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A CMOS Optical Preamplifier for Wireless
Infrared Communications

Khoman Phang and David A. JohrSenior Member, IEEE

Abstract—This paper describes a CMOS optical preampli- A wide bandwidth and dynamic range can be achieved in
fier suitable for infrared wireless data communications. The part by using a transimpedance amp]iﬁer as the preamp”ﬁer

preamplifier consists of a differential CMOS variable-gain tran- stage of the receiver [2]. However, the inherent dynamic
simpedance amplifier embedded in a larger feedback loop used to . S o .
range of a fixed-transimpedance amplifier is typically not

reject photocurrents generated by ambient light. Fabricated in a I~ _ A )
commercial 0.35xm CMOS process, the preamplifier consumes Sufficient for an IR wireless receiver. Techniques that extend

8 mW at 3 V, and provides 70-MHz bandwidth over a 77-dB the dynamic range right at the preamplifier include varying the
dynamic range with a maximum transimpedance gain of 19 K. hreamplifier gain [3], [4], and placing a variable signal atten-
Igﬁa?iiﬂdivr\]mggirlls. controlled within a factor of two over a 31-dB uator before thg prearr_\pliﬁe_r [5], [6]. The second techqique
_ o ) uses a bipolar differential pair as a current attenuator. Bipolar
prg;dn?gnggmsﬁggﬁmv?irr];tgscsurrigtéaizﬁlg:t}oi?OS:; ;ﬁg;@_ transistors are required because their exponential voltage-to-
transimpendance amplifier. ' current characteristic ensures a welljregulated photodlodg bias
voltage across many orders of magnitude. The need for bipolar
transistors makes this technique unsuitable for CMOS. The
. INTRODUCTION first technique, however, poses its own set of challenges.
HE proliferation of free space, infrared (IR) wirelesdReported variable-gain transimpedance amplifiers based on
data links in laptop computers, computer peripheraladitional designs are difficult to stabilize [3], [4]. As a result,
and digital cameras has helped drive new developmentstley require multiple variable resistors that are heuristically
optical receiver design. While traditional applications sucline tuned, making these circuits difficult to design and prone
as fiber-optic networks have emphasized speed, IR wireléssmodeling errors. This paper presents a two-stage, differ-
communications emphasizes system integration and low casttial transimpedance amplifier whose stability depends only
Consequently, commercial digital CMOS is preferred ovem the tracking of identical pairs of resistors. In contrast
higher speed technologies, such as GaAs or bipolar. to the designs reported in [3] and [4], the bandwidth of
The three principal requirements of an IR wireless preartkis amplifier is well controlled over the entire gain range.
plifier are a wide bandwidth, a wide dynamic range, and tt@ontrolling the bandwidth improves sensitivity by rejecting
ability to reject ambient light. IR wireless receivers have morsut-of-band noise without the need for additional filtering.
modest bandwidth requirements than fiber-optic receivers. Thighough a constant-bandwidth variable-gain transimpedance
is due to the need to keep costs low and the fact that re|ativ@_|mp|ifier was presented in [7], experimental results for that
large photodiodes are required in order to make up for the pafark have yet to be reported.
losses that occur over free-space transmission. Current Infrared‘here are two main alternatives for rejecting ambient ||ght
Data Association (IrDA) standards support data rates of 4 M@ the preamplifier. One solution is to place a high-pass
[1], and future standards for rates of 100 Mb/s and highgésistance—capacitande@) network at the input of the pream-
are being investigated. A wide dynamic range is essential F'bnﬁer, as shown in Fig. 1(a) [6], [8], [9]. Here, the high-
order to accommodate variable link distances. IrDA standarﬁigquency signal current, passes through while the dc com-
allow a range of 0-100 cm, over which the signal power M&bnent],. is blocked and shunted away through resistor
vary by five orders of magnitude [1]. Since the receiver igpis solution has two major drawbacks. First, for monolithic
meant to operate in the user environment, it must be ablejfgylementations, large on-chip resistors and capacitors are
detect signals even in the presence of strong ambient light. -ty jired to achieve sufficiently low cutoff frequencies. These
situatioqs wh_ere the signal is weak, the _photocurrent gener sive elements occupy area and are sensitive to parasitic-
by ambient light can overwhelm the signal. IrDA standards,, sied noise. Second, the bias voltage across the photodiode
specify a maximum ambient light level that is more than 100, a5 with the average photocurrent since the voltage at the
times larger than the minimum signal. anode is given bylg. x R. As a result, the overall receiver
) ) ) ~bandwidth is affected by the signal and ambient light levels.
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An alternative is to use average-level detection. Although this Pt o

is essentially achieved in the preamplifier presented in [12], @ ()

the resulting dc rejection is more of a side effect of theig. 3. Differential output waveforms. (a) Without ambient photocurrent

biasing requirement of the preamplifier. This paper preseff&ction- (b) With rejection.

an alternative structure in which the feedback loop does

not impose constraints on the design of the transimpedange circuit. Perfect matching ensures that noise injected at the

amplifier. The resulting ambient light-rejection circuit requirepias voltageV,.; appears as a common-mode signal that is

less area, and effectively regulates the photodiode bias voltagiectively rejected by the differential structure. In practice,
In the next section, we describe the basic architecture of thewever, some mismatch can be expected, and additional

preamplifier and analyze the ambient photocurrent rejectigfeasures such as adding an on-chip tuning capacitor [13] may

circuit. The differential variable-gain transimpedance amplifigie required to improve matching.

is discussed in Section Ill. Section IV provides details of the The characteristics of the ambient photocurrent rejection

fabricated test chip and presents the experimental results. circuit can be studied by breaking the loop at point A in Fig. 2.

At low-to-midband frequencies where the feedback loop is
II. AMBIENT PHOTOCURRENTREJECTION CIRCUIT effective, the loop gain is given by

_ The opti_cal p_reamplifierwith a_lmbient photocurr_e_nt rejection L(s) = Agimp X Aers(5) X ginet1 (1)

is shown in Fig. 2. The transimpedance amplifier converts

the current from the photodiode into a differential voltagevhere A, is the passband gain of the transimpedance
Surrounding the amplifier is an outer feedback loop comprisadplifier, andg,..t; is the transconductance &{..;. The gain

of an error amplifier and transistdd.;;. The rejection circuit of the error amplifierd...(s) has a dominant-pole response
operates as follows: the dc component of the photocurrent A

produces an offset in the average levels of the differential Aerr(8) de
outputs, as illustrated in Fig. 3(a). This offset is integrated over

time by the error amplifier. Transistd..; acts as a variable- where A, is the dc voltage gain, and,; is the dominant
current sink which, at steady-state, eliminates the averagele frequency. The resulting closed-loop response of the
photocurrent/y. from the signal path, as shown in Fig. 3(b)preamplifier with ambient rejection is

The average photocurrent consists of the ambient photocurrent

1+ s/wp1 @

. ou A imp
and the dc component of the signal. U{, s) = # 2 Atip X ——— ° J;lwpl
Using a differential signal path helps maximize the pream- *s +L(s) $ 7+ Atimp Ade Wpl Gmetl
plifier's immunity to noise from the power supply and sub- (3)

strate. The photodiode, however, is connected to only ORfere the zero aty = w,; is much lower than the pole
terminal. This creates an asymmetry at the input of tl}ﬁw = Au Agew 1gmct1.pThUS, the preamplifier exhibits a
differential structure. As a result, an additional capacitgyr h-pass relsponspe with a cutoff frequency of

is required at the other input of the transimpedance amplifiel9

in order to match the photodiode capacitance and to rebalance wirp = Atimp Ade Wp1 Jmetl 4)
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Fig. 4. Simulated frequency response of preamplifier for different average
photocurrents.

a passband gain of;;,,;,, and a dc gain ot /Aycgmcu. Since
M., is biased by currenfy., gmct1 iS proportional to the
square root of ;.. This leads to the interesting observation that
both the preamplifier's dc gain and high-pass cutoff frequency

are a function of the average photocurrent. These observations (@

can be seen in the simulated frequency response shown in

Fig. 4 for different average photocurrent levels. The simulation 3v

assumes thatlyi,,, = 20 k2, Aq. = 100, and w,; = 800 R,

Hz. The plot clearly shows an increasing cutoff frequency and Y

decreasing dc gain with increasidg.. %) v Vout
Understanding the implications of this dependencylgn W—)H \L'o e

is easier when we consider the signal and ambient light My

sources separately. The most critical situation occurs when the =

ambient light overpowers the signal. Hedg, is essentially VW

the photocurrent due to the ambient light. From Fig. 4, we Ry

can conclude that the feedback loop is self-regulating in this (b)

case,_becoming more effective a_t rejecting ambient light as thﬁ 6. Two transimpedance amplifiers. (a) Proposed (local shunt feedback).
level increases. When the level is low, the feedback loop—) Traditional.

more precisely, transistai{.,;—is nearly off. SinceM; is

located right at the input, any thermal noise it generates ad#iat can reach 1 MHz [14]. Consequently, additional high-pass
directly to the signal current. Haviny.; turn off maximizes filtering may be needed further along in the receiver to reject
the preamplifier's sensitivity in low ambient light. When thehis interference.

signal is much stronger than the ambient light, the saturation

of the preamplifier can be prevented by simply adjusting the |II. DIFFERENTIAL VARIABLE-GAIN TRANSIMPEDANCE
preamplifier gain. Thus, the ambient photocurrent rejection AMPLIFIER

C|rdcwtt|s nlpt .cr|tt|catlhhe(rje, ani can %e disabled or limited in A variable-gain transimpedance amplifier is shown in Fig. 5.
order to eliminate this dependency @g.. The passhand gain is given by

An adequate phase margin is required to ensure the stability
of the feedback loop. From the loop-gain expression given Atimp = Yout _ ,f__ ~
in (1), this is achieved by compensating the error amplifier ts 1+ A
so thatw,; is low enough for maximum values of:i,,, whereA is the voltage gain of the amplifying stage. The tran-
and gmc1. Besides stabilityw,; must also be designed tosimpedance gain is adjusted by simply varying the feedback
limit the maximum high-pass cutoff frequency given in (4jesistancefl;. For weak signalsf; should be maximized to
in order to prevent the preamplifier from filtering the signaimprove sensitivity, while for strong signalg?; should be
An upper limit to transconductangg,.;; can be set by limiting minimized to prevent saturation. The dynamic range for this
the gate voltage—hence, current—&f;,. This maximum amplifier could be defined as the range from the noise floor
current must be greater than the current generated by tifethe amplifier (using maximunfl) to its maximum input
photodiode under the brightest ambient light conditions (e.gurrent (at minimumiy).
direct sunlight). Fluorescent lamps with electronic ballasts As mentioned earlier, reported variable-gain transimpedance
require special consideration. These lamps do not have stramgplifiers based on the traditional design are difficult to
emissions in the infrared spectrum, so saturation of the preastabilize. Fig. 6 shows the proposed transimpedance amplifier
plifier is usually not a problem. However, the rapid firingogether with the traditional two-stage design. The main dif-
of the ballasts produces interference patterns with harmonfesence is the shunt-feedback second stage that is used in place

— Ry, forA>»1 (5)
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o w1 voltage drop acros#i; that is not mirrored acros&;. The
oA Pl RiCpp voltage drop occurs becaugd is responsible for supplying
mi I Py the bias current of\/;. As a result,R; is always closer to
wltNHICPD saturation thari?;, making tracking especially difficult when

Loop gain

1

|

: [ the signals are large. As a result, the amplifier reported in [4]
| introduces a source degeneration resistor #6r whenever
\ o handling large signals in order to maintain stability. The

voltage drop acrosg; also implies that changing; changes

the bias voltage on node 1. The amplifier reported in [3]
Fig. 7. Frequency plot of loop gain for both transimpedance amplifiers. attempts to solve this by leaving the origingl fixed, and
adding another variable resistor with one terminal connected
Al node 1, and the other terminal connected to the equivalent

of the source follower. This structure was originally propos de of a d i . q lifier that i ired
by Hullett and Moustakas for fixed-gain preamplifiers [15]r,].0 € of a dummy fransimpe ance:.- ampimer thal IS require
ply in order to recreate node 1's bias voltage.

[16]. The three-stage design consists of a transconductan bl involved in tracki 4R ided
first stage, a transimpedance second stage, and an output sta € problems Involved in trac 'ng‘l and fiy are avolde
ith the proposed design becauBg is now used as a shunt

that provides small-signal inversion. The overall voltage ga‘rﬁ : . .
of the amplifier is eedback resistor much in the same wayi&s As illustrated

. in Fig. 6(a), the resistors have essentially identical terminal
A= _ U?ut o 1) ~ ami R 6) volta_ges, with one terminal biased ks 2 and the_ other
terminal connected to the output. Thus both resistors can

1o Vin
which is typically in the range of ten to a few hundred. Coin?® Implemented using the same type of MOSFET. Neither

cidentally, the same expression is obtained for the traditiod&S'Stor handles any bias current, so the problem of a fixed
design assuming the output source follower has unity gam_voltage drop acrosR; is eliminated. This structure also nicely

The stability of these circuits can be analyzed by breaki counts'for any nonIinearitjes ift, and Rf_for W.hen _the
their feedback loops at points B and C. Fig. 7 shows the m OSFET'’s approach saturation, they do so in conjunction and

features of the loop gain for both circuits. The frequency whep@ tracking is stil maintainedl. This characteristic suggests
the loop gain of the transimpedance amplifiers is unity at the structure is equally well suited for limiting amplifier
approximately esigns which use nonlinear feedback elements to achieve

clamping. AlthoughR; and R, can be designed to track to

~ A ~ gm1lh (7) any fixed ratio, we can simplify the design by makiflg and

R:Cpp  RyCpp R; equal.
where Cpr, is the photodiode capacitance. The stability of OPtimizing the bandwidth requires an analysis of the pro-
the amplifiers is determined by the relative position.gf POSed amplifier. A small-signal model is shown in Fig. 8,
to the nondominant poley,,. From (7), we see thaty where Qf is the shunt feedback capacitance across the gate
increases wheiR is reduced. In contrast, we can assume tfhd drain ofM», andC; andC, are the total capacitances at
nondominant pole is not significantly affected . High- the internal node and output node, respectively.

frequency gain peaking occurs when comes too close to ~Because of the presence of the two capacitOsandC,,
wp2. To prevent this, the unity-gain frequency should tracie second stage exhibits a second-order response. Assuming

changes inR;. Specifically, if resistor?, could trackR, w, 9m2 > 1/7as2 @and1/ Ry, andCy < C; andC, the frequency
would remain constant and stability would be maintained. THESPONSe is approximately
bandwidth of the transimpedance amplifiers is approximately

Wt

— Vout ~ 9m1 SCf + (1/R1 - grn?)
BW ~ 1 + A ~ granl ~ w. (8) A(S) — Vin (3) ~ CiCO X 82 R ngCf s+ Jm2 . (9)
RprD RprD OiCo OZ‘CORl

Thus, having R, track R; is also the condition required . . .
S : . By tuning C, we can make the poles of this transfer function

for maintaining a constant bandwidth. In summary, adaptin o , : o
. . o . . : mplex, resulting in the following design equations:

either transimpedance amplifier for variable gain requires the

tracking of variable resistor&; and ;. _
The difficulty in meeting this tracking requirement is the Jo

key difference between the two circuits. Tracking is difficult :\\mo Iz

in the traditional structure for a number of reasons. First, as we | AN “oSA o C.R; (10)

can see from Fig. 6(b), the terminal voItagequfandR_f are - ' o :

very different. Given a low supply voltage, these resistors will O O~ 1 GG

likely be realized with different MOSFET types to ensure that 2Q Cr\ gmaRy’

the transistors to remain in triode operatid®y, biased close

to Vua, requires a p-channel, device whit&, biased closer to

gfognd’ requires .an.n'Channel device. (_E‘ett'ng n-and p'Cha_nne%trictly speaking, this is only true of the final differential structure, in

devices to track is inherently challenging. Second, there iswaich the inverting third stage is eliminated.

(11)

|
|
|
X
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Fig. 8. Small-signal model of three-stage amplifier.
bi ’Tu k’]‘Ms reference. The maximum signal current is determined by the
o } | tail current of the input differential pair. This is because
bias2 E:‘ l:l M4 ) the differential signal current that passes throu@h, , is
ﬁ — ! T 1 - . . N
essentially mirrored to the internal curreft that passes
through Ry, ;. Currenti, is supplied by the differential pair
vin- Vin+ and so is limited to half the tail current
y Cla M1 M2dh—  c1p ‘
out+ “:% A‘I}I Vout-
Ria Q} —:&1 Rib IV. EXPERIMENTAL RESULTS
i bigs3 | | . . .
f" g’as ' We implemented a test chip to demonstrate a 100-Mb/s
L M5 biaftt M6 L IR wireless link. The transimpedance amplifier is designed to
provide a maximum gain of 20(kover a 70-MHz bandwidth.
Ria = = Rﬁ;’, We assume an input capacitance of 5 pF, which is typical of
[_X_lv}'_] large photodiodes used in IR wireless receivers. The ambient
ED—I Cfb photocurrent rejection circuit is designed to handle up to 30
Cfa 1A, which corresponds to a typical 10-mrBi-PIN photodiode
Fig. 9. Fully differential CMOS variable-transimpedance amplifier. being exposed to direct sunlight. The maximum high-pass

cutoff frequency is 1 MHz, which is sufficiently low for a
Tvpicall iable-gain t . d lifier i 100-Mbf/s nonreturn to zero (NRZ) signal with some form of
_'ypicaly, a variable-gain transimpecance amplier IS oy, , length limiting to prevent the transmission of long strings
timized 1_‘or a _deswed bandW|dth_at Its maximum gain. A(t)f one’s or zero’'s. Alternatively, some form of baseline wander
lower gain settings, only the stability of the circuit needs to b brrection can be used. In order to keep the power dissipation
confirmed. There are many ways to approach the design of t Blow 10 mW, we limit the tail current of the transimpedance
circuit. One approach would be to start with the second Sta%%plifier’s inr;ut differential pair to 80QuA. This sets the
For a given bandwidth—which, as shown earlier, is esse”tiaHXaximum input current to 40QA. With a transimpedance
equal tow,—we can determine the maximum value 8  ain of 50062, 400 4A produces an output of 200 mV. Hence,
using (10) by estimating the values @f., C;, andC,, based e yariaple-transimpedance amplifier is designed to provide

on device geometry and power dissipation, and by choo&agins from 20 K (86 dB(2) down to 5000 (54 dB(), a gain
a nondominant pole frequency, sufficiently higher thanu, range of 32 dB.

(a reasonable choice s, ~ 2w,). Equation (11) can then be  The four variable resistors of the transimpedance amplifier
used to find the value of’; corresponding to the desiréd-  gre jdentical. In order to realize the desired gain range,
factor (sayl/v/2 = 0.71 for a maximally-flat response [17]). gach resistor is comprised of three pairs of pass transistors,
Given the photodiode capacitanCgp and estimatingyni, as jllustrated in Fig. 10(a). Each pass transistor can either
(7) then determines the maximum value /8. be turned off or set to one of two resistance values by
The differential version of the variable-gain transimpedan%ntromng the gate bias voltages as shown in Fig. 10(b).
amplifier is shown in Fig. 9. Compared to the single-endagfith three differently scaled pass transistors, each having
version in Fig. 6(a), the transconductance first stage is n@Mtee settings, the digitally-controlled pass-transistor array has
realized using a p-channel differential pair. This allows thge ability to realize3® = 27 different resistance values. In
input transistors to be placed in an isolated n-well to reduggder to maximize linearity, complementary n- and p-channel
substrate noise at the cost of slightly greater thermal noigBDSFET’s are used, and the n-wells of the p-channel devices
[18]. Devices M; and Mg operate single-endedly, biasingare tied to the output of the array to eliminate the body effect.
each output at around 1 V, and eliminating the need f@{ penalty in speed of about 40% is incurred as a result of
common-mode feedback. The inverting buffer required in thRe added capacitance due to the n-wells. Simulations show
single-ended design is eliminated in the differential versiothat the variable resistor remains withitl0% of its nominal
Instead, small-signal inversion is accomplished by simplalue for voltage drops withig=0.3 V. DeviceM;,,, acts as a
cross coupling the differential outputs [16]. The dynamiseries resistor. By driving the error amplifier from the middle
range, as defined earlier, is the ratio of the noise floor tdp terminal of resistors?;, and Ry, instead of from their
the amplifier to its maximum input current. A detailed noiseutputs, we effectively reduce the loop gain of the ambient
analysis of the single-ended circuit is provided in [15] fophotocurrent rejection circuit, thereby lowering the high-pass
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Micrograph of test chip.

(a) Pass-transistor array used to implement variable resistor.
Detail of pass transistokV/L dimensions are given in units of micrometers.
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TABLE |
MEASURED PERFORMANCE OF PREAMPLIFIER

Technotogy 0.35 um digital CMOS
Supply voltage 3V
Bandwidth 70 MHz £20 %

Transimpedance 19kQ2-500€2

Input noise current density 6.7 pA/A/ﬁi
Input capacitance SpF
Maximum signal current 400 uA
Preamplifier active area 0.04 mm’

8 mW (preamplifier)
43 mW {output buffer)

Power dissipation

output buffer that also serves as an LED driver. The error
amplifier is a common two-stage CMOS opamp with a 5-pF
internal compensation capacitor [18]. Simulations show it has
a dc gain of 94 dB and a dominant pole at 150 Hz.

Fig. 12 plots the measured frequency response of the
variable-gain transimpedance amplifier together with typical
simulation results. A sensitivity study in SPICE using fast and
slow MOSFET models, together with a temperature range from
0 °C to 80°C, showed a+10% bandwidth and:25% gain
deviation from the typical performance. The measured results
are consistent with the simulations within the passband. With
a maximum gain of 19 &, the preamplifier has a measured
gain range of 31 dB. Simulations results predict that over the
gain range the bandwidth varies from 68 to 130 MHz while
(heasured results show a tighter span from 85 to 103 MHz. In
either case, the bandwidth is still controlled to within a factor
of two. At any gain setting, the transimpedance amplifier's
response is well behaved, showing no significant peaking. A
total input-referred noise current of 56 nA was measured at
the maximum gain. This translates to an average input-noise
current density of 6.7 pA/Hz, which is reasonably close
to our simulated result of 5.3 pA&MHz. With a 56-nA noise
floor and a maximum input-current handling of 408, the
preamplifier has a dynamic range of 77 dB (38 dB optical).

Fig. 13 shows the eye diagram for a 100-Mb/s optical link
constructed from two test chips (one for transmit and the
other for receive), a Mitel 1A301 infrared LED, and a Mitel
1A354 Si-PIN photodiodé.The performance of the ambient
photocurrent rejection loop is illustrated in the step response
shown in Fig. 14. Here, a 10A dc current is injected into
the preamplifier. The ambient photocurrent rejection circuit is
initially disabled, and then activated at the indicated point on
the graph. The total settling time is;6, which agrees with
simulation. Table | summarizes the measured performance of
the circuit.

Table Il places this work alongside other recent fixed and
variable-gain transimpedance amplifiers. To our knowledge,
variable-gain transimpedance amplifiers reported to date have
all been single-ended designs fabricated in either bipolar
or BICMOS technology, and have not been designed for

cutoff frequency. Simulations show that a series resistancegfyply voltages lower than 5 V. The differential CMOS
5002 or less is required to keep the cutoff frequency beloyansimpedance amplifier presented by Tanabeal. [10]

1 MHz in the presence of a 3@A average photocurrent.
The preamplifier was fabricated in a commercial 0;36-

could be adapted to have variable gain. With only one gain

digital CMOS process. The test chip which occupies 1.442The 1A354 has a typical capacitance of only 1 pF so additional capacitance

mm? is shown in Fig. 11. The chip includes a bit-patter

was added to increase the input capacitance to 5 pF. The original photodiode

that we had designed for has a lower bandwidth than the data sheet would

generator, test transconductor, and an open-drain, differentialcate.
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Fig. 12. Simulated and measured frequency response of transimpedance amplifier.

k—- 10 nsec TABLE I
A COMPARISON OF VARIOUS RECENT TRANSIMPEDANCE AMPLIFIERS
Reference | Outputs Process | Power | Supply |DR (dB)| Cin Gain (kQ)Bandwidth
(mW) | (V) (pF) (MH?z)
13] single | BICMOS | 110 5 107 1.0 [98~0.16] 128
[4] single | BICMOS | >120 5 >80 | 0.4 [107~04] 600
[10] differcntial | CMOS 22 2 - 03 [1.6~04] 1900
[5] single Bipolar - - 73 2.0 1 220
16] single | BICMOS | <250 5 80 67 [260~1.1] 170
[19] single CMOS 20 5 - 1.0 150 120
This work | differential | CMOS 8 3 77 5.0 | 19~0.5 70

ambient photocurrent rejection turned on

A\ 4

ChT 20.0mvV¢? n2 20.0mVy MZ.00ns Ch3J [*AY \

Fig. 13. Eye diagram for 100-Mb/s optical link with 192kransimpedance \"‘-\L\

gain.
Ty
NN/‘*

stage, the circuit’'s stability is ensured, albeit possibly at
the cost of reduced bandwidth. The transimpedance amplifier

presented by Ingel®t al. [19] has varying gain, but the W /r’j\

gain variations are uncontrolled, making the circuit more of a /7

limiting amplifier rather than a true variable-gain design. The /

proposed circuit has the lowest power dissipation. Despite the

large input capacitance, it achieves a bandwidth of 70 MHz

that is sufficient for a 100-Mb/s data rate. Finally, it is the TAT 20.0mV(& LRZ 20.0FWs% M 1.0005 CHd T —B50RW
only implemented variable-gain design with a well regulated H 6 usec H

bandwidth.

Fig. 14. Measured step response of the ambient photocurrent-rejection cir-
cuit to 10uA dc input.
V. SUMMARY

An optical preamplifier suitable for IR wireless data commuExperimental results from a test chip fabricated in 0.35-
nications has been presented. We have proposed an alternd@ivEOS were presented. The preamplifier consumes 8 mW at
structure for variable-gain transimpedance amplifiers. Th&sV, and provides 70-MHz bandwidth over a 77-dB dynamic
structure exhibits improved control of stability and bandwidtirange with a maximum transimpedance gain of I8 RKhe
We have also described a method of rejecting ambient lighindwidth is controlled to within a factor of two over a 31-dB
by using active feedback around the transimpedance amplifieariation in gain.
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