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DEVICES

155 Mbps UTP#5
Complete PHY Interface

AD6816

FEATURES
Complete ATM Transceiver for 155 Mbps for UTP#5
or Fiber
Meets ATM Forum UNI 3.1 Requirements
Meets SONET/SDH Jitter Requirements
Meets FCC Class B Emissions Requirements
Drives up to 110M Category #5 UTP/FTP
Adjustable Line Driver Output Current
Equalizes up to 110M Category #5 UTP/FTP
Baseline Restoration Function Eliminates Baseline Wander
19.44 MHz Oscillator Circuit
Frequency Synthesizer for 155 MHz Tx Bit Clock
155 Mbps Clock Recovery and Data Retiming
Phase Continuous Switch at Frequency Synthesizer Output
Single Supply Operation: 45 Vor-5.2 V
Low Power: 400 mW
10KH ECL Compatible Output
Package: 44-Pin Thin Quad Flatpack

PRODUCT DESCRIPTION

The AD6816 provides a single chip solution for interfacing an
ATM User-Network Interface IC to either a Category #5
Unshielded Twisted Pair (UTP) system or a fiber opric system.
The IC provides line equalization and baseline restoration, line
driver, clock recovery and data retiming, local reference clock
oscillator and frequency synthesis functions. Signal multiplexers

within the IC allow the user to perform loop-back, bypass the
data retiming function and select the frequency reference for the
wransmit bit clock (independent timing or loop timing).

The line equalization and baseline restoration block compensates
for up to 110M Category #5 UTP and transformer, respectively.
"This block has a Signal Detect ourput, SDOUT, that when low in-
dicates a loss of input signal at RX, RXN. The AD6816 supports
application with a fiber optic receiver or transceiver. In this case,
the line equalizer block adapts to provide no equalization.

The line driver has a differential ECL input stage providing con-
wolled current ourpur suitable for driving a Category #5 UTP
system. A single resistor from the line driver ourpur current control
pin to ground controls the output current. The user has the op-
tion to disable the line driver output. A signal multiplexer allows
the user to loop back the line driver input signal through the
clock recovery and data retiming PLL for test purposes.

The clock recovery and data retiming P11 has a factory trimmed
VCO center frequency and an integrated frequency control loop
that combine to ensure signal acquisition. This eliminates reli-
ance on external components, like a crystal or an SAW filcer, to
aid frequency acquisition. At frequency lock, the frequency error
is zero and the frequency detector has no effect. At this poing,
the PLL works to ensure that the output phase tracks the input

{Continued on page 4)
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ADG6816—SPECIFICATION

unless otherwise noted)

(Tﬂ = TMlN tﬂ TMAXJ Vs = va tﬂ VM“, EBR = U] I.I.,F, cEn = U.] I.LF, EFS = 0.0047 l.l,F,

Parameter Condition Min Typ Max Units
RECEIVER

Input Signal Range Signal Into Up to 110 M UTP #5 0.764 1.06 V p-p

Differental Input Voltage 1.5 Volts

Transitionless Data Run 400 Bit Periods

Equalizer T'ime Constant Cgq=0.1F 1 sec
SIGNAL DETECT

Trip Level 2%_1 PRN, 0 M Cable 98 mV p-p

Release Level 231 PRN Input, 0 M Cable 118 mV p-p

Response Time 30 M Cable, Figure 22. Evaluation Circuit 12.9 s

SDOUT Output Logic High Load = +4 mA 3.6 Volts

SDOUT Output Logic Low Load =-2.2 mA 0.4 Volts
LINE DRIVER Refer to Figure 2

Differennal Inpur Ourput Current Variaton < 1% 0.150 1 V p-p

Common-Meode Input Voltage 2 4 A%

Output Current 20 mA

Maximum Current Variation 1.13 k€ 1% Resistor-to-Ground at TXAMPSET 5.0 %

Common-Mode Current Percentage of Output Drive Current %

50 @ Collector Loads at TX and TXN, 2.5 7 %
T, = +25°C

Rise and Fall Times 10%-90%, Device Only 2.1 ns

Rise and Fall Times 10%-90%, Transformer Qutput, Refer to Figure 22 2.7 ns
INPUT CONTROL SIGNALS Refer to Table I

Input Logic Low, V¢, 0.8 Volts

Input Logic High, Vg 2 Volrs
CLOCK RECOVERY PLL

Quitpur Clock Jitter 2331 PRN Inpur 2.0 3.5 Degrees rms

Static Phase Error 2%_1 PRN Input 4 20 Degrees

Bandwidth 2%_1 PRN Input 100 kHz

Setup Time (rsyy) Figure 1 2.4 3.0 3.5 ns

Hold Time (tz) Figure 1 2.9 3.4 4.0 ns
OSCILLATOR CIRCUIT Crystal Rgppms < 40 Q

Center Frequency Series Mode Crystal Accuracy < 50 ppm 10.437  19.44 19.442 [ MHz

Frequency Deviation +22 +82 ppm

Qutpur Dury Cycle 400 Q 1o 2 V Load 43 %

Qutpur Drive High 400 Q to 2 V Load 3.6 Volrs

Output Drive Low 400 Qo 2 V Load 0.4 Volrs
FREQUENCY SYNTHESIZER

Reference Input Frequency 19.44 0or 9.72 MHz

Duty Cycle Tolerance 20 &0 %

Bandwidth 200 kHz

Time Constant 800 ns

Output Clock Jitter 1.8 2.8 Degrees rms

ECLFREFIN/N FREFIN Pin @ Ground

Common-Mode Input Signal Vee—2 Vee Volts

Differential Input Signal 200 mV

FREF IN Logic Low, Vi, ECLFREF & ECLFREFN Pins (@ Ground 0.8 Volts

FREF IN Logic High, Vg 2 Volrs
PECL OUTPUT Pins 10, 11, 13, 14, 17, 18

Quitpur Logic High, Vog Referred to Vo -1.2 -1.0 0.7 Volrs

Output Logic Low, Vo Referred to Ve -2.0 -1.8 -1.7 Volts
POWER SUPPLY VOLTAGE Vi 10 Vimax 4.5 55 Volts
POWER SUPPLY CURRENT Ve =5.0V, Vgg = GND, Ty = +25°C it} 95 mA
OPERATING TEMPERATURE

RANGE TMIN to TMAX 0 70 °C
Specifications subject to change without notice.
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AD6816

ABSOLUTE MAXIMUM RATINGS*
Supply Voltage . . . ... .. ... +12V

Input Voltage (Pin 43 or Pin 44 wo Vo) .. .. ... Vec+ 0.6V
Maximum Junction Temperature .. . ... .......... +165°C
Storage Temperature Range ............ —65°C o +150°C
Lead Temperature Range (Soldering 10 sec) ... .... +300°C
ESD Rating (Human Body Model) ............... 1500V

*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only; functional operation
of the device at these or any other conditions above those indicated in the
operational section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Thermal Characteristics
44-Pin Thin Quad Flatpack Package:
e]A = SOOCJ‘WaEE, 9](: = 10°C/A¥art

SETUP HOLD
tsy - ty —=
RXDATAOUT 50%
{PIN 13)
RXCLKOUT 50% N\ I\
{PIN 10) \

Figure 1. Clock Recovery PLL Setup and Hold Time
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CAUTION

Table 1. Control Functions (NC = No Connection)

Input
Signal
Function Mnemonic Description
Disable Line DRVROFF Logic 1 Disables Line Driver
Driver Qurput
Logic 0 or NC Enables Line
Driver Qurput
Loop-Back LBSEL Logic 1 Enables Toop-Back
from DRIVEIN/N
Logic 0 or NC Disables
Loop-Back
Bypass Dara DRBYPASS | Logic 1 Bypassing Data
Retiming Retiming
Logic 0 or NC Enables Data
Retiming
Reference RXCLKSEL | Logic 1 Selects Reference
Frequency Frequency Derived from
Select for Recovered Clock
Frequency
Synthesizer Logic 0 or NC Selects
Exrternal Frequency
Reference

Table II. Configuring the Frequency Synthesizer for

Different Oscillator Types

Oscillator Apply to
Output Type Input Pin(s) Ground Pin(s)
TTT. (Single Ended | FREFIN (Pin 25) ECLFREFIN/
Including On-Chip ECLFREFINN
Oscillator) (Pins 24 & 23)
PECL ECLFREFIN/ FREFIN (Pin 25)

ECLFREFINN

(Pins 24 & 23)

ORDERING GUIDE
Temperature | Package Package

Model Range Description Option
AD6816KST | 0°C to +70°C | 44-Pin Thin Quad Flatpack | ST-44

ESD (electrostatic discharge) sensitive device. Elecrrostatic charges as high as 4000 V readily
accumulare on the human body and rest equipment and can discharge wirhour detection.
Although the AD6816 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionaliry.
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fcontinued from page 1)

phase. The two loops work in harmony with each other, requir-
ing no conrrol signals for enabling or disabling. Shorting the
clock recovery and data retiming PLL damping factor capacitor,
Ccr. brings the recovered clock ourpurt signal to the clock recov-
ery VCO center frequency.

The crystal oscillator circuit provides an accurate 19.44 MHz
output with a series mode, 19.44 MHz crystal. This circuit
requires no capacitive tuning and can provide a 19.44 MHz,
+100 ppm output, capable of driving up to five T'T'L. gates or
50 pF load capacitance.

The frequency synthesizer processes either a 19.44 MHz or a
9.72 MHz input signal at the FREF, ECLFREF/ECLFREFN
pins, or the 19.44 MHz byte clock derived from the 155.52 Mz
RXCLKOUT & RXCLKOUTN signal. The RXCLKSEL sig-
nal determines whether or not the derived byte clock is used by
the frequency synthesizer. When the RKCLKSEL signal is high,
the frequency synthesizer processes the derived byte clock.
When the RXCLKSEL signal is left unconnected, or held low,
the frequency synthesizer processes the reference signal at the
FREFIN or ECLFREFIN/ECLFREFINN pins (refer to Table
IT). Having the frequency synthesizer loop process either the de-
rived byte clock or a reference eliminates runt pulses that may
occur when switching between two 155.52 MHz bit clocks.

The synthesizer can be configured to accept an external fre-
quency reference in either T'TT/CMOS formart or in PECL for-
mat. This selection is made by sensing the common-mode
voltage at Pins 23 and 24. If valid PECL levels are present at
Pins 23 and 24, this signal is used as the frequency reference
and any signal present at Pin 25 is ignored. If Pins 23 and 24
are connected to ground (VDNI1, Pin 15), the TTL/CMOS
input (Pin 25) is enabled and used as the frequency reference
for the synthesizer.

The AD6816 is packaged in a 44-pin Thin Quad Flatpack
(TQFP), having lead frame dimensions 0.55" x 0.55".

PIN DESCRIPTION
Pin
No. | Mnemonic Description
1 SDOUT Signal Detect Qutput
2 VANI1 Analog Ground—Clock Recovery and Equalizer
3 CEQ1 Equalizer Loop Filter Capacitor
4 CEQ2 Equalizer Loop Filter Capacitor
5 CCR1 Clock Recovery Loop Damping Capacitor
6 CCR2 Clock Recovery Loop Damping Capacitor
7 VAPI1 Analog Supply—Clock Recovery and Equalizer
38 VDP4 Digital Supply—Clock Recovery Logic and Mux
9 VDN4 Digital Ground—Clock Recovery Logic and Mux
10 | RXCLKOUT Differential Recovered Clock Qutput
11 | RXCLKOUTN | Differential Recovered Clock Qutput
12 | VDPECLI Digital Supply—Clock and Data Qutput Drivers
13 | RXDATAOUT | Differential Recovered Data Qutput
14 | RXDATAQUTN | Differential Recovered Data Qutput
15 | VDNI1 Digital Ground—Synthesizer Logic
16 | VDPECL2 Digital Supply—Synthesizer Driver
17 | TXCLKOUT Differential Synthesized Clock Qutput
18 | TXCLKOUTN | Differential Synthesized Clock Qutput
19 | vDPL Digital Supply—Synthesizer Logic
20 | CFS1 Synthesizer Loop Filter Capacitor
21 | CFS82 Synthesizer Loop Filter Capacitor
22 | VAP2 Analog Supply—Synthesizer & Oscillator
23 | ECLFREFINN Differential ECL Input to Synthesizer
24 | ECLFREFIN Differential ECL Input to Synthesizer
25 | FREFIN CMOS/TTL Input to Synthesizer
26 | OSCOUT Crystal Oscillator CMOS/TTL Output
27 | VDP2 Digital Supply—OQOscillator Qutput
28 | VDN2 Digital Ground—OQscillator Qutput
29 [ XTALIN1 Crystal Connection
30 | XTALIN2 Crystal Connection
31 [ VAN2 Analog Ground—Synthesizer and Oscillator
32 | DRIVEINN Line Driver Differential ECL Input
33 | DRIVEIN Line Driver Differential ECL Input
34 [ VDN3 Digital Ground—Line Driver
35 [ TXAMPSET Line Driver Qutput Current Control
36 | VDP3 Digital Supply—Line Driver
37 [ TX Line Driver Collector Qutput
38 [ TXN Line Driver Collector Qutput
39 | DRVROFF Line Driver Disable (CMOS/TTL)
40 | RXCLKSEL Synthesizer Frequency Reference Select
41 | LBSELECT Loop-Back Select
42 | DRBYPASS Data Retiming Bypass
43 [ RX Differential Equalizer Input
44 [ RXN Differential Equalizer Input
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DEFINITION OF TERMS

Maximum, Minimum and Typical Specifications
Specifications for every parameter are derived from statstical
analyses of data taken on multiple devices from multiple wafer
lots. T'ypical specifications are the mean of the diswribution of
the data for that parameter. If a parameter has a maximum (or a
minimum), that value is calculated by adding to (or subtracting
from) the mean six times the standard deviaton of the distribu-
tion. This procedure is intended to tolerate production varia-
tions: if the mean shifts by 1.5 standard deviations, the remaining
4.5 standard deviations still provide a failure rare of only 3.4
parts per million. For all tested parameters, the test limits are
guardbanded to account for tester variation to guarantee that
no device is shipped outside of data sheet specifications.

Signal Detect: Response Time

Response time is the delay berween removal of a de-coupled inpurt
signal (at RX & RXN) and indicadion of loss of signal (LOS) at
SDOUT.

Clock Recovery PLL: Static Phase Error

This is the steady-state phase difference, in degrees, between
the recovered clock sampling edge and the optimum sampling
instant, which is assumed to be halfway berween the rising and
falling edges of a data bit. Gate delays between the signals that
define static phase error and IC input and ourpur signals pro-
hibit direct measurement of static phase error.

Data Transition Density, p

"T'his is a measure of the number of data transitions, from “0” to
“1™ and from “1* to “0,” over many clock periods. p is the ra-
tio (0 < p < 1) of data transitions to bit periods. The 2°-1 PRN
inpurt data pattern has p = 1/2.

PLL Jitter

This is the dynamic displacement of digital signal edges from
their long term average positions, measured in degrees rms or
Unit Intervals (UI).

Output Jitter

This is the jitter on the clock recovery PLL or frequency synthe-
sizer PLL ourpur clock, in degrees rms, due to a specific pattern
or some pseudo random input data sequence (PRN sequence).

Jitter Transfer

The clock recovery PLL and frequency synthesizer PLL both
exhibit a low-pass filter response to jitter applied to their
respective inpurs.

Bandwidth

This describes the frequency at which the clock recovery PLL
or frequency synthesizer P1.1. attenuarte sinusoidal inpur jicter
by 3 dB.

Frequency Synthesizer PLL: Duty Cycle Tolerance

The frequency synthesizer PLL exhibits a duty cycle tolerance
that is measured by applying an inpurt signal (nominal inpur
frequency) with a known duty cycle imbalance, and then mea-
suring the output frequency and jicter.

REV. A

Time Constant

The Frequency Synthesizer PLL time constant (800 ns =
1/bandwidth) determines the ourput frequency drift after
switching the reference frequency input. The time constant
worls to smooth the ourpur frequency response to change in
reference input guaranteeing no runt pulses at the output.

Crystal Oscillator

The AD6816 integrated oscillator circuit is specified to provide
a 19.44 MHz ourpur frequency with + 100 ppm frequency accu-
racy using a 19.44 MHz +50 ppm series mode crystal with
series resistance less than 40 Q.

A series mode crystal oscillator is used instead of the more com-
meon parallel mode circuit. The primary advantage of the series
meode oscillator is that shunt capacitance has no effect since the
crystal presents a low impedance at resonance. All the accuracy
inherent in the crystal can be achieved by the series mode cir-
cuit. In conrrast, the parallel mode circuit requires a wrimmer
capacitor shunt to the crystal to compensate stray capacitances.
In addirion, these stray and trim capacitances must be stable
over temperature for high accuracy. Crystal vendors easily sup-
ply either type of crystal. It is necessary to specify that a series
mode crystal is needed.

Oscillator Circuit: Duty Cycle

Duty cycle is calculated as (100 x on time)/period, where on
time equals the time the clock signal is greater than the mid-
point between its “0” level and its “1™ level.

Line Driver Differential Input (Refer to Figure 2)
The line driver is specified to provide ourput current variation
less than 1% with a 3 V input common-mode signal and a dif-
ferential inpur signal between 150 mV and 1V p-p.

Vem= 3V 4 DIFFERENTIAL
M INPUT = 150mV p-p

—r MINIMUM
SCOPE
PROBE AD6816
LINE DRIVER
DRIVEIN
—_ DRIVEINN

wy

A

Vem ==

Figure 2. Line Driver Differential Input {Single-Ended
Measurement Shown)




AD6816-Typical Characteristic Curves

50
a5 \\
40 \
235
ol
E 30
2 1\
25
% \
= 20 A
=
1\
3 N
10 BN
5 \'--_
3593ns
0
o 1 2 8 4 5 6 7 8 8% 10
RTXAMPSET — kQ
Figure 3. Line Driver Qutput Current vs. Ryxampser Figure 6. Line Driver Eye Diagram (Measurement at XFMR
Output}
a5 0 |
223_1 PRN INPUT
40 R=2.32kQ —] —10
35 —20 —
30 m
=0
E2s w
L 240
520 A=1.51k0 F
< =50
15 =
10 —80
R = 5360
5 —70
0 —80
0 10 20 30 40 50 60 70 10.0E+3  100.0E+3  1.0E+6 10.0E+6  100.0E+46  1.0E+8
TEMPERATURE - °C FREQUENCY — Hz
Figure 4. Line Driver Output Current vs. Temperature Figure 7. Line Driver Output Frequency Spectrum
{Measurement at XFMR Output}
-20 I I T )
| 155Mb/s NRZ CATS CMT's
T T 1 T
_ag FREQUENCY SYNTHESIZER OUTPUT PHASE 10 dB/ CLASS B LIMIT LINE,
NOISE (DCFM METHOD) PEAK HOLD -
POS PK HEIGHT SCAN H AND V
0 AND 90 DEG WRT ANTENNA__|
—80 < OFFSET CAT 5 WALL JACK
N \ —-10.0
I
5 \ dB
2 a0 Y OSCILLATOR OUTPUT PHASE NOISE _| — [T
0 Y (EFC METHOD) —— I. =
= Lonths .
- 100 \y—/’ — . ] b T
- > ‘\ N -
\ N \
-120 7
NOISE FLOOR ~ \
(EFC VCO TUNING METHOD) | ]
| |
—140
o - m =+
9 9 % k] kS a § E'; START 30 MHz STOP 300 MHz
u ¢ u = u u u w RES BW 1 MHz VBW 1 MHz SWP 200 ms
FREQUENCY — Hz
Figure 5. Oscillator Circuit and Frequency Synthesizer Figure 8. UTP #5 Emissions & FCC Class B Limit Line

Phase Noijse

_6- REV. A



AD6816

1000

ra
[

ra
=

ra
©

\ ADGE16
\

N \\
NN

— OC-3/STM1 L
JITTER TOLERANCE MASK [——t

-
=]
o

ra
(Y]

ta
O

o
o

L

o

JITTER — Degrees rms

"""

JITTER TOLERANCE — UI

1

OUTPUT JITTER - Degrees rms
o

-
~l

-
m

01

-
[+

1 10 100 1k 10k 100k ™ 10M 20 40 60 80 100 120
FREQUENCY —Hz CABLE LENGTH - M

Figure 9. Clock Recovery PLL Jitter Tolerance Figure 12. Receive Channel Output Jitter vs. Cable
Length (Measured at RXCLKOUT/N}

1.025

1.020 P

-
o
a
i

1.010 -
//
1.005

//Nom ALIZED DRIVER
1.000 — OUTPUT LEVEL

0.990 /

0.985

~ 0.980
0

10 100 1k 10k 20k
FREQUENCY - kHz

0.02dB/DIV
L]
\

=

e ™
:

N

OUTPUT VOLTAGE - V (Normalized)

10 20 30 40 50 60 70
TEMPERATURE - °C

Figure 13. Driver Output Level vs. Temperature

Figure 10. Clock Recovery Jitter Transfer vs. Cqp °
(Normalized to TV @ +25°C}

50
0.35 @
£
0.3 - [ 100 METER ) 40
\ - ---..\‘\ E a8
0.25 \ ~ = JTTER
°
I . N Y >~ 50 METER 5 a0 fai= —
oy I~ - b \"’-./ E 25
5 P S
[ \ “-:\-..__ E 20
ui | 30 METER [~ i
|: 0.15 / . F— =
S 10 METER 1 \\ 81s
w
0.1 ‘--_,,_.\ =10
[3]
Q
a5
D.05 o
1]
0.6 0.7 0.8 0.8 1.0 1.1 12 13 1.4 1.5

0 TRANSMIT AMPLITUDE- ¥ p-p
D7 D75 D8 085 D09 09 1 105 11 115 1.2

TRANSMIT AMPLITUDE — Volts p-p
. . . . . Figure 14. Receive Channel Output Jitter vs. Transmit
Figure 11. Equalize Jitter vs. Transmit Amplitude Amplitude (2E7-1 PRN Data Input into 100 M UTP#5 Cable)

REV. A _7_



AD6816

Receiver Differential
Input Stage

Receiver Signal Detect
Output (SDOUT)

Control Signal Input
{LBSEL, DREBYPASS,
TXSALVESEL,DRVROFF)

Frequency Synthesizer

r VAP1
"

EE14KQ 2140
{1 rx
{1 rxn
Cr 70pA D-mpn
VAN

VAP

VAN1

' ' VvDP#
2% 2 x|l
m® P
OR OR
DpA OpA
Bl
Ll
-
2k0 &
5000 h 4

>
20KOX

'y
i
<
o
=z
H

ECLFREFIN/ECLFREFINN voPT
PECL Input (FREFIN 3.75kQ o
@ Vil 375Kk ™= m
drme N
oS
Ya Iﬂ
s X A
VDN1 soa () aopa

Frequency Synthesizer
FREFIN

TTL/ICMOS Input
{ECLFREFIN &
ECLFREFINN

@ Vel

VYDP1
D mesona'®
Il
L |
%O
5000
VDN1

SDOUT

Frequency Synthesizer PLL and Clock Recovery PLL
Differential Output Stage TXCLKOUT/TXCLKOUTN,
RXCLKOUT/RXCLKOUTN, RXDATAOUT/RXDATAOUTN

VDPECL1

OR

-

—1
450955 3545053 J
°

\D 25mA

OUTPUT

{7 Vee

Oscillator Circuit

oscouTt

VDP2

NOTE:

PROVIDE NC
CONNECTION TO
XTALINT AND XTALINZ

IF NOT USING oscout

THE OSCILLATCOR

VDPCEL2

DIFFERENTIAL

Line Driver VONZ
DRIVEIN/DRIVEINN
+5V
é‘suu;m h 4
10k ?*10@1\
T DRIVEIN DRIVEINN
33 32
VIL_MIN = "
3+ Vpe+0.18= 0.18Y
2.6V =z
2 15k
b
Line Driver OUTPUT
TXAMPSET Output CURRENT
Current Controf
| 1 TXAMPSET
1.9V Rrxampser
BANDGAP EXTERNAL
REFERENCE
| 1 vDNs3

Line Driver
TX/TXN
Output

TX

TXN

T

Figure 15. Simplified Schematics

-8-

VoL_miN =
3:Vge + 0.18V
2.6V
FROM
DRIVEN
v
VDN3
REV. A



AD6816

THEORY OF OPERATION

Line Driver

The line driver accepts differential inpur data between 100 mV
and 1.0 V peak (ac coupled or ECL common mode), and trans-
mirts the 155 Mbps NRZ data signal through a rransformer and
up to 110 M of Category #5 Unshielded T'wisted Pair cable
(UTP#5) per ATM Forum UNI 3.1 requirements. The user
sers output current, loyr, between 4 mA and 40 mA (cable
removed and 100 Q resistor across transformer) with a single
external resistor. A 1.0 V p-p ourput signal is obrained with an
Ioy of 20 mA, corresponding to an Ry appser = 1114 Q.
Generally, IOUT =223/ RTXAMI’SET-

The line driver does not share any power supplies or biases with
other blocks of the ADD6816. This, and techniques used to stabi-
lize the effective beta of transistors during switching, keeps out-

put common mode current to < 3%.

Crystal Oscillator

The oscillator circuit works with a 19.44 MHz =50 ppm series
mode crystal to provide a TTL level 19.44 MHz £100 ppm
clock ourpur without needing adjustument. Starc-up is guaran-
teed for crystals with series mode resistance < 40 Q. Typical
start-up time for a crystal with series mode resistance is 2 ms.
Power in the crysral is limired to 1 pW rms.

Synthesizer Phase-Locked Loop

The synthesizer PLL provides a 155 MHz PECL outpur clock
from a 19.44 MHz or 9.72 MHz reference frequency. The syn-
thesizer PLL automarically selects x8 or x16 synthesis, based on
the frequency present at FREFIN(N) pins. A signal multiplexer
at the synthesizer PLL input allows the user to select a 19.44
MHz reference frequency derived from the 155.52 MHz recov-
ered clock (loop timing application) or an independent
reference frequency. The device can be configured to support a
PECL/TTL/CMOS-level reference frequency.

The synthesizer PL.L gives phase continuous switching between
independent and loop timing. The 200 kHz time constant of the
PLL smooths the clock outpurt response due to an instantaneous
change in frequency at its input (as in the case of a swicch be-
tween loop timing and independent timing). This guarantees no
runt clock pulses due to switching timing references.

Receiver (Equalizer, Baseline Restoration and Loss of Signal
Detect Circuits)

The Receiver processes an NRZ data stream from a transformer
and up to 110 M of Category #5 Unshielded Twisted Pair cable
(UTP#5). The receiver (Figure 16) consists of an adaptive
equalizer, a baseline restore loop and a loss of signal (LLOS) de-
tector. The adaptive equalizer compensates for intersymbol in-
terference and distortion caused by the cable. The baseline
restore loop corrects for base line wander due to the trans-
former. The LLOS detector indicates a cable break.

The incoming data chooses either the high pass path, shown as
E(s), the straight path or some combination of both. The
strength of each path is determined by the control variable, x.

The loop works by comparing the amplitude of the equalizer
output to the expected value. If the amplitude is too small, the
signal is underequalized and the control variable x is decreased
to choose more of the high pass path. The signal is equalized
when the ourput amplitude equals the reference value. The time
constant of the loop is slow enough so that the equalization
remains constant if the signal amplitude decreases due to the
absence of wransitions.
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Figure 16. Receiver (Equalizer, Baseline Restoration,
Signal Level Detect) Block Diagram

The baseline restore loop also compensates for the baseline
wander caused by the transformer (ac coupling) used to termi-
nate the cable. This loop adjusts the slice level of the dara signal
for lengthy transitionless data runs to ensure that no bit errors
are made upon new rransitions. This loop alse compensates for
a dc offset that could be created by the wansformer processing
non- 50% duty cycle, repetitive data patterns (baseline wander).
The circuit works by subtracting the comparator input signal
from the output signal. The error signal ourput of the subtracter
is added to offset the incoming signal and to keep the average
value equal to the average output. If the equalizer output goes
to zero, this loop will servo the comparator input to the last
logic level.

The LOS detector monitors the ourput amplitude of the equal-
izer and trips when it falls below a predetermined threshold.
The low-pass filter is slow enough thart the detector will nor tip
for less than 800 missing edges.

Clock Recovery Phase-Locked Loop

The phase-locked loop recovers clock and retimes data from
NRZ data. The architecture uses a frequency detector to aid
initial frequency acquisition; refer to Figure 17 for a block dia-
gram. Note that the frequency detector is always in the circuit.
When the PLL is locked, the frequency error is zero and the
frequency detector has no further effect. Since the frequency
detector is always in the circuit, no control functions are needed
to initate acquisition or change mode after acquisition.

The frequency detector delivers pulses of current to the charge
pump to either raise or lower the frequency of the VCO. During
the frequency acquisition process the frequency detector ourpur
is a series of pulses of width equal to the period of the VCO.
These pulses occur on the cycle slips between the darta fre-
quency and the VCO frequency. With a maximum density data
pattern (1010. . . ), every cycle slip will produce a pulse at the
frequency detector ourput. With random data, however, not
every cycle slip produces a pulse. The density of pulses at the
frequency detector ourpur increases with the density of data
transitions. The probability that a cycle slip will produce a pulse
increases as the frequency error approaches zero. After the fre-
quency error has been reduced to zero, the frequency detector
output will have no further pulses. At this point the PLL begins
the process of phase acquisiden, with a setding time of roughly
2000 bit periods.
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Figure 17. PLL Block Diagram

Jirter caused by variations of density of dara transitions (pattern
jitter) is virtually eliminated by use of a new phase detector
(patented). Briefly, the measurement of zero phase error does
not cause the VCO phase to increase to above the average run
rate set by the data frequency. The jitter created by a 27-1
pseudo random code is 1/2 degree; this is small compared to
random jitrer.

The jitcer bandwidth for the PLL is 0.07% of the center fre-
quency. This figure is chosen so thart sinuseidal inpurt jicter at
110 kHz will be awenuated by 3 dB.

The damping rato of the PLL. is user programmable with a
single external capacitor. At 155 MHz, a damping ratio of 5 is
obtained with a 0.15 pF capacitor. More generally, the damping

ratio scales as (fyaa X Co)'™.

A lower damping ratcio allows a faster frequency acquisition;
generally the acquisition time scales directly with the capacitor
value. However, at damping ratios approaching one, the acquisi-
tion time no longer scales directly with capacitor value. The ac-
quisition time has two components: frequency acquisition and
phase acquisition. The frequency acquisition always scales with
capacitance, but the phase acquisition is set by the loop band-
width of the PLL and is independent of the damping ratio.
Thus, the 0.07% fractional loop bandwidth sets a minimum ac-
quisition time of 2000 bit periods. Note the acquisition time for
a damping factor of one 15,000 bit periods. This comprises
13,000 bit periods for frequency acquisition and 2,000 bit peri-
ods for phase acquisition. Compare this to the 400,000 bit peri-
ods acquisition time for a damping rartio of 5; this consists
entirely of frequency acquisition, and the 2,000 bit periods of
phase acquisition is negligible.

While a lower damping ratico affords faster acquisition, it also al-
lows more peaking in the jitcer wransfer response (jitter peaking).
For example, with a damping ratio of 10 the jitter peaking is
0.02 dB, but with a damping ratio of 1, the peaking is 2 dB.

c1
R1 alpF

RCLKOUTN 8o ;;

(ADSB16

PIN 11)

EEa"‘W'J"’

MC12026A or B
- 1.1GHz
MODULATOR PRESCALAR

c4
Vi
2 IN sw  our 0-1MFI RS
ng J; QApF 1 2 3 4 800
RCLKOUT = R7

APPLICATIONS

Application with Fiber Optic Receivers/Transceivers

The AD6816 receiver (adaptive equalizer and baseline restore
loop) can be configured to receive a signal from a fiber optic
receiver or transceiver that provides full PECL or ECL ourputs.
By properly adjusting the common mode and amplitude level,
the AD6816 receiver will be essentially transparent to the
(PYECL inputs. The common-mode input voltage should be
between 1.5 V and 1.9 V referred to Vec. The differendal input
amplitude should be between 0.7 V and 1.1 V. The common-
mode issue can be addressed simply by ac coupling. The ampli-
tude of the (P)ECL signal should be attenuated by two to meet
the above requirement.

Figure 18 provides a simple solution thar satisfies the above
requirements as well as providing proper 50 Q terminations for
rransmission lines when needed. The circuit also allows a conve-
nient way to double pad a PC board for either fiber or copper
cable applications.

D R1 00
PULSE 16 ANy A, 43} RX
PE-58517 2z
MAGNETICS __|AD B2 g 1ooe
15 Ll ‘v‘v‘v & J4)RXN
L
10nF ADG816
—_— R4 S0G: Y
HP vy T 10nF
HFBRS5205
OPTICAL RD RS 500 ure D;:uz-ll.l?rz‘:;mlmns
TRANSCEIVER ——iAy C1 AND C2, MOLINT 02
RESISTORS R1 AND Rz.
R7 & SRE OPTICAL | DISCONNECT 02 RESISTORS
2 y
700 % Fo7in R1 AND Rz, MOUNT
- CAPACITORS C1 AND C2.

Figure 18. Fiber Optic Receiver PECL/ECL Output
Interface to AD6816 Receiver Schematic

Generation of 19.44 MHz TTL-Level Byte Clock from

155.52 MHz Recovered Clock

Some applications require that a local master clock at 19.44 MHz
be generated from the 155.52 MHz recovered clock. Figure 19
shows a circuit schematic for such an application. The circuit
uses one ECL (PECL) IC to divide the recovered 155 MHz clock
by eight, and one ECL/TTL converter IC wo deliver the

19.44 MHz T'TL outpur.

19.44 MHz
TTL CLOCK

2 DIN |11
MC10H350

E ECLTC TTL
3 10
AN TRANSLATOR pouT

+5V

4 |aN F CE|®
E = a 2
5V & o a )
5 6 7 8

v

(ADEB16 =fi
FIN10) -
R4 c3
130::}% 0.1pF ; chwlisgg-r
BV BYS

c5
a1 HFI 130

Figure 19. Generation of 19.44 MHz TTL-Level Byte Clock from 155.52 MHz Recovered Clock-Circuit Schematic
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PECL Output Compatibility with ATM User-Network
Interface IC Inputs

The PECL ourpurs (RXCLKOUT/N, RXDATAOUT/N) are
more than adequarte for driving UNI IC PECL inputs. A focus
on PECL ourpur specifications and on UNI IC PECL input de
characteristics, given below, demonstrates this.

The PECL ourpur levels, specified in single-ended terms over
0°C to +70°C (Voy and Vip), should not be taken at face value.
Since the ourpur signals that Voy and Vo refer to are differen-
tially processed (typical UNI IC “self-biased™ PECL Inputs re-
quire ac coupling), the differential volrage swing between Vg
and Vg determine compartibility. Simply combining the Vi
specification with the Vap yax specification, however, confuses
a compatibility analysis since both Ve and Vg track with tem-
perature. This means Vog mm and Vg, max do not oceur simul-
taneously, but at opposite temperature excremes (refer to Figure
20). Norte that the differential voltage swing (Vog—Vor) remains
> 0.93 V over temperature.

Test results of identical PECL outrputs over temperature reveal
that minimum differential voltage swings at —40°C and at +85°C
equal 0.72 V and 0.81 V, respectively (with 66 confidence).

Typical UNI 1Cs have Vi g and Vi yax de specifications that
require differental drive (Vi pm— Vo max) = 0.4 V. One UNI
IC has Vg ypg and V. yax specifications that require differen-
tial drive > 0.6 V. The AD6816 PECL ourputs have the differ-
ential swing (0.72 V minimum) to drive these UNI ICs
comfortably, and with adequate margin.

o
0.2
04
08 Vou
Vou MIN
> _og N """
| \ —— 4
w waslll
-0 "1
5
9-12
> 0.84V
14 0.93V.
VoL
16 3
e T |
. Mo MAX
—2.0 L L
60 —40 -20 0 20 40 B0 BO 100 120 140

TEMPERATURE - °C

Figure 20. PECL QOutput Levels-Simulation Graph

a
0 o] ofe] g i ] ©
TE2 —_— o)
SRIVERIN DRIVERIN 0sC SYNCHOS
I
oS o
TPL o) Q 0 S=EEE 210
+SV@ + (o] 0] o & ECL
= =T el o) B EYNECL
LI R F2) &
- 27 °° m do00 Laes
-t TTL
“o Fo, i—lmlllnnlh g ° 883888’ = 4
1545 0@ 59 B E 000000 SYNEOL
OOk a0 [» [ | [ 4 = =
op of (O OCD Ele =
e Tl Janwaiw [ NUNENRE! 1. TR
RS Ré
J1TOP 3 »
ct
8 o 000000
DHNHLOG % L% é % L::. . g SYNCLK
DEVICES )
0 0% o 000000000000
ADSE16 TREEERE die
EVALUATION BOARD g a e
ﬁ o
0 pn‘ CRCLK CRCLK CRDATA CRODATA
=
It 4 o O = @ P @A oxp j{%ﬁi
O @Np :(%F‘: = B (= s !"3:"'” g O

Figure 21. Evaluation/Test Circuit Assembly Drawing

REV. A

-11-



AD6816

- i
= wEL vhS e uo%n"H _
31 o\\plr r =
Nouo | ’ My -+ 2 o— = H
FLIN] TOEk veen
gir [ 9EY L84 = 3 A+ bdl ZdL
EMS
= As+ 93%. u\P-: Ll
gEH —
1 - AAA & O—1
HIQHI I W . 3 TR
avo vogt g dMLo vEen | '
zr 520 ¢Sy 80 = ved = ZO00NI gz
T WS -t Sir — °
_ |t n\\P !
= £ uvs A[VN_.._Mmom_oE: - EOONI ©
AS+ b 4T olm VOONI ¥ |dOL
L . i —
vivauo | (o H — Ay _ uoﬂm.c L ot g '7
4o PET RS = i o L s BOONI @
e zEH _Lll _ ao .O._g -4 pLP
E—— _m_ 100N 2
4 [ — —
sk
Agt [:=1] o € B00NI 8
vivau) 4 Ay : Ag+ cea oL ser
H TE89 ELIN]
a :. B8k ity - &5
224 J"I -_ H W L BOONI
ario =
AGH & VS 920 ELIN ] a1 LOONI
& 52H 820 AG+
St _ aaHOLY VoS (]
MNTONAS ' Ay Bt I s
- f—d = = LIy
E:c vost vaen » anco = L] T
S1 W 52y = om:o._&:AlU Lhforfs |8 |2 |o |s |r |E J2 |+ » | H
WG Q0 <« < <00 O00CS® Q3HOLYH ¥l or E:x.u.l w08 [
Bl 3 289982 BBES voe s s £ BOONI_&
p- EEE&E 2338 35¢E fay U0l & AAA AAA A A
HIONAS AAA Zr|90A Al = N Rl ! e ] T2 91 [ A 508 _ b T T
”wy
E: — uh_wo 0 cm.% - _ =] vivauo xl=—x ad oH o TOONT 5
[ bed = Y.1vVaHo SYdAGHO ]
—LI IU uz_.aH T vl 4 AA AA AAA E00NI 8
- €29 INGA 135d001 YWy E—\WVy YWy
a3IHOLVI _ g M vEL  wUeE 3 L
>m+ 508 Ast ] 1030an aL89av 10 = Zd [ [t 3
103NAS HIONAS 440440 [ ——
E:o _ Lt Smonas an XL aaHoLYA s ] svry
[15) T i 8t =
F_ rdaa XL
I
. 8} 3
ELT M INASD £daa ZOONI
£10 [T %€
As+ _|c|FN BNASD 9 [ 1sxL = LOONI
J123NAS 4126000 = YA X z o0 NaA < WL
o o o >
W 4.1 |2 FAzSes223523 ¥e p- A
= 1o T e BR8z68z 33 =
HI — -1
[~ 1 sz |vz|sz |9z |22 |8 [6e Jos |1t fee [e2
VLS S T0E
8l & &~2H ASH AS+H
SOWONAS
UBE  SU8 = =
US> 36 umﬂw L = TOEL
= Gy
m{0>§ S0El
050 08 = s =
1 o—
(=] T | wos Hrid
Hivrer = | oo e -]
4O v
= ._.I ‘NOLLdH2S3a 123HHOD 62 ANY 82 S3HNOIH
e H Agt Agt ANY NOLLAIH2S3A Nid ‘NOILYHNDIANOD Nid 338
NiAYa 4 Fw% "EE ANV Z€ SNId L¥ ANV '8E ANV ££ SNId 91890V 1V
E: ) j . | SOINOWANIN LOIFHHOONI SYH DILVINAHIS SIHL 2
o aHYOd NOLLYNIYAI NO
AS+ QILYNIWHIL ¥OvE8 IHY SLNALNO 123d '+
‘§310N

rand @l—“
4o
ar 20

Figure 22. Evaluation/Test Circuit Schematic
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NOTES:

(1) ALL GRCUNDS TIED TC GROUND PLANE.

{2) CONNECT ALL Vo TRACES AS SHOWN.
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TO ADBB16 AS POSSIBLE

{4) CONNECT R12 AS CLOSE AS POSSIBLE
TO ADBB16

Figure 25. Power and Ground Recommendations
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Using the AD6816 to Interface ATM to Optical and Electrical
Media: Examples

Example 1: ATM UNI PHY Layer(s) Using AD6816 & IgT
WAC-013 (or IgT WAC-413)

The following system implementation examples show how to
implement a 155 Mbps ATM User Newwork Interface (UNI) to
Category #5 Unshielded Twisted Pair cable (UTP#5) using the
AD6816 and either the Ig' T WAC-013 ATM UNI Processor
(single channel) or the I1gT WAC-413 Quad ATM UNI Proces-
sor (four channels). Contact Integrated Telecom Technology
(Ig'T), Gaithersburg, MD, US, (301)990-9800, for informartion
on the WAC-013 or WAC-413 devices beyond that provided
below.

Figures 26 and 27 show generic block diagrams of the single
channel and four channel ATM PHY mterface circuit. The
ATM PHY interface circuirt is made up of a Physical Medium
Dependent (PMD) block and a Transmission Convergence (T'C)

block. The PMD interface block provides the digiral baseband
communication berween ATM user devices and ATM network
equipment. The TC block interfaces with the PHY layer aspects
that are independent of the transmission medium characteris-
tics.

The PMD blocks for these applications use the AD6816 which
provides the UTP#S5 line interface (T'x: Line Driver, Rx: Equal-
izer & Baseline Restoration) and provides an interface to the TC
Layer (Tx: 155 MHz Transmit Clock, Rx: 155 MHz Recovered
Clock and 155 Mbps Retimed Data).

The TC block for these applications use the IgT WAC-013
(single channel) or the Ig' T WAC-413 (four channel). These
devices process and generate A TM cells over SONET/ SDH
frames.

TRANSMISSION

CONVERGENCE
(TC) BLOCK
PHYSICAL MEDIUM
DEPENDENT (PMD) LOCAL BUS
INTERFACE BLOCK
>
lgT* Ry
UTP#S - TRANSFORMER [* ADBB186 ‘:‘;‘;;’:;g UTORIA
CONNECTOR AND 135Mbps UTP#S SONET ATM UNI
> FILTER »| INTERFACE
> » PROCESSOR
- Tx
- UTOPIA

*NOTE: MANUFACTURER'S DATA SHEET IS SUBJECT TO CHANGE.
CONFIRM SPECIFICATIONS BEFORE USING THIS DEVICE.

Figure 26. Single Channel ATM PHY Block Diagram (AD6816 with IgT WAC-013)

PHYSI

ICAL MEDIUM

DEPENDENT {PMD)
INTERFACE BLOCK

TRANSMISSION
CONVERGENCE
(TC) BLOCK

*NOTE: MANUFACTURER'S DATA SHEET I8 SUBJECT TC CHANGE.
CONFIRM SPECIFICATIONS BEFORE USING THIS DEVICE.

UTP#S * TRANSFORMER [* AD6816 -
CONNECTOR AND _ | 155Mbps UTP#S
» FILTER > INTERFACE | LOCAL
: BUS :
-+ TRANSFORMER | ADB816 »
com;ﬁ-oﬁ AND 155Mbps UTP#S 1gT* Rx
» FILTER > INTERFACE  |He WAC413 UTOPIA
sswops (>
SONET ATM UNI
L PROCESSCR T
X
UTP#S -+ TRANSFORMER [ AD6816 » UTOPIA
CONNECTOR AND 155Mbps UTP#S
> FILTER #  INTERFACE
UTP#5 -+ TRANSFORMER |- AD6816 »
CONNECTOR AND 155Mbps UTP#5
» FILTER ]  INTERFACE

Figure 27. Four Channel ATM PHY Block Diagram (AD6816 with IgT WAC-413)
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Single Channel ATM UNIPHY

Figure 28 shows a more detailed block diagram of the single
channel application. The AD6816 provides the WAC-013 with
a 155 MHz Tx clock at PECL levels. The WAC-013 processes
155 Mbps Tx darta direcdy from this 155 MHz clock. The
WAC-013 generates 155 Mbps differential NRZ data at CMOS
levels. These differential data ourput signals data are PECL-
level translated using the 3-resistor network (refer to Figure 25).
The AD6816 processes the NRZ data through its line driver.
The line driver oucput data is processed through an external low-
pass filter and transformer before entering the RJ45 connector.

In the receive section, the NRZ data enters the RJ45 connector
and passes through an isolation wansformer and band-limiting
filter. The adaprtive equalizer in the AD6816 compensates for
the amplitude and phase distortion incurred from up to 110M
UTP#5. The AD6816 baseline restoration loop compensates for
the dc wander that the wransformer introduces to its input data.
Once the signal has been equalized and had its dc level re-
stored, the AD6816 recovers clock and retimes darta. The
AD6816 differential recovered clock signal and retimed differ-
ential data are fed directly to the WAC-013.

45V
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37) TX
DRIVEINN (32 @ TS_SER_DATA-
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™ . oy
TxcLkouT (17} - ——*{39) TS seR cLiv
1500
ADB816 10060 ™
TXCLKOUTN 65} — — (33 T5_SER_CLk- WAC-013
) RXN 1500 155Mbps
SONET ATM UNI
1000 PROCESSOR
RXDATAOUT G:’} —a ———(75) Rs_SER_DATAL
ATM 1500
CONTACT NETWORK 1000
ASSIGNMENT CONTACT # | EQUIPMENT h ) N
RXDATAQUTN G‘}/ = & p{75) RS_SER_DATA-
1 RECEIVE+ + 1500
2 RECEIVE-
3 NOTE 1 L 100¢2
a NGTE 1 RXCLKOUT Gu} ’ b ——>{(79) As_SER CLk+
5 NOTE 1 1508
6 NCOTE 1 1000
D 7 TRANSMIT+ RXCLKOUTN (17} —o »{78) RS SER_CLIK-
D% 8 TRANSMIT— 15060
JACK
*NOTE:
MANUFACTURER'S DATA SHEET IS SUBJECT TO CHANGE.
CONFIRM SPECIFICATIONS BEFORE USING THIS DEVICE.
Figure 28. UTP#5 Application with IgT WAC-013
g
WAC-413
QUAD
155Mbps
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' TXCLKOUTN —( (SEE FIG 30) ]—D TX_SER_CLK+/—
*-(&8) (7) 38) TXN
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rx-(2) (10 a4) RXN
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*NOTE:
MANUFACTURER'S DATA SHEET IS SUBJECT TO CHANGE.
CONFIRM SPECIFICATIONS BEFORE USING THIS DEVICE.

Figure 29. UTP#5 Application with IgT WAC-413

-16-

REV. A



AD6816

Four-Channel ATM UNI PHY

Figure 29 shows a block diagram of the AD6816 and one channel
of the IgT WAC-213 Quad ATM UNI Processor. The AD6816
provides the WAC-413 with a 155 MHz Tx clock at 5V
PECL levels. The 5 V PECL levels are level-shifted using

a 3-resistor network (Figure 30) to drive the WAC-413
TX_SER_CLK + inputs. The WAC-413 processes 155 Mbps
data directly from this 155 MHz clock. The WAC-413 gener-
ates 155 Mbps differential NRZ data at 3.3 V PECL levels.
The 3.3 V PECL signals are level-shifted to 5 V PECL using a
3-resistor network (Figure 31) to drive the AD6816 line driver.
The AD6816 processes the NRZ data through its line driver. The
line driver ourpur data is processed through an external low-pass

In the receive section, the NRZ data enters the RJ45 connector
and passes through an isolation twansformer and band-limiting
filter. The adaprtive equalizer in the AD6816 compensates for
the amplitude and phase distortion incurred from up to 110M
UTP#5. The AD6816 baseline restoration loop compensates for
the dc wander that the wansformer introduces to its input data.
Once the signal has been equalized and had its de level restored,
the AD6816 recovers clock and retimes data. The AD6816 pro-
duces a 5 V PECL differential recovered clock signal and a5V
PECL retimed differential data signal that get level shifted using
a three resistor network (Figure 30) to drive the WAC-413

RX SER_CLK+ and RX SER DATAt inpurts, respectively.

filter and transformer before entering the RJ45 connecror.
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Figure 30. AD6816 5 V PECL to WAC-413 3.3 V PECL Resistor Network
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Figure 31. WAC-413 3.3 VPECL to AD6816 5 V PECL Resistor Network
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3V PECL to 3.3 V PECL Interface Analysis

The following three equations must be satisfied for this inter-
face (in the following example: Ry = Resistor connected to
PECL 5 V, Ry = Resistor connected berween termination line
and destinarion pin, and R; = Resistor connected to ground):

1. Termination Impedance must match trace impedance:

Termination impedance = (Ry X (Ry+ Rp))/
(RH + RAI+ R]_) =50 Q.

2. Resistors need to provide the correct voltage levels:

(VS OURCE — VTERAI _DESTINATI ON) / RAJ = VTER}&LDES TINATI ON)/ RI_J

where Veoprer = 3.67 V (PECL 5 V midpoint) and
VTEMLDESTINATION =2.0 V PECL 3.3 V midpoint).

3. Desired driver current of 25 mA:

Ippive = [(4 = Voest men)/Rul — [(5-4)/Ryl,
where Vigsr mign = (4 X RD/(Ry + Ry) and Ipgppe = 0.025.

The midpoints are used to ensure that the waveforms are cen-
tered at the critical levels. The waveform is actenuated at the
destination because of the voltage divider. Rounding the resis-
tor values to the nearest standard 5% resistors results in the cir-
cuit of Figure 30. A 3.2 V to 4.0 V inpurt swing inco this circuit
creates an outrput swing berween 1.8 Vand 2.2 V.

3.3 VPECL to 5 V PECL Interface Analysis

The common-mode rejection area of the AD6816 line driver
input requires the input signal voltage swing to be above 2.6 V.
This is lower than standard PECL. and helps simplify the termi-
nation resistor network (less driver current is required). In the
following example: Ry = Resistor connected to PECL 5V, Ry,
= Resistor connected berween termination line and destination
pin, and R; = Resistor connected to ground). The following
three equations need to be satisfied for this interface:

1. The voltage swings need o be centered at the correct volt-
age levels:
(5 — Vap_pestinamron)/Re = (Vi _pestmvarion —
Viaip_source)/ R

where Viyn pesmvamon = 3.0 V and Vign sovrer = 2.0 V.

L

. Termination Impedance must march trace impedance:

Termination impedance = (R X (Ry+ Ry))/

3. The voltage for the driver should be within 5% of 1.7 V for
the proper swing:

Veovrer = (5 X Rp)/(Ry + Ry + Rp),

where VSOURCE =1.7V.
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Using these equations, and rounding the resistor values to the
nearest standard 5% resistors, results in the circuit of Figure 31.
This circuit will result in a source voltage swing berween 1.66 'V
and 2.4 V and a destination voltage swing berween 2.79 V and
3.28 V. This exceeds the minimum required voltage swing, with
plenty of margin.

4. Also, the current required by the driver must be less than
17 mA:

Ippive = (2.4/Rp) — [(5 — Vrerm_pestvaTioN men) Re
In this case, the current of the driver is 15 mA.

Example 2: 155 Mbps NIC (Fiber or UTP#5) Using AD6816
& Siemens* ATM Chip Set

The following circuit implementation example shows how to
implement a 155 Mbps ATM Network Interface Card (NIC) to
Fiber Oprics or to Category #5 Unshielded Twisted Pair cable
(UTP#5) using the AD6816 with the Siemens PXB 4240 Syn-
chronous Digital Hierarchy Transceiver IC (SDH'T) and the
PXB 4110 Segmentation and Reassembly Element 1C (SARE).
Contact Siemens Semiconductor, Dusseldorf, Germany, (49)
203 74201 45 for information on the NIC implementation or
PXB 4240/PXB 4110 chipset beyond the informartion provided
below.

AD6816 Interface to Fiber or to UTP#5

The NIC is designed to interface to either Fiber (viaa 1x9
Fiber Optic Transceiver) or to UTP#5 (via wansformer assem-
bly and RJ45 connector). The unused interface is disconnecred
by jumpers.

AD6816 Interface to Siemens SDHT

The AD6816 delivers both recovered clock (associated with the
receive data) and transmit clock to the SDHT. The AD6816
recovers the receive clock from the dara coming in via the fiber
or the UTP#5 and generates the local clock from a 19.44 MHz
quartz. The AD6816 provides the ability to create the local

155 MHz clock (system clock) from either the 19.44 MHz
crystal, an 19.44 MHz PECL- or 'T"T'L-level signal, or the
155 MHz recovered clock.

The AD6816 high speed signal inputs and ourputs operate at
PECL levels. The Siemens SDHT is a 3.3 V CMOS device that
uses IEEE LLVDS levels (Low Voltage Differential Signal) for ics
high speed signal inputs and ourpurs. Refer to the paragraphs
below and to Figures 33 and 34 for the description of the inter-
face berween the AD6816 and the Siemens SDHT IC.

SDHT/SARE/MCI Bus Interfaces

Interfacing to the PCI bus does not require any external compo-
nents. Nor do the two UTOPIA interfaces between SARE and
SDHT. SARE is master and drives the ATMCLK. The connec-
tion of the SDHT to the SARE’s Local Bus Interface needs a
piece of glue logic to adapt bus cycles.

*All trademarks are properties of their respective holders.
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SIEMENS SIEMENS
PXB 4240 PXB 4110
SDHT SARE
AD6816
155Mbps UTP#5 ngg'—
INTERFACE IC
TRANSMIT CLOCK NV
CLOCK GENERATCR >
TRANSMIT CLOCK Ax o
- - Ty > UTOPIA | | SEGMENTATION
UTPES TRANSFORMER X SONET/
CONNEETOR AND LINE DRIVER RECEIVE CLOCK SDH SDH <:>
> FILTER - - "] FRAMING REASSEMBLY
Ryx: RECEIVE DATA - T
EQUALIZER > UToSIA
BASELINE _ TRANSMIT DATA
OPTICAL  [*] RESTORATION [
TRANSCEIVER CLOCK RECOVERY
MODULE
Figure 32. NIC Block Diagram: AD6816 with Siemens ATM Chipset
LVDS to PECL Conversion Vog =+ Vep=+a¥
LVDS levels from the Siemens SDHT can be shifted to PECL o0 Lo
. .. . . = 3 =
levels to the AD6816 using capacitive coupling (Figure 33). I 100nF o
. . “« . . - l L _
This scheme assumes the LVDS ourput @ves the long~ portion TRANSMISSION LINE
of the wransmission line. The passive shifting and rermination (502 PCB TRACE) 100nF
. . . Il [ prrrary
nerwork is locared as close to the PECL inpur as possible. pecLouT } i »| LVDS IN
L L L
1200212002 v =433V $ 1K
100nF NOTE | | siEmEns
: 3 SDHT
LvDS_ouT |— ) il #{ DRIVEIN AD6816 | TO ENSURE PROPER L 200 | MCE |
(500 PCE TRACE) 3 100nF SHOULD BE PLACED 1200 10nF ==
wos ouTp—g__ — }—e——} | DRIVEINN AS CLOSE TO THE ADGB16 I
. DESTINATION PINS AS
NOTE: Voo =45V B 3 POSSIBLE.
>
“sont | mpebANcE MATCHING oo [ | ADE816 BRIEF ANALYSIS:
PRBA24D ALL COMPONENTS SHOULD : 1. TERMINATION IS DONE BY A PARALLEL THEVENIN SCHEME.
2. THE 100nF CAPACITORS PROVIDE AC COUPLING.
ADB816 DESTINATION PINS AS =4 3. THE RESISTOR DIVIDER NETWORK FIXES NEW OFFSET VOLTAGE AT 1.2V.

BE PLACED AS CLOSE TC THE
4702 10nF
POSSIBLE.

BRIEF ANALYSIS:

1. TERMINATION IS DONE BY THE 100 RESISTOR BETWEEN THE DIFFERENTIAL LINES.

2. THE100nF CAPACITORS PROVIDE AC COUPLING TC THE SDHT OUTPUT.

3. THE RESISTCR DIVIDER GENERATES THE NEW OFFSET VOLTAGE (VBE, IN CENTER
BETWEEN PECL VIH VIL) OF APPROXIMATELY 3.7V.

4. THETWO 1k RESISTORE ARE USED FOR DECOUPLING THE TWO SIGNALS.

5. PECL COMMON-MODE VOLTAGE EXTERNALLY SUPPLIED. COMPONENTS ARE
NOT REQUIRED.

Figure 33. LVDS to PECL Conversion

PECL to LVDS Conversion

PECL levels from the AID6816 can be shifted to LLVDS levels to
the Siemens SDHT using either ac coupling or dc coupling
(Figures 34a and 34b). These schemes assume that the PECL
output drives the “long™ portion of the wransmission line. The
passive shifting and termination nerwork is locared as close to
the LVDS inpurt as possible.

FERRITE BEAD

a.

PECL SV (Vec)

45V QY'Y Y l

PECL_OUT —e ;

s

0.01pF

-
-
-

820 4
<

L
F 820

TRANSMISSICN LINE
(502 PCB TRACE)

ADE816

PECL_ouT —€ )

L
F 820

NOTE:
TC ENSURE PROPER IMP

ASPOSSIBLE.

BRIEF ANALYSIS:

1. SHIFTING NETWOCRK BASED ON THEVENIN SCHEME WITH LOWER RESISTOR
REPLACED BY DIVIDER.

2. COMMCN MODE VOLTAGE TRANSFORMED FROM 3.7V DOWN TC 1.4V,

3. DIFFERENTIAL VOLTAGE SWING ATTENUATED FROM S00mV MINIMUM (PECL)
TOC 220mV MINIMUM FOR LVDS.
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Figure 34. PECL to LVDS Conversion
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AD6816 Evaluation PCB Test Results Over UTP#5 Cable and GENERATOR frianisiel
L120 Cable (Foil Twisted Pair) CSA 907T - - CSA 907T

The AD6816 Evaluation PCB supports error free (< 1 x 107! DRIVENNY _y DRIVEIN JUMPER  JUMPER DHIVEHINN* y DRIVERIN
BER) transmission over up to 110M UTP#5 cable or 1.120 PHJ";SI::A ::.1 ;;m:: i :W:C :L MJ;DI:TM
cable. Figures 35, 36, 37 below show the different configura- DEPENDENT (PMD) ORL120 DEPENDENT (PMD)

. ; CABLE
tions tested. Table I1I provides the test results. Note that to INTERPACE CARD 17 5] INTERFACE CARD

' ' - ADBB1E T PARS L& ADBB1E

properly terminate the 1.120 cable (120 Q impedance line), the EVALUATICN BOARD EVALUATION BOARD
. . "NETWORK END" "USER END"

following resistor changes were made to the PCB: R9 = 60 Q, . —- Ty: PAIR #1 (1.2) o 2

RI0 = 60 ©, R11 = 120 Q. T R PARRES TR

CRDATA ¢ * CRCLK CRCLK ' CRCLKN

BER ANALYZER

li =

CSA B07R
SEQUENCE OSCILLOSCOPE BER ANALYZER
GENERATOR TDS 820 CSA 807R
CSA 807T
DRIVEIN * * DRIVEINN DRIVERINN |DHIVEHIN . . A A
— — thure 36. Conf:gurat:on Test Bk?c..k Diagram: Loop-Back

PHYSICAL MEDIUM UTP#5 PHYSICAL MEDIUM with Work Station—End Transmitting Data
DEPENDENT {PMD) OR L120

DEPENDENT {PMD)

INTERFACE CARD CABLE
4PAIRS GENERATOR GENERATOR
EVALUATION BOARD EVALUATION BOARD CSA 07T CSA 907T
"NETWORK END" 5M 5M "USER END"
Ji1 J13 JUMPER JUMPER SM SM
CABLE CABLE CALICIL DH'VE'NN+ *DF‘WE"\' JUMPER  JUMPER DHIVEHINN* ‘DHIVEFIIN
CHDATA‘ *CHCLK CRDATA ,CRDATAN 18 2 J3 Ja J5 CABLE CABLE R Jz d3 B &
== Ty: PAIR #1 (1.2} PHYSICAL MEDIUM UTP#5 PHYSICAL MEDIUM
BEFCI:;:I;EI;;F?EH <— R, PAIR#4 (7.8) DEPENDENT (PMD) OR L120 DEPENDENT (PMD)
INTERFACE CARD [, CABLE T1] INTERFACE CARD
ADEB16 a5 2 palRs LS ADEE1E
EVALUATION BOARD EVALUATION BOARD
Figure 35. Configuration Test Block Diagram: Loop-Back NETWGRK END —» Ty PAIRST (1.2) "USER END"
J11 J13 J11 J13
~4— Ry: PAIR #4 (7.8)
CRDATA ‘ ‘ CRCLK CRDATA CRCLK
BER ANALYZER | ¥ -
CSA 907R

OSCILLOSCOPE
TDS 820

BER ANALYZER
CSA 807R

Figure 37. Configuration Test Block Diagram: Dual

Simplex
Table ITI. BER vs. UTP#5 & 1.120 Cable Length
UTP#5 (100 ) 1.120 (120 ©)
Configuration Path(s) Tested 100 M 145 M 150 M 100 M 175 M 190M
Loop-Back (Figure 32) Tx & Rx < 1.00E-11 < 1.00E-11 < 1.00E-11 | < 1.00E-11 < 1.00E-11 7.50E-06
Loop-Back with W8 Data | Tx < 1.00E-11 < 1.00E-11 6.70E-08 < 1.00E-11 < 1.00E-11 1.00E-07
(Figure 33) Rx < 1.00E-11 < 1.00E-11 < 1.00E-11 | <1.00E-11 < 1.00E-11 1.00E-10
Dual Simplex Tx < 1.00E-11 < 1.00E-11 8.10E-08 < 1.00E-11 < 1.00E-11 2.80E-06
(Figure 34) Rx < 1.00E-11 < 1.00E-11 < 1.00E-11 | <1.00E-11 < 1.00E-11 7.00E-10
OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
44-Pin Thin Quad Flatpack Package (8T-44)
“-“5;‘&-3") {12.00 £ 0.20)
0.030 (0.75)_“__, 0.472 (12.00) sQ —¥]
Ly =HAHARARARARes
A 1 | 22
SEATING p—— ==
PLANE e — (10.0£ 0.10)
[ —
= TOP VIEW == ;’1-3?,;‘3
— (PINS DOWN) F—o “so
[ - — 11
[ — —
[ - — 11
“ lle i
1 1
0.006 {0.15) HHHHHHHHHHH
0.002 (IJ.IJ5)-.*|:—- IJ.D:;:I(IJIZ;I;I) D.D-‘l-é Ia-_45)
0.057 (1.45) BSC 0.012 (0.30)
0.053 {1.35)
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