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LXT324
T1/E1 Integrated Quad Receiver

The LXT324 is a fully integrated quad PCM receiver for  « 4 independent DSX-1/E1 receivers
both North American 1.544 MHz (T1), and European 2.048 '
MHz (E1) applications. It incorporates four independent
receivers in a single 28-pin DIP or PLCC. The operating
frequency is pin selectable.

e Circuit functions include data and clock recovery

»  Single Master Clock input
The LXT324 receiver performs data and timing recovery,

and uses peak detection and a variable threshold to reduce e Meets or exceeds AT&T PUB 62411 requirements
impulsive noise. LXT324 receiver sensitivity down to 500 for input jitter tolerance
mV allows for up to 13.6 dB of attenuation.

The LXT324 is an advanced double-poly, double-metal ~ *  Unipolar RPOS and RNEG outputs
CMOS device and requires only a single 5-volt power
supply. ‘ e Minimum receive signal of 500 mV

«  Selectable slicer levels (DSX-1/CEPT) to provide
improved SNR

 High-density T1/E1 line cards

* DSX-1/E1 test equipment

* DSX-1/E1 line monitoring

« DSX-1/ El receive line interface

« Single 5 V only CMOS technology

e Available in 28-pin DIP and PLCC
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LXT325
T1/E1 Integrated Quad Receiver with LOS

The LXT325 is a fully integrated quad PCM receiver for ¢ 4 independent DSX-1/CEPT receivers
both North American 1.544 MHz (T1), and European 2.048
MHz (E1) applications. It incorporates four independent
receivers in a single 28-pin DIP or PLCC. Each receiver
incorporates a Loss Of Signal (LOS) detection circuit and
output driver. The operating frequency is pin selectable.

«  Loss Of Signal (LOS) output for each receiver
e Circuit functions include data and clock recovery

The LXT325 receiver performs data and timing recovery, ~*  Single Master Clock input
and uses peak detection and a variable threshold to reduce

impulsive noise. LXT325 receiver sensitivity downto 500  »  Meets or exceeds AT&T PUB 62411 requirements
mYV allows for up to 13.6 dB of attenuation.

. *  Unipolar RPOS and RNEG outputs
The LXT325 is an advanced double-poly, double-metal

CMOS device and requires only a single 5-volt power

supply. e Minimum receive signal of 500 mV

«  Selectable slicer levels (DSX-1/CEPT) to provide
improved SNR

« High-density T1/E1 line cards
DSX-1/CEPT test equipment
DSX-1/CEPT line monitoring

DSX-1/CEPT receive line interface Available in 28-pin plastic DIP and PLCC

«  Single 5 V only CMOS technology

CLOCK
GENERATOR

DIVIDE
BY X

DATA
SLICERS

TIMING

RTIP
] RCVRY

RCLK

,: 5 ; RPOS
....... ez ¢ RNEG

LOS
————— | DETECT

RECEIVER #1
RECEIVER #2
RECEIVER #3
RECEIVER #4

LOS

LEVEL
ONE , 2-131



















































































































































































































































































































































































































































































































































































































































































































LXT304A /316/318 Dual-tb-SingIe Chip Migration for Long-Haul E1 Applications

LXT318 Long-Haul E1 Transceiver Soluiion

Migration from Dual-Chip (LXT304A / LXT316) to Single-Chip (LXT318) Implementation

This application note provides manufacturers of
Long-Haul E1 (2.048 Mbps) transmission equip-
ment with a smooth transition from Level One's
LXT304A/316 dual-chip long-haul E1 solution to
an advanced single-chip implementation, the
LXT318.

There are only minor differences in the line inter-

faces for single and dual chip solutions. There-
fore, E1 equipment designed around the dual-chip

solution (using the LXT304A and LXT316) can
easily be adapted to take advantage of the fully
integrated LXT318.

This application note describes the steps neces-

sary to modify a dual-chip design for use with the
LXT318. Both solutions use the same transform-
ers. The modification involves removing the
repeater and associated circuitry (shown in the
shadowed area of the diagram below).
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T1 Jitter Measurement 62411 Certification

Jitter Attenuation Test Procedures 5. Set the reference level (UIINP) on the spectrum ana-
lyzer by temporarily connecting the BERT transmit
1. Connect the test equipment as shown in Figure 7. outputdirectly into the datainput of the jitter receiver/
generator.
2. Set the frequency synthesizer to produce a square
wave reference clock at 1.544 MHz. 6. Re-connect the test equipment as shown in Figure 7
and set the synthesizer to the first jitter frequency to
3. Set the jitter generator as follows: be tested.
a. Frequency: lowest frequency to be tested
b. Amplitude : 75% of the level shown in Figure 1 7. Observe the spectrum analyzer (Figure 8) and record
(use appropriate DTE or Synchronizer template.) the difference between the reference level, Uline, and

the DTE line output level, Ulour.
4. Set the spectrum analyzer as follows:

a. Center Frequency: same as 3a. 8. Repeat éteps 3 through 7 for each frequency to be
b. Frequency Span: 200 Hz - 500 Hz. tested and plot the results as shown in Figure 9.
Figure 7: Jitter Attenuation Test Setup
Jitter
1.544 Ref : Jittered Ext
Waveform MHz Clock Receiver/ Clock Clock BER
Synthesizer —————=| Generator > Tester
(Wavetek 178) Input| (HP3785B) | Output Input|{ (TB211)
DeModulated Data Xmit ¥ Output
Output Input » AMIYQRTS
Rx Y Input
Main
Spectrum ji gnal DTE
Analyzer - ==(Remote
(HP3585A) | Output Loopback)

NOTE: The test setup shown in Figure 7 is used to measure jitter amplitudes less than 10 UI (the limit of the HP3785B).
Alternate test setups should be used for other jitter amplitudes or amplitude/frequency combinations.

Figure 8: Spectrum Analyzer Display Figure 9: Typical LXT304A JA Performance

Attenuation

10 Hz 100 Hz 1kHz 10 kHz 100 kHz
Frequency
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T1 Jitter Measurement 62411 Certification

NOTES:
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LXT310 and LXT304A

Combination DS-1/DSX-1 CSU Applications

This application note describes a T1 line
interface for combination DS-1/DSX-1
CSU applications implemented with an
LXT310 long-haul transceiver and an
LXT304A short-haul transceiver. Figure
1, on the next page, is a simplified sche-
matic of the application circuit.

Transmit functions are shared between the
LXT310 (DS-1) and the LXT304A (DSX-
1). Both transmitters are connected to a
single 2:1 transmit transformer through
matching resistors. A pair of AND gates on
the TCLK input pins are used to select the
active transmitter. (The transmitters re-

LEVEL
g ONE ¢

main in the power-down state with high
impedance on the TPOS/TNEG inputs un-
til TCLK is supplied.)

Receive functions for both DS-1 and DSX-
1 applications are handled by the LXT310.
The receive circuits of the LXT304A are
not used.

Some additional circuitry is required to
route receive data from the LXT310 to the
LXT304A for Remote Loopback in the
DSX-1 mode. Refer to the LXT310 and
LXT304A data sheets for detailed specifi-
cations.




LXT310/304A Combination DS-1/DSX-1 CSU Applications

Figure 1: Combination DS-1/DSX-1 CSU Application Circuit
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LXT310 Line Protection Circuitry

LXT310 Line Protection Circuitry

Application Guidelines

This application note provides guidelines for line
protection circuitry required in network channel
termination equipment (NCTE), a typical
LXT310 application. NCTE is installed at the
customer premises end of T1 lines. Called "DS-1"
loops, these lines are typically outside the office
environment. They are subject to overvoltage/
overcurrent stresses from lightning strikes, power
crosses, and other noise sources. Protection cir-
cuitry is required to protect the line and the termi-
nation equipment (CSU, Mux, PBX etc.) from
overload stresses.

NCTE protection requirements are specified in
FCC Part 68 (lightning hazards), UL 1459 (AC
hazards), Bellcore TR-TSY-000007 and AT&T
Pub 62411. These documents differentiate be-

tween longitudinal stress (differential between
tip/ring and ground) and metallic stress (differen-
tial between tip and ring). Longitudinal stresses
are more common and include impulsive noise
events such as lightning induced surges. Metallic
stresses are less likely and are usually caused by
power crosses during maintenance activity.

Figure 1 shows a typical LXT310 line interface.
Protective circuit elements are described below.

¢ Resistors RT, RR and RZ in the transmit and
receive lines are selected to match the line
impedance. They also provide some current
limiting action.

¢ Line transformers TT and TR should be break-
downrated at > 1 kV.

* The 6.3 V zener diode bridges clamp metallic
stress, passing only the current required to
hold tip/ring differential at 6.3 V maximum.

e Current is limited by load resistors RL, the
optional fuses FL and the diode bridges.

» The gas discharge tubes provide fast reaction
protection from lightning strikes, conducting
sudden surges to ground.

Suggested component values are listed in Table 1
(back page).

®LEVEL
@ONE ®

RTIP g Ds B o
RR FL W/ =
RRING 2C DBB Vﬁ}\’ s
’ - N7
Gas Discharge
LXT31O RL FL Tulbes g
Rt T Py AMA/ B
TTIP Ds a -~
Rt FL A\ &
TRING s Ny
1:2 Ay
/l

5-17

5



LXT310 Line Protection Circuitry

5-18

Table 1: Recommended Component Values

Symbol Value
TT ET2>1kV
TR ET>1kV
RL 56Q,5%,2W
RT 125Q,5%, 4 W
RR 100Q,5 %, 4 W
Rz 100Q,5%, 4 W
NB type 1N4004
Nz 6.3 V,5 W, type IN5341A
FL* In-line fuses, 1-1.5 A
GDT* Gas Discharge Tubes

* Optional devices. May be required for UL approval.

c
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LXT400 Alternate Data Rate Applications

Guidelines for 64 kbps Clear Channel and other Alternate Data Rates

The LXT400 offers 14 selectable data rates using
a single 4.096 MHz master clock. The selectable
data rates include the 10 standard DDS rates and
four PacBell ADN rates listed in Table 1 below.
This application note provides guidelines for us-
ing the LXT400 in circuits which operate at addi-
tional alternate data rates. Figure 1, back page,
shows a typical 64 kbps clear channel applica-
tion circuit using a 4.68114 MHz crystal.

Alternate rate operation is implemented by select-
ing the closest standard data rate with the Fre-
quency Program pins (FP1 - FP4), and then pulling
the chip to the desired data rate with an off-
frequency master clock (MCLK). MCLK may be
supplied by a crystal across MCLK1 and MCLK2
(as shown in Figure 1), or by a digital clock at
MCLK1 with MCLK2 left open.

Table 1: Selectable Data Rates

Data Rates FP1 | FP2| FP3 | FP4
DDS | 24kbps | O 0 0 0
3.2 kbps 1 0 0 0
4.8 kbps 0 1 0 0
6.4 kbps 1 1 0 0
9.6kbps | O 0 1 0
12.8 kbps 1 0 1 0
192kbps | O 1 1 0
25.6 kbps 1 1 1 0
56.0 kbps 0 0 0 1
72.0 kbps 1 0 0 1
ADN| 35kbps | O 1 0 1
7.0 kbps 1 1 0 1
140kbps | O 0 1 1
28.0 kbps 1 0 1 1

Use the following equation to determine the re-
quired MCLK frequency foz

fp/¢

S

f = 4.096 MHz *

where fD = the desired data rate, and
fS = the selected data rate
(selected by pins FP1 - FP4).

Because the LXT400 oscillator operates best at
frequencies above 4 MHz, the next lower data rate
should be selected, and used with a higher fre-
quency MCLK. For example, if the desired data
rate is 64 kbps, two standard rates (56 kbps and 72
kbps) are equidistant from the desired frequency.
Optimum performance is achieved by selecting
the 56 kbps data rate and driving MCLK at a
frequency higher than the standard 4.096 MHz, to
pull the LXT400 up to 64 kbps. With these values
plugged into the equation;

64 k
f,=4.096 MHz * " /(0

f =4.68114 MHz

When MCLK is supplied by a crystal oscillator !,
the FP pins can be hardwired to the desired fre-
quency.  However, in applications which require
operation at multiple frequencies (standard and/or
alternate), relays or control logic can be used to
switch the FP inputs and crystals or digital clocks.
(Relays should be selected to minimize the effects
of contact resistance and capacitance.) Table 2,
back page, lists MCLK frequencies and FP set-
tings for various alternate data rates.

! Crystal f, must be accurate to within + 40 ppm over the temperature range -40 to +85°C. This
ensures an MCLK frequency accurate to within £100 ppm at the DSU. MCLK frequency at the
OCU.must be accurate to within +50 ppm. See LXT400 data sheet for full details.

$1LEVEL
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LXT400 Alternate Data Rate Applications

Table 2: MCLK Frequency Selection for Alternate Data Rates

Desired Selected FP1| FP2 | FP3 | FP4 MCLK!
Data Rate Data Rate Frequency
38.4 kbps 25.6 kbps 1 1 1 0 6.144 MHz

51.2 kbps 56.0 kbps 0 0 0 1 3.74491 MHz?
64.0 kbps 56.0 kbps 0 0 0 1 4.68114 MHz
NOTES:

1 Crystal f, must be accurate to within 40 ppm over the temperature range -40 to +85°C. This
ensures an MCLK frequency accurate to within £100 ppm at the DSU. MCLK frequency at the OCU
must be accurate to within £50 ppm. See LXT400 data sheet for full details.

2 Inthis case the difference between the desired data rate and the selected data rate is small enough that

the MCLK frequency may drop below 4 MHz without degrading device operation.

Figure 1: Typical LXT400 64 kbps Clear Channel Application

4.68144 MHz
(£ 40 ppm over temp)
A
sy H gy vl
N MCLK1 MCLK2 Rt (1) T
> TPOS TP s 3e0  [Secondary [
—» TCLK Protection
| TNEG TRING Csr10nF | Network |
To/From Digital ' -a' W - Primary
Back End Logic Rin 30.1 kQ 1:1 Protection
gi¢c |-——— RPOS ; RTIP LA Network L—
| Rv(2) $Rr ¢
- gglég 3' VINT —AAN—S (1)| Protection
< o 1kQ 3| Network
© RRING W\ - -
. Rin 30.1 kQ = -
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1 RESET
! LPBK TEST2
<-—| EQLOUT  AGND s
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LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs

\"w%

LXT902 and LXT906
for Shielded and Unshielded Twisted-Pair Lines

- Impedance Matching

The LXT902 Media Attachment Unit (MAU) and
LXT906 Twisted-Pair - Coax (TP-CX) Adapter
both require impedance matching with the net-
work media. This application brief provides a
short explanation of the impedance matching net-
works required for shielded and unshielded
twisted-pair lines. This information applies to
both the LXT902 and the LXT906

On the transmit side, the LXT902 and LXT906
use resistors in line with the output as shown in
Figure 1. To provide an optimum match, the total
impedance of the resistors and the filter should
equal the line impedance (RL1 + RL2 + ZF =ZL).

LXT902
or
LXT906
1:1
RL1 —
TPOP —AANN—]
475Q+1% Tx
FILTER 100 Q
RL2 5Q
TPON —
47.5Q+1% =

ot
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On the receive side the LXT902 and LXT906 use
a pair of resistors across the input with the center
node tied to ground through a capacitor as shown
in Figure 2. To provide an optimum impedance
match, use the same formula as used for the trans-
mit side: RL1 + RL2 + ZF = ZL.

For example, when the network media is 100 Q
UTP and the filter impedance is 5€2, each resistor
value should be 47.5Q2. When the network media
is 150 Q STP and the filter impedance is 0L, each
resistor value should be 75€Q. This simple formula
works for both devices and for both the transmit
and receive line interfaces.

LXT902
or
LXT906
9 1:1
-
TPIp | BL
75!1:!:11%': Rx
k=" | FILTER 150 Q
75Q 1%
TPIN [RL2 =
5-21




LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs
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LXT902 FOIRL Application

Low Cost FOIRL/Ethernet Media Conversion

LXT902 Applications

by Haim Shadfir
Senior Design Engineer

This application note describes a transceiver designed for
Fiber Optic Inter-Repeater Link (FOIRL) applications as
shown in Figure 1. A FOIRL, defined in the IEEE 802.3
standard, connects two Ethernet repeater units with a fiber
optic link. The length of the fiber link between LAN
segments is limited to 1 km.

This application note describes a very cost-effective FOIRL
transceiver using the Level One LXT902 10Base T Trans-
ceiver and standard off-the-shelf components for the Fiber
Optic receive/transmit functions.

*  Fiber Optic Signal Reception & Transmission

e AUIReception and Transmission
* Low Light Level Signal Detection

*  Fiber Optic Idle Signal Generation

» Diagnostic LEDs

Fiber Optic Receiver

The Fiber Optic receiver uses a Hewlett Packard HFBR-
2404 (low-cost miniature FO receiver) and a Motorola
MC10H116 (ECL receiver) to convert light pulses from the
fiber into electrical signals at Attachment Unit Interface
(AUI) levels. These signals are then sent to the LXT902 TP
inputs. (The LXT902 will not trigger on a signal <1 MHz.)

For low-light level detection, the receive signal is converted
to the TTL level. The TTL signal is routed through a high-
pass filter into an idle detection circuit clocked at 200 kHz.
If no signal transitions are detected, a low light level signal
is asserted and the LXT902 is forced into the high impedance
state. It remains in the high impedance state until the link is
reactivated.

Fiber Optic Transmitter

The Fiber Optic transmitter uses a Hewlett Packard HFBR-
1404 (low-cost minjature FO transmitter) and a Signetics
74F3037 (30 ohm driver) for the fiberinterface. The 20 MHz
clock is divided down to 1 MHz to provide the idle signal.
Two D flip-flops detect activity in the LXT902 TP output.
When the LXT902 TP signal is idle, a MUX switches the
transmit signal to provide a 1 MHz idle signal to the fiber.
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Refer to Figure 3 for Fiber Input Port Schematic

F902C.SCH
F902B

F902B.SCH

Figure 2: Application Schematic
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Refer to Figure 4 for Fiber Output Port Schematic

e} |

s1
SIMS
RRRRRC
54321M
6|5{4|3|2[1 VST
vce
o Ul
AN7805
3 1|1
§D1§ZD2 D3_|D4_| DS 2
. c1 + C6
~T~ 1luF 2 1uF
Tan I Tan
ond Pl
DB15
8 ([~
T51°
vce U2 *~51-°
2 27 *T41°,
> i R3 <o
2 £ T1 3
5 13 [ Ad! 1 16 5T-°
X—2 . - 11 16 21o
13 78 23 12[3s 1279,
E R4 , Z
p o1 al, 15|13 : 111°,
1T 5 12 3
it 78 5 12 1 10
] el
3 ll 705 10|20 215
15 RS 1 gls ‘oo i °
] 5 | S
| GND1 |55 , Z50 ©
12 vpo GND2 [£5 78
1 RBIAS o
TXT902 aND
c4 cs
JP1 R1 P
JUMPER ii"m 0.01u| 0.01u
GND GND
I GND
GND

uonediddy 4104 206.1X1



<
o
o

Figure 3: Fiber Input Port Schematic
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Figure 4: Fiber Output Port Schematic
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LXT902 FOIRL Application

Implementation

The FOIRL/Ethernet Adapter Board was built as an exten-
sion of the Level One LDB902 Demo Board. It was tested
with 100 feet of 62.5/125 micron fiber, using SMA connec-
tors. The board was tested on a five-station LAN network,
using two different hubs and two different FOIRL transceiv-
ers. If space is an issue, aPAL can be used to implement the
logic functions.

References
Additional information is available in the following docu-
ments:

¢ Level One LXT902 data sheet

Level One LDB902 data sheet

Level One Application Note AN-22

National Semiconductor DP8392 data sheet
Signetics 74F3037 data sheet

Hewlett Packard HFBR-1404 data sheet

Hewlett Packard HFBR-2404 data sheet

Hewlett Packard Optoelectronics Designer’s Catalog
Hewlett Packard Application Bulletin 78
Hewlett Packard Tech Brief 73

ANSIIEEE Std 802.3b,c,d, and ¢ - 1989 Edition
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LXT902 FOIRL Application

Table 1: Application Parts List

Symbol Description Symbol Description

Resistive Components Integrated Components
R1 124kQ 1% . Ul ) AN7805
R2 3kQ U2 LXT902
R3,R4,R5 78 Q U3 MC10H116
R6,R7,R12,R13,R14,R15 1kQ U4,U8 74HC74
R8,R9,R10,R11,R16,R22 510Q U5 74F00
R17 10Q U6 74HC390
R18,R19 110Q U7 74F3037
R20 36 Q
R21 750 Q Inductive Components
R23,R24,R25 56 Q L1,L2 2.7 uH
R26 - 20Q )
R27 160 Q Miscellaneous Components

D1 - Green LED
Capacitive Components D2,D3,D5 Red LED
C1,C6 1 uF Tantalum D4 Amber LED
C2,C3 27 pF D6 1N916
C4,C5,C18 0.01 pF JD1 HFBR2404
C7,C8,09,C12,C13,C14, 0.1 uF JD2 HFBR1404
C17,C21 JP1 Jumper
C10,C11 100 pF P1 DB15
C15,C16 4.7 uF Q1,Q2 2N3906
C19 : 680 pF S1 SIM5
C20 100 pF Tl 790

X1 20 MHz

g LEVEL
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LXT906 FOIRL Application

Low Cost FOIRL/Ethernet Media Conversion:

LXT906 Applications

The Fiber Optic Inter-Repeater Link (FOIRL) described in
the IEEE 802.3 standard can be used to interconnect two
LAN Ethernet (10Base2 or 10Base5) segments. FOIRL
provides a standard for connecting two Ethernet repeater
units. It is suitable for interconnection of 10Base2 (thin
coax) or 10Base5 (thick coax) LAN segments located in
different buildings. The length of the fiber link between
LAN segments is limited to 1 km.

This application note describes a very cost-effective FOIRL-
to-Ethernet adapter board which can be used as shown in
Figure 1. Built around the new Level One LXT906 LAN
Adapter used as a repeater, this adapter uses the National
Semiconductor DP8392 as a coaxial Ethernet transceiver,
and other components for the Fiber Optic receive/transmit
functions.

«  Fiber Optic Signal Reception & Transmission
¢ Coaxial Ethernet Reception and Transmission
* Low Light Level Signal Detection

¢ Fiber Optic Idle Signal Generation

*  Collision Detection and Propagation

¢ Diagnostic LEDs

Fiber Optic Receiver

The Fiber Optic receiver uses a Hewlett Packard HFBR-
2404 (low-cost miniature FO receiver) and a Motorola
MC10H116 (ECL receiver) to convert the on-off fiber
signals back into electrical signals at Attachment Unit Inter-
face (AUI) levels. These signals are then sent to the LXT906
Twisted-Pair (TP) inputs. (The LXT906 will not trigger on
a signal <1 MHz.)

Forlow-light level detection, the receive signal is converted
to TTL levels. The TTL signal goes through a high-pass
filter to drive an open drain buffer that discharges an RC
circuit. If no on-off signal transitions are detected, low light
indicator D2 is turned off and the LXT906 is forced into the
reset state (code 000 at pins TSTO, TST1 and TST2). It
remains in the reset state until the link is reactivated.

Fiber Optic Transmitter

The Fiber Optic transmitter uses a Hewlett Packard HFBR-
1404 (low-cost miniature FO transmitter) and a Signetics
T4F3037 (30 ohm driver) for the fiberinterface. The 20 MHz
clock is divided down to 1 MHz to provide the idle signal.
An RC circuit and an open drain buffer detect activity in the
LXT906 TP output. When the LXT906 TP signal is idle, a
MUX switches the transmit signal to provide a 1 MHz idle
signal to the fiber.
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Figure 2: Application Schematic
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LXT906 FOIRL Application

Table 1: Application Parts List

Symbol Description Symbol Description
Integrated Components ‘ Resistive Components
Ul AN7809 R1,R2,R3,R4 1.5 kQ
U2 AN7805 RS 1kQ, 1%
U3 LXT906 R6 249 Q, 1%
U4 DP8392 R7 39.2Q, 1%
uUs 74HC390 R8 124 kQ, 1%
§[) 74HC14 R9 300 Q
u7 74F3037/ Signetics R10,R11,R12 56 Q
U8 MCI10H116 R13 20Q
U9 74HC74 R14 . 160 Q
U10 74HCO05 R15,R16,R21,R22,R23,R24 1k
Uil 74HC00 R17,R18,R19,R20,R25R26 510 Q
R27 10Q
Capacitive & Inductive Components R28,R29 110 Q
C1,C2,C3,C4,C5,C6, 0.1 uF R30 36 Q
C10, C11,C14,C15 R31 4.7kQ
C7,C9 1 uF TAN R32 750 Q
C8 0.33 uF TAN
C12,C13 27 pF Miscellaneous Components
C16 2.2 oF D1,D8 1IN916
C17 100 pF D2 Green LED
C18,C19,C20,C21,C24, 0.1 uF D3,D4,D7 Red LED
C25,C26,C30 D5,D6 Amber LED
€22,C23 100 pF D1 HFBR1404 / HP
C27,C32 0.01 uF JD2 HFBR2404 /HP
C28,C29 4.7 uF JP1 Jumper
C31 120 pF J1 BNC Connector
J2 Power Jack
Inductive Components Q1,Q2 2N3906
L1,L2 2.7uH S1 330 Q
X1 Crystal, 20MHz
Implementation References

The FOIRL/Ethernet Adapter Board was built as an exten-
sion of the Level One LDB906 Demo Board. It was tested
with 100 feet of 62.5/125 micron fiber, using SMA connec-
tors. The board was tested on a five-station LAN network,
using two different hubs and two different FOIRL transceiv-
ers. If space is an issue, a PAL can be used to implement the
logic functions.

- 5-32

Additional information is available in the following documents:

Level One LXT906 data sheet
Level One LDB906 data sheet

Level One LXT902 Application Note AN-24
National Semiconductor DP8392 data sheet

Signetics 74F3037 data sheet

Hewlett Packard HFBR-1404 data sheet
Hewlett Packard HFBR-2404 data sheet
Hewlett Packard Optoelectronics Designer’s Catalog
Hewlett Packard Application Bulletin 78

Hewlett Packard Tech Brief 73

ANSVIEEE Std 802.3b,c,d, and e - 1989 Edition
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Transformer Specrfrcafrons
for Level One Transceiver Applications

Txcvr Frequency Turns Inductance | Leakage | Interwinding | Resistance Dielectric
Ratio Inductance | Capacitance Breakdown
(kHz) (£2%) (uH - Min) | (uH - Max) | (pF - Max) (Q2- Typ) (V - Min)
LXT300
LXT301 1544 /2048 1:2CT 600 Pri 0.75 Pri 50 1.0 Pri 500
Rx & Tx 1.0 Sec
LXT304A
LXT305A | 1544 /2048 1:2CT 600 Pri 0.75 Pri 50 1.0 Pri 500
Rx
LXT304A | 1544 /2048 1:1.15, 600 Pri 0.75 Pri 50 1.0 Pri 500
LXT305A 1:2CT 1.0 Sec
Tx 1:1
1:1.126
LXT310
LXT318 1544 /2048 1:1CT 600 Pri 0.75 Pri 50 1.0 Pri 1000
Rx 1.0 Sec
LXT310
LXT318 1544 /2048 1:2CT 600 Pri 0.75 Pri 50 1.0 Pri 1000
Tx 1.0 Sec
LXT324 :
LXT325 1544 /2048 1:2:2 600 Pri 0.75 Pri 50 1.0 Pri 500
Rx Only 1.0 Sec
LXT312/15
LXT313/16 | 1544 / 2048 1:1CT 1000 Pri 1.0 Pri 25 1.0 Pri 1000
Rx 1.0 Sec
LXT312/15
LXT313/16 | 1544 /2048 | 1:1CT:3CT| 1000 Pri 1.0 Pri 25 1.0 Pri 1000
Tx 1.0 Sec
LXT400 241072 1:1 700 Pri 22 - 43 Pri 350 15.0 Pri 1000
Rx & Tx 15.0 Sec
*1Q)
foLEVEL
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Transformer Specifications

Transceiver Application Part Number Manufacturer
LXT300/301 Tx PE-64931, PE-64951 Pulse Engineering
LXT304A/5A 67112060, 67115100 Schott Corp.
LXT305 0553-5006-IC Bell Fuse
671-5832 Midcom
6500-07-011 Nova Magnetics
FE 8006-55, 8006-85 Fil-Mag
LXT310/318 Tx 0553-5006-IC Bell Fuse
(1:2) 6671308 Fil-Mag
671-5832 Midcom
65351, 65771 Pulse Engineering
67127370 and 67130850 Schott Corp.
TD61-1205G and TD67-1205G HALO
(combo Tx/Rx)
LXT310/318 Rx FE 8006-155 Fil-Mag
(1:1) 671-5792 Midcom
64936 and 65778 Pulse Engineering
67130840 and 67109510 Schott Corp.
TD61-1205G and TD67-1205G HALO
(combo Tx/Rx)
LXT312/315 Tx 12535 Schott Corp.
FE 8006-175 Fil-Mag
LXT312/315 Rx 10951 Schott Corp.
FE 8006-155 Fil-Mag
LXT901 TP 237128, 23Z128SM Fil-Mag
PT4069, SM4069 Valor
PE65994, PE65745 Pulse Engineering
$553-0716, A553-0716 Bell Fuse
TD42-2006Q, TG42-2006WH1 HALO Electronics
LXT901 AUI 23790, 23Z90SM Fil-Mag
LXT902 LT6030, SM6030 Valor
LXT914 PE64502 Pulse Engineering
TD01-0756K, TG01-0756W HALO Electronics
LXT902 TP 7871122B-01, 78Z1122D-01 Fil-Mag
LXT903 PT3877 Valor
LXT906 PE65421 Pulse Engineering
FD02-101G, FD12-101G HALO Electronics
LXT914 TP A553-5999-01 Bel Fuse
Tx 237339, 23Z339SM Fil-Mag
TD54-1006L1 HALO Electronics
5977 Nanopulse
6038 PCA
PE68008 Pulse Engineering
PT34116 Valor
LXT914 TP A553-5999-00 Bel Fuse
Rx 237338, 23Z338SM Fil-Mag
TDO01-1006L1 HALO Electronics
5976 Nanopulse
6037 PCA
PE68007 Pulse Engineering
PT34117 Valor
[LOLEVEL
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Quartz Crystal Specifications

Quartz Crystals for T1/E1 Transceivers

The Level One LXT300, LXT305, LXT304A,
LXT305A, LXT310, and LXT318 transceivers
require quartz crystals as companion devices. For
the convenience of our customers, Level One buys
crystals in volume from a qualified vendor, stocks
them and resells them at reasonable prices in
conjunction with Level One transceivers.

The LXC6176 is used in T1 applications and the
L.XC8192 is used in E1 applications. Specifica-
tions for the LXC6176 and LXC8192 crystals are
listed below.

Level One has evaluated and qualified several
crystal vendors for the benefit and convenience of
our customers. We believe customers prefer to
have multiple approved sources. Quartz crystals
qualified for use with Level One transceivers are
listed on the next page. We suggest that customers
establish relations with one or more of these ap-
proved crystal suppliers and buy direct.

Parameter T1 E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability +20 ppm @ 25° C 120 ppm @ 25°C
+25 ppm from -40° C to + 85° C + 25 ppm from -40° C to + 85° C
(Ref 25° C reading) (Ref 25° C reading)

Pullability CL=11.7-19.0 pF, +AF =175 -250 ppm | CL =11.7 - 19.0 pF, +AF =95 - 140 ppm
CL =19 - 34 pF, -AF = 175 - 250 ppm CL =19 - 34 pF, -AF =95 - 140 ppm

Effective series resistance | 40 Q Maximum 30 Q Maximum

Crystal cut AT AT

Resonance Parallel Parallel

Maximum drive level 2.0 mW 2.0 mW

Mode of operation Fundamental Fundamental

Crystal holder HC49 (R3W), C, = 7 pF maximum HC49 (R3W), C, =17 pF maxirﬁum

C,, = 22 {F typical

C,, = 13 fF typical

(o
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Quartz Crystal Specifications

Qualified Quartz Crystals

Manufacturer Part Number Frequency
M-Tron 3808-010/ 4144-002 6.176 MHz
M-Tron 3808-020 / 4144-001 8.192 MHz
Monitor Products MSC-1311-01B-6.176 6.176 MHz
Monitor Products MSC-1311-01B-8.192 8.192 MHz
CTS Kanights 6176-180 6.176 MHz
CTS Knights 8192-100 8.192 MHz
Valpey Fisher VF49A16FN1-6.176 6.176 MHz
Valpey Fisher VF49A16FN1-8.192 8.192 MHz
US Crystal U18-18-6176SP 6.176 MHz
US Crystal U18-18-8192SP 8.192 MHz
EQLEVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

February 1994

LDB901 Evaluation/Demonstration Board for the
LXT901 Universal Ethernet Interface Adapfter (Internal MAU)

PR

The LDB901 is a full-featured 10Base-T PLS/

MAU evaluation and demonstration board. It

includes the LXT901 Universal Ethernet Interface
Adapter and all required support components. An
RJ45 connector provides the twisted-pair inter-
face. The coax line interface is provided through
a 15-pin D connector. The board provides a
complete set of LED status indicators.

SR

.ﬁ‘?"ﬁ& 2 ?-5:.- %&%&;},@w“" :%:- R
Ll
Movable jumpers allow operator control of select-

able functions. Test points provide access to I/0
signals.

This document provides board layout and sche-
matic diagrams (Figures 1 and 2), acomplete parts
list, demo board specifications and a variety of
oscilloscope photographs.
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LDB901 Evaluation/Demonstration Board for the LXT901

Table 1: Controller Compatibility Mode Options §8£za8 ggza2
To Select This Mode: Set These Levels: fracRlmnannn
MD1 MDO RLD {7 < 39 I TPIN
L Qs 38 I TPIP
Mode 1 (Compatible with Advanced 0 0 g ﬁ ° o ?1 AL
Micro Devices AM7990 controllers) Tk 011 35 {1 TPONA
Mode 2 (Compatible with Intel 0 1 L B ol B0
82586 controllers) CLKO [ 14 32 ] TPOPA
. . - : CLKI [ 15 31[] TPOPB
Mode 3 (Compatible with Fujitsu 1 0 coL [ 16 30 ] PLR
MB86950 and MB86960 controllers) AUTOSEL [} 17 29 [1 RJAB
18 19 20 21 22 23 24 25 26 27 28
Mode 4 (Compatible with National 1 1 Tz 10Xr0OE0OQY
Semiconductor 8390 controllers) aed § BS8Xx0g
| E -3 O 8 [+n
Table 2: LDB901 Parts List =
Symbol Description
Integrated Components
Ul 74HCO0S5
u3 Bel A553-0716 Transformer !
U6 Bel A553-0756 Transformer 2
Capacitive Components
C1,C2,C9, C10 0.1pF
C3,C7,C8 10 uF
C4,C5,C63 18 pF
Resistive Components
R1,R2 50Q, 1%
R3,R6 75Q, 1%
R4 -R5 375Q, 1%
R7 ) 124 kQ, 1%
R8,R9,R10 78 Q 1%
U2 9-Resistor, 330 Q Network
Connectors, Cables and Miscellaneous Components
J5-J11and J14 - J20 Test Points
U8 - U15 and U17 Movable Jumpers
D1 LED, Green
D2 -D6 LED, Red
D7 -D9 LED, Amber
U4 RJ45 Connector
us D-Connector
INSAMD Custom 24-pin Ribbon Cable (VCC & GND Crossed)
X13 Crystal, 20 MHz

1:  Inaddition to the Bell Fuse transformer installed, suitable TP transformers are also produced by Fil-Mag (232128 and
SM23Z128), Valor (PT4069 and SM4069) and Pulse Engineering (PE65994 and PE65745).
2: Inaddition to the Bell Fuse transformer installed, suitable AUI transformers are also produced by Fil-Mag (23Z90 and
SM23Z90), Valor (LT6030 and SM6030) and Pulse Engineering (PE64502).
3:  Crystal X1 and loading capacitors C4 and C5 are not installed. The 20MHz clock is supplied through the ribbon cable to
LXT901 (U7) CLKI. If an external clock is not available, these components may be installed in the positions marked.
' e
®
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LDB901 Evaluation/Demonstration Board for the LXT901

Figure 2: Schematic Diagram of the LDB901 Evaluation / Demonstration Board
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LDB901 Evaluation/Demonstration Board for the LXT901

Table 3: LED Status Indicator Assignments

LED Symbol / Name Indication
D1 - Green LNK / Link Integrity Link is active
D2 - Red TX / Transmit Transmitter is active
D3 - Red RX /Receive Receiver is active
D4 - Red COL / Collision Collision detected
D5 - Red PLR / Polarity Polarity is reversed
D6 - Red JAB / Jabber Device is in Jabber mode
D7 - Amber | RCMPT / Remote Device Compatibility Remote signaling compatibility
D8 - Amber | RLD / Remote Link Down Remote link fail
D9 - Amber | RJAB / Remote Jabber Remote device in Jabber mode

Table 4: Mode Control Jumper Assignments

Jumper Symbol / Name Setting
U8 UTP Sethigh (UTP =1) to select 100  termination for unshielded
TP Termination Select | TP. Setlow (UTP=0) to select 150 Q termination for shielded
TP.
U9 PAUI In Manual Port Select mode (AUTOSEL = 0), PAUI selects
Port/AUI Select the active port. Sethigh (PAUI=1)to selectthe AUI port. Set
low (PAUI=0) to select the TP port. In Auto Port Select mode
(AUTOSEL = 1), PAUI is ignored.
U10 - NTH Set high (NTH = 1) to select the normal TP squelch threshold.
Normal Threshold Setlow (NTH = 0) to reduce the normal TP squelch threshold
by 4.5 dB.
Ull | MD0O/Mode Select 0 | Select controller compatibility modes in accordance with
Ul2 | MD1/Mode Select 1 Table 1. )
U13 LI Set high (LI = 1) to enable Link Integrity Test function.
Link Integrity Set low (LI = 0) to disable Link Integrity Test function.
U14 TEST / Test Leave this pin floating or connect it to VCC.
Ul15 AUTOSEL Set high (AUTOSEL = 1) to enable automatic port
Automatic Port Select | selection. (When auto selection is enabled, the 901 defaults to
the TP port unless the Link Integrity Test fails.) Setlow to
enable manual port selection with PAUI jumper.
u17 PDN When left open, normal operation is enabled. When this
Power Down jumper is inserted (PDN = 0) the LXT901 powers down.
[LOLEVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

Table 5: RJ45 Twisted-Pair Connector U4 Pin Assignments

Pin Symbol Name / Description
1 TPOP TP Data Out Positive
2 TPON TP Data Out Negative
3 TPIP TP Data In Positive

4 NC No connection

5 NC No connection

6 TPIN TP Data In Negative
7 NC No connection

8 NC No connection

Table 6: D-Type AUI Connecto

r U5 Pin Assignments

Pin Symbol Name / Description
1 GND Ground
2 CIP AUI Collision Input Positive
3 DOP AUI Data Out Positive
4 GND Ground
5 DIP AUI Data In Positive
6 GND Power Supply ground return, tied to J11
7 NC No connection
8 NC No connection
9 CIN Collision In Negative
10 DON AUI Data Out Negative
11 GND Ground
12 DIN AUI Data In Negative
13 +12V Tied to AT Bus edge connector pin 40
14 GND Ground
15 NC No connection
Table 7: Ribbon-Type Connector J-NS/AMD Pin Assignments
Pin Symbol Name / Description
1 COL Collision output to controller
2 RXD Receive Data output to controller
3 CD Carrier Detect output to controller
4 RCLK Recovered 10 MHz clock
5,9&13-18 | NC No connection
6 VCC +5V,tied toJ14
7 LBK Loopback input from controller
8 CLKI Tied to 20MHz crystal oscillator
10 TXD Transmit Data input from controller
11 TCLK Transmit Clock input from controller
12 TEN Transmit Enable input from controller
19 GND Ground
20 - 24 NC No connection
L(:, LEVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

Oscilloscope Photographs

As shown in Figures 3 through 8, the LXT901
fully meets all requirements of the 10Base-T
specification. Figures 9 through 11 illustrate com-
patibility with various controllers. Figures 12
through 21 compare jitter measurements of the
LXT901 and LXT902 before and after the twisted-
pair line model.

Transmit Harmonics

Figure 3 is a spectrum analysis display of the
LXT901 operating in the Transmit All Ones
(TAOS) mode. All harmonics are at least 35 dB
below the fundamental frequency.

Figure 3: Spectrum Analysis in TAOS Mode

ECU R SN Al RS B BEX KR WRBYT
SR RRBRY. 18, AVISM. AABIAL
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Figure 4A: Random Data after the 100 Q Line
Model (Waveform template and Jitter spec.)

Wim1  Wfm2

G
334t

Main Pos= 42.7 div

C?2 Size/div= 334 mV

Random Data

Figures 4A and 4B show waveforms produced by
512 bits of random data after transmission through
simulated 10Base-T line models. The figures also
show the 10Base-T waveform template and jitter
specifications superimposed over the measured

© waveform.

TP Idle Pulse

Figures 5A and 5B show the TP Idle pulse with the
Start of TP_Idle template.  Figure 5A was
measured at the TP outputs of the RJ45 connector.
Figure 5B shows the pulse measured after the
10Base-T line model.

Link Test Pulse

Figures 6A and 6B show the Link Test pulse with
the Link Test template. Figure 6A was obtained at
the TP outputs of the RJ45 connector, and Figure
6B shows the pulse measured after the 10Base-T
line model.

AUI Pulse Waveform
Figure 7 shows the DI signal waveform, measured
at the AUI interface.

End Of Frame
Figure 8 shows the End Of Frame (EOF) pulse
measured at the DI input to the LXT901.

Figure 4B: Random Data after the 150 Q Line
Model (Waveform template and Jitter spec.)

5 Wim 1
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LDB901 Evaluation/Demonstration Board for the LXT901

Figure 5A: TP Idle Pulse before Line Model with Figure 5B: TP Idle Pulse after Line Model with
Test Load Test Load

Wim 1 N 00 s

D=100ns

Period+ 412.054064 ns 80 MHz Period= 437 217:2’3% ns
C4 Size/div=1.00V I ] C4 Size/div= 1,00V

Figure 6A: Link Test Pulse before Line Model Figure 6B: Link Test Pulse after Line Model .
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Figure 7: DI (AUI) Rise time < 5 ns with Test Figure 8: End Of Frame Pulse
Load (Transformer Coupling)
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| ' Freq= 2.2571445 MHz E o E w00us ch3 ~'1,9v§
0 _ Dly'd Pos= 4.33 div & : : : ; D 100ns Runs After }




LDB901 Evaluation/Demonstration Board for the LXT901

LXT901 / Controller Compatibility For each pair of oscilloscope photos, figure A
shows SOF alignment and figure B shows EOF

Figures 9,10 and 11 are oscilloscope photographs  alignment.

showing start-of-frame (SOF) and end-of-frame

(EOF) signals for Modes 2, 3 and 4, respectively.  Figures 9A and 9B show Mode 2 frame alignment

(Mode 1 is similar to Mode 4.) signals. Mode 2 is compatible with Intel 82586
Each figure shows: controllers.
TPI (Twisted-Pair Input),
RXD (Received Data Output), Figures 10A and 10B show Mode 3 frame align-
RCLK (Recovered Clock) and ment signals. Mode 3 is compatible with Fujitsu
CD (Carrier Detect). MB86950 and 86960 controllers.
Figure 9A: Mode 2 Start of Frame Figure 9B: Mode 2 End of Frame

TPI

RXD

RCLK

CD

(Mode 2 : Compatible with Intel Corporation 82586 controllers.)

Figure 10A: Mode 3 Start of Frame Figure 10B: Mode 3 End of Frame

TPI

RXD

RCLK

CcD

(Mode 3 : Compatible with Fujitsu MB86950 and 86960 controllers.)
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LDB901 Evaluation/Demonstration Board for the LXT901

Figures 11A and 11B show Mode 4 frame
alignment signals. Mode 4 is compatible with
National Semiconductor NS8390 controllers.

Figure 11A: Mode 4 Start of Frame

k § 3
2 S Y
2 b R < 3 2
; 3 i LI O E
g 1 8 b

RXD

roLk | TR

CD

(Controller compatibility Mode 1, compatible
with Advanced Micro Devices AM7990
controllers, is similar.)

Figure 11B: Mode 4 End of Frame

(Mode 4 : Compatible with National Semiconductor NS8390 controllers.
Mode 1, compatible with Advanced Micro Devices AM7990 controllers, is similar.)

LXT901 / LXT902 Jitter Comparisons

Figures 12 through 21 are jitter performance com-
parisons of the LXT901 internal MAU and the
LXT902 external MAU. Each pair of oscilloscope
photographs shows the LXT901 on the left and the
LXT902 on theright. The first six photos (Figures
12 through 17) show 0 line length measurements.
The remaining four photos (Figures 18 through
21) show measurements taken after the 10Base-T
line model. Tables 8 and 9 list the applicable 802.3

Table 8: LXT901 Jitter Specs and Measurements

specifications for the LXT901 and LXT902, re-
spectively, and the actual oscilloscope measure-

ments.

0 Line Length Measurements

Preamble

Figures 12 and 13 show preamble output jitter.

The 10Base-T specification is + 8 ns.

The

LXT901 output jitter (Figure 12) is+ 1.4 ns. The
LXT902 output jitter (Figure 13) is + 3 ns.

Table 9: LXT902 Jitter Specs and Measurements

Section 802.3 Spec LXT901 Section 802.3 Spec LXT902
Internal MAU | Measurement External MAU | Measurement
Preamble +8.0ns +14ns Preamble +8.0ns +3.0ns
Random Data Random Data
0 line length +10.0 ns +6.4 ns 0 line length +8.0ns +6.6ns
after line model +55ns +34ns after line model +3.5ns +35ns

#1 EVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

Random Data

Figures 14 through 17 show random data output
jitter. The 10Base-T specification for Internal
MAUSs (LXT901) is + 10 ns. With a Rising Edge
Trigger (Figure 14), the LXT901 output jitter is
+ 6.4ns. WithaFalling Edge Trigger (Figure 16),
the LXT901 output jitter is + 6.0 ns. The 10Base-
T specification for External MAUs (LXT902) is
+ 8 ns. With a Rising Edge Trigger (Figure 15),
the LXT902 outputjitteris+ 6.6 ns. WithaFalling
Edge Trigger (Figure 17), the LXT902 output
jitter is + 6 ns.

Figure 12: LXT901 Preamble Output Jitter
(0 Line Length)

Figure 14: LXT901 Random Data Output Jitter
(0 Line Length - Rising Edge Trigger)

Line Model Measurements

Figures 18 through 21 show random data output
jitter after the line model. The 10Base-T specifi-
cation for an internal MAU (LXT901) is+ 5.5 ns.
With a Rising Edge Trigger (Figure 18), the
LXT901 output jitter is + 3.2 ns. With a Falling
Edge Trigger (Figure 20), the LXT901 output
jitteris+ 3.4 ns. The 10Base-T specification foran
external MAU (LXT902) is 3.5 ns. . With a
Rising Edge Trigger (Figure 19), the LXT902
output jitter is + 3.5 ns. With a Falling Edge

Trigger (Figure 21), the LXT902 output jitter is
+3.2ns.

Figure 13: LXT902 Preamble Output Jitter
(0 Line Length)

Figure 15: LXT902 Random Data Output Jitter
(0 Line Length - Rising Edge Trigger)
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LDB901 Evaluation/Demonstration Board for the LXT901

Figure 16: LXT901 Random Data Output Jitter Figure 17: LXT902 Random Data Output Jitter
(0 Line Length - Falling Edge Trigger) (0 Line Length - Falling Edge Trigger)

Figure 18: LXT901 Random Data Output Jitter Figure 19: LXT902 Random Data Output Jitter
(After Line Model - Rising Edge Trigger) (After Line Model - Rising Edge Trigger)

Figure 20: LXT901 Random Data Output Jitter Figure 21: LXT902 Random Data Output Jitter
(After Line Model - Falling Edge Trigger) (After Line Model - Falling Edge Trigger)
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LDB902 Evaluotion/Demonstrcmon Board for the LXT902

LDB902 Evaluahon/Demonsfrahon Board
for the LXT902 10Base-T Media Attachment Unit

The LDB902 is a full feature 10Base-T
MAU evaluation/demonstration board. It
includes the LXT902 Ethernet Twisted Pair
Media Attachment Unit and all required
support components.

The board provides LED status lights for
Link, Jabber, Receive, Transmit, Collision
and Polarity Reverse. Control switches are
provided for Mode 0, Mode 1, SQE test
enable, link test enable and polarity
correction enable. A 15-pin D connector

provides the AUI side interface and anRJ45
jack connects the MAU to the twisted-pair
line.

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

* Socketed LXT902 (PLCC)

* All required components for complete
evaluation

» Control of all LXT902 modes
* LED status indicators

» Transmit and receive filters.

—©) LINK
() JABISTAT
—@) coLL
—@) Rcv

@) TRAN

—@ POLR/LEDS

[ 3 ==
@ Filter
48Q -
. ® cIpP TPOP Choke RU4E
®
[ | TPIN + Aax L | [
S ISl
TPIP |
®
® . DOP 50 Q
0.1 pF
= 3nk L
e DIP RBIAS
T 'T‘i 12.4kQ l
0 ON
| P (ARGl
- 27 pF 1 = — OFF
- aa- T E
99 GEEh
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LDB902 Evaluation/Demonstration Board for the LXT902

Table 1: LDB902 Parts List (See Figure 8 for complete schematic)

Symbol Description
Integrated Components
Ul LXT902 (in 28-pin socket)
U2 7805CT , 5V voltage regulator
Inductive Components
T1 Fil-Mag 23790 (in 16-pin socket)
T3 Fil-Mag 23781, 14-pin DIP, dual choke
T4 Fil-Mag 78Z1120B, or Valor PT3877 filter
Resistive Components
R1-R2 78.7Q, 1%
R3-R4 392Q, 1%
RS 124kQ, 1%
R6 - R7 475Q, 1%
R10-R11 499Q, 1%
RP1 7-Resistor, 330 Q network
RP2 5-Resistor, 22 kQ network
Capacitive Components
Ci1-C2 27 pF
C3 1 uF, tantalum
C4 0.1 uF
C5 0.33 pF, tantalum
C6 1 uF
C7 1uF
C8 0.1 yF
Cc9 1.0 nF, 5kV
C10 1.0 nF, 5kV
Miscellaneous Components
L1 Miniature green LED
L2-L6 Miniature red LED
X1 20 MHz (% 1%) crystal!
J1 8-position, 8-circuit modular RJ45 jack
J2 15-pin male D-connector
S1 7 position switch
Note 1. Ceramic resonator can be used in place of crystal in customer applications.

6-14
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LDB902 Evaluation/Demonstration Board for the LXT902

Functional Description

The LDB902 Evaluation/Demonstration Board interfaces
the Attachment Unit Interface (AUI) to the unshielded
twisted-pair cables, transferring data in both directions.

AUI Interface

The AUI side of the interface comprises three circuits: Data
Output (DO), Data Input (DI) and Control Interface (CI). A
15-pin male D-connector (J2) provides the interface to the
AUI cable. As shown in Figure 1, termination resistors are
provided for CIP/CIN, DIP/DIN and DOP/DON. A trans-
former isolates the LXT902 from the AUI connector. The
connector shields are shorted together. The shields and the
connector shell are connected to ground through a high-
voltage capacitor. Pin assignments for the D-connector are
listed in Table 2.

Twisted-Pair Interface

The twisted pair network side of the interface comprises two
circuits: Twisted Pair Input (TPI) and Twisted Pair Output
(TPO). An RJ45 jack (J1) provides the interface to the
twisted-pair line. As shown in Figure 1, the LXT902 is

Table 2: D-Connector J2 Pin Assignments

connected to the RJ45 jack through transmit and receive
filters and the data line filter (a choke). Pin assignments for
the RJ45 jack are listed in Table 3.

Control and Status Circuits

In addition to the AUI and twisted-pair interfaces, the
LDB902 provides a complete set of mode control switches
(switch assembly S1) and LED status indicators (L1 - L6).
Eachof'the five mode control switches is connected to apull-
up resistor and can be shorted to ground. Switch assign-
ments and settings are listed in Table 4.

Status indications are provided by the six on-board LEDs.
Although 10 mA LEDs are provided on the demo board, the
LXT902 is also directly compatible with high efficiency
2 mA LEDs which can be used for reduced power consump-
tion. LED assignments and functions are listed in Table 5.

Power Supply

The LDB902 requires a 12 - 15 volt input on pin 13 of the D-
connector. On-board + 5 V voltage regulation is provided by
voltage regulator U2. U2 may require aheat sink, depending
on application.

Pin Symbol LDB902 Connection Description
3 DO-A Transformer-DOP Data Out positive
10 DO-B Transformer-DON Data Out negative
11 DO-S Cap Data Out shield
5 DI-A Transformer-DIP Data In positive
12 DI-B Transformer-DIN Data In negative
4 DI-S Cap Data In shield
7 NC No Connection No connection
15 NC No Connection No connection
8 CO-S Cap
2 CI-A Transformer-CIP Collision In positive
9 CI-B Transformer-CIN Collision In negative
1 CI-S Cap Collision In shield
6 Ve GND Voltage common
13 VP vCC Voltage plus
14 \'A Cap Voltage shield
Shell PG Cap Protective ground

#1LEVEL
E ONEe
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LDB902 Evaluation/Demonstration Board for the LXT902

Table 3: RJ45 Connector J1 Pin Assignments

Pin Symbol Name Description

1 TD+ TPOP-filter Data Out positive
2 TD- TPON-filter Data Out negative
3 RD+ TPIP-filter Data In positive
4 NC No Connection No connection

5 NC No Connection No connection

6 RD- TPIN-filter Data In negative
7 NC No Connection No connection

8 NC No Connection No connection

Table 4: Mode Control Switch S1 Assignments

Switch Symbol Name Setting

1 MDO Mode select O MD1| MDO Mode
ON | ON | 10BT compliant MAU
ON | OFF | Reduce squelch (3 dB)

2 MD1 Mode select 1 OFF | ON | Half current AUI driver
OFF | OFF | DO, DI & CI ports disabled

3 LI Link test enable ON = Disable, OFF = Enable

4 SQE Signal quality test enable ON = Disable, OFF = Enable

( heart beat)
5 PRC Polarity correction enable| ON = Disable, OFF = Enable
6 STAT Serial Status Light enable| ON = LEDPindicates serial status
OFF = LEDP indicates polarity
reverse
7 OPT1 Customer Option 1 Not Connected
Table 5: LED Status Indicator Assignments

LED Color Name Indication

1 Green Link Integrity Link is active

2 Red Jabber Jabber is active

3 Red Collision Collision is active

4 Red Receive Receive is active

5 Red Transmit Transmit is active

6 Red Polarity Polarity is reversed!

Note 1: When S1 Switch STAT is set to ON, the Polarity LED becomes a blinking status indicator.
Refer to the LXT902 Data Sheet for additional information on the status indications.

6-16
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LDB902 Evaluation/Demonstration Board for the LXT902

Test Measurements

The LDB902 Evaluation/Demonstration Board provides
access to all signals and waveforms required to fully evalu-
ate the LXT902. A variety of measurements are included
here for comparison purposes. As shown in the scope
photographs (Figures 2 through 7), the LXT902 fully meets
all requirements of the 10Base-T specification.

Transmit Harmonics

Figure 2 is a spectrum analysis display of the LXT902
operating in the Transmit All Ones (TAOS) mode. The
second and third harmonics, noted on the photo, are at least
35 dB below the fundamental frequency.

Figure 2: Transmit All One's - All harmonics are at least -35 dB from fundamental

#LEVEL
E ONE »
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Random Data

Figures 3A and 3B show 512 bits random data waveforms,
before and after the line model. Figure 3A shows the
waveform at the TP output of the RJ45 connector. Figure 3B

Period= 136.7346844 ns

Freq= 7.3134333 MHz
Main Trig= -0.05 V

| 1 Size/div=1.00V

Figure 3A: Random Data before the Line Model

shows the waveform after transmission through a simulated
10Base-T line model. Figure 3B also shows the 10Base-T
waveform template and jitter specifications superimposed
over the measured waveform.

L1 Wim 1
400 mV

Wim: 2

{Perio 08 5ns

Freq= 7.2940041 MHz -
{Main Time/div= 15.0 ns

Figure 3B: Random Data after the Line Model
(Waveform template and Jitter spec.)

TP Idie Pulse
Figures 4A and 4B show the TP Idle pulse. Figure 4A was

L1 L1.01
1.00 V 1.00 ¥

Wim 1

Dly'd Pos= -1.89 div

Figure 4A: TP Idle Pulse before Line Model with
Test Load

6-18

measured at the TP outputs of the RJ45 connector. Figure4B
shows the pulse measured after the 10Base-T line model.

N=1.00 us
D=100ns

Freq= 2.2872180 M
Vert Pos= -4.00 div

Figure 4B: TP Idle Pulse after Line Model with
Test Load
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Link Test Pulse
Figures SA and 5B show the Link Test pulse. The top trace
is the magnified waveform and the bottom trace is the

N=2.00 us
D=100ns

Figure 5A: Link Test Pulse before Line Model

original waveform. Figure SA was obtained at the TP
outputs of the RJ45 connector, and Figure 5B shows the
pulse measured after the 10Base-T line model.

Period= 10.49986545 us
Main Trlg: 0.70V

Figure 5B: Link Test Pulse after Line Model

Rise Time
Figures 6A and 6B show the DI signal waveform, measured
at the AUI interface. The top trace is the DI waveform

L1, D1
1.00V 100V

Figure 6A: DI (AUI) Rise time <5 ns with Test
Load (Transformer Coupling)

E LEVEL

magnified for rise time measurement and the bottom trace is
the DI signal without magnification. Figures 6A and 6B
were obtained using transformer and capacitor coupling,
respectively.

L1 R 5 s X
1.00V 1.00: ¢

Figure 6B: DI (AUI) Rise time < 5 ns with Test
Load (Capacitor Coupling)

6-19
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End Of Frame

Figures 7A and 7B show the End Of Frame (EOF) pulse
measured at the DI input to the LXT902. The top trace is
the magnification of the end of frame and the bottom trace

Period= 437.212832 ns A
Delay1= 18.600 us

Figure 7A: DI (AUI) End of Frame with Test Load
(Transformer Coupling)

is the original waveform. Figure 7A was obtained using
transformer coupling. Figure 7B was obtained with a
capacitor coupling.

N= 2.00 15

L1 D= 100ns

L1,D1
1.00V i

Period=

:Freq= 2.2341662 MHz 5
: Delay1=5.000 us

Size/div=1.00V

Figure 7B: DI (AUl) End of Frame with Test Load
(Capacitor Coupling)

Demonstration Board Schematic

Figure 8 is a schematic diagram of the LDB902 Evaluation/
Demonstration Board.

6-20
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Figure 8: LDB902 Schematic Diagram
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LDB906 Evaluation/Demonstration Board for the LXT906

LDB906 Demonstration Board
for the LXT906 10Base-T to Coax Adapter

The LDB906 is an Ethernet twisted-pair to coax adapter e« Direct interface to Coax and Twisted-Pair network
board. Itincludes the LXT906 adapter chip, a DP8392 coax segments

transceiver, and all required support components. An exter-

nal power supply is packaged with the board. ¢ RJ45 connector for 10Base T interface

The LDB906 provides LED status lights for link, jabber, ¢ Male BNC for Coax interface
reversed polarity, twisted-pair receive and collision, and
coaxreceive and collision. Control jumpers are provided for
link test disable and for 25 Q termination on the coax side.

Collision detection and propagation

Jumper-selectable link test
The LDB906 functions as a 2-port repeater connecting a
10Base T network segment to a 10Base2 or 10Base5 seg-
ment. Itprovides collision propagation and level translation.

Jumper-selectable 25 Q termination for coax side

* 12 V wall transformer power supply
Coax Interface

The board has a male BNC connector for the coax
interface. The coax can be terminated with a 25 ohm
resistor programmable with a jumper. This is useful
when the LDB906 is used to connect an Ethernet
adapter directly to a 10BaseT network segment. When
the LDB906 is used to interface to a coax segment
which is already terminated, this jumper should not be

.

On-board 5 V and 9 V voltage regulators

Seven LED:s for the following indications:

Name Color  When lightis on :

JAB (D2) Red Jabber is on

LINK (D3) Green 10BaseT link is up

PLR (D4) Red 10BaseT polarity reversed

used. TPRX (D5) Red 10BaseT receive active
TPCX (D6) Amber 10BaseT collision active

An NSC DP8392 coax transceiver is mounted on the CXCX (D7) Amber Coax collision active

demo board, however, the LXT906 functions equally CXRX (D8 Red Coax receive active

well with various other coax transceivers. Refer to the
appropriate coax transceiver data sheet for correct
implementation.

10BaseT Interface

An RJ45 jack and an integrated filter/transformer are
provided for the twisted-pair interface. Suitable filters
are supplied by FilMag, Valor, Pulse Engineering and
Bell Fuse. The 10Base T Link test function is sup-
ported on the board, but disabled when Link jumper
JP2 is inserted.

Power

12 VDC power is provided via a power jack connected
to a wall transformer supplied with the board. Two
voltage regulators, Ul (9V) and U2 (5V), supply chip-
level power for the board.
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E ONE o 6-23
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LDB906 Parts List

I 1C C itive C. . inued
Ul ANT7809, 9V voltage regulator C7,C9 1 pF, tantalum
U2 ANT7805, 5V voltage regulator C8 0.33 pF, tantalum
U3 DP8392, Coax transceiver C12,C15 27 pF
U4 PT3877, filter/transformer Cl4 1000 nF, 3 kV
us LXT906, TP - Coax Converter
Miscellaneous Components
Resistive Components - D1 IN916
R1-R4 1.5k Q D2, D4, D5, D8 Miniature red LED
R5,R6 499Q, 1% D3 Miniature green LED
R7 1kQ, 1% D6, D7 Miniature amber LED
R8 . 249Q, 1% X1 20 MHz (* 1%) crystal!
R9 392Q, 1% n RJ45 jack
R10 124k Q, 1% 12 male BNC connector
R11,R12 475Q, 1% J3 power jack
S1 T-resistor, 330 Q network JP1-JP5 jumper
PS1 12 V power supply
Capacitive Components (wall transformer, not shown)
C1-C6, C10, C11, 0.1'uF
C13,Cl16,C17 Note 1. Ceramic resonator can be used in place of crystal.

LDB906 Schematic Diagram
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Package Outlines and Ordering Information

8 pin DIP

Dual In-Line Ceramic Case

Dim. Inches Millimeters
Min Max Min Max
A — 490 — 1245
B — | 300 — | 162 M - ,"'__
C — 230 — 5.84 A.I |
D .014 023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 .015 0.20 0.38
K 125 .200 3.18 5.08
L 290 325 137 8.26
M 0° 15° 0° 15°
N 015 .060 0.38 1.52
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Package Outlines and Ordering Information

16 pin SOP

——B—

\ 2 I N < I I 16
P e
—| |— —
LF D— « ¢
H——»
16-pin Plastic SOP
Dim. Inches Millimeters
' Min Max Min Max
A 396 | 414 10.10 | 10.50
B 291 299 7.39 7.59
C .023 .032 0.58 0.82
D 325 330 8.25 8.38
E .004 012 0.10 0.31
F .093 .104 2.26 2.64
G 050 BSC 1.27BSC
H 394 419 10.00 | 10.60
J .009 .013 0.23 0.33
K 014 019 0.36 048
L 6° Typical
gLEVEL
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Package Outlines and Ordering Information

A 14 and 16 pin DIP

i

14-pin Ceramic DIP 14-pin Plastic DIP
Dim. Inches Millimeters Dim. Inches Millimeters
Min Max Min Max Min Max Min Max
A — .790 — 20.10 A — | 7190 — 20.10
B — .300 — 7.62 B — .300 — 7.62
C — 230 — 5.84 C — .230 — 5.84
D .014 .023 0.36 0.58 D 014 023 0.36 0.58
F .035 .070 0.76 1.78 F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC
H — .095 — 241 H — .095 — 241
J .008 .015 0.20 0.38 J .008 .015 0.20 0.38
K 125 .200 3.18 5.08 K 125 .150 3.18 5.08
L .290 325 737 8.26 L .290 325 737 8.26
M 0° 15° 0° 15° M 0° 15° 0° 15°
N .015 .060 0.38 1.52 N .015 .060 0.38 1.52
16-pin Ceramic DIP 16-pin Plastic DIP
Dim. Inches Millimeters Dim. Inches Millimeters
Min Max Min Max Min Max Min Max
A — .890 — 22.60 A — .890 — 22.60
B — 300 — 7.62 B — 300 — 7.62
C — .230 — 5.84 C — .230 — 5.84
D .014 023 0.36 0.58 D 014 023 0.36 0.58
F .035 .070 0.76 - 1.78 F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC
H — 095 — 241 H — 095 — 241
J .008 .015 0.20 0.38 J .008 015 0.20 0.38
K 125 200 3.18 5.08 K 125 150 3.18 5.08
L .290 325 737 8.26 L 290 325 737 8.26
M 0° 15° 0° 15° M 0° 15° 0° 15°
N 015 .060 0.38 1.52 N .015 .060 0.38 1.52
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Package Outlines and Ordering Information

24 pin DIP

oo oguu

Wl =

Dual In-Line Ceramic Case - 600 mil Dual In-Line Plastic Case - 600 mil

Dim. Inches Millimeters Dim. Inches Millimeters
Min Max Min Max Min Max Min Max

A — 1.290 — 32.77 A | — 1.290 — 32.77
B .500 | .600 12.70 | 1520 B .500 | .600 12,70 | 15.20
C — 230 — 5.84 c | — 230 — 5.84
D | .014 | .023 036 | 058 D | .014 | .23 036 | 0.8
F 035 | 070 076 | 1.78 F 035 | .070 076 | 178
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC
H | — oo | — | 24 H | — 05| — | 24
J 008 | .015 020 | 038 J 008 | .015 020 | 038
K | .25 | 200 3.18 | 508 K | 125 | .150 318 | 3381
L | .59 | .625 14.99 | 1590 L 590 | 625 14.99 | 15.90
M 0° 15° 0° 15° M | 0° 15° 0° 15°
N | .015 | .060 038 | 152 N | 015 | .060 038 | 152

Dual In-Line Ceramic Case - 300 mil Dual In-Line Plastic Case - 300 mil

Dim Inches Millimeters Dim. Inches Millimeters

Min Max Min Max Min Max Min Max

A — 1.290 — 32.77 A — 1.290 — 32.77
B — 300 — 7.62 B — 300 — 7.62
C — 230 — 5.84 C — 230 — 5.84
D | .014 | .023 036 | 0.58 D | .014 | .023 036 | 0.58
F 035 | .070 076 | 1.78 F 035 | 070 076 | 178
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC

H — 095 — 241 H — 095 — 241
J 008 | .015 020 | 038 J 008 | .015 020 | 0.38
K | .125 | 200 3.18 | 5.08 K | .125 | .150 3.18 | 381
L | 290 | 325 737 | 826 L | 290 | .325 737 | 826
M 0° 15° 0° 15° M| 0 15° 0° 15°
N [.015 | 060 | 038 | 152 N | .015 | .060 038 | 1.52
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Package Outlines and Ordering Information

T

28 and 40 pin DIP

28 pin Plastic DIP

28 pin Ceramic DIP
Dim. Inches Millimeters
Min Max Min Max
A — 1.490 — 37.85
B 500 | .600 12,70 | 15.20
C — .230 - 5.84
D .014 023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 .015 0.20 '0.38
K 125 200 3.18 5.08
L .590 625 1499 | 15.90
M 0° 15° 0° 15°
N 015 .060 0.38 1.52
40 pin Ceramic DIP
Dim. Inches Millimeters
Min Max Min Max
A — 2.090 — 53.09
_ B .500 .600 12.70 | 15.20
C — .230 — 5.84
D .014 .023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 015 0.20 0.38
K 125 .200 3.18 5.08
L 590 .625 14.99 | 15.90
M 0° 15° 0° 15°
N .015 .060 0.38 1.52

LEVEL
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Dim. Inches Millimeters
Min Max Min Max
A — 1.490 — 37.85
B .500 .600 12.70 | 15.20
C — .230 — 5.84
D 014 023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 —- 241
J .008 015 0.20 0.38
K 125 .150 3.18 3.81
L 590 .625 14.99 15.90
M 0° 15° 0° 15°
N 015 .060 0.38 1.52
40 pin Plastic DIP
Dim. Inches Millimeters
Min Max Min Max

A — 2.090 — 53.09
B .500 .600 12.70 | 15.20
C — .230 — 5.84
D 014 .023 0.36 0.58
F 035 070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 .015 0.20 0.38
K 125 .150 3.18 3.81
L .590 .625 14.99 | 15.90
M 0° 15° 0° 15°
N 015 .060 0.38 1.52




Package Outlines and Ordering Information

28 and 44 pin PLCC

A rm o ri

O

> (4K

i Smr

TR

A mre

A GF M
< B >
28-pin Plastic Leaded Chip Carrier 44-pin Plastic Leaded Chip Carrier
Dim. Inches Millimeters Dim. Inches “Millimeters
Min Max | Min | Max Min Max | Min Max
A | 20 | 310 ] 737 | 187 A | 49 | .510 1245| 1295
B | 450 | 456 1143 1158 B | .650 | .656 16.51 | 16.66
c | o6 | 032 066 | 081 C | .26 | .032 066 | 081
D | .050BSC 127BSC D | .050BSC 127 BSC
F 090 | .120 227 | 3.05 F | .090 | .120 227 | 305
G | .02 — 0.51 — G | .020 — 0.51 —
H | 390 | 430 991 | 1092 H | .50 | .630 1499 ] 16.00
J 485 | 495 1232] 1257 J 685 | .695 1740| 17.65
K | .018 | .02 046 | 0.56 K | 018 | .02 046 | 056
L | 165 | .180 | 420 | 457 L | .165 | .180 420 | 457
M| 013 | 021 | 033 ] 053 M| 013 | o1 | 033 ] 053

®LEVEL
EONE ®

7-6



Package Outlines and Ordering Information

64 pin TQFP

le A >
|<————B ———ﬂ
' A
A
=
)
—
— |
—
— )
—C D
=
—
—
y
uouutonoooaoroTn v
64-pin Thin Quad Flat Pack
Dim. Inches Millimeters
Min Max Min Max
A 461 484 11.7 123
B 390 .398 9.9 10.1
C .390 .398 9.9 10.1
D 461 484 11.7 123
E .012 .028 0.30 0.70
F .006 .010 0.14 0.26
G .016 024 0.40 0.60
H 051 061 1.29 1.55
J .002 .006 0.04 0.16
K 004 .007 0.11 0.18

c

ONE ¢
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Package Outlines and Ordering Information

68 pin PLCC

Mmririr
-4
o
T
=

)

eyl

—|E}w— GIE FRONT

— Y A
J K
~
—E]| IQmGHT J
1 _LAK
J y
N

68 pin Plastic Leaded Chip Carrier

Dim. Inches Millimeters
Min | Max Min Max

A 985 | .995 25.02 | 25.27

B 950 | .958 24.13 | 24.33

C .800 Nominal | 20.32 Nominal

D .050 Basic 1.27 Basic

E 026 .032 .66 81

F 013 .021 .33 .53

G .890| .930 22.61 | 23.62

H 020] - 51 =

J .090| .130 2.29 3.30

K .165 | .200 4.20 5.08

7-8
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Package Outlines and Ordering Information

=
1>
R

Ordering Information

XXXX

OS0WOrUveZ

=Sm—0

Temperature Range:

commercial range (0° to 70° C)
industrial range (-25°to +85° C)
extended range (-40°to +85° C)

military specifications (-55° to +125° C)

Zm= 0

Package Type:
Plastic Dual In-line Package (DIP)
Ceramic DIP

Plastic Leaded Chip Carrier (PLCC)
Thin Quad Flat Pack (TQFP)

Quad Flat Pack (QFP)

Plastic Small Outline Package (SOP)

O - Y- Z
T TR TR TR

| Product ID: 3-5 alpha-numeric digits

Product type:

T = transceivers

P = peripherals
C =crystals

Level One Communications ID

(=

LEVEL
ONE 6
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Package Outlines and Ordering Information
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Level One Sales Locations

LeveI One Sales Locatlons

105 Lake Forest Way
Folsom, California 95630
Telephone: (916) 985-3670
Fax: (916) 985-3512

Alabama

M Squared, Inc.

1910 Sparkman Drive
Huntsville, Alabama 35816
Phone (205) 830-0498

Fax (205) 837-7049

Arizona

Reptronix, Ltd.

1661 E. Camelback Road, Suite 285
Phoenix, Arizona 85016
Telephone: (602) 230-2630

Fax: (602) 230-7730

Arkansas

Mil-Rep Associates, Inc.

1701 N. Greenville Ave., #1008
Richardson, Texas 75081
Telephone: (214) 644-6731
Fax: (214) 644-8161

California

Trinity Technologies, Inc.
1261 Oakmead Parkway
Sunnyvale, California 94086
Telephone: (408) 733-9000
Fax: (408) 733-9970
Northern California

First Rep

143 Triunfo Canyon Rd., #222
Westlake Village, California 91361
Telephone: (805) 373-0887

Fax: (805) 495-1317

Southern California

except San Diego

S C Cubed, Inc.

5060 Shoreham Place, #200
San Diego, California 92122
Telephone: (619) 458-5808
Fax: (619) 458-5823

San Diego

Colorado

Thorson Rocky Mountain, Inc.
7108 D South Alton Way, Suite A
Englewood, CO 80112
Telephone: (303) 773-6300
Fax: (303) 773-6302

Connecticut

NRG Limited

63 Duka Avenue

Fairfield, CT 06430
Telephone: (203) 384-1112
Fax: (203) 335-2127

Delaware

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone: (410) 290-5990
Fax: (410) 381-5846

District of Columbia

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone: (410) 290-5990
Fax: (410) 381-5846
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Level One Sales Locations

Florida

EIR, Inc.

1057 Maitland Center Commons
Maitland, Florida 32751
Telephone: (407) 660-9600
Fax: (407) 660-9091

Georgia

M Squared, Inc.

3000 Northwoods Pkwy, Ste 110
Norcross, Georgia 30071

Phone (404) 447-6124

Fax (404) 447-0422

Illinois

Beta Technology Sales, Inc.
1009 Hawthorn Drive
Itasca, Illinois 60143
Telephone: (708) 250-9586
Fax: (708) 250-9592
Northern Illinois

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841
Southern Illinois

Indiana

STB & Associates

1980 E. 116th Street, Suite 120-A
1980 Stratford Center

Carmel, Indiana 46032
Telephone: (317) 844-9227

Fax: (317) 844-1904

Iowa

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

Kansas

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

Louisiana

Mil-Rep Associates, Inc.
6111 FM1960 W, #213
Houston, Texas 77069
Telephone: (713) 444-2557
Fax: (713) 444-2751

Maine

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

Maryland

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone:  (410) 290-5990
Fax: (410) 381-5846

Massachusetts

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

Michigan

Horizon Technical Sales
240 James Street
Bensenville, IL 60106
Telephone: (708) 860-7900
Fax: (708) 350-2836

Minnesota

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420

Telephone: (612) 854-1166

Fax: (612) 854-6799
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Level One Sales Locations

Missouri

- QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

Nebraska

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

New Hampshire

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

New Jersey

S-J Mid- Atlantic, Inc.

131-D Gaither Drive

Mt. Laurel, New Jersey 08054
Telephone: (609) 866-1234

Fax: (609) 866-8627

South Jersey (within area code 609)

S-J Associates, Inc.

265 Sunrise Highway

Rockville Centre, New York 11570
Telephone: (516) 536-4242

Fax: (516) 536-9638

North Jersey (within area code 201)

New Mexico

Reptronix, Inc.

237-C Eubank Boulevard
Albuquerque, New Mexico 87123
Telephone: (505) 292-1718

Fax: (505) 299-1611

New York

S-J Associates, Inc.

265 Sunrise Highway

Rockville Centre, New York 11570
Telephone: (516) 536-4242

Fax: (516) 536-9638

S-J Upstate New York

3547 West Lake Road
Canandaigua, New York 14424
Telephone: (716) 394-3281
Fax: (716) 394-1139

North Carolina

M Squared, Inc.

1200 Trinity Road

Raleigh, North Carolina 27607
Telephone: (919) 851-0010
Fax: (919) 851-6620

North Dakota

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420
Telephone: (612) 854-1166

Fax: (612) 854-6799

Ohio

S-J Associates, Inc.

6809 Night Vista Drive
Parma, Ohio 44129
Telephone: (216) 888-7004
Fax: (216) 888-7010

S-J Associates, Midwest

7760 Olentangy River Rd., Suite 119
Columbus, Ohio 43235

Telephone: (614) 885-6700

Fax: (614) 885-6701

Oklahoma

Mil-Rep Associates, Inc.

1701 N. Greenville Ave., #1008
Richardson, Texas 75081
Telephone: (214) 644-6731
Fax: (214) 644-8161




Level One Sales Locations

Oregon

Matrex Marketing & Sales
11140 S.W. Pacific Highway
Portland, Oregon 97219
Telephone: (503) 245-8080
Fax: (503) 246-1848

Pennsylvania

S-J Mid-Atlantic, Inc.

131-D Gaither Drive

Mt. Laurel, New Jersey 08054
Telephone: (609) 866-1234

Fax: (609) 866-8627

Philadelphia & within area code 215

Puerto Rico

EIR, Inc.

1057 Maitland Center Commons
Maitland, Florida 32751
Telephone: (407) 660-9600
Fax: (407) 660-9091

Rhode Island

- New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

South Dakota

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420
Telephone: (612) 854-1166

Fax: (612) 854-6799

Tennessee

M Squared, Inc.

1910 Sparkman Drive
Huntsville, Alabama 35816
Phone (205) 830-0498

Fax (205) 837-7049

Texas

Mil-Rep Associates, Inc.
9430 Research Boulevard
Building IV, Suite 140
Austin, Texas 78759
Telephone: (512) 346-6331
Fax: (512) 346-1975

Mil-Rep Associates, Inc.
6111 FM1960 W, #213
Houston, Texas 77069
Telephone: (713) 444-2557
Fax: (713) 444-2751

Mil-Rep Associates, Inc.
1755 N. Collins, # 215
Richardson, Texas 75080
Telephone: (214) 644-6731
Fax: (214) 644-8161

Utah

Thorson Rocky Mountain, Inc.
1831 E. Fort Union Blvd., #103
Salt Lake City, UT 84121
Telephone: (801) 942-1683
Fax: (801) 942-1694

Vermont

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888

Fax: (617) 229-1614

Virginia

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone: (410) 290-5990
Fax: (410) 381-5846

Washington

Matrex Marketing & Sales
4675 150th Place S.E.
Bellevue, Washington 98006
Telephone: (206) 643-0363
Fax: (206) 746-3672
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Level One Sales Locations

Wisconsin

Beta Technology Sales, Inc.
9401 W. Beloit Rd. Suite 409
Milwaukee, Wisconsin 53227
Telephone: (414) 543-6609
Fax: (414) 543-9288

Eastern Wisconsin

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420
Telephone: (612) 854-1166

Fax: (612) 854-6799

Western Wisconsin

®LEVEL
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British Columbia

Electro Source, Inc.

6875 Royal Oak Avenue

Burnaby, British Columbia V5J 4J3
Telephone: (604) 435-2533

Fax: (604) 435-2538

Ontario

Electro Source, Inc.

300 March Road, Suite 203
Kanata, Ontario K2K 2E2
Telephone: (613) 592-3214
Fax: (813) 592-4256

Electro Source, Inc.

230 Galaxy Boulevard
Rexdale, Ontario M9W 5R8
Telephone: (416) 675-4490
Fax: (416) 675-6871

Quebec

Electro Source, Inc.

6600 Trans-Canada Highway, # 420
Point Claire, Quebec HOIR 4S2
Telephone: (514) 630-7486

Fax: (514) 630-7421




Level One Sales Locations

Alabama

Pioneer Technologies Group
4835 University Square, #5
Huntsville, Alabama 35816
Telephone: (205) 837-9300
Fax: (205) 837-9358

Arizona

Added Value Electronics Distribution, Inc.

7741 E. Gray Rd., Suite #9
Scottsdale, Arizona 85260
Telephone: (602) 951-9788
Fax: (602) 951-4182

California (Southern)

Added Value Electronics Distribution, Inc.

5752 Oberlin Drive, Suite 105
San Diego, California 92121
Telephone: (619) 558-8890
Fax: (619) 558-3018

Added Value Electronics Distribution, Inc.

14192 Chambers Road
Tustin, California 92680
Telephone: (714) 573-5000
Fax: (714) 573-5050

Added Value Electronics Distribution, Inc.

1545 E. Acequia, Suite A
Visalia, California 93291
Telephone: (209) 734-8861
Fax: (209) 734-8865

California (Northern)
Merit Electronics

2070 Ringwood Avenue
San Jose, California 95131
Telephone: (408) 434-0800
Fax: (408) 434-0935

Colorado

Added Value Electronics Distribution, Inc.

4090 Youngfield Street

Wheat Ridge, Colorado 80033
Telephone: (303) 422-1701
Fax: (303) 422-2529

8-6

Connecticut

Phase 1 Technology Corporation
36A Padanaram Road

Danbury, Connecticut 06811
Telephone: (203) 791-9042

Fax: (203) 790-6128

Florida

Pioneer Technologies Group

337 S. Northlake Blvd., #1000
Altamonte Springs, Florida 32701
Telephone: (407) 834-9090

Fax: (407) 834-0865

Pioneer Technologies Group
674 South Military Trail
Deerfield Beach, Florida 33442
Telephone: (305) 428-8877
Fax: (305) 481-2950

Georgia

Pioneer Technologies Group
4250 C Rivergreen Parkway
Duluth, Georgia 30136
Telephone: (404) 623-1003
Fax: (404) 623-0665

Ilinois

Components, Inc.

1989 J University Lane
Lisle, Illinois 60532
Telephone: (708) 852-7707
Fax: (708) 852-0263

Maryland

Pioneer Technologies

9100 Gaither Road
Gaithersburg, Maryland 20877
Telephone: (301) 921-0660
Fax: (301) 921-4255

Massachusetts

North Star Electronics

100 Research Drive

Wilmington, Massachusetts 01887
Telephone: (508) 657-5155

Fax: (508) 657-6559
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Level vOne Sales Locations

Minnesota

Voyager Electronics Corporation
5201 East River Road, Suite 303
Fridley, Minnesota 55421
Telephone: (612) 571-7766

Fax: (612) 571-9519

New Jersey

GCI Corporation

245-D Clifton Avenue

West Berlin, New Jersey 08901
Telephone: (609) 768-6767
Fax: (609) 768-3649

Phase 1 Technology Corporation
295 Molnar Drive

Elmwood Park, New Jersey 07407
Telephone: (201) 791-2990

Fax: (201) 791-2552

New York

Phase 1 Technology Corporation
46 Jefryn Boulevard

Deer Park, New York 11729
Telephone: (516) 254-2600

Fax: (516) 254-2695

North Star Electronics

30 Wilshire Road

Rochester, New York 14618
Telephone: (716) 244-9846
Fax: (716) 244-9846

North Carolina
Pioneer Technologies Group

2200 Gateway Centre Blvd., Ste. 215

Morrisville, North Carolina 27560
Telephone: (919) 460-1530
Fax: (919) 460-1540

 gEEOLEVEL
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Texas

LCD Electronics, Inc.

1411 LeMay Drive, Suite 107
Carrollton, Texas 75007
Telephone: (214) 245-0600
Fax: (214) 245-0342

Utah

AVED Inc.

1836 Parkway Blvd.

West Valley City, Utah 84119
Telephone: (801) 975-9500
Fax: (801) 977-0245

Valtrie Marketing, Inc.

226 Galaxie Boulevard
Rexdale, Ontario M9W 5R8
Telephone: (416) 798-2555
Fax: (416) 798-2560

Western Area

1999 S. Bascom Ave, Suite 700
Campbell, California 95008
Telephone: (408) 879-2627
Fax: (408) 377-8876

Central Area

2340 E. Trinity Mills Rd., Suite 306
Carrollton, Texas 75006
Telephone: (214) 418-2956

Fax: (214) 418-2985

Southeastern Area

9240 SW 72nd St., Suite 211
Miami, Florida 33173
Telephone: (305) 271-3577
Fax: (305) 271-3381

Northeastern Area

6 New England Executive Park, Suite 400
Burlington, Massachusetts

Telephone: (617) 229-7320

- Fax: (617) 229-7369
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Level One Sales Locations

Level One Europe Headquarters
3 chemin du Magdelon

37380 Crotelles, France -
Telephone: (33) 47 55 08 80

Fax: (33) 47 5506 32

Austria

Austria Mikro Systeme Int'l AG
Schloss Premstitten

A-8141 Unterpremstiitten, Austria
Telephone: (43) 03136-500

Fax: (43) 03136-500 491

Belgium

Tekelec Belgium N. V.

- Bergensesteenweg 501
B-1500 Halle, Belgium’

Telephone: (32) 2-360-1288

Fax: (32) 2-360-3807

Belgium & Luxembourg

England
- Sales Representatives
Cedar Technologies
The Old Water Works
Howes Lane, Bicester Oxfordshire OX6 8XF
England
Telephone: (44) 869 322366
Fax: (44) 869 322377

Cedar Technologies

62 The Muirs, Kinross
KY13 7AU England
Telephone: (44) 577 864441
Fax: (44) 577 864882

- Distributors

Silicon Concepts Ltd.

PEC Lynchborough Rd, Passfield
Hampshire, GU30 7SB England
‘Telephone: (44) 428 751617
Fax: (44) 428 751603

8-8

England

- Distributors (continued)
Silicon Concepts Ltd. -
Meridale, Welsh Street
Chepstow, Gwent

NP6 5LR England
Telephone: (44) 291 62 4101
Fax: (44) 291 62 9878

France
- Sales Representative

‘Reptronics, sa

1 Bis, Rue Marcel Paul

Bat. B, Z.I La Bonde

91300 Massy, France
Telephone: (33) 1-60-13-9300
Fax: (33) 1-60-13-9198

- Distributor

AVNET Composants

79, Rue Pierre-Sémard - B.P. 90
92322 Chatillon Cedex, France
Telephone: (33) 1-49-65-25-00
Fax: (33) 1-49-65-25-39

Germany

- Sales Representatives
Topas Electronic
Striehlstrasse 18

30159 Hannover, Germany
Telephone: (49) 511-131217
Fax: (49) 511-131216

Topas Electronic

Max Weber Strasse 16
D-2085 Quickborn, Germany
Telephone: (49) 4106-73097
Fax: (49) 4106-73378

- Distributors

Scantec

Behringstrasse 10

82152 Planegg, Germany
Telephone: (49) 89-8598021
Fax: (49) 89-8576574
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Level One Sales Locations

Germany

- Distributors (continued)
Scantec

Fliedersteig 28

8501 Ruckersdorf, Germany
Telephone: (49)911-579529
Fax: (49) 911-576829

Scantec

Tannenberg Str. 103

73230 Kirchheim/Teck, Germany
Telephone: (49) 7021-83094
Fax: (49) 7021-82568

Italy

Consystem

Viale Lombardia 20

20095 Cusano Milanino, Italy
Telephone: (39) 2664 00153
Fax: (39) 2664 00339

Netherlands

Tekelec Airtronic

P.0O. Box 63, Industrieweg 8A
2712 LB, Zoetermeer, Netherlands
Telephone: (31) 79-310100

Fax: (31) 79-417504

Portugal

- Sales Representative
Componenta, LDA

R. Luis de Camoes, 128
1300 Lisboa, Portugal
Telephone: (351) 1-3621283
Fax: (351) 1-3637655

- Distributor

Amitron-Arrow Electronica LDA
Quinta Grande, Lote 20
Alfragide

2700 Amadora, Portugal
Telephone: (351) 1-4714806
Fax: (351) 1-4710802
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Spain

Amitron

Avenida De Valladolid, 47D
28008 Madrid, Spain
Telephone: (34) 1 54209 06
Fax: (34) 1 559 0809

Switzerland

Eurodis Primotec AG
Téafernstrasse 37

CH-5405 Baden-Dittwil
Telephone: (41) 56-84 01 71
Fax: (41) 56-83 34 54

Turkey

- Sales Representative

Inter Miihendislik Danismanlik
vd Ticaret, A.S.

Hasircibasi Caddesi No: 55
81310 Kadikdy, Istanbul, Turkey
Telephone: (90) 1-349 9400
Fax: (90) 1-349-9430

- Distributor

INTEREX

1291 E. Hillsdale Blvd, # 203A
Foster City, CA 94404 USA
Telephone: (415) 574-0767
Fax: (415) 574-3764

Scandinavia
Sales Representative
RepDelco A/S
Titangade 15
DK-2200 Copenhagen N, Denmark
Telephone: (45) 3582 1200
Fax: (45) 3582 1205

Distributors

Denmark

E.V. Johanssen Elektronik A/S
Titangade 15

DK-2200 Copenhagen N, Denmark
Telephone: (45) 31 83 90 22

Fax: (45)31839222




Level One Sales Locations

Finland

Komdel OY/Bexab Finland OY
Sinimdentie 10C, PL 51

02631 Espoo, Finland
Telephone: (358) 0 502 3200
Fax: (358) 0 502 3294

Norway

Bexab Norge A/S

Slynga 2, Box 3

2001 Lillestrom, Norway
Telephone: (47) 63 83 3800
Fax: (47) 63 83 2007

Sweden

Bexab Sweden AB
Kemistvigen 10A, Box 523
S-183 25 Tiby, Sweden
Telephone: (46) 8 630 88 00
Fax: (46) 8 73270 58

S.EA. & R.O.W.
Level One S.E.A / R.O.W. Headquarters
105 Lake Forest Way
Folsom, California 95630
Telephone: (916) 985-3670
Fax: (916) 985-3512

Australia

Multi Electronics

47 Talavera Road

North Ryde, NSW, Australia 2113
Telephone: (61) 2-805-1055

Fax: (61) 2-805-0583

China
Leadertronics Company

Room 401, Aviation Science & Technology Bldg.

45 Caoxi Bei Road

Shanghai, P.R.C. 200030
Telephone: (21) 439-7490, Ext. 541
Fax: (21) 438-9955

India

Interex India

1372 A 31st "B" Cross

4th "T" Block, Jayanagar
Bangalore 560 041, India
Telephone: (91) 80-6-647-770
Fax: (91) 80-6-663-2703

8-10

Hong Kong

Leadertronics Company

Unit 1706-07, 17/F, Hewlett Centre
52-54 Hoi Yuen Road,

Kwun Tong, Kowloon, Hong Kong
Telephone: (852) 389-0800

Fax: (852) 797-8429

Israel

Seg Tec :

3 Hametsuda Street, Industrial Park
Azur 58001, Israel

Telephone: (972) 3-556-7458
Fax: (972) 3-556-9490

Japan

Macnica

Hakusan High-tech Park

1-22-2 Hakusan-cho, Midori-ku
Yokohama, 226 Japan
Telephone: (81) 45-939-6140
Fax: (81) 45-939-6141

Korea

Sunin Technology Inc.

Room 1901, SAMKOO Building,
16-49 HANKANGRO-3KA
Seoul, Korea

Telephone: (82) 2-705-0852
Fax: (82) 2-705-0856

Singapore

Serial System PTE Ltd

11, Jalan Mesin, #06-00

Standard Industrial Building,
Singapore 1336

Telephone: (65) 2800 200

Fax: (65) 2861 812; (65) 2866 723

Taiwan

Jeritronics, Ltd.

Floor 7B, No. 267, Sec. 3
Cheng-Teh Road

Taipei, Taiwan, ROC
Telephone: (886) 2-5851636
Fax: (886) 2-5864736

Rest of World

INTEREX

1291 E. Hillsdale Blvd, # 203A

Foster City, California 94404 USA

Telephone: (415) 574-0767

Fax: (415) 574-3764 QLEVEL
ONE e
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