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Fiber Optic Receiver with Quantizer and
Clock Recovery and Data Retiming

AD8O7

FEATURES
Meets CCITT G.958 Requirements
for STM-1 Regenerator—Type A
Meets Bellcore TR-NWT-000253 Requirements for OC-3
Output Jitter: 2.0 Degrees RMS
155 Mbps Clock Recovery and Data Retiming
Accepts NRZ Data, No Preamble Required
Phase-Locked Loop Type Clock Recovery—
No Crystal Required
Quantizer Sensitivity: 2 mV
Level Detect Range: 2.0 mV to 30 mV
Single Supply Operation: +5V or 5.2V
Low Power: 170 mW
10 KH ECL/ PECL Compatible Output
Package: 16-Pin Narrow 150 mil SOIC

PRODUCT DESCRIPTION

The AD 807 provides the receiver fiinctions of data quantiza—
tion, signal level detect, clock recovery and data retin ing for
155M bpsNRZ data. T he device, togetherw ith a PIN

diode pream plifier com bination, can be used fora highly inte-
grated, low cost, ow power SONET OC-30orSDH STM -1
fiber optic receiver.

T he receiver front end signal kevel detect circuit indicates w hen
the input signal level has fallen below a user ad f1stable thresh-
oM. The threshold is setw ith a sihgk extemal resistor. T he sig—
nal level detect circuit 3 dB optical hysteresis prevents chatter at
the signal level detect output.

The PLL hasa factory trinm ed VC O center frequency and a
frequency acquisition control loop that com bine to guarantee

frequency acquisition w thout false lock. T hiselin inates a reli-
ance on extemal com ponents such asa crystalora SAW Afiler,
to aid frequency acquisition .

The AD 807 acquires frequency and phase lock on nputdata
using tw o control loops that w ork w ithout requiring extemal
control. T he frequency acquisition control oop nithally acquires
the frequency ofthe input data, acquiring frequency lock on
random or scram bled data w ithout the need fora pream ble. At
frequency lock, the frequency error is zero and the frequency
detector has no further effect. T he phase acquisition control
Joop then works to ensure that the output phase tracks the input
phase. A patented phase detector has virtually elin hated pat-
tem Jiter throughout the AD 807.

T he device VC O uses a ring oscillator arch frecture and patented
Jow noise design techniques. Jitter is 2 .0 degrees mm s. T his low
Jitter results from using a fully differential signal arch trecture,
Power Supply Regction Ratio circuitry and a dielectrically
isolated process that provides in m unity from extraneous signals
on the IC . T he device can w ithstand hundreds ofm illivolts of
pow er supply noise w thout an effect on Jitter performm ance.

T he user sets the jitter peaking and acquisition tim e of the PL L,
by choosing a dam ping factor capacitor whose value determ ines
Joop dam ping. CCIT'T G 958 T ype A Jiter transfer require—

m ents can easily bem etw ith a dam ping factor of 5 or greater.

D evice design gquarantees that the clock output frequency w ill
drift by lessthan 20% In the absence of inputdata transitions.
Shorting the dam ping factor capacitor, C  , brings the clock out=
put frequency to the VC O center frequency.

The AD 807 consum es 140 m W and operates from a single
power supply atetther+5V or-52V .
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Parameter Condition Min Typ M ax Units
QUANTIZER-D C CHARACTERIST IC S
TnputVoltage Range @ Py orNy 25 Vs v
Input Sensitivity, Vgzy sz PyNpy,Figurel,BER =<1x107° 2 mv
Input O verdrive, V5 Figure 1,BER = <1x 107%° 0.001 25 v
InputO ffsetVolage 50 500 uv
Input C urrent 5 10 MA
InputRM S N oise BER =<1x107%° 50 pv
Input PkPk N oise BER =<1x101° 650 W
QUANTIZER-AC CHARACTERISTIC S
U pper—3 dB Bandw idth 180 MHz
Tnput R esistance 1 M Q
Input C apacitance 2 PF
Pulse W idth D istortion 100 ps
LEVEL DETECT
LevelD etectRange Rrgresg = NFIN ITE 0.8 2 4.0 mV
Rrgresy = 49.9 kQ 4 5 7.4 mvV
Rrgresy = 3.4 kQ 14 20 25 mvV
Resgponse T in e D C Coupled 0.1 15 Us
H ysteresis (& lectrical) Rrgresg = NFIN ITE 2.3 4.0 10.0 dB
Rrgresy = 49.9 kQ 3.0 5.0 9.0 dB
Rrpresn = 3.4 kQ 30 70 10.0 dB
SDOUT OutputLogicH gh Load = +4mA 36 Y
SDOUT Output Logic Low Load=-1.2mA 0.4 )
PHASE-LOCKED LOOPNOM INAL
CENTER FREQUENCY 155.52 MHz
CAPTURE RANGE 155 156 MHz
TRACKING RANGE 155 156 MHz
STATIC PHASE ERROR 2’-1 PRN Sequence 4 20 D egrees
SETUPTMME (y) Figure 2 3.0 32 35 ns
HOLD TIM E () Figure 2 3.0 3.1 33 ns
PHASEDRIFT 240 Bits, N o T ransitions 40 D egrees
JTTER 2’1 PRN Sequence 20 D egreesRM S
2°3-1 PRN Sequence 2.0 2.7 D egreesRM S
JITTER TOLERANCE f=10Hz 3000 U nit Intervals
f=6.5kHz 4.5 7.6 U nit Intervals
f=65kH z 0.45 1.0 U nit Intervals
f=13MHz 0.45 0.67 U nit Intervals
JITTER TRAN SFER
Peaking (Figure 20) Cp =015 pF 0.08 dB
Cp =033 pF 0.04 dB
Bandw idth 65 92 130 kH z
Acquisition T in e
Cp=01pF 2%3-1 PRN Sequence, T , = +25°C 4%10° 2x10°| BitPeriods
Cp=033uF Vee =5V, Vg = GND 2% 10° B it Periods
POW ER SUPPLY VOLTAGE Vi 0 Vyax 45 55 Volts
POW ER SUPPLY CURRENT Vee =50V,Vgg =GND,
T, = +25°C 25 34.5 395 mA
PECLOUTPUT VOLTAGE LEVELS
OutputLogicH igh, Vg -1.2 -1.0 -0.7 Volts
OutputLogic Low , Vg, Referenced to V¢ -2.0 -18 -1.7 Volts
SYMMETRY ( utyCyck) p =1R2,T,=+25C,
Recovered C lock O utput, Pin 5 Vee =5V, Vgg =GND 50.1 541 %
OUTPUT RISE /FALL TIM ES
RiseTine (&) 20% -80% 1.1 15 ns
FallTme (&) 80% -20% 1.1 1.5 ns

Specifications subgct to change w tthout notice.
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ABSOLUTE MAXIMUM RATINGS PIN FUNCTION DESCRIPTIONS
SupplyVolmage .. ... +12V -
TputVolage Pin 12 orPin 13) . ovvovvonn.. .. Vee t06v  Pin _ o
M axim um Junction Temperature ................. +165°C No. Mnemonic Description
Storage T am perature Range . ............ -65°C to +150°C ) } .
Lead T em peratire Range (Soldering10 sec) ........ +300°C 1 DATAOUTN D ifferential R etin d D ata O utput
ESD Rating Human BodyModel) ................. 500V 2 DATAOUTP D ifferential Retin ed D ata O utput
NOTES 3 Veeo D gitalVe forEC L O utputs
!Stresses above those listed under Absolite M axin um Ratingsm ay cause pem a— . .
nentdam age to the device. T hisisa stress rating only; fuinctionaloperation ofthe 4 CLKOUTN D ifferential R ecovered C lock O utput
devilce at thelse or al_nly oltherl condljijonls above those indicated in thel opera‘dolllal 5 CLKOUTP D ifferential R ecovered C lock O utput
section ofthis specification isnotim plied. Exposure to absolitem axin um rating
conditons Hrextended perivdsm ay affect device reliabiliy . 6 Veer D igitalV .. for Intemal Logic
T hem al C haracteristics: . i
16-Pin N arrow Body SO IC Package: 05 = 110°C W atf. 1 CFl Loop D am ping C apacior
8 CF2 Loop D am ping C apacior
OUTPUT § 5 b
NOISE AVgg Analbg Vgg
T I 10 THRADJ LevelD etect T hreshold Ad st
I 11 AVeer AnalbgV¢e forPLL
| 12 N IV QuantizerD ifferential Input
0 ]
_ ! - 13 PIN Q uantizer D ifferential Input
- INPUT (V, pu
OFFSET v :
' 14 AVeeo Analog V. forQ uantizer
OVERDRIVE .
SENSITIVITY ——— 15 SDOUT SignalD etect O utput
) o ) 16 Vg D igitalV gy for mtemal Logic
Figure 1. Input Sensitivity, Input Overdrive
SfTUP “?'-D PIN CONFIGURATION
su " tH
DATAOUTP U

DATAOUTN [1] [16] Vee

(PIN 2) /]\ /l\
DATAOUTP [2] [15] spour
/ \ v 3 14] Av,
cLKouTp cce [3] [12] Avecs
—/ CLKOUTN [34] AD807  [13] PIN

TOP VIEW
cLkoue [5] (NOT TO SCALE) [12] NN

Figure 2. Setup and Hold Time

Veet E EI AVeer
cF1 [7 [10] THRADJ
cF2 [8 [ o] AVee
ORDERING GUIDE
Model Temperature Range Package D escription Package Option
AD 807-155BR orAD 807A-155BR —-40°C to +85°C 16-Pin N arrow body SO IC R-16A
AD 807-155BRREEL7 orAD 807A-155BRRL7 —-40°C to +85°C 750 Pieces, 7" Reel R-16A
AD 807-155BRREEL orAD 807A-155BRRL —-40°C to +85°C 2500 Pieces, 13" Reel R-16A

CAUTION
ESD (electrostatic discharge) sensitive device. E lectrostatic charges as high as 4000 V readily
accum ulate on the hum an body and test equipm ent and can discharge w ithout detection.

WARNING! @
A Ithough the AD 807 features proprietary ESD protection circuitry, perm anent dam age m ay “

occur on devices subgcted to high energy electrostatic discharges. T herefore, proper E SD
precautions are recom m ended to avoid perfomm ance degradation or loss of functionality .

ESD SENSITIVE DEVICE

REV. A _a_
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DEFINITION OF TERMS

Maximum, Minimum and Typical Specifications
Specifications for every param eter are derived from statistical
analysesofdata taken on m ultiple devices from m ultpl wafer
Jots. T ypical specifications are the m ean of the distrbution of
the data for that param eter. Ifa param eterhasam axim um (ora
m inin um ), that value is calculated by adding to (or subtracting
from ) them ean six tin es the standard deviation of the distribu-
tion . T his procedure is intended to tolerate production varia—-
tons: ifthem ean shifflsby 1 5 standard deviations, the ram aining
4 5 standard deviations still provide a failure rate ofonly 3 4 parts
perm illion . For all tested param eters, the test Iin its are quard-
banded t© account for tester variation to thus guarantee thatno
device is shipped outside of data sheet specifications.

Input Sensitivity and Input Overdrive

Sensitivity and O verdrive gpecifications for the Q uantizer in—
volve offset voltage, gain and noise. T he relationship betw een
the bogic output ofthe quantizer and the analog voltage nput is
shown in Figure 1.

For sufficiently large positive input volage the output is alw ays
Logic 1 and sin ilarly, for negative inputs, the output is alw ays
Logic 0. H ow ever, the transitions betw een output Logic Levels
1 and 0 are not at precisely defined inputvolage kvels, but oc-
cur over a range of mnputvoltages. W ithin thisZone of C onfii—
sion, the outputm ay be either1 or 0, or tm ay even failto attan
avald gic sate. T he w idth of this zone is determ ined by the
inputvoltage noise of the quantizer (650 UV atthe 1 X 107
confidence kvel) . T he center of the Z one of C onfiision is the
quantizer nputoffset voltage 500 WV m axin um ). Input O ver-
drive is the m agn tude of signal required to quarantee correct
Jogic kevelw ith 1 X 1071 confidence level

W ih a singleended PIN -T TA (' igure 3), ac coupling is used
and the inputs to the Q uantizer are dc biased at som e com m on—
m ode potential. O bserving the Q uantizer input w ith an oscillo-
scope probe at the point indicated show s a binary signalw ith
average valie equal to the com m on-m ode potential and instan-—
taneous values both above and below the average valie. It is
convenient to m easure the peak-<to-peak am plitude of this signal
and callthem Inin um required value the Q uantizer Sensitiviy .
Referring to F igure 1, since both positive and negative offsets
need to be accom m odated, the Sensitivity is tw ice the O ver-
drive. The AD 807 Q uantizerhas 2 m V Sensitiviy.

W ith a differential T TA (F Igure 3), Sensitivity seam sto in prove
from observing the Q uantizer nputw ith an oscilloscope probe.
T his isan illusion caused by the use ofa single-ended probe. A
1 mV peak-to-peak signal appears to drive the AD 807 Q uan—
tizer. H ow ever, the single-ended probe m easures only halfthe
signal. T he true Q uantizer Input signal is tw ice this value since
the other Q uantizer Input isa com plem entary signal to the sig—
nalbeing observed .

Response Time

Regponse tin e is the delay betw een rem ovalof the input signal
and indication of LossofSignal (LOS) atSDOUT . T he re-
sponse tin e of the AD 807 (1.5 usm axin um ) ism uch faster
than the SONET /SD H requirem ent (3 Us< response tin e £
100 ps). In practice, the tin e constant of the ac coupling at the
Q uantizer Input detemm es the 1,0 S response tin e.

Nominal Center Frequency
T his is the frequency at which the VC O w ill oscillate w ith the
Joop dam ping capacitor, Cy, , shorted.

Tracking Range

T his is the range of nputdata rates overw hich the AD 807 will
rem ain in lock.

Capture Range

T his is the range of nputdata rates overw hich the AD 807 will
acquire lock.

Static Phase Error

T his is the steady-state phase difference, in degrees, betw een the
recovered clock sam pling edge and the optin um sam pling in—
stant, which isassum ed to be halfw ay betw een the rising and
falling edges of a data bit. G ate delys betw een the signals that
define static phase error, and IC input and output signals pro-
hibit direct m easurem ent of static phase error.

D ata Transition Density, p

T his isam easure of the num ber ofdata transitions, from “0” to
“1” and from “1” to “0,” overm any clock periods. p is the ratio
(0 £p £1) ofdata transitions to bit periods.

Jtter

T his is the dynam ic digplacem ent of digital signal edges from
their ong term  average positions, m easured In degrees m s or
Unit Intervals (U I) . Jitter on the nputdata can cause dynam ic
phase errors on the recovered clock sam pling edge. Jitter on the
recovered clock causes Jitter on the retin ed data.

Output Jitter

T his is the jitter on the retim ed data, In degreesmm s, due to a
gpecific pattern or som e pseudorandom input data sequence
PRN Sequence).

Jtter Tolerance

Jitter T olerance isam easure of the AD 807’s ability to track a
jittery input data signal. Jitter on the input data is best thought
ofasphase m odulation, and isusually gpecified in uni intervals.

The PLL m ust provide a clock signal that tracks the phase

m odulation in order to accurately retin e Jitered data. In order
forthe VC O output to have a phase m odulation that tracks the
dnput jitter, som e m odulation signalm ust be generated at the
output of the phase detector. T he m odulation output from the
phase detector can only be produced by a phase error betw een
itsdata inputand its clock input. H ence, the PL L can never
perfectly track Jitered data. H ow ever, the m agnitude of the
phase error depends on the gain around the loop. At low fre—
quencis, the ntegrator ofthe AD 807 PL1 provides very high
gain, and thus very large jitter can be tracked w ith am all phase
errors betw een input data and recovered clock. A t frequencies
closer to the oop bandw idth, the gain of the integrator ism uch
an aller, and thus less input jitter can be tolerated. The AD 807
output w illhave a bit error rate less than 1 X 107° when 1 lock
and retim ing nputdata thathasthe CCITT G .958 specified
Jitter applied to it.

Jtter Transfer (Refer to Figure 20)

The AD 807 exhibits a low -pass filter response to Jiter app lied
to is mputdata.

Bandwidth

T his describes the frequency at which the AD 807 attenuates
sihusoidal input jitterby 3 dB .

Peaking

T his describes them axin um Jitter gain of the AD 807 in dB .
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Damping Factor, {

D am ping factor, { describes the com pensation of the second or-
derPLL.A hrgervalue ofC corresponds to m ore dam ping and
lesspeaking in the Jiter transfer function .

Acquisition Time
T his is the transient tin e, m easured in bit periods, required for
the AD 807 to lock onto nputdata from its free-running state.

Symmetry—Recovered Clock Duty Cycle

Symm etry is calculated as (100 X on tin e) period, w here on
tim e equals the tin e that the clock signal is greater than the
m idpoint between its “0” leveland s “1” kevel

Bit Error Rate vs. Signal-to-Noise Ratio

AD 807 BitErmrorRate vs. Signal-to-N oise Ratio perform ance is
shown in Figure 11.W ideband am pliude noise is summ ed w ith
the mputdata signal as shown in F igure 4. Perform ance is
shown for nputdata levelsof5mV and 10m V.
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Figure 3. (a-b) Single-Ended and Differential Input
Applications
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Figure 4. Bit Error Rate vs. Signal-to-Noise Ratio
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REV. A _5_

AVge, [o]

400Q 400Q
DIFFERENTIAL L®

INPUT E

Vg = 0.8V
CURRENT SOURCES

HEADROOM > 0.7V
0.5mA¢ 1mA ¢O.SmA ¥
Avge [of

a. Quantizer Differential Input Stage

-/

THRADJ

AVge
b. Threshold Adjust

[e] Vees

[e] sbouT

o] Vee

c. Signal Detect Output (SDOUT)

*| Veeo
450Q 450Q
®| DIFFERENTIAL
o] OUTPUT
2.5mA VD
{o] vee

d. PLL Differential Output Stage—DATAOUT(N),

CLKOUT(N)
Figure 5. (a—d) Simplified Schematics




AD807-Typical Characteristic Curves
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THEORY OF OPERATION

Quantizer

T he quantizer (com parator) has three gain stages, providing a
netgain of 350 . T he quantizer takes fi1ll advantage of the E xtra
Fast C om plem entary B polar (X FC B) process. T he input stage
uses a folded cascode architecture to virtually elim inate pulse

w idth distortion, and to handle hput signalsw ith com m on-

m ode voltage as high as the positive supply. T he input offset
voltage is factory trin m ed and guaranteed t be kess than 500 uv .

REV. A

X FCB’sdiekctric isoltion allow s the different blocks w ithin
thism ixed-signal IC to be isolated from each other, hence the

2 mV Sensitivity isachieved. T raditonally, high speed com para—
tors are plagued by crosstalk betw een outputs and inputs, often
requlting n oscillations when the input signal approaches 10 m V .
The AD 807 quantizer toggles at+ 650 uv (1.3 m V sensitivity) at
the inputw ithoutm aking bit errors. W hen the input signal is

Jow ered below 650 WV, circuit perform ance is dom hated by
nputnoise, and not crosstalk.

0.1uF
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5000  QUANTIZER
0.1pF 50900 INPUT
NIN
< OPTIONAL FILTER
502 5090 :ﬁsnanE BEAD| O-1uF
9—& & £04 48 &
AD807 'S SR vy £ .
3.65kQ 0.1pF F11MHz
7 oAuF | Fowr 3 e 311
INPUT
AVce: [14]-9- ———— \
0.1uF CHOKE
7o *V wBias TEE"
Aveer [111-0——9 wour
7% 0.ApF J;
77 0.1pF
7% 0.ApF

Figure 15. Power Supply Noise Sensitivity Test Circuit
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—  FouwF

Figure 16. Common-Mode Rejection Test Circuit

Signal Detect

T he Input to the signal detect circu it is taken from the first stage
of the quantizer. T he nput signal is first processed through a
gain stage. T he output from the gain stage is fed to both a posi-
tive and a negative peak detector. T he threshold value is sub-
tracted from the positive peak signal and added to the negative
peak signal. T he positive and negative peak signals are then

com pared . If the positive peak, PO S, ism ore positive than the
negative peak, N EG , the signal am plitide is greater than the
threshold, and the output, SD OU T , w ill Indicate the presence
of signalby ram aining low . W hen PO S becom esm ore negative
than NEG , the signalam plitude has fallen below the threshold,
and SD OU T will indicate a loss of signal (LO S) by going high.
T he circuit provides hysteresis by ad j1sting the threshold level
higherby a factor of two when the low signal level is detected .

T hism eans that the nputdata am plilide needs to reach tw ice
the set LO S threshold before SD O U T w ill signal that the data is
again valid. T his corresponds to a 3 dB optical hysteresis.
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Figure 17. Signal Level Detect Circuit Block Diagram

Phase-Locked Loop
T he phase-locked loop recovers clock and retim es data from

NR7Z data. T he architecture uses a frequency detector to aid ni-

tial frequency acquisition ; refer to F igure 18 fora block dia-
gram . N ote the frequency detector is alw ays In the circuit. W hen
the PLL is locked, the frequency error is zero and the frequency

detector has no further effect. Since the frequency detector is al-

ways In the circuit, no control fiinctions are needed to I itiate
acquisition or change m ode after acquisition .

DATA —¢
INPUT

P

| | vCo |
L FpET RECOVERED CLOCK

Y OUTPUT

| RETIMING | »
RETIMED DATA
DEVICE OUTPUT
Figure 18. PLL Block Diagram

T he frequency detector delivers pulses of current to the charge
pum p to either raise or ow er the frequency of the VC O . D uring
the frequency acquisition process the frequency detector output
isa seriesofpulsesofw idth equalto the period ofthe VC O .

T hese pulses occur on the cyck slips betw een the data fre-
quency and the VC O frequency.W ith am axin um density data
pattemn (1010 .. .), every cyck slip willproduce a pulse at the
frequency detector output. H ow ever, w ith random data, not
every cyck slip produces a pulse. T he density of pulses at the
frequency detector output ncreases w ith the density of data
transitions. T he probability that a cycle slip w illproduce a pulse
ncreases as the frequency error approaches zero . A fter the fre—
quency error has been reduced to zero, the frequency detector
outputw illhave no further pulses. At thispointthe PLL begins
the process of phase acquisition, w ith a settling tim e of roughly
2000 bit periods.

Jitter caused by variations ofdensity of data transitions (pattem

jitter) is virtually elin inated by use of a new phase detector (pat-

ented) . Briefly, the m easurem ent of zero phase error does not
cause the VC O phase to increase to above the average run rate
set by the data frequency. T he Jjitter created by a 2'-1 pseudo-
random code is1/2 degree, and this is an all com pared to ran—
dom Jitter.

T he jitter bandw idth forthe PLL is0.06% ofthe center fre-
quency. T his figure is chosen so that sinusoidal input jitter at
92 kH z w illbe attenuated by 3 dB .

T he dam ping ratio ofthe PLL isuserprogram m able w ith a
single extermal capacitor. At 155 M H z, a dam ping ratio of b is
obtained wih a 0.15 UF capacitor.M ore generally, the dam ping
ratio scalkesas (fhara X Cp )M

A werdam ping ratio allow s a faster frequency acqu isition;
generally the acquisition tim e scales directly w ith the capacior
valie. H ow ever, at dam ping ratios approaching one, the acquisi-
tion tin e no longer scales directly w ith capacitor value. T he
acquisition tin e has two com ponents: frequency acquisiton and
phase acquisition . T he frequency acquisition alw ays scalesw ith
capacitance, but the phase acquisition is set by the loop band-

w idth ofthe PL.L and is independent of the dam ping ratio.

T hus, the 0.06% fractional loop bandw idth setsam inim um
acquisition tim e 0£2000 bitperiods. N ote the acquisition tim e
fora dam ping factorofone is 15,000 bitperiods. T his com -
prises 13,000 bit periods for frequency acquisition and 2,000 bit
periods for phase acquisition . C om pare this to the 400,000 bit
periods acquisition tim e specified fora dam ping ratio of 5, this
consists entirely of frequency acquisition, and the 2,000 bit
periods of phase acquisition isnegligible.

W hik a lowerdam pihg ratio affords faster acquisition, talso al-
Jlow sm ore peaking in the jiter transfer response (jitter peaking) .
Forexam ple, w ith a dam ping ratio of 10, the Jiter peaking is
0.02 dB, butw ith a dam ping ratio of 1, the peaking is 2 dB .

Center Frequency Clamp (Figure 19)

An N —channelFET circuit can be used to bring the AD 807
VCO center frequency to within £10% of155M H zwhen
SDOUT indicatesa LossofSignal (LO S). T his effectively re—-
duces the frequency acquisition tin e by reducing the frequency
error between the VC O frequency and the inputdata frequency
atclam p release. The N #'ET can have “on” resistance as high
as 1 kQ and stillattain effective clam ping. H ow ever, the chosen
N FET should have greaterthan 10 M Q “off” resistance and
lessthan 100 nA lakage current (source and drain) so asnotto
alternom alP L1 perform ance.

\J
[i] patacutn Vee [ 18]
[2] patacute  spourt [15—
E Veez AVce E
[2] cLkoum PN [13]
[5] cLkoute NN [12]
Iz Veet AVeet E
N_FET
- 7] cF1 THRADJ [10]
EE CF2 avee [9]
AD807 "

0.02dB/DIV

N
II\\\\‘

10 100 1k 10k 20k
FREQUENCY IN kHz

Figure 20. Jitter Transfer vs. Cp
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Figure 23. Low Cost 155 Mbps Fiber Optic Receiver Schematic

Tablel. AD807—AD 8015 Fiber Optic Receiver Circuit:
Output Bit Error Rate & Output Jtter vs. Input Power

Average Optical
Input Power Output Bit Output Jtter
(dBm) Error Rate (psrms)
-6.4 Loses Lock
-65 75%107
-6.6 94x10™"
-6.7 0x 107
-7.0t-355 0x 107 <40
=12
—360 3X10 <40 48.12ns 1ns/DIV 58.12ns
-365 48x%x1071° Figure 24. Receiver Output (Data) Eye Diagram,
-37.0 28x%x107° —7.0 dBm Optical Input
-380 13%107°
-390 10x107° 503mV
-392 1.9%x107°
-393 Loses Lock ‘....
APPLICATIONS 100mv/

Low Cost 155 Mbps Fiber Optic Receiver

TheAD 807 and AD 8015 can be used together fora com plte
155 M bpsF iber O ptic Receiver (Q uantizer and C lock R ecovery,
and T ransin pedance Am plifier) as shown in Figure 23.

The PIN diode frontend is connected to a singlem ode 1300 nm

lser soure. The PIN diode has3 3V reversebias, 0. 8 AN re—
goonsively, 0.7 pF capacitance, and 2.5 G H z bandw idth . _497mV .....II....

49.12
The AD 8015 outputs P,y and N 4y ¢ ) drive a differential, con— ) " ) 1ns/DIV 59..12ns
stant in pedance (50 Q) low “pass filterw ith a 3 dB cutoffof Figure 25. Rec?’ver Output (Data) Eye Diagram,
100 M H z. T he outputs of the low “pass filter are ac coupled to —36.0 dBm Optical Input

the AD 807 nputs PIN and N IN ). The AD 807 PLL dam phg
factoris setat 7 usihga 0.22 UF capacitor.
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Figure 26. AD807 Application with Epitaxx PIN—Transimpedance Amplifier Module

T he entire circuit wasenclsed in a shielded box. T able T sum —
m arizes resuls of tests perform ed using a 22°-1 PRN Sequence,
and varying the average pow eratthe PIN diode.

T he circuit acquires and m aintains lock w ith an average nput
poweras bw as—-39 .25 dBm .

Table Il. AD807—Epitaxx ERM 504 PIN TIA 155 Mbps
Fiber Optic Receiver Circuit:
Output Bit Error Rate & Output Jtter vs. Average |nput Power

Average Optical

Input Power Output Bit Output Jitter
(dBm) Error Rate (psrms)
0 0.0x 10710 29

-3 0.0x 10710 35

-10 00x 10710 40

-20 00x 10710 37

-30 00x 10710 33

-32 00x 10710 35

-34 00x 10710 36

-35 00x 10710 39

-355 0.0x 10710 40

-36 00x 10710 41

-37.0 0.0x 10710 42

376 05x 10710 43

-380 4%x10° 50

SONET (OC-3)/SDH (STM-1) Fiber Optic Receiver Circuit
A lightwave receiver circuit for SONET /SD H application at
155M bpsisshown in Figure 26, w ith test results given in T able
TI. T he circuit operates from a shgle +5V supply, and usestwo
m aprcom ponents: an Epitaxx ERM 504 PIN -T TA m odule w ih
AGC,and theAD 807 IC .

A 120 M H z, third order, low -pass Butterw orth filter at the out-
putofthe PIN -T TA m odule provides adequate bandw idth (70%
of the bit rate), and attenuates high frequency (outofband)
noise.

REV. A —11=

250mv

somv/ |
DIV

-250mV

38.12ns
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48.12ns

Figure 27. Receiver Output (Data) Eye Diagram,
0 dBm Optical Input

250mv

S50mv/ |
DIv

1ns/DIV

Figure 28. Receiver Output (Data) Eye Diagram,
-38 dBm Optical Input




ADBO7

USING THE AD807

Ground Planes

U se of one ground plane for connections to both analog and
digital grounds is recom m ended .

Power Supply Connections

Useofal0 pUF capacitorbetween V.. and ground is recom -
m ended. C are should be taken to isolate the +5 V pow er trace
W Veey, Pin 3).TheVee, ph isused nside the device to pro-
videthe CLKOUT and DATAOUT signals.

Useof0.1JUF capaciorsbetween IC pow er supply and ground
is recom m ended . Pow er supply decoupling should take place as
close to the IC aspossible. Refer to the schan atic, F gure 21,
for recom m ended connections.

Transmission Lines
U se of 50 Q tranan ission lines are recomm ended orPIN ,N IV,
CLKOUT,andDATAOUT signals.

Terminations

T ern hation resistors should be used forPIN ,NIN ,CLKOUT,
andDATAOUT signals.M etal, thick fim , 1% tkrance resistors

are recom m ended . T erm nation resistors forthe PIN , N IN sig—
nals should be placed as close aspossible to the PIN , N IN pins.

C onnections from +5V to lad resistors forPIN , N IN ,
CLKOUT,andDATAOUT signals should be ndividual, not
daisy chained. T hisw illavoid crosstalk on these signals.

Loop Damping Capacitor, Cp

A ceram ic capacitorm ay be used for the loop dam ping capaci-
tor. U singa 0.15 U, +20% capacior fora dam ping factor of
five provides< 0.1 dB Jiter peaking.

AD 807 Output Squelch Circuit

A simple P-channelFET circuitcan be used In seriesw ith the
Output SignalEC L Supply Vcco, PIn 3) to squekh clock and
data outputswhen SD OU T indicatesa lossof signal  igure
29).TheV.c, supply pih drawsroughly 61 mA (14 m A foreach
of AECL lads, plus5mA foralld ECL output stages). T his

m eans that selection ofaFET with ON RESISTANCE of

0.5 Q willaffect the com m on m ode of the EC 1. outputsby only
31mV.

TO Veet, AVec, AVec2
P_FET

5V

1] DATAOUT;/ Vee [16]
[2] patacute  spour [15}—
3] Veea AVeca E
BYPASS [2] cLkoutn PN [33]
,]; [5] cLkoutp NIN [12]
E Veet AVceq E
[Z] cr1 THRADJ [10]
[eler ppsoy "= [

Figure 29. Squelch Circuit Schematic

OUTLINE DIMENSIONS

D in ensions shown in inchesand (mm ).

16-Lead Small Outline IC Package
(R-16A)

AOAAAMAAR

0.1574 (4.00)
PIN1 0.1497 (3.80)
1 8 0.2440 (6.20)
[0 0.2284 (5.80)
0.3937 (10.00) 0.0196(050) .
0.3859 (9.80) | 5.0099 0.25) **°
Il 0.0688 (1.75)
_______ 0.0532 (1.35) \ T\,
0.0095 (0.25) e > T g >
S S 0.0500 0.0192 (0.49) 0.0099 (0.25) ° 0.0500 (1.27)
0.0040 (0.10) (12n) 0.0138 (035) 3:0075 (0.99) 0.0160 (0.41)
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