-static power consumption
® A-port (LVTTL side) balanced drive of +24 mA

® B-port (GTL/GTL+ side) drive of 50 mA or 100 mA, which allows the designer
flexibility in matching the device to backplane length, slot spacing, and termination
resistance

® Each data sheet provides both the Ilumped-load specified data and
resistive/inductive/capacitive (RLC) network data for the designer. The RLC data
more closely approximates the device response in a distributed load.

® The SN74GTLP1394 is designed specifically to work with the TSB14AA1 (1394
backplane physical-layer controller) in multiple-slot backplane applications.

GTL+ FREQUENCY
DEVICE FUNCTION DRIVE MAX p-p MAX RLC
(mA) (MHz) (MHz)

Medium-Drive Devices

SN74GTLP817 GTL+-to-LVTTL 1-to-6 fanout driver 50 Not specified >80
SN74GTLPH306 8-bit bus transceiver 50 Not specified >80
SN74GTLPH16945 16-bit bus transceiver 50 Not specified >80
SN74GTLPH16912 18-bit universal bus transceiver 50 TBD >80
SN74GTLPH32945 32-bit bus transceiver 50 Not specified >80
SN74GTLPH16916 17-bit universal bus transceiver 50 175 >80
SN74GTLPH16612 18-bit universal bus transceiver 50 80 >80
High-Drive Devices

SN74GTLP1394 2-bit transceiver 100 Not specified >80
SN74GTLPH1645 16-bit bus transceiver 100 Not specified >80
SN74GTLPH1655 16-bit universal bus transceiver 100 175 >80
SN74GTLPH1612 18-bit universal bus transceiver 100 175 >80
SN74GTLPH3245 32-bit bus transceiver 100 Not specified >80
SN74GTLP1395 Two 1-bit bus transceivers 100 Not specified >80
SN74GTLP21395 Two 1-bit bus transceivers 100 Not specified >80
SN74GTLPH1616 17-bit universal bus transceiver 100 175 >80
SN74GTLPH1627 18-bit bus transceiver 100 TBD >80
SN74GTLP2033 8-bit registered transceiver 100 Not specified >80
SN74GTLP22033 8-hit registered transceiver 100 Not specified >80
SN74GTLP2034 8-bit registered transceiver 100 Not specified >80
SN74GTLP22034 8-bit registered transceiver 100 Not specified >80
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GTLP FAMILY SUMMARY (CONTINUED)

Additional features of GTLP devices:

® |of Circuitry prevents damage to the device during partial power down, a feature of
all GTLP devices (see Il in the data sheets).

® PU3S forces outputs to the high-impedance state during power up and power
down, which prevents driver conflict during hot swap or hot insertion, a feature of all
GTLP devices (see Ipzpy and lpzpp in the data sheets).

® BIAS V¢ circuitry allows easy internal precharging of backplane I/O pins for true
live-insertion applications where active backplane data cannot be suspended or
disturbed during circuit-board insertion or removal, a feature of all GTLP devices,
except GTLPH306 and GTLP817 (see BIAS V¢ in the data sheets).

® Bushold eliminates floating inputs by holding them at the last valid logic state. This
eliminates the need for external pullup and pulldown resistors on unused or
undriven inputs, reducing power requirements, cost, and board-layout time.
Devices with an H in the device name have the bus-hold feature. There is no
bus-hold circuitry on the B port (GTL/GTL+ side) because this defeats the purpose
of open-drain outputs that take on the high-impedance state, which allows the bus
to achieve a logic-high state via the pullup resistors.

®* Improved OEC circuitry controls the rising and falling edges of the GTL/GTL+
outputs (a feature of all GTLP devices) and reduces line reflections and EMI,
thereby, improving overall signal integrity.

® TI-OPCO circuitry actively limits overshoot caused by improperly terminated
backplanes, unevenly distributed cards, or empty slots during low-to-high signal
transitions, thus, improving signal integrity, which allows adequate noise margin to
be maintained at higher frequencies.

® ERC is afeature of all high-drive GTLP devices and the medium-drive GTLP817.
Fast or slow edge rates are achievable by holding the ERC pin at V¢ or GND,
respectively.

— Thefast edge rate is useful in point-to-point applications and when the backplane has
been optimally terminated.

— The slow edge rate is used in less than optimally terminated backplane applications
where the slow edge reduces overshoot and ringing.

® GTLP devices are available in small-outline integrated circuit (SOIC), shrink
small-outline package (SSOP), thin shrink small-outline package (TSSOP), thin
very small-outline package (TVSOP), low-profile, fine-pitch ball grid array
(LFBGA), and very low-profile, fine-pitch ball grid array (VFBGA) packages to fit
any design requirements.

viii



PRODUCT STAGE STATEMENTS

Product stage statements are used on Texas Instruments data sheets to indicate the
development stage(s) of the product(s) specified in the data sheets.

If all products specified in a data sheet are at the same development stage, the appropriate
statement from the following list is placed in the lower left corner of the first page of the
data sheet.

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

ADVANCE INFORMATION concerns new products in the sampling or
preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design
phase of development. Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or discontinue these
products without notice.

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the
first statement below is placed in the lower left corner of the first page of the data sheet.
Subsequent pages of the data sheet containing PRODUCT PREVIEW information or
ADVANCE INFORMATION are then marked in the lower left-hand corner with the appropriate
statement given below:

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

ADVANCE INFORMATION concerns new products in the sampling or
preproduction phase of development. Characteristic data and other
specifications are subject to change without notice.

PRODUCT PREVIEW information concerns products in the formative or design
phase of development. Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or discontinue these
products without notice.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

INTRODUCTION

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Councll
of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission
(IEC) for international use.

operating conditions and characteristics (in sequence by letter symbols)

&

Cio

fmax

IBHH

IBHL

IBHHO
IBHLO
lcc

Alcc

lcEX

li(hold)

Input capacitance
The capacitance of an input terminal of the device

Input/output capacitance

The capacitance of an input/output (I/O) terminal of the device with the input conditions applied that,
according to the product specification, establishes the high-impedance state at the output

Output capacitance

The capacitance of an output terminal of the device with the input conditions applied that, according
to the product specification, establishes the high-impedance state at the output

Power dissipation capacitance

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit
pages): Pp = Cpg Vec? f+Icc Vee

Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence
while maintaining stable transitions of logic level at the output with input conditions established that
should cause changes of output logic level in accordance with the specification

Bus-hold high sustaining current

The bus-hold circuit can source at least the minimum high sustaining current at V| min. Igyy should
be measured after raising V| to V¢ and then lowering it to Vi min.

Bus-hold low sustaining current

The bus-hold circuit can sink at least the minimum low sustaining current at V| max. Igy_ should be
measured after lowering V,y to GND and then raising it to V| max.

Bus-hold high overdrive current

An external driver must sink at least Igyyo to switch this node from high to low.

Bus-hold low overdrive current
An external driver must source at least Igq o to switch this node from low to high.

Supply current
The current into* the V¢ supply terminal of an integrated circuit

Supply current change

The increase in supply current for each input that is at one of the specified TTL voltage levels rather
than O V or V¢

Output high leakage current

The maximum leakage current into* an output that is in a high state and Vg = V¢

Input hold current

The input current that holds the input at the previous state when the driving device goes to the
high-impedance state

*Current out of a terminal is given as a negative value.

*9 TEXAS
INSTRUMENTS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

IiH

loHs

loLs

lozpD

lozpu

jitter

High-level input current
The current into* an input when a high-level voltage is applied to that input

Low-level input current
The current into* an input when a low-level voltage is applied to that input

Input/output power-off leakage current

The maximum leakage current into* an input or output terminal of the device with the specified voltage
applied to the terminal and Vcc =0V

High-level output current

The current into* an output with input conditions applied that, according to the product specification,
establishes a high level at the output

Static high-level output current

The static and testable current into* a DOCL circuit output with input conditions applied that, according
to the product specifications, establishes a static high level at the output. The dynamic drive current is
not specified for devices with DOC circuit outputs because of its transient nature; however, it is similar
to the dynamic drive current that is available from a high-drive (hondamping resistor) standard-output
device.

Low-level output current

The current into* an output with input conditions applied that, according to the product specification,
establishes a low level at the output

Static low-level output current

The static and testable current into* a DOC circuit output with input conditions applied that, according
to the product specifications, establishes a static low level at the output. The dynamic drive current is
not specified for devices with DOC circuit outputs because of its transient nature; however, it is similar
to the dynamic drive current that is available from a high-drive (hondamping resistor) standard-output
device.

Off-state (high-impedance state) output current (of a 3-state output)

The current flowing into* an output with the input conditions applied that, according to the product
specification, establishes the high-impedance state at the output

Power-down off-state (high-impedance state) output current (of a 3-state output)

The current flowing into* an output that is switched to or held in the high-impedance state as the device
is being powered down to Vcc =0V

Power-up off-state (high-impedance state) output current (of a 3-state output)

The current flowing into* an output that is switched to or held in the high-impedance state as the device
is being powered up from Ve =0V

Jitter

Dispersion of a time parameter of the pulse waveforms in a pulse train with respect to a reference time,
interval, or duration. Unless otherwise specified by a mathematical adjective, peak-to-peak jitter is
assumed.

jitter(RMS) RMS jitter

The root mean square jitter, one-sixth of the maximum peak-to-peak jitter

*Current out of a terminal is given as a negative value.
DOC is a trademark of Texas Instruments.
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

SR

tais

tf

tPHL

tpHZ

Slew rate

The average rate of change (i.e., V/ns) for a waveform that is changing from one defined logic level to
another defined logic level

Access time

The time interval between the application of a specified input pulse and the availability of valid signals
at an output

Clock cycle time

Clock cycle time is 1/fnax

Disable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage

waveforms with the output changing from either of the defined active levels (high or low) to the

high-impedance (off) state

NOTE: For 3-state outputs, tgis = tpHz Or tp| z. Open-collector outputs change only if they are low at
the time of disabling, so tgjs = tpLH-

Enable time (of a 3-state or open-collector output)

The propagation time between the specified reference points on the input and output voltage
waveforms with the output changing from the high-impedance (off) state to either of the defined active
levels (high or low)

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state
outputs, tep = tpzH Or tpz| . Open-collector outputs change only if they are responding to data
that would cause the output to go low, so tep = tpH| -

Fall time

The time interval between two reference points (90% and 10%, unless otherwise specified) on a

waveform that is changing from the defined high level to the defined low level

Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition
occurs at another specified input terminal

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is to be expected.

2. The hold time may have a negative value, in which case, the minimum limit defines the
longest interval (between the release of the signal and the active transition) for which correct
operation of the digital circuit is to be expected.
Propagation delay time
The time between the specified reference points on the input and output voltage waveforms with the
output changing from one defined level (high or low) to the other defined level (tpq = tpL OF tpLH)
Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined high level to the defined low level
Disable time (of a 3-state output) from high level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined high level to the high-impedance (off) state

*9 TEXAS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

tpLH

tpLz

tpzH

tpzL

tsk()

tsk()

tsk(o)

tsk(p)

tsk(pr)

Propagation delay time, low-to-high level output

The time between the specified reference points on the input and output voltage waveforms with the
output changing from the defined low level to the defined high level

Disable time (of a 3-state output) from low level

The time interval between the specified reference points on the input and the output voltage waveforms
with the 3-state output changing from the defined low level to the high-impedance (off) state

Enable time (of a 3-state output) to high level

The time interval between the specified reference points on the input and output voltage waveforms
with the 3-state output changing from the high-impedance (off) state to the defined high level

Enable time (of a 3-state output) to low level

The time interval between the specified reference points on the input and output voltage waveforms
with the 3-state output changing from the high-impedance (off) state to the defined low level

Rise time

The time interval between two reference points (10% and 90%, unless otherwise specified) on a
waveform that is changing from the defined low level to the defined high level

Input skew

The difference between any two propagation delay times that originate at different inputs and terminate
at a single output. Input skew describes the ability of a device to manipulate (stretch, shrink, or chop)
a clock signal. This is typically accomplished with a multiple-input gate wherein one of the inputs acts
as a controlling signal to pass the clock through. tsk(i) describes the ability of the gate to shape the pulse
to the same duration, regardless of the input used as the controlling input.

Limit skew

The difference between 1) the greater of the maximum specified values of tp| 4 and tpy and 2) the
lesser of the minimum specified values of tp| |y and tpy . Limit skew is not directly observed on a device.
Itis calculated from the data-sheet limits for tp 1y and tp| . tsk(y quantifies for the designer how much
variation in propagation delay time is induced by operation over the entire ranges of supply voltage,
temperature, output load, and other specified operating conditions. Specified as such, tgk) also
accounts for process variation. In fact, all other skew specifications [tsk (o). tsk(i): tsk(p)- @nd tsk(pn)] are
subsets of tgi(); they are never greater than tgy ).

Output skew

The skew between specified outputs of a single logic device with all driving inputs connected together
and the outputs switching in the same direction while driving identical specified loads

Pulse skew

The magnitude of the time difference between the propagation delay times, tpy andtp 4, whenasingle
switching input causes one or more outputs to switch

Process skew

The magnitude of the difference in propagation delay times between corresponding terminals of two
logic devices when both logic devices operate with the same supply voltages, operate at the same
temperature, and have identical package styles, identical specified loads, identical internal logic
functions, and the same manufacturer

1-8
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

ViH

ViL

VoH

VoHs

VoL

VoLs

VT+

Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent
active transition at another specified input terminal

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is specified.

2. The setup time may have a negative value, in which case the minimum limit defines the
longestinterval (between the active transition and the application of the other signal) for which
correct operation of the digital circuit is specified.

Pulse duration (width)

The time interval between specified reference points on the leading and trailing edges of the pulse

waveform

High-level input voltage

An input voltage within the more positive (less negative) of the two ranges of values used to represent
the binary variables

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic element within specification limits is to be expected.
Low-level input voltage

An input voltage within the less positive (more negative) of the two ranges of values used to represent
the binary variables

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which
operation of the logic element within specification limits is to be expected.

High-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,

establishes a high level at the output

Static high-level output voltage

The static and testable voltage at a DOC circuit output with input conditions applied that, according to

the product specifications, establishes a static high level at the output. The dynamic drive voltage is not

specified for devices with DOC circuit outputs because of its transient nature.

Low-level output voltage

The voltage at an output terminal with input conditions applied that, according to product specification,

establishes a low level at the output

Static low-level output voltage

The static and testable voltage at a DOC circuit output with input conditions applied that, according to

the product specifications, establishes a static low level at the output. The dynamic drive voltage is not

specified for devices with DOC circuit outputs because of its transient nature.

Positive-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according

to specification as the input voltage rises from a level below the negative-going threshold voltage, V1_

Negative-going input threshold level

The voltage level at a transition-operated input that causes operation of the logic element according
to specification as the input voltage falls from a level above the positive-going threshold voltage, V14
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets:

H

L

t

l
N
K
X
Z
a...h
Qo
Qo

Qn
.
I

Toggle

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

value/level or resulting value/level is routed to indicated destination
value/level is re-entered

irrelevant (any input, including transitions)

off (high-impedance) state of a 3-state output

the level of steady-state inputs A through H, respectively

level of Q before the indicated steady-state input conditions were established

complement of Qg or level of Q before the indicated steady-state input
conditions were established

level of Q before the most recent active transition indicated by | or 1
one high-level pulse
one low-level pulse

each output changes to the complement of its previous level on each active
transition indicated by | or 1

persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with 1 and/or |, this means the outputis valid whenever
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state
levels. If the output is shown as a level (H, L, Qq, or Qq), it persists so long as the steady-state input levels and the
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite
direction to those shown have no effect at the output. (If the output is shown as a pulse, I L or "I, the pulse follows

the indicated input transition and persists for an interval dependent on the circuit.)

1-10
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EXPLANATION OF FUNCTION TABLES

Among the most complex function tables are those of the shift registers. These embody most of the symbols used
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register.

FUNCTION TABLE

INPUTS OUTPUTS
CLEAR MODE CLOCK SERIAL PARALLEL on  Qm o 9
S1 SO LEFT RIGHT | A B C D

L X X X X X X X X X L L L L
H X X L X X X X X X | Qao Qo Qco Qpo
H H H 1 X X a b c d a b c d
H L H 1 X H H H H H Qan  QBn Qcn
H L H t X L L L L L L Qan  Q@Bn Qcn
H H L 1 H X X X X X 1 Qn Qcn QbDn H
H H L 1 L X X X X X 1 Qn Qcn Qbn L
H L L X X X X X X X ] Qa0 QBo Qco Qpo

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect.

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second
line implicitly shows that no further change in the outputs occurs while the clock remains high or on the high-to-low
transition of the clock.

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both
high then, without regard to the serial input, the data entered at A is at output Qp, data entered at B is at Qg, and so
forth, following a low-to-high clock transition.

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input
and the shifting of previously entered data one bit; data previously at Qa is now at Qg, the previous levels of Qg and
Qc are now at Q¢ and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at
inputs A through D have no effect.

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial
input and the shifting of previously entered data one bit; data previously at Qg is now at Qp, the previous levels of
Qc and Qp are now at Qg and Q¢, respectively, and the data previously at Qa is no longer in the register. This entry
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the
levels at inputs A through D have no effect.

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs
low was established.

The function table functional tests do not reflect all possible combinations or sequential modes.
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D-TYPE FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

Itis normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output
to go low is called preset (PRE). An input that causes a Q output to go high or a Q output to go low is called clear
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low.

The devices on several data sheets are second-source designs, and the pin-name conventions used by the original
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting
circuits D and Q.

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case,
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the
graphical symbols. Arbitrary pin numbers are shown.

_ 1 1
PRE S 5 CLR R _
2 Q 2 Q
C c1 C c1
3 _ 3
D 1D 6 _ D 1D
4 Q ____ 4 Q
CLR R PRE S
Latch Latch
_ 1 1
PRE S 5 CLR R _
2 Q 2 Q
CLK > C1 CLK > C1
3 _ 3
D 1D 6 _ D 1D
4 Q 4 Q
CLR R PRE S
Flip-Flop Flip-Flop

The figures show that when Q and Q exchange names, the preset and clear pins also exchange names. The polarity
indicators () on PRE and CLR remain, as these inputs are still active low, but the presence or absence of the polarity
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels
change together.

{'f TEXAS
INSTRUMENTS

1-12 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



DEVICE NAMES AND PACKAGE DESIGNATORS

Example:
SN I 74 I GTLPI H I 16 I 612 I I DGGI R I
1 2 3 4q 5 6 7 8 9 10
1 Standard Prefix 6 Options
Examples: SN — Standard Prefix Examples:  Blank = No Options
SNJ — Conforms to MIL-PRF-38535 (QML) 2 — Series Damping Resistor on Outputs
4 — Level Shifter
2 Temperature Range 25 _ 25.0 Line Driver
Examples: 54 — Military
74 — Commercial 7 Function
3 Family Examples: 244 — Noninverting Buffer/Driver
Examples: Blank — Transistor-Transistor Logic 374 — D-Type Flip-Flop
ABT — Advanced BiCMOS Technology 573 - D-Typ_e Transpargnt Latch
ABTE/ETL — Advanced BICMOS Technology/ 640 — Inverting Transceiver
Enhanced Transceiver Logic - ==
AC/ACT — Advanced CMOS Logic 8 Device Revision
AHC/AHCT — Advanced High-Speed CMOS Logic Examples:  Blank = No Revision
ALB — Advanced Low-Voltage BICMOS Letter Designator A-Z
ALS — Advanced Low-Power Schottky Logic
ALVC - Advanced Low-Voltage CMOS Technology 9 P aCkages
AS — Advanced Schottky Logic Commercial: D, DW — Small-Outline Integrated Circuit (SOIC)
AVC - Advanced Very Low-Voltage CMOS Logic DB, DL — Shrink Small-Outline Package (SSOP)
BCT — BiCMOS Bus-Interface Technology DBB, DGV — Thin Very Small-Outline Package (TVSOP)
CBT — Crossbar Technology DBQ — Quarter-Size Outline Package (QSOP)
CBTLV — Low-Voltage Crossbar Technology DBV, DCK, DCT, DCU —
CD4000 — CMOS B-Series Integrated Circuits Small-Outline Transistor Package (SOT)
F — F Logic DGG, PW — Thin Shrink Small-Outline Package (TSSOP)
FB — Backplane Transceiver Logic/Futurebus+ FN — Plastic Leaded Chip Carrier (PLCC)
FCT — Fast CMOS TTL Logic GKE, GKF — MicroSTAR BGAL Low-Profile Fine-Pitch
GTL — Gunning Transceiver Logic Ball Grid Array (LFBGA)
HC/HCT — High-Speed CMOS Logic GQL — MicroStar Jr.0 Very-Thin-Profile Fine-Pitch
HSTL — High-Speed Transceiver Logic Ball Grid Array (VFBGA)
LS — Low-Power Schottky Logic N, NP, NT — Plastic Dual-In-Line Package (PDIP)
LV — Low-Voltage CMOS Technology NS, PS — Small-Outline Package (SOP)
LVC - Low-Voltage CMOS Technology PAG, PAH, PCA, PCB, PM, PN, PZ —
LVT — Low-Voltage BICMOS Technology Thin Quad Flatpack (TQFP)
PCA/PCF — I2C Inter-Integrated Circuit Applications PH, PQ, RC — Quad Flatpack (QFP)
S — Schottky Logic YEA — NanosStar[] Die-Size Ball Grid Array (DSBGA)T
SSTL/SSTV — Stub Series-Terminated Logic Military: FK — Leadless Ceramic Chip Carrier (LCCC)
TVC — Translation Voltage Clamp Logic GB — Ceramic Pin Grid Array (CPGA)

HFP, HS, HT, HV — Ceramic Quad Flatpack (CQFP)

4 sPec'a' Features J, JT — Ceramic Dual-In-Line Package (CDIP)

Examples: Blank = No Special Features W, WA, WD — Ceramic Flatpack (CFP)
C — Configurable V¢ (LVCC)
D — Level-Shifting Diode (CBTD) 10 Tape and Reel

H — Bus Hold (ALVCH)

K — Undershoot-Protection Circuitry (CBTK)

R — Damping Resistor on Inputs/Outputs (LVCR)

S — Schottky Clamping Diode (CBTS)

Z — Power-Up 3-State (LVCZ) Examples:  Old Nomenclature — SN74LVTxxxDBLE
New Nomenclature — SN74LVTxxxADBR

Devices in the DB and PW package types include the R designation
for reeled product. Existing product inventory designated LE may
remain, but all products are being converted to the R designation.

5 Bit Width LE — Left Embossed (valid for DB and PW packages only)
Examples:  Blank = Gates, MSI, and Octals R — Standard (valid for all surface-mount packages)

1G - Single Gate . . . .

8 — Octal IEEE 1149.1 (JTAG) There is no functional difference between LE and R designated

16 — WidebusO (16, 18, and 20 bit) products, with respect to the carrier tape, cover tape, or reels used.

18 — Widebus IEEE 1149.1 (JTAG)

32 — Widebus+0 (32 and 36 bit) T DSBGA is the JEDEC reference for wafer chip scale package (WCSP).
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THERMAL INFORMATION

In digital-system design, consideration must be given to thermal management of components. The small size of the
small-outline packages makes this even more critical. Figures 1-5 show the high-effect (High-K) thermal resistance
for the small-outline 14-, 16-, 20-, 24-, and 48-pin packages for various rates of airflow calculated in accordance with
JESD 51-7.

The thermal resistances in Figures 1-5 can be used to approximate typical and maximum virtual junction
temperatures. In general, the junction temperature for any device can be calculated using the following equation:

T, = Roa X P+ T,

where:
T3 = virtual junction temperature (°C)
Rgja = thermal resistance, junction to free air (°C/W)
Pt = total power dissipation of the device (W)
Tp = free-air temperature (°C)

JUNCTION-TO-AMBIENT THERMAL RESISTANCE
Vs
AIR VELOCITY

14-Pin Packages

C/W

130

120

\ \
110 —

PW

o

100
90

DB

70 D
60
50
40
30
20
10

Rgia— Junction-to-Ambient Thermal Resistance —

0 100 200 300 400 500
Air Velocity — ft/min

Figure 1
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THERMAL INFORMATION

C/W

[}

Rgia— Junction-to-Ambient Thermal Resistance —

JUNCTION-TO-AMBIENT THERMAL RESISTANCE
VS
AIR VELOCITY

16-Pin Packages
130

120
110
100

90

80\
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70 T

50
40
30
20
10
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Air Velocity — ft/min
Figure 2

JUNCTION-TO-AMBIENT THERMAL RESISTANCE
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JUNCTION-TO-AMBIENT THERMAL RESISTANCE
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JUNCTION-TO-AMBIENT THERMAL RESISTANCE
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SN74GTL1655
16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

® Member of Texas Instruments’ Widebus [ DGG PACKAGE
Family (TOP VIEW)
° i i - __
UBT O Transceiver Cor_nbmes D-Type 16848 1 U 64]] CLK
Latches and D-Type Flip-Flops for —
> 10EBA []2 63|] 1LEAB
Operation in Transparent, Latched, or v 3 62[] 1LEBA
Clocked Modes cc
o _ _ 1A1 []4 61]] Verc
® OECUO Circuitry Improves Slgnal Integrity anD s 60[] GND
and Reduces Electromagnetic Interference 1a2 s 59[] 181
® Translates Between GTL/GTL+ Signal Level 1A3 [}7 58] 1B2
and LVTTL Logic Levels GND M8 57[] GND
® High-Drive (100 mA), 1A4 []o 56|] 1B3
Low-Output-Impedance (12 Q) Bus GND [Ji0  s5[]1B4
Transceiver (B Port) 1A5 [J11 54[] 1B5
® Edge-Rate-Control Input Configures the GND []12 53[] GND
B-Port Output Rise and Fall Times 1A6 |13 52[] 1B6
® |, Power-Up 3-State, and BIAS V ¢ A7 Q14 51[] 187
Support Live Insertion Vee Y15 sofl vee
. 1A8 []16 49[] 1B8
® Bus Hold on Data Inputs Eliminates the
2A1 |17 48[ 2B1
Need for External Pullup/Pulldown
Resistors on A Port GND Lj18 471] GND
. . N 2A2 [|19 46]] 2B2
L D!strlbuted \Y cc and GNQ Pins Minimize 2A3 120 45[] 2B3
High-Speed Switching Noise anD 21 44]] GND
d inti 2A4 []22 43[] 2B4
escription ops 23 42[] 285
The SN74GTL1655 is a high-drive (100 mA), GND [J24  41{] Vger
low-output-impedance (12 Q) 16-bit UBTO 2A6 [J25  40[] 2B6
transceiver that provides LVTTL-to-GTL/GTL+ GND [|26 39]] GND
and GTL/GTL+-to-LVTTL signal-level translation. 2AT Y27 38[] 2B7
This device is partitioned as two 8-bit transceivers Vee Y28 37(] 288
and combines D-type flip-flops and D-type latches 2A8 (29 36[] BIAS Ve
to allow for transparent, latched, and clocked GND []30 35[] 2LEAB
modes of data transfer similar to the '16501 20EAB [J31 34[] 2LEBA
function. This device provides an interface 20EBA [|32 33[] OE

between cards operating at LVTTL logic levels
and a backplane operating at GTL/GTL+ signal
levels. Higher-speed operation is a direct result of
the reduced output swing (<1 V), reduced input
threshold levels, and OECO circuitry. The high
drive is suitable for driving double-terminated
low-impedance backplanes using incident-wave
switching.

OEC, UBT, and Widebus are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments
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SN74GTL1655
16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

description (continued)

The user has the flexibility of using this device at either GTL (V11 =1.2V and VRgg = 0.8 V) or the preferred
higher noise margin GTL+ (V1= 1.5V and Vrgg = 1 V) signal levels. GTL+ is the Texas Instruments derivative
of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3. The B port normally operates at GTL or
GTL+ signal levels, while the A-port and control inputs are compatible with LVTTL logic levels but are not 5-V
tolerant. VRer is the reference input voltage for the B port.

This device is uniquely partitioned as two 8-bit transceivers with individual latch timing and output signals, but
with a common clock and output enable inputs for both transceiver words.

Data flow for each word is determined by the respective latch enables (LEAB and LEBA), output enables (OEAB
and OEBA), and clock (CLK). The output enables (LOEAB, 10EBA, 20EAB, and 20EBA) control byte 1 and
byte 2 data for the A-to-B and B-to-A directions, respectively.

For A-to-B data flow, the devices operate in the transparent mode when LEAB is high. When LEAB transitions
low, the A data is latched independent of CLK high or low. If LEAB is low, the A data is registered on the CLK
low-to-high transition. When OEAB is low, the outputs are active. With OEAB high, the outputs are in the
high-impedance state.

Data flow for the B-to-A direction is identical, but uses OEBA, LEBA, and CLK. Note that CLK is common to both
directions and both 8-bit words. OE is also common and is used to disable all I/O ports simultaneously.

The SN74GTL1655 has adjustable edge-rate control (Verc). Changing Verc input voltage between GND and
Vcc adjusts the B-port output rise and fall times. This allows the designer to optimize for various loading
conditions.

This device is fully specified for live-insertion applications using Iy, power-up 3-state, and BIAS V. The lgf
circuitry disables the outputs, preventing damaging current backflow through the device when it is powered
down. The power-up 3-state circuitry places the outputs in the high-impedance state during power up and power
down, which prevents driver conflict. The BIAS V¢ circuitry precharges and preconditions the B-port
input/output connections, preventing disturbance of active data on the backplane during card insertion or
removal, and permits true live-insertion capability.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5 V, OE should be tied to V¢ through a pullup resistor;
the minimum value of the resistor is determined by the current-sinking capability of the driver.

Active bus-hold circuitry holds unused or undriven LVTTL inputs at a valid logic state. Use of pullup or pulldown
resistors with the bus-hold circuitry is not recommended.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
—40°C to 85°C | TSSOP — DGG | Tape and reel | SN74GTL1655DGGR GTL1655

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
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SN74GTL1655
16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

Function Tables

FUNCTIONT
INPUTS
OEAB LEAB CLK A OUTBPUT MODE
H X X X z Isolation
L H X L L Transparent
L H X H H Transparent
L L 1 L L Registered
L L 1 H H Registered
L L H X BOi Previous state
L L L X BoS Previous state
t A-to-B data flow is shown. B-to-A flow is similar, but uses OEBA, LEBA,
and CLK.

t Output level before the indicated steady-state input conditions were
established, provided that CLK was high before LEAB went low
§ Output level before the indicated steady-state input conditions were

established
OUTPUT ENABLE
INPUTS OUTPUTS
OE OEAB OEBA | APORT BPORT
L L L Active Active
L L H z Active
L H L Active z
L H H Z A
H X X Zz Z

B-PORT EDGE-RATE CONTROL (V ERC)

INPUT VERC OUTPUT
LOGIC | NOMINAL B-PORT
LEVEL | VOLTAGE | EDGE RATE

H Vce Slow
L GND Fast
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SN74GTL1655

16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER

WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

logic diagram (positive logic)

41

VREF
61

VERC

64

CLK

63

1LEAB

62

1LEBA

VVY VY

2
10EBA ——(

1
10EAB ——(

V

1D

&—> CLK

1D
C1

CLK <jl
vv

To Seven Other Channels

59

1B1
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SN74GTL1655
16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

logic diagram (positive logic) (continued)

41

VREF
61

VERC

64

CLK

35

2LEAB

34
2LEBA

VV VYV

32
20EBA ——(

31
20EAB ——(Q

__ 33
OE ——(

17

2A1

1D 48

\Y4

L1

2B1

&—I> CLK

1D
C1

CLK <Tl
vy v

To Seven Other Channels
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SN74GTL1655
16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage range, Vo, BIAS VG oo -05Vto4.6V
Input voltage range, V| (see Note 1): A-port and controlinputs .......................... -05Vto4.6V

B port, VErc, ANAVREE - vt -05Vto4.6V

Voltage range applied to any output in the high or power-off state, Vg
(SEE NOtE 1) A POIt oottt e e e -0.5Vto4.6V
B POIt -05Vto46V
Current into any output in the low state, lo: APOrt . ... 48 mA
B port 200 mA
Current into any A-port output in the high state, Ig (see Note 2) ........... ... ... ... ... ... ... 48 mA
Continuous current through each Vec or GND ... +100 mA
Input clamp current, Ik (V] < 0) oo e e e -50 mA
Output clamp current, Iok (VO S 0) oo v v e -50 mA
Package thermal impedance, Bjp (See Note 3) .. ... o e 55°C/W

Storage temperature range, Tgtq

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
BIAS Vcc  Supply voltage 3 3.3 3.6 \%
VTT Termination voltage o1t 114 12 126 v
GTL+ 1.35 15 1.65
VREF Reference voltage oTt 0r 08 087 v
GTL+ 0.87 1 11
V| Input voltage B port 0 VT \Y
Except B port 0 Vce
B port VREE+50 mV
VIH High-level input voltage VERC Vcc—0.6 Vce \
Except B port and ERC 2
B port VREE-50 mV
VL Low-level input voltage VERC GND 0.6 \Y
Except B port and ERC 0.8
Ik Input clamp current -18 mA
loH High-level output current A port -24 mA
A port 24
loL Low-level output current mA
B port 100
AY/AVcc Power-up ramp rate 200 us/vV
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

5. Normal connection sequenceis GND first, BIAS Vcc =3.3Vsecond, and Vcc =3.3V, I/O, controlinputs, V1T and VR (any order)
last. However, if the B-port I/O precharge is not required, the acceptable connection sequence is GND first and Vcc = 3.3 V,
BIAS Vcc =3.3V, /0, control inputs, V1T and VRgE (any order) last. When V¢ is connected, the BIAS V¢ circuitry is disabled.

6. V1T and Ry can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.

7. VREE can be adjusted to optimize noise margins, but normally is two-thirds VTT.

2-8
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SN74GTL1655

16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

electrical characteristics over recommended operating free-air temperature range, V
V11 = 1.5V (unless otherwise noted)

REF = 1V and

PARAMETER TEST CONDITIONS MIN TYPT  MAX | UNIT
VK Vce=3Y, | =-18 mA -1.2 \%
Vcc=3Vto3.6YV, loH =-100 pA Vcc-0.2
Vv A port | =-12 mA 2.4 \
OH p Vec=3V OH
IOH = —24 mA 2.2
Vec =3Vt 3.6V, loL = 100 pA 0.2
A port loL=12mA 0.4
p Vec=3V oL
loL =24 mA 0.55
VoL \
loL = 40 mA 0.2
B port Vcc=3V loL =80 mA 0.4
loL = 100 mA 0.5
Control inputs V| =Vcc or GND *10
I Vcc=36V HA
B port V| = V71T or GND *+10
loff Vce =0, VjorVo=0t03.6V 100 | pA
V| =08V 75
Vcc =3V
l(hold) | A port V=2V -75 HA
Ve = 3.6 VA, V) =0to Ve +500
lozH | B port Vcc =36V, Vo=15V 10 HA
lozL B port Vcc =36V, Vo=04V -10 MA
IOZ§ A port Vcec =36V, Vo =Vcc or GND +10 HA
lozpu | A port Vecc=0103.6V,Vo=0.5Vto3V, OE = low 50| pA
lozpD | A port Vcc=3.6V100,Vo=05Vio3V,OE = low 50| pA
Outputs high 80
Vcc=36V,Ip=0,
Icc A or B port V| = Vee of GND Outputs low 80 mA
Outputs disabled 80
Vcc = 3.6 V, A-port or control inputs at Vg or GND,
aiccT | Except B port One input at Ve — 0.6 V Ll mA
Cj Control inputs Vi=Vccor0 pF
A port
Cio Vo=Vccor0 pF
B port

T All typical values are at Voc = 3.3V, Ta = 25°C.
% This is the bus-hold maximum dynamic current. It is the minimum overdrive current required to switch the input from one state to another.
8 For I/0 ports, the parameter |gz includes the input leakage current.
T This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

live-insertion specifications over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
Icc (BIAS Vee) Vec=0w3Vv Vo(Bpor)=0t01.2V, V|(BIASVcc)=3Vto3.6V 0] mA
Vcc=3Vto3.6V 10| pA
Vo B port Vce =0, V| (BIAS Vce) =33V 1 1.2 \Y
Vce =0, Vo (B port) = 0.4V, V| (BIASVcc)=3V1t0 3.6V -1
o B port Vcc=0t03.6V, OE=33V 100 | pA
Vee=0t01.5YV, OE=0t03.3V 100
¥ 1,
lNSTF?L)J(I\%ENTS
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SN74GTL1655

16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER

WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air

temperature, V 11=1.2V, VReg = 0.8V, and VERc = Vcc or GND for GTL (unless otherwise noted)

MIN  MAX | UNIT
fclock  Clock frequency 160 | MHz
. LE high 3
tw Pulse duration CLK high or | 3 ns
igh or low
Data before CLK1 2.7
t Setup time CLK high 2.8 ns
su P Data before LE g
CLK low 2.6
. Data after CLK1 0.4
th Hold time - ns
Data after LE ! | CLK high or low 0.9

A-to-B switching characteristics over recommended ranges of supply voltage and operating

free-air temperature, V. 11 =1.2V, VRgr = 0.8 V, and Vegrc = Vcc or GND for GTL (see Figure 1)

FROM TO
PARAMETER (INPUT) (OUTPUT) MIN  MAX | UNIT
fmax 160 MHz
tPLH A 3.1 5.2
- B ns
tPHL VERC = Vcc 2.6 6.2
tpLH CLK 3.4 5.5
_ B ns
tPHL VERC = Vcc 2.4 5.8
tpLH LEAB 3.5 5.8
_ B ns
tPHL VERC =Vcc 2.6 6.4
ten OEAB or OE 5 33 S4l
tdis VERC =VcCC 27 59
tPLH A 2.3 4.3
_ B ns
tPHL VERC = GND 1.9 43
tPLH CLK 2.7 4.8
B B ns
tPHL VERC = GND 1.8 4.3
tPLH LEAB 2.8 4.9
B B ns
tPHL VERC = GND 2 4.8
ten OEAB or OE B 2.5 45 ns
tdis VERC = GND 2 4.2
Slew rate (VErc = Vce) Both transitions, B outputs (0.6 V to 1.3 V) 1| nsiV
Slew rate (VErc = GND) Both transitions, B outputs (0.6 V to 1.3 V) 11 ns/vV
t t Skew between drivers in the same package 1 ns
sk(o) (switching in the same direction)
; t Skew between drivers 1 ns
sk(o) switching in any direction in the same package

T Skew values are applicable for through mode only.
¥ Skew values are applicable for CLK mode only, with all outputs switching simultaneously.
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SN74GTL1655

16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER

WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

B-to-A switching characteristics over recommended ranges of supply voltage and operating

free-air temperature, V. 77=1.2V and VkRgg = 0.8 V for GTL (see Figure 1)

FROM TO
PARAMETER (INPUT) (OUTPUT) MIN  MAX | UNIT

fmax 160 MHz
t 1.8 4.7

PLH B A ns
tPHL 2.3 4.6

t 1.6 4

PLH CLK A ns
tPHL 15 34

t 1.7 4

PLH LEBA A ns
tPHL 14 3.5

ten _ 1.3 4.2

OEBA or OE A ns
tdis 2 6.1
i t Skew between drivers in the same package 1 ns
sk(o) (switching in the same direction)
N + Skew between drivers 1 ns
sk(o) switching in any direction in the same package
1T Skew values are applicable for through mode only.
* skew values are applicable for CLK mode only, with all outputs switching simultaneously.
‘Ui TEXAS
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SN74GTL1655

16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER

WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air

temperature, V 11=1.5V, VRer =1V, and Verc = Vcc or GND for GTL+ (unless otherwise noted)

MIN  MAX UNIT
fclock  Clock frequency 160 | MHz
) LE high 3
tw Pulse duration CLK high or 1 3 ns
igh or low
Data before CLK1 2.7
t Setup time CLK high 2.8 ns
su P Data before LE! 9
CLK low 2.6
) Data after CLK1 0.4
th Hold time - ns
Data after LE| | CLK high or low 0.9

A-to-B switching characteristics over recommended ranges of supply voltage and operating

free-air temperature, V. 171=15V, VRgr =1V, and VErc = Vcc or GND for GTL+ (see Figure 1)

FROM TO
PARAMETER (INPUT) (OUTPUT) MIN  MAX | UNIT
fmax 160 MHz
tPLH A 3 51
N B ns
tPHL VERC =VcC 2.9 6.5
tPLH CLK 34 5.4
- B ns
tPHL VERC =VcC 2.7 6.2
tPLH LEAB 3.5 5.7
- B ns
tPHL VERC =VcC 2.8 6.7
t OEAB 3.3 5.4
en OEAB B ns
tdis VERC =VCC 3 63
t OE 3 5.5
en OE B ns
tdis VERC =VcC 3.6 5.8
tPLH A 2.3 43
B ns
tpHL VERC = GND 2 4.4
tpLH CLK 2.7 4.8
B ns
tPHL VERC = GND 1.9 4.5
tPLH LEAB B 2.8 4.9 ns
tPHL VERC = GND 2.1 4.9
t OEAB 2.5 4.5
en OEAB B ns
tdis VERC = GND 21 44
t OE 2.5 4.6
en OE B ns
tdis VERC = GND 29 49
Slew rate (VERc = Vce) Both transitions, B outputs (0.6 V to 1.3 V) 1| nsiV
Slew rate (VErc = GND) Both transitions, B outputs (0.6 V to 1.3 V) 1] nsiV
‘ + Skew between drivers in the same package 1 ns
sk(o) (switching in the same direction)
¢ + Skew between drivers 1 ns
sk(o) switching in any direction in the same package

T Skew values are applicable for through mode only.
¥ Skew values are applicable for CLK mode only, with all outputs switching simultaneously.
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SN74GTL1655

16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER

WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

B-to-A switching characteristics over recommended ranges of supply voltage and operating

free-air temperature, V. y7=1.5V and VkRgg =1V for GTL+ (see Figure 1)

FROM TO
PARAMETER (INPUT) (OUTPUT) MIN  MAX | UNIT

t 2 4.8

PLH B A ns
tPHL 2.4 4.7

t 1.6 4.4

PLH CLK A ns
tPHL 15 3.4

t 1.7 4

PLH LEBA A ns
tPHL 14 3.5

t 1.3 4.2

. OEBA A ns
tdis 2 6.1

t _ 2.2 4.7

en OE A ns
tdis 4.1 6.3

t t Skew between drivers in the same package 1 ns
sk(o) (switching in the same direction)
¢ t Skew between drivers 1 ns
sk(o) switching in any direction in the same package

T Skew values are applicable for through mode only.
1 Skew values are applicable for CLK mode only, with all outputs switching simultaneously.
‘Ui TEXAS
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SN74GTL1655
16-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH LIVE INSERTION

SCBS696G — JULY 1997 — REVISED AUGUST 2001

PARAMETER MEASUREMENT INFORMATION

Open
From Output o0op TEST S1 1250
Under Test GND tPLH/tPHL Open From Output Test
CL =50 pF 5000 tpLz/tpzL 6V Under Test Point
(see Note A) tPHZ/tPzH GND CL =30 pF
(see Note A)
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
t 3V
e w—¥ Timing ><1 5V
3V :
‘ ‘ Input ‘ oV
Input 15V 15V |
«——>e——»
ov | tsu th |
| ‘ 3V
VOLTAGE WAVEFORMS Data Input 15V 15V
PULSE DURATION A Port ’ ’
} \ oV
\
_____ 3V Data Input ‘ vIT
Input f 15V 15V B Port VREF VREE
| \ oV ov
\
VOLTAGE WAVEFORMS
tpLH H N—P“— tPHL SETUP AND HOLD TIMES
———VIT
Output VREF VREF
VoL Output
VOLTAGE WAVEFORMS Control
PROPAGATION DELAY TIMES
(CLK to B port)
Output
______ 3V Waveform 1
Input 4‘1.5V 15V Slat6V
\ oV (see Note B)
| \
tplH —f¢—»! —»— tpHL
\ \ Output
\ —— — VoH Waveform 2
Output 15V 15V S1 at GND
VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(CLK to A port) (A port)

NOTES: A. Cp includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
Allinput pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zo =50 Q, t; < 2.5 ns, tf< 2.5 ns.
The outputs are measured one at a time with one transition per measurement.
tpLz and tpyz are the same as {gjs.
tpzL and tpzH are the same as tgp.

nmmoo

Figure 1. Load Circuits and Voltage Waveforms
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SN54GTL16612, SN74GTL16612
18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

Members of Texas Instruments’ Widebus [ SN54GTL16612 ... WD PACKAGE
Family SN74GTL16612 ... DGG OR DL PACKAGE
] ) (TOP VIEW)
UBTO Transceivers Combine D-Type
Latches and D-Type Flip-Flops for oEAB 1 ) s6[] CEAB
Operation in Transparent, Latched, Leas M2 ss[] cLkAB
Clocked, or Clock-Enabled Modes a1 lls s4[] B1
OECL Circuitry Improves Signal Integrity GND [1a 53|] GND
and Reduces Electromagnetic Interference A2 [ls s52[] B2
Translate Between GTL/GTL+ Signal Levels A3 6 51]] B3
and LVTTL Logic Levels Vee B3V) []7 50]] Ve (5V)
Support Mixed-Mode (3.3 V and 5 V) Signal A4 I8 a9l B4
Operation on A-Port and Control Inputs A5 9 48] B5
Identical to 16601 Function A6 110 a7l B6
_ GND [| 12 46]] GND
loff Supports Partial-Power-Down Mode N 45[] B7
Operation a8 13 44[] B8
Bus Hold on Data Inputs Eliminates the A9 [114 43[] B9
Need for External Pullup/Pulldown A10 115 42[] B10
Resistors on A Port A11 16 41[] B11
Distributed V ¢ and GND Pins Minimize A12 [J17 40|l B12
High-Speed Switching Noise GND |} 18 39|] GND
Latch-Up Performance Exceeds 500 mA Per A13[l19  ssf] B13
JESD 17 A14[]J20  37[] B14
A15[]21  se[l B15
description Vee B3V) [J22  35[] VRer
, _ _ A16[|J23  34[] B16
The QTL16612 dew_ces are 18-bit UBTO a17 24 33[] B17
transceivers that prowde_LVTTL—to—GTL/G'_I'L+ anD M 2s 32[] GND
and GTL/GTL+-to-LVTTL signal-level translation.
. . A18 [J26  31]] B18
They combine D-type flip-flops and D-type latches OEBA
27 30[] CLKBA
to allow for transparent, latched, clocked, and LEBA M8 20[] CEBA
clock-enabled modes of data transfer identical to

the '16601 function. The devices provide an
interface between cards operating at LVTTL logic
levels and a backplane operating at GTL/GTL+
signal levels. Higher-speed operation is a direct
result of the reduced output swing (<1 V), reduced
input threshold levels, and OECII circuitry.

The user has the flexibility of using these devices at either GTL (V17=1.2V and VrRgg = 0.8 V) or the preferred
higher noise margin GTL+ (V11 =1.5V and VRgg =1 V) signal levels. GTL+ is the Texas Instruments derivative
of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3. The B port normally operates at GTL or
GTL+ signal levels, while the A-port and control inputs are compatible with LVTTL logic levels and are 5-V
tolerant. VReg is the reference input voltage for the B port.

Ve (5V) supplies the internal and GTL circuitry while Ve (3.3 V) supplies the LVTTL output buffers.

OEC, UBT, and Widebus are trademarks of Texas Instruments.

Copyright 0 2001, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. N

Products conform to specifications per the terms of Texas Instruments l On products compliant to MIL-PRF-38535, all parameters are tested
standard warranty. Production processing does not necessarily include s I > unless otherwise noted. On all other products, production
testing of all parameters. l EXAS processing does not necessarily include testing of all parameters.
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SN54GTL16612, SN74GTL16612
18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

description (continued)

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable(LEAB and LEBA),
and clock (CLKAB and CLKBA) inputs. The clock can be controlled by the clock-enable (CEAB and CEBA)
inputs. For A-to-B data flow, the devices operate in the transparent mode when LEAB is high. When LEAB is
low, the A data is latched if CEAB is low and CLKAB is held at a high or low logic level. If LEAB is low, the A data
is stored in the latch/flip-flop on the low-to-high transition of CLKAB if CEAB also is low. When OEAB is low, the
outputs are active. When OEAB is high, the outputs are in the high-impedance state. Data flow for B to A is
similar to that for A to B, but uses OEBA, LEBA, CLKBA, and CEBA.

These devices are fully specified for partial-power-down applications using lgf. The Iy circuitry disables the
outputs, preventing damaging current backflow through the device when it is powered down.

Active bus-hold circuitry holds unused or undriven LVTTL inputs at a valid logic state. Use of pullup or pulldown
resistors with the bus-hold circuitry is not recommended.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
Tube SN74GTL16612DL
SSOP - DL GTL16612
—40°C to 85°C Tape and reel | SN74GTL16612DLR
TSSOP — DGG Tape and reel | SN74GTL16612DGGR GTL16612
-55°Cto 125°C | CFP - WD Tube SNJ54GTL16612WD SNJ54GTL16612WD

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

FUNCTION TABLE

INPUTS OUTPUT
P— B MODE
CEAB OEAB LEAB CLKAB A
X H X X X z Isolation
L L L H X BoS
Latched storage of A data
L L L L X Bof
X L H X L L
Transparent
X L H X H H
L L L 1 L L
Clocked storage of A data
L L L 1 H H
H L L X X Bof Clock inhibit
¥ A-to-B data flow is shown. B-to-A data flow is similar but uses OEBA, LEBA, CLKBA,
and CEBA.

§ Output level before the indicated steady-state input conditions were established, provided
that CLKAB was high before LEAB went low
T output level before the indicated steady-state input conditions were established

2-16
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SN54GTL16612, SN74GTL16612

18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

logic diagram (positive logic)

35
VREF
1
OEAB
___ 56
CEAB ol>
55
CLKAB >
2
LEAB >
28
LEBA >
30
CLKBA >
29
CEBA cl>
27
OEBA
54
Al 1D G B1
° c1
— ° > CLK
CE|—e
J:I 1D
N c1l
CLK <] I l
v v vvYY v
To 17 Other Channels
X3 7,
EXAS
INSTRUMENTS
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SN54GTL16612, SN74GTL16612
18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T

Supply voltage range, Veoc: 3.8 V oo -05Vto4.6V
DV -05Vto7V
Input voltage range, V| (see Note 1): A-port and control inputs ........................... -05Vto7V
Bportand VREE i -05Vto4.6V

Voltage range applied to any output in the high or power-off state, Vo
(SEE NOLE 1): A POIt ottt e e e e e -05Vto7V
B POt -05Vto4.6V
Current into any output in the low state, [o: APOrt . ... ... 128 mA
B port . 80 mA
Current into any A-port output in the high state, Ig (see Note 2) ................... ... ......... 64 mA
Continuous current through each Ve or GND oo e +100 mA
Input clamp current, Ik (V] < 0) oo e e -50 mA
Output clamp current, gk (VO < 0) .. -50 mA
Package thermal impedance, 035 (see Note 3): DGG package ............... ... ............ 64°C/W
DLpackage .........c.coiuiiiiiiiiiin 56°C/W

................................................... —65°C to 150°C

Storage temperature range, Tsg

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > Vcc.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Notes 4 through 7)

SN54GTL16612 SN74GTL16612 UNIT
MIN NOM MAX MIN NOM MAX
v Suppiv volt 3.3V 3.15 3.3 3.45 3.15 3.3 3.45 v
u voltage
ce i g 5V 4.75 5 5.25 4.75 5 5.25
v Termination GTL 1.14 1.2 1.26 1.14 1.2 1.26 v
il voltage GTL+ 1.35 1.5 1.65 1.35 15 1.65
GTL 0.74 0.8 0.87 0.74 0.8 0.87
VREg Reference voltage \%
GTL+ 0.87 1 11 0.87 1 11
B port V V
\ Input voltage P 1T 1T \%
Except B port 55 5.5
v High-level B port VREE+50 mV VREE+50 mV v
H input voltage Except B port 2 2
v Low-level B port VREF-50 mV VREFS0mV |
IL input voltage Except B port 0.8 0.8
Ik Input clamp current -18 -18 mA
High-level
loH output current A port -32 -32 mA
| Low-level A port 64 64 A
oL output current B port 40 40
TA Operating free-air temperature -55 125 -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at V¢ or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Normal connection sequence is GND first, Vcc =5V second, and Vg = 3.3V, I/O, control inputs, V1T and VREE (any order) last.
6. V1T and RTT can be adjusted to accommodate backplane impedances if the dc recommended I ratings are not exceeded.
7. VREE can be adjusted to optimize noise margins, but normally is two-thirds V.
‘Ui TEXAS
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SN54GTL16612, SN74GTL16612
18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

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

SN54GTL16612 SN74GTL16612
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX MIN  TYPT MAX
Vce (8.3V)=3.15Y, _
VK VGG (5 V) = 4.75 V I =-18 mA -1.2 -1.2 \Y
Ve (3.3V)=3.15V 0 3.45 V, B
VGG (5 V) = 4.75 V 10 5,25 V loH =—-100 pA Vce (8.3V)-0.2 Vce (3.3V)-0.2
V A port \%
OH AP 1y c(33v) =315V, IoH = -8 mA 2.4 2.4
Vcec (5V) =475V IOH = —32 mA 2 2
loL = 100 pA 0.2 0.2
Vee (83V)=3.15Y, loL=16 mA 0.4 0.4
A port e
VoL Vcec (5V) =475V loL =32 mA 0.5 05| Vv
loL = 64 mA 0.6 0.55
Bport |Vec (33V)=3.15V,Vee (B5V)=4.75V, Ig = 40 mA 0.5 0.4
Control [Vcc (3.3V)=00r3.45YV, _
inputs  [Vcc (5V)=00r5.25V Vi=55V 10 10
V| =55V 1000 20
Ve (3.3V) =3.45 VY,
I A port VSE E5 V) =) E o5\ V) =Vee (33V) 1 1] A
Vi=0 -30 -30
Bport |VCCB3V)=3.45V, Vi=Vcc B3V) 5 5
Vec (5V) =525V V| =0 -5 -5
loff Vce =0, ViorVo=0to4.5V 1000 100 | pA
Vi =08V 75 75
Vee (3.3V)=3.15 Y, = — —
li(hold) | A port Ve (5 V) = 4.75 V V=2V 75 75 MA
Vi=0to Ve (3.3 W)t +500 +500
| Aport |Vcc (B3V)=3.45V, Ve (5V)=5.25V,Vg=3V 1 3
OZH 'Boort Ve (33V) =345V, Voo (5V) =525V, Vo = 1.2V 10 0| "
| Aport |Vec (83V)=3.45V, Ve (5V)=5.25V,Vg=05V -1 1 A
Ozl '8 port Vee (33V) =345V, Ve (5V) =5.25V, Vo= 0.4V -10 T ™
| Aors | VecB@3V=345V, Outputs high
ce Vee (5V)=5.25V, 19 =0, Outputs low mA
(3.3V) | port o~
VI =Vce (3.3 V) or GND Outputs disabled
| AorB Vee (3:3V) =345V, Outputs high 120 120
cc Vee (5V)=5.25V, 19 =0, Outputs low 120 120 | mA
BV) port o~
Vi=Vcc (33 V) or GND Outputs disabled 120 120
Vce (3.3V) =345V, Vee (5V) =5.25 )V,
Alccs A-port or control inputs at Vcc (3.3 V) or GND, 1 11 mA
Oneinputat 2.7V
Control
Ci . V|=3.15Vor0 35 12 35 pF
inputs
A port 12 18 12
Cio Vo=3.15Vor0 pF
B port 10 5

T All typical values are at Vcc (3.3V) =33V, Vcc (5V) =5V, Ta = 25°C.
1 This is the bus-hold maximum dynamic current. It is the minimum overdrive current required to switch the input from one state to another.
8 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.
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SN54GTL16612, SN74GTL16612
18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air
temperature, V 11 =1.2V and VgRgg = 0.8 V for GTL (unless otherwise noted) (see Figure 1)

SN54GTL16612 | SN74GTL16612 UNIT
MIN MAX MIN MAX
fclock  Clock frequency 95 95| MHz
. LEAB or LEBA high 3.3 3.3
tw Pulse duration - ns
CLKAB or CLKBA high or low 5.6 5.6
A before CLKAB1 1.3 13
B before CLKBA1 3.4 2.5
. A before LEAB! 1.2 0
tsu Setup time ns
B before LEBAL 1 1
CEAB before CLKAB1 2.1 2
CEBA before CLKBA1 2.6 2.2
A after CLKAB1® 2.9 1.6
B after CLKBA1 4.1 0.3
. A after LEAB! 4.5 4
th Hold time ns
B after LEBA! 4.3 3.6
CEAB after CLKAB1t 2 0.8
CEBA after CLKBA1t 1.1 1.1
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, V 17= 1.2 Vand VgRgg = 0.8 V for GTL (see Figure 1)
SN54GTL16612 SN74GTL16612
PARAMETER FROM To UNIT
(INPUT) (OUTPUT) MIN TYPT wmax| MIN TYPT MAX
tPLH 1 2.8 4.5 15 2.8 4.1
A B ns
tPHL 1 25 4.5 1.3 25 4
t 1 3.6 5.5 2 3.6 5.3
PLH LEAB B ns
tPHL 1 35 6 1.9 35 5.4
f 1 3.7 55 23 3.7 53
PLH CLKAB B ns
tPHL 1 3.4 5.5 1.9 3.4 5.4
ten 1 3.3 55 2 3.3 5.5
OEAB B ns
tdis 1 3.4 5.5 2 3.4 5.1
ty Transition time, B outputs (0.5 V to 1 V) 1.3 1.3 ns
tf Transition time, B outputs (1 V to 0.5 V) 0.5 0.5 ns
tPLH 2 4.1 6.9 2.1 4.1 6.3
B A ns
tPHL 1 2.9 5.1 1.2 2.9 4.6
f 2 3.7 6.1 2.3 3.7 5.7
PLH LEBA A ns
tPHL 1 3 5.1 1.8 3 4.8
{ 2 3.8 6.4 2.5 3.8 6.1
PLH CLKBA A ns
tPHL 2 3.3 5.6 2.3 3.3 5.2
ten [ 1 5 7.5 2.3 5 7.4
OEBA A ns
tdis 2 4.3 6.9 25 4.3 6.4

T Al typical values are at Vcc (3.3V) =33V, Vcc 5V) =5V, Ta = 25°C.
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SN54GTL16612, SN74GTL16612

18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS

SCBS480K — JUNE 1994 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air

temperature, V 17= 1.5V and VgRgg = 1 V for GTL+ (unless otherwise noted) (see Figure 1)

SN54GTL16612 | SN74GTL16612 UNIT
MIN MAX MIN MAX
fclock  Clock frequency 95 95| MHz
. LEAB or LEBA high 3.3 3.3
tw Pulse duration - ns
CLKAB or CLKBA high or low 5.6 5.6
A before CLKAB1 1.3 1.3
B before CLKBA1® 3.2 2.3
) A before LEAB! 1.2 0
tsu Setup time ns
B before LEBA! 1.3 1.3
CEAB before CLKAB1 2.1 2
CEBA before CLKBA1 2.6 2.2
A after CLKAB1 29 1.6
B after CLKBA1 4.4 0.3
. A after LEAB! 4.5 4
th Hold time ns
B after LEBAL 4.3 3.6
CEAB after CLKAB1t 2 0.8
CEBA after CLKBA1® 11 1.1
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, V t1=1.5V and VRgg = 1 V for GTL+ (see Figure 1)
SN54GTL16612 SN74GTL16612
PARAMETER FROM o UNIT
(INPUT) (OUTPUT) MIN TYPT max| MIN TYPt MAX
fmax 95 95 MHz
t 1 2.8 45 15 2.8 4.1
PLH A B ns
tPHL 1 25 46| 13 25 41
t 1 3.6 5.5 2 3.6 53
PLH LEAB B ns
tPHL 1 3.5 6.1 1.9 3.5 55
t 1 3.7 5.5 2.3 3.7 5.3
PLH CLKAB B ns
tPHL 1 3.4 5.6 1.9 3.4 55
t 1 3.4 55 2 3.4 51
PLH OEAB B ns
tPHL 1 33 56 2 33 56
tr Transition time, B outputs (0.5 Vto 1 V) 15 15 ns
tf Transition time, B outputs (1 V to 0.5 V) 0.8 0.8 ns
t 1.9 4 6.9 2 4 6.3
PLH B A ns
tPHL 0.9 2.8 4.9 11 2.8 4.4
t 2 3.7 6.1 2.3 3.7 5.7
PLH LEBA A ns
tPHL 1 3 51 1.8 3 4.8
t 2 3.8 6.4 25 3.8 6.1
PLH CLKBA A ns
tpHL 2 33 56| 23 33 52
ten _ 1 5 7.5 2.3 5 7.4
OEBA A ns
tdis 2 43 69| 25 43 64
tAll typical values are at Vcc (3.3V) =33V, Vcc (5V) =5V, Ta = 25°C.
¥ 1,
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18-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVERS
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PARAMETER MEASUREMENT INFORMATION
VTT =1.2 V, VREF =0.8VFOR GTL AND VTT =15 V, VREF =1V FOR GTL+

06V VTT
S1
From Output 500 Q / © Open 25Q
Under Test GND TEST S1 From Output Test
C| =50pF tPLH/tPHL Open Under Test Point
(see Note A) 500Q tpLZ/tPZL 6V CL=30pF
tPHZ/tPZH GNP (see Note A)

LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
—— —P 3V
| tw | Timing Xl 5V

3V Input ’

‘ Vm V ‘ Vi V | oV

[—t——P

Input M M 0 ‘ tsy th |

\%
Data Input \ 3V
VOLTAGE WAVEFORMS A Port 15V

oV

PULSE DURATION |
(VM =15V for Aportand V Rgg for B port) T \

V-
Data Input XV XV L
howt | f—————————— v B Port REF REF

f oV
(see Note B) 1.5V 15V
\ oV VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES

\ \
tPLH _ﬁ—"‘ "—"‘— tPHL

\ — VT
Output VREF VREF Output
VoL Control
(see Note B)
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

(A port to B port) t

Output
nput = — VTT Waveform 1
(see Note B) VREF N VREF slatéVv
| oV (see Note C)
| \
tpLy — M Pty

| | Output
\ ———VoH Waveform 2
VoL (see Note C)

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(B portto A port) T (A port)

T All control inputs are TTL levels.
NOTES: A. Cg includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, ty<2.5ns, t;f< 2.5 ns.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveform
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SN74GTL16616
17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS

SCBS481H — JUNE 1994 — REVISED AUGUST 2001

® Member of Texas Instruments’ Widebus [ DGG OR DL PACKAGE
Family (TOP VIEW)

® UBT [ Transceiver Combines D-Type oeas [1 U ss[] CEAB
Latches and D-Type Flip-Flops for Leas [ s5[] CLKAB
Operation in Transparent, Latched, a1l sall B1
Clocked, or Clock-Enabled Modes ono [ sa] GND

® OECL Circuitry Improves Signal Integrity a2 (s s2[] B2
and Reduces Electromagnetic Interference a3 [ls 51[] B3

® GTL Buffered CLKAB Signal (CLKOUT) Vee (3.3V) 7 50[] Vee (5V)

® Translates Between GTL/GTL+ Signal A4 L8 40[l B4
Levels and LVTTL Logic Levels A5 [J9 4gfl B5

® Supports Mixed-Mode (3.3 V and 5 V) As 1o 47[lB6
Signal Operation on A-Port and Control GND[Ju a6l GND
Inputs A7lj12  4s[lB7

® [Equivalent to 16601 Function 22 S j: % Eg

® |y Supports Partial-Power-Down Mode a10 [l1s 42[] B10
Operation AL []ie  a1flB11

® Bus Hold on Data Inputs Eliminates the A12 [117 a0(] B12
Need for External Pullup/Pulldown GND [l18 39[] GND
Resistors on A Port A13[J10 38|l B13

® Distributed V ¢ and GND Pins Minimize A14[l20  37]]B14
High-Speed Switching Noise A15[j21 36|l B15

® [atch-Up Performance Exceeds 100 mA Per Vec 33V) 22 35[] Vrer
JESD 78, Class I A16[J23  34[l B16

® ESD Protection Exceeds JESD 22 Alr Y24 33 % B17
— 2000-V Human-Body Model (A114-A) GND 325 321 GND

CLKIN[J26  31|] cLKOUT
description OEBA [J27  30[] CLKBA
LEBA[]2s  29[] CEBA

The SN74GTL16616 is a 17-bit UBTO
transceiver that provides LVTTL-to-GTL/GTL+
and GTL/GTL+-to-LVTTL signal-level translation.
Combined D-type flip-flops and D-type latches allow for transparent, latched, clocked, and clocked-enabled
modes of data transfer identical to the 16601 function. Additionally, this device provides for a copy of CLKAB
at GTL/GTL+ signal levels (CLKOUT) and conversion of a GTL/GTL+ clock to LVTTL logic levels (CLKIN). This
device provides an interface between cards operating at LVTTL logic levels and a backplane operating at
GTL/GTL+ signal levels. Higher-speed operation is a direct result of the reduced output swing (<1 V), reduced
input threshold levels, and OECO circuitry.

The user has the flexibility of using this device at either GTL (V11 =1.2 V and Vrgg = 0.8 V) or the preferred
higher noise margin GTL+ (V11 =1.5V and VRggr =1 V) signal levels. GTL+ is the Texas Instruments derivative
of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3. The B port normally operates at GTL or
GTL+ signal levels, while the A-port and control inputs are compatible with LVTTL logic levels and are 5-V
tolerant. VR is the reference input voltage for the B port. Vo (5 V) supplies the internal and GTL circuitry while
Ve (8.3 V) supplies the LVTTL output buffers.

OEC, UBT, and Widebus are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

L]
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SN74GTL16616
17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS

SCBS481H — JUNE 1994 — REVISED AUGUST 2001

description (continued)

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA),
and clock (CLKAB and CLKBA) inputs. The clock can be controlled by the clock-enable (CEAB and CEBA)
inputs. For A-to-B data flow, the device operates in the transparent mode when LEAB is high. When LEAB is
low, the A data is latched if CEAB is low and CLKAB is held at a high or low logic level. If LEAB is low, the A-bus
data is stored in the latch/flip-flop on the low-to-high transition of CLKAB if CEAB also is low. When OEAB is
low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state. Data flow for B
to A is similar to that of A to B, but uses OEBA, LEBA, CLKBA, and CEBA.

This device is fully specified for partial-power-down applications using ly¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

Active bus-hold circuitry holds unused or undriven LVTTL inputs at a valid logic state. Use of pullup or pulldown
resistors with the bus-hold circuitry is not recommended.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
TA PACKAGE PART NUMBER MARKING
Tube SN74GTL16616DL GTL16616
. R SSOP - DL
—40°C to 85°C Tape and reel SN74GTL16616DLR GTL16616
TSSOP — DGG | Tape and reel SN74GTL16616DGGR GTL16616

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

FUNCTION TABLE ¥

INPUTS OUTPUT
———— MODE
CEAB OEAB LEAB CLKAB A B
X H X X X z Isolation
L L L H X BoS
Latched storage of A data
L L L L X Bof
X L H X L L
Transparent
X L H X H H
L L L 1 L L
Clocked storage of A data
L L L 1 H H
H L L X X Bof Clock inhibit

¥ A-to-B data flow is shown. B-to-A data flow is similar, but uses OEBA, LEBA, CLKBA,
and CEBA. The condition when OEAB and OEBA are both low at the same time is not
recommended.

§ Output level before the indicated steady-state input conditions were established, provided
that CLKAB was high before LEAB went low

T output level before the indicated steady-state input conditions were established

2-24
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SN74GTL16616
17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS

SCBS481H — JUNE 1994 — REVISED AUGUST 2001

logic diagram (positive logic)

35

VREF
OEAB — ol>
. N
CEAB O
v
55 N
CLKAB
v
LEAB —2 >
LEBA 28 >
30 N
CLKBA
v
cesa 22 o>
oEBA -2/ o>
P e T 1
—] CE
3 \ l
Al | P é‘i ._o o > gy
: cEH o CLK :
| 1D
| N c1 |
| CLK <] |
L 1 of 17 Channels -!
cLkin 28 <d D < |:
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SN74GTL16616
17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS

SCBS481H — JUNE 1994 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T

Supply voltage range, Veoc: 3.8 V oo -05Vto4.6V
DV -05Vto7V
Input voltage range, V| (see Note 1): A-port and control inputs ........................... -05Vto7V
Bportand VREE i -05Vto4.6V

Voltage range applied to any output in the high or power-off state, Vo
(SEE NOLE 1): A POIt ottt e e e e e -05Vto7V
B POt -05Vto4.6V
Current into any output in the low state, l[o: APort .......... .. 128 mA
B port . 80 mA
Current into any A-port output in the high state, Ig (see Note 2) ................... ... ......... 64 mA
Continuous current through each Ve or GND oo e +100 mA
Input clamp current, Ik (V] < 0) oo e e -50 mA
Output clamp current, gk (VO < 0) .. -50 mA
Package thermal impedance, 035 (see Note 3): DGG package ............... ... ............ 64°C/W
DLpackage .........c.coiuiiiiiiiiiin 56°C/W
Storage temperature range, Tggg ... vovvei —65°C to 150°C

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > Vcc.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
v Supply volt 3.3V 3.15 33 3.45 v
u voltage
ce PRY g 5V 4.75 5 5.25
o GTL 1.14 1.2 1.26
V1T Termination voltage \
GTL+ 1.35 15 1.65
GTL 0.74 0.8 0.87
VReg Reference voltage \Y
GTL+ 0.87 1 11
B port V
\ Input voltage D 1T \Y
Except B port 5.5
B port V| +50 mV
VIH High-level input voltage D REF \%
Except B port 2
B port V| -50 mV
VL Low-level input voltage P REF \Y
Except B port 0.8
Ik Input clamp current -18 mA
loH High-level output current A port -32 mA
A port 64
loL Low-level output current mA
B port 40
TA Operating free-air temperature -40 85 °C

NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Normal connection sequence is GND first, Vcc =5V second, and Vcc = 3.3V, I/O, control inputs, V1T and VREE (any order) last.
V1T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.
7. VREE can be adjusted to optimize noise margins, but normally is two-thirds V.

o
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SN74GTL16616
17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS

SCBS481H — JUNE 1994 — REVISED AUGUST 2001

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VK Vee 83V)=3.15V, Ve (5V)=4.75V, l|=-18 mA -12| v
Vee (83V)=3.15V103.45V, Ve (5V) =4.75V 10 5.25V, Ioq = —100 pA | Vee—-0.2
VoH | Aport Vee 83V)=3.15V, Ve (5V)=4.75V loH = -8 mA 22 v
loH =-32mA 2
loL = 100 pA 0.2
A port Vee 83V)=3.15V, Ve (5V)=4.75V loL Z 16 mA 04
VoL loL=32mA 05| V
loL = 64 mA 0.55
B port Vcc (33V)=3.15V, Ve (5V)=4.75YV, loL =40 mA 0.4
Control inputs | Vcc=00r3.45V, Vcc(B5V)=0o0r525V, V=55V 10
V| =55V 20
| A port Vcc (33V)=345V, Vo (5V)=5.25V Vi =Vce (3.3V) 1 A
V=0 -30
Vi=Vcec (8.3V) 5
B port Vcc 833V)=345V, Ve (BV)=5.25V
V=0 -5
loff Vee =0, VjorVo=0to 4.5V 100 | pA
V|=0.8V 75
lithold) | A port Vec (33V)=3.15V, Vcec (BV)=4.75V Vi=2V -75 HA
V| =0to Vce (3.3 V)f +500
oz A port Vee 83V)=3.45V, Ve (5V)=5.25YV, Vo=3V 1
B port Vcc (33V)=345V, Vo (5V)=5.25Y, Vo=12V 10
lozL A port Vce (8.3V)=3.45Y, Vcc (5V)=5.25YV, Vo=05V -1
B port Vcc (33V) =345V, Ve (5V)=5.25Y, Vo =04V -10
e X Vee (33 V_) =345V, ) Outputs high 1
3.3 V) or B port VC_C 5V)=525V,Ip=0, Qutputs low 5] mA
V| =Vcc (3:3V) or GND Outputs disabled 1
e X Vee (33 VZ =345V ) Outputs high 120
Y or B port VC_C 5V)=525V,Ip=0, Qutputs low 120 | mA
Vi=Vce (3.3 V) or GND Outputs disabled 120
AICC§ X-%%r?o':rgc\tla)n;rc?lliAfnsp?J/isV;C\:/éscv(g.%S\'/?So:/ éND, Oneinputat 2.7 V L] mA
Cj Control inputs |V|=3.15V or0 35 pF
A port Vo=315Vor0 12
Cio pF
B port Per IEEE Std 1194.1 5

T All typical values are at Ve (3.3V) =3.3V, Ve (5V) =5V, Ta = 25°C.
1 This is the bus-hold maximum dynamic current. It is the minimum overdrive current required to switch the input from one state to another.
8 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

*5‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-27



SN74GTL16616
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature, V 11 =1.2V and VgRgg = 0.8 V for GTL (unless otherwise noted) (see Figure 1)

MIN MAX UNIT
fclock  Clock frequency 95| MHz

_ LEAB or LEBA high 3.3

tw Pulse duration - ns
CLKAB or CLKBA high or low 5.5
A before CLKAB1t 1.3
B before CLKBA1 2.5
) A before LEAB! 0

tsu Setup time ns
B before LEBAL 1.1
CEAB before CLKAB1t 2.2
CEBA before CLKBAt 2.7
A after CLKAB1t 1.6
B after CLKBA1® 0.4
. A after LEAB! 4

th Hold time ns
B after LEBA! 3.5
CEAB after CLKAB1 1.1
CEBA after CLKBA1 0.9

"l
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17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature, V 77=1.2V and VkRgg = 0.8 V for GTL (see Figure 1)

FROM TO
+
PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX UNIT

fmax 95 MHz
t 1.7 3 4.4
PLH A B ns
tPHL 14 2.8 4.5
t 2.3 3.8 5.4
PLH LEAB B ns
tPHL 2.2 3.7 5.3
t 2.4 4 5.7
PLH CLKAB B ns
tPHL 2.1 3.7 54
t 4.7 6.1 8.1
PLH CLKAB CLKOUT ns
tPHL 5.7 7.9 11.3
t - 2.1 3.6 5.1
PHL OEAB B or CLKOUT ns
tPLH 2.1 3.8 5.6
tr Transition time, B outputs (0.5 V to 1 V) 1.2 ns
tf Transition time, B outputs (1 V to 0.5 V) 0.7 ns
t 1.7 4 6.7
PLH B A ns
tPHL 1.4 2.9 4.7
t 2.4 3.8 5.8
PLH LEBA A ns
tPHL 2 3 4.6
t 2.6 4 6
PLH CLKBA A ns
tPHL 2.2 3.4 4.9
t 7.4 10 14.4
PLH CLKOUT CLKIN ns
tPHL 6.1 8.1 11.7
ten 28 53 78

OEBA A or CLKIN ns
tdis 2.7 4.3 6.4

T All typical values are at Ve (3.3V) =3.3V, Ve (5V) =5V, Ta = 25°C.
¥ 7
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature, V 17= 1.5V and VRgg = 1 V for GTL+ (unless otherwise noted) (see Figure 1)

MIN MAX | UNIT
fclock  Clock frequency 95| MHz

. LEAB or LEBA high 3.3

tw Pulse duration - ns
CLKAB or CLKBA high or low 55
A before CLKAB1 1.3
B before CLKBA1® 2.3
. A before LEAB! 0

tsu Setup time ns
B before LEBAL 1.3
CEAB before CLKAB1 2.2
CEBA before CLKBA1® 2.7
A after CLKAB1 1.6
B after CLKBA1® 0.6
) A after LEAB! 4

th Hold time ns
B after LEBA! 3.5
CEAB after CLKAB1t 1.1
CEBA after CLKBA1 0.9

‘Ui TEXAS
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature, V t1=1.5V and VRgg =1 V for GTL+ (see Figure 1)

FROM TO
+
PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX | UNIT

fmax 95 MHz
t 1.7 3 4.4
PLH A B ns
tPHL 14 2.9 4.6
t 2.3 3.8 5.4
PLH LEAB B ns
tPHL 2.2 3.7 5.4
t 2.4 4 5.7
PLH CLKAB B ns
tPHL 21 3.8 55
t 4.7 6.1 8.1
PLH CLKAB CLKOUT ns
tPHL 5.7 8 11.4
t _ 2.1 3.6 5.1
FLH OEAB B or CLKOUT ns
tPHL 2.1 3.8 5.7
tr Transition time, B outputs (0.5 V to 1 V) 1.4 ns
tf Transition time, B outputs (1 V to 0.5 V) 1 ns
t 1.6 3.9 6.6
PLH B A ns
tPHL 13 2.8 4.5
t 2.4 3.8 5.8
PLH LEBA A ns
tPHL 2 3 4.6
t 2.6 4 6
PLH CLKBA A ns
tPHL 2.2 3.4 4.9
t 7.3 99 143
PLH CLKOUT CLKIN ns
tPHL 6 8 11.5
ten 2.8 5.3 7.8

OEBA A or CLKIN ns
tdis 2.7 4.3 6.4

T All typical values are at Ve (3.3V) =3.3V, Ve (5V) =5V, Ta = 25°C.
3 15
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SN74GTL16616
17-BIT LVTTL-TO-GTL/GTL+ UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS
SCBS481H — JUNE 1994 — REVISED AUGUST 2001
PARAMETER MEASUREMENT INFORMATION
VTT =1.2 V, VREF =0.8VFOR GTL AND VTT =15 V, VREF =1V FOR GTL+

o6V vTT
From Output O Open TEST sS1 250
Under Test GND tPLH/tPHL Open From Output Test
CL =50 pF 000 :PLZZPZL C?NVD Under Test Point
(see Note A) PHZ''PZH CL =30 pF
(see Note A) I
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
e tw —¥ N 3V
‘ \ 3V Timing X1.5 \Y
Input
Input XVM v XVM v P \ oV
« PP
ov } tsy th ‘
VOLTAGE WAVEFORMS Data Input 3V
PULSE DURATION A Port X1-5 v XlE %
(VM =15V for Aportand V Rgg for B port) T | ov

_____ 3V Data Input ‘ VTT
Input B Port VREF VREF
15V 15V
(see Note B) ov
\ ov
VOLTAGE WAVEFORMS

\ \
tpLH —j¢——»! —»— tpL SETUP AND HOLD TIMES
\

—— VT
Output VREF VREF Output
VoL Control
VOLTAGE WAVEFORMS (see Note B)
PROPAGATION DELAY TIMES

(A portto B port) T

Output
______ V
s/ y T et
(see Note B) REF REF at
\ oV (see Note C)
\ \
tplH —f——» —»— tpHL
\ \ Output
———VOH Waveform 2
Output 15V 15V S1 at GND
VoL (see Note C)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(B port to A port) (A port and CLKIN)

T All control inputs are TTL levels.
NOTES: A. Cg includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zo =50 Q, t;<2.5ns, t;< 2.5 ns.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

® Member of Texas Instruments’ Widebus [ DGG PACKAGE
Family (TOP VIEW)
® OEC Circuitry Improves Signal Integrity S U
and Reduces Electromagnetic Interference OE&? ; 22’ % f%
L] E-T}gl)e Flip-Flops With Qualified Storage onD 13 62[] 1CEBA
nable 1Aa2 [la  e1[]1B1
® Translates Between GTL/GTL+ Signal 1A3 [Is 60[] GND
Levels and LVTTL Logic Levels GND [ls 59[] 182
® Supports Mixed-Mode (3.3 V and 5 V) Vee 7 58] 1B3
Signal Operation on A-Port and Control 1A4 |8 5711 Vee
Inputs GND []o 56 |] 1B4
® |, Supports Partial-Power-Down Mode 1A5 [J10 5[] 1B5
Operation 1A6 [J11 s4[] 1B6
® Bus Hold on Data Inputs Eliminates the GND 12 s3[]GND
Need for External Pullup/Pulldown 1A7 [Jas s2[] 187
Resistors on A Port 1A8 [J14  s1[l1B8
® Distributed V ¢c and GND Pins Minimize Gll\;\l:; 12 4513 % (13é\|9D
High-Speed Noise ont [l 17 s8] 281
® | atch-Up Performance Exceeds 250 mA Per GND [l1s 47[] GND
JESD 17 2A2 [J19 4sf] 2B2
® ESD Protection Exceeds JESD 22 2A3 [J20 5[] 2B3
— 2000-V Human-Body Model (A114-A) GND [l21 44[] GND
— 200-V Machine Model (A115-A) 284 [ 22 43[] 2B4
— 1000-V Charged-Device Model (C101) 2a5 [|23  42[] 285
GND [J24  41[]2B6
description 2A6 [J25 40|l Vrer
_ o Vee [J26 39[] 2B7
The SN74GTL16622A is an 18-bit registered bus GND [|27  38[] 288
transceiver that provides LVTTL-to-GTL/GTL+ 2A7 [J28  37[] GND
and GTL/GTL+-to-LVTTL signal-level translation. 2A8 [l29  36[] 2B9
This device is partitioned as two separate 9-bit GND [J30  3s[] 2CEBA
transceivers with individual clock-enable controls 29 M1 31 34[] 2CEAB
and contains D-type flip-flops for temporary oEBA 32 33[] CLKBA

storage of data flowing in either direction. This
device provides an interface between cards
operating at LVTTL logic levels and a backplane
operating at GTL/GTL+ signal levels. Higher
speed operation is a direct result of the reduced
output swing (<1 V), reduced input threshold
levels, and OECO circuitry.

The user has the flexibility of using this device at either GTL (V11 = 1.2 V and VRgg = 0.8 V) or the preferred
higher noise margin GTL+ (V11 =1.5V and VRggr =1 V) signal levels. GTL+ is the Texas Instruments derivative
of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3. The B port normally operates at GTL or
GTL+ signal levels, while the A-port and control inputs are compatible with LVTTL logic levels and are 5-V
tolerant. VRgg is the reference input voltage for the B port.

OEC and Widebus are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

L]
tsggpiggrgfgﬁrgg?;yﬁstggyctlon processing does not necessarily include b s I E‘XAS
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

description (continued)

Data flowin each directionis controlled by the output-enable (OEAB and OEBA) and clock (CLKAB and CLKBA)
inputs. The clock-enable (CEAB and CEBA) inputs control each 9-bit transceiver independently, which makes
the device more versatile.

For A-to-B data flow, the device operates on the low-to-high transition of CLKAB if CEAB is low. When OEAB
is low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state. Data flow for
B to A is similar to that of A to B, but uses OEBA, CLKBA, and CEBA.

This device is fully specified for partial-power-down applications using l¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

Active bus-hold circuitry holds unused or undriven LVTTL inputs at a valid logic state. Use of pullup or pulldown
resistors with the bus-hold circuitry is not recommended.

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
PART NUMBER MARKING

—40°C to 85°C | TSSOP - DGG | Tape and reel SN74GTL16622ADGGR GTL16622A

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

TA PACKAGE T

FUNCTION TABLE ¥

INPUTS OUTPUT
——— MODE
CEAB OEAB CLKAB A B
X H X X z Isolation
H L X X BoS
Latched storage of A data
X L HorL X BoS
L L 1 L L
Clocked storage of A data
L L 1 H H
* A-to-B data flow is shown. B-to-A data flow is similar, but uses OEBA, CLKBA,
and CEBA.

§ Output level before the indicated steady-state input conditions are established
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

logic diagram (positive logic)

40
VREF
1
OEAB o{> —
_____ 63
1CEAB
64
CLKAB >—o
CLKBA 33—}—.
62
1CEBA C[>
32
OEBA
—|CE ® 61
2 <O 1B1
1A1 1D O
o ° > CLK
P cef—s
N 1D
CLK < I
v v vy v v
To Eight Other Channels
_____ 34
2CEAB C[>
35
2CEBA
&—|CE 1 4
17 <O 8 2B1
2A1 1D o
° > CLK
CE—®9
1D
CLK I
v vy v

To Eight Other Channels
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUpply VOIRAGE raNGE, VO - oot ettt et e e e e -05Vto4.6V
Input voltage range, V| (see Note 1): A-port and controlinputs .......................... -05Vt06.5V

Bportand VREE -+« v iviiii i -0.5Vto46V

Voltage range applied to any output in the high or power-off state, Vg
(SEE NOtE 1) A POIt oottt e e e -0.5Vto6.5V
B POIt -05Vto46V
Current into any output in the low state, lo: APOrt . ... . 48 mA
B port 100 mA
Current into any A-port output in the high state, Ig (see Note 2) ........... ... ... .. ... ... ... ... 48 mA
Continuous current through each Vec or GND ... +100 mA
Input clamp current, Ik (V] < 0) oo e e e -50 mA
Output clamp current, Iok (VO S 0) oo v v e -50 mA
Package thermal impedance, Bjp (See Note 3) .. ... o e 55°C/W
Storage temperature range, Tggg -« .. ovon et —65°C to 150°C

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
Vce Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26

VTT Termination voltage \%
GTL+ 1.35 15 1.65
GTL 0.74 0.8 0.87

VREp Reference voltage \
GTL+ 0.87 1 11
B port \%

V| Input voltage D 1T \%
Except B port 55
B port V +50 mV

VIH High-level input voltage P REF \
Except B port 2
B port \Y -50 mV

VL Low-level input voltage D REF \Y
Except B port 0.8

Ik Input clamp current -18 mA

loH High-level output current A port —24 mA
A port 24

loL Low-level output current mA
B port 50

TA Operating free-air temperature -40 85 °C

NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Normal connection sequence is GND first and Vcc = 3.3 V, I/O, control inputs, V1T and VRgE (any order) last.
6. V7T and RyT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.
7. VREE can be adjusted to optimize noise margins, but normally is two-thirds V.
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SN74GTL16622A

18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

electrical characteristics over recommended operating free-air temperature range for GTL/GTL+

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt  MAX | UNIT
ViK Vce =3.15V, I|=-18 mA -1.2 v
Vce =3.15V 10 3.45 V, IOH = —100 pA Vee-0.2
V A port | =-12mA 2.4 \%
OH p Vee =315V OH
loH =—-24 mA 2
Vce =3.15V 10 3.45 V, loL = 100 pA 0.2
A port loL=12 mA 0.4
P Vcc =315V oL
loL =24 mA 0.5
VoL Vce =3.15V 10 3.45 V, loL = 100 pA 02| v
loL =10 mA 0.2
B port oL
Vcc =3.15V loL =40 mA 0.4
loL =50 mA 0.55
B port Vcc =345V, V| = V71T 0or GND +5
Iy v 345V V| =Vcc or GND 5| pA
A-port li =3.
port and control inputs cc V| =55V or GND 20
loff Vce =0, VjorVo=0t055V 100 | pA
V| =08V 75
Vcc =315V
li(hold) | A port V=2V —75 HA
Vce = 3.45 Vi, V|=08Vto2V +500
|OZ§ A port Vcc =345y, Vo =Vcc or GND +10 MA
lozH | B port Vcc =345V, Vo=15V 10 MA
Voo =345V, Outputs high 60
Icc A or B port lo=0, Outputs low 60 mA
Vi=Vcc or GND Outputs disabled 60
Vce =3.45 'V, A-port or control inputs at Vcc or GND,
aicc’l Oneinputat Vcc — 0.6 V 500 A
Cj Control inputs V|=3.15Vor0 25 pF
A port 6
Cio Vo=3.15Vor0 pF
B port 6.5 8.5

T All typical values are at Vcc =33V, Ta =25°C.
¥ This is the bus-hold maximum dynamic current. It is the minimum overdrive current required to switch the input from one state to another.

8 For1/0 ports, the parameter lgz includes the input leakage current.

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than V¢ or GND.
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air
temperature for GTL (unless otherwise noted)

MIN MAX | UNIT
fclock  Clock frequency 200 | MHz
tw Pulse duration, CLK high or low 25 ns
) Data before CLK1 2.1

tsu Setup time — ns
CE before CLK1 3.3
. Data after CLK1t 0.3

th Hold time — ns
CE after CLK1 0

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature for GTL (see Figure 1)

FROM TO
+
PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX | UNIT
fmax 200 MHz
t 25 55
PLH CLKAB B ns
tPHL 2.2 5.5
tdi 1.7 4.8
dis OEAB B ns
ten 2.2 5.2
Slew rate Both transitions (B port) 0.5 V/ns
tr Transition time, B outputs (0.6 Vto 1 V) 0.6 2.2 ns
tf Transition time, B outputs (1 V to 0.6 V) 0.4 15 ns
f 2.1 5.3
PLH CLKBA A ns
tPHL 2.1 5
t 1.7 5
<n OEBA A ns
tdis 2.3 55

T All typical values are at Vcec =33V, Ta =25°C.
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air
temperature for GTL+ (unless otherwise noted)

MIN MAX | UNIT

fclock  Clock frequency 200 | MHz

tyy Pulse duration, CLK high or low 25 ns
. Data before CLK1 2.4

tsu Setup time — ns
CE before CLK1? 3.2
) Data after CLK1t 0.2

th Hold time — ns
CE after CLK1 0

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature for GTL+ (see Figure 1)

FROM TO
+

PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX | UNIT
fmax 200 MHz
t 2.6 4 5.6
PLH CLKAB B ns
tPHL 2.3 4 5.7
t . 2.4 3.8 5.2
PLH OEAB B ns
tPHL 1.8 3.4 5
Slew rate Both transitions (B port) 0.5 Vins
tr Transition time, B outputs (0.6 V to 1.3 V) 1 1.6 2.7 ns
tf Transition time, B outputs (1.3 V to 0.6 V) 0.5 11 3.2 ns
t 2 3.8 5.3
PLH CLKBA A ns
tPHL 1.9 3.6 5
t 1.9 3.6 5
< OEBA A ns
tdis 21 4 55

T All typical values are at Vcc =33V, Ta=25°C.
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SN74GTL16622A
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS673F — AUGUST 1996 — REVISED AUGUST 2001

PARAMETER MEASUREMENT INFORMATION

o6V vTT
Open
From Output ©Op TEST S1 250
Under Test GND tPLH/tPHL Open From Output Test
CL =50 pF 5000 tpLZ/tPZL 6V Under Test Point
(see Note A) tPHZ/tPzH GND CL =30 pF
(see Note A) I
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
e tw—P¥ o 3V
‘ \ 3v Timing X1.5 \Y
Input
Input Xl.S v Xl.S v P oV
[—Pe——P
ov ‘ tSU th ‘ 3V
VOLTAGE WAVEFORMS Data Input 15V 15V
PULSE DURATION A Port ’ :
‘ ‘ oV
\
it S Noa..o 3V Data Input ><V XV VIT
15V 15V
(see Note B) 7 B Port REF REF
oV oV
VOLTAGE WAVEFORMS
tPLH ' ' ' " tPHL SETUP AND HOLD TIMES
——— VoH
Output VREF VREF
VoL Output
Control
VOLTAGE WAVEFORMS (see Note B)
PROPAGATION DELAY TIMES
(CLKAB to B port)
Output
mput /N ... Wa\éelforrré]\./
(see Note B) at
(see Note C)
tPLH —N—N H—ﬂ— tPHL
\ \ Output
\ ———VOH Waveform 2
Output 15V 15V S1 at GND
VoL (see Note C)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(CLKBA to A port) (OEBA to A port)

NOTES: A. Cp includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zg =50 Q, ty<2.5ns, t;f< 2.5 ns.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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SN74GTL16923

18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

Member of Texas Instruments’ Widebus [
Family

OEC Circuitry Improves Signal Integrity
and Reduces Electromagnetic Interference
D-Type Flip-Flops With Qualified Storage
Enable

Translates Between GTL/GTL+ Signal
Levels and LVTTL Logic Levels

Supports Mixed-Mode Signal Operation on
All Ports (5-V Input/Output Voltages With
3.3-VVce)

loff Supports Partial-Power-Down Mode
Operation

Bus Hold on Data Inputs Eliminates the
Need for External Pullup/Pulldown
Resistors on A Port

Distributed V cc and GND Pins Minimize
High-Speed Switching Noise

Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

ESD Protection Exceeds JESD 22

— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)

— 1000-V Charged-Device Model (C101)

description

The SN74GTL16923 is an 18-bit registered bus
transceiver that provides LVTTL-to-GTL/GTL+
and GTL/GTL+-to-LVTTL signal-level translation.
This device is partitioned as two 9-bit transceivers
with individual output-enable controls and
contains D-type flip-flops for temporary storage of
data flowing in either direction. This device
provides an interface between cards operating at
LVTTL logic levels and a backplane operating at
GTL/GTL+ signal levels. Higher-speed operation
is a direct result of the reduced output swing
(<1 V), reduced input threshold levels, and OECO
circuitry.

CEAB
1A1
GND
1A2
1A3
GND
Vee
1A4
GND
1A5
1A6
GND
1A7
1A8
GND
1A9
2A1
GND
2A2
2A3
GND
2A4
2A5
GND
2A6
Vee
GND
2A7
2A8
GND
2A9
CEBA

DGG PACKAGE

(TOP VIEW)

1 o 64 |] CLKAB
2 63 [] LOEAB
3 62 || LOEBA
4 61]] 1B1

5 60 |[] GND

6 59 |] 1B2

7 58] 1B3

8 57 ]VCC

9 56 ] 1B4

10 s5[]1B5

11 s54|]1B6

12 53[JGND
13 s52|]1B7

14 51|]1B8

15 50 |[JGND
16 49]]1B9

17 48[]2B1

18 47|[JGND
19  46[]2B2

20  45[]2B3

21 44[JGND
22 43]]2B4

23 42[]2B5

24 41[]12B6

25 40 ]VREF
26  39|]2B7

27 38[]2B8

28 37[JGND
29 36[]2B9

30  35|]20EBA
31 34[]20EAB
32 33[]CLKBA

The user has the flexibility of using this device at either GTL (V11 = 1.2 V and VRgg = 0.8 V) or the preferred
higher noise margin GTL+ (V11 =1.5V and VRggr =1 V) signal levels. GTL+ is the Texas Instruments derivative
of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3. The B port normally operates at GTL or
GTL+ signal levels, while the A-port and control inputs are compatible with LVTTL logic levels. All inputs can
be driven from either 3.3-V or 5-V devices, which allows use in a mixed 3.3-V/5-V system environment. VRgg

is the reference input voltage for the B port.

OEC and Widebus are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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SN74GTL16923
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

description (continued)

Data flow in each directionis controlled by the output-enable (OEAB and OEBA) and clock (CLKAB and CLKBA)
inputs. The clock-enable (CEAB and CEBA) inputs enable or disable the clock for all 18 bits at a time. However,
OEAB and OEBA are designed to control each 9-bit transceiver independently, which makes the device more
versatile.

For A-to-B data flow, the device operates on the low-to-high transition of CLKAB if CEAB is low. When OEAB
is low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state. Data flow for
B to A is similar to that of A to B, but uses OEBA, CLKBA, and CEBA.

This device is fully specified for partial-power-down applications using ly¢. The I circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

Active bus-hold circuitry holds unused or undriven LVTTL inputs at a valid logic state. Use of pullup or pulldown
resistors with the bus-hold circuitry is not recommended.

To ensure the high-impedance state during power up or power down, OE should be tied to V¢ through a pullup
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
PART NUMBER MARKING

—40°C to 85°C | TSSOP — DGG | Tape and reel SN74GTL16923DGGR GTL16923

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

TA PACKAGE T

FUNCTION TABLE

INPUTS OUTPUT
— B MODE
CEAB OEAB CLKAB A
X H X X z Isolation
H L X X Bo8
Latched storage of A data
X L HorL X BoS
L L 1 L L
Clocked storage of A data
L L 1 H H
¥ A-to-B data flow is shown. B-to-A data flow is similar, but uses OEBA, CLKBA,
and CEBA.

§ Output level before the indicated steady-state input conditions were established
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SN74GTL16923
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

logic diagram (positive logic)

40
VREF
63
10EAB >
1
CEAB >
64 N
CLKAB
v
33
CLKBA >
32
CEBA ’“>
62 N
10EBA g
v
| CE ° 61
a1 2 DY 1D q ¢ 1B1
L~ ° > CLK
CEl—o
1D
CLK <] ®
vy vy v \ 4
To Eight Other Channels
34
20EAB ’“>
35 N
20EBA g
v
—| CE —|
17 N o 18 2B1
2A1 1D O
L > CLK
=
1D
CLK < l
VI v v

To Eight Other Channels
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SN74GTL16923
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUpply VOIRAGE raNGE, VO - oot ettt et e e e e -05Vto4.6V
Input voltage range, V| (see Note 1) ... ... -05Vto7V
Voltage range applied to any output in the high or power-off state, Vo (see Note 1) ......... -05Vto7V
Current into any output in the low state, Ig: APOrt . ... 48 mA

B port . 100 mA
Current into any A-port output in the high state, Ig (see Note 2) ........... . ... ... 48 mA
Continuous current through each Ve or GND L. +100 mA
Input clamp current, [k (V] < 0) oo e -50 mA
Output clamp current, Iogk (VO < 0) oo -50 mA
Package thermal impedance, 835 (see Note 3) ... ... . 55°C/W
Storage temperature range, TSty cve e —65°C to 150°C

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vo > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
Vce Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26

V1T Termination voltage \
GTL+ 1.35 15 1.65
GTL 0.74 0.8 0.87

VREp Reference voltage \
GTL+ 0.87 1 11
B port 0 V

\ Input voltage P 1T \%
Except B port 0 55
B port \Y +50 mV

VIH High-level input voltage 2 REF \Y
Except B port 2
B port \Y -50 mV

VIL Low-level input voltage D REF \Y
Except B port 0.8

Ik Input clamp current -18 mA

loH High-level output current A port -24 mA
A port 24

loL Low-level output current mA
B port 50

TA Operating free-air temperature —-40 85 °C

NOTES: 4. Allunused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application

report Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Normal connection sequence is GND first, Vcc = 3.3 V, I/0, control inputs, V1T, VREE (any order) last.
V1T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.
7. VREE can be adjusted to optimize noise margins, but normally is two-thirds VTT.

o
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SN74GTL16923

18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

electrical characteristics over recommended operating free-air temperature range for GTL/GTL+
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX | uNIT
ViK Vee =3.15 VY, I} =-18 mA -1.2 v
Vce =3.15V 10 3.45 V, loH =—-100 pA Vce-0.2
V A port | =-12mA 2.4 \%
OH p Voo =315V OH
IoH = —-24 mA 2
Vcc=3.15V1t03.45Y, loL =100 pA 0.2
A port loL=12mA 0.4
P Vcc =315V oL
loL =24 mA 0.5
VoL Vce =315V t0 3.45 V, loL = 100 pA 02| v
loL =10 mA 0.2
B port oL
Vee =315V loL =40 mA 0.4
loL =50 mA 0.55
B port Vcc =345V, V| =5.5Vor GND +5
Iy v 45V V| =Vcc or GND 5| pA
A-port trol i =9
port and control inputs ccC V| =55V or GND 20
loff Vce =0, VjorVo=0t055V 100 | pA
V| =08V 75
Vcc =315V
li(hold) | A port V=2V —75 HA
Ve = 3.45 Vi, V| =08Vto2V +500
|OZ§ A port Vcc =345y, Vo =V or GND +10 MA
lozH | B port Vcc =345V, Vo=15V 10 MA
Voo =345V, Outputs high 60
Icc A or B port lo=0, Outputs low 60 mA
VI =Vcc or GND Outputs disabled 60
Ve = 3.45 'V, A-port or control inputs at Vcc or GND,
aicc’l One input at Vo — 0.6 V 500 kA
Cj Control inputs V|=3.15Vor0 25 3 pF
A port Vpo=3.15Vor0 8.5
Cio pF
B port Vp=3.15Vor0 9.5

T All typical values are at Vcc =33V, Ta =25°C.
¥ This is the bus-hold maximum dynamic current. It is the minimum overdrive current required to switch the input from one state to another.
8 For1/0 ports, the parameter lgz includes the input leakage current.

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than V¢ or GND.
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SN74GTL16923
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air
temperature for GTL (unless otherwise noted)

MIN MAX | UNIT
fclock  Clock frequency 200 | MHz
tw Pulse duration, CLK high or low 25 ns
) Data before CLK1 2.6

tsu Setup time — ns
CE before CLK1 3.3
. Data after CLK1t 0.1

th Hold time — ns
CE after CLK1 0

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature for GTL (see Figure 1)

FROM TO
+
PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX | UNIT
fmax 200 MHz
t 2.2 5.8
PLH CLKAB B ns
tPHL 21 6.3
tdis 1.7 5.3
OEAB B ns
ten 2 5
Slew rate Both transitions 0.5 V/ns
tr Transition time, B outputs (0.6 Vto 1 V) 0.3 2.9 ns
tf Transition time, B outputs (1 V to 0.6 V) 0.1 3.9 ns
t 1.8 5
PLH CLKBA A ns
tPHL 1.7 4.8
ten N 1.3 4.8
OEBA A ns
tdis 2 4.8

T All typical values are at Vcec =33V, Ta =25°C.
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SN74GTL16923
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

timing requirements over recommended ranges of supply voltage and operating free-air

temperature for GTL+ (unless otherwise noted)

MIN MAX | UNIT
fclock  Clock frequency 200 | MHz
tyy Pulse duration, CLK high or low 25 ns

. Data before CLK1 2.3
tsu Setup time — ns
CE before CLK1t 3.3
) Data after CLK1 0.1
th Hold time — ns
CE after CLK1 0
switching characteristics over recommended ranges of supply voltage and operating free-air
temperature for GTL+ (see Figure 1)
FROM TO
+
PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX | UNIT
fmax 200 MHz
t 2.2 4 5.9
PLH CLKAB B ns
tPHL 21 4 6.1
tPLH B 1.9 3.4 5.2
EAB ns
tPHL © 17 3.1 51
Slew rate Both transitions 0.5 Vins
tr Transition time, B outputs (0.6 V to 1.3 V) 0.6 1.3 2.6 ns
tf Transition time, B outputs (1.3 V to 0.6 V) 0.4 1.3 3 ns
t 1.8 3.5 5.1
PLH CLKBA A ns
tPHL 1.7 3.3 4.9
t 1.3 2.9 4.8
- OEBA A ns
tdis 2 3.2 5
T All typical values are at Vcc =33V, Ta=25°C.
*3
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-47



SN74GTL16923
18-BIT LVTTL-TO-GTL/GTL+ BUS TRANSCEIVER

SCBS674G — AUGUST 1996 — REVISED AUGUST 2001

From Output
Under Test

PARAMETER MEASUREMENT INFORMATION
VTT =15 V, VREF =1V

Input

06V vTT
O Open 250
GND TEST S1 From Output Test
CL =50 pF ttPLHﬁPHL OGps/n Under Test Point
500 Q PLZ/tPZL _
(see Note A) tpuzitpZH GND CL =30pF
(see Note A)
LOAD CIRCUIT FOR A OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
- 3V
«—ty ——» T'Im'”g Xl.S v

‘ ‘ nput

3V ‘ ovVv

XI.S v XI.S v \4t—>Nt—>1
oV \ su h \ sy
VOLTAGE WAVEFORMS Data/l”p“t >K1.5 Vv Xl.S Vv

PULSE DURATION port

‘ | oV

\ \
______ %
3V Data Input v v l
Input 1.5V 15V B port REF REF
oV oV

e D SETUP AND HOLD TIVES
——— VoH
Output ﬂ
VoL Output
VOLTAGE WAVEFORMS Control

PROPAGATION DELAY TIMES
(CLKAB to B port)

—————— 3V
Input 7{1.5V 15V
oV

\ \
tPLH —ﬂ—b“ ——tpHL

——— VoH
Output 15V 15V

Output
Waveform 1
Slat6V
(see Note B)

Output
Waveform 2
S1 at GND

\
\
\
tpzH —¥

VoL (see Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(CLKBA to A port) (A port)

NOTES: A. Cp includes probe and jig capacitance.

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

C. Allinput pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zo =50 Q, t; < 2.5 ns, tf< 2.5 ns.

D.

The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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SN74GTLPH306
8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

® TI|-OPCO Circuitry Limits Ringing on DGV, DW, OR PW PACKAGE
Unevenly Loaded Backplanes (TOP VIEW)

® OEC0O Circuitry Improves Signal Integrity oEll: ) 24]] DIR
ar.1d. Redyces Electromagnetic Interference vee 2 23] Vrer

® Bidirectional Interface Between GTLP Al[ls 221] B1
Signal Levels and LVTTL Logic Levels A2 [l 4 21]] B2

® |VTTL Interfaces Are 5-V Tolerant A3 []s 20]] B3

® Medium-Drive GTLP Outputs (50 mA) A4lle  10[lBa

® LVTTL Outputs (24 mA/24 mA) GnDff7 1s[lGND

. . . A5 []8 17[1B5

® GTLP Rise and Fall Times Designed for a6 o 16]] B6
Optimal Data-Transfer Rate and Signal A7 [ 10 150187
Integrity in Distributed Loads as [l 14[] B8

® |, s and Power-Up 3-State Support Hot GND [J12 13|l GND
Insertion

® Bus Hold on A-Port Data Inputs

® | atch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

® ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)
— 1000-V Charged-Device Model (C101)

description

The SN74GTLPH306 is a medium-drive, 8-bit bus transceiver that provides LVTTL-to-GTLP and
GTLP-to-LVTTL signal-level translation. The device provides a high-speed interface between cards operating
at LVTTL logic levels and a backplane operating at GTLP signal levels. High-speed (about three times faster
than standard LVTTL or TTL) backplane operation is a direct result of GTLP’s reduced output swing (<1 V),
reduced input threshold levels, improved differential input, OECO circuitry, and TI-OPCO circuitry. Improved
GTLP OEC and TI-OPC circuits minimize bus-settling time and have been designed and tested using several
backplane models. The medium drive allows incident-wave switching in heavily loaded backplanes with
equivalent load impedance down to 19 Q.

GTLP is the Texas Instruments (TIO) derivative of the Gunning Transceiver Logic (GTL) JEDEC standard
JESD 8-3. The ac specification ofthe SN74GTLPH306 is given only at the preferred higher-noise-margin GTLP,
but the user has the flexibility of using this device at either GTL (V11 = 1.2 V and Vgrgg = 0.8 V) or GTLP
(Vr7=15V and VRgg = 1 V) signal levels.

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels,
but are 5-V tolerant and are compatible with TTL and 5-V CMOS inputs. VRgg is the B-port differential input
reference voltage.

This device is fully specified for hot-insertion applications using I and power-up 3-state. The I circuitry
disables the outputs, preventing damaging current backflow through the device when it is powered down. The
power-up 3-state circuitry places the outputs in the high-impedance state during power up and power down,
which prevents driver conflict.

OEC, TI, and TI-OPC are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

L]
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SN74GTLPH306
8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

description (continued)

This GTLP device features TI-OPC circuitry, which actively limits overshoot caused by improperly terminated
backplanes, unevenly distributed cards, or empty slots during low-to-high signal transitions. This improves
signal integrity, which allows adequate noise margin to be maintained at higher frequencies.

Active bus-hold circuitry holds unused or undriven LVTTL data inputs at a valid logic state. Use of pullup or
pulldown resistors with the bus-hold circuitry is not recommended.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to V¢
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
t
A PACKAGE PART NUMBER MARKING
Tube SN74GTLPH306DW
SOIC - DW GTLPH306

Tape and reel SN74GTLPH306DWR
TSSOP - PW Tape and reel SN74GTLPH306PWR GH306
TVSOP — DGV | Tape and reel SN74GTLPH306DGVR | GH306

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

—40°C to 85°C

functional description

The SN74GTLPH306 is an 8-bit bus transceiver and is designed for asynchronous communication between
data buses. The device transmits data from the A port to the B port or from the B port to the A port, depending
on the logic level at the direction-control (DIR) input. OE can be used to disable the device so the buses are
effectively isolated. Data polarity is noninverting.

For A-to-B data flow, when OE is low and DIR is high, the B outputs take on the logic value of the A inputs. When
OE is high, the outputs are in the high-impedance state.

The data flow for B to A is similar to A to B, except OE and DIR are low.

FUNCTION TABLE

INPUTS
— OUTPUT MODE
OE DIR
H X z Isolation
L L B data to A port
True transparent
L H A data to B port

3-4
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SN74GTLPH306
8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

logic diagram (positive logic)

DIR Li— :)_/
DO

OE
® 22
3 <&
AL B1
23
VREF
vy

To Seven Other Channels

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

SUPPIY VORAGE NG, VG« v vttt e e -05Vto4.6V
Input voltage range, V| (see Note 1): A port and control inputs ........................... -05Vto7V
Bportand VREE - v v i -0.5Vto46V

Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOtE 1) A POt Lttt e e e e e e -05Vto7V
B PO -05Vto4.6V
Current into any output in the low state, Ig: APOrt ... 48 mA
B port .. 100 mA
Current into any A port output in the high state, Ig (see Note 2) ............ .. ... ... ... ...... 48 mA
Continuous current through each Vec or GND ... o +100 mA
Input clamp current, LIk (V] < 0) oo oot e e e =50 mA
Output clamp current, ok (VO < 0) oo vt -50 mA
Package thermal impedance, 8;p (see Note 3): DGV package ............. .o 86°C/W
DWpackage .........cciiiiiiiiiiinnaan, 46°C/W
PWpackage ............iiiiiiiiiiiin, 88°C/wW
Storage temperature range, Tgpg -« .« vvvee e —-65°C to 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

*9 TEXAS
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SN74GTLPH306
8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
Vce Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26
V1T Termination voltage \
GTLP 1.35 15 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \4
GTLP 0.87 1 1.1
B port v
V| Input voltage P 1T \%
Except B port Vce 55
B port V| +0.05
VIH High-level input voltage P REF \%
Except B port 2
B port \Y —0.05
VL Low-level input voltage P REF \Y
Except B port 0.8
ik Input clamp current -18 mA
loH High-level output current A port -24 mA
A port 24
loL Low-level output current mA
B port 50
At/Av Input transition rise or fall rate Outputs enabled 10 ns/V
AM/AVcec ~ Power-up ramp rate 20 ps/vV
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

5. Proper connection sequence for use of the B-port I/O precharge feature is GND and BIAS V¢ = 3.3 V first, I/O second, and
Ve = 3.3 Vlast, becausethe BIAS V¢ precharge circuitry is disabled whenany V¢ pinis connected. The controland VR g inputs
can be connected anytime, but normally are connected during the I/O stage. If B-port precharge is not required, any connection
sequence is acceptable, but generally, GND is connected first.

6. V7T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.

7. VREF can be adjusted to optimize noise margins, but normally is two-thirds V1. TI-OPC circuitry is enabled in the A-to-B direction
and is activated when V1T > 0.7 V above VRER If operated in the A-to-B direction, VRgE should be set to within 0.6 V of VT to
minimize current drain.

‘Ui TEXAS
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SN74GTLPH306
8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX| uNIT
ViK Vce =3.15V, I|=-18 mA -1.2 v
Vce =3.15V 0 3.45 V, IoH = -100 pA Vce-0.2
V A port | =-12 mA 2.4 \%
OH p Vee =315V OH
IoH =24 mA 2
Vce =3.15V 10 3.45 V, loL = 100 pA 0.2
A port loL=12 mA 0.4
P Vcc =315V oL
VoL loL =24 mA 0.5 \
loL =40 mA 0.4
B port Vcc =315V
loL =50 mA 0.55
A-port and Vi=0orVcc 5
I control inputs Vee =345V V=55V +20 HA
B port Vi=0tol15V 15
|BHL§ A port Vcc =38.15YV, V=08V 75 HA
IgHHT | A port Vce =3.15V, V=2V -75 HA
IBHLO? | A port Vec =345V, V|=0to Ve 500 HA
IgHHol! | A port Ve =3.45V, Vi=0toVce -500 HA
Voo =345V, 10 =0, Outputs high 20
Icc A or B port V| (A-port or control input) = Vcc or GND, Outputs low 20 mA
V| (B port) = V1T or GND Outputs disabled 20
Ve =3.45V, One A-port or control input at Vcc — 0.6 V, 15 mA
Alccx Other A-port or control inputs at Vo or GND :
Cj Control inputs V|=3.15Vor0 4.5 pF
A port Vo=3.15Vor0 7.5
Cio pF
B port Vo=15Vor0 7.5

T All typical values are at Vo = 3.3V, Ta = 25°C.

troriio ports, the parameter || includes the off-state output leakage current.

& The bus-hold circuit can sink at least the minimum low sustaining current at V| max. IgH_ should be measured after lowering V| to GND and
then raising it to V| _max.
11 The bus-hold circuit can source at least the minimum high sustaining current at V|ymin. IgyH should be measured after raising Vi to Ve and

then lowering it to Vjymin.

# An external driver must source at least Igp o to switch this node from low to high.
Il An external driver must sink at least IBHHO to switch this node from high to low.
*This is the increase in supply current for each input that is at the specified TTL voltage level rather than Ve or GND.

hot-insertion specifications for A port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX [ UNIT
loff Vee =0, VjorVo=01t055V 10| pA
10ZPU Vecc=0t0 1.5V, Vo=05Vto3V, OE = £30 ]| pA
lozPD Vcc=15Vto0, Vo=05Vto3V, OE = +30 HA

¥ 7
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8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER
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hot-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vee =0, VjorVo=0to 1.5V 10| pA
lI0ZPU Vec=0to 1.5V, Vo=05Vtol5V, OE=0 £30 ]| pA
lozPD Vcc=15Vto0, Vo=05Vtol5YV, OE=0 +30 HA

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, Vr1 =15V and VgRgg =1 V for GTLP (see Figure 1)

FROM TO
+
PARAMETER (INPUT) (OUTPUT) MIN  TYP MAX | UNIT

{PLH A B ! 5 ns
tPHL 1 7.5

t _ 1 8

en OE B ns
tdis 1 8

tr Rise time, B outputs (20% to 80%) 2.2 ns
tf Fall time, B outputs (80% to 20%) 2.1 ns
tr Rise time, A outputs (10% to 90%) 4.1 ns
tf Fall time, A outputs (90% to 10%) 3.3 ns
{PLH B A ! ! ns
IPHL 1 7

t __ 1 8

en OE A ns
tdis 1 8

T All typical values are at Vcec =3.3V, Ta =25°C.
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SN74GTLPH306

8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

PARAMETER MEASUREMENT INFORMATION

o6V

From Output
Under Test

CL =50 pF

(see Note A) I

500 Q

LOAD CIRCUIT FOR A OUTPUTS

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
(A port to B port)

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
(B port to A port)

NOTES: A. Cy includes probe and jig capacitance.

1.5V
25Q
TE/ST S1 From Output Test
ttPLH/:PHL OGp\e/n Under Test Point
tbrighpgn | GND e T
(see Note A)
LOAD CIRCUIT FOR B OUTPUTS
3V
Output 15V 15V
Control
————— (Y]

Output
Waveform 1
Slat6V

3V
VoL +0.3V

(see Note B) | | ———— VoL
\
thzH D 4— B @—tphz
Output ‘ ———— VOH
Waveform 2 VoH-0.3V
S1at GND
(see Note B) =0V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES
(A port)

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR =10 MHz, Zo =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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SN74GTLPH306

8-BIT LVTTL-TO-GTLP BUS TRANSCEIVER

SCES284E — OCTOBER 1999 — REVISED AUGUST 2001

DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(Figure 1). However, the designer’s backplane application probably is a distributed load. The physical representation
is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor inductance
capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance in this RLC
circuit. The following switching characteristics table shows the switching characteristics of the device into the RLC
load, to help the designer better understand the performance of the GTLP device in this typical backplane. See
www.ti.com/sc/gtlp for more information.

15V

38Q

15V

38Q

From Output
Under Test

Slot 1 Slot 2

Figure 2. Medium-Drive Test Backplane

Slot 9

Slot 10

LL =19 nH

.||4%

19Q

Test
Point

CL=9pF

Figure 3. Medium-Drive RLC Network

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, V1=1.5V and VRgg =1 V for GTLP (see Figure 3)

FROM TO
+
PARAMETER (INPUT) (OUTPUT) TYP UNIT

PLH A B 30 ns
IPHL 4.1
It _ 4.4
£n OE B ns
tdis 4.6
tr Rise time, B outputs (20% to 80%) 1.2 ns
tf Fall time, B outputs (80% to 20%) 2.2 ns

T All typical values are at Vce =3.3V, Ta = 25°C. All values are derived from TI-SPICE models.
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

® OECHO Circuitry Improves Signal Integrity DGV, DW, OR PW PACKAGE
and Reduces Electromagnetic Interference (TOP VIEW)

o B_idirectional Interface Between GTLP all1 Y 24 [] GNDT
Signal Levels and LVTTL Logic Levels ro1ll2 23 [] OEAB

® GTLP-to-LVTTL 1-to-6 Fanout Driver GNDTU 3 22 ] BO1

® |VTTL-to-GTLP 1-to-2 Fanout Driver AO2]4 21|l GNDG

® LVTTL Interfaces Are 5-V Tolerant ng 5 20 % \C{}T\I%FG

. . 6 19

[ -
Medium Drlye GTLP Outputs (50 mA) onotll- 18 [] ERC

® Reduced-Drive LVTTL Outputs A04[ls 17[] BO2
(-12 mA/12 mA) Vecllo 16l GNDG

® Variable Edge-Rate Control (ERC) Input AO5|]10 15 (] BI
Selects GTLP Rise and Fall Times for GNDT 11 14 [] OEBA
Optimal Data-Transfer Rate and Signal AO6 12 13[] GNDT

Integrity in Distributed Loads

® |, and Power-Up 3-State Support Hot
Insertion

® Distributed Vcc and GND Pins Minimize
High-Speed Switching Noise

® |atch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

® ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)
— 1000-V Charged-Device Model (C101)

description

The SN74GTLP817 is a medium-drive fanout driver that provides LVTTL-to-GTLP and GTLP-to-LVTTL
signal-level translation. The device provides a high-speed interface between cards operating at LVTTL logic
levels and a backplane operating at GTLP signal levels. High-speed (about three times faster than standard
TTL or LVTTL) backplane operation is a direct result of GTLP reduced output swing (<1 V), reduced input
threshold levels, improved differential input, and OECUO circuitry. The improved GTLP OEC circuitry minimizes
bus settling time and has been designed and tested using several backplane models. The medium drive allows
incident-wave switching in heavily loaded backplanes with equivalent load impedance down to 19 Q. BO1 and
BO2 can be tied together to drive an equivalent load impedance down to 11 Q.

GTLP is the Texas Instruments (TIO) derivative of the Gunning Transceiver Logic (GTL) JEDEC standard
JESD 8-3. The ac specification of the SN74GTLP817 is given only at the preferred higher noise-margin GTLP,
but the user has the flexibility of using this device at either GTL (V11 = 1.2 V and VRgg = 0.8 V) or GTLP
(V17=15V and VRgg = 1 V) signal levels.

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels
but are 5-V tolerant and are compatible with TTL and 5-V CMOS inputs. VRgg is the B-port differential input
reference voltage.

GNDT isthe TTL output ground, while GNDG is the GTLP output ground, and both may be separated from each
other for a quieter device.

OEC and TI are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

L]
tsggpiggrgfgﬁrgg?;yﬁstggyctlon processing does not necessarily include b s I E‘XAS
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

description (continued)

This device is fully specified for hot-insertion applications using Iy and power-up 3-state. The lqgf circuitry
disables the outputs, preventing damaging current backflow through the device when it is powered down. The
power-up 3-state circuitry places the outputs in the high-impedance state during power up and power down,
which prevents driver conflict.

This device features adjustable edge-rate control (ERC). Changing the ERC input voltage between GND and
V¢ adjusts the B-port output rise and fall times. This allows the designer to optimize system data-transfer rate
and signal integrity to the backplane load. ERC automatically is selected to the same speed as alternate source
1-to-6 fanout drivers that use pin 18 for 3.3-V or 5-V Vcc.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to Vcc
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
TA PACKAGE PART NUMBER MARKING
Tube SN74GTLP817DW
SOIC — DW GTLP817

Tape and reel SN74GTLP817DWR
TSSOP — PW Tape and reel SN74GTLP817PWR GT817
TVSOP — DGV | Tape and reel SN74GTLP817DGVR | GT817

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

—40°C to 85°C

functional description

The SN74GTLP817 is a fanout driver providing LVTTL-to-GTLP translation and GTLP-to-LVTTL translation in
the same package.

The LVTTL-to-GTLP direction is a 1-to-2 fanout driver with a single output enable (OEAB).

The GTLP-to-LVTTL direction is a 1-to-6 fanout driver with a single output enable (OEBA).

Data polarity is inverting for both directions.

3-12
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

Function Tables
OUTPUT CONTROL

(AtoB)
INPUTS OUTPUT
— MODE

Al OEAB BOn

X H z Isolation

H L L

Inverted transparent

L L H

OUTPUT CONTROL

(B to A)

INPUTS OUTPUT

MODE
BI OEBA AOn
X H V4 Isolation
H L L

Inverted transparent

L L H

B-PORT EDGE-RATE CONTROL (ERC)
INPUT ERC OUTPUT

LOGIC | NOMINAL B-PORT
LEVEL | VOLTAGE | EDGE RATE

H Vce Slow
L GND Fast

logic diagram (positive logic)

23 ——
40<7 OEAB
18

® ERC
‘_}—ZZ BO1
R — GTLP Outputs
(LVTTL Input) Al ! O b—ﬂ BO2

OEBA
AO1
4
AO2 ®
AO3 6 15
E_qoi Bl (GTLP Input)
LVTTL Outputs 20
8 V|
AO4 o< REF
Aos 20 ; °

12 2
AO6

*9 TEXAS
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUpPPlY VOIAGE rANGE, VG - - ot vt e et e e e e e e -05Vto4.6V
Ground dc voltage difference, (VgNDG = VGNDTD) - - v v v 0.3V
Input voltage range, V| (see Note 1): Al port and control inputs .......................... -05Vto7V
Blportand VREE v viieiii e -05Vto4.6V

Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOLE 1) AD POt ottt et ettt e e e -05Vto7V
BO POt .. -0.5Vto4.6V
Current into any output in the low state, lo: AO POrt ... 24 mA
BO POIt .. 100 mA
Current into any A output in the high state, Ig (see Note 2) ............. ... ... oo ... 24 mA
Continuous current through each Ve 0r GND oo e +100 mA
Input clamp current, Ik (V1< 0) oo e -50 mA
Output clamp current, gk (VO < 0) v vt -50 mA
Package thermal impedance, 035 (see Note 3): DGV package ................ ...t 86°C/W
DWopackage ..........coiiiiiiiiiiniinnan. 46°C/W
PWpackage ........ ... i 88°C/W
Storage temperature range, Tstg ................................................... —65°C to 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > Vcc.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

3-14
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
Vce Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26
VTT Termination voltage \Y
GTLP 1.35 1.5 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \Y
GTLP 0.87 1 11
BI V
7 Input voltage — 1T \%
Al, OE Vee 5.5
Bl VREE+0.05
VIH High-level input voltage ERC Vcc-0.6 Ve 55 \
Al, OE 2
BI VREE—0.05
VL Low-level input voltage ERC GND 0.6 \
Al, OE 0.8
174 Input clamp current -18 mA
loH High-level output current AO port -12 mA
AO port 12
loL Low-level output current mA
BO port 50
At/Av Input transition rise or fall rate Outputs enabled 10 ns/V
A/AVcc  Power-up ramp rate 20 ps/vV
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Normal connection sequence is GND first and Vcc = 3.3 V, I/O, control inputs, VTT, VREE (any order) last.
6. V7T and Ryt can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ratings are not exceeded.
7. VREE can be adjusted to optimize noise margins, but normally is two-thirds V.

*9 TEXAS
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TPt MAX | UNIT
% Vce =3.15V, I} =-18 mA -1.2 v
Vce =3.15V 10 3.45 V, IoH = —100 pA Vee-0.2
| =-100 pA Vcc-0.2
VOH AO port OH a e \
Vcc =315V loH =-6 mA 2.4
IoH = -12 mA 2.2
Vee =315V 0345V, loL = 100 pA 0.2
loL =100 pA 0.2
AO port oL a
Vcc =315V loL =6 mA 0.4
VoL loL=12mA 0.5 \
loL = 100 pA 0.2
BO port Vce =315V loL = 40 mA 0.5
loL =50 mA 0.55
I BI, Al, OE, ERC |Vcc=3.45V Vi=0o0r55V £5 HA
AO port Vo =Vcc 10
lozH Vcc =345V HA
BO port Vo=15V 5
AO port v 345V Vo =GND -10 A
I CC=»9. H
OZL 1o port Vo =55V 5
Vee =345V, 10 =0, Outputs high 10
Icc AO or BO port | V| (Al or control input) = Vcc or GND, Outputs low 10 mA
Vi (Blinput) = V1T or GND Outputs disabled 10
— Vce =3.45V, One A-port or control input at Vcc — 0.6 V,
+
Alcc Al, OF Other A-port or control inputs at Vo or GND ] mA
Al, OE, ERC V|=Vgcor0 4.4
Cj pF
Bl Vi=VtToro 35 3.9
AO port Vo=Vccor0 4.5
Co DF
BO port Vo=VTToOro 5.4

T All typical values are at Vo = 3.3V, Ta = 25°C.
¥ This is the increase in supply current for each input that is at the specified LVTTL voltage level rather than Vcc or GND.

hot-insertion specifications for A port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vce =0, ViorVo=0to55V 10 HA
lozPU Vee=0to 1.5V, Vo=05Vto3V, OE=0 £30| pA
lozPD Vcc=15Vto0, Vo=05Vto3V, OE=0 30| pA

hot-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT

loff Vce =0, ViorVo=0to 15V 10| pA
l0zPU Vec=0to 1.5V, Vo=05Vto15V, OE=0 £30| pA
loZPD Vcec=15Vt00, Vo=05Vto 1.5V, OE = £30| pA

3-16
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SN74GTLP817

GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, Vy7=1.5V and VRgg =1V for GTLP (see Figure 1)

FROM TO
T ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN  TYP MAX | UNIT
t 3 6
PLH Al BO Slow ns
tPHL 1.8 4.7
t 2 5
PLH Al BO Fast ns
tPHL 15 4.2
OEAB BO Slow ns
tdis 2 4.7
OEAB BO Fast ns
tdis 15 4.7
‘ Slow 25
L o o ns
r Rise time, B outputs (20% to 80%) Fast 14
¢ Slow 1.7
Fall time, B outputs (80% to 20% ns
f all time, B outputs (80% to 6) ot 1
t 2.3 6
PLH BI AO — ns
tPHL 1.9 4.7
t I 1.1 6.3
en OEBA AO - ns
tdis 1.2 5
1 Slow (ERC = V) and Fast (ERC = GND)
* All typical values are at Voc = 3.3V, Ta = 25°C.
‘Ui TEXAS
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

PARAMETER MEASUREMENT INFORMATION

o6V 15V
O Open
From Output P TEST S1 250
Under Test GND tpL H/tPHL Open From Output Test
CL =50 pF tpLZ/tpzL 6V Under Test Point
(see Note A) 500 Q tpHZ/tPZH GND CL=30pF
(see Note A)
LOAD CIRCUIT FOR AO PORTS LOAD CIRCUIT FOR BO PORTS
————— 3V
Input 7{ 15V 15V
| | oV
tpLH —¢—P [—— tpHL
| \
———VoH
Output 1V 1V 3V
VoL Output 15V 15V
VOLTAGE WAVEFORMS Control —N___ S oV
PROPAGATION DELAY TIMES ‘ ‘
(Al'to BO port) tpzL _ﬂ‘ — _'} — tpL 7
______ 15V Waveform 1
Input ;flV 54;1V Slat6V VoL +0.3V
} oV (see Note B) | | | —— —— VoL
\
t t
tPLH —¢— l—»— tpHL PzH —¥ H—‘ —»| € tPHz
\ \ Output —— — — VOH
———VoH Waveform 2 VoH-0.3V
Output 15V 15V S1at GND
VoL (see Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(Bl to AO port) (AO ports)

NOTES: A. Cg includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR =10 MHz, Zo =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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SN74GTLP817
GTLP-TO-LVTTL 1-TO-6 FANOUT DRIVER

SCES285E — OCTOBER 1999 — REVISED AUGUST 2001

DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(Figure 1). However, the designer’s backplane application probably is a distributed load. The physical representation
is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor inductance
capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance in this RLC
circuit. The following switching characteristics table shows the switching characteristics of the device into the RLC
load, to help the designer better understand the performance of the GTLP device in this typical backplane. See
www.ti.com/sc/gtlp for more information.

15V

38Q

15V

38Q

Slot 1

Figure 2. Medium-Drive Test Backplane

Slot 2

Slot 9

Slot 10

From Output

Under Test

15V

LL =19 nH

19Q

Test
Point

ICL=9pF

Figure 3. Medium-Drive RLC Network

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, Vy7=1.5V and VRgg =1 V for GTLP (see Figure 3)

FROM TO
T ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE TYP UNIT

t 4.4
PLH Al BO Slow ns

tPHL 4.4

t 3.2
PLH Al BO Fast ns

tPHL 3.2

t 4
<h OEAB BO Slow ns

tdis 4.4

ten S 2.9
OEAB BO Fast ns

tdis 3.1

¢ Slow 1.8
L o o ns

r Rise time, B outputs (20% to 80%) Fast 1

‘ Slow 2
i 0 0, ns

f Fall time, B outputs (80% to 20%) Fast 16

1 Slow (ERC = V) and Fast (ERC = GND)
¥ All typical values are at Ve = 3.3 V, Ta = 25°C. All values are derived from TI-SPICE models.
3 15
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SN74GTLP139%4
2-BIT LVTTL-TO-GTLP ADJUSTABLE-EDGE-RATE BUS TRANSCEIVER
WITH SPLIT LVTTL PORT, FEEDBACK PATH, AND SELECTABLE POLARITY

SCES286E — OCTOBER 1999 — REVISED AUGUST 2001

® TI|-OPCO Circuitry Limits Ringing on D, DGV, OR PW PACKAGE
Unevenly Loaded Backplanes (TOP VIEW)

® OEC[ Circuitry Improves Signal Integrity OEBY (|1 J 16 [] BIAS Ve
and Reduces Electromagnetic Interference vid 15 [] GND

® Bidirectional Interface Between GTLP Y2 []3 14[] B1
Signal Levels and LVTTL Logic Levels Vee [l4 13[] GND

® Split LVTTL Port Provides a Feedback Path Al []s 12|] B2
for Control and Diagnostics Monitoring A2 |]6 11[] GND

® | VTTL Interfaces Are 5-V Tolerant OFAB [|7 10]] Vger

® High-Drive GTLP Outputs (100 mA) ERClls  oflTiC

® LVTTL Outputs (=24 mA/24 mA)

® \Variable Edge-Rate Control (ERC) Input

Selects GTLP Rise and Fall Times for
Optimal Data-Transfer Rate and Signal
Integrity in Distributed Loads

® |45, Power-Up 3-State, and BIAS V¢
Support Live Insertion

® Polarity Control Selects True or
Complementary Outputs

® |atch-Up Performance Exceeds 100 mA Per
JESD 78, Class I

® ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)
— 1000-V Charged-Device Model (C101)

description

The SN74GTLP1394 is a high-drive, 2-bit, 3-wire bus transceiver that provides LVTTL-to-GTLP and
GTLP-to-LVTTL signal-level translation. It allows for transparent and inverted transparent modes of data
transfer with separate LVTTL input and LVTTL output pins, which provides a feedback path for control and
diagnostics monitoring. The device provides a high-speed interface between cards operating at LVTTL logic
levels and a backplane operating at GTLP signal levels, and is especially designed to work with the
Texas Instruments 1394 backplane physical-layer controllers. High-speed (about three times faster than
standard LVTTL or TTL) backplane operation is a direct result of GTLP reduced output swing (<1 V), reduced
input threshold levels, improved differential input, OECO circuitry, and TI-OPCI circuitry. Improved GTLP OEC
and TI-OPC circuitry minimizes bus-settling time and have been designed and tested using several backplane
models. The high drive allows incident-wave switching in heavily loaded backplanes with equivalent load
impedance down to 11 Q.

GTLP is the Texas Instruments (TIO) derivative of the Gunning Transceiver Logic (GTL) JEDEC standard
JESD 8-3. The ac specification of the SN74GTLP1394 is given only at the preferred higher noise margin GTLP,
but the user has the flexibility of using this device at either GTL (V11 = 1.2 V and VgRgg = 0.8 V) or GTLP
(V17=1.5V and VRgg = 1 V) signal levels.

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels,
but are 5-V tolerant and are compatible with TTL and 5-V CMOS inputs. VRgg is the B port differential input
reference voltage.

OEC, TI, and TI-OPC are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS
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SN74GTLP139%4
2-BIT LVTTL-TO-GTLP ADJUSTABLE-EDGE-RATE BUS TRANSCEIVER
WITH SPLIT LVTTL PORT, FEEDBACK PATH, AND SELECTABLE POLARITY

SCES286E — OCTOBER 1999 — REVISED AUGUST 2001

description (continued)

This device is fully specified for live-insertion applications using Iy, power-up 3-state, and BIAS V. The lgf
circuitry disables the outputs, preventing damaging current backflow through the device when it is powered
down. The power-up 3-state circuitry places the outputs in the high-impedance state during power up and power
down, which prevents driver conflict. The BIAS V¢ circuitry precharges and preconditions the B-port
input/output connections, preventing disturbance of active data on the backplane during card insertion or
removal, and permits true live-insertion capability.

This GTLP device features TI-OPC circuitry, which actively limits the overshoot caused by improperly
terminated backplanes, unevenly distributed cards, or empty slots during low-to-high signal transitions. This
improves signal integrity, which allows adequate noise margin to be maintained at higher frequencies.

High-drive GTLP backplane interface devices feature adjustable edge-rate control (ERC). Changing the ERC
input voltage between GND and V¢ adjusts the B-port output rise and fall times. This allows the designer to
optimize system data-transfer rate and signal integrity to the backplane load.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to Ve
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE

;

A PACKAGE PART NUMBER MARKING
Tube SN74GTLP1394D

soic-D GTLP1394

Tape and reel SN74GTLP1394DR
TSSOP - PW Tape and reel | SN74GTLP1394PWR GP394
TVSOP —DGV | Tape andreel | SN74GTLP1394DGVR | GP394

—40°C to 85°C

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

functional description

The output-enable (OEAB) input controls the activity of the B port. When OEAB is low, the B-port outputs are
active. When OEAB is high, the B-port outputs are disabled.

Separate LVTTL input and output pins provide a feedback path for control and diagnostics monitoring. The
OEBY input controls the Y outputs. When OEBY is low, the Y outputs are active. When OEBY is high, the
Y outputs are disabled.

The polarity-control (T/C) input is provided to select polarity of data transmission in both directions. When T/IC
is high, data transmission is true, and A data goes to the B bus and B data goes to the Y bus. When T/C is low,
data transmission is complementary, and inverted A data goes to the B bus and inverted B data goes to the
Y bus.
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Function Tables
OUTPUT CONTROL

INPUTS
e — OUTPUT MODE
T/C OEAB OEBY
X H H z Isolation
H L H A data to B bus
True transparent
H H L B data to Y bus
H L L A data to B bus, B data to Y bus True transparent with
feedback path
L H Inverted A data to B bus
Inverted transparent
L Inverted B data to Y bus
L L L Inverted A data to B bus, Inverted transparent
Inverted B data to Y bus with feedback path

OUTPUT EDGE-RATE CONTROL (ERC)

logic diagram (positive logic)

VREF
ERC

OEAB

TIC

OEBY

Al

Y1l

A2

Y2

INPUT ERC OUTPUT
LOGIC | NOMINAL B-PORT
LEVEL | VOLTAGE | EDGE RATE
L GND Slow
H Vce Fast
10
8
TN
|~
° N
|~
1 N
|~
5 N \ ® 14
™\ <O B1
|~
2
\
6 N 12
W\ o3 B2
L~
3 L%
N N\
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vec and BIAS Ve C oo -0.5Vto4.6V
Input voltage range, V| (see Note 1): A inputs, ERC, and control inputs ................... -05Vto7V
Bportand VREE -+« iviiii i -0.5Vto46V

Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOtE 1): Y OULPULS .ottt ittt et e ettt et et e -05Vto7V
B PO . -0.5Vto46V
Current into any output in the low state, lo: Y OUtpULS . ... ... 48 mA
B port 200 mA
Current into any output in the high state, Ig(see Note 2) ........ ... ... ... 48 mA
Continuous current through each Vec or GND ... +100 mA
Input clamp current, Ik (V1 < 0) oo e e -50 mA
Output clamp current, Iok (VO < 0) oo vt -50 mA
Package thermal impedance, 035 (see Note 3): Dpackage .......... ... it 73°C/W
DGV package ............ oo, 120°C/W
PWpackage ........ ..., 108°C/W
Storage temperature range, Tggg ... vovvvii it —65°C to 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
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recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
vVee,
BIAS Ve Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26
VTT Termination voltage \%
GTLP 1.35 1.5 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \
GTLP 0.87 1 11
B port V
7 Input voltage P 1T \%
Except B port Vce 5.5
B port VREE+0.05
VIH High-level input voltage ERC Vcc-06 Vcc 55 \
Except B port and ERC 2
B port VREE—0.05
VL Low-level input voltage ERC GND 0.6 \
Except B port and ERC 0.8
Ik Input clamp current -18 mA
loH High-level output current Y outputs -24 mA
Y outputs 24
loL Low-level output current mA
B port 100
At/Av Input transition rise or fall rate Outputs enabled 10 ns/\V
A/AVcce Power-up ramp rate 20 us/iv
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Proper connection sequence for use of the B-port I/O precharge feature is GND and BIAS V¢ = 3.3 V first, I/O second, and
Ve = 3.3 Vlast, becausethe BIAS V¢ precharge circuitry is disabled whenany V¢ c pinis connected. The controland VR gginputs
can be connected anytime, but normally are connected during the 1/O stage. If B-port precharge is not required, any connection
sequence is acceptable, but generally, GND is connected first.
6. V7T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.
7. VREF can be adjusted to optimize noise margins, but normally is two-thirds V1. TI-OPC circuitry is enabled in the A-to-B direction

and is activated when V1T > 0.7 V above VREFE. If operated in the A-to-B direction, VRgE should be set to within 0.6 V of V1T to
minimize current drain.
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electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
VIK Vee =3.15V, l|=-18 mA -1.2 v
Ve =315V 10345V, loH = —100 pA Vee-0.2
VOH Y outputs v IoH =-12mA 2.4 \%
CC=3.15V loH = —24 mA >
Vce =3.15V 10 3.45 V, loL = 100 pA 0.2
Y outputs loL =12 mA 0.4
P Vcc =315V oL
loL =24 mA 0.5
VoL %
loL = 10 mA 0.2
B port Ve =315V loL = 64 mA 0.4
loL =100 mA 0.55
I A-port and Ve =345V V|=01055V +10| pA
control inputs
Y outputs Vo =V 10
|OZH¢ P Vcc =345V O cC HA
B port Vo=15V 10
Y outputs and
t Ve =345V, Vo = GND -10 A
lozL* | g port ccC ) o) M
¥ outouts and Voo =345V, 10 =0, Outputs high 20
Icc P V| (A-port or control inputs) = Ve or GND, Outputs low 20 mA
B port —
V| (B port) = VT or GND Outputs disabled 20
5 Vce =3.45V, One A-port or control input at Vcc — 0.6 V, 15 mA
Alcc Other A-port or control inputs at Ve or GND :
A-port inputs 35 4.5
G - V|=3.15Vor0 pF
Control inputs 4 5
Co Y outputs Vo=3.15Vor0 4.5 5 pF
Cio B port Vo=15Vor0 9 105 pF

T All typical values are at Vo = 3.3V, Ta = 25°C.
¥ For 1/0 ports, the parameters lozH and IpzL include the input leakage current.

8 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

hot-insertion specifications for A inputs and Y outputs over recommended operating free-air
temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vee =0, BIAS Ve =0, VjorVo=0t055V 10| pA
lozPU Vcc=0to15V, Vo=05Vto3V, OE=0 £30| pA
lozPD Vee =15V 100, Vo=05Vto3V, OE=0 +30 HA
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live-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vece =0, BIAS Vcc =0, VjorVo=0t0 1.5V 10 HA
lozPu Vcc=0to15YV, BIAS Vcc =0, Vo=05Vto1l5V,0E=0 +30 MA
lozPD Vcc=15Vto0, BIASVcc =0, Vo=05Vto15V,0E=0 +30 HA
lcc BIAS Veg)  |ee 00315V BIAS Voo =3.15V 10345V, Vo (Bpor)=0to 1.5V 0] mA

Vcc=3.15Vt03.45V 10 HA
Vo Vece =0, BIASVcc =3.3V, lo=0 095 1.05 \
o Vece =0, BIASVcc=3.15V1t0345V, Vo (Bport)=0.6V -1 HA

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, Vt1 =15V and VRgg = 1 V for GTLP (see Figure 1)

FROM TO
T ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN  TYP MAX | UNIT
t 3.3 5.9
PLH A B Slow ns
tPHL 3 6.6
t 2.5 5.2
PLH A B Fast ns
tPHL 1.9 4.8
t 5.4 9
PLH A Y Slow ns
tPHL 4.9 8.6
t 4.3 7.9
PLH A Y Fast ns
tPHL 3.9 7.5
t 3 6.5
PLH TIC B Slow ns
tPHL 3.1 6.6
t 2.3 5.6
PLH T/C B Fast ns
tPHL 1.7 4.9
ten 3.2 6.2
OEAB B Slow ns
tdis 3.2 6.4
ten 1.9 5.3
OEAB B Fast ns
tdis 2.4 5.7
o Slow 2.7
tr Rise time, B outputs (20% to 80%) ns
Fast 15
) Slow 3.2
t Fall time, B outputs (80% to 20%) ns
Fast 2.1
] 1.6 4.6
PLH B Y - ns
tPHL 14 3.9
t 1 4.5
PLH TIC Y - ns
tPHL 1.2 4.1
t 1 4.1
=1 OEBY Y - ns
tdis 1.3 4.6
T Slow (ERC = GND) and Fast (ERC = V()
f All typical values are at Vo = 3.3V, Ta = 25°C.
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PARAMETER MEASUREMENT INFORMATION

o6V 15V
S1
From Output 500 Q / O Open 1250
Under Test GND :
l From Output Test
CL =50pF 500 O TEST S1 Under Test Point
(see Note A) tPLH/tPHL Open CL =30 pF
tpLZ/tPZL 6V (see Note A)
L L L tpHZ/tPZH GND =
LOAD CIRCUIT FOR Y OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
—————— 3V
Input 7( 15V 15V
| ‘ ov
tPLH —¢—P| [«—»— tPHL
| |
———VoH
Output 1V 1V
3V
VoL
Output 15V 15V
VOLTAGE WAVEFORMS Control
PROPAGATION DELAY TIMES \ [~ ——— ov
(A input to B port) tp7L —pl — - tpLz
\ \
Output \ \
v —l;————l.SV Waveform 1 \ ‘ 3V
Input | Slat6V | VoL +0.3V
| | ov (see Note B) | | ———— VoL
|
tPLH —14—»? H—P“— tPHL thzH D 4— B @—tphz
— ——VOH W ?utpuzt | —— — — VOH
Output 15V 15V ;‘XZ%“&D _ VoH-03V
VoL (see Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(B port to Y output) (A input)

NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR = 10 MHz, Zg =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(Figure 1). However, the designer’s backplane application probably is a distributed load. The physical representation
is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor inductance
capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance in this RLC
circuit. The following switching characteristics table shows the switching characteristics of the device into the RLC
load, to help the designer better understand the performance of the GTLP device in this typical backplane. See
www.ti.com/sc/gtlp for more information.

15V 1.5V
c c
N N 15V
110
LL=14nH
From Output L 4 Test
Under Test Point
T C_L=18pF
Slot 1 Slot 2 Slot 19 Slot 20 =
Figure 2. High-Drive Test Backplane Figure 3. High-Drive RLC Network
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, VT1=1.5V and VRgg =1 V for GTLP (see Figure 3)

FROM TO
t ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE TYP UNIT
t 4.2
PLH A B Slow ns
tPHL 4.2
f 3.6
PLH A B Fast ns
tPHL 3.6
f 5.8
PLH A Y Slow ns
tPHL 5.8
f 5.2
PLH A Y Fast ns
IPHL 5.2
t 4.4
PLH T/IC B Slow ns
tPHL 4.4
f 3.8
PLH TIC B Fast ns
IPHL 3.8
t 4.2
<n OEAB B Slow ns
tdis 43
t 3.6
<h OEAB B Fast ns
tdis 3.3
o Slow 2
tr Rise time, B outputs (20% to 80%) ns
Fast 1.2
. Slow 25
tf Fall time, B outputs (80% to 20%) ns
Fast 18

T Slow (ERC = GND) and Fast (ERC = V)
¥ All typical values are at Vo = 3.3V, Ta = 25°C. All values are derived from TI-SPICE models.
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APPLICATION INFORMATION

operational description

The GTLP1394 is specifically designed for use with the Texas Instruments 1394 backplane layer controller
family to transmit the 1394 backplane serial bus across parallel backplanes. But, it is a versatile 2-bit device
that also is being used to provide multiple single-bit clocks or ATM read and write clock in multislot parallel
backplane applications.

The 1394-1995 is an IEEE designation for a high-performance serial bus. This serial bus defines both a
backplane (e.g., GTLP, VME, FB+, CPCI, etc.) physical layer and a point-to-point cable-connected virtual bus.
The backplane version operates at 25, 50, or 100 Mbps, whereas the cable version supports data rates of 100,
200, and 400 Mbps. Both versions are compatible at the link layer and above. The interface standard defines
the transmission method, media in the cable version, and protocol. The primary application of the cable version
is the interconnection of digital A/V equipment and integration of I/O connectivity at the back panel of personal
computers using a low-cost, scalable, high-speed serial interface. The primary application of the backplane
version is to provide a robust control interface to each daughter card. The 1394 standard also provides new
services such as real-time 1/0O and live connect/disconnect capability for external devices.

electrical

The 1394 standard is a transaction-based packet technology for cable- or backplane-based environments. Both
chassis and peripheral devices can use this technology. The 1394 serial bus is organized as if it were memory
space interconnected between devices, or as if devices resided in slots on the main backplane. Device
addressing is 64 bits wide, partitioned as ten bits for bus ID, six bits for node ID, and 48 bits for memory
addresses. The result is the capability to address up to 1023 buses, with each having up to 63 nodes, each with
281 terabytes of memory. Memory-based addressing, rather than channel addressing, views resources as
registers or memory that can be accessed with processor-to-memory transactions. Each bus entity is termed
aunit, to be individually addressed, reset, and identified. Multiple nodes can physically reside in a single module,
and multiple ports can reside in a single node.

Some key features of the 1394 topology are multimaster capabilities, live connect/disconnect (hot plugging)
capability, genderless cabling connectors on interconnect cabling, and dynamic node address allocation as
nodes are added to the bus. A maximum of 63 nodes can be connected to one network.

The cable-based physical interface uses dc-level line states for signaling during initialization and arbitration.
Both environments use dominant mode addresses for arbitration. The backplane environment does not have
the initialization requirements of the cable environment because it is a physical bus and does not contain
repeaters. Due to the differences, a backplane-to-cable bridge is required to connect these two environments.

The signals transmitted on both the cable and backplane environments are NRZ with data-strobe (DS)
encoding. DS encoding allows only one of the two signal lines to change each data bit-period, essentially
doubling the jitter tolerance with very little additional circuitry overhead in the hardware.
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APPLICATION INFORMATION

protocol

Both asynchronous and isochronous data transfers are supported. The asynchronous format transfers data and
transaction-layer information to an explicit address. The isochronous format broadcasts data based on channel
numbers rather than specific addressing. Isochronous packets are issued on the average of each 125 us in
support of time-sensitive applications. Providing both asynchronous and isochronous formats on the same
interface allows both non-real-time and real-time critical applications on the same bus. The cable environment’s
tree topology is resolved during a sequence of events, triggered each time a new node is added or removed
from the network. This sequence starts with a bus reset phase, where previous information about a topology
is cleared. The tree ID sequence determines the actual tree structure, and a root node is dynamically assigned,
or it is possible to force a particular node to become the root. After the tree is formed, a self-ID phase allows
each node on the network to identify itself to all other nodes. During the self-ID process, each node is assigned
an address. After all the information has been gathered on each node, the bus goes into an idle state, waiting
for the beginning of the standard arbitration process.

The backplane physical layer shares some commonality with the cable physical layer. Common functions
include: bus state determination, bus access protocols, encoding and decoding functions, and synchronization
of received data to a local clock.

backplane features

25-, 50-, and 100-Mbps data rates for backplane environments

Live connection/disconnection possible without data loss or interruption.
Configuration ROM and status registers supporting plug and play
Multidrop or point-to-point topologies supported.

Specified bandwidth assignments for real-time applications

applicability and typical application for IEEE 1394 backplane

The 1394 backplane serial bus (BPSB) plays a supportive role in backplane systems, specifically GTLP,
FutureBus+, VMEG64, and proprietary backplane bus systems. This supportive role can be grouped into three
categories:

® Diagnostics

— Alternate control path to the parallel backplane bus
— Test, maintenance, and troubleshooting
— Software debug and support interface

® System enhancement

— Fault tolerance

— Live insertion

— CSR access

— Auxiliary 2-bit bus with a 64-bit address space to the parallel backplane bus

® Peripheral monitoring

— Monitoring of peripherals (disk drives, fans, power supplies, etc.) in conjunction with another externally
wired monitor bus, such as defined by the Intelligent Platform Management Interface (IPMI).

The 1394 backplane physical layer (PHY) and the SN74GTLP1394 provide a cost-effective way to add
high-speed 1394 connections to every daughter card in almost any backplane. More information on the
backplane physical layer devices and how to implement the 1394 standard in backplane and cable applications
can be found at: www.ti.com/sc/1394.
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APPLICATION INFORMATION

SN74GTLP1394 interface with the TSB14AA1 1394 backplane PHY

Al, B1, and Y1 are used for the PHY data signals.
A2, B2, and Y2 are used for the PHY strobe signals.
PHY N_OEB_D or OCDOE connects to OEAB, which controls the PHY transmit signals.

OEBY is connected to GND since the transceiver always must be able to receive signals from the backplane
and relay them to the PHY.

T/C is connected to GND for inverted signals.

Vcc is nominal 3.3 V.

BIAS V¢ is connected to nominal 3.3 V to support live insertion.
VReg normally is 2/3 of V1.

ERC normally is connected to GND for slow edge-rate operation because frequencies of only 50 MHz
(S100) and 25 MHz (S50) are required.
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APPLICATION INFORMATION

physical representation
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® TI|-OPCO Circuitry Limits Ringing on DGV, DW, OR PW PACKAGE
Unevenly Loaded Backplanes (TOP VIEW)

® OECO Circuitry Improves Signal Integrity 11 U20 ] 10EBY
and Reduces Electromagnetic Interference 177 2 0[] 217E

® Bidirectional Interface Between GTLP 2Y[] 3 18 [] 20EBY
Signal Levels and LVTTL Logic Levels GND[] 4 17 [] GND

® Split LVTTL Port Provides a Feedback Path 10EAB([] 5 16[] 1B
for Control and Diagnostics Monitoring Veells 15 [] ERC

® |VTTL Interfaces Are 5-V Tolerant 1A[] 7 14]] 2B

® High-Drive GTLP Outputs (100 mA) GND[fs  13[] GND

® LVTTL Outputs (—24 mA/24 mA) ZF/?\QE 2oz % ;/::XESFVCC

® \Variable Edge-Rate Control (ERC) Input

Selects GTLP Rise and Fall Times for
Optimal Data-Transfer Rate and Signal
Integrity in Distributed Loads

® |45, Power-Up 3-State, and BIAS V¢
Support Live Insertion

® Polarity Control Selects True or
Complementary Outputs

description

The SN74GTLP1395 is two 1-bit, high-drive, 3-wire bus transceivers that provide LVTTL-to-GTLP and
GTLP-to-LVTTL signal-level translation for applications, such as primary and secondary clocks, that require
individual output-enable and true/complement controls. The device allows for transparent and inverted
transparent modes of data transfer with separate LVTTL input and LVTTL output pins, which provide a feedback
path for control and diagnostics monitoring. The device provides a high-speed interface between cards
operating at LVTTL logic levels and a backplane operating at GTLP signal levels and is designed especially to
work with the Texas Instruments 3.3-V 1394 backplane physical-layer controller. High-speed (about three times
faster than standard LVTTL or TTL) backplane operation is a direct result of GTLP reduced output swing (<1V),
reduced input threshold levels, improved differential input, OECO circuitry, and TI-OPCO circuitry. Improved
GTLP OEC and TI-OPC circuitry minimizes bus settling time, and have been designed and tested using several
backplane models. The high drive allows incident-wave switching in heavily loaded backplanes, with equivalent
load impedance down to 11 Q.

GTLP is the Texas Instruments derivative of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3.
The ac specification of the SN74GTLP1395 is given only at the preferred higher noise margin GTLP, but the
user has the flexibility of using this device at either GTL (Vt7=1.2Vand VRgg=0.8 V) or GTLP (VT1=15V
and VReg = 1 V) signal levels. For information on using GTLP devices in FB+/BTL applications, refer to Tl
application reports, Texas Instruments GTLP Frequently Asked Questions, literature number SCEA019, and
GTLP in BTL Applications, literature number SCEA017.

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels,
but are 5-V tolerant and are compatible with TTL or 5-V CMOS devices. VRgg is the B-port differential input
reference voltage.

OEC and TI-OPC are trademarks of Texas Instruments.

PRODUCT PREVIEW information concerns products in the formative or Copyright 0 2001, Texas Instruments Incorporated

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS
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description (continued)

This device is fully specified for live-insertion applications using Iy, power-up 3-state, and BIAS V. The lgf
circuitry disables the outputs, preventing damaging current backflow through the device when it is powered
down. The power-up 3-state circuitry places the outputs in the high-impedance state during power up and power
down, which prevents driver conflict. The BIAS V¢ circuitry precharges and preconditions the B-port
input/output connections, preventing disturbance of active data on the backplane during card insertion or
removal, and permits true live-insertion capability.

This GTLP device features TI-OPC circuitry, which actively limits the overshoot caused by improperly
terminated backplanes, unevenly distributed cards, or empty slots during low-to-high signal transitions. This
improves signal integrity, which allows adequate noise margin to be maintained at higher frequencies.

High-drive GTLP backplane interface devices feature adjustable edge-rate control (ERC). Changing the ERC
input voltage between low and high adjusts the B-port output rise and fall times. This allows the designer to
optimize system data-transfer rate and signal integrity to the backplane load.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to Ve
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

GQN PACKAGE

(TOP VIEW) terminal assignments
1 2 3 4
d N\ 1 2 3 4

Al OOOO A 1T/C 1y 10EBY 2T/IC
Bl OO OO B GND GND 2y 20EBY
cl OO0 C Vee 10EAB ERC 1B
ol OO0 00O D GNE GND 1A 2B
E OO0 E 20EAB 2A BIAS Vcc VREE

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
TA PACKAGE PART NUMBER MARKING
Tube SN74GTLP1395DW
SOIC - DW GTLP1395
Tape and reel SN74GTLP1395DWR
—40°C to 85°C | TSSOP - PW Tape and reel SN74GTLP1395PWR GP395
TVSOP - DGV Tape and reel SN74GTLP1395DGVR | GP395
VFBGA — GON Tape and reel SN74GTLP1395GQNR | GP395

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
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functional description

The output-enable (LOEAB, 10EBY) and polarity-control (LT/C) inputs control 1A, 1B, and 1Y. 20EAB, 20EBY,

and 2T/C control 2A, 2B, and 2Y.

OEAB controls the activity of the B port. When OEAB is low, the B-port output is active. When OEAB is high,

the B-port output is disabled.

A separate LVTTL A input and Y output provide a feedback path for control and diagnostics monitoring. OEBY

controls the Y output. When OEBY is low, the Y output is active. When OEBY is high, the Y output is disabled.

T/C selects polarity of data transmission in both directions. When T/C is high, data transmission is true, and
A data goes to the B bus and B data goes to the Y bus. When T/C is low, data transmission is complementary,
and inverted A data goes to the B bus and inverted B data goes to the Y bus.

Function Tables

OUTPUT CONTROL

INPUTS
e — OUTPUT MODE
T/IC OEAB OEBY
X H H Isolation
H L H A data to B bus
True transparent
H H L B data to Y bus
True transparent
H L L A data to B bus, B data to Y bus with feedback path
L H Inverted A data to B bus
Inverted transparent
H L Inverted B data to Y bus
L L L Inverted A data to B bus, Inverted transparent
Inverted B data to Y bus with feedback path

OUTPUT EDGE-RATE CONTROL (ERC)

INPUT OUTPUT
ERC B-PORT
LOGIC LEVEL EDGE RATE
H Slow
L Fast

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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logic diagram (positive logic)

12

20EBY ——(

2Y

Rer —
ERC
e 2 h>
1A > \]\—\!
1OEBY Lc>j/‘
v <=
otie 2 ﬁ>
SEES
18 >j/‘
N

D
s

\—\\

Pin numbers shown are for the DGV, DW, and PW packages.

16
1B

14
2B
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Supply voltage range, Vec and BIAS Ve C oo -05Vto4.6V
Input voltage range, V| (see Note 1): A inputs, ERC, and control inputs ................... -05Vto7V
Bportand VREE -« vt -0.5Vto4.6V

Voltage range applied to any output in the high-impedance or power-off state, Vo
(SEE NOLE 1) Y OUIPULS ..ttt ittt e ettt e ettt e e -05Vto7V
B PO o -05Vto4.6V
Current into any output in the low state, Ig: Y OUtPUES . ... ... 48 mA
B port . 200 mA
Current into any output in the high state, Ig (see Note 2) .......... ... ... ... 48 mA
Continuous current through each Vec or GND ... +100 mA
Input clamp current, LIk (V1< 0) oot e e e e -50 mA
Output clamp current, ok (VO < 0) oo vt e -50 mA
Package thermal impedance, 8;p (see Note 3): DGV package ............. ..o 92°C/W
DWpackage .........cciiiiiiiiiiinanaan. 58°C/W
GONpackage .........ccoiiiiiiiiiiiiaan.. 28°C/IW
PWpackage ........... ..o, 83°C/W
Storage temperature range, Tstg ................................................... —65°C to 150°C

t 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vo > Vcc.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
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recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
vees
BIAS Ve Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26
V1T Termination voltage \
GTLP 1.35 15 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \
GTLP 0.87 1 11
B port Vi
V| Input voltage P 1T \%
Except B port Vce 55
B port V| +0.05 \%
VIH High-level input voltage P REF
Except B port 2 \%
B port \Y —0.05
VL Low-level input voltage P REF \Y
Except B port 0.8
Ik Input clamp current -18 mA
loH High-level output current Y outputs -24 mA
Y outputs 24
loL Low-level output current mA
B port 100
At/Av Input transition rise or fall rate Outputs enabled 10 ns/\V
AM/AVce Power-up ramp rate 20 ps/vV
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

5. Properconnection sequence for use of the B-port1/O precharge feature is GND and BIAS Vo c = 3.3 Vfirst, /O second,and Ve = 3.3
V last, because the BIAS V¢ precharge circuitry is disabled when any V¢ pin is connected. The control and VREE inputs can be
connected anytime, but normally are connected during the I/O stage. If B-port precharge is not required, any connection sequence
is acceptable, but generally, GND is connected first.

6. V1T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Io|_ ratings are not exceeded.

7. VREF can be adjusted to optimize noise margins, but normally it is two-thirds V7. TI-OPC is enabled in the A-to-B direction and is
activated when V1T > 0.7 V above VREE If operated in the A-to-B direction, VRgE should be set to within 0.6 V of VT to
minimize current drain.
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electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX| uNIT
ViK Vce =3.15V, I} =-18 mA -1.2 v
Vce =3.15V 10 3.45 V, loH = —100 pA Vce-0.2
VOH Y outputs v loH =-12 mA 2.4 \%
CC=315V
loH =—-24 mA 2
Vcc=3.15Vt03.45YV, loL =100 pA 0.2
Y outputs loL=12mA 0.4
P Vcc =315V oL
loL =24 mA 0.5
VoL v
loL = 10 mA 0.2
B port Vce =315V loL = 64 mA 0.4
loL =100 mA 0.55
T A-port and Voo =345V, Vi=0105.5V +10| pA
control inputs
Y outputs Vcc =345, Vo=0to 55V +10
loz*¥ — HA
B port Vcc =345V, VR within0.6 Vof VT, Vp=0t02.3V +10
Voo =345V, 10 =0, Outputs high 20
Icc Y outputs or B port V| (A or control inputs) = Vcc or GND, Outputs low 20 mA
V| (B port) = VT or GND Outputs disabled 20
Ale§ Vce =3.45V, One A-port or control input at Vcc — 0.6 V, 15 mA
cC Other A-port or control inputs at Vo or GND :
A-port inputs
Cj - V|=3.15Vor0 pF
Control inputs
Co Y outputs Vo=3.15Vor0 pF
Cio B port Vo=15Vor0 pF

T All typical values are at Vcc =33V, Ta=25°C.
tFor /o ports, the parameter |oz includes the input leakage current.
8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

hot-insertion specifications for A inputs and Y outputs over recommended operating free-air

temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vce =0, ViorVo=0t055V 10 HA
10ZPU Vcc=0to 1.5V, Vo=05Vto3V, OEBY =0 30| pA
107PD Vec=15V100, Vo=05Vto3V, OEBY =0 £30] pA

live-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vce =0, BIAS Vcc =0, ViorVo=0to 15V 10 MA
loZPU Vcc=0to 15V, BIAS Ve =0, Vo=05Vto15V, OEAB =0 30| pA
l0ZPD Vcec =15V 100, BIAS Vcc =0, Vo=05Vto 15V, OEAB=0 £330 pA
lcc Vec=0t3 1oV BIAS Ve =3.15V103.45V, Vo (Bport)=0to 1.5V ] mA
(BIAS V) Vec=3.15Vi0345V 10| pA
Vo Vce =0, BIAS Ve =33V, Io=0 095 105| Vv
o Vee =0, BIASVcc=3.15V103.45V, Vg (Bport)=0.6V -1 WA

¥ 7
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, Vy7=1.5V and VRgg =1 V for GTLP (see Figure 1)

FROM TO
t ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN  TYP MAX | UNIT
t
PLH A B Slow ns
tPHL
t
PLH A B Fast ns
tPHL
t
PLH A Y Slow ns
tPHL
t
PLH A Y Fast ns
tPHL
t
PLH T/IC B Slow ns
tPHL
t
PLH e B Fast ns
tPHL
t
en OEAB B Slow ns
tdis
t
en OEAB B Fast ns
tdis
o Slow
ty Rise time, B outputs (20% to 80%) ns
Fast
. Slow
tf Fall time, B outputs (80% to 20%) ns
Fast
'PLH B Y ns
tPHL
t _
PLH e v ns
tPHL
t _
<n OEBY Y ns
tdis

T Slow (ERC = H) and Fast (ERC = L)

¥ All typical values are at Vo = 3.3V, Ta = 25°C.
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skew characteristics over recommended ranges of supply voltage and operating free-air
temperature, VRgg = 1V, standard lumped loads (C| = 30 pF for B port and C|_ =50 pF for Y port)
(unless otherwise noted)(see Figure 1)T

FROM TO
¥ §
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN TYP MAX UNIT
t i
Sk(LH) A B Slow ns
tsk(HL)T
t 1
Sk(LH) A B Fast ns
tsk(HL)T
tsk(LH)" 5 v o
tsk(HL)T
Slow ns
A B
tsk(t)'" Fast ns
B Y ns
#
sk(priH) A B Slow ns
tsk(prHL)"
#
tsk(prLH) A B Fast ns
tsk(prHL)"
#
tsk(prLH) B v ns
tsk(prHL)"

T Actual skew values between GTLP outputs could vary on the backplane due to the loading and impedance seen by the device.

% Slow (ERC = L) and Fast (ERC = H)

§ All typical values are at Voc = 3.3V, Ta = 25°C.

f tsk(LH)/tsk(HL) and tsk(t) — Output-to-output skew is defined as the absolute value of the difference between the actual propagation delay for all
outputs with the same packaged device. The specifications are given for specific worst-case Vcc and temperature and apply to any outputs
switching in the same direction either high to low [ts(HL)] or low to high [ts(LH)] or in opposite directions, both low to high and high to low [tsit)]-

# tsk(prLH)/tsk(prHL) — The magnitude of the difference in propagation delay times between corresponding terminals of two logic devices when both
logic devices operate with the same supply voltages and at the same temperature, and have identical package types, identical specified loads,
and identical logic functions. Furthermore, these values are provided by SPICE simulations.
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PARAMETER MEASUREMENT INFORMATION

06V 15V
s00Q S/ o oOpen
From Output 1250
Under Test GND :
From Output Test
CL =50 pF 500 O TEST S1 Under Test Point
(see Note A) tPLH/APHL Open CL =30 pF
tpLZ/tPzZL 6v (see Note A) T
L L L tpHZ/tPZH GND =
LOAD CIRCUIT FOR Y OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
—————— 3V
Input 4( 15V 15V
| | oV
tPLH —¢—P| [—»— tPHL
\ \
———VoH
Output 1V 1V
3V
VoL
Output 15V 15V
VOLTAGE WAVEFORMS Control
PROPAGATION DELAY TIMES Y/ ———— ov

(A input to B port)

Output | \

v _l;____l'SV Waveform 1 \ | 3V
Input Slat6V XISV Yug+03v
| ov (see Note B) ‘ ———— VoL

|
tPLH —&——» e tpHL thzH ¥ 4~ b @ tPHZ
‘ ‘———VOH Output ‘ —— — — VOH
output 15V 15V Wgﬁoé“;lé , VOH-0.3V
VoL (see Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(B port to Y output) (A input)

NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR = 10 MHz, Zo =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(Figure 1). However, the designer’s backplane application probably is a distributed load. The physical representation
is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor inductance
capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance in this RLC
circuit. The following switching characteristics table shows the switching characteristics of the device into the RLC
load, to help the designer better understand the performance of the GTLP device in the backplane. See
www.ti.com/sc/gtlp for more information.

15V

15V

G < 15V
N N
110
Conn. Conn. Conn. Conn. Ly =14 nH
I I I I I I I I From Output L " Test
Under Test Point
17 17 17
Slot 1 Slot 2 Slot 19 Slot 20 -

Figure 2. High-Drive Test Backplane Figure 3. High-Drive RLC Network
switching characteristics over recommended operating conditions for the bus transceiver
function (unless otherwise noted) (see Figure 3)

FROM TO
T t
PARAMETER (INPUT) (OUTPUT) EDGE RATE TYPE | UNIT
t
PLH A B Slow ns
tPHL
t
PLH A B Fast ns
tPHL
t
PLH A Y Slow ns
tPHL
t
PLH A Y Fast ns
tPHL
o Slow
tr Rise time, B outputs (20% to 80%) ns
Fast
) Slow
tf Fall time, B outputs (80% to 20%) ns
Fast

t Slow (ERC = H) and Fast (ERC = L)

f All typical values are at Vo = 3.3V, Ta = 25°C. All values are derived from TI SPICE models.
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APPLICATION INFORMATION

operational description

The GTLP1395 is designed specifically for use with the Tl 1394 backplane layer controller family to transmit
the 1394 backplane serial bus across parallel backplanes. But, it is a versatile two 1-bit device that also can
provide multiple 1-bit clocks or an ATM read and write clock in multislot parallel backplane applications.

The 1394-1995 is an IEEE designation for a high-performance serial bus. This serial bus defines both a
backplane (e.g., GTLP, VME, FB+, CPCI, etc.) physical layer and a point-to-point cable-connected virtual bus.
The backplane version operates at 25, 50, or 100 Mbps, whereas the cable version supports data rates of 100,
200, and 400 Mbps. Both versions are compatible at the link layer and above. The interface standard defines
the transmission method, media in the cable version, and protocol. The primary application of the cable version
is the interconnection of digital A/V equipment and integration of I/O connectivity at the back panel of personal
computers using a low-cost, scalable, high-speed serial interface. The primary application of the backplane
version is to provide a robust control interface to each daughter card. The 1394 standard also provides new
services such as real-time 1/0 and live connect/disconnect capability for external devices.

electrical

The 1394 standard is a transaction-based packet technology for cable- or backplane-based environments. Both
chassis and peripheral devices can use this technology. The 1394 serial bus is organized as if it were memory
space interconnected between devices, or as if devices resided in slots on the main backplane. Device
addressing is 64 bits wide, partitioned as 10 bits for bus ID, 6 bits for node ID, and 48 bits for memory addresses.
The resultis the capability to address up to 1023 buses, each having up to 63 nodes and each with 281 terabytes
of memory. Memory-based addressing, rather than channel addressing, views resources as registers or
memory that can be accessed with processor-to-memory transactions. Each bus entity is termed a unit, to be
individually addressed, reset, and identified. Multiple nodes can reside physically in a single module, and
multiple ports can reside in a single node.

Some key features of the 1394 topology are multimaster capabilities, live connect/disconnect (hot plugging)
capability, genderless cabling connectors on interconnect cabling, and dynamic node address allocation as
nodes are added to the bus. A maximum of 63 nodes can be connected to one network.

The cable-based physical interface uses dc-level line states for signaling during initialization and arbitration.
Both environments use dominant mode addresses for arbitration. The backplane environment does not have
the initialization requirements of the cable environment because it is a physical bus and does not contain
repeaters. Due to the differences, a backplane-to-cable bridge is required to connect these two environments.

The signals transmitted on both the cable and backplane environments are NRZ with data-strobe (DS)
encoding. DS encoding allows only one of the two signal lines to change each data bit period, essentially
doubling the jitter tolerance with very little additional circuitry overhead in the hardware.
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APPLICATION INFORMATION

protocol

Both asynchronous and isochronous data transfers are supported. The asynchronous format transfers data and
transaction layer information to an explicit address. The isochronous format broadcasts data based on channel
numbers rather than specific addressing. Isochronous packets are issued on the average of each 125 ps in
support of time-sensitive applications. Providing both asynchronous and isochronous formats on the same
interface allows both non-real-time and real-time critical applications on the same bus. The cable environment’s
tree topology is resolved during a sequence of events, triggered each time a new node is added or removed
from the network. This sequence starts with a bus reset phase, where previous information about a topology
is cleared. The tree ID sequence determines the actual tree structure, and a root node is dynamically assigned,
or it is possible to force a particular node to become the root. After the tree is formed, a self-ID phase allows
each node on the network to identify itself to all other nodes. During the self-ID process, each node is assigned
an address. After all the information has been gathered on each node, the bus goes into an idle state, waiting
for the beginning of the standard arbitration process.

The backplane physical layer shares some commonality with the cable physical layer. Common functions
include: bus-state determination, bus-access protocols, encoding and decoding functions, and synchronization
of received data to a local clock.

backplane features

® 25- 50-, and 100-Mbps data rates for backplane environments

Live connection/disconnection possible without data loss or interruption
Configuration ROM and status registers supporting plug and play
Multidrop or point-to-point topologies supported.

Specified bandwidth assignments for real-time applications

applicability and typical application for IEEE 1394 backplane

The 1394 backplane serial bus (BPSB) plays a supportive role in backplane systems, specifically GTLP,
FutureBus+, VME®64, and proprietary backplane bus systems. This supportive role can be grouped into three
categories:

® Diagnostics

— Alternate control path to the parallel backplane bus
— Test, maintenance, and troubleshooting
— Software debug and support interface

® System enhancement

Fault tolerance

Live insertion

CSR access

Auxiliary 2-bit bus with a 64-bit address space to the parallel backplane bus

® Peripheral monitoring

— Monitoring of peripherals (disk drives, fans, power supplies, etc.) in conjunction with another externally
wired monitor bus, such as defined by the Intelligent Platform Management Interface (IPMI)

The 1394 backplane physical layer (PHY) and the SN74GTLP1395 provide a cost-effective way to add
high-speed 1394 connections to every daughter card in almost any backplane. More information on the
backplane PHY devices and how to implement the 1394 standard in backplane and cable applications can be
found at www.ti.com/sc/1394.
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APPLICATION INFORMATION

SN74GTLP1395 interface with the TSB14AA1 1394 backplane PHY

1A, 1B, and 1Y are used for the PHY data signals.

2A, 2B, and 2Y are used for the PHY strobe signals.

PHY N_OEB_D or OCDOE connects to 10EAB and 20EAB, which control the PHY transmit signals.

10EBY and 20EBY are connected to GND because the transceiver must always be able to receive signals
from the backplane and relay them to the PHY.

1T/C and 2T/C are connected to GND for inverted signals.
Ve is nominal 3.3 V.
BIAS V¢ is connected to nominal 3.3 V to support live insertion.

VREeg is normally 2/3 of V1.

ERC is normally connectedto V¢ for slow edge-rate operation because frequencies of only 50 MHz (S100)
and 25 MHz (S50) are required.

[ logical representation
> Vce SN74GTLP1395
L TSB14AA1L 1K
a4 33-VVcc |TDOE
al 10EAB
I_ Tdata &A 1B
(@) po-D1 2 > BPdata
- < > P Rdata 1Y QQ
Q cTLo-cTL1 2 1394
O Host ¢ 1-394 < » Backplane
Y Interface l'_‘;;';r Physical-  [OCDOE o . | 20EAB
L
LREQ Layer
(al Controller »
Controller
Tstrb 2A 2B
SCLK > ——— BPstrb
a
- P Rstrb oy
|
GND — 10EBY 1T/C|—— GND
GND — 20EBY 2T/CH—— GND
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APPLICATION INFORMATION

physical representation

64-Bit Data Bus 32- to 64-Bit Address Bus

GTLP1395 Transceiver — | &

1394 Backplane PHY — ||
1394 Link-Layer Controller — ||
Host Microprocessor —T]

Terminators

Backplane Trace

Connectors O
VME/FB+/CPCI or | 208N =
GTLP Transceivers oo
STRB DATA
| ph i I a Fr——7r—=—==-- )
| Module | | Module | | Module |
| ! | | |
: Node : : Node : : / Node :
| | | | |
| PHY (| PHY | | PHY |
| || | oo | |
| 2A | 2Y 1A |1Y | | | | |
| | | |
| | | |
THVA VAN VA VAL VA AL S
IVAVAIIVAVA| IVAVA]
| | | | |
|1 I I I | |1 I |
| I AP, e e ] J— | I AP, [ ——d
RTT 2B STRB RTT
1B DATA ‘
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® TI|-OPCO Circuitry Limits Ringing on DGV, DW, OR PW PACKAGE
Unevenly Loaded Backplanes (TOP VIEW)

® OEC[ Circuitry Improves Signal Integrity 1v[] 1 U20 ] 10EBY
and Reduces Electromagnetic Interference 17e (] 2 19[] 27/C

® Bidirectional Interface Between GTLP 2v[l 3 18 [] 20EBY
Signal Levels and LVTTL Logic Levels GND[| 4 17 [] GND

® Split LVTTL Port Provides a Feedback Path 10EAB([] 5 16 ]] 1B
for Control and Diagnostics Monitoring Veells 15 [] ERC

® Y Outputs Have Equivalent 26-Q Series 1A[) 7 14(] 2B
Resistors, So No External Resistors Are GND[] s 13 [] GND
Required _2A[)e 12 [] VRer

® LVTTL Interfaces Are 5-V Tolerant 20EAB[J10  ul BIAS Ve

® High-Drive GTLP Outputs (100 mA)

® | VTTL Outputs (=12 mA/12 mA)

® Variable Edge-Rate Control (ERC) Input

Selects GTLP Rise and Fall Times for
Optimal Data-Transfer Rate and Signal
Integrity in Distributed Loads

® |45, Power-Up 3-State, and BIAS V¢
Support Live Insertion

® Polarity Control Selects True or
Complementary Outputs

description

The SN74GTLP21395 is two 1-bit, high-drive, 3-wire bus transceivers that provide LVTTL-to-GTLP and
GTLP-to-LVTTL signal-level translation for applications, such as primary and secondary clocks, that require
individual output-enable and true/complement controls. The device allows for transparent and inverted
transparent modes of data transfer with separate LVTTL input and LVTTL output pins, which provide a feedback
path for control and diagnostics monitoring. The device provides a high-speed interface between cards
operating at LVTTL logic levels and a backplane operating at GTLP signal levels and is designed especially to
work with the Texas Instruments 3.3-V 1394 backplane physical-layer controller. High-speed (about three times
faster than standard LVTTL or TTL) backplane operation is a direct result of GTLP reduced output swing (<1 V),
reduced input threshold levels, improved differential input, OECO circuitry, and TI-OPCO circuitry. Improved
GTLP OEC and TI-OPC circuitry minimizes bus settling time, and have been designed and tested using several
backplane models. The high drive allows incident-wave switching in heavily loaded backplanes, with equivalent
load impedance down to 11 Q.

The Y outputs, which are designed to sink up to 12 mA, include equivalent 26-Q resistors to reduce overshoot
and undershoot.

GTLP is the Texas Instruments derivative of the Gunning Transceiver Logic (GTL) JEDEC standard JESD 8-3.
The ac specification of the SN74GTLP21395 is given only at the preferred higher noise margin GTLP, but the
user has the flexibility of using this device at either GTL (VT1=1.2V and VRgg=0.8 V) or GTLP (VyT1=15V
and VReg = 1 V) signal levels. For information on using GTLP devices in FB+/BTL applications, refer to Tl
application reports, Texas Instruments GTLP Frequently Asked Questions, literature number SCEA019, and
GTLP in BTL Applications, literature number SCEA017.

OEC and TI-OPC are trademarks of Texas Instruments.

PRODUCT PREVIEW information concerns products in the formative or Copyright 0 2001, Texas Instruments Incorporated

design phase of development. Characteristic data and other i
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice. EXAS
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description (continued)

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels,
but are 5-V tolerant and are compatible with TTL or 5-V CMOS devices. VRgk is the B-port differential input
reference voltage.

This device is fully specified for live-insertion applications using Iy, power-up 3-state, and BIAS V. The lgf
circuitry disables the outputs, preventing damaging current backflow through the device when it is powered
down. The power-up 3-state circuitry places the outputs in the high-impedance state during power up and power
down, which prevents driver conflict. The BIAS V¢ circuitry precharges and preconditions the B-port
input/output connections, preventing disturbance of active data on the backplane during card insertion or
removal, and permits true live-insertion capability.

This GTLP device features TI-OPC circuitry, which actively limits the overshoot caused by improperly
terminated backplanes, unevenly distributed cards, or empty slots during low-to-high signal transitions. This
improves signal integrity, which allows adequate noise margin to be maintained at higher frequencies.

High-drive GTLP backplane interface devices feature adjustable edge-rate control (ERC). Changing the ERC
input voltage between low and high adjusts the B-port output rise and fall times. This allows the designer to
optimize system data-transfer rate and signal integrity to the backplane load.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to Vcc
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

GQN PACKAGE

(TOP VIEW) terminal assignments
1 2 3 4
/7 \ 1 2 3 4
Al OOOO A 1T/C 1y 10EBY 2T/IC
Bl OO OO B GND GND 2y 20EBY
cl OO0 c Vee 10EAB ERC 1B
D OXOXOXO®) D GND GND 1A 2B
E O O OO E 20EAB 2A BIAS Vcc VREE
N\ s

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
Tube SN74GTLP21395DW
SOIC - DW GTLP21395
Tape and reel SN74GTLP21395DWR
—40°C to 85°C | TSSOP - PW Tape and reel SN74GTLP21395PWR
TVSOP - DGV Tape and reel SN74GTLP21395DGVR
VFBGA - GQN Tape and reel SN74GTLP21395GQNR

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
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functional description

The output-enable (LOEAB, 10EBY) and polarity-control (LT/C) inputs control 1A, 1B, and 1Y. 20EAB, 20EBY,

and 2T/C control 2A, 2B, and 2Y.

OEAB controls the activity of the B port. When OEAB is low, the B-port output is active. When OEAB is high,

the B-port output is disabled.

A separate LVTTL A input and Y output provide a feedback path for control and diagnostics monitoring. OEBY

controls the Y output. When OEBY is low, the Y output is active. When OEBY is high, the Y output is disabled.

T/C selects polarity of data transmission in both directions. When T/C is high, data transmission is true, and
A data goes to the B bus and B data goes to the Y bus. When T/C is low, data transmission is complementary,
and inverted A data goes to the B bus and inverted B data goes to the Y bus.

Function Tables

OUTPUT CONTROL

INPUTS
e — OUTPUT MODE
T/IC OEAB OEBY
X H H Isolation
H L H A data to B bus
True transparent
H H L B data to Y bus
True transparent
H L L A data to B bus, B data to Y bus with feedback path
L H Inverted A data to B bus
Inverted transparent
H L Inverted B data to Y bus
L L L Inverted A data to B bus, Inverted transparent
Inverted B data to Y bus with feedback path

OUTPUT EDGE-RATE CONTROL (ERC)

INPUT OUTPUT
ERC B-PORT
LOGIC LEVEL EDGE RATE
H Slow
L Fast

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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logic diagram (positive logic)

12

VREF
15
ERC
5
10EAB ’“>
1T/C 2 f“>
1A ! > ‘]‘_\! O 16 1B
20 >j4
10EBY ————Q
1y 1 /_(.(_
\I \_\\
10 \
20EAB g
|~
_ 19 \
2T/C g
|~
9 \ 14
2A \ <& 2B
> » D
e
20EBY ———(
3
o C
\‘ \_\\

Pin numbers shown are for DGV, DW, and PW packages.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Supply voltage range, Vec and BIAS Ve C oo -05Vto4.6V
Input voltage range, V| (see Note 1): A inputs, ERC, and control inputs ................... -05Vto7V
Bportand VREE -« vt -0.5Vto4.6V

Voltage range applied to any output in the high-impedance or power-off state, Vo
(SEE NOLE 1) Y OUIPULS ..ttt ittt e ettt e ettt e e -05Vto7V
B PO o -05Vto4.6V
Current into any output in the low state, Ig: Y OUtPUES . ... ... 24 mA
B port . 200 mA
Current into any output in the high state, Ig (see Note 2) .......... ... ... ... 24 mA
Continuous current through each Vec or GND ... +100 mA
Input clamp current, LIk (V1< 0) oot e e e e -50 mA
Output clamp current, ok (VO < 0) oo vt e -50 mA
Package thermal impedance, 8;p (see Note 3): DGV package ............. ..o 92°C/W
DWpackage .........cciiiiiiiiiiinanaan. 58°C/W
GONpackage .........ccoiiiiiiiiiiiiaan.. 28°C/IW
PWpackage ........... ..o, 83°C/W
Storage temperature range, Tstg ................................................... —65°C to 150°C

t 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vo > Vcc.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
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recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
vees
BIAS Ve Supply voltage 3.15 3.3 3.45 \%
o GTL 1.14 1.2 1.26
V1T Termination voltage \
GTLP 1.35 15 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \
GTLP 0.87 1 11
B port Vi
V| Input voltage P 1T \%
Except B port Vce 55
B port V| +0.05 \%
VIH High-level input voltage P REF
Except B port 2 \%
B port \Y —0.05
VL Low-level input voltage P REF \Y
Except B port 0.8
Ik Input clamp current -18 mA
loH High-level output current Y outputs -12 mA
Y outputs 12
loL Low-level output current mA
B port 100
At/Av Input transition rise or fall rate Outputs enabled 10 ns/\V
AM/AVce Power-up ramp rate 20 ps/vV
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

5. Proper connection sequence for use of the B-port I/O precharge feature is GND and BIAS V¢ = 3.3 V first, I/O second, and
Vcc = 3.3Vlast, because the BIAS V¢ precharge circuitry is disabled when any V¢ c pinis connected. The controland VRgginputs
can be connected anytime, but normally are connected during the I/O stage. If B-port precharge is not required, any connection
sequence is acceptable, but generally, GND is connected first.

6. V1T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.

7. VREF can be adjusted to optimize noise margins, but normally it is two-thirds V7. TI-OPC is enabled in the A-to-B direction and is
activated when V11 >0.7 V above VREE. If operated in the A-to-B direction, VRgE should be set to within 0.6 V of V1T to minimize
current drain.
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electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
ViK Vce =3.15V, I} =-18 mA -1.2 v
Vce =3.15V 10 3.45 V, loH = —100 pA Vce-0.2
VOH Y outputs loH = -6 mMA 2.4 \%
Vcc=3.15V
loH =-12 mA 2
Vce =3.15V 10 3.45 V, loL = 100 pA 0.2
Y outputs loL =6 mA 0.55
P Vcc =315V oL
loL = 12 mA 0.8
VoL %
loL = 10 mA 0.2
B port Vce =315V loL = 64 mA 0.4
loL =100 mA 0.55
T A-port and Voo =345V, Vi=0to 55V +10| pA
control inputs
Y outputs Vcc =345, Vo=0to 55V +10
loz*¥ — HA
B port Vcc =345V, VR within0.6 Vof VT, Vp=0t02.3V +10
Voo =345V, 10 =0, Outputs high 20
Icc Y outputs or B port V| (A or control inputs) = Vcc or GND, Outputs low 20 mA
V| (B port) = VT or GND Outputs disabled 20
Ale§ Vce =3.45V, One A-port or control input at Vcc — 0.6 V, 15 mA
cC Other A-port or control inputs at Vo or GND :
A-port inputs
Cj - V|=3.15Vor0 pF
Control inputs
Co Y outputs Vo=3.15Vor0 pF
Cio B port Vo=15Vor0 pF

T All typical values are at Vcc =33V, Ta=25°C.
tFor /o ports, the parameter |oz includes the input leakage current.
8 This is the increase in supply current for each input that is at the specified TTL voltage level, rather than Vcc or GND.

hot-insertion specifications for A inputs and Y outputs over recommended operating free-air
temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vce =0, ViorVo=0t055V 10 HA
10ZPU Vcc=0to 1.5V, Vo=05Vto3V, OEBY =0 30| pA
107PD Vec=15V100, Vo=05Vto3V, OEBY =0 £30] pA

live-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vce =0, BIAS Vcc =0, ViorVo=0to 15V 10 MA
loZPU Vcc=0to 15V, BIAS Ve =0, Vo=05Vto15V, OEAB =0 30| pA
l0ZPD Vcec =15V 100, BIAS Vcc =0, Vo=05Vto 15V, OEAB=0 £330 pA
lcc Vec=0t3 1oV BIAS Ve =3.15V103.45V, Vo (Bport)=0to 1.5V ] mA
(BIAS V) Vec=3.15Vi0345V 10| pA
Vo Vce =0, BIAS Ve =33V, Io=0 095 105| Vv
o Vee =0, BIASVcc=3.15V103.45V, Vg (Bport)=0.6V -1 WA

¥ 7
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, Vy7=1.5V and VRgg =1 V for GTLP (see Figure 1)

FROM TO
t ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN  TYP MAX | UNIT
t
PLH A B Slow ns
tPHL
t
PLH A B Fast ns
tPHL
t
PLH A Y Slow ns
tPHL
t
PLH A Y Fast ns
tPHL
t
PLH T/IC B Slow ns
tPHL
t
PLH e B Fast ns
tPHL
t
en OEAB B Slow ns
tdis
t
en OEAB B Fast ns
tdis
o Slow
ty Rise time, B outputs (20% to 80%) ns
Fast
. Slow
tf Fall time, B outputs (80% to 20%) ns
Fast
'PLH B Y ns
tPHL
t _
PLH e v ns
tPHL
t _
<n OEBY Y ns
tdis

T Slow (ERC = H) and Fast (ERC = L)

¥ All typical values are at Vo = 3.3V, Ta = 25°C.
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skew characteristics over recommended ranges of supply voltage and operating free-air
temperature, VRgg = 1V, standard lumped loads (C| = 30 pF for B port and C|_ =50 pF for Y port)
(unless otherwise noted)(see Figure 1)T

FROM TO
¥ §

PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN TYP MAX UNIT
tsk(LH)' A B Slow ns
tsk(HL)T
tsk(LH)' A B Fast ns
tsk(HL)T
tsk(LH)" 5 v o
tsk(HL)T

Slow ns
A B
tsk(t)'" Fast ns
B Y ns
#
sk(priH) A B Slow ns
tsk(prHL)"
#
tsk(prLH) A B Fast ns
tsk(prHL)"
#
tsk(prLH) B v ns
tsk(prHL)"

T Actual skew values between GTLP outputs could vary on the backplane due to the loading and impedance seen by the device.

% Slow (ERC = L) and Fast (ERC = H)

§ All typical values are at Voc = 3.3V, Ta = 25°C.

f tsk(LH)/tsk(HL) and tsk(t) — Output-to-output skew is defined as the absolute value of the difference between the actual propagation delay for all
outputs with the same packaged device. The specifications are given for specific worst-case Vcc and temperature and apply to any outputs
switching in the same direction either high to low [tsk(HL)] orlow to high [tsk(LH)] or in opposite directions, both low to high and high to low [tsk(t)]-

# tsk(prLH)/tsk(prHL) — The magnitude of the difference in propagation delay times between corresponding terminals of two logic devices when both
logic devices operate with the same supply voltages and at the same temperature, and have identical package types, identical specified loads,
and identical logic functions. Furthermore, these values are provided by SPICE simulations.

*5‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

3-61

PRODUCT PREVIEW



PRODUCT PREVIEW

SN74GTLP21395
TWO 1-BIT LVTTL-TO-GTLP ADJUSTABLE-EDGE-RATE BUS TRANSCEIVERS
WITH SPLIT LVTTL PORT, FEEDBACK PATH, AND SELECTABLE POLARITY

SCES350B — JUNE 2001 — REVISED AUGUST 2001

PARAMETER MEASUREMENT INFORMATION

06V 15V
5000 S1/ o Open
From Output 1250
Under Test GND :
From Output Test
CL=50pF 500 O TEST S1 Under Test Point
(see Note A) tPLH/tPHL Open CL =30 pF
tpLZ/tPZL 6v (see Note A)
L L L tpHZ/tPZH GND =
LOAD CIRCUIT FOR Y OUTPUTS LOAD CIRCUIT FOR B OUTPUTS
—————— 3V
Input 7( 15V 15V
| | oV
tPLH —¢——P| f[—»—tPHL
\ \
———VoH
Output 1v 1v
3V
VoL
Output 15V 15V
VOLTAGE WAVEFORMS Control
PROPAGATION DELAY TIMES Y ———— ov

(A input to B port)

Output | \

v _1;____1'5\/ Waveform 1 \ | 3V
Input Slat6V FXISY T Yuo 03V
| ov (see Note B) ‘ ———— VoL

|
tPLH ———» e tpHL thzH ¥ — b @ tPHZ
‘ ‘———VOH Output ‘ ———— VOH
Output 15V 15V Wsa‘l’jtoé"':lé , VOH-0.3V
VoL (see Note B) =0V
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES
(B port to Y output) (A input)

NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR = 10 MHz, Zo =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(Figure 1). However, the designer’s backplane application probably is a distributed load. The physical representation
is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor inductance
capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance in this RLC
circuit. The following switching characteristics table shows the switching characteristics of the device into the RLC
load, to help the designer better understand the performance of the GTLP device in the backplane. See
www.ti.com/sc/gtlp for more information.

15V

15V

G < 15V
N N
110
[conn.] [Conn.] [cConn.] [cConn.] L, =14 nH
From Output Test
Under Test Point
17 17 17
Slot 1 Slot 2 Slot 19 Slot 20 =
Figure 2. High-Drive Test Backplane Figure 3. High-Drive RLC Network
switching characteristics over recommended operating conditions for the bus transceiver
function (unless otherwise noted) (see Figure 3)
FROM TO
T b
PARAMETER (INPUT) (OUTPUT) EDGE RATE TYPE | UNIT
t
PLH A B Slow ns
tPHL
t
PLH A B Fast ns
tPHL
t
PLH A Y Slow ns
tPHL
t
PLH A Y Fast ns
tPHL
o Slow
tr Rise time, B outputs (20% to 80%) ns
Fast
) Slow
tf Fall time, B outputs (80% to 20%) ns
Fast

t Slow (ERC = H) and Fast (ERC = L)

f All typical values are at Vo = 3.3V, Ta = 25°C. All values are derived from TI-SPICE models.
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APPLICATION INFORMATION

operational description

The GTLP21395 is designed specifically for use with the T1 1394 backplane layer controller family to transmit
the 1394 backplane serial bus across parallel backplanes. But, it is a versatile two 1-bit device that also can
provide multiple 1-bit clocks or an ATM read and write clock in multislot parallel backplane applications.

The 1394-1995 is an IEEE designation for a high-performance serial bus. This serial bus defines both a
backplane (e.g., GTLP, VME, FB+, CPCI, etc.) physical layer and a point-to-point cable-connected virtual bus.
The backplane version operates at 25, 50, or 100 Mbps, whereas the cable version supports data rates of 100,
200, and 400 Mbps. Both versions are compatible at the link layer and above. The interface standard defines
the transmission method, media in the cable version, and protocol. The primary application of the cable version
is the interconnection of digital A/V equipment and integration of I/O connectivity at the back panel of personal
computers using a low-cost, scalable, high-speed serial interface. The primary application of the backplane
version is to provide a robust control interface to each daughter card. The 1394 standard also provides new
services such as real-time 1/0 and live connect/disconnect capability for external devices.

electrical

The 1394 standard is a transaction-based packet technology for cable- or backplane-based environments. Both
chassis and peripheral devices can use this technology. The 1394 serial bus is organized as if it were memory
space interconnected between devices, or as if devices resided in slots on the main backplane. Device
addressing is 64 bits wide, partitioned as 10 bits for bus ID, 6 bits for node ID, and 48 bits for memory addresses.
The resultis the capability to address up to 1023 buses, each having up to 63 nodes and each with 281 terabytes
of memory. Memory-based addressing, rather than channel addressing, views resources as registers or
memory that can be accessed with processor-to-memory transactions. Each bus entity is termed a unit, to be
individually addressed, reset, and identified. Multiple nodes can reside physically in a single module, and
multiple ports can reside in a single node.

Some key features of the 1394 topology are multimaster capabilities, live connect/disconnect (hot plugging)
capability, genderless cabling connectors on interconnect cabling, and dynamic node address allocation as
nodes are added to the bus. A maximum of 63 nodes can be connected to one network.

The cable-based physical interface uses dc-level line states for signaling during initialization and arbitration.
Both environments use dominant mode addresses for arbitration. The backplane environment does not have
the initialization requirements of the cable environment because it is a physical bus and does not contain
repeaters. Due to the differences, a backplane-to-cable bridge is required to connect these two environments.

The signals transmitted on both the cable and backplane environments are NRZ with data-strobe (DS)
encoding. DS encoding allows only one of the two signal lines to change each data-bit period, essentially
doubling the jitter tolerance with very little additional circuitry overhead in the hardware.
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APPLICATION INFORMATION

protocol

Both asynchronous and isochronous data transfers are supported. The asynchronous format transfers data and
transaction layer information to an explicit address. The isochronous format broadcasts data based on channel
numbers rather than specific addressing. Isochronous packets are issued on the average of each 125 ps in
support of time-sensitive applications. Providing both asynchronous and isochronous formats on the same
interface allows both non-real-time and real-time critical applications on the same bus. The cable environment’s
tree topology is resolved during a sequence of events, triggered each time a new node is added or removed
from the network. This sequence starts with a bus reset phase, where previous information about a topology
is cleared. The tree ID sequence determines the actual tree structure, and a root node is dynamically assigned,
or it is possible to force a particular node to become the root. After the tree is formed, a self-ID phase allows
each node on the network to identify itself to all other nodes. During the self-ID process, each node is assigned
an address. After all the information has been gathered on each node, the bus goes into an idle state, waiting
for the beginning of the standard arbitration process.

The backplane physical layer shares some commonality with the cable physical layer. Common functions
include: bus-state determination, bus-access protocols, encoding and decoding functions, and synchronization
of received data to a local clock.

backplane features

® 25- 50-, and 100-Mbps data rates for backplane environments

Live connection/disconnection possible without data loss or interruption
Configuration ROM and status registers supporting plug and play
Multidrop or point-to-point topologies supported.

Specified bandwidth assignments for real-time applications

applicability and typical application for IEEE 1394 backplane

The 1394 backplane serial bus (BPSB) plays a supportive role in backplane systems, specifically GTLP,
FutureBus+, VME®64, and proprietary backplane bus systems. This supportive role can be grouped into three
categories:

® Diagnostics

— Alternate control path to the parallel backplane bus
— Test, maintenance, and troubleshooting
— Software debug and support interface

® System enhancement

Fault tolerance

Live insertion

CSR access

Auxiliary 2-bit bus with a 64-bit address space to the parallel backplane bus

® Peripheral monitoring

— Monitoring of peripherals (disk drives, fans, power supplies, etc.) in conjunction with another externally
wired monitor bus, such as defined by the Intelligent Platform Management Interface (IPMI)

The 1394 backplane physical layer (PHY) and the SN74GTLP21395 provide a cost-effective way to add
high-speed 1394 connections to every daughter card in almost any backplane. More information on the
backplane PHY devices and how to implement the 1394 standard in backplane and cable applications can be
found at www.ti.com/sc/1394.
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APPLICATION INFORMATION

SN74GTLP21395 interface with the TSB14AA1 1394 backplane PHY

1A, 1B, and 1Y are used for the PHY data signals.

2A, 2B, and 2Y are used for the PHY strobe signals.

PHY N_OEB_D or OCDOE connects to 10EAB and 20EAB, which control the PHY transmit signals.

10EBY and 20EBY are connected to GND because the transceiver must always be able to receive signals
from the backplane and relay them to the PHY.

1T/C and 2T/C are connected to GND for inverted signals.
Ve is nominal 3.3 V.
BIAS V¢ is connected to nominal 3.3 V to support live insertion.

VREeg is normally 2/3 of V1.

ERC is normally connectedto V¢ for slow edge-rate operation because frequencies of only 50 MHz (S100)
and 25 MHz (S50) are required.

[ logical representation
a Vce SN74GTLP21395
Y TSB14AA1 1kO
al 3.3-VVcc | TDOE
10EAB
= Tdata 1A 1B
O D‘O—Dl 2 R » BPdata
- N v P Rdata 1y o<}
CTLO-CTLL 2 1394
O 1394 3 .
Host Link- - v Backplane |______
D: Interface La Physical- OCDOE . 20EAB
yer L4 >
(al LREQ Layer
Controller »
v Controller
Tstrb 2A 2B
SCLK » —— BPstrb
da
- P Rstrb oy
GND —] 10EBY 1T/C—— GND
GND —] 20EBY 2T/ICH—— GND
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APPLICATION INFORMATION

physical representation

64-Bit Data Bus 32- to 64-Bit Address Bus

GTLP21395 Transceiver — | K

1394 Backplane PHY — ||
1394 Link-Layer Controller — ||
Host Microprocessor —T]

Terminators

Backplane Trace

Connectors O
VME/FB+/CPCI or | 208N =
GTLP Transceivers oo
STRB DATA
| ph i I a Fr——7r—=—==-- )
| Module | | Module | | Module |
| ! | | |
: Node : : Node : : / Node :
| | | | |
| PHY (| PHY | | PHY |
| || | oo | |
| 2A | 2Y 1A |1Y | | | | |
| | | |
| | | |
THVA VAN VA VAL VA AL S
IVAVAIIVAVA| IVAVA]
| | | | |
|1 I I I | |1 I |
| I AP, e e ] J— | I AP, [ ——d
RTT 2B STRB RTT
1B DATA ‘
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® Member of the Texas Instruments’ DGG PACKAGE
WidebusO Family (TOP VIEW)
® UBTO Transceiver Combines D-Type oeas 11 U 64|] CEAB
Latches and D-Type Flip-Flops for LeaB [ 2 63[] cCLKAB
Operation in Transparent, Latched, a1 13 62[] B1
Clocked, or Clock-Enabled Mode
L o A2 [|a 61|] B2
® TI|-OPCO Circuitry Limits Ringing on GND s 60[] GND
Unevenly Loaded Backplanes A3 [ls s0[] B3
® OECO Circuitry Improves Signal Integrity Vee U7 58] BIAS Ve
and Reduces Electromagnetic Interference A4 []s 57| B4
® Bidirectional Interface Between GTLP A5 o s6[] B5
Signal Levels and LVTTL Logic Levels GND [J10  s5[] GND
® |VTTL Interfaces Are 5-V Tolerant A6 i saflB6
. . A7 [J12  s3[lB7
® High-Drive GTLP Outputs (100 mA) as M3 s2[] B8
® | VTTL Outputs (—24 mA/24 mA) GND [J12  s1[JGND
® Variable Edge-Rate Control (ERC) Input A9 []15 s0[] B9
Selects GTLP Rise and Fall Times for Vee [ s 49|] Vee
Optimal Data-Transfer Rate and Signal A10 [J17 48|l B10O
Integrity in Distributed Loads GND [J18  47[J GND
® |1, Power-Up 3-State, and BIAS V¢ A1l [J19  4s]lB11
Support Live Insertion A12 [J20  4s5]] B12
® Bus Hold on A-Port Data Inputs GND [J21  44fl GND
® Distributed Vcc and GND Pins Minimize 21‘31 22 43% Eij
High-Speed Switching Noise 23 42
GND [J24  41[JGND
® | atch-Up Performance Exceeds 100 mA Per a15 [ 25 0[] B15
JESD 78, Class I Vee [26 39[] Vrer
® ESD Protection Exceeds JESD 22 A16 [J27 38| B16
— 2000-V Human-Body Model (A114-A) ERC [] 28 37[] GND
— 200-V Machine Model (A115-A) A17 129 36[] B17
— 1000-V Charged-Device Model (C101) A18 30 35(] B18
. OEBA [|31  34|] CLKBA
description LEBA [|32  33[]CEBA

The SN74GTLPH1612 is a high-drive, 18-bit

UBTO transceiver that provides LVTTL-to-GTLP

and GTLP-to-LVTTL signal-level translation. It allows for transparent, latched, clocked, or clock-enabled modes
of data transfer. The device provides a high-speed interface between cards operating at LVTTL logic levels and
abackplane operating at GTLP signal levels. High-speed (about three times faster than standard TTL or LVTTL)
backplane operation is a direct result of GTLP’s reduced output swing (<1 V), reduced input threshold levels,
improved differential input, OEC circuitry, and TI-OPCUO circuitry. Improved GTLP OEC and TI-OPC circuits
minimize bus-settling time and have been designed and tested using several backplane models. The high drive
allows incident-wave switching in heavily loaded backplanes with equivalent load impedance down to 11 Q.

GTLP is the Texas Instruments (TIO) derivative of the Gunning Transceiver Logic (GTL) JEDEC standard
JESD 8-3. The ac specification of the SN74GTLPH1612 is given only at the preferred higher noise margin
GTLP, but the user has the flexibility of using this device at either GTL (VT1=1.2V and VRgg =0.8 V) or GTLP
(VrT=1.5V and VRgg = 1 V) signal levels.

OEC, TI, TI-OPC, UBT, and Widebus are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. Copyright 0 2001, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments
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tsggpiggrgfgﬁrgg?;yﬁstggyctlon processing does not necessarily include b s I E‘XAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-69



SN74GTLPH1612
18-BIT LVTTL-TO-GTLP ADJUSTABLE-EDGE-RATE
UNIVERSAL BUS TRANSCEIVER

SCES287D — OCTOBER 1999 — REVISED AUGUST 2001

description (continued)

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels
but are 5-V tolerant and are compatible with TTL and 5-V CMOS inputs. VRgk is the B-port differential input
reference voltage.

This device is fully specified for live-insertion applications using Iy, power-up 3-state, and BIAS V. The lgf
circuitry disables the outputs, preventing damaging current backflow through the device when it is powered
down. The power-up 3-state circuitry places the outputs in the high-impedance state during power up and power
down, which prevents driver conflict. The BIAS V¢ circuitry precharges and preconditions the B-port
input/output connections, preventing disturbance of active data on the backplane during card insertion or
removal, and permits true live-insertion capability.

This GTLP device features TI-OPC circuitry, which actively limits the overshoot caused by improperly
terminated backplanes, unevenly distributed cards, or empty slots during low-to-high signal transitions. This
improves signal integrity, which allows adequate noise margin to be maintained at higher frequencies.

High-drive GTLP backplane interface devices feature adjustable edge-rate control (ERC). Changing the ERC
input voltage between GND and V¢ adjusts the B-port output rise and fall times. This allows the designer to
optimize system data-transfer rate and signal integrity to the backplane load.

Active bus-hold circuitry is provided to hold unused or undriven LVTTL data inputs at a valid logic state. Use
of pullup or pulldown resistors with the bus-hold circuitry is not recommended.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to V¢
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
PART NUMBER MARKING

—40°C t0 85°C | TSSOP — DGG | Tape and reel SN74GTLPH1612DGGR | GTLPH1612

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

TA PACKAGET
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functional description

The SN74GTLPH1612 is a high-drive (100 mA), 18-bit UBT transceiver containing D-type latches and D-type
flip-flops for data-path operation in transparent, latched, clocked, or clock-enabled modes and can replace any
of the functions shown in Table 1. Data polarity is noninverting.

Table 1. SN74GTLPH1612 UBT Transceiver Replacement Functions

FUNCTION 8 BIT 9BIT 10 BIT 16 BIT 18 BIT
Transceiver ‘245, '623, '645 '863 '861 16245, '16623 16863
Buffer/driver 241,244,541 ‘827 16241, °'16244,'16541 16825
Latched transceiver '543 16543 16472
Latch '373,'573 '843 '841 '16373 '16843
Registered transceiver '646, '652 16646, '16652 16474
Flip-flop '374,°574 '821 16374
Standard UBT 16500, '16501
Universal bus driver '16835
Registered transceiver with clock enable '2952 16470, 16952
Flip-flop with clock enable 377 '823 16823

Standard UBT with clock enable

16600, '16601

SN74GTLPH1612 UBT transceiver replaces all above functions

Data flow in each direction is controlled by the clock enables (CEAB and CEBA), latch enables (LEAB and
LEBA), clock (CLKAB and CLKBA), and output enables (OEAB and OEBA). CEAB and CEBA and OEAB and
OEBA control the 18 bits of data for the A-to-B and B-to-A directions, respectively.

For A-to-B data flow, when CEAB is low, the device operates on the low-to-high transition of CLKAB for the
flip-flop and on the high-to-low transition of LEAB for the latch path, i.e., if CEAB and LEAB are low. the A data
is latched regardless of the state of CLKAB (high or low) and if LEAB is high, the device is in transparent mode.
When OEAB is low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state.

The data flow for B to A is similar to that of A to B, except that CEBA, OEBA, LEBA, and CLKBA are used.
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Function Tables

OUTPUT ENABLET

INPUTS OUTPUT
e ———— MODE
CEAB OEAB LEAB CLKAB A B
X H X X X z Isolation
L L L H X BoF
Latched storage of A data
L L L L X BoS
X L H X L L
True transparent
X L H X H H
L L L 1 L L
Clocked storage of A data
L L L 1 H H
H L L X X BoS Clock inhibit

t A-to-B data flow is shown: B-to-A data flow is similar, but uses CEBA, OEBA, LEBA, and
CLKBA. The condition when OEAB and OEBA are both low at the same time is not
recommended.

¥ Output level before the indicated steady-state input conditions were established, provided
that CLKAB was high before LEAB went low

§ Output level before the indicated steady-state input conditions were established

B-PORT EDGE-RATE CONTROL (ERC)
INPUT ERC OUTPUT

LOGIC | NOMINAL B-PORT
LEVEL | VOLTAGE | EDGE RATE

L GND Slow
H Vce Fast
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logic diagram (positive logic)

39

VREF

28
ERC

1
OEAB

64

CEAB

63
CLKAB

2

LEAB

32

LEBA

34

CLKBA

33
CEBA

31

VVVVVVVYV

OEBA

Al 1D *— 62
L 4 C1
CE—e
1D

® > CLK
C1
CLK<] I
v v \A A4 vy

To 17 Other Channels
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vec and BIAS Ve C oo -0.5Vto4.6V
Imeﬂwemm&Vﬂ%eMmlyAmmﬁﬁideMmmmMS ..................... -05Vto7V
Bportand VREE -+« iviiii i -0.5Vto46V

Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOtE 1) A POIt oottt e e e -05Vto7V
B POt -05Vto46V
Current into any output in the low state, lo: APOrt . ... i 48 mA
B port 200 mA
Current into any A port output in the high state, Ig(seeNote 2) ............ ... ... .. ...o... 48 mA
Continuous current through eachVec or GND ... +100 mA
Input clamp current, Ik (V1 < 0) oo e e -50 mA
Output clamp current, Iok (VO < 0) oo vt -50 mA
Package thermal impedance, 83p (See Note 3) .. ... i 55°C/W
Storage temperature range, Tggg -« ... ovvve i —65°C to 150°C

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
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recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
vVee,
BIAS Ve Supply voltage 3.15 3.3 3.45 \
o GTL 1.14 1.2 1.26
VTT Termination voltage \%
GTLP 1.35 1.5 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \
GTLP 0.87 1 11
B port V
7 Input voltage P 1T \%
Except B port Vce 5.5
B port VREE+0.05
VIH High-level input voltage ERC Vcc-06 Vcc 55 \
Except B port and ERC 2
B port VREE—0.05
VL Low-level input voltage ERC GND 0.6 \
Except B port and ERC 0.8
Ik Input clamp current -18 mA
loH High-level output current A port -24 mA
A port 24
loL Low-level output current mA
B port 100
At/Av Input transition rise or fall rate Outputs enabled 10 ns/\V
A/AVcce Power-up ramp rate 20 us/iv
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Proper connection sequence for use of the B-port I/O precharge feature is GND and BIAS V¢ = 3.3 V first, I/O second, and
Ve = 3.3 Vlast, becausethe BIAS V¢ precharge circuitry is disabled whenany V¢ c pinis connected. The controland VR gginputs
can be connected anytime, but normally are connected during the 1/O stage. If B-port precharge is not required, any connection
sequence is acceptable, but generally, GND is connected first.
6. V7T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.
7. VREF can be adjusted to optimize noise margins, but normally is two-thirds V1. TI-OPC circuitry is enabled in the A-to-B direction

and is activated when V1T > 0.7 V above VREFE. If operated in the A-to-B direction, VRgE should be set to within 0.6 V of V1T to
minimize current drain.
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electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
% Vce =3.15V, I} =-18 mA -1.2 v
Vce =3.15V 10 3.45 V, loH=-100pA | Vcc-0.2
V A port I =-12mA 2.4 \%
OH p Vee =315V OH
IoH =24 mA 2
Vee =315V 10345V, loL = 100 pA 0.2
A port loL=12mA 0.4
P Vcc =315V oL
loL =24 mA 0.5
VoL Vv
loL = 10 mA 0.2
B port Vce =315V loL = 64 mA 0.4
loL = 100 mA 0.55
| Control inputs Vcc =345y, Vi=0or55V +10 HA
A port Vo=V 10
|OZH¢ P Vcc =345V O cC HA
B port Vo=15V 10
IOZLi A and B ports Vcc =345, Vo =GND -10 HA
|BHL§ A port Vcc =315V, V=08V 75 HA
IgHHT | Aport Ve =315V, vi=2V -75 A
IgHLO? | A port Vee =345V, V|=0to Ve 500 HA
IgHHoll | A port Vce =3.45V, Vi =0toVce -500 A
Voo =345V, 10 =0, Outputs high 45
Icc A or B port V| (A-port or control input) = Vcc or GND, Outputs low 45 mA
V| (B port) = VT or GND Outputs disabled 45
Ve =3.45V, One A-port or control input at Vcc — 0.6 V, 15 mA
Alccx Other A-port or control inputs at Ve or GND :
Cj Control inputs V|=3.15Vor0 4 55 pF
A port Vo=3.15Vor0 6.5 8
Cio pF
B port Vo=15Vor0 9.5 11.5

T All typical values are at Voc = 3.3V, Ta = 25°C.

¥ For 1/0 ports, the parameters lozH and gz include the input leakage current.

§ The bus-hold circuit can sink at least the minimum low sustaining current at V| max. IgH|_ should be measured after lowering V| to GND and
then raising it to V|_max.

11 The bus-hold circuit can source at least the minimum high sustaining current at Vjymin. IgyH should be measured after raising Vi to Ve and
then lowering it to Vjymin.

# An external driver must source at least Ig|_ o to switch this node from low to high.

Il An external driver must sink at least IBHHO to switch this node from high to low.

*This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

hot-insertion specifications for A port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vee =0, BIAS Ve =0, VjorVo=0to 55V 10| pA
I0ZPU Vee=0to 1.5V, Vo=05Vto3V, OE=0 £30| pA
l0ZPD Vee =15V 100, Vo=05Vto3V, OE=0 £30| pA
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live-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vee =0, BIAS Vcc =0, VjorVo=0t0 1.5V 10 HA
lozpu Vcc=0to 1.5V, BIAS Vcc =0, Vo=05Vto1l5V,0E=0 +30 MA
lozPD Vcc=15Vto0, BIASVcc =0, Vo=05Vto15V,0E=0 +30 HA
lcc (BIAS Veg)  |Ee 2010315V BIAS Voo =3.15V 10345V, Vo (Bpor)=0to 1.5V 0] mA

Vcc=3.15Vt0345V 10 HA
Vo Vece =0, BIASVcc =3.3V, lo=0 095 1.05 \
lo Vce =0, BIASVcc=3.15V1t0345V, Vo (Bport)=0.6V -1 HA

timing requirements over recommended ranges of supply voltage and operating free-air
temperature, V1= 1.5V and VRgg = 1 V for GTLP (normal mode) (unless otherwise noted)

MIN  MAX | UNIT
fclock  Clock frequency 175 | MHz
) LEAB or LEBA high 3
tw Pulse duration - ns
CLKAB or CLKBA high or low 3
A before CLKAB1t 2.2
B before CLKBA1 2.4
. A before LEAB!, CLK = Don't care 1.8
tsu Setup time ns
B before LEBA!, CLK = Don't care 2.1
CEAB before CLKAB1 15
CEBA before CLKBA?® 15
A after CLKAB1t 0.7
B after CLKBA1® 0.5
. A after LEAB|, CLK = Don't care 1.2
th Hold time ns
B after LEBA!, CLK = Don't care 0.9
CEAB after CLKAB1t 15
CEBA after CLKBA*® 15
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, VT1=1.5V and VRgg = 1 V for GTLP (normal mode) (see Figure 1)

FROM TO
t ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN  TYP MAX | UNIT
f 4.2 5.6 7.1
PLH A B Slow ns
tPHL 3 4.4 6.3
t 3 4.3 5.7
PLH A B Fast ns
tPHL 2.6 3.8 5.3
t 4.6 6.1 7.7
PLH LEAB B Slow ns
tPHL 3.3 4.7 6.5
f 3.4 4.8 6.2
PLH LEAB B Fast ns
tPHL 3 4.2 5.7
f 4.7 6.2 7.7
PLH CLKAB B Slow ns
tPHL 3.2 4.7 6.4
t 3.5 49 6.2
PLH CLKAB B Fast ns
tPHL 2.9 4.2 5.6
ten 3 4.6 6.5
OEAB B Slow ns
tdis 4.6 6 7.5
ten 2.7 4.1 5.6
OEAB B Fast ns
tdis 34 4.8 6.2
o Slow 2.5
tr Rise time, B outputs (20% to 80%) ns
Fast 1.3
) Slow 3.3
tf Fall time, B outputs (80% to 20%) ns
Fast 25
tPLH B A 1.3 2.9 4.6 ns
tPHL 1.6 3 4.2
f 15 3.2 4.6
PLH LEBA A ns
tPHL 15 3 3.9
f 15 3.3 4.8
PLH CLKBA A ns
tPHL 15 3 4.2
t N 1.2 25 5
en OEBA A ns
tdis 2.3 3.8 55

T Slow (ERC = GND) and Fast (ERC = V)

¥ All typical values are at Voc = 3.3V, Ta = 25°C.
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PARAMETER MEASUREMENT INFORMATION

o6V
From Output O Open
Under Test GND
CL =50 pF
(see Note A) 500 Q
LOAD CIRCUIT FOR A OUTPUTS
« twy ——»
| \ 3V
Input Xl.5 \% Xl.s \%
oV
VOLTAGE WAVEFORMS

PULSE DURATION

VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
(A port to B port)

Input flV

\ \
tPLH —j¢—» > tpHL
\

\
———VOH
Output 15V 15V

VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
(B port to A port)

NOTES: A. Cp includes probe and jig capacitance.

15V
TEST s1 1250
tPLH/tPHL Open From Output Test
tpLz/tpzL 6V Under Test Point
tpHZ/tpZH GND C_ =30pF
(see Note A)
LOAD CIRCUIT FOR B OUTPUTS
3V
Timing Xl.S v
Input
‘ ov
e tgy Pt P
‘ ‘ VOH
Data
V V|
ov

VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES
(Vm =15V for Aportand 1V for B port)
(VoH =3V for A portand 1.5V for B port)

3V
Output 15V 15V
Control
| T ov
tpzL —“ — —D} ¢ tp 7
Output | | 3V
Waveform 1
Slat6V ‘ VoL +0.3V
(see Note B) ‘ | ———— VoL
\
thzH —» — P [ tPHz
Output | ———— VOoH
Waveform 2 VoH-0.3V
S1 at GND
(see Note B) =0V
VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES
(A port)

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR = 10 MHz, Zg =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(Figure 1). However, the designer’s backplane application probably is a distributed load. The physical representation
is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor inductance
capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance in this RLC
circuit. The following switching characteristics table shows the switching characteristics of the device into the RLC

load, to help the designer better understand the performance of the GTLP device in this typical backplane. See
www.ti.com/sc/gtlp for more information.

15V 15V
c c
s by 1.5V
N N
110
[conn.] [Conn.] |conn.] [Conn.] L =14 nH
From Output Test
o« Under Test Point
17 ' 1 17 17
Slot 1 Slot 2 Slot 19 Slot 20 =
Figure 2. High-Drive Test Backplane Figure 3. High-Drive RLC Network
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature, Vy7=1.5V and VRgg =1 V for GTLP (see Figure 3)

FROM TO
T b
PARAMETER (INPUT) (OUTPUT) EDGE RATE TYP UNIT

t 5.3

PLH A B Slow ns
tPHL 5.3
t 4

PLH A B Fast ns
tPHL 4
t 5.2

PLH LEAB B Slow ns
tPHL 5.2
t 3.9

PLH LEAB B Fast ns
tPHL 3.9
t 55

PLH CLK B Slow ns
tPHL 5.5
t 4.3

PLH CLK B Fast ns
tPHL 4.3
t 5.7

<h OEAB B Slow ns
tdis 4.3
t 4.3

<h OEAB B Fast ns
tdis 38
o Slow 2

tr Rise time, B outputs (20% to 80%) ns
Fast 1.2
. Slow 25

t Fall time, B outputs (80% to 20%) ns
Fast 1.8

T Slow (ERC = GND) and Fast (ERC = V)
¥ All typical values are at Vo = 3.3 V, Ta = 25°C. All values are derived from TI-SPICE models.
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® Member of Texas Instruments’ Widebus[
Family
® UBTO Transceiver Combines D-Type
Latches and D-Type Flip-Flops for
Operation in Transparent, Latched,
Clocked, or Clock-Enabled Modes
® TI-OPCUO Circuitry Limits Ringing on
Unevenly Loaded Backplanes
® OECO Circuitry Improves Signal Integrity
and Reduces Electromagnetic Interference
Bidirectional Interface Between GTLP
Signal Levels and LVTTL Logic Levels
GTLP Buffered CLKAB Signal (CLKOUT)
LVTTL Interfaces Are 5-V Tolerant
High-Drive GTLP Outputs (100 mA)
LVTTL Outputs (=24 mA/24 mA)
Variable Edge-Rate Control (ERC) Input
Selects GTLP Rise and Fall Times for
Optimal Data-Transfer Rate and Signal
Integrity in Distributed Loads
® |45, Power-Up 3-State, and BIAS V¢
Support Live Insertion
® Bus Hold on A-Port Data Inputs
® Distributed V¢ and GND Pins Minimize
High-Speed Switching Noise
® | atch-Up Performance Exceeds 100 mA Per
JESD 78, Class I
® ESD Protection Exceeds JESD 22
— 2000-V Human-Body Model (A114-A)
— 200-V Machine Model (A115-A)
— 1000-V Charged-Device Model (C101)

description

DGG PACKAGE

OEAB
LEAB
Al
A2
GND
A3
Vee
A4
A5
GND
A6
A7
A8
GND
A9
Vee
A10
GND
A1l
A12
GND
A13
Al4
GND
A15
Vee
A16
ERC
A17
CLKIN
OEBA
LEBA

(TOP VIEW)
1 < 64|] CEAB
2 63]] CLKAB
3 62]] B1
4 61|] B2
5 60|] GND
6 s9]] B3
7 58 ] BIAS VCC
8 57|] B4
9 s6]] BS
10 55|l GND
11 54|]B6
12 53| B7
13 s52[]B8
14  51[J GND
15 50| B9
16 49]] Vee
17 48[l B10
18  47|[J GND
19 46| B11
20  45]] B12
21 44]] GND
22 43]]B13
23 42[]B14
24  41]] GND
25 40]] B15
26 39[]] VRer
27 38[] B16
28 37[]]GND
29 36|] B17
30  35[] CLKOUT
31  34[] CLKBA
32  33[] CEBA

The SN74GTLPH1616 is a high-drive, 17-bit UBTO transceiver that provides LVTTL-to-GTLP and
GTLP-to-LVTTL signal-level translation. It allows for transparent, latched, clocked, or clock-enabled modes of
data transfer. Additionally, it provides for a copy of CLKAB at GTLP signal levels (CLKOUT) and conversion of
a GTLP clock to LVTTL logic levels (CLKIN). The device provides a high-speed interface between cards
operating at LVTTL logic levels and a backplane operating at GTLP signal levels. High-speed (about three times
faster than standard TTL or LVTTL) backplane operation is a direct result of GTLP’s reduced output swing
(<1V), reduced input threshold levels, improved differential input, OECO circuitry, and TI-OPCO circuitry.
Improved GTLP OEC and TI-OPC circuits minimize bus-settling time and have been designed and tested using
several backplane models. The high drive allows incident-wave switching in heavily loaded backplanes with

equivalent load impedance down to 11 Q.

OEC, TI, TI-OPC, UBT, and Widebus are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

L]
tsggpiggrgfgﬁrgg?;yﬁstggyctlon processing does not necessarily include b s I E‘XAS
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description (continued)

GTLP is the Texas Instruments (TIO) derivative of the Gunning Transceiver Logic (GTL) JEDEC standard
JESD 8-3. The ac specification of the SN74GTLPH1616 is given only at the preferred higher noise margin
GTLP, but the user has the flexibility of using this device at either GTL (V11 =1.2V and VRgg =0.8 V) or GTLP
(VTT=1.5V and VRgg = 1 V) signal levels.

Normally, the B port operates at GTLP signal levels. The A-port and control inputs operate at LVTTL logic levels
but are 5-V tolerant and are compatible with TTL and 5-V CMOS inputs. VRgf is the reference input voltage for
the B port.

This device is fully specified for live-insertion applications using Iy, power-up 3-state, and BIAS V. The lgf
circuitry disables the outputs, preventing damaging current backflow through the device when it is powered
down. The power-up 3-state circuitry places the outputs in the high-impedance state during power up and power
down, which prevents driver conflict. The BIAS V¢ circuitry precharges and preconditions the B-port
input/output connections, preventing disturbance of active data on the backplane during card insertion or
removal, and permits true live-insertion capability.

This GTLP device features TI-OPC circuitry, which actively limits the overshoot caused by improperly
terminated backplanes, unevenly distributed cards, or empty slots during low-to-high signal transitions. This
improves signal integrity, which allows adequate noise margin to be maintained at higher frequencies.

High-drive GTLP backplane interface devices feature adjustable edge-rate control (ERC). Changing the ERC
input voltage between GND and V¢ adjusts the B-port output rise and fall times. This allows the designer to
optimize system data-transfer rate and signal integrity to the backplane load.

Active bus-hold circuitry is provided to hold unused or undriven LVTTL data inputs at a valid logic state. Use
of pullup or pulldown resistors with the bus-hold circuitry is not recommended.

When V¢ is between 0 and 1.5V, the device is in the high-impedance state during power up or power down.
However, to ensure the high-impedance state above 1.5V, the output-enable (OE) input should be tied to V¢
through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of
the driver.

ORDERING INFORMATION

ORDERABLE TOP-SIDE

+
TA PACKAGE PART NUMBER MARKING
—40°C to 85°C | TSSOP - DGG | Tape and reel SN74GTLPH1616DGGR | GTLPH1616

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
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functional description

The SN74GTLPH1616 is a high-drive (100 mA), 17-bit UBT transceiver containing D-type latches and D-type
flip-flops for data-path operation in transparent, latched, clocked, or clock-enabled modes and can replace any
of the functions shown in Table 1. Data polarity is noninverting.

Table 1. SN74GTLPH1616 UBT Transceiver Replacement Functions

FUNCTION 8 BIT 9BIT 10 BIT 16 BIT 18 BIT
Transceiver ‘245, '623, '645 863 ‘861 16245, '16623 16863
Buffer/driver ‘241,244,541 ‘827 16241, '16244, 16541 16825
Latched transceiver '543 16543 '16472
Latch '373,'573 '843 '841 '16373 '16843
Registered transceiver '646, '652 16646, '16652 16474
Flip-flop '374,°574 ‘821 16374
Standard UBT 16500, '16501
Universal bus driver '16835
Registered transceiver with clock enable '2952 16470, 16952
Flip-flop with clock enable 377 ‘823 16823
Standard UBT with clock enable '16600, 16601

SN74GTLPH1616 UBT transceiver replaces all above functions

Additionally, the device allows for transparent conversion of CLKAB-to-GTLP signal levels (CLKOUT) and
CLKOUT-to-LVTTL logic levels (CLKIN).

Data flow in each direction is controlled by clock enables (CEAB and CEBA), latch enables (LEAB and LEBA),
clock (CLKAB and CLKBA), and output enables (OEAB and OEBA). CEAB and CEBA enable all 17 bits, and
OEAB and OEBA control the 17 bits of data and the CLKOUT/CLKIN buffered clock path for the A-to-B and

B-to-A directions, respectively.

For A-to-B data flow, when CEAB is low, the device operates on the low-to-high transition of CLKAB for the
flip-flop and on the high-to-low transition of LEAB for the latch path, i.e., if CEAB and LEAB are low, the A data
is latched regardless of the state of CLKAB (high or low) and if LEAB is high, the device is in transparent mode.
When OEAB is low, the outputs are active. When OEAB is high, the outputs are in the high-impedance state.

The data flow for B to A is similar to A to B, except CEBA, OEBA, LEBA, and CLKBA are used.

*5‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

3-85



SN74GTLPH1616
17-BIT LVTTL-TO-GTLP ADJUSTABLE-EDGE-RATE UNIVERSAL BUS TRANSCEIVER
WITH BUFFERED CLOCK OUTPUTS

SCES346C—- JANUARY 2001 — REVISED AUGUST 2001

Function Tables

OUTPUT ENABLET

INPUTS OUTPUT
e ———— MODE
CEAB OEAB LEAB CLKAB A B
X H X X X z Isolation
L L L H X BoF
Latched storage of A data
L L L L X BoS
X L H X L L
True transparent
X L H X H H
L L L 1 L L
Clocked storage of A data
L L L 1 H H
H L L X X BoS Clock inhibit

t A-to-B data flow is shown: B-to-A data flow is similar, but uses CEBA, OEBA, LEBA, and
CLKBA. The condition when OEAB and OEBA are both low at the same time is not
recommended.

¥ Output level before the indicated steady-state input conditions were established, provided
that CLKAB was high before LEAB went low

§ Output level before the indicated steady-state input conditions were established

BUFFERED CLOCK

INPUTS OPERATION OR
CE OEAB _ OEBA FUNCTION MODE
CE LE OEAB OEBA
X X H H z Isolation
X X L H CLKAB to CLKOUT .
True delayed clock signal
X X H L CLKOUT to CLKIN
X X L L CLKAB to CLKOUT, True delayed clock signal
CLKOUT to CLKIN with feedback path™

T This condition is not recommended.

B-PORT EDGE-RATE CONTROL (ERC)
INPUT ERC OUTPUT

LOGIC | NOMINAL B-PORT
LEVEL | VOLTAGE | EDGE RATE

L GND Slow
H Vce Fast
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logic diagram (positive logic)
39

VREF

28

ERC

OEAB L O

CEAB %4 o

CLKAB 63

LEAB 2

32

LEBA

CLKBA 34

CEBA 33 O

OEBA 31 O

VVYVVVVVYV

62
— B1

Al

|
> |
ceEH— & CLK :
,ﬁ 1D
~N c1 I
|
|
4

CLK<]

1 of 17 Channels

35
O —— CLKOUT

D O
CLKIN 30 \l D
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vec and BIAS Ve E oo -0.5Vto4.6V
Input voltage range, V| (see Note 1): A-port, ERC, and control inputs ..................... -05Vto7V
Bportand VREE -+« iviiii i -0.5Vto46V

Voltage range applied to any output in the high-impedance or power-off state, Vg
(SEE NOtE 1) A POIt oottt e e e -05Vto7V
B POt -05Vto46V
Current into any output in the low state, lo: APOrt . ... i 48 mA
B port 200 mA
Current into any A port output in the high state, Ig(seeNote 2) ............ ... ... .. ...o... 48 mA
Continuous current through eachVec or GND ... +100 mA
Input clamp current, Ik (V1 < 0) oo e e -50 mA
Output clamp current, Iok (VO < 0) oo vt -50 mA
Package thermal impedance, 83p (See Note 3) .. ... i 55°C/W
Storage temperature range, Tggg -« ... ovvve i —65°C to 150°C

T 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.

NOTES: 1. The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.

2. This current flows only when the output is in the high state and Vg > V.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
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recommended operating conditions (see Notes 4 through 7)

MIN NOM MAX UNIT
vVee,
BIAS Ve Supply voltage 3.15 3.3 3.45 \
o GTL 1.14 1.2 1.26
VTT Termination voltage \%
GTLP 1.35 1.5 1.65
GTL 0.74 0.8 0.87
VREE Reference voltage \
GTLP 0.87 1 11
B port V
7 Input voltage P 1T \%
Except B port Vce 5.5
B port VREE+0.05
VIH High-level input voltage ERC Vcc-06 Vcc 55 \
Except B port and ERC 2
B port VREE—0.05
VL Low-level input voltage ERC GND 0.6 \
Except B port and ERC 0.8
Ik Input clamp current -18 mA
loH High-level output current A port -24 mA
A port 24
loL Low-level output current mA
B port 100
At/Av Input transition rise or fall rate Outputs enabled 10 ns/\V
A/AVcce Power-up ramp rate 20 us/iv
TA Operating free-air temperature -40 85 °C
NOTES: 4. Allunused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
5. Proper connection sequence for use of the B-port I/O precharge feature is GND and BIAS V¢ = 3.3 V first, I/O second, and
Ve = 3.3 Vlast, becausethe BIAS V¢ precharge circuitry is disabled whenany V¢ c pinis connected. The controland VR gginputs
can be connected anytime, but normally are connected during the 1/O stage. If B-port precharge is not required, any connection
sequence is acceptable, but generally, GND is connected first.
6. V7T and RTT can be adjusted to accommodate backplane impedances if the dc recommended Ig|_ ratings are not exceeded.
7. VREF can be adjusted to optimize noise margins, but normally is two-thirds V1. TI-OPC circuitry is enabled in the A-to-B direction

andisactivatedwhenVT1>0.7Vabove VREE. Ifoperatedin the A-to-B direction, VR g should be settowithin 0.6 VV of VT to minimize
current drain.
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electrical characteristics over recommended operating free-air temperature range for GTLP
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
% Vce =3.15V, I} =-18 mA -1.2 v
Vce =3.15V 0 3.45 V, loH = —100 pA Vee-0.2
VOH A port Vee = 3.15V IoH =-12 mA 2.4 \%
IoH =24 mA 2
Vce =315V 10345V, loL = 100 pA 0.2
A port Ve =315V loL=12mA 0.4
VoL loL =24 mA 0.5 v
loL =10 mA 0.2
B port Vce =315V loL = 64 mA 0.4
loL = 100 mA 0.55
I Control inputs Vcc =345V, Vi=0or55V +10 UA
IOZHi A port Vee =345V Vo =Vcc 10 uA
B port Vo=15V 10
lozL¥ | Aand B ports Vce =3.45V, Vo = GND -10| pA
|BHL§ A port Vcc=38.15YV, V=08V 75 HA
IgHHT | Aport Vee =315V, vi=2V -75 A
IgHLO? | A port Vee =345V, V|=0toVee 500 HA
IgHHoll | A port Ve =3.45V, V) =0toVce -500 A
Vee =345V, 10 =0, Outputs high 45
Icc A or B port V| (A-port or control input) = Vcc or GND, Outputs low 45 mA
V| (B port) = V1T or GND Outputs disabled 45
Ve =3.45V, One A-port or control input at Vcc — 0.6 V,
Aleck Other A-port or control inputs at V¢ or GND LS mA
Cj Control inputs V|=3.15Vor0 4 55 pF
Cio A port Vo=315Vor0 6.5 8 oF
B port or CLKOUT |Vp=15Vor0 9.5 11.5
Co CLKIN Vo=3.15Vor0 4.5 5.5 pF

T All typical values are at Voc = 3.3V, Ta = 25°C.

¥ For 1/0 ports, the parameters lozH and gz include the input leakage current.

§ The bus-hold circuit can sink at least the minimum low sustaining current at V| max. Igy|_ should be measured after lowering V| to GND and
then raising it to V|_max.

11 The bus-hold circuit can source at least the minimum high sustaining current at Vjymin. IgyH should be measured after raising Vi to Ve and
then lowering it to Vjymin.

# An external driver must source at least Ig_ o to switch this node from low to high.

Il An external driver must sink at least IBHHO to switch this node from high to low.

*This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND.

hot-insertion specifications for A port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vee =0, BIAS Ve =0, VjorVo=0to55V 10| pA
lI0ZPU Vcc=0to 1.5V, Vo=05Vto3V, OE=0 £30 ]| pA
l0ZPD Vcec=15V100, Vo=05Vto3V, OE=0 £30 ]| pA
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live-insertion specifications for B port over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  MAX | UNIT
loff Vee =0, BIAS Vcc =0, VjorVo=0t0 1.5V 10 HA
lozpu Vcc=0to 1.5V, BIAS Vcc =0, Vo=05Vto1l5V,0E=0 +30 MA
lozPD Vcc=15Vto0, BIASVcc =0, Vo=05Vto15V,0E=0 +30 HA
lcc (BIAS Veg)  |Ee 2010315V BIAS Ve =3.15V103.45V, Vo (B por)=0to 1.5V 0] mA

Vcc=3.15Vt0345V 10 HA
Vo Vece =0, BIASVcc =33V lo=0 095 1.05 \
lo Vce =0, BIASVcc=3.15V1t0345V, Vo (Bport)=06V -1 HA

timing requirements over recommended ranges of supply voltage and operating free-air

temperature, V1= 1.5V and VRgg = 1 V for GTLP (normal mode) (unless otherwise noted)

MIN  MAX UNIT
fclock  Clock frequency 175 | MHz

) LEAB or LEBA high 3

tw Pulse duration - ns
CLKAB or CLKBA high or low 3
A before CLKAB1t 2.2
B before CLKBA1 2.4
. A before LEAB!, CLK = Don't care 1.8

tsu Setup time ns
B before LEBA!, CLK = Don't care 2.1
CEAB before CLKAB1 15
CEBA before CLKBA?® 15
A after CLKAB1t 0.7
B after CLKBA1® 0.5
. A after LEAB|, CLK = Don't care 1.2

th Hold time ns
B after LEBA!, CLK = Don't care 0.9
CEAB after CLKAB1t 15
CEBA after CLKBA*® 15

ol
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature, VT1=1.5V and VRgg = 1 V for GTLP (normal mode) (see Figure 1)

FROM TO
t ¥
PARAMETER (INPUT) (OUTPUT) EDGE RATE MIN  TYP MAX | UNIT
t 4.3 5.6 7.1
PLH A B Slow ns
tPHL 3.2 4.6 6.4
t 3.2 4.3 5.6
PLH A B Fast ns
tPHL 2.7 3.9 5.3
t 4.8 6.2 7.8
PLH LEAB B Slow ns
tPHL 35 4.9 6.7
f 3.5 4.8 6.2
PLH LEAB B Fast ns
tPHL 3.1 4.3 5.8
f 4.8 6.1 7.6
PLH CLKAB B Slow ns
tPHL 3.5 4.8 6.6
{ 3.6 4.9 6.2
PLH CLKAB B Fast ns
tPHL 3.1 4.3 5.7
tPLH 55 6.9 8.5
CLKAB CLKOUT Slow ns
tPHL 55 7 9.3
tPLH 4 5.3 6.7
CLKAB CLKOUT Fast ns
tPHL 4.4 5.8 7.6
ten 438 6.2 7.8
OEAB B or CLKOUT Slow ns
tdis 3.4 5.2 7.8
ten 3.6 4.8 6.2
OEAB B or CLKOUT Fast ns
tdis 3 4.4 6.1
o Slow 2.5
tr Rise time, B outputs (20% to 80%) ns
Fast 1.4
) Slow 3.3
tf Fall time, B outputs (80% to 20%) ns
Fast 2.4
tPLH 5 A . 11 2.8 4.3 ns
tPHL 1.9 3.1 4.1
t 13 3.1 4.6
PLH LEBA A — ns
tPHL 14 2.6 3.8
t 1.3 3.3 4.8
PLH CLKBA A — ns
tPHL 1.8 2.9 4.1
t 2.2 3.7 5.3
PLH CLKOUT CLKIN — ns
tPHL 2.7 3.9 51
ten _ 12 29 48
OEBA A or CLKIN — ns
tdis 2.3 4 55

T Slow (ERC = GND) and Fast (ERC = V()
¥ All typical values are at Voc = 3.3V, Ta = 25°C.
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PARAMETER MEASUREMENT INFORMATION

o6V
From Output O Open
Under Test GND
CL =50 pF
(see Note A) I 500 Q
LOAD CIRCUIT FOR A OUTPUTS
« twy ——»
| \ 3V
Input Xl.5 \% Xl.s \%
oV
VOLTAGE WAVEFORMS

PULSE DURATION

VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
(A port to B port)

Input flV

\ \
tPLH —j¢—» > tpHL
\

\
———VOH
Output 15V 15V

VoL
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES
(B port to A port)

NOTES: A. Cp includes probe and jig capacitance.

15V
TEST s1 1250
tPLH/tPHL Open From Output Test
tpLz/tpzL 6V Under Test Point
tpHZ/tpZH GND C_ =30pF
(see Note A)
LOAD CIRCUIT FOR B OUTPUTS
3V
Timing Xl.S v
Input
‘ ov
e tgy Pt P
‘ ‘ VOH
Data
V V|
ov

VOLTAGE WAVEFORMS

SETUP AND HOLD TIMES
(Vm =15V for Aportand 1V for B port)
(VoH =3V for A portand 1.5V for B port)

3V
Output 15V 15V
Control
| T ov
tpzL —“ — —D} ¢ tp 7
Output | | 3V
Waveform 1
Slat6V ‘ VoL +0.3V
(see Note B) ‘ | ———— VoL
\
thzH —» — P [ tPHz
Output | ———— VOoH
Waveform 2 VoH-0.3V
S1 at GND
(see Note B) =0V
VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES
(A port)

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
C. Allinput pulses are supplied by generators having the following characteristics: PRR = 10 MHz, Zg =50 Q, ty =2 ns, tf= 2 ns.
D. The outputs are measured one at a time with one transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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DISTRIBUTED-LOAD BACKPLANE SWITCHING CHARACTERISTICS

The preceding switching characteristics table shows the switching characteristics of the device into a lumped load
(see Figure 1). However, the designer’s backplane application probably is a distributed load. The physical
representation is shown in Figure 2. This backplane, or distributed load, can be approximated closely to a resistor
inductance capacitance (RLC) circuit, as shown in Figure 3. This device has been designed for optimum performance
in this RLC circuit. The following switching characteristics table shows the switching characteristics of the device into

the RLC load, to help the designer better understand the performance of the GTLP device in this typical backplane.
See www.ti.com/sc/gtlp for more information.

1.5V 1.5V
@] o]
N q 15V
11Q
[conn.] [Conn.] |conn.] [Conn.]
L =14 nH
~ From Output Test

17 ' 1 Under Test Point

1 1

Slot 1 Slot 2 Slot 19 Slot 20

Figure 2. High-Drive Test Backplane Figure 3. High-Drive RLC Network
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switching characteristics over recommended ranges of supply voltage and operating free-air

temperature, Vy7=1.5V and VRgg =1 V for GTLP (see Figure 3)

FROM