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Twisted-pair transceiver interface

DESCRIPTION

The NE86C92 is a twisted-pair transceiver that implements the IEEE
802.3 10BASE-T Ethemet specification. The circuit provides the
connection between the Manchester encoder/decoder and the
twisted-pair cable and includes a receiver, transmitter, collision
detector, heartbeat generator, jabber timer, link integrity monitor, and
control circuits and drivers for five LED status indicators.

The NE86C92 includes receive polarity detection with automatic
polarity correction, smart squelch on all signal inputs for improved
noise immunity, and a highly reliable crystal oscillator to set
pre-distortion timing and the collision signal frequency.

The NE86C92 also allows for automatic selection between AUl and
twisted-pair (RJ-45) connections; thus eliminating the need for
end-users to remove the interface board and move jumpers to
switch between connections. An application note is available which
describes implementation of this feature.

The twisted-pair outputs and inputs connect to the twisted-pair cable
through transmit and receive filters while the recsiver output,
collision detector output and transmitter input are connected to the
Manchester encoder/decoder through pulse transformers. This
interface to the encoder/decoder is, therefore, directly compatible
with current 10Base2/10Base5 connections and allows easy
expansion of existing interface cards for twisted-pair wiring.

During transmission the jabber timer is initiated to disable the
NEB6C92 in the event of a longer than legal length data packet.
Collision detection circuitry monitors both the transmit path and the
receiver input to determine the presencs of colliding packets and
signals the Manchester encoder/decoder in the event of a collision.
At the end of every transmission the heartbeat generator creates a
pseudo collision for a short time to ensure that the collision circuity
is functioning correctly. The link integrity monitor emits pulses onto
the twisted-pair cable and expects to receive pulses from the
twisted-pair cable at regular intervals. if no pulses or packets are
received, a link failure has occurred; this is indicated by the RLED
status indicator. Both heartbeat and link integrity monitor functions
can be disabled.

The NE86CY2 is normally part of a three chip set for implementing a
complete twisted-pair Ethemet network interface. The other chips
are the Manchester encoder/decoder, such as the NES02A, and a
Network Interface Controller, such as the NE86950.

APPLICATIONS

® 10BASE-T network interfaces for computers and workstations

® External 10BASE-T transceiver units

NE86C92
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FEATURES
©® Compatible with |[EEE 802.3 10BASE-T specifications

@ Integrates all fransceiver functions, with selectable heartbeat and
link test generators

® Twisted-pair polarity detection and automatic correction
® Smart squelch on all data inputs
® Internal transmitter pre-distortion generator

® Supports automatic selection between AUl and RJ-45
connections

® Five LED status signals with on-chip drivers for transmit, receive
and link integrity, collision, jabber status and twisted pair polarity
reversal

® Advanced CMOS process uses single 5V supply

® Extremely low power operation: 24mA typical idle current

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
28-Pin Plastic Dual In-Line Package (DIP) (.600 in. wide) 0to 70°C NE86C92N SOT117-2
28-Pin Plastic Small Outline Large (SOL) Package 0to 70°C NE86C92D S0OT136-1

1995May 10 gy 911082L 0089767 43L M

853-1564 15209



Philips Semiconductors

Product specification

Twisted-pair transceiver interface NE86C92
PIN DESCRIPTIONS
Pin No. Symbol Description
1 GND Ground
23 TX4. TX= Transmitter inputs. Balanced differential line receiver. Inputs which accept the transmission signal from the Man-
’ ’ chester encoder/decoder and apply it to the Twisted-Pair cable at TXO+, DTXO+, TXO- and DTXO-.
4 HBE Heartbeat Enable. The heartbeat function is disabled when this pin is connected to GND and enabled when con-
nected to Vpp or left floating.
5 U Link Integrity. The link integrity function is disabled when this pin is connected to Vpp or left floating and enabled
when connected to GND.
6.7 RX+. RX- Receive Outputs. Balanced differential line driver outputs which send the received signal to the Manchester en-
’ ! coder/decoder.
8.9 CD+. CD- Collision Outputs. Balanced differential line driver outputs which send a 10MHz oscillation signal to the Manches-
’ ! ter encoder/decoder in the event of a collision, jabber interrupt or heart beat test.
10 Vop Positive power supply
1 GND Ground.
12 JLED Jabber Indicator. indicates that the jabber timer has timed out and the twisted-pair drivers are disabled.
13 XTAL1 Crystal pin. One terminal of 20MHz crystal; or 20MHz external clock input.
14 XTAL2 Crystal Pin. One terminal of 20MHz crystal.
15 CLED Collision Indicator. Indicates that a collision has been detected.
16 RLED Receive Indicator. Indicates a packet is being received from the twisted-pair cable.
17 XLED Transmit Indicator. Indicates a packet is being transmitted onto the twisted-pair cable.
18 Voo Positive power supply
19 TXO+, Twisted-Pair drivers. These four outputs provide twisted-pair drive with pre-distortion. TXO+ and TXO- are bal-
20 DTXO+, |[anced differential outputs that follow the signal at the TX+ and TX- inputs. DTXO+ and DTXO- are delayed and
21 DTXO-, |inverted with respect to TXO-and TXO+. Combining these outputs through an external resistor network provides
22 TXO- the necessary pre-distortion to overcome the twisted-pair cable attenuation characteristics.
23 GND Ground.
24 PLED Polarity reversal indicator. Indicates polarity reversal of the twisted-pair receiver wires. A no-connect at this pin
enables auto-correction although there is no LED indication. Connecting to GND disabies auto-correction.
25 TEST Test. No Connection, or connect to ground.
26, 27 RXI-, RXI+ | Receiver inputs. These inputs receive the data from the twisted-pair cable and pass it on to RX+ and RX-.
28 Voo Positive power supply.

NOTE: The |IEEE 802.3 designation for CD is Cl, for RX is DI, for TX is DO, for RXl is RD and for TXO and DTXO combined is TD.

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vob Supply voltage with respect to GND -0.5t0 +6.5 \Y
VIN Voltage at any input to GND <0510 Vpp +0.5 \
Tsta Storage temperature range -65 to +150 °C
TsoLp Lead soldering temperature (10sec) +300 °C
Ty Recommendsed max junction temperature +125 °C
8)a Thermal impedance g package 55 :CNV
package 70 C/W
1995 May 10 3
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BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS
Vpp = +5V £10%, Ta = 0°C to 70°C; unless otherwise stated. Typical values measured at Vpp = +5V, Ta = 25°C.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS WIN I P I MAX UNITS
Power supply threshold and currents
Vppen | Enable Vpp threshoid 3.4 Vv
VDDDlS Disable Vpp threshold 1.2 \'
lopi Supply current (no traffic) 20 mA
looT Supply current transmitting TXO+ RX!t active, 90% duty cycle 65 100 mA
Digital input voltage (HBE, EI)
Vi Input LOW voltage GND - 0.3 0.8 \Y
ViH Input HIGH voltage 2.0 Vpp + 0.3 v
Digital input current (HBE, LI, PLED)
liw | Input current GND-03<ViN<Vpp+0.3 | -500 | | o pA
LED driver output voltage
VoL | Output LOW voltage lout = 10mA | | | o4 v
LED driver leakage current
loL Output leakage current, output inactive GND < Vout < Vpp + 0.3 30 pA
loLpLep | PLED output leakage current, inactive GND <Voyr < Vpp +0.3 500 RA
Transmitter, receiver and collision indicator
Voc TX+, RXI+ open circuit input voltage 1.5 3.5 Vv
TR TX+, TX-, RXI+, RX!- input current GND-0.3<V|y<Vpp+0.3 -500 +500 A
Rrx TX differential input resistance 16 kQ
V1sg Transmitter squelch threshold -150 -200 -300 mvV
VoH Output HIGH voltage TXO+, DTXO+ Load = 500Q to GND Vpp - 0.1 \
VoL Output LOW voltage TXOz, DTXOt Load = 500Q to Vpp 0.1 \
Rrxi RXI+ differential input resistance 20 kQ
VRs Receive squelch threshold +300 +400 +585 mvV
Voo gilgf:etrential output voltage non-idle at RX+, R, = 78Q 4600 4825 +1200 mv
N e e
Vrpop | Peak differential output voltage RL= Flg(-)—- ?E: 4= 48, 2.8 v
N R e
Rts TXO+, DTXO+ output resistance | =25mA 7 10 Q
1995 May 10
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TIMING CHARACTERISTICS
Vpp = +5V £10%, Ta = 0°C to 70°C; unless otherwise stated. Typical values measured at Vpp = +5V, Tp = 25°C.
LIMITS
YMBOL PARAMETER DITIONS
S Ol TEST CON WiN P I MAX UNITS
Receiver and collision signal
trsT Receive start-up delay Vexi: = 1V peak 250 500 ns
trRBL Bits lost at receiver start-up VRxit = 1V peak 2 4 bits
First validly timed bit on RXx treL +2 bits
trp Receiver propagation delay RXI+ to RX+ Include receive filter 40 100 ns
trorr | Receiver turn-off pulse width 150 230 ns
tRHI Receiver high-to-idle time Measured to +210mV 200 400 ns
tcHI Collision high-to-idle time Measured to £210mV 400 500 ns
tRR Differential output rise time on RX+, CD+ 5 ns
tRe Differential output fall time on RX+, CD+ 5 ns
trMm Rise and fall time matching on RX+, CD+ trr-tRR -2 2 ns
try Receiver added jitter RXit to RXt VRxit = 1V peak -1.5 +1.5 ns
tomy ge;;i;ler added common-made jitter RX!+ Vgxit = 2.5V at receive filter input -2.5 +2.5 ns
Transmitter
trsT Transmit start-up delay V1x+ = 1V peak 280 400 ns
traL Bits lost at transmitter start-up Vrye = 1V peak 2 bits
First validly timed bit trBL + 2 bits
. . Vrys = 1V peak
tro Transmit propagation delay (include transmitter filter) 50 100 ns
trs Transmitter added jitter Load = 100Q and cable model -3.5 +3.5 ns
trorF Transmitter turn off pulse width Vixe =1V 150 200 ns
trH Transmitter high to idle time 250 450 ns
teppw | Pre-distortion pulse width 45 55 ns
Link integrity
tirsp Transmit silence duration 8 16 24 ms
. . With 100Q load/measure at
titpw | Link test pulse width 585mV amplitude point 80 120 ns
ticLTp Time period for ignored consecutive link Vaxit = 1V peak 2 5 7 ms
pulses
tecLTp :::Psee genod for counted consecutive link Ve = 1V peak 25 48 150 ms
o Link loss detect time 50 110 150 ms
Collision and jabber
fco Collision frequency 8.5 10.0 11.5 MHz
tcp Collision signal pulse width 40 50 €0 ns
tcon Collision tum-on delay 9 bits
tcorr | Collision tum-off delay 9 bits
tHoN Heartbeat turn-on delay 0.6 1.1 1.6 us
tHw Heartbeat test duration 0.5 1.0 15 ns
tia Jabber activation delay 20 50 150 ms
R Jabber reset delay 250 450 750 ms
1995 May 10 957 BB 6
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TIMING CHARACTERISTICS (Continued)

SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN TYP | MAX
Loopback
tLBON Loopback start-up delay bits
tige Loopback enable time RX!+ to RXx bits
8D Loopback disable time RXi+ to RX+ bits
terD Loopback propagation delay TXI+ to RX+ 200 ns
LEDs
tteo Turn-on or tum-off delay of LEDs 10 us
txLeporr | XLED maximum off time 95 135 ms
txLepoN | XLED minimum on time 5 10 ms
tateporF | RLED maximum off time [0 = high (Vpp) 95 135 ms
trLepon | RLED minimum on time 5 10 ms
taieoLy | RLED turn-off time for link loss? tu ms
treepLe | RLED on time after link re-established [T = low (GND}) 0.5 1.5 sec
tcLepon | CLED minimum on time 10 11.5 14 ms
tieoon |JLED on time? ON while jabber is active tion ms
tyeporF | JLED off timed OFF while jabber is inactive torF ms

NOTES:

1.ty = duration of link loss

2. tyon = jabber active time.
3. tjorF = jabber inactive time

FUNCTIONAL DESCRIPTION

The NEB6C92 contains eight main functional blocks (see Block

Diagram). These are:

1. The receiver which takes data from the twisted-pair cable and
sends it to the Manchester encoder/decoder.

2. The receive polarity detector and correction control which detects
the polarity of the received signal and intemally corrects the
polarity of a reversed polarity connection.

3. The transmitter which receives data from the Manchester
encoder/decoder and sends it onto the twisted-pair cable.

4. The collision detection and heartbeat generation circuitry which
indicates to the Manchester encoder/decoder any collision
resulting from a coincident transmit and receive activity and tests

for collision circuitry functionality at the end of every transmission.

5. The jabber timer which disables the transmitter in the event of a
longer than legal length data packet.

6. The link integrity monitor which periodically tests the integrity of
the twisted-pair link and indicates if a link failure occurs.

7. A crystal controlled oscillator which provides all on-chip timing

functions for control, pre-distortion and the 10MHz collision signal.

8. LED control circuitry and drivers for indicating the transmit,
receive and link integrity, collision, jabber and Twisted-Pair
polarity status of the NEBGC92.

Receiver Functions
The receiver section consists of a differential twisted-pair receiver, a
squelch circuit and a differential line driver for the AUI cable.

1995May 10 g 5110826 0089772 &T3 M

The twisted-pair receiver is connected to the output of a bandpass
filter whose input is transformer coupled to the twisted- pair cable.
The receiver has a high differential input impedance to allow
accurate external resistors to be used for matching to the bandpass
filter. The common mode voltage of the input buffer is set internally
on the chip.

The receiver squelch circuit prevents noise on the twisted-pair cable
from falsely triggering the receiver in the absence of true data. The
twisted-pair receiver will be activated if the differential signal at the
RXI pins exceeds typically +400mV and has a low-high-low
sequence with both the positive and negative pulse widths
exceeding 50ns. Once activated the squelch threshold reduces to
+200mV to ensure reception. The fifth bit of the Manchester code is
always received. The receiver is de-activated by a continuous high
of between 150ns and 230ns. The receiver is then inhibited for a
further 500ns at the end of a packet in order to reject dribble bits or
the twisted-pair cable.

The data packet passed on to the Manchester encoder/decoder will
typically have a high-to-idle time of 300ns.

The differential line driver provides typically +825mV signals into a
78Q transmission line connecting the transceiver to the Manchester
encoder/decoder with rise and fall times less than 5ns. When in the
idle state (no received or transmitted signal) both outputs are pulled
to GND and provide < 40mV differential voltage offset to minimize
DC standing current in the transformer.

Polarity Control Functions
The polarity control circuitry consists of a polarity detector and a
polarity correction circuit. The polarity detector is activated following
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a link failure or power-on reset. It then waits for the detection of four
consecutive link test pulses of the same polarity, or the reception of
a data frame to determine the correct polarity. Having determined
the correct polarity, the correction circuit provides the correct data
polarity to the receiver and the link integrity pulse detector.

The PLED pin provides a buffered output indication of the status of
the polarity correction circuit. This output may be used to drive an
LED directly (through an external current limiting resistor to Vpp) for
visual indication of polarity.

The polarity detection and correction circuit may be externally
DISABLED by connecting PLED (Pin 24) to ground.

Transmitter Functions

The transmitter consists of a differential receiver, a squelch circuit
and a differential twisted-pair cable driver with pre-distortion. When
data is being transmitted, and there is no collision or link integrity
failure, the transmitted data is looped back to the receiver output
ports RX+ and RX-.

The common mode voltage of the differential input buffer is set
internally with a differential input resistance of typically 40 kQ.

The transmitter squelch circuit prevents false triggering of the
transmitter from noise on the AUl cable. The transmitter will be
activated if the differential signal at the TX+ pins exceeds typically
+200mV and has a high-low sequence with both the positive and
negative pulse widths exceeding 50ns. The third bit of the
Manchester data is always transmitted. The transmitter is
de-activated by a continuous high of between 150ns and 200ns.

Pre-distortion of the transmitted waveform is included to reduce the
bit dependent jitter at the end of a twisted-pair cable caused by it's
inherent low pass characteristics. The pre-distortion is achieved by
using two pairs of differential twisted-pair drivers. One pair of
drivers produces a signal delayed by 50ns compared to the other.
By combining the four driver outputs through an external resistor
network, the signal on the twisted-pair is pre-emphasized for the first
50ns following a voltage transition. The pre-emphasis can be
changed by selection of different external resistance values.

Collision Functions

The collision circuitry consists of logic for detecting simultaneous
transmission and reception, a heartbeat generator, a 10MHz signal
source and a differential line driver.

The collision detection scheme implemented in the NEB6C92 is
transmit mode detection which detects a collision if both the
transmitter and receiver are active at the same time. A collision
condition is indicated to the Manchester encoder/decoder by a
10MHz signal at the CD outputs of the differential line driver and
occurs within 300ns of the onset of a collision. The collision signal
begins with a negative going pulse and ends with a continuous
high-to-idle state of typically 450ns.

When a collision occurs the internal loopback is disabled and the
signal received at the RXI inputs is passed to the RX outputs. At the
end of a collision the loopback is enabled again.

At the end of every transmission the heartbeat generator creates a
pseudo collision to ensure that the collision circuitry is properly
functioning. The pseudo collision consists of a 1us burst of 10MHz
signal at the CD outputs approximately 1us after the end of the
transmission. The heartbeat function can be disabled externally by
connecting the HBE (heartbeat enable) to GND. This allows the
NEBBC92 to be used in hub or repeater applications.

1995May 10 B 711082k 0089773 73T WM

As with the receiver outputs the collision outputs CD+ and CD- are
pulled low in the idle state and maintain < 40mV offset to minimize
DC standing current in the transformer.

Jabber Functions

The jabber timer monitors the transmitter and inhibits transmission if
it is active for longer than typically 50ms. The jabber circuit then
enables the collision outputs for the remainder of the data frame and
for typically 450ms (unjab time) after it has ended. At this point the
transmitter becomes uninhibited.

Link Integrity Functions

This circuit monitors the integrity of the twisted-pair cable connected
to the RXl inputs. In the event of a fault, the transmit, loopback and
receive functions of the NES6C9O2 are disabled and the fail status is
indicated by turning off the LED connected to RLED.

The twisted-pair cable integrity is monitored by detecting periodic
link-integrity pulses at the RXl inputs. These pulses are 100ns in
duration, with pre-distortion, followed by a return to idle. The
receiver does not recognize these as data and is not enabled by
them.

When no data frames are being received the NEB6C92 provides a
link-integrity reception window during which a link pulse is expscted
to arrive. The window opens nominally 5ms after receipt of the
previous link pulse or the end of a data frame and remains open for
110ms. If alink pulse is received before the window opens then it is
ignored. If a link pulse arrives while it is open then the intemal
window timers are reset. If no link pulse is received after 110ms,
then the transmit, receive and loopback functions are disabled and a
link failure is indicated by turning OFF the LED connected to RLED.

The NEB6C92 can only re-enable the transmit, loopback and
receive functions if it receives four consecutive link pulses within the
link pulse window, or if a data frame is received. In either case the
NE86C92 waits until both the transmit and receive paths are idle
before re-anabling the transmit, loopback and receive paths.

When the link integrity circuit is enabled (LI connected to GND) a
link integrity pulse is transmitted onto the twisted-pair cable typically
once every 16ms irrespective of whether the transmitter is jabbed or
there is a link integrity failure.

If the link integrity circuit is disabled (LI connected to Vpp) no link
pulses are transmitted, the received link pulses are ignored and the
RLED indicator remains ON in the absence of receive traffic.

Crystal Controlled Oscillator

Clock signals for the 50ns pre-distortion delay for transmitted data,
the 10MHz collision signal and all on-chip timing functions are
produced by a 20MHz crystal controlled oscillator.

An external MOS-level or TTL clock can also be applied directly to
the XTAL1 input. In the case XTAL2 provides a buffered output of

the signal applied to XTAL1; and may be left disconnected, used to
drive other devices, or connected ground.

Any commercially available parallel resonant crystal may be used,
but it is recommended that the total capacitance on each of the
XTAL pins should be kept below 20pF.

LED Status Functions
The NE86C92 provides output drivers for five LED status indicators.



Philips Semiconductors

Product specification

Twisted-pair transceiver interface

NE86C92

The LED connected to XLED indicates transmit status; (see Figure
8)
oThe LED is ON when no transmission is in progress.

»The LED turns OFF when a data frame is transmitted and re-
mains OFF for typically 115ms.

#The LED then tums back ON for a minimum of typically 6.4ms
until turned OFF by the next transmission.

The LED connected to RLED indicates receive status and behaves
differently depending on whether the link integrity circuit is disabled
or enabled.

When the link integrity circuit is disabled; (see Figure 10)
*The LED is ON when no reception is in progress.

#The LED turns OFF when a data frame is raceived and remains
OFF for typically 115ms.

«The LED then tums back ON for a minimum of typically 6.4ms
until turned OFF by the next reception.
When the link integrity circuit is enabled the LED behavior is the
same as above except that; (see Figure 2)

oThe LED is ON when both no reception is in progress and link
integrity pulses are being successfully received.

oThe LED turns OFF in the event of a link failure

sThe LED turns back ON for nominally 1sec when the the link is
re-established.

1995 May 10
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The LED connected to CLED indicates collision status; (see Figure
9)

+The LED is OFF for no collision.

sThe LED turns ON for nominally 12ms in the event of a collision.

#The LED remains ON if a further collisions occur during this time
and remains ON for the nominal on-time following the last tran-
sition.

sThere is no minimum OFF time. The LED will turn ON immedi-
ately another collision is detected.

The LED connected to JLED indicates jabber status; (see Figure 7)

*The LED is OFF for a no-jab condition.

oThe LED turns ON when the twisted-pair drivers are jabbed.

+The LED turns back OFF when the twisted-pair drivers are un-
jabbed.

The LED connected to PLED (when used) indicates polarity reversal
status;

+The LED is ON when there is no polarity reversal of the twisted-
pair receive wires.

*The LED is OFF when the polarity is reversed.
*The LED flashes during link-fail before polarity has been deter-
mined.

The LED drivers require an external resistor in series with the LED
(see connection diagram) to limit the LED current.
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TYPICAL APPLICATION DIAGRAM
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DIP28: plastic dual in-line package; 28 leads (600 mil); long body SOT117-2
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DIMENSIONS (millimetre dimensions are derived from the original inch dimensions)
A Aq Ag 1) m zM
UNIT | na | min. | max b by c D E e ey L Mg My w max.
1.83 0.58 0.38 37.08 | 1422 3.81 1575 | 17.65
mm | 508 1 051 | 394 1 44y | 043 | 025 | 3594 | 1384 | 254 | 1524 | 305 | 1524 | 1524 | 023 | 210
0.0684 | 0.022 | 0.015 | 1.460 | 0.560 0.138 0.62 0.695
inches | 0.200 | 0.020 ( 0.155 0.045 | 0.017 | 0.010 | 1.415 | 0.545 0100 | 0.600 0.120 0.60 0.600 0.01 0.083
Note
1. Plastic or metal protrusions of 0.01 inches maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE

SOT117-2 MS-011AB 39 95-03-11
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Philips Semiconductors

Product specification

Twisted-pair transceiver interface

NE86C92

$028: plastic small outline package; 28 leads; body width 7.5mm

SOT136-1
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scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A 1 1 1
UNIT | | A | A2 | As [ bp | ¢ [DMITEM| e I He | L | Ly | @) v | w ]|y |z"]oe
0.30 | 245 0.49 | 0.32 | 181 7.6 10.65 1.1 11 0.9
2.65
mm 010 | 225 | %% | 036 | 023 | 17.7 | 7.4 | ¥ [1000| " | 04 | 10 [ OB |0 01 401 o
o]
: 0.012 | 0.096 0.019] 0.013}| 0.71 { 0.30 0.42 0.043 | 0.043 0.035 0
inches | 0.10 | o 004 | 0.089 | %' |0.014 | 0.000 | 0.69 | 020 | %99 | 030 | 9958|5016 | 0loae | 001 | 001 0004 o e
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
REFERENCES EAN
VERSION PE;’;IOEI::TION ISSUE DATE
IEC JEDEC EIAJ
SOT136-1 075E06 MS-013AE ==} @ oy
1995 May 10 16
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