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Recently there is a lot of interest in high bit- 
rat,e burst-mode receivers [l] - [4]. These receivers 

multiaccess and multimedia networks in which vari- 
ous nodes c,ommunicate with one another via short 

average threshold for the ni - t h  bit, is givrri by: 

Vth[ni, t ] d t  
are inknded  for the future broadband all optical 1 mT 

bursts (or packets) of data.  I t  is important t o  under- 
stand the system perf0rmanc.e of such receivers since 
thev are c~onsiderablv differe.nt from c.onventional re- 

- - 
Vth[nL1 - T A m - l p -  

( p - ( m - w  - p K ) y .  
, ( 1 )  - - 

Ii‘ 
ceivers [ 3 ] .  A previous a t tempt  [’] only gave an un- 
(lerst,anding of the BER penalty due to the length of 
the preamble field of the packet. 

where Ii = T / T ~ ,  and V, is the optimal threshold 
for a c.onventiona1 rec.eiver. The  decay paramrtsrr 
I< has been redefined. It is relat,ed to t,hr t lrcav 

It  was recently shown [ 3 ]  t ha t  the decay time c.on- 
stant, of the adaptive threshold control circuit in the 
receiver can contribute significantly to  the system 
penalty. However, the  previous framework only pro- 
vides an upper bound of the BER performance or 
when the  da t a  are enc.oded with a line code (e.g. 
4B5B or 5B6B). In this paper we provide a more 
complete framework for the  computation of BER 
penalt,y, which can be applied to unencoded NRZ 
data  as well as line coded data.The theoretical model 
can be used t,o explain the observed power penalty 
of previously reported burst-mode receivers [4]. We 
believe this is the first a t tempt  to quantitatively ex- 
plain the observed power penalty. 

We shall use the same burst-mode receiver model 
as that of Ref. [l] or [ 3 ] .  A peak detection circait 
is employed by the receiver to detect the  amplitude 
of the incoming signal for adaptively setting the de- 
tection threshold. I t  is understood tha t  the holding 
t,irne const,ant of the peak detection circuit (rf  ) is 
much larger than the rising time c.onstant (r,.), i.e., 
rj >> r,. Assurning r, < 1/H, where H is the  bit 
rate of t,he da ta  link, the HER caused by erroneous 
“0”s should be the same as tha t  of the conventional 
receivers. T h a t  is, Pel = FJelc,  where the subsc.ript$ c 
deriot,es the HER of a conventional receiver. 

However, FJe0 # P e o C .  This is because the detec- 
tion threshold depends on the holding time constant 
TJ of the peak detectmion circ.uit. When there is a 
large number of consecutive (‘0”s in the input da ta ,  
tjhr threshold will dec.ay rapidly, reducing the sig- 
nal to noise &io (SNR) of t,he receiver [ 3 ] .  Thus, a 
power penalt,y is int,rocluced, i.e., P e o  > FJeoc. 

The threshold of a burst~-motle rec.eiver is deter- 
mined by a Markov process q,,[nz, t ]  [ 3 ] ,  where ni is 
the relat,ivr positmion of the bit, under consideration 
in  a srquericr of consecutive ‘‘V’s, and t is the time 
rrfrrrncr wit-hin t,he bit, intrerval. For a long string of 
cons rcn t ive  “0”s appearing in the input signal, the 

parameter k introduced in Rrf. [3] by the relat)ion 
k = M x Ii, where M is the rnaxirnurn number of 
consecutive “0”s in an encotled da ta  pat,t,ern. 

Assume the network operates with a good rxtiiic- 
tion ratio, i.e., V,, >> Voj j ,  the Q-factor of th r  
ni - t h  bit in a consecut,ive st,ring of (‘0’’s is: 

(2)  
where Q and Q[m] are t,he Q-fact,ors for convent,ion;tl 
and  burst-mode receiver rrsprct,ively. and is t.lir 
rms noise voltage for ”0”s. 

For a pseudo-random input signal wit,h N = 
2” - 1, where N is the Irngt,h of the I’srritlo-ran[loiii 
number seqi1enc.e (F’RNS), t.he ratio of “O”-liit,s con- 
tained in strings of i consecutive “0”s rrlat,ivr to N 
is h. The  average HER can t,lius hr rxprrssed a s :  

F’? fJ( l)FJri + P(0)FJro 

Assume the bit. rate H i n  tshr d a h  l i n k  is IC;b/.s, 
the input impedance and the noise figlira F,, of t ,he 
pre-amplifier are 1 I C 0  antl 1.7~113, t,hr responsivit .y K 
of the photo-detector is l A / W ,  the HER FJe VPI’SIIS 

the optical received power F’,. for uncotlrd ciat.a is 
shown in Fig. 1. The  HER prrformance of t,hr 
receiver depends on the length of tlie PRNS N. For 
N = - 1 ancl I< = 0.05, the power penaIt,y is 
1 d H  a t  a HER of 10-”. From Fig. 1, tlie HER 
preformance will approach t,hr worst, case when n 2 
15. 

For a typic.al 4 H 5 H  or 5HGH encodrd tlat$a for- 
ma t  such as that. provided by Am 7968 I ( ’  from 
AMI) \ , statistical distribut,ions for consecutive “0”s 
are obtained by simulation antl result,s are  shown in  
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Table 1. The NER for these encotlrd dat,a is 

Pl("0") 
PZ("O0") 

log Pe 
l r  

~ H S B  SH6H 
0.21 0.18 
0.079 0.07 1 

2 3 

P3 (" 000" ) 0.008 

z = I  i = l  

(4) 
Ttir relat,ionsliip Iwt,ween t,he decay parameter fi' 

a n d  F'? is shown in Fig. 2.  Here, we compare t,he 
siiiirilat,ion results shown  in Ref. [3]  with the present 
tflieoret,icxl resnlt~s for different, clatfa format. under 
t , l i r  saiiie S N K  (4) = 6 which corresponds to a HER 
of 10-" fo r  coiivrnt,ional receivers). Tlie tlieoret,ic.al 
curves agree wit,li the simulation results very well. In 
t,lie siiniilat,ion, we nse N = 223 - 1 pesndo-random 
signal gcwerat,or t.0 produce an nncodecl NRZ tlat,a 
st.reaiii, t,lins t,he sirriulat,ion resnlt, for the nnc,oded 
t 1 at, a ap 11 roaches t, 11 e 11 11 per 11 oun tlar y . 

We can nse t,he ahove equat,ions to evalnat,e the 
power p ~ i i a l t , y  versns I\' and the results are shown 
i n  Fig. 3.  For a power penalt,y of 1 dH at a HER of 
I u - " ?  A' iiinstj Iw 5 0.05, 0.1, and 0.12 for nncotletl 
t l r h  (1'ftN.C; N = 27 - I ) ,  4H5B ancl 5H6H respec.- 
t.ively. The decay parairietfer k for t,lie 4H5H encoded 
tlat,a is X: = m f i  = 0.3 (since nt = 3 )  which agrees 
witah t,lie result, shown in  Ref. [ 3 ] .  We can also nse 
Fig. 3 t,o predict, the K parameter from t>he power 
peiialt~y of a recently published burstj-rnode receiver 
[4]. A' should be % 0.06 for a penalty of 1.5 d H  

I n  conclusion, we have proposed a more complete 
t,heoretical riiotlel for t,he HER penalty calculation 
of tligit,al opt,ical I)nrst,-rriotle receivers employed in a 
iiiiilt,iaccess T D M A  net,work. This model can be ap- 
p l i~ t l  tlo unencodetl (NRZ)  data as well as line coded 
( n i H n H )  dat,a. Tlie theoretical results agree well with 
ttlie siiiinlation results and it, c,an be used to explain 
the olwmved power penalty of previously reported 
hiirst,-inotle receivers [4]. 

(F'RNS N 2'' - 1) .  
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3 Power penalty versus decay piruneter K for input data. 
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