Proceedings o£ the 15th Conference on
Opfoe|ecfron|cs and e

X‘“15§] o 1 VOL15 NO1 J&
FUR L YBA 222]0] =27

Al 20084 53 14Y(<)~58 16U(R)
& R siRc BEle=E

http://www.cooc.org
o




09:00~10:30 =&t : HIZHSH(SZCH)

9:00
T1B-1

9:30

(FH=2)XIMILH Back Light Unit 2 C|AZE3|0|2 Field emission 7|&

9L ZRBIZI(LBIT) wevveerssssseeeesesssssss s 18
XX|-HZ OLED Iid SFY 73 £ 2|MsE flst AIS0|M ALA|Zt HES st
Z7|=H F& 4ol cigt A7

TG K]S (TEOYT) wrrrrereessssssseeeeesssssssss s 22

FYLY FSXE HOo|X o[olx] TV 7l AT
A

09:00~10:30 ZH : O|&=(ETRI)

09:00 (X¥=R)Polarization mode dispersion HIE|Q| 2& Eix EN

Ti1C—1 O AN (TL-QTY])  vvevevereserrenetet ettt 30
09:30 A 4x10—Gb/s Optical Receiver and VCSEL Driver Array in 0,13—um CMOS Technology
TiC-2 B3l o d(AM]), QUA QJHU(KETI) wreeereerssressssmsmasssssssssissssississsssssisssssssissssnsses 32
09:45 80km DWDM SFP+ EZHA|H 7Het

TiC-3 O)Z27], O)AZE, ZITFZE(ETRI) creveeeereresererseseststttstntst sttt 34
10:00 WDM Z HEQTN & EMHAZECQ SE8XQI 0|2 B

TiC-4 ;g._z,‘:_-@], 7@@/}:]’ o]/g-_/,\_, %}%%(ETRI) ....................................................................................... 36
10:15 WDM-PON 2{gt &zl mtEo| XIS2E ZHEE= ohE 7HH 2[o]X

Ti1C-5 B Z7|HF, TAITE, O] AFE](KAIST) ceeeererererersssssssssttntatsistst sttt 38

09:00~10:30 =}z :



LMJ
사각형


A 4x10-Gb/s Optical Receiver and VCSEL Driver Array in
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Abstract

A 4-channel 10-Gb/s optical receiver and VCSEL driver array are implemented in 0.13-um CMOS technology.
To enhance the bandwidth of the optical receiver, a limiting amplifier using a negative impedance compensation
and active feedback is proposed. A single channel receiver achieves 96-dBQ trans-impedance gain (Zr), 10-Gb/s
operations with 7.1-GHz bandwidth for 0.25-pF input parasitic capacitance and 23-pA/sqrt(Hz) input noise
spectral density that corresponds to -18-dBm sensitivity for 10> BER. The optical transmitter drives VCSEL
array, operating up to 10-Gb/s with APC (5-15mA) and AMC (5-20mApp) loops to obtain constant and reliable

optical power outputs.

1. OPTICAL TRANSCEIVER ARRAY

An optical link, as shown in Fig. 1, primarily
consists of an optical transmitter, which encodes
electrical data to optical signals, an optic channel such
as plastic optical fiber, which carries optical signal to
its destination, and an optical receiver, which
reproduces the electrical data from the received
optical signals [1].

In this paper, design and implementation of 4 X
10-Gb/s optical receiver and transmitter arrays are
reported. Each transmitter incorporates a LVDS/
CML (low voltage differential signal / common mode
logic) input buffer, a preamplifier with capacitive
degeneration, and a main driver. The pre-amplifier
boosts high frequency gain by using the Cherry-
Hooper topology. Then, it is followed by an output
stage designed to drive large currents (max. 20mApp)
at 10-Gb/s. Therefore, the main transistor should be
wide enough to drive large currents. However, it
might degrade the 3-dB bandwidth and thus the width
should be optimized. Iyop represents the modulation
current of output driver, corresponding to the optical
output swing range, whereas Ipjas is the bias current
which corresponds to the average transmitted optical
power.

The receiver array consists of TIA (trans-
impedance amplifier) and LA (limiting amplifier).
For TIA, a number of tradeoffs exist between
bandwidth, photodiode capacitance, trans-impedance
gain, and noise performance [2]. To overcome this
tradeoff, advanced common-gate input configuration
is exploited. Simple common-gate configuration has
a low input resistance, ~1/g,. However, due to poor
device characteristics of CMOS transistors, simple

common-gate stage cannot entirely isolate the
photodiode capacitance. Therefore, the advanced
common-gate stage adding the local feedback stage is
exploited. This input stage provides virtual ground
input resistance of 1/(1+g,,zRp)gm1, where (1+g.,5Rp)
is the voltage gain of the local feedback stage. The
gain stage of TIA is designed to be common-source
amplifier with feedback resistance (Rg). And the dc-
cancellation stage is designed to fr doubler type for
this block to prevent total bandwidth reduction. In
conventional LA, the inductive peaking technique
based on an active inductor, a LC-ladder filter
network, or a series passive inductor, has been used
to enhance the bandwidth [3]. However, such
problems exist as the large passive inductor area,
voltage headroom, and gain fluctuation. To solve
these problems, we propose a limiting amplifier using
negative impedance compensation (NIC) and an
active feedback circuit as shown in Fig. 2. Active
feedback between two simple common-source
amplifiers can improve GBW of the gain stage. A
negative transconductance feedback Gy returns a
fraction of the output to the input of G,,. Because
this architecture doesn’t resistively load the trans-
impedance stage, the total bandwidth of the amplifier
can be enhanced. However, intermediate node (A)
between two common-source stages exhibits three
active devices (M2, M5, and M7) and load capacitors
(CLy, Crp) of the amplifier. Thus, this node is very
capacitive. To compensate this parasitic capacitance,
NIC technique is added.

II.  MEASUREMETNT RESULTS

Fabricated optical receiver and transmitter chipsets
are measured using a whole optical links. The
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designed transmitter drives 4-channel VCSEL array,
operating up to 10-Gb/s with APC (auto-power
control) of 5-15mA and AMC (auto-modulation
control) of 5-20mApp to obtain constant and reliable
optical power outputs. The whole 4-channel
transmitter array chip occupies the area of 2.05mm X
0.83mm, Fig. 3(b), and dissipates 200-mW from a
single 1.8-V supply. Fig. 4 shows eye diagrams for
the receiver in the complete optical link. A single
channel optical receiver achieves 10-Gb/s operations,
96-dBQ trans-impedance gain, and 23-pA/sqrt(Hz)
input noise spectral density that corresponds to -18-
dBm sensitivity for 10" BER. The whole receiver
array chip occupies the area of 1.79mm x 1.35mm,

Optical Signal Transmission
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Fig. 3(a), and the power consumption is 54-mW from
a single 1.2-V supply.
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Fig. 2. Proposed limiting amplifier using a negative impedance
compensation and active feedback circuit
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(c)
Fig. 4. Eye diagrams at data-rate of
(a) 1.25-Gb/s, (b) 2.5-Gb/s, (c) 5.0-Gb/s, and (d) 10-Gb/s

(b)
Fig. 3. Micro-photographs of (a) 4-channel optical receiver, and (b) 4-channel VCSEL driver
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