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A 1-Gb/s, 0.7#m CMOS Optical Receiver
with Full Rail-to-Rail Output Swing

Mark Ingels and Michel S. J. Steyae&enior Member, IEEE

Abstract—This paper presents a 1-Gb/s optical receiver with AR
full rail-to-rail output swing realized in a standard 0.7- pm CMOS R,

technology. The receiver consists of a 1R transimpedance
preamplifier followed by a postamplifier based on a biased in- A
verter chain. The latter performs both a linear and a limiting _LC c Roue J_

amplification. The automatic biasing of the chain is provided \\\‘ diode ; — —"inA LCouta Croxt

through an offset tolerant replica circuit. The receiver requires T T T T

no external components or biasing voltages. It is designed for a s

relatively large 0.8-pF input capacitance and is fed from a single =

5-V power _supply._ These propertle_s_make the circuit suitable for Fig. 1. Generalized schematic of a transimpedance amplifier used in an
a commercial environment. A sensitivity of 10pA was measured  ptical receiver.

at 1 Gb/s. The complete receiver, including all biasing and

replicas, consumes approximately 100 mW from the 5-V supply.

When powered from a 3.3-V supply, a maximal bit rate of 600 digitally is achieved. Last, the receiver must be integrated in
Mb/s i$ achieved, while the power consumption is reduced to 5 standard digital CMOS process without the use of analog
approximately 26.5 mw. extensions, and it must operate from a single power-supply
Index Terms—CMOS analog integrated circuits, optical com- voltage.

munication, optical receivers. This paper presents a 1-Gb/s optical receiver that fulfills the
enumerated requirements. It is realized in a standard:7-
I. INTRODUCTION CMOS technology. The receiver consists of two major stages,

IGH-SPEED ontical icati ¢ b of which the first is a 1-R transimpedance preamplifier. After
: optical: communication systems are cheoretical approach on the optimization of such amplifiers

| coming mcreas_lngl_y |mpor_tant due_ to the Progress 9 section Il, the actual circuit is described in Section lll.
mulimedia _cor_nmunlcatl_on, which requires ever Increasing,e second stage provides the further amplification to a
data-transmission capacity. In these systems, there is a Strgzﬂﬂto—rail output voltage. This postamplifier is based on a

demand for compact, onv—cos.t receivers. Fur;hermore, t fased modified inverter string, as described in Section IV.
absence of electromagnetic emission of optical fibers and thﬂ{e accurate biasing of this stage is provided by an offset-
inherent insensitivity to electrical interference make them

Flerant replica biasing circuit. The physical realization of the
interesting alternative for high-bit-rate short-to-medium-ran b g phy

; . o . . %mplete circuit is presented in Section V, while measurement
electric connections where the shielding costs raise rapi

. o ; sults are given in Section VI.
with the transmission speed and complexity. Interboard or even

inter-IC optical connections are, however, only worthwhile
when the optical driver and receiver are integrated on the
same chip as the digital circuitry that completes the system.The transimpedance amplifier is the most widely used
Single-chip integration of the optical interface circuit in @reamplifier structure for high-speed optical receivers (Fig. 1).
cost-effective digital CMOS technology is an answer to botis merit is to combine a relatively high transimpedance gain
issues. with high speed. For a sufficiently large voltage gainand
To be worthwhile in real-life applications, some boundargmall output impedanc&,., the closed-loop transimpedance
conditions should be added to the basic optical receiver desiggin of the transimpedance amplifier is given by (1) at the
Except for the photodiode, external components and biasipgttom of the next page. The dominant pole is specified by
points should be avoided, as they augment the cost dh@ term ins of the denominator. It can thus be situated
reduce the yield of the system. Furthermore, the foreseeither at the input or at the output node. However, as the total
input capacitance must be sufficiently large to allow the use i#put capacitanc&;, - includes the photodiode capacitance,
commercially available photodiodes at the receiver's nominil is inevitably large compared to the output capacitance
speed. Single-chip integration is moreover only possible whéfu: - This is especially true with an external photodiode,
a rail-to-rail output voltage that may be further processathere packaging and interconnection have to be considered.
In contrast, the total output capacitance can be limited through

Il. THE TRANSIMPEDANCE AMPLIFIER
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TABLE |
Cn/Cqs FOR SINGLE FINGER TRANSISTORS WITH THE SAME

W/L RATIO IN VARIOUS MODERN CMOS TECHNOLOGIES
VDB=0V VDB=25V VDB=5V
@ @ ®
‘ 7 pum 1.5 1.0 0.9
m, O—lm, M, ", qu 5 pm 12 0.8 0.7
35 um 1.2 0.7 0.7
+

(b)

Fig. 2. Simple (a) single-stage and (b) three-stage voltage amplifier.

A transimpedance amplifier can be compared with a voltage
amplifier in unity feedback configuration. The bandwidth
of the voltage amplifier determines the second pole in the
high for stability. Equation (1) can then be simplified to  transimpedance structure. To guarantee stability, this pole has
R; to be a factorX 4 higher than receiver’s bandwidth, so

R - (2
<]_ +s- %) . (]_ +5-Coutr - Rout) GBWy, = X4 - BWTransamp (7)

ch ~

. ] o _with X4 at least two to three depending on the required
The .bandW|dth 'of the transimpedance amp!lfler is S'peC.Ierd B}‘nase margin [3]. As the transmission speed is determined in
the first pole of its closed-loop transfer function and is given Q¥|ecommunications applications, the maximal achievable gain

1+ A for a single-stage voltage amplifier used in a transimpedance
BWoransamp & R; - (Cuiode + Cina)’ (3) configuration is derived as
W W

(8)

In most communication applications, the transmission speed A = = .
is a design constraint. The minimal input capacitance is a BWis o X BWiransamp
limited by the photodiode, which is determined by technical Depending on the transmission speed compared with the
considerations such as optical rise time, spectral sensitivitgchnology, a multiple-stages approach may display better
and packaging and commercial aspects such as price aesults [4]. Fig. 2(b) is a simple voltage amplifier with three
availability. The main parameter left for optimization is thusdentical stages. Each stage is loaded by an identical one. The
the receiver’s sensitivity, which corresponds with a maximizeghin bandwidth of an individual stage is given by
feedback resistofi;. According to (3), this is achieved with Iim W
a maximized open-loop voltage gaid. Equivalently, the GBWss,i = — . T : ()

‘ P p vollage gain. tq Y ! a-Cgs;i+Casit1 (1+0a)
maximal bandwidth for a given transimpedance gain is also . .
achieved with a maximized voltage gaid.must thus always The .complete amplifier featL_Jres a .multlplle—poles rolloff. TQ
be maximized for an optimal receiver. obtain the same phase margin as with a single-stage amplifier,

the bandwidth of each individual amplifier stage has to be at

A. Maximal Voltage Gain in a Transimpedance BWs,. i = X3- X4 - BWnansamp (10)

Amplifier for Telecommunications . . -~
Fig. 2(a) i imole sinal | lifier. If thth X3 approximately three for a three-stage amplifier. By
'9. (2) is a simple sing g-stage voltage amplifier. . t Sombining (9) and (10), the maximum achievable voltage gain
loading by the input capacitanc€,.; Of the succeeding of the three-stage amplifier is given by
stage (4>) is negligible, its gain-bandwidth product is ap-
proximately given by o — 43 _< wr )3
GBW, ~ gml = gml . (4) > ot (1 + Oé) Xz Xy BWTransamp ’
’ C(Dl + C(next C(Dl (11)

This is mainly limited by the drain capacitance &f (Cp1). The choice between a single and a multiple-stage approach
For a given transistor length, a factarcan be defined as [2] thus mainly depends on the ratio between the technologly’s
and the transmission speed.
Cp=a- Cgs. (5)

This factor is close to unity, although it depends on thB. The CMOS Feedback Resistor
technology and the drain bulk voltage (Table 1). With (5), (4) To guarantee the compatibility with any standard digital

can be rewritten as CMOS process, the feedback resistor can be replaced by an
GBW,, = Ay, - BW,, ~ Ym1 _ WT (6 MOS transistor in its Iinear region. This offgrs the supple-
a-Cgs o mental advantage that, if necessary, the resistance value can
R
ch ~ ! (1)

~ CinT y Rf CoutT y RoutA CinT y Rf y CoutT y RoutA '
1 . 2,
+s < 2 + A ) +s 2
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noise is modeled by its current noise sourtig;. The am-

plifier's noise is concentrated in a single current noise source
di3,,, of an equivalent MOS transistor. In a good design, this
is mainly determined by the input transistor. The equivalent
input-referred current noise power spectral density is given by

—_— 8 kT
a2 _°
feq m() 3 gm - Rfc

kT
J14s- Ry Cinrl? +d o (13)
f

® The transistor's If noise is not considered, as it is only
Fig. 3. Comparison between (a) an NMOS and (b) a PMOS feedbagnortant at frequencies below our interest. lgrR; > 1,
tor. X . - :
resistor which corresponds with a sufficiently large feedback resistor,
(13) is reduced to
- 8 kT -w? - (Cgs =+ Cdiode)2 kT

diZ, . ~ 4— 14
leq,in(W) & 3 " iR, @9

with Cy, being the main contributor to the amplifier's input
capacitance. With

and
w
. . - . , gm R - Cox - 7= (Vs = V2) (15)
Fig. 4. Main noise contributions of a transimpedance amplifier. L
it can be further simplified to
be adjusted simply by changing its gate bias voltage. WheniQ—(w) 16 kT - w? - (Cgs + Cliode)* - L? +4 kT
the photodiode is connected between input and ground, ar{j eq, in\*/ ™ g - Cys - (Vs — V2) Ry’
NMOS is best avoided [Fig. 3(a)]. As its source is at a virtual (16)

ground, a large input current results in a lafgg while V is

almost constant. The NMOS resistance thus increases with fiidow frequencies, the resistor’s noise is dominant, while at

input current, which results in a reduced dynamic range. Thigher frequencies, the amplifier's noise becomes the largest.

NMOS may even go into saturation for large input currentd. is commonly believed that the best noise performance is

For a PMOS resistor, any change ¥, is reflected in an always achieved for an amplifier's input capacitance equal

equal change iV, [Fig. 3(b)]. Due to the virtual ground atto the photodiode’s capacitance, Oficae = Cgs [6]. This

the input of the amplifier, the PMOS feedback resistance g9nclusion is nevertheless based on the assumptiorfthat

actually a parallel circuit ofy,, and g4, S0 that independent of’,, which cannot be guaranteed in high-speed

designs. When the required bandwidth is large compared to
1 . (12) the technology’s capabilities, the achievable feedback resistor

9ds, PMOS T gm, PMOS is limited (3).

When used in an N-well process, the biasing of the well The t.otal integrated ir)put—'referred current poise power for

determines the relative importancef. If it is connected to @ transimpedance amplifier is calculated by integrating (16),

the power supply, the transistor§ is enlarged and...; is _taklng (3) into account, up to the noise bandW|dth,_ which

equally reduced. The transistor is less in its linear region, alfg@ssumed to be a factdrys higher than the receiver's

g, becomes relatively more important compared wigh. As _bandW|dtr_1. The integrated input-referred current noise power

gm increases with the currenk;_pyos reduces and dynamic 1S then given by

compression is achieved [5]. With the N-well connected to the - w=F\r - BWransamp 16

source, this effect is much less pronounced, and the feedbackq, in ~ /_ 9

resistance is practically constant for the input current range w=0

Ry pvmos =

2 2 2
of interest. The major disadvantage of this approach is the T w7 (Cs + Cltioae)” - L
loading of the transimpedance amplifier's output node with po Cs - (Ves = V1)
the well capacitance. Furthermore, the signal on the output 44 KT - (Cygs + Caiode) - BWransamp
is capacitively coupled to the bulk via the N-well-to-bulk A
junction so that noise could be injected into the substrate. _ 16 kT - (Cygs + Cliode)” - L? B3
Py "4'NB Transamp

_27 N'Cgs'(‘/gs_‘/t)
C. Integrated Input-Referred Noise with 4 ET - (Cgs + Cdiode)
Limited Feedback Resistor + A

: FNBBWTQ‘ransamp' (17)

The noise performance of a transimpedance amplifier Adthough the first term contains the receiver’'s bandwidth to
analyzed through the basic circuit of Fig. 4. The resistortbe third power, the second term may not be negligible when
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A is small due to the bandwidth requirements. This means that U
the feedback resistor's noise, which causes the second term, [ V’-
cannot be neglected. To determine the optirigl for this -
. : 0.75
case, a factoXy is defined as L
C X
Xy = it - LN (18) Z 05
Cliode > -
This factor is introduced in (17). Its optimal value, which cor-
; L I . ! L 25 L
responds with the minimal noise, is obtained by differentiating
that equation taX 5 and solving the result to zero. It is given
by 00””5”"10””15””20
1 f [GHz]
X]\T, opt — (19) !
1 27 e (VgS - Vt) Fig. 5. Optimal Cgs/C4giode for various F and f; 0.7um CMOS,
+ 4 A-I2 'FlgIBBWTransaxnp a=1 X4 =25, Vgs — Vz = 200 mV.

The optimal Cy; is thus smaller tharCyi.qe. The equality
is a limit situation that occurs when the second term in the
denominator is negligible. For a certain amplifier's bandwidth,
the optimalCys approache€’y.qe for increasing4 and Fyg.
This is because a high voltage gain allows a large feedback
resistorZ; whose noise contribution is inversely proportional
to its value. A largel'xg corresponds with a noise integration
up to high frequencies where the amplifier’s noise contribution
is dominant. This factor is confined by the voltage amplifier’'s —
bgndwidth. In a single-stage amplifier, its maximal value i|-5|g_ 6. A 1-Ghbls transimpedance preamplifier.
given by
FNB1 max = g - Xa. (20) bondpad capacitance. It is sufficient for the use of an external

) o o commercial diode. The transimpedance amplifier is loaded by
In practical situations, it will, however, be smaller, as thg postamplifier integrated on the same chip and described
second stage will limit the noise bandwidth. In transimpedange section IV. The careful design and layout of this stage
amplifiers based on a single stage’s achieving the maximghits its capacitive loading to 80 fF. According to (3), a
gain derived in Section II-A, the optimal ratio 6%, to Ciode  1-k2 feedback resistor can be implemented. It is realized as

is given by a PMOS transistor. Its well is connected to the drain. This
1 is permitted, as the signal on the output node is sufficiently
XN opt — . (21) H .
»oP 2 p- Xe - X (Vio— Vi) small due to the small input current. The well capacitance
\/1 It e 02 A2 g2 is now added to the input node, which already includes the
4 L? - Iyp-wr large photodiode’s capacitance. This results in only a small

Itis plotted in Fig. 5 for typical values of a 0,7m technology. bandwidth degradation. Furthermore, as the input's node is

Small variations from the optimal value will not affect the? Virtual ground, no noise is injected into the substrate. The
noise too much. The knowledge thg, is smaller tharCy;eue amplifier consumes about 5 mA from the 5-V power supply.

for optimal noise performances is interesting in high-speed
designs, as it allows one to reduce the speed-limiting input
capacitance without fearing noise degradation. IV. THE POSTAMPLIFIER

To obtain a completely integrable optical receiver, the
preamplifier's output signal is further amplified to a rail-to-

The 1-Gb/s transimpedance amplifier is presented in Fig.r@il voltage. A postamplifier, based on a string of modified
It is based on &ag,../g, Vvoltage amplifier featuring a high inverters biased at their threshold voltage, is used for this.
speed combined with an accurate gain. In the ¥ CMOS The first inverters have a small input signal and act as
technology, the maximal voltage gain for a 500-MHz closedinear amplifiers. At the end of the chain, clipping occurs at
loop bandwidth, required for a 1-Gb/s nonreturn-to-zero-codélte ground and power-supply voltage. The advantage of this
data rate, is achieved with a single stage. The amplifie@pproach is that the exact serial number of the inverter where
second pole is placed at approximately 1.5 GHz. An optimizelde clipping begins in the chain is irrelevant. A larger input
voltage gain larger than two is achieved, which correspondignal will simply result in a shift forward of the first clipping.
to a gain-bandwidth product of over 3 GHz. This results in a large dynamic range without automatic gain

The receiver is designed for a total photodiode capacitanoentrol. The major challenge for the practical realization of the
of 800 fF at its input. This includes both the diode and thehain is the correct biasing of the inverters. It is done with an

IIl. THE 1-Gb/s TRANSIMPEDANCE AMPLIFIER
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ILevel Shifter| Level Shifter|

VAN

J Bias Circuit Low Pass Bias Circuit Low Pass

Fig. 9. Block scheme of the postamplifier.

) ) ) ) o ) been boosted by 11, its alteration by 12 is limited. The small
Etl]%”? Signal degradation due to the nonoptimal biasing of the mvertgfgnal is now present at the input of 11, and consequently this
' must be biased very accurately. If 11 has a threshold voltage
Via = Vr+ AV, its input biasing is forced t&ra + AV
by the feedback loop. The standard deviation on this biasing
error is given by

2 2
& o2 (AVi) ~ = (AVTR);“ (AVza) (22)
l s
I e with A; the gain of;. It can be reduced by enlarging;.
’ - Eventually, several inverters may be cascaded in the loop to
achieve this. The absolute offset limitation is shifted to the
Replica first out-of-the-loop inverter, where its effect is minimal, as
i" / the signal is relatively large there.
As part of the signal path is included in the feedback loop,
any dc in the data signal will be suppressed. The minimal
Fig. 8. Replica biasing with mismatch compensation principle. tolerated input frequency is thus restrained. If necessary,

however, the data can be scrambled to raise its minimal
offset-tolerant replica biasing circuit with accurate thresho{éequency. co_mpqnent. A major_ghallenge to realize the offget-

Olerant biasing lies in the stability of the feedback loop with
control. . . o

its large loop gain. Hereto, a low-frequency pole is introduced

outside the signal path. This is not boundless, especially in an
A. Offset-Tolerant Replica Biasing with integrated environment with no large capacitors.

Accurate Threshold Control

In all replica biasing schemes, there is inevitably some offsgt Realization of the Postamplifier
between the desired bias voltage and that actually obtained’he presented optical receiver comprises a double replica
through the replica. This is due to mismatches between thiased inverter string (Fig. 9). Both feedback loops consist of
actual circuit and its replica. For the presented inverter chafive inverting stages: three modified inverters, the comparator,
it results in a nonoptimal biasing of the first inverter and leadsd the level shifter, which also performs an extra inversion.
to a degeneration of the duty cycle of the signal, which iBhe multiple-inverter approach is necessary as the gain of each
inversely proportional to the signal’'s amplitude (Fig. 7). Bgtage is limited due to the high bandwidth. The bandwidth of
adding a supplemental gain stage in the replica loop before the inverters in the signal-path portion of the replica loops must
biased inverter, the effect of mismatch is reduced as the sigbal sufficient to avoid dc shifts due to frequency components
swing is enlarged. This is the principle of the offset-toleramérger than their—3-dB frequency. The bias circuit would
replica biasing circuit presented in Fig. 8. In this scheme, tliedeed compensate this, resulting in a degraded biasing. As
biasing of inverter 12 is forced to the threshold voltage of iteultiple inverters are cascaded in each loop, their bandwidths
replica (13). The extra foregoing gain A is provided by invertemust be sufficiently larger than the signal’'s bandwidth. They
I1. As it is included in the replica feedback loop, it is biasedre designed with a 1.5-GHz bandwidth. Standard inverters
accurately, as will be demonstrated. do not achieve such a high small-signal bandwidth due to

The replica feedback loop consists of a level shifter and #meir large gain. By limiting it, the bandwidth is boosted.
inverter (11) in the signal path and a low-pass filter, a repliche modified high-speed inverter is presented in Fig. 10(a).
(13) of inverter 12 and a comparator alongside. The dc bign NMOS diode-coupled transistoi{s) limits the gain. It
voltage at the input of the first out-of-the-loop inverter (12)s preferred over a PMOS, as it is smaller for a givgn.
is compared with the replica’s threshold and forced to thihe diode is connected between the power supply and the
voltage by adjusting the level shifter. Due to various effectsutput node. The current it consumes is drained through an
as process or temperature varies, there is an offsétg NMOS transistor §/;), which grows less than if the PMOS
between the threshold voltages of inverter 12 and its replit@nsistor {/>) had to drain the extra current. Furthermore,
13. 12 is thus not perfectly biased. However, as the signal httee bulk effect due to the nonzerdss of the diode {(43)
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Fig. 12. Circuit diagram of the complete receiver.

M The low-pass filter is basically an RC filter. The 280-
Leve! Shifter e ! k) resistor is replaced by a PMOS transistor in its linear
- Me D region. To obtain a very low pole, the 10-pF capacitiyiie,
is boosted by placing it in a Miller configuration, with the
comparator as gain element. This results in a corner frequency
of 500 Hz. The comparator is based on a simple operational
= transconductance amplifier (OTA) structure with a dc gain
(b) of 120 and a bandwidth of 45 kHz. Its input transistors are
Fig. 10. (a) High-speed inverter and (b) high-speed level shifter. sized to avoid a systematical offset. It consumes AB85rom
the single 5-V power supply. The output voltage of the OTA
biases the level shifter through a second low-pass filter that
i My, M, My compensates the zero introduced by the Miller capacitance.
Crp2 "]_}_,_{# This second filter consists of a 22RKPMOS resistor #4;5)

éia:l_ and a 5-pF capacitor. Note that this is a capacitor to the power

[
[

ne v —LCamitier supply to keep thé’y, of the level shifter's bias-input PMOS
15 T A
IS . m %‘: _;—‘,9 transistor constant.
8 7 14F

V. REALIZATION OF THE COMPLETE 1-Gb/s RECEIVER

'm,, L m,, The circuit schematic of the complete 1-Gb/s receiver
is presented in Fig. 12. It has been realized in a standard
= 0.7-um CMOS technology. All circuit elements, including
Fig. 11. OTA comparator with low-pass filter. decoupling capacitors and resistors, are integrated on the
die. Consequently, except from a photodiode, no external
Somponents are required to complete the optical receiver. A
jgital buffer string is implemented subsequent to the receiver.
uffers the output signal to ease the measurements. The first

enhances itg,,, which reduces its required size even mor
These effects result in a minimal increased capacitive Ioadit@
of the basic inverter and thus in a higher speed than wi ) Lo . .
another configuration. As both level shifters are in the Signlglverter n thgt strlng IS '_’“'”'ma' and driven by_ the receiver
path too, their bandwidth must be comparable to that of gfdth @ full rail-to-rail swing. The subsequent inverters are
inverters. They are based on the same topology [Fig. 10( aflze?nlézézrzrr]rlnaerr?fi:;?rﬁumr;rtzdlg;gn%?f?szbmtigi;%g{s;;gi
The signal to the shifter is applied to the input NMO), of the receiver. Several bondpads were introduced on the

while the PMOS {1;) controls the shifting. Notice that thelﬁ)_/out to monitor the dc voltages of both postamplifiers. These

shifter Serves both as a Ieve_l Sh_ift?r and as an inverting Sm‘Fi‘)ondpads are only meant for measurement purposes and can
signal amplifier, although with limited gain. be omitted in the definitive receiver.

The low-pass filter and the comparator complete the replica
feedback loop (Fig. 11). The filter measures the dc voltage at
the input of the first out-of-the-loop inverter. This is compared VI. MEASUREMENTS ON THE1-Gb/s RECEIVER
to the replica’s threshold by the comparator and adjustedThe receiver is mounted on a ceramic substrate for the mea-
through the loop. As the combined gain of the cascaded highirements. This provides separate, decoupled power supplies
speed inverters in the signal-path portion of the loop is highr the analog and the digital part. No supplemental external
at the receiver’s bandwidth, the filter's corner frequency hdgasing voltages or currents nor any supplementary external
to be sufficiently low to ensure stability. It also determinedecoupling of the biasing points are applied. Actually, the extra
the minimal input signal frequency that can be amplified byondpads provided for dc measurements are left unconnected
the receiver. Unfortunately, lowering the corner frequenayn the die during the dynamic measurements.
also augments the settling time. If necessary, this can beThe optical receiver is characterized electrically by replac-
shortened by a dc-level measurement technique based on pgagkthe photodiode, which can be modeled as a high-ohmic
detection [7]. current source, by its Thevenin equivalent. A large series
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Fig. 13. Microphotograph of the 0/m, 1-Gb/s optical receiver.

Tek Run: 2.50GS/s Envelope
{ = .

M 400ps CAZ # 1.76V

RN 200mve

Fig. 14. Measured eye diagram of the optical receiver at 1 Gb/s.

resistor is inserted between the 80signal source’s output
and the receiver’'s input. The photodiode’'s capacitance is

977

a 3.3-V supply, the circuit consumes 8 mA and features a
maximal speed of 600 Mb/s.

VII. CONCLUSION

High-speed integrated optical communication systems tend
to gain in importance. This paper has presented such a receiver
in CMOS. Various design consideration of a transimpedance
amplifier have been discussed. A biased inverter string with
an offset-tolerant replica biasing circuit was proposed to
perform the postamplification up to a full rail-to-rail voltage.
The circuits were used to realize a 1-Gb/s optical receiver
in a standard 0.7#4m CMOS. The circuit features a Xk
transimpedance gain for an 800-fF photodiode in the first stage
and a full rail-to-rail output voltage. A sensitivity of better than
10 pA was achieved. The circuit demonstrates the importance
of CMOS in future communication links. Full integration,
high gain, high sensitivity, and a speed in the gigabit area
are compatible with CMOS technologies.
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modeled by a 500-fF capacitor. It adds up to the receiver’s
input bondpad capacitance to a total of 800 fF. The tran-

simpedance amplifier consumes approximately 5 mA from a
single 5-V power supply. It achieves a ©Kkransimpedance
gain. The corresponding input-referred current noise spect
density is smaller than 7 pA&fHz from 1 to 500 MHz. The
complete optical receiver, including transimpedance amplifi
and postamplifiers with their biasing circuits and replica:
consumes approximately 20 mA from the single 5-V powe
supply. The output of the circuit is coupled directly to the 5C /%p
© input of a digital oscilloscope. Although the internal data
signal reaches full digital levels, the output buffer was n
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designed to drive 5@ up to 5 V. The measured output signal
is therefore scaled down to approximately 1 V. Fig. 14 shows

a measured eye diagram at 1-Gb/s throthDUt' A SenSitivmﬁhel S. J. Steyaert(S'85-A'89-SM’'92), for a photograph and biography,
of better than 10uA has been measured. When powered age this issue, p. 911.



