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SSI 78Q903

10Base-T Hub Transceiver

DESCRIPTION

The SSI78Q903 hub transceiver is designed for use in
multi-port repeaters. Itinterfaces the hub (a multi-port
transceiver) to the unshielded twisted-pair media. The
SSi 78Q903 performs transmit, receive and receive
squelch functions. Additional implementations include
10Base-T link integrity testing, automatic correction of
receive polarity reversal, and a watchdog timer to jab
continuous transmission.

The SSI 78Q903 software control mode provides a
microprocessor interface with extensive command
and status options. The hardware mode provides
stand-alone operation.

The SSI 78Q903 is an advanced CMOS device and
requires only a single 5-volt power supply.

APPLICATIONS
* Multi-port Repeaters

November 1991
FEATURES

* Meets or exceeds IEEE 802.3 standards for
10Base-T Interface

* Provides predistorted signal to the transmit
filter

* Internal programmable squelch circuits

¢ Detectlon and correction of reversed polarity

* Microprocessor interface and control

* Differential or singie-ended transmit input

* LED driver for jabber, link and reversed
polarity

* Single 5V supply, low-power CMOS
technology

Avalilable in 24-pin DIP and 28-pin PLCC
packages

BLOCK DIAGRAM
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SSI 78Q903
10Base-T Hub Transceiver

FUNCTIONAL DESCRIPTION

The SSI 78Q903 hub transceiver interfaces a hub
controller to unshielded twisted-pair cables, transfer-
ring data in both directions. The hub side of the inter-
face comprises three circuits: Transmit (the DO output
from the hub controller), Receive (the DI input to the
hub controller), and Status/Command. The twisted-
pair network side of the interface comprises two cir-
cuits: Twisted Pair Input (TPI) and Twisted Pair Output
(TPO). In addition to these basic circuits, the SSI
78Q903 contains logic controls and LED drivers for
status indications.

Functions are defined from the hub side of the inter-
face. The SSI 78Q903 "Transmit" function refers to
data transmitted by the hub over the DO circuit to the
twisted-pair network. The SSI 78Q903 Receive func-
tionrefers to datareceived by the hub overthe Dl circuit
from the twisted-pair network. In addition to basic
transmit and receive functions, the SSI 78Q903 per-
forms some of the Medium Attachment Unit (MAU)
functions defined by the IEEE 802.3 10Base-T speci-
fication such as link integrity testing and jabber control.
The SSI 78Q903 also offers extensive software control
and status reporting capabilities available through the
serial interface.

TRANSMIT FUNCTION

The SSI 78Q903 transfers Manchester-encoded,
CMOS-level datafromthe hub controilerto the twisted-
pair network (the TPO circuit). The output signal on
TPON and TPOP is pre-distorted to meet the 10 Base-
T jitter template. The output waveform (after the trans-
mit filter) is shown in Figure 1. During idle periods, the
SSI 78Q903 transmits link integrity test pulses on the
TPO circuit. Transmitter inputs can be differential or
single-ended, as selected by the D/S pin. The differen-
tialinput is TXP/TXN. Single-ended input is supplied by
TXP.

SINGLE ENDED INPUT MODE

The single ended transmit interface consists of TXP,
Port Enable (PE) and the 20 MHz clock input (CLK). In
the single-ended mode, TXP is sampled before trans-
mission at the 20 MHz clock rate and must meet the
specified setup and hold times relative to the CLK
input. Predistortion control is generated internally. PE
must be high for transmission to occur. Transmission
begins at the first low-going data on TXP. End of Frame
is detected when TXP is held high for more than 150 ns
(plus setup and hold times).

DIFFERENTIAL INPUT MODE

In the differential input mode, the transmit interface
consists of TXP and TXN, PE, PDC, and the Transmit
Enable input (TEN). Transmission starts when PE is
high and TEN is low, and ends when either PE or TEN
goes inactive. Predistortion control is provided by the
PDC input.

RECEIVE FUNCTION

The SSI 78Q903 receive function accepts serial data
fromthe twisted-pair network (the TPl circuit), converts
it to a CMOS level signal, and passes it to the hub
controller. An internal squeich function discriminates
noise fromlink test pulses and valid data streams. Only
valid data streams activate the receive function. If the
differential signal at the TP! circuit input falls below
75% of the threshold level (unsquelched) for 8 bit times
(typical), the SSI1 78Q903 receive function will enterthe
idle state. A reduced threshold is available which
lowers the squelkch level by 4.5 dB. Reducing the
squelch level extends the network range when used
with a low-noise media such as shielded twisted-pair.
In the software control mode, the reduced threshold is
selected through the serial interface. In the hardware
mode, the reduced threshold is selected by tying the
TH pin low.

AN
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FIGURE 1: 78Q903 TPO Output Waveform
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SSI 78Q903
10Base-T Hub Transceiver

POLARITY REVERSE FUNCTION

The SSi 78Q903 polarity reverse function uses both
link pulses and end-of-frame data to determine polarity
of the received signal. A reversed polarity condition is
declared when eight opposite link pulses are received
without receipt of a link pulse with the expected polar-
ity. Reversed polarity is also declared if four frames are
received with a reversed start-of-idle. Whenever re-
versed polarity is declared, these two counters are
resetto zero. lf the SSI1 78Q903 enters the link fail state
and no receive data or link pulses are received within
96 to 128 ms, the polarity is reset to the default (non-
flipped) condition. (If Link Integrity is disabled, polarity
detection is based only on received data.)

JABBER CONTROL FUNCTION

Figure 2 is a state diagram of the SSI 78Q903 jabber
control function. In the software mode, jabber control
may be disabled through the serial port. In the hard-
ware mode, jabber control is enabled at all times. The
SSI 78Q903 on-chip watchdog timer prevents the
device from locking into a continous transmit mode.
When a transmission exceeds the time limit, the
Watchdog timer disables the transmit function. Once
the SSI 78Q903 ig in the jabber state, the transmit
circuit must remain idle for a period of 491 to 525 ms
before it will exit the jabber state.

LINK INTEGRITY TEST

Figure 3 is a state diagram of the SSI 78Q903 Link
Integrity Test Function. The Link Integrity Test is used
to determine the status of the receive side twisted-pair
cable. Link testing is enabled when the LTE pin is tied
high. When enabled, the receiver recognizes link integ-
rity pulses which are transmitted in the absence of
receive traffic. If no serial data stream or link integrity
pulse is detected within 50 - 150 ms, the chip enters a
link fail state and disables the transmit function. The
SSI178Q903 ignores any link integrity pulse with inter-
vallessthan?2 -7 ms. The SSI 78Q903 willremaininthe
link fail state until it detects either a serial data packet
or two or more link integrity pulses. Link activity is
indicated by a low on the LEDL pin.

HARDWARE CONTROL MODE

In hardware control mode the serial port is not used,
andthe transceiveris accessed and controlled through
individual pins. Hardware control mode is selected
when the H/S pin is set to a logic 1.

1191 - rev.
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FIGURE 2: Jabber Control Function
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SSI 78Q903
10Base-T Hub Transceiver
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FIGURE 3: Link Integrity Test Function

SOFTWARE CONTROL MODE

To allow a microprocessor to access and control the
SSI78Q903 through the serial interface, the H/S pin is
set to logic 0. The serial interface consists of three
signals: the Chip Select input (C3), the bidirectional
Serial Data port (SDAT), and a Serial Clock (SCLK).
The SSI 78Q903 incorporates a standard
microcontroller interface which operates with any stan-
dard 8051 using TXD/RXD (port 3) for SCLK and
SDAT, and any port for CS. The SCLK frequency
should be 5 MHz or less. In software control mode, the
LEDL pin is reconfigured as an interrupt out (INT). INT
is an open drain, active low which is set by any of three
conditions: Jab, Link Fail, or Non-Correctable Polarity.

6-18

The INT signal stays active until CS goes active (low).
The TNT bit remains set until the first port read cycle.
Once set and then cleared, INT will not set again until
all failure interrupts return to a pass state. The INT
signal can be masked by bit C4 of the Command word.
The serial data (SDAT) is contained in a 16-bit word
consisting of an 8-bit Address/Command byte and an
8-bit Command/Status byte. Figure 4 shows the serial
interface data structure and timing. The SSI 78Q803
serial port is accessed by causing the Chip Select (CS)
input to transition from high to low. Bit 4 of the serial
Address/Command byte provides Read/Write control
when the chip is accessed. A logic 1 indicates a read
operation, and a logic 0 indicates a write operation.

1191 - rev.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



SS1 78Q903

10Base-T Hub Transceiver
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A
fa A - Y
oo [T = [o = =]« =[=]=]
© 1 2 3 4 5 € 7 8 9 10 11 12 13 14 15
ADORESS / -
COMMAND TST 0 0 i RW X X X
BYTE
AW = 1:READ - Dorrt
AW =0 : WRITE x Gare
INPUT
ComAND SO | L | B | PRC | MASK| TH o [
BYTE 1= Enable |1 - Enable]1 = Enable [1 = Enable [+ = 0 = Rechuced|
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FIGURE 4: Serial Interface Data Structure

TABLE 1: Address/Command Bits

TABLE 2: Command (Write) Bits

S2 Polarity Reversed/Normal

S3 Receiver Active (Cleared on Read)

S4 Transmitter Active (Cleared on Read)

S5 Interrupt (Cleared on Read)

S6 Don't Care

S7 Don't Care

1191 - rev.
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ACO | Test Mode. Must be 0 (1 reserved for Cco Shut Down (TXP/TXN and TEN are ig-
Factory) nored, RXD and CRS go to high imped-
. ance. Standard transmit functions are dis-
AC1 | Address Bit 0. Must be 0 (reserved) abled, but Link Pulse reception/transmis-
AC2 | Address Bit 1. Must be 0 (reserved) sion continue.)
AC3 | Address Bit 2. Must be 1 (reserved) C1 Link Test Enable/Disable
AC4 | Read/Wirite. 1 = Read, 0 = Write c2 Jabber Enable/Disable
AC5 | Must be 0 (reserved) c3 Polarity Correction Enable
AC6 | Must be 0 (reserved) Cc4 Mask Interrupt (Prevents the open drain
AC7 | Mustbe 0 (reserved) INT pin from going active.)
C5 Reduced Threshold
TABLE 3: Status (Read) Bits (Receive threshoid reduced by 4.5 dB.)
S0 | Link Test FaillPass g: :“s‘ : 0 ('ese“':g)
S1 | Jabber On/Off ust be 0 (reserved)
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SSI 78Q903
10Base-T Hub Transceiver

PIN DESCRIPTION

INPUT PINS

NAME TYPE DESCRIPTION

RXD (o) Receive Data: Data received from the twisted-pair is output to the hub
controller DI circuit on this pin as a CMOS level Manchester encoded data
stream. High impedance when in software shut down mode.

CRS (o] Carrier Sense: Goes high to indicate valid receive data. High impedance
when in software shut down mode.

PRC | Polarity Reverse Correction (Hardware Control): In the hardware control
mode, tying this pin high enables the SSI 78Q303 to automatically correct
for reversed polarity at the TPI circuit.

SDAT 110 Serial Data (Software Control): In software control mode, this pin is the
serial data I/O port.

LEDP o Polarity Reverse. Open drain output: Active low indicates polarity reversed.

TH | Threshold Control (Hardware Control): In hardware mode, forcing this pin
low reduces the TP receive squelch by 4.5 dB.

CS I Chip Select (Software Control): Active low input accesses the serial port in
the software mode. CS must transition high to low, and remain low for
each port operation.

GND1 - Ground #1.

CLK | Clock: 20 MHz CMOS level clock input.

PE I Port Enable: Active CMOS high enables the transmitter. In differential input
mode, PE must be high when TEN is low to enable transmitter.

TEN (o] Transmit Enable: Active CMOS low enables the transmitter when PE is
high. Required for differential input mode only.

PDC | Pre-Distortion Control: A CMOS level, synchronous input signal at logic 1
will predistort the output voltage (differential input mode only).

TXP/TXN i Data Out Positive/Data Out Negative: Differential input pair connected to
the hub controller DO circuit. When D/S pin is tied low, TXP becomes
single-ended CMOS level input, synchronous to the 20 MHz CLK.

LEDJ (o] Jabber LED Driver: Open drain driver for the Jabber indicator LED. Goes
active when watch dog timer begins jab and stays active until end of the
unjab wait period (491 - 525 ms).

H/S | Hardware/Software Control Select: When set to a logic 0, selects software
control mode. When set to a logic 1, selects hardware control mode.

D/S | Differential/Single-Ended Select: When set to a logic 0, selects single-
ended TXP input. When set to a logic 1, selects differential TXP/TXN input.

LTE | Link Test Enable (Hardware Control):In hardware control mode, an active
high on this pin enables the link test function.

SCLK 1 Serial Clock (Software Control):The serial clock required for software control
operation is input on this pin. SCLK must be < 2 MHz.

6-20 1191 - rev.
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SSI 78Q903
10Base-T Hub Transceiver

PIN DESCRIPTION (continued)

INPUT PINS (continued)

NAME TYPE DESCRIPTION

TPOP/TPON (o} Twisted Pair Transmit Outputs: Transmit drivers to the twisted-pair output
fiter. The output is pre-distorted to meet the 10Base-T template.

GND 2 - Ground 2.

GND 3 - Ground 3.

GND 4 - Ground 3.

vCC2 - Power Supply #2: + 5 V power supply input.

VCC1 - Power Supply # 1: + 5 V power supply input.

VCC3 - Power Supply # 3: + 5 V power supply input.

BIAS (o] Resistor Bias Control: Bias control for the operating circuit. Bias is set from
an external 12.4 kQ resistor to ground.

TPIP/TPIN O Twisted-Pair Receive Inputs: Differential receive inputs from the twisted-
pair input filter.

LEDL' (o] Link Driver (Hardware Control): LED driver indicates link activity.

INT (0] Interrupt (Software Control): The microprocessor interrupt required for
software control is output on this pin. The interrupt is an open drain, active
low which indicates Jab, Link Failure or Non-correctable Polarity.

1LED drivers pull low when active.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Operation above maximum ratings may damage the device.

PARAMETER RATING UNIT
Supply Voltage, Vcc -0.3t06 \
Operating Temperature, Top 0to +70 °C
Storage Temperature, TsT -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM! MAX UNIT
Supply Voltage?, Vcc 475 5.0 5.25 \"
Operating Temperature, Top 0 - 70 °C

Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Maximum voltage differential between VCC1 and VCC2 (and VCC3 for PLCC parts) must not exceed 0.3V.

1191 - rev. 6-21
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SSI| 78Q903
10Base-T Hub Transceiver

ELECTRICAL SPECIFICATIONS
1/0 ELECTRICAL CHARACTERISTICS (Ta = 0 to 70 °C, Vcc = 5V 15%)

PARAMETER CONDITIONS MIN | NOM' MAX UNIT
Input low voltage ViL - - 0.8 Vv
Input high voltage VH 2.0 - - \
Output low voltage Vou IOUT =10 mA - - 0.4 \
(Open drain LED Driver2)
Supply current lcc Line Idie - 40 - mA
Line Active - 75 mA
Input leakage current® [T Input between VCC and GND - +1 +10 uA
High Z state Its Output between VCC - +1 +10 HA
leakage current and GND
—T Typical Tigures are at 25°C and are jor design aid only; nol guaranteed and not subject 1o production
testing
2 | ED Drivers can sink up to 10 mA of drive current
3 Not including TPIN, TPIP, TXN, TXP, PDC, PE, CLK or TEN.
CMOS /O CHARACTERISTICS* (Ta = 0 to 70°C, Vcc = 5V £5%)
Input low voltage Ve - 2.0 - \'
Input high voltage Ve - 3.0 - v
Output low voltage VcoL - 0 - \
QOutput high voltage VcoH - 5.0 - \Y
Input leakage current lein - +1.0 - pHA
4Pins TXP, TSN, TEN, PE, PDC, CLK and RXD
TRANSMIT CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V +5%)
Transmit output impedance Zout - 5 - Q
Peak differential output voltage Load = 200 Q at TXP/TXN +45 - +5.2 \
Voo
Differential voltage imbalance Load = 200 Q at TXP/TXN - - + 40 mV
Vos
Transmit timing jitter addition After Tx filter, O line length - - +8 ns
Transmit timing jitter addition After Tx filter, line model as - - +35 ns
shown in |IEEE 802.3 standard
for 10Base-T
RECEIVE CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V £5%)
Receive input impedance, ZiN Between TPIP/TPIN - 20 - kQ
Differential squelch threshold, Vos - 420 - mV
Reduced squelch threshold, Vosr - 250 - mvV
Receive timing jitter - - 1.5 ns

Power ed
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SSI1 78Q903
10Base-T Hub Transceiver

SWITCHING CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V +5%)

PARAMETER [ conpiTions [ min | nom | max [ unir

Jabber Timing

Maximum transmit time 88.5 - 144 ms

Unjab time 442 - 578 ms

Link Integrity Timing

Time link loss 65 - 66 ms

Time between Link Integrity Pulses 9 - 1 ms

Valid interval for received Link 4.1 - 65 ms

Integrity Pulses

Serial interface Timing

SCLK low time ts1 100 - - ns

SCLK high time ts2 100 . . ns

TS 1o SCLK setup time ts3 50 - - ns

SCLK to TS hold time ts4 0 - - ns

€S inactive time tss 50 - - ns

SDAT to SCLK setup time  1S6 50 - . ns

SCLK to SDAT hold time ts7 0 - - ns

SCLK to SDAT valid tss - - 100 ns

SCLK falling edge or tsg - - 100 ns

CS rising edge to SDAT

high Z

SCLK rise/fall time - - 20 ns

Transmit Timing (Single Ended Mode)

TXP setup time tsT1 20 - - ns

to CLK high

TXP hold time tsT2 ] - - ns

from CLK high

Transmit Timing (Differential Mode)

TXP rising edge to toT1 - 50 - ns

PDC rising edge

TXP low to PDC low IpT2 - 0 - ns

TXP high to TXN low toT3 0 - +5 ns

TXP low to TXN high IDT4 0 - +5 ns
1191 - rev. 6-23
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SSI 78Q903
10Base-T Hub Transceiver

Power ed

ELECTRICAL SPECIFICATIONS
SWITCHING CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V 15%) (continued)

PARAMETER [ conpiTiONs [ min | Nom | Max | uniT
Receive Timing

Valid receive data tR1 - - 500 ns
to CRS high

Receive steady state tRe - - 100 ns
propagation delay

Receive turn-off to CRS low 'R3 250 - 400 ns
Receiver jitter tRa - - +15 ns
CRS high to RXD low tRs 0 - 100 ms
General

Receive start-up delay 0 - 500 ns
Transmit start-up delay 0 - 200 ns
TXP/TXN riseAall time tTRF - 5 - ns

FIGURE 5: Serial Interface Timing
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SS1 78Q903
10Base-T Hub Transceiver

FIGURE 6: Transmit Timing - Single Ended Input Mode
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FIGURE 7: Transmit Timing - Differential Input Mode
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FIGURE 8: Receive Timing
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SSI| 78Q903
10Base-T Hub Transceiver

APPLICATIONS

Figure 9 shows the SSi 78Q903 in a typical hardware
control application. The SSI78Q803 hub transceivers
interface the Hub Controller to the RJ45 connectors of
the twisted pair network. The D/S pin is grounded,
effecting the single ended mode, so TXN, PDC and
TEN are not connected. An external source provides

ceive filters are required in the TPO and TPI circuits.
Details of the transmit and receive filters are shown in
Figures 10and 11, respectively. (Differentialfilters are
also recommended.) Integrated filters such as the
TDK Corporation HIM 3000, Valor PT3877, Fil-Mag
78Z1120B or Pulse Engineering PE65421 may be
used. Figure 12 shows a typical software control
application, operating in the differential input mode (D/

the required 20 MHz clock signal. Transmit and re-  $ is tied high) with TXN, TEN, and PDC connected.

HUB
CONTROLLER SS178Q903 — "":OLON:(I
8Si 78Q903 — sounct—:
SSI 780903
SSI 780903 CLK
TPOP FILTER
P TPON 4751: | !
RXD
FIL
< CRS TPIP ’
TPIN FIL
VvCCi
vCC2
HS
o5 T ==
L{ GND
BIAS *AAAS
Lr 1240 .
| | ¥ee
111
[—] mux
FIGURE 9: Typlical SSI 78Q903 Hardware Control Application

—— W T

OUT)

L]
[, 1

FIGURE 10: Transmit Fiiter Diagram
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SSI 78Q903
10Base-T Hub Transceiver

FIGURE 11: Recelve Filter Diagram

HuB <
CONTROLLER| ?ng(z
SSI780003  j&— — —
SS1780903 e — —|SOURCE
SSi78Q903 le—
SSI 78Q903 cLk
TPOP
TXP
TPON Twisted Pair
TXN RJ45
To/From
PDC IP]P‘ Network
TEN TPIN
RXD veet [rsv
- CRS veez
D/s 1
H/g 1.0 F o _o.nd-'
GND -
AAA
Y BIAS AAZS
[ ¥ _ SDAT =
PE SCLK CS INT
o ¥
IR
P11
1] Mux MICROPROCESSOR

FIGURE 12: Typical SSI 78Q903 Software Control Application
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SSI1 78Q903
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PACKAGE PIN DESIGNATIONS GAUTION: Use handing procedures necessary
(TOP VlEW) for a static sensitive component.
RXD [] 1 24 [] LEDUINT %
z o 3
CRs [] 2 23 ] TPIN gE8888=2
PRC/SDAT [] 3 22 [] TPIP S T TR TR
LEDP [} 4 21 [] BIAS LEDP {15 25[] BIAS
THES [ 5 20 f] vec TES [ 24f1 voos
GND3 [17 23[] vcCt
GND1 ] 6 19 ] TPON onD1 8 22[) TPON
Clk ] 7 18 [] vce2 ClK [j9 21[] veez
PE[] 8 17 [J] GND2 PE ] 10 20(] GND2
TEN (] 11 19[) TPOP
TEN E 9 16 ] TPOP L 12 13 14 15 16 17 18 )
POC [] 10 15 {] LTE/SCLK ‘g;‘ggggg
T™P [] 11 14 [] OS ===y 3
w
T™N (] 12 13 [] HS =]
24-Pin DIP 28-Pin PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 78Q903 24-Pin DIP 78Q903-CP 78Q903-CP
SSI 78Q903 28-Pin PLCC 78Q903-CH 78Q903-CH

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems.
Silicon Systems reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to
verify that the data sheet is current before placing orders.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 5736914
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