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Abstract

Il nova Semiconductors GigaSTARE devi c espeedlovnelatebay setiad i n g

transmission link. With the purpose of the link being to provide a universal data transmission platform for all
types of applications.

Here are some examples: all types of pixel data transmission in industrial system (such as high speed
printers or copy machines), the entire spectrum of digital video data distribution networks for info terminals,
daylight display walls or remote panel applications, also all types of sensor and actuator data distribution for
industrial systems, bus coupling and high performance CPU interconnects.

As this list can easily be expanded, it is obvious that the variety of different applications demands a flexible
and universal data interface, which can easily be adapted to all types of applications.

To support a wide spectrum of different applications,

¢ no external coding omits external high speed coding and decoding logic

¢ 36 bit parallel TTL data interface enables direct bus interfacing

e parallel interface speeds of maximum 33 MHz simplify board layouts

¢ low latency data transfer initiation for maximum single word transfer performance
e unlimited burst support enables continuous data stream transfers

e data rate adaptation to support lower data rates requiring no external logic

e transmission error detection to handle physical layer errors

e multi channel synchronization with a shared reference clock system

A prerequisite for any high performance serial data transmission is a jitter free and high quality clock

system. The GigaSTARE clock system is derived from

operates with a local clock system.

As a Gi g diskDbpeRtes with its own clock system, a clock domain crossing may be necessary on
the transmitter and receiver application.

Achieving extreme low latency requires limiting data buffers to a minimum. If data buffers are required to
support a clock domain crossing, these have to be implemented in the application.

Providing background information about the parallel interface and examples of implementations of different
interface applications, is the subject of this application note.
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1.0 Basic Interface Functionality

1.1 Signal Definition

Transmitter T INGT165B

System and Control Pins:

RESET#

PARGEN

Data Pins:

PDATA[35..0]
PARITY
FLAGI

is an asynchronous active low input. Asserting reset forces the transmitter to a defined
state.

activates the internal parity generation. If PARGEN is driven high the external PARITY is
ignored. The parity is then calculated internally instead.

is the parallel transmit data, which is registered with the rising edge of RDCLK.
is the input pin for the externally provided parity signal.

is an edge sensitive input, which is intended to mark a specific word in burst transmission.
A rising edge places a flag on the data word currently in transmission. The receiver
decodes the flag out of the serial bit-stream and toggles the level of the FLAGO output.

Interface Control Pins:

VALID

RDCLK

is an asynchronous input signal. With the assertion of VALID the data transfer is initiated.
After VALID has been asserted, the RDCLK output starts to toggle as long as VALID
remains asserted. The possibility to assert VALID asynchronously allows synchronizing the
data transfer start points to an external clock system. A periodic assertion / deassertion
forces a continuous re-synchronization of the data transfer to an external clock system.

parallel data is registered at the rising edge of RDCLK. RDCLK is derived from the 66 MHz
reference clock. RDCLK is suitable to clock data out of a dual port memory device.

Status and Error Reporting Pins:

PERR

LOCK

is an active high output. If PERR has been asserted it indicates that the externally provided
parity bit does not match the internally generated parity bit.

is an active high output. If LOCK is high the transmitter PLL is properly locked to the
reference clock. If the PLL is unlocked no data is transmitted.
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Receiver i INGR165B

System and Control Pins:

RESET# is an asynchronous active low input. Asserting reset forces the receiver to a defined state.
EQSEL activates the internal equalizer when set to high.
Data Pins:

PDATA[35..0] is the parallel receive data, which is provided with the rising edge of WRCLK.

PARITY is the received parity. If it mismatches the current data parity PERR# is asserted and the
receiver starts the frame synchronization process (LSYNC# deassertion).

FLAGO is reset to low when RESET# is asserted. Each time a data word marked with a flag is
received, the FLAGO signal is toggled.

Interface Control Pins:

WRCLK is the parallel data clock. When data is received the WRCLK is provided in parallel. The
falling edge of WRCLK is centered with the data valid window.

Status and Error Reporting Pins:

LOCK is an active high output. If LOCK is high the receiver PLL is properly locked to the reference
clock and the incoming serial data stream. If the PLL is unlocked no serial data is
processed.

LSYNC# indicates whether the receiver has properly detected the frame structure of the incoming bit

stream. In the case of a parity error or the reception of an invalid frame structure LSYNC#
is deasserted.

PERR# is asserted if a mismatch of data and parity is detected.

1.2 Terms and Definition

chip clock is the internal c¢clock of the transmitteroés and
frequency of 330 MHz. It is derived from the serial line clock of 1320MHz generated by the
PLL.

data cycle means the posting of a parallel 36 bit data word into the transmitter or the output of 36 bit of

parallel data at the receiver.
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1,3 Block Diagram

The block diagram below shows a simplified functional model of the transmitter and receiver parallel data
interface and how they are linked together.

osC
1.32GHz 1.32GHz
4
PLL
330 MHz
L} SYNC L} DIV I DIV 33 MHz
VALID X EN W 33 MHz » EN F——X wrcLk
rocLk X FF P mx L+»DEMX
xpp XE—{d g d qp> d aqf—=>—X rxrD
TRANSMITTER RECEIVER
Figure 1: Transmitter and Receiver Parallel Interface
Transmitter T INGT165B
The GigaSTARE transmitter has a parallel data interf ac

the assertion of VALID. The asynchronous VALID signal is sampled at the transmitter device with the chip
clock (330 MHz).

As long as VALID remains asserted RDCLK pulses are generated.

VALID can also be de-asserted asynchronously. A data transfer which has been initiated always terminates
correctly or, in other words, a full RDCLK pulse is always generated.

Due to the synchronization of the asynchronous VALID signal to the chip clock data transfers can be started
every 3 ns. Therefore the time between VALID assertion to the rising edge of RDCLK has an uncertainty of
3ns.

Receiver i INGR165B

The receiver PLL is locked on the incoming serial bit stream. The serial bit stream is generated with the
transmitter RF clock, which is derived from the reference clock. Consequently, the receiver PLL is locked on
the transmitter reference clock.

The incoming serial data stream is re-timed to the receivers clock system. The serial data stream may
contain any sequence of idle pattern and data frames. Data is extracted and provided in a parallel format
together with a WRCLK pulse. Each time new data is presented WRCLK goes high for 5 chip clock cycles.
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1.4 Transmission Modes

Burst
VALID / n~_
RDCLK
(TX)PD[35 ... 0] __X D1 X D2 X D3 X
WRCLK /" ~__/ ~__ _/
(RX)PD[35 ... 0] X D1 X D2 X D3 X

Figure 2: Functional Burst Timing

The burst timing enables a continuous data stream to be transmitted with the maximum data rate. Data has
to be provided synchronously to the RDCLK at the transmitter. At the receiver, data has to be accepted
synchronously to WRCLK.

Single Word
VALID ___ /~—  \ /—  \
RDCLK____ /—  \ /—  \
(TX)PD[35 ... 01X D1 X X D2 X
WRCLK___  /— \ /- \
(RX)PD[35 ... 0] X D1 X D2

Figure 3: Functional Single Word Timing

The single word timing is intended to support lower data rates and to provide a mechanism to synchronize
the transmit-data stream to an external clock system (see plesynchronous transmission).

The basic principle is that if data is available, VALID has to be asserted. If no further data is available VALID
has to be deasserted, for example with the rising edge of RDCLK. The transmit-data becomes registered
with the rising edge of RDCLK.

At the receiver data is provided with a WRCLK pulse.

Sideband Signaling

VALID /
ROCLK /" /" / /" /" /S /" /" /"
(TX)PDI35 ... 0] XX XX X X X XX X XXX

FLAGI / \ /— \
WRCIK /" / /\/\/\/////// _
(RX)PD[35 ... 0] X X X X X X X X X X X X
FLAGO / \

Figure 4: Functional Flagl / FlagO Timing
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If single data words within a burst transmission should be marked without interrupting the burst, this data
can be flagged. A rising edge at FLAGI flags the actual data. At the receiver the FLAGO is toggled each
time a flagged data is received. Note that by the insertion of a flag the RDCLK and WRCLK cycle times will
be prolonged by 3 ns.

Plesynchronous Transmission

A specific variant of the single word timing is to drive the VALID signal directly with a data clock. The
frequency of the data clock can be close to the maximum interface clock frequency of 33 MHz but must
never exceed the maximum interface clock (Reference Clock / 2). The result is a plesynchronous
interfacing to the application. This mode of operation is of special interest for display data distribution
applications.

chipclock [MUUUUUUUUUUUUUVUUUUYUUUUUUUUYUUUUUUUUiiyyyyuiiyyyyuiugL

g s
Q =
X O
Transmitter

I IDLE TRANSMIT TRANSMIT IDLE TRANSMIT TRANSMIT TRANSMIT I

WRCLK | | | | | | | | | |

Receiver

Figure 5: Plesynchronous Timing

At the GigaSTARE transmitter the external data clock
VALID signal is sampled and synchronized with the chip (internal) clock with a frequency of 330 MHz. When

VALID is high a RDCLK pulse is generated. The RDCLK is high for 5 chip clocks and low for 5 chip clocks.

At the end of an RDCLK pulse the VALID signal is checked. If high, a further RDCLK pulse is initiated else

RDCLK stays at a low level until VALID goes to high.

Each time RDCLK has a rising edge parallel data is registered and the serialization process starts. The
complete serialization of one parallel data word takes 10 chip clocks. After serialization is finished the
RDCLK is checked again for the availability of new data. If RDCLK is high the serialization continues with
the new data otherwise an idle pattern of 6 ns is transmitted. After transmission of the idle pattern RDCLK is
checked again for new data.

At the GigaSTARE receiver, each time a data pawmiled has
format, a WRCLK pulse is generated. WRCLK remains high for 5 chip clock periods.

A result of the process described above is that the external clock controls, with its rising edge, the initiation
of a data transfer. The typical characteristic of such a data transfer is a sequence of short bursts interrupted
by an idle pattern (stepping). Each rising edge of the external clock realigns the starting point of the data
transfer to the external clock system. This realignment is performed with the accuracy of a chip clock period
of 3 ns. As a consequence, the RDCLK low phase varies in 3 ns steps. The conditional insertion of idle
pattern causes the WRCLK low period to vary by 6 ns.
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Figure 6: RDCLK and WRCLK Timing at Ple-Synchronous Operation

A 32.92MHz
242.78MHzZ

Note: All timings in this section are functional timings. Synchronization and propagation delays are not
included. For specific timing values, please refer to the data sheet.

2.0 Interface Application Examples

FIFO Interface

—
—

—

|

4

RESET# FULL#
OE#  EMPTY#

AF/AE
PEN#

LDCK  UNCK
D[35..0] Q[35..0]

2 x FIFO 512x18

SN74ALVC7804

TheGiga STARE

The
t he

Gi gaSTARE

filling

t he

—  START — RESET#
—  LOGIC —| OE#
— (PLD)
—| PEN#
<« FULL#
<« EMPTY#
<« AF/IAE
VALID HMPAE(_}—' LDCK UNCK |+—
“—4—‘ RDCLK WRCLK [ .
> —*| PDATA(35.0] PDATA[35..0] [ » D[35..0] Q[35..0] [
PARITY PARITY 5 % FIFO 512x18
—* RESET# RESET# [*— SN74ALVCT7804
PARGEN EQLSEL [*—
+—| PERR# PERR# |—{ ERROR
+— Lock LOCK [ LOGIC
LSYNC# [ (PLD)
—] FLAGI FLAGO [
GigaSTAR Tx| |GigaSTAR Rx
INGT165] |INGR165
Figure 7. Fifo Interface
can directly interface to many asynchronous
transmitterés RDCLK is connected to
status flags | ike FULL, EMPTY or AR/ AE

cases one of the filling flags can be directly connected to the VALID signal.

Transmit data is posted in the FIFO. The filling-flags status causes the assertion of VALID. A burst
transmission is initiated. The RDCLK clocks data out of the FIFO until the FIFO empties. The burst
transmission stops when VALID becomes deasserted due to an empty status of the FIFO.

The

Gi gaSTARE

receiver o06s

WRCL K

can

very

of ten

be

asynchronous FIFO. In some cases it might be useful to mask the WRCLK if the receiver signals an error
condition, just to avoid erroneous data being stored in the FIFO.
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Video Interface

CLOCK
PxCLK | LOGIC PxCLK
(PLD)
Graphic Controller TFT Display
Parallel Display Parallel Display
Datalnterface Datalnterface
VALID
RDCLK WRCLK
PXDATA,DE » PDATA[35..0] PDATA[35..0] [~ A
HSYNC,VSYNC — PARITY PARITY [ ’
— RESET# RESET# [*—
PARGEN EQLSEL [+
<« PERR# PERR# [
<+ LOCK LOCK |
LSYNC# [
— FLAGI FLAGO |—
GigaSTAR Tx] |GigaSTAR Rx
INGT165] LUNGR165

Figure 8: Video Interface

Parallel display data interfaces for flat panel displays provide the pixel and control data together with a pixel
clock. A variety of pixel clock speeds and pixel data interface sizes exist.

At the receiver the pixel clock, together with pixel data and control signals, has to be provided in the same
manner as it was provided at the transmitter interface.

In this application the link operates in a plesynchronous mode, as outlined on page 8.

The pixel clock frequency must not exceed the maximum RDCLK frequency of 33 MHz, otherwise transmit
data will be lost. The pixel clock frequency of an 2 pixel/clock XGA interface with 6 bit color resolution and
60Hz refresh rate is 32.5 MHz if VESA compliant.

For lower pixel clock frequencies (24 MHz for example) the pixel clock cannot be connected directly to the
VALID input. The high phase timing would cause a pixel data to be transmitted twice or more. To transmit a
pixel data per clock edge external logic is required to generate an appropriate VALID signal. The principle of
such a logic would be setting VALID high with a rising edge on the pixel clock and resetting VALID to low
with a rising edge on RDCLK.
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GigaST "

Repeater for Display Data Distribution

Data Retiming Clock De-Jitter

DLY
| (PLD) VALID
WRCLK [* “—| RDCLK
PDATA[35..0] »| PDATA[35..0]
PARITY [ — PARITY
I— RESET# [* RESET# —I:mi
EQLSEL |* ©r+" PARGEN
| —
PERR# [ <+ PERR#
LOCK [ ] Lock
LSYNC# [
FLAGO |— — FLAGI
GigaSTAR Rx GigaSTAR Tx
INGR165 INGT165
A A A
RESET
LOGIC
(PLD)

Figure 9: Repeater for Display Data Distribution

The concept of a GigaSTARE repeater,, for digital di splay data di
receiver and a Gi ga S-ToARE The WROLK of thé receiver doivesctike VALID input of
the transmitter. Only data is repeated. Sideband signaling is not repeated.

The Giga§TARE receiver ( B) |l ocated on the repeater,
Gi gaSTARE transmitter (A) and GigaSTARE receiver (B)
Gi gaSTARE transmitter (C) | oceactteedd am tah er erceep evaetrer ( Di)

transmitter (C) and GigaSTARE receiver (D)

i mpl ement t

GigaSTaR

Transmitter

INGT165

GigaSTaR
Receiver

INGR165

GigaSTaR
Transmitter

INGT165

GigaSTaR
Receiver

INGR165

Repeater

Transmitter Application Receiver Application

Figure 10: Repeater System Setup

A clock domain crossing is performed within the repeater, which completely decouples the two links L1 and
L2.

Due to the plesynchronous operation mode each GigaST
receiver, operates with its own jitterf r ee ¢l ock system. The clock system o
decoupled from each other. A jitter accumulation over multiple links can not occur. This allows for multiple

repeater cascading.
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As outlined on page 8 the plesynchronous mode requires the maximum frequency at VALID to be below
half of the reference clock (66 MHz). As each link operates with its own local reference clock oscillator, the
maximum interface frequency at each link may vary depending on the accuracy of the crystal oscillators.
With a maximum interface frequency of 32.5 MHz, enough margins are provided to compensate for
differences at the reference clock oscillators.

The following timing shows the parallel interface tim
is connected to the VALID input. The data clock (VALID) frequency at the first transmitter is assumed to be
slightly below the maximum frequency.

RDCLK1

<
>
—
(v)
Transmitter

mode L iDLE TRANSMIT TRANSMIT IDLE TRANSMIT TRANSMIT TRANSMIT |

WRCLK1 | | I | | | | | | |
chip2Clock ““H“H”H””““““H|”|HH”HH”“H““H”““H”H””““”“HH““””H””““““H”“

VALID I | I | ? El | I | I |
=WRCLK1
RDCLK2

mode | IDLE TRANSMIT TRANSMIT | IDLE TRANSMIT TRANSMIT TRANSMIT |

Receiver

Transmitter

WRCLK2 | ] | ] | ] | ] | |

Receiver

Figure 11: Cascaded Link Timing

At the top the plesynchronous timing as outlined on page 8 can be seen. The data clock, which is
connected to VALID at the first transmitter, is recovered at the receiver and provided at the WRCLK output.
The average WRCLK frequency equals the data clock frequency. Inserting an idle pattern after a burst
sequence performs the adaptation.

The WRCLK output is connected to the VALID input of the following transmitter and parallel data is passed
through.

It can be seen that the WRCLK (data clock) at the different receiver stages are identical except a transport
delay.

February 5, 2009 Rev. 1.2 AN_ING 014 1 2 10 of 12



= ®
AMNOVA®  opicaion note

Semiconductors

GigaST "

Scal i Gi gaSTARE Channel s

ng

VALID
VALID WRCLK N
“— RDCLK WRCLK [ >
) - » PDATA[35..0] PDATA[35..0]

Din[7 ge 0] —1 PARITY PARITY [ Dout[ 7 1é0

— RESET# RESET# [*—

PARGEN EQLSEL [+—

| PERR# =\ 7~ PERR# [

+— Lock LOCK [—

LSYNCH# [—

— FLAGI FLAGO |—

GigaSTAR Tx GigaSTAR Rx
INGT165 INGR165
Fé%ff/:";k Dual Channel STP Cable
Z (GORE GigaSTaR)
VALID

“ RDCLK WRCLK [ >

» PDATA[35..0] PDATA[35..0] [~

— PARITY PARITY [

— RESET# RESET# [*—

PARGEN EQLSEL [*—

L/ N—]

+—| PERR# PERR# |

«— Lock LOCK [—

LSYNCH# [—

— FLAGI FLAGO |—

GigaSTAR Tx GigaSTAR Rx
INGT165 INGR165

Figure12: Dual Gi gaSTAREy Li nk Set

The fundamental harmonic of the serial data is 660 MHz. This is still very convenient to handle, as the
impedance of transmission lines on PCBs based on FR4 substrate does not vary too much. Moreover, a
wide range of connectors and cable assemblies are available for this frequency range.

If the application requires more bandwidth, it might be wise not to double the transmission frequency but to
increase thebandwidt h by scaling several GigaSTARE channel

As the <clock system of Gi gaSTARE i s
reference clock can easily synchronize GigaSTARE
tothereferenc e ¢l oc k. Providing all Gi gaSTARE tr ans mi
data transfer synchronously. Due to the VALID sampling period of 3 ns, the RDCLKs of all transmitters and
therefore also the data sampling point can have a skew of 3 ns maximum. Most interface timings have
enough margins to allow for this.

based on

As the chip clocks of all transmitters are synchronous the serial data is also synchronous, except a
maximum skew of 3 ns as mentioned. The cabling might add further skew but with typical propagation
delays of approximately 4 ns/m the cabling skew between the single channels can be kept easily below 1
ns.

The GigaSTARE receivers are |locked to the seri
output and WRCLK have a maximum skew of 3ns plus the cabling skew. As a result the WRCLK of any
receiver can be used to sample the data of all receivers.

At plesynchronous data transfers with a data rate close to the maximum the insertion of idle pattern for data
rate adaptation is a function of the sampling time of VALID. The idle pattern insertion might vary from link to
link. This adds further 6 ns skew between the WRCLKSs at the receivers. In total a maximum skew of 9 ns
has to be compensated for.
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