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Implementation of 10 Gb/s 4-Channel VCSELSs Driver Chip for
Output Stabilization Based on Time Division Sensing Method
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ABSTRACT

We implemented a 10 Gb/s 4-channel vertical cavity surface emission lasers (VCSEL) driver array in a 0.13 1
m CMOS process technology. To enhance high current resolution, power dissipation, and chip space area, digital
APC/AMC with time division sensing technology is primarily adopted. The measured -3 dB frequency bandwidth
is 9.2 GHz; the small signal gain is 10.5 dB; the current resolution is 0.01 mA/step, suitable for the wavelength
operation up to 10 Gb/s over a wide temperature range. The proposed APC and AMC demonstrate 5 to 20 mA
of bias current control and 5 to 20 mA of modulation current control. The whole chip consumes 371 mW of

low power under the maximum modulation and bias currents. The active chip size is 3.71 x 1.3 mm’.

[.AM 2 division multiplexing- passive optical network stage

2 (TWDM—PON)“] architecture with centralized

The sudden high increase in demand for VCSEL at the optical line terminal (OLT) has
high-speed access networks has led to the emerged as an attractive solution for low-cost
recognition of low-cost optical access systems as the implementation. The next generation passive optical
most viable technology available. Recently, the time network stage 2 (TWDM-PON) utilizes WDM and
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TDM methods to assign a private wavelength
between the OLT and optical network unit (ONU) in
order to support TWDM-PON through a time
division system.

Most optical transmitters are required to maintain
system performance stability, such as average optical
power and extinction ratio over a wide temperature
range (-40C to 80°C). In order to obtain reliable and
constant transmitted optical power over this wide
temperature, the characteristics of VCSEL should be
confirmed according to temperature variation
through a VCSEL driver. The trend recent
high-speed VCSEL drivers has shifted to using
highly  productive = and  integrated = CMOS
technologylz].

To provide stable driving, fast settling time and
high resolution of VCSEL, the AC compensates for
the actual power level by controlling common mode
(CM) value of VCSEL driver. The AMC minimizes
errors of process, voltage, and temperature, as well
as influences of aging based on usages by
controlling output amplitude of the drive system to
be constant so that it minimizes data error to be
transferred with a constant power. The existing
CMOS process based on a high speed VCSEL
driver was proposed in an analogue type that
requires a dummy VCSEL device or MPD that
operates in the same way with VCSEL device that
sends light signals or that requires more
trans-impedance  amplifiers (TIA®Y o realize
APC/AMC. Moreover, the dummy VCSEL device,
MPD, and TIA amplifier are all components of
circuits that are attached to an external VCSEL
driver, which introduced uneconomical problems
with more complications and expanding volumes.
Thus, there was a growing need for a VCSEL driver
that can realize APC/AMC functions at a lower cost
based on CMOS processes which did not require
these additional circuit factors.

There are two ways to realize the existing
APC/AMC. One is to apply one ADC to each
channel; the other is to apply it commonly to
multi-channels from one APC/AMC. For the former,
the number of required ADC increases according to
the number of ADC, while the current sinking and
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the area increases as the number of bit of ADC
increases to realize high resolution APC/AMC. On
the other hand, the latter can decrease the area,
while current sinking increases sharply as controller
for APC/AMC attempts to be realized for each
channel to compensate disadvantages of lower
precision, as each channel has a different output
power source with no guarantees for power and
modulation of each channel. This paper suggests
APC and AMC methods through a digital loop using
a time sharing sensing method. Here, the optical
TDM (OTDM) system[4] concept is applied to the
inner circuit of the transmitter (VCSEL) driver, so
that 4 channel VCSEL driver sensingISI is performed
by wusing time sharing concept, applying the
APC/AMC of the digital method to each 4 channels
for automatic calibration of the power. Since this
proposed sensing method can be applied to every
channel with one sensing block, it provides a
cost-effective resolution for multi-channel
application by low power consumption'® and chip
miniaturization because the circuit size and current
consumption are reduced to be 1/n based on the
number of times the block is shared and used.
Ultimately, this proposal is a brand new method that
has not been applied to multi-channel a VCSEL
driver design up till now. This proposal could bring
about considerable cost reduction when applied to an
optical communication system. In this paper, the
design and implementation of 10 Gb/s x 4 channel
CMOS VCSEL driver array for TWDM applications
is reported.

II. Proposed VCSEL Driver

Figure 1 shows the block diagram of a main
driver with auto optical power control. The main
driver is to provide sufficient current for the
VCSEL. IBIAS represents the bias current of the
VCSEL corresponding to the nominal threshold
current, whereas the modulation current (IMOD)
represents the modulation current of the VCSEL
corresponding to the optical output swing range; it
guarantees the VCSEL operation. IBIAS always
flows through VCSEL to guarantee IBIAS (bias
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IMOD flows
through VCSEL according to the incident voltage

current) exceeds threshold current.

signal. To compensate for the temperature effect,
because the characteristics of VCSEL change with
time and temperature, APC and AMC are essentially
required. To implement the auto control method, we
needed to detect optical power. We exploited a new
APC/AMC feedback loop”' instead of the existing
MPD method® for the detection of optical power.
The proposed VCSEL Driver configuration with
Time Division Sensing Technique for TWDM
Applications is presented in Figure 1.

Figure 2 could reduce the current sinking and
area for the same conversion speed to be at 1/2 level
by using time shared ADC for each channel of
Driver 2, while not using one ADC for each channel
for APC/AMC. The output CM voltage of the
VCSEL driver acquired from the CM sensing circuit
inside the Peak Detector of Driver 1~4 and the
amplitude value sensed from the amplitude sensing
circuit are selected through the MUX of the second
level, where the selecting signal is created through
the APC/AMC controller.

Figure 3 shows the blocks of the CM Detector
and the Peak Detector. The CM Detector senses the
output CM level of the VCSSEL driver, while the
Peak Detector senses the amplitude of output.
Ripples created from the process of sensing voltage
levels are reduced through a low pass filter (LPF),
then through band gap adaption (BGA) and
amplified according to 10 bit ADC input range. The
CM Detector and Amplitude Detector are transferred
to 10 bit ADC through the Mux. The time
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transferred to the Multiplexer is set from the
AMC/APC controller as it senses stable voltage
within a sufficient amount of time.

Figure 4 shows the APC/AMC function using the
time sharing sensing method™. It is designed in a
way to automatically compensate for power as a
result of realizing automatic APC/AMC by printing
the Bit<9:0> that controls the APC/AMC through
the computation of digitalized information after
converging the amplitude of voltage into digital
through ADC by using a peak detector. A printed
DIG_APC<9:0> BIAS current, while
DIG_AMC<9:0> controls IMOD and IBIAS. Here,
TWDM is
increased by using 10 bit ADC. It is possible to

controls

the current resolution required by

increase the precision and reduce current sinking and
die size as time sharing sensing is applied to all
channels for APC/AMC function. For the higher
current resolution required by TWDM, it is designed
to be 10 bit ADC, by combining a 4 bit flash and
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a 6 bit successive approximation register (SAR)
ADC.

It is much more advantageous in the aspect of
design area and consumed power, compared to the
existing technology that uses 10 bit ADC for each
channel, as it uses 10 bit ADC after time sharing in
the process of calibration via SAR ADC. Here, the
time sharing APC/AMC controller is composed of
digital logic. APC secures the actual power level by
controlling the CM value of the VCSEL driver,
while AMC minimizes data errors while transmitting
data with constant power by controlling the output
amplitude of the driver.

Figure 5 shows the structure of 10 bit Time
Interleaved flash SAR ADC. The ADC input circuit
receives the output of the Peak Detector and goes
through sample and hold procedures. Input sampled
through the input circuit goes through two stages of
coarse flash ADC and fine SAR ADC via ADC core
circuit to create each output. Here, Fine SAR ADC
operates in a time interleaved way, so that it gets a
higher sampling speed. ADC output circuit then
creates the final output bit of ADC by combining
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Fig. 5. ADC block diagram.
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digital bits that are each created from coarse flash
ADC and Fine SAR ADC.

Figure 6 shows automatic temperature control
(ATC) configuration. ATC is used to ensure the eye
diagram opening during the variance of absolute
temperature. The operation scheme is shown in Fig.
6. The function of proportional to absolute
temperature is to generate the temperature dependent
bias voltage which can compensate for the reduction
of output power emission of VCSEL as the

temperature increases.

VREFT

R 1 4Bit - Flash ADC

PTAT

Generator Flash_QUT <3:0=

PTAT Vohage

J2l 6. ATCES:
Fig. 6. ATC block diagram.

II. Results

The VCSEL driver has been fabricated in a full
0.13-uym CMOS technology. The VCSEL driver
operates in the 10 Gb/s at a 3.3 Vdc supply. The
chip layout of the 4 channel VCSEL driver array is
shown in Figure 7. The channel pitch is 250 pm.
The chip size is 3.1 mm x 1.37 mm.

Figure 8 shows Current Resolution & CM
Resolution results. The measurement was performed
by increasing high rank bit one by one, not by
overall measurement for 1,024 bits. This method
confirmed the result that each bit has certain steps
in an exponential function graph. Current ranges
were 5 to 20 mA, while resolution was (20-5)
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mA/210 = 0.015 mA/step. Voltage ranges were 2.45
to 3.02 mV, while resolution was 0.56 mV.
Figure 9 is the measurement result of ATC. It
confirms the temperature compensation function (a)
at -40 to 85 C, with ATC function at the centre of
APC/AMC. The graph shows the result of swing as
a change of diode based on ATC
temperature at the centre of APC/AMC; voltage

current

swing at 85 T was measured to be 316.8 mV.
Based on the measurement results, the temperature
compensation progress is shown in the graph based
on ATC measurement in -40 to 85 C. This shows
the Eye Diagram in (b) 25 C and (c) 85 C when
ATC/AMC is on. As turn on and off time of the
VCSEL diode is fast, so it shows that turn on time
at room temperature and 85 ‘C has almost same eye
within swing difference of 102 ps.

The eye patterns with respect to the data rates
from 2.5 Gb/s to 10 Gb/s are measured in Figure 10.

The performance of the proposed VCSEL driver to
be used in TWDM-PON is summarized in Table 2.

In TWDM-PON system,
source should be initialized for physical layer

a wavelength light

connection between TX and RX. As changes occur
in the peak wavelength of transmitter VCSEL when
the the
communication system, it is necessary to have the
VCSEL driver in optical module in TWDM-PON
system which uses 32 channels.

Use wavelength of NG-PON (TWDM) is in the
range of 1576.20 nm to 1582.02 nm, in which 32
channels are allocated in every 0.18 nm.

In case of Raycan 10 Gb/s VCSEL, as the

surrounding ~ temperature  rises  in

Drcde
Clur::r;t ATC measurement
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ATC QOFF
12 ATC ON
— e —ar —
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1 STETY
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-a0 -8 24 57 8BS

Temperature (°C)

(a) The ATC variation of VCSEL driver as temperature
changes.

(c) Eye diagram with jitter 3.571 ps at ATC ON 85 C.

121 9. ATC ON ((a) 25T, (b) 85C)olA o}o] tloloi
Wiz} 2xr} wig ) VCSEL Ezjo]He] ATCHS).

Fig. 9. The ATC variation of VCSEL driver as
temperature changes and Eye diagram at ATC ON ((a) 2
5T, (b) 857)
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(d) Rates: 10 Gb/s, Swing: 340.70 mV.

T2 10. dlelE ofelsl
Fig. 10. Eye pattern with respect to the data.

channel distance is 0.6 nm, it is necessary to have
a VCSEL driver that increases the VCSEL peak
wavelength by 0.06 nm when the temperature rises
for 1°C. This makes it effective to secure economic
feasibility for the development of a low-cost
transceiver that has the advantages of low power
and miniaturization.

At the end, the required qualification of 10 Gb/s
VCSEL driver is 0.06 mA/step and the measured
result of current range is 5 to 20 mA. These results
show that it is possible for TWDM application with
(20-5) mA / 1023 = around 0.02 mA/step].
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IV. Conclusion

A 4 channel CMOS VCSEL driver array is
implemented in 0.13 ym CMOS technology. The
Optical transmitter drives the VCSEL array,
operating at 10 Gb/s with the proposed APC/AMC
controller to obtain constant optical output power.
To enhance high current resolution, power
dissipation, and chip space area, digital APC/AMC
with time division sensing technology is primarily
adopted. The time division sensing function is
achieved by monitoring the current and eye diagram
change of the VCSEL with -40 to 85 C temperature
variations. The measured -3 dB frequency bandwidth
is 9.2 GHz; the small signal gain is 10.5 dB; the
current resolution is 0.01 mA/step, suitable for the
wavelength operation up to 10 Gb/s over a wide
temperature range. The proposed APC and AMC
demonstrate 5 to 20mA of bias current control and
5 to 20 mA of modulation current control. The
whole chip consumes 371 mW of low power under
the maximum modulation and bias currents. The
active chip size is 3.71 x 1.3 mm’.

The driver is suitable for capital expenditures
(CAPEX) and operational expenditures (OPEX)
high rate optical transceiver when using the CMOS
process. Therefore, it can be applied to TWDM for
NG-PON. To the knowledge of the authors, it is the
first reported time division sensing method based
APC/AMC in order to utilize the VCSEL driver
array for TWDM applications. The chip can be
applied to an optical transceiver in a TWDM PON
system as well as optical interconnections between

high-speed chips.
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