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Abstract—The sensitivity of an OEIC receiver depends essen-

tially on the physical sources of device and circuit noise referred
to its input, provided that the inter-symbol interference (ISI)
makes no significant contribution. For well designed receivers,
the latter situation can be realized only at an optimum bandwidth
(fs aB-opt) for a given bit rate (B) or vice versa. In this paper,
we have determined the relationship between the bit rate and
the 3-dB bandwidth for negligible and pre-set levels of ISI for
an optimized p-i-n/HBT transimpedance receiver with adjustable
bandwidth. We have used the SPICE simulations in the frequency
domain to determine the effect of device and circuit noise, and
the SPICE transient analysis to determine the effect of ISI on the
sensitivity. The ratio f3 as-opt/B has been found to vary from
0.65 to 0.45 whenB changes from 10 to 20 Ghps for the OEIC
receiver used.

I. INTRODUCTION

If the ISI is ignored, then one finds that the upper limit of
the operating data rate of a receiver increases agitg is
increased, with the consequent reduction of sensitivity since
(i2) increases with bandwidth. However, when the noise due
to ISl is included in determining the sensitivity, one finds that
for a given data ratéB) there is an optimum amplifier 3-dB
bandwidth ( f3 ap.opt) at which the SNR due to ISI attains
its maximum which in turn leads to the corresponding highest
possible receiver sensitivity. Conversely, for a given amplifier
having a fixed bandwidth, there is an optimum data rate which
will result in the highest possible sensitivity. It is generally
expected that a proportional relationship exists between the
bandwidth and the bit rate, i.e.,

f3 dB-opt — K.B (2)

N RECENT years, several high-speed OEIC receivers sujthere 0 < K < 1. No analytical method has yet been
able for 1.55xm wavelength fiber-optic communicationdeveloped for the determination &, although it is usually
links have been reported in the literature [1]-[3]. Thesgetermined experimentally [6] by observing the so-called “eye

receivers are typically characterized by the 3-dB bandwidiflagram” for clear opening while varying the data rate.

(fs ap) of their low-pass frequency responses and by the|n this paper, we present the results of determination of
minimum detectable optical power, or the so-called sensitivit}t3 dB-opt VErsusB, as well as the minimum required and max-
for a specified bit-error-rate (i.e., 18). This corresponds to jmum allowablefs 45's for specified percentages of IS, using
an SNR of@ = /5/N ~ 6, and thus the detected sensitivitysp|CE transient simulation of an OEIC transimpedance re-

(nP) can be expressed as [4]

hv

7715:7(2 <L%> 1)

ceiver based on p-i-n photodetector and heterojunction bipolar
transistors (HBT's). The receiver was designed with optimized
load resistancéRr) and feedback resistang¢éi;) [4]. The

where (i2) represents the sum of the mean-squared valuest@nsimpedance functio&,(f) and the 3-dB bandwidth of
all physical sources of device, and circuit noise referred to tHe receiver were altered by varying the feedback capacitance
input of the receiver, and all other notations have their usudts) acrossiky. This approach of changing receiver bandwidth

significance.

helps to preserve the operating bias condition, and as well as

For digital signal transmission involving OEIC receiveréhe magnitudes and characteristics of various noise sources of

without equalization at the output, noise arising due to tfee HBT and circuit resistances. This behavior of unaltered
so-called inter-symbol interference (ISI) [5] should also b@ackground noise sources while changifigqs is essential
included in addition tq(i2), as considered later in Section Iv.in order to determine its relationship with the operating bit-
_rate. For accurate determination of the sensitiit?) we first
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Fig. 1. Small-signal equivalent circuit. The design parameters used are o
Cp. = 0.0015 pf, C. = 0.004 pF, Cr = 0.0528 pF, 14,y = 60 €, 2x5 wm?
Teer = 40 Q, 7o = 125k, rx = 3.5KQ2, and gm = 14.28 mS, R; 50 0
respectively. These values are extracted from epi layer structure, geometric }__‘ 3
structure of the device, and dc biasing conditions. C f L

f

reliability characteristics [8]. For the realization of the p- b
i-n/HBT OEIC receivers both the two-level heterostructure Vg

material approach [1], [2] and the single-level unified materi@ly 2. Transimpedance front-end amplifier circuit. Transimpedance-type

approach [3], [8] have been utilized. In the latter approach canfiguration for photoreceiver front-end preamplifier has wide bandwidth
; -~ ; _ d rather large dynamic range characteristics. We fake Ry, and Cy

thick ( 1 um_) “ghtly doped n-type InGaAs Iayer s_erves 6_15 thgn the key variables in optimizing the photoreceiver in terms of bandwidth

collector region of the HBT and as the absorption region gﬁd sensitivity.

the p-i-n photodetector. Besides the structural simplicity, the

unified material approach results in HBT’s with low collector-

base feedback capacitance, and this in turn yields [4] a hig§1 5

f3 aB : f- ratio for the p-i-n/HBT OEIC receiver, wherg qs % ) S

is the bandwidth of the receiver anfd is the effective unity §

current gain frequency of the HBT including the effect of thé: 5

capacitance of the p-i-n detector. Because of these advantag%s)\ Maximally

we have chosen as an example of a high performance OE@:% 10 | Flat

receiver the unified material based p-i-n/HBT receiver systerf[ — (%cf’”:df'?;)

Both the effects of device and circuit noise sources as wef§§ -8

that of the inter-symbol interference are included. s \

. . S -20 \

The small-signal equivalent circuit parameters of the HBTg

based on the material and device structure described above &n 5

be extracted from a knowledge of the dc biasing conditions 1 10 100

following the methodology presented in [10] and later as
used in [4]. We have taken a moderate collector current
density of5 x 102 A/lcm? consistent with the collector dopingFig. 3. Transfer function for variabl€’y. WhenC is 1 fF, the transfer
concenration ofx 10 cm- and electron saturation velocity 2%, TSl et e feredsecy o b overcanpio
of 2 x 107 cm/sec and an emitter area @f x 5 um?. with enlarged bandwidth. The 3-dB bandwidths obtained are 9.45, 9.12, 8.00,
This corresponds to the collector currefig = 0.5 mA and 6.07 GHz forC'y = 0,1,3, and5 fF, respectively.
and base currenfz = 10 pA, assuming a current gain
of 50. The intrinsic transconductance fér = 0.5 mA is feedback component3; andC. In this circuit, feedback also
~16.7 mS for an assumed ideality factor of 1.2. The effectileas impact on the noise performances of the amplifier. For
transconductanceg,, assumes a value of 14.28 mS due to than appropriately selected value &f, satisfying the biasing
emitter series resistanee, = 10 ) for the assumed contactconstraints, this circuit has been shown to have an optimum
resistivity of 10°¢ Qcm?. In the equivalent circuit model value of Ry, together with a preferred value af; that
shown in Fig. 1, the effects of. on ¢, g., andg. have been provides maximally flat frequency response [4]. In our circuit,
included, and values of all other parameters are indicateddfier selectingfl;, we take the optimum value aofl; and
the figure caption. The intrinsic cut-off frequency of the HBTC; as the key variables in order to systematically change
structure, f, = gm/2mer, can be calculated to be 43 GHzthe photoreceiver bandwidth and sensitivity. The advantage
excluding the effect of the collector-base capacitance. Thi§ varying C; lies in the fact that we can vary values Gf
corresponds to an effective emitter-to-collector transit time wfhile keepingR; constant simply by changing the geometrical
3.69 ps, of which 2.12 ps is associated with the thick collectaspect ratio ofiZ;. The resistor elements of the circuit are
depletion region, 1.32 ps is associated with the emitter junctiassumed to be realized by a subcollector n-InAlAs layer. The
capacitance, and 0.25 ps is associated with the base region’-InGaAs collector layer is patterned to make contact pads
As shown in Fig. 2, we choose transimpedance type cdior the sub-collector resistor elements, and the capacitéfce
figuration for the photoreceiver preamplifier due to its widarises due to the fringing effects between them. The value of
bandwidth and rather large dynamic range. The frequen€y ranges from fF to several fF's. Fig. 3 shows the transfer
response of the transimpedance amplifier is determined foyictions for the front-end receiver circuit for different,
the details of the circuit design, including the effects ofalues.

Frequency ( GHz )
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I1l. NOISE ANALYSIS WITH A REALISTIC TRANSFERFUNCTION  wherel, andI; are known as Personick’s constants and have

The conventional analysis expresses the overall equivaldi values of 0.56 and 0.083, respectively, for rectangular input
noise spectral densit§( f) due to device and circuit physicalPU!Ses and raised-cosine output pulses under NRZ encoding,
noise sources referred to the input of the transimpedarfédd B is the bit-rate. Considering théi 5 in (6) represents the
preamplifier stage of the p-i-n/HBT receiver in the followingeﬁeCt'Ve noise bandwidth of the receive?,should be treated

manner [4], [7]: as the cut-off bit-rate or data rate of the receiver [6] which
’ ALT in turn is determined by its 3-dB bandwidth. By comparing
S(f) = n +2¢(Ip + IpARK) (5) and (6) and assuming that the noise bandwid#i and
f

) ) I 1Z(f)|?df are identical, it is possible to obtain effective
kT < f ) + gl - < / ) 3) values ofl, andI; as given below

- Tob! + Tee . fex . f‘r’ . B fooo |Z§1(f)|2df
The first term and the third term in (3) are the thermal noise 2eft =7 p (7)
contributions from the feedback resistoR;) and the sum 22 2120 f)2df
of the base resistance and the emitter resistéange+ r. ), I3y = 22 BI?: . (8)

respectively. The second term is the shot noise contribution
d_ue to the dc base currefis) an_d the dark current of PN 1 & and Li.g values knowing the transimpedance function
diode(/psrxk), and the last term is the shot noise contributio

X 9nd performing the integrations involved. In the evaluation
due to dc collector currenj_t[c). Here we have ignored the _1_/fof these parameters and also for the sensitivity calculation

.”O'S‘? and g.—r.n0|se contr|but|on§ ?S their |mpe}ct 9” Sens't'vméscribed later, we have used exact transfer function instead

external cut-off frequencyex ~ 1/27(ry + 7ee)C, and the
unity current gain frequency,s = g,,/27(Cr+C,) whereC,
is the capacitance of p-i-n diod€}; is the input capacitance

For a given receiver, it would be of interest to determine

pointed out by Morikuniet al. [12] allows more realistic

estimation of the noise performance of a given receiver system.
) ) An analytical method has been adopted in [12], while we
and g, Is the transconductance of the input HBT. use SPICE simulation to obtain numerical results for our

The noise voltage produced at the output port of the traﬁii-n/HBT receiver front-end involving differenf; 4 values.

simpedence amplifier as a result of the input equivalent noiseOur simulation results are shown in Fig. 4(a) and (b) illus-

Sources can be representec_i as the product of the input Spe‘f%?‘fng the integral factoréd,;.; and Is.g values, respectively,
noise density and the magnitude of the transfer funclie(f) versus the 3-dB bandwidth of the receivers. We can see that
squared, integrated over the entire amplifier passband [1 ice the circuit parameters are fixed, i.e., the 3-dB bandwidth
[12] is fixed, the integral factor assumes a fixed value. However,
) o0 ) for the Personick’s integrals both the integrated vallie8
<Uout> :/0 SOz (DI df- (4)  and I, B? vary with the operating data rate unless the same
is replaced by the cut-off bit-rate of the receiver yet to be
Using (3) and (4), the overall noise current generated in tietermined. In the figures, we can see that if the effective
receiver front-end can be obtained by dividing the outpifitegral factors are larger than the Personick’s integral factors,

noise voltage, (4), by the squared magnitude of the frequengjie conventional noise analysis yields more optimistic results,
independent portion of the transfer functida-(0) namely, and vice versa.

2 _ 4k_T =~ / 2
<L">CIR N { R; +2q(ls + IDARK)} /0 [ Zr (DI df IV. NOISE ANALYSIS WITH |ISI CONSIDERATION
4kT 1\? 1)\?2 As previously mentioned, since we have omitted an ap-
oy + Tt <E> +2qlc - <ff) propriate equalizing network at the receiver's output, the ISI
o will not be negligible at the output. The ISl is an important
/ 2\ Z(H)df (5) signal degradation source in digital signal transmission which
0 comes from the band-limited transmission channel including
where | Z3.(f)| = [Z7(f)|/|Zr(0)]. the receiver. When the channel bandwidth is close to the

Alternatively, if one follows the procedure in [7], where it issignal bandwidth, the rise and fall times of the signal will
assumed that rectangular input pulses always produce raisggteed the duration and cause the signal pulses to overlap.
cosine output pulses, or there is a suitable equalizer in ordel{Re any other source of interference, ISI causes degradation
render the output of the receiver to become the desired raisgflithe performance of the detection system. It is a particularly
cosine function, one obtains the following expression for th@sidious form of degradation because increasing the signal

total input noise current power will not improve the error performance [5].
2 | 4kT 20(In 4 I I.B For the case of low data rate transmission systems, various
<Ln>cm ~ Ry +2¢(Ip + Ipark)| 12 forms of compensation can be applied to reduce ISI such as

adaptive equalization algorithms. More recently, Hollenhorst

I;B% [14] discussed the use of a linear filter to achieve ISI-free
operation and optimum sensitivity in digital optical receivers

(6) operating at low bit rates. However, in optical data transmis-

4kT 1)’ 1)
(=) +2qle-
Thy! +T€,e’ <fex> *e <f7">
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04 | T gggps Fig. 5. Transient responses for an input of @& (—22 dBm) magnitude
ps at 10 Gbps NRZ data rate: (a) is when the 3-dB bandwidth of the circuit is
03 much smaller than required{ 45 /B <« K). The transient response tends to
5 attenuate the pulse height causing the SNR fall to monotonically; (b) is when
- an optimum bandwidth is used making the pulse shape sinc-function-like for
0.2 o - - an ISl-free operatior(f;3 ag/B ~ K); (c) is when the 3-dB bandwidth
is excessively large for the operating bit rat¢s 4s/B > K). The
0.1 [ commrrr———— i — accompanying higher frequency transients in the output pulse cause the ISI
” to increase.
0
5 6 ’ 8 9 Then the ISI contributions from one isolated pulse to
3dB-Bandwidth (GHz) . K
) other symbol durations are given as

Fig. 4. Comparison between the integration factors. The conventional
Personick’s integralsl> and I3 are 0.56 and 0.083, respectively, for
rectangular input pulses. We define effective integral factors as (a)

AV AREEY z! 24
L = 0 VEOPY oo o) Ly = do VDY e oiig
bold lines in (a) and (b) show the bandwidth mdependent Personick’s
integral valuesl, and I3, respectively. In the figures, we see that if the

effective integral factors are larger than the Personick’s integral factors, the
conventional noise analysis yields overly optimistic results.

sion systems operating at high data rates, no useful methods
are available that guarantee ISI-free operation. Consequently,
we must take ISI into consideration from the beginning of the
design process and minimize effect of ISl by changing the
circuit design parameters.

In this paper, we make the following assumptions to take

ISI into consideration.

1) Assume the input pulse shapg(t) arrives at the pho-
toreceiver without any distortion or delay. For example,
we can take the ideal rectangular pulse, gaussian pulse
for light signal from fiber, or exponential pulse for
dispersive medium. In our simulation we take NRZ
signal at 10-20 Gb/s. Given the operating data rate, we
take one period input pulse and examine the amount of
spreading of the same at the output over into the other
symbol durations.

2) Calculate the convolutiole,:(t) = vin(t) * h(¢) us-
ing transient analysis tools whevgt) is the impulse
response of the receiver circuit.

3) Assume that we can detect the pulse with well-designed
timing circuits, and define the peak output signal voltage

as 4)
Vp = Vout (t)|peak = Vout (tp) (9)

Unk = Uout(tp + kT)v k= 17 27 37 v (10)
The above quantity is not predictable because we do not
assume the knowledge of the bits preceding the present
one. Then the total ISI contributior, to the present bit
can be written as

n = Z AEUnk (11)
wherea;’s are the data (i.e., 1 or 0) contained in each
bit.

The randomness af;, and therefore, of,,, leads to the

evaluation of the variance af, as noise power. For a
bipolar coded signal, this can be written as

> vd (12)
k=1

This variance can be converted into input equivalent
current noise using

(v hisr = otsr =

{v7)
_N/IST 13

(in Yist = | Z7(0)]2 (13)
where Z1(0) is the dc transimpedance. Thus, we define
SNR of ISI using currents as

52
SNR |11 = <2L—5> (14)
<'Ln>ISI

Fig. 5 shows typical transient response curves of the
OEIC receiver for a specific input pulse with three
different 3-dB bandwidth at a given data rate.
Consider the overall probability density function (p.d.f.)
including the effects of both the circuit noise and ISI.
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The p.d.f.’s for the circuit noise and ISI are given as

1 _(v=<vp>)?
fomr(v) = — ™o (15)
cir(v) o/ 2n
and
1 28
fis(v) = o 3 8(v =), (16)
k=1

respectively. The overall p.d.f. is given as the convolu-
tion of the two

Joverall(v) = famr(v) * fst(v)

2N

= Y eml—w). (D)
k=1

The result is represented by a sum of displaced gaussian0-006 —0.004 —0.002 0

distributions, with the amount of displacement depend-

555

Probability |

0.002 0.004 0.006

Voltage

Ing on the magnitude O_f |S|; We _approximate tr_“&ig. 6. The overall p.d.f. of the noise: (a) is when only the Gaussian circuit
function as another gaussian with a single variance givesise is considered; (b) is when ISl is also included for an SNR of 360; and
as (c) is when the Gaussian approximation is applied in (b).

<Ur%> = <U721>CIR + <U721>ISI (18)
or in terms of current

<L$L> = <ii>cm + <i721>151' (19)

This is a worst case approximation and yields slightly
pessimistic sensitivity results. Fig. 6 shows the p.d.f.
of the noise when only the gaussian circuit noise is
considered [Fig. 6(a)], when ISl is also included for an
SNR of 360 [Fig. 6(b)], and finally, when the gaussian
approximation is applied in (b) [Fig. 6(c)]. One can see
the profiles in (b) and (c) are wider than in (a), but
are very similar to each other. Close examination of the
tails, however, reveals slight difference between the two.
This profile in (c) is slightly wider and the corresponding
sensitivity value is slightly worse. We will describe this
in some more detail later.

5) For the calculation of the overall sensitivity, we modify
the conventional equation

WP =0y (i2) (20)

to include the effect of ISI. The fact thatP is the
input optical power and thaﬁ% is the current signal
generated, of,, with the gaussian approximation noted
as (19) makes (20) into

1 1 . .
Qb \/<ZTQL>CIR+ (i )1s1
hv/q
_ <'L%>CIR <i721>151
P \? i2
()
(i) cm 1
= . 21
()’ " SNRsr =)
hv/q

Then, rearranging (21) gives

. <LTQL>CI§{ (22)

Q% T SNRJis

where SNR |51 > @Q? and (i2)crr represents only the
device and circuit noise of the total receiver noise.
As described above, the gaussian approximation gives
slightly pessimistic sensitivity results bringing in more
sensitivity degradation than the actual degradation from
ISI. We have calculated this error using (17)—(22) at 10
Gbps for a BER of 106° and a signal power of-22
dBm. For SNR|igr's of 1500 and 360, the errors are
only 0.03 and 0.22 dB, respectively. The small errors
together with the similar profiles of the p.d.f. shown in
Fig. 6 enable us to use the gaussian approximation in the
further evaluation of data points described below. With
the use of (22), the analysis can proceed with much
simpler computation.

For the bit-error-rate of 1@ or @ = 6, and optical
wavelength of 1.55:m, (22) can be recast as follows:

S B e

When Q% /SNR|sr < 1, the degradation or change in
sensitivity due to ISI compared to that without ISI, can
be approximated as

Q2
SNR|ISI
Thus, for Q? = 36 and SNR|s1 ~ 97, (24) yields
A(nP) = 0.8 dB, whereas (23) yields 1 dB.

A(nP) ~2.17 (dB). (24)

The results of transient analysis based on assumptions made
in (9)—(14) yield numerical data on noise arising from the
receiver front-end due to ISI. Fig. 7 shows SNR due to ISI
alone. At the first glance we see that for a given data rate
there is an optimum 3-dB bandwidifys 4g.op:) at which
a maximum SNR|isr is obtained. For a given bit-rate, as
the 3-dB bandwidth increases aboye qp_op: the transient
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Fig. 9. Minimum required 3-dB bandwidth and maximum allowable 3-dB
Fig. 7. The bandwidth dependent signal-to-1SI-noise ratio. At a given davandwidth for various signal-to-ISI-noise ratio. For each pair of lines corre-
rate there exists an optimum bandwidth for an almost I1SI-free operation. gponding to a signal-to-ISI-noise ratio, the upper and lower traces show the
lower bandwidth, the attenuation of pulse height causes the fall of SNR. Aaximum allowable and minimum required 3-dB frequencies, respectively.
higher bandwidth, the transmittal of higher harmonics increases IS| causing

SNR to decrease. 1 )
0.9 8
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3-dB Bandwidth (GHz) Fig. 10. K versus data rate. We define thefactor asfs qp.opt = K - B

. . L o (0 < K < 1) wherefs aB_opt is the optimum 3-dB bandwidth obtained as
Fig. 8. The bandwidth dependent overall sensitivity: The sensitiit?) iy Fig. 8, andB is the operating data rate. We see thaexhibits the values
versusf; gp for variousSNR |17 values obtained from (14) together with rom 0.65 to 0.45 wherfs 4p_ope Varies from 6.5 to 8.1 GHz or alteratively

data in Fig. 7. The lower solid curve represents the sensitivity in absencey@{en the operating data rate B varies from 10 Gbps to 20 Gbps. (Ideally
ISI. K = 0.5).

response tends to transmit all higher harmonics and thse data given in Fig. 7 foSNRJis; at a given bit-rate

increases 15| causing SNR to decrease rapidly. If the 3- sults obtained by this procedure are presented in Fig. 8.

banddW|dth decreaseﬁ be'ﬂfé dﬁ"?l“h the tre_ln5|err]1t rseﬁlpéonse%ﬂe lower solid curve represents the sensitivity in absence
tends to attenuate the pulse height causing the to ISI. It can also be seen that, for all cases shown, as

monotonically as can be seen in Fig. 7. It is important e bandwidth is varied, the minimum of a sensitivity curve

note the peak values of thNR|ist at f3 ap-opr @re SO 4o, 5 given bit-rate almost coincides with the lower solid
large that the sensitivity is practically unaffected by ISI foEurve. This results from the high peak valuesSoR|rs; as

this optimum 3-dB bandwidth. If the transient response W%‘%picted in Fig. 7. The sensitivity versys 4z curves also

a pe'rflect sinc fqnction, and_ Whell = ,1/,2f’ under this indicate that if a certain degree of ISI can be considered
condition acco_rdlng to Nyquist, transmission with zero Isécceptable, then receivers with two values ffqs wil
would be possible for_ the sz_i"eSt value_lifor the h|ghes_t satisfy this requirement. Thus, by takirtNR|isr values of
value of B [5], [13]. Since deviation from ideal sinc functlorboo, 100, and 50 from Fig. 7, the corresponding sensitivity

will occur in a practical receiver under pulse excitation, th\'?alues can be reduced by 0.43 dB, 0.97 dB, and 2.76 dB
ratio f3 ap-op/ B will differ from its ideal value of 0.5 as can respectively, relative to the sensitivity values when ISl is

be seen below. negligible. By this approach the respective higher and lower
bounds off5 yg can be readily obtained from Fig. 7 and 8.
Thus, for a given bit rate we can have one receiver with the
Once the contributions from all device and circuit noiseninimum required( f3 4g|min) @and another with a maximum
sources have been determined, the graphical plots of #iowable(fs 45|max) 3-dB bandwidths. Curves showing the
sensitivity (nP) versusfs 4g can be obtained from (14) usingdependence of these receivers 3-dB bandwidths on the bit rate

V. THE BIT-RATE-TO-BANDWIDTH RATIO
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are depicted in Fig. 9. The curve in Fig. 10 clearly indicates
that the K'-factor representing the ratio of the optimum Valui/m]
of 3-dB bandwidth to the bit rate as defined in (2) can va
from 0.65 to 0.45 as the; gp_p; Changes from 6.5 to 8.1
GHz or the operating data rafe varies from 10 Gbps to 20
Gbps. While these data provide the OEIC receiver designegts)
a clear guidance as to the optimufy 4g for a given data
rate or vice versa, the data presented in Fig. 9 indicate t §
lower and upper bounds ¢k 4g for predetermined extent of
degradation or reduction of the sensitivity. (14]

[11]

VI. CONCLUSION

In this paper, we have utilized SPICE simulation approach
to analyze an optimized p-i-n/HBT OEIC transimpedance
receiver with adjustable bandwidth. For precise determination
of effective noise bandwidth and receiver sensitivity, based on
all physical device and circuit noise sources, we have used
the frequency domain responses of the receiver with adjustas
bandwidths involving numerical integrations. This approad
provides the most accurate results for practical OEIC receivg
where no equalizers are used at the output, and hence the
of standard Personick’s integration constant is unrealistic.

We have also analyzed the effects of ISI by examinin
rectangular pulse response of the optimized and adjusta
bandwidth receiver with varying bit-rate by SPICE transie
analysis. This approach has enabled us to determine the
optimum bandwidth( f3 4qp.opi) fOr a given bit-rate for the
highest possible sensitivity, i.e., when the impact of ISI
is negligible. By lowering the sensitivity specification by a
predetermined amount, i.e., by accepting some degree of ISI,
we have also determined the lower and upper bounds gf
suitable for the transmission of a given data-rate.
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