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E2580 EML with Intergral Driver IC: Pin Definitions and Operation

Introduction

Agere Systems Inc.'s E2580 series Electroabsorption Modulated Isolated Laser Module (EM-ILM or EML)
offers an integrated modulator and CW laser in a single semiconductor chip, and an integral driver IC in the
same package.

This application note is intended to offer guidance on the pin functions and the voltage levels required by the
driver IC. For general guidance in setup and operation of EML devices, refer to the Electroabsorptive Modulated
Laser (EML): Setup and Optimization Technical Note (TNOO-008OPTO). For additional information on the wave-
length stability of 2.5 Gbits/s and 10 Gbits/s EML devices over temperature, refer to the technical note, Use of
EML Devices In DWDM Applications (TNO0-0120PTO).

Pin Definitions and Operation

As indicated in the block diagram below, the E2580 device has 13 pins on one side of the package that are ded-
icated to the required dc and control components, and a single, small-profile, Glibert GPO connector on the
other side for the RF signal. Pins 6 to 11 interface to the integral driver IC, which in turn controls the modulator
functions. Pins 1 and 2 connect the thermistor, pin 3 connects the CW laser section, pins 4 and 5 connect the
monitor photodiode, and pins 12 and 13 connect the thermoelectric cooler.

13. TEC-

TEC 12. TEC+

11. Vss

DRIVER

.
©

DCA

OA

RF INPUT —T—1 IN
NC

NC

VEA

.BACK DET+

.BACK DET-

. LASER+

vow s o o [N (e o

. THERM

[any

. THERM
LASER-, CASE

1-1098(F)

Figure 1. Block Diagram of the E2580 10 Gbits/s EML Package with
Driver IC and Output Amplitude/Cross Point Control Circuits
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Pin Definitions and Operation (continued)

Table 1. Pin Definitions and Operation

PIn

Number Symbol Description
13 TEC(-) Thermoelectric Cooler (-).
12 TEC(+) Thermoelectric Cooler (+).
11 Vss Voltage Supply to the IC. The operating voltage range is —5.0 V to -5.5 V.
10 DCA Duty Cycle Adjust. The input range is ~-3.6 Vto -3.8 V. At ~-3.6 V, the

pulse width is reduced to a minimum value of 70%. At ~-3.8 V, the pulse
width is a maximum at 130%. Typically, around —3.7 V, the pulse width is
100%, which corresponds to a normal duty cycle and 50% eye crossing for
the electrical drive pattern. This will produce lower eye crossings in the opti-
cal pattern for an EML device because of the nonlinear extinction (light out-
put vs. modulation voltage) characteristic. This input can be used to increase
the crossings slightly for optimal performance.

9 OA Output Amplitude Adjust. The input range is ~ —4.2 V to —4.8 V. Minimum
drive amplitude to the modulator (~ 2 Vp-p) is achieved at —4.8 V. Maximum
drive (~ 3 Vp-p) is attained at —4.2 V. This input can be used to adjust the
extinction ratio in the optical output.

8 NC/DCM No Connect/Duty Cycle Monitor. This pin is reserved for the duty cycle
monitor function and may be available in future transponder versions. Cur-
rently, this functionality is not available on the driver ICs that are used in
E2560. It will be NC, (no connect) on initial models.

7 NC/PCM No Connect/Peak Current Monitor. This pin is reserved for the peak cur-
rent monitor function. As with the duty cycle monitor, it is not yet available on
the driver ICs used. It will be NC (no connect) on initial models

6 VEA Modulator Offset. This pin controls the on-state bias voltage applied to the
modulator. The input voltage ranges from —3.0 V to —=5.0 V. At -5.0 V, there is
no applied offset to the modulator, i.e., the on-state should be close to 0.0 V
(excluding the effects of modulator photocurrent). At —3.0 V, the maximum
offset is applied to the modulator, which would correspond to an on-state
voltage of —1.0 V. The absolute minimum off-state is —3.4 V for the driver IC.
Therefore, tuning the offset to more negative value at a fixed output ampli-
tude will eventually result in clipping on the low end and a reduction in the
drive amplitude. For example, if a package is set up for 2.5 Vp-p output
amplitude, it may be tuned down for offset to —0.9 V maximum before ampli-
tude clipping would normally occur. At —1.0 V offset, the maximum driver
amplitude would be reduced to 2.4 Vp-p.

5 Back Det(+) Back Detector (+) (Cathode).

4 Back Det(-) Back Detector (=) (Anode).

3 Laser(+) Laser (+) (Anode).

2 Therm Thermistor Connect.

1 Therm/Laser(-)/Case | Thermistor/Laser (-)/Case.This pin offers a combined thermistor, laser CW

section cathode (=) and case ground (for the RF signal). This is a modifica-
tion on earlier models and has been introduced to offer optimum RF perfor-
mance.

— RFIN RF Input. The RF signal is applied to the Gilbert GPO connector. Via this
connection, the driver IC requires an input voltage in the range 0.5 Vto 1.0V
(peak to peak) for optimum performance. The RF path is optimized for a
nominal input impedance of 50 Q.

2 Agere Systems Inc.
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Pin Definitions and Operation (continued)
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Figure 2. Driver IC Block Diagram
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Figure 3. Cross Point Control Circuit Example
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Pin Definitions and Operation (continued)
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Figure 4. Output Amplitude Control Circuit Example (10 Gbits/s EA Driver IC)

Recommended Start-Point Conditions

With the appropriate control circuits in place, as described above, the following starting point (i.e., prior to any tun-
ing) values are suggested for the dc bias parameters in the IC.

Table 2. Recommended Start-point Conditions for dc Bias Parameters in the IC*

Parameter Symbol Value
Duty Cycle Adjust DCA -3.7x0.1V
Modulation Offset VEA -35+03V
Output Amplitude OA -46*02V

* The information offered here is recommended as a time-saving condition and further adjustment may be necessary to achieve the desired per-
formance, as described in Table 1.

Summary

In conjunction with the technical note describing general setup and optimization of the EML device, the user should
now be in a position to design the interface to the E2580 package, and, subsequently, to optimize its performance
to meet the individual system requirements.

4 Agere Systems Inc.
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Appendix

1-1102(F)
RISE TIME = 37 ps, FALL TIME = 40 ps.

Figure 5. E2580xx Eye Pattern (Example)
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Figure 6. E2581xx BER Performance (Example)
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Using Electroabsorbtive Modulated Laser Modules
in Dense WDM Applications

Introduction

The information offered here is intended to serve as a guide in the use and optimization of Agere Systems Inc!
E2500 series of 2.5 Gbits/s and 10 Gbits/s Electroabsorptive Modulated Isolated Laser Module (EM-ILM, or
EML) in dense wave-division multiplexing (DWDM) systems, where performance over temperature and, in par-
ticular, wavelength aging over life need to be characterized and understood. Use of the device without the intro-
duction of a wavelength-locking element is discussed. Use of wavelength stabilized devices (e.g., Agere
Systems’ C488/489-Type transmitters that employ an integrated wavelength locker) are not covered by this doc-
ument.

For general notes on the use of EML devices in long and ultralong haul transmission applications, refer to the
Electroabsorption Modulated Laser (EML): Set-up and Optimization Technical Note, TNO0-008OPTO.

In DWDM systems, the use of laser devices tuned to specific wavelengths places specific constraints on the
wavelength stability of those devices, both as a function of time and environmental conditions, particularly tem-
perature. The available wavelength space between the chosen channels will be apportioned among the various
components in the system by the system designer. In particular, the optical MUX and deMUX components, to
the extent that they require their own wavelength drift budget over temperature and life, can leave only a small
region in which the laser wavelength can drift or age before an overall system end-of-life condition is reached.

Agere has extensively characterized wavelength stability over temperature and over life for a variety of source
products. The EML device has been particularly well characterized and the results presented here are intended
to assist the system designer in incorporating the EML into leading-edge DWDM designs.
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Contributions to Wavelength Change
(Drift) of EML Sources

This document examines six critical aspects of device
and system performance that need to be considered
when establishing the budget for changes in wave-
length for a component or system, including:

« Change in wavelength with case temperature varia-
tion (A vs. TCASE)

« Change in wavelength with CW drive current to the
DFB section (A vs. IDFB)

« Change in wavelength owing to short-term changes
in the EML chip temperature (A vs. TCHIP)

= Aging of the thermistor

« Change in wavelength under environmental stress
conditions

»« Wavelength aging of the EML module

Change in Wavelength with Case Tem-
perature Variation (A vs. Tcasg)

Although EML devices are temperature controlled by a
thermoelectric cooler, all cooled optical sources are
subject to some change in wavelength as the ambient
or case temperature is varied. In particular, thermal
crosstalk between the EML chip and the thermistor,
and other aspects of the thermal design of the pack-
age, contribute to the overall stability performance. Fig-
ure 1 shows the typical wavelength vs. case
temperature performance of the EML, using twelve
devices chosen at random.

CHANGE IN WAVELENGTH
(REF: 20 °C)/pm

CASE TEMPERATURE (°C)

Figure 1. EML Wavelength vs. Case Temperature (2.5 Gbits/s and 10 Gbits/s EML)
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From these and other results, a worst-case change in case temperature of £15 pm is guaranteed for the operating

case temperature range 0 °C to 70 °C.

Agere Systems Inc.
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Using Electroabsorbtive Modulated Laser Modules

in Dense WDM Applications

Change in Wavelength with CW Drive
Current to the DFB Section ( vs. Iprs)

Due to the increased thermal load in the CW section as
the drive current is increased, a small, corresponding
increase in wavelength is observed. Figure 2 presents
data showing typical wavelength vs. DFB current and
indicates a worst-case value d\/dIDFB of

<0.007 nm/mA, or <7 pm/mA.

In a system using constant power control, the increase
in CW drive current over the life of that system should
be taken into account, and the worst-case coefficient
quoted above may be used to calculate the correspond-

ing change in wavelength that is expected. This data
can also be used to predict the wavelength shift associ-
ated with any short-term changes in the DFB current,
which the designer of the automatic power control
(APC) circuit can predict.

Note: The wavelength-aging predictions discussed in
the section on Wavelength Aging of the EML
Module, page 7, include an allowance for the
increase in CW drive current over life, which is
described above. Therefore, there is no need to
include any allowance in cases where a reliability
forecast based on the results of wavelength
aging of the EML module is used.
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Figure 2. Change in Wavelength with CW Drive Current
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Change in Wavelength Owing to Short-
Term Changes in EML Chip Tempera-
ture (A vs. TcHiP)

This is an additional contribution to the change in tem-
perature of the EML chip, and depends on the integrity
of the feedback loop that controls the thermoelectric
cooler (TEC). Most TEC control loops are capable of
controlling the chip temperature to one- or two-tenths
of 1 °C. Once the system designer has identified any
temperature variation owing to this cause, the data in
Figure 3 may be used to identify the resulting change in
wavelength.

The two curves shown in Figure 3 represent modulator
bias conditions of 0 V, and a typical nominal modulator
bias condition of pkg-avg.

1% 2% 5% 10%

20% 30% 40% 50% 60% 70%

The results indicate a median coefficient, dA/dTcHIP, of
0.85 A/°C, or 85 pm/°C, with a worst-case (+3 o) value
of 106 pm/°C.

Note: The wavelength-aging predictions, discussed in
the section on Wavelength Aging of the EML
Module, page 7, include an assumed value of
10.25 °C for short-term changes in chip tempera-
ture. Therefore, there is no need to include any
allowance for this reason where the results of the
wavelength-aging simulation will be used, unless
the predicted temperature change exceeds
+0.25 °C.
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Figure 3. Distribution of EML Wavelength vs. (Chip) Temperature
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Ag i ng of the Thermistor For most applications, therefore, the results indicate
that thermistor aging is negligible in terms of overall

Figure 4 presents data showing the measured aging of device performance.

the thermistor resistance under stress conditions at
125 °C for 1000 hours. A median resistance change of
0.28% with a log normal dispersion of 1.0 is observed.
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Figure 4. Thermistor Accelerated Aging Under Stress Conditions
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Change in Wavelength Under Environmen-

tal Stress Conditions

The following findings, Figure 5a and Figure 5b, are the
result of characterization of package performance,
showing change in wavelength during temperature
cycling and high-temperature soak at an ambient tem-
perature of 85 °C. They are provided for information

only, to indicate wavelength stability performance under
worst-case qualification stress conditions. Since nor-
mal operation will take place in a far more stable envi-
ronment, where temperatures are typically <85 °C and
the package is not subject to extreme stress conditions,
it is not necessary to factor the changes shown below
into the overall operating wavelength budget for most
applications.
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Figure 5a. Change in Wavelength During —40 °C to +85 °C Temperature Cycling
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Figure 5b. Change in Wavelength During High-Temperature (85 °C) Bake
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Wavelength Aging of the EML Module Nonbias-Activated Transient

Agere has extensively characterized the wavelength- An initial, nonbias-qctivated transient, _resulting ina
aging performance of the EML and other laser devices. ~ Shiftto the red, or higher wavelengths is due to packag-
The magnitude and mechanisms of wavelength aging ing effects, in partlcu_lar the relaxation pf stresses

are very well understood. In the case of the EML, all induced during bonding of the EML chip to its sub-
aging of the modulation section is found to be negligi- strate.

ble, an_d_the CW (DFB) section effectively cor_1tributes all Further experiments have revealed that at normal

the efficiency and wavelength change over life. The - operating temperatures (<100 °C), not only the rate but
wavelength aging is thus similar in nature and magni- also the magnitude of the nonbias-activated transient
tude to that observed on Ageres’ stand-alone CW and is significantly smaller than is shown under stress con-

direct-modulated DFB lasers, since the chip structures ditions in Figure 6a.
are similar. In both cases, the total aging is extremely

low, such that the changes are not easy to measure The raw data on 200 devices, from which the data on
accurately. four devices shown in Figure 6a was extracted, sug-

) gests a median magnitude of the nonbias-activated
The procedure used to measure wavelength aging transient of ~30 pm under stress conditions. Aging
involves a test of the entire EML package under stress  measurements performed at lower temperatures indi-
conditions at a case temperature of 100 °C and a CW cate that under normal operating conditions of about
nge current Of 200 mA, W|th a bIaS V0|tage to the mOd- 25 OC, the actual medlan Value (H) |S .-...15 pm,
ulator of —3 V. Figure 6a shows an example of four described by a lognormal distribution with ¢ = 0.4.

(from a total of 200) devices, during testing to 600
hours under these conditions.

All devices tested show the same behavior. These
results and additional characterization isolate two
observable aging mechanisms. One is due to an initial,
nonbias-activated transient, the other is the result of a
long-term, repeatable, small bias-activated aging.
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Figure 6a. Example of Typical (Stressed) EML Wavelength-Aging Characteristics
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Wavelength Aging of the EML Module

(continued)

Long-Term, Bias-Activated Aging

Long-term, repeatable, and small bias-activated aging
to the blue, or lower, wavelengths is a result of the
decrease in effective refractive index that occurs as the
free carrier concentration increases over life, and is
consistent with the classical DFB device aging mecha-
nism.

Note that Figure 6a shows aging under conditions of
constant current. When operating under constant
power, as described on page 3, the effect of increasing
drive current over life (required to maintain constant
output power from the EML as the CW section ages
over life) adds an additional, very small shift to the
longer wavelengths (red), which opposes the blue shift
observed. The simulation that follows accounts for this
change and so the results presented are representative
of conditions of constant power rather than constant
current.

Simulated Analysis

The distribution of observed changes for mechanisms
described here has been characterized separately and
in combination. An activation energy (0.68 eV) has

been calculated from the available data, and a simula-

tion performed using a Monte Carlo analysis, which
predicts the total wavelength shift under constant power
over 15 years of operation, at a nominal temperature of
25 °C.

Items included in the simulation are the following:

= The nonbias-activated red transient and long-term
blue aging.

= The nonbias-activated transient is described by the
lognormal distribution referred to in the preceding
section with p =15 pm, 0 = 0.4.

= Ohmic heating due to bias current increase over life,
for constant power operation.

= Short-term wavelength drifts due to chip temperature
variations, modelled by a uniform distribution in tem-
perature variations of £0.25 °C, as described in the
section on Change in Wavelength Owing to Short-
Term Changes in EML Chip Temperature, page 3.

Not included in the simulation is any allowance for
wavelength variation with case temperature
(dA/dTcasEe), for which an additional allowance of up to
15 pm should be made, as described in the section,
Change in Wavelength with Case Temperature Varia-
tion, page 2. It is left to the system designer to deter-
mine the allowance to be made for this factor, since the
actual temperature profile can vary substantially from
system to system, depending on the individual applica-
tion.
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Figure 6b. Simulated Wavelength Shift of EML at 25 °C, Constant Power, Over 15 Yrs.
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Wavelength Aging of the EML Module

(continued)

Simulated Analysis (continued)

Also shown is some arbitrary criteria for a system
employing 100 GHz ITU channel spacing, where an
allowable wavelength shift of £100 pm and £80 pm total
are assumed. In fact, the allowable shift before an end-
of-life condition is reached will vary from system to sys-
tem, according to the factors discussed elsewhere in
this document. The values shown are chosen, from
experience, as an example that could represent a typi-
cal system.

Using these values, it is concluded that the allowed
aging will support operation in a system where the
allowable wavelength aging is £80 pm or greater, with
an extremely low (<200 FIT) hazard rate. In most
cases, this will support systems employing 100 GHz
channel spacing with no issue. For systems at 50 GHz
spacing, the use of a wavelength locker is advised, and
the reader is referred to Ageres’ range of EML-based
transmitter products, which employ wavelength tunable
sources and integrated wavelength lockers (e.g., the
C488-Type and C489-Type transmitters).

Agere Systems Inc.

Summary and Conclusion

Table 1. Summary of Key Coefficients and Stability
Performance

Parameter Value/Comments

1. Wavelength Variation
with Case Temperature

+15 pm max is assur-
ed from O to 70 °C.

2. Wavelength Variation
with DFB Current

<7 pm/mA is assured.

3. Wavelength Variation
with Chip Temperature

85+ 21 pm/°Cis
assured.

4. Thermistor Aging <0.3% is predicted

(i.e., negligible).

5. Wavelength Variation
Under Environmental
Stress Conditions

Refer to page 6.

6. Wavelength Aging of
the EML Module

+80 pm total aging is
supported (prediction
includes contributions
from Table items 2, 3,
and 4).

The user should now be in a position to identify and
quantify the key contributors to wavelength change in a
typical DWDM system, and to understand and predict
the performance of Ageres’ E2500 series EML compo-
nent in that system. It should be possible to predict the
need for external locking elements or changes in the
design to accommodate the required wavelength drift
budget.
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Electroabsorptive Modulated Laser (EML):

Setup and Optimization

Introduction

The Agere Systems Inc. E2500 series Electroabsorp-
tive Modulated Isolated Laser Module (EM-ILM or
EML) combines an integrated modulator and CW
laser in a single semiconductor chip, providing a com-
pact and cost-effective solution for extended-reach
transmission up to and beyond 600 km at 2.5 Gbits/s.
Products for

10 Gbits/s operation, including a version with an inte-
gral driver IC, are also available.

In most applications, the EML can replace external
optical modulators, such as LiNbO3 Mach-Zender-
type devices, and offers space-saving, economy, and
ease-of-use among its advantages. The information
offered here is intended to acquaint the user with the
primary features and characteristics of the EML
device as well as the steps required to optimize its
performance in long-reach systems.

Operating at 1.5 um wavelength, and offering discrete
wavelengths in the 1.5 um region selected to the ITU-
T grid, the EML chip is supplied in an ultrastable,
industry-standard package, with thermoelectric
cooler and optical isolation.

The module meets the intent of the Bellcore TA-TSY-
000468 qualification standard, and is extremely reli-
able, offering a median lifetime of approximately 50
years under typical operating conditions.

To ensure that sufficient optical power reaches the
receiver, the EML is typically coupled with several
erbium-doped fiber amplifiers (EDFAs), such as
Agere’s 1724-Type. The standard 2.5 Gbits/s EML
product is specified for use up to 360 km (E2505-
Type) and 600 km (E2502-Type). Agere’s 10 Gbits/s
EML product is available as E2560-Type (40 km, with-
out integral driver IC) and E2580-Type (40 km, with
integral driver IC). Longer span lengths at 10 Gbits/s
are also addressed with E2561-Type (60 km, without
IC) and E2581-Type (80 km, with IC).

Other related products are Agere’s LG1626DXC
modulator driver for operation at 2.5 Gbits/s, and a
range of PIN- and APD-based receiver products for
high-speed applications at 2.5 Gbits/s and 10 Gbits/s.
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Typical Performance

The key feature that distinguishes the EML from
directly modulated laser devices is its extremely low
chirp. The chirp, or variation in wavelength during a
sequence of optical bits, is typically less than 0.02 nm,
or 0.2 A, from peak to peak (zero to one) for 2.5 Gbits/
s, 360 km devices, and even lower for devices used at
>600 km. This enables transmission over extremely
long distances in optical fiber with a minimum amount
of chromatic dispersion.

Figure 1 shows an example of an E2502-Type device
operating with low dispersion penalty in a system appli-
cation at 2.5 Gbits/s and up to distances greater than
1000 km. Note that at 328 km, the dispersion penalty is
negative. This is an intentional feature that is discussed
in detail in the following information.

The emitted wavelength of the device increases with
increasing chip temperature with a median coefficient,
dA/dT, of 0.085 nm/°C. Each delivered device is accom-
panied by a record of the thermistor resistance for the
set-temperature that corresponds to the specific ITU

For an in-depth description of the typical performance
of the EML over temperature in dense wavelength-divi-
sion multiplexing (DWDM) systems, and its typical
wavelength aging characteristics, please refer to the
Use of Electroabsorptive Modulated Laser Devices in
Dense WDM Applications Technical Note (TNOO-
0120PTO).

Also documented with each device is a value for the
forward current in the distributed-feedback (DFB) sec-
tion, in which the rated power is achieved. If the rated
power is achieved at a forward current of 50 mA or less,
then 50 mA is the value used for the other parameter
testing. Operating the DFB section at a forward current
of less than 50 mA, or greater than 100 mA, is not rec-
ommended. The reason for the minimum limit is that
the relaxation oscillation frequency of the device at

< 50 mA will be reduced into a region where the chirp
performance of the device will be adversely affected.

In general, the chirp improves with increasing DFB cur-
rent. The noise performance (RIN) also improves and,
of course, the power output of the device increases.
The extinction ratio degrades slowly with increasing
DFB current.

wavelength.
1—05
Q\\\x TEST CONDITIONS
1-06 \ IBiAs (LASER) = 75 mA | |
VBlas (MOD) =-1.0 V
Vpp (MOD) = 2.0V
107 \\\ \WORD LENGTH (223 - 1) ||
1708 x  0km —
\‘\ \\X\ o 328km
1-09 =
\ \\ A 681 km
1-10 m 930 km [ |
\\\\ Q& e 1026 km
11 A RN v 1110 km B
1—12
38 37 3 -3 -34 -33 -32 31 -30 -29 -28
1-1019 (F)
Figure 1. Example of an EML in System Performance
2 Agere Systems Inc.
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Setup and Tuning 3. Adjust Von (with Vp-p constant) by up to 0.2 V from
the values stated above, as a coarse power control.

1. Using the value provided for the thermistor resis- Adjust the DFB current as a fine power control, and

tance, and with the DFB current set at 75 mA, and fine-tune the_wavelt_angth by adjusting the operating

zero bias voltage applied to the modulator, measure temperature if required.

and record the wavelength and optical power. 4. Adjust the eye crossover to between 30% and 50%
2. Referring to Figure 2 if necessary, adjust the voltages of the optical power, where allowed by the EA driver.

applied to the modulation section to the values shown

in Table 1.

[ OPTICAL 1

OUTPUT
» OPTICAL
SIGNAL

TRANSMISSIVITY OR LIGHT OUTPUT

e.g., -3V e.g., 03V

Vp-p = Vp-p — VOFF

ELECTRICAL O | APPLIED ELECTRICAL SIGNAL

! ELECTRICAL 1

Figure 2. Light Versus Applied Voltage (Transfer) Characteristic of the Modulator

Table 1. On-State and Peak Voltage Adjustments for EMLSs.

Pin Number On-State (one) Voltage (Von) Peak-to-Peak Voltage (Vp-p)
600 km @ 2.5 Gbits/s/E2502xx -0.3V 2.0V*
360 km @ 2.5 Gbits/s/E2505xx -0.3V 2.0 v*
10 Gbits/s/ E256xx or E258xx -0.5V 2.0 VT

* Or higher, as required to achieve the minimum desired extinction ratio.
T For the 10 Gbits/s version with integral driver IC, refer also to the E2580 EML with Integral Driver IC: Pin Definitions and Operation Application
Note (AP00-0230PTO).

Agere Systems Inc. 3
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Further Optimization: Chirp, Pulse Clip-
ping, and Linear Pulse Compression

Further improvements in performance can be achieved
by optimizing the applied voltage to the modulator for
the specific application. As may be seen in Figure 2,
reducing the on-state voltage (i.e., the voltage level cor-
responding to the electrical one), while typically offer-
ing the benefit of reducing the dispersion penalty, also
reduces the output power. The optimum trade-off
between the two will depend on the system design. For
example, in a system where the EML is followed imme-
diately by a booster EDFA, power is not at a premium,
and system dispersion can be further improved by
reducing the on-state voltage from the values shown in
Table 1. Operating the modulator with a positive on-
state voltage is not recommended because it adversely
affects the dispersion performance.

A specific safeguard is recommended with respect to
the on-state voltage. The EML is subject to a self-bias-
ing (photocurrent) mechanism, which means that if the
on-state voltage is not controlled, particularly if the dc
component of the modulator drive is left floating, the
value of the on-state voltage can inadvertently be
allowed to become positive. It is important that this is
avoided, preferably using a control circuit as shown in

Appendix A.

Figure 3A. EML with Perfect Applied
Electrical Signal

Figure 3C. EML with Optimized Impedance

To make further adjustments in the available parameter
space, it is necessary to understand some additional
characteristics of the Agere EML design.

Figures 3A—3D show four modulation scenarios for the
EML modulator. In each case, an electrical signal is
applied to the X axis (modulation voltage) and an opti-
cal signal is produced on the Y axis (light output), as
introduced in Figure 2.

Figure 3A describes an ideal situation in which the
applied electrical signal from the driver is perfect, i.e., it
contains no noise or distortion components. The on-
State voltage is zero, representing a nominal chirp
value, and the electrical signal is translated into a per-
fect optical signal.

Figure 3B represents a more realistic example in which
the incoming electrical signal from the driver is imper-
fect, and the on-state voltage has been reduced from
0 V to some negative value in order to reduce chirp.
The output optical signal faithfully reproduces the
incoming electrical signal, including all noise and dis-
tortion elements. Note in particular that the on-state
bias voltage corresponds to a part of the characteristic
in which the slope (dL/dV) is high, meaning that noise
elements in the electrical one are accurately repro-
duced optically. In this example, the EML is satisfying
its minimum performance requirement.

Figure 3B. EML with Imperfect Applied
Electrical Signal

L1 |

Figure 3D. EML with Modified Transfer
Characteristics

1-1017 (F)

Figure 3. Chirp, Impedance Matching, and Modulator Design in the EML

Agere Systems Inc.
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Electroabsorptive Modulated Laser (EML):
Setup and Optimization

Further Optimization: Chirp, Pulse Clip-
ping and Linear Pulse Compression
(continued)

Figure 3C shows the result of optimization of the
impedance in the EML package. Optimization is
straightforward to ensure that the device behaves as a
50 % impedance in the on and off states. However, the
impedance of the modulation section in any EML
design will fall significantly during the transition from an
electrical one to an electrical zero, or vice versa. This
can present problems when interfacing to a driver that
is designed to assume a 50 ¥ load at all times, and can
be partially or wholly responsible for a poor electrical
input signal, such as that shown in Figure 3B.

In the E2500-Type EML package, the problem is
addressed by using an optimized combination of
capacitance and induction, which ensures the effective
impedance remains as close as possible to 50 ¥
throughout the transition between states.

Figure 3D shows an additional design feature of the
current design that will be used further in future design
iterations of the modulator. Since the on-state voltage
for long-reach applications can be reduced to control
the chirp, the one state can occur in a region of the
transfer characteristic where the slope (dL/dV) is high,
as outlined in the discussion of Figure 3B.

By modifying the shape of the transfer characteristic as
shown, the one state for reduced chirp will correspond
to an area of greatly reduced dL/dV, with the result that
noise or distortion components on the optical one state
will be clipped or suppressed. This clipping feature can
minimize the effect of an imperfect incoming electrical
signal.

Therefore, and to review, in making further adjustments
to those described in the Setup and Tuning Proposal
section, it should be noted that:

= The trade-off between chirp and output power can
be optimized by adjusting on-state bias voltage while
maintaining a constant peak-to-peak modulation
voltage. Increasing DFB current can improve both
chirp and RIN, at the expense of extinction ratio.

« When reducing the on-state bias voltage in order to
reduce chirp, care should be taken to examine the
incoming electrical signal, since this action will also
reduce the inherent clipping effect of the modulator.

Referring back to the results presented in Figure 1, the
reason why adjusting on-state bias voltage can result
not only in reduced dispersion penalty but in negative
dispersion penalty as well can be explained by refer-
ring to Figure 4 below.

Vbc VON-STATE
-1.75V  -0.75V S
150V —050V //L
PULSE
AN HEIGHT
-1.00V  0.00V S\
FIBER
W -0.75V  +0.25V _
TIME TIME
ON
ELECTRICAL
PULSE OFF

1-1016 (F)

Figure 4. Linear Pulse Compression
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Further Optimization: Chirp, Pulse Clipping
and Linear Pulse Compression (continued)

The results presented on the first graph show chirp, AA,
as a function of time during the applied electrical pulse.
They are actual measurements of the E2500-Type
device. As the on-state is varied while the midpoint
modulation voltage, Vdc, is adjusted in order to main-
tain a constant peak-to-peak modulation voltage of 2 V,
the chirp of the leading edge of the pulse changes rela-
tive to the trailing edge of the pulse.

Consider the cases at Von-statfe = 0 V and —-0.5 V. In the
first case, the net chirp at the leading edge of the pulse
is negative, or blue, compared to the chirp at the trailing
edge. Therefore, the leading edge of the pulse will
travel more quickly in the optical fiber because light at
lower wavelengths (higher frequencies) travels more
quickly in standard fiber than light at higher wave-
lengths. The pulse, therefore, will broaden in time as it
travels along the fiber, and the net result will be a posi-
tive dispersion penalty.

In the second case, at Von-sTaTE = —0.5 V, the converse
happens. The net chirp at the leading edge becomes
positive with respect to the trailing edge, the leading
edge travels more slowly in fiber than the trailing edge,
and the pulse is compressed as it travels through the
fiber. The net result is a negative dispersion penalty.

The examples at Von-sTatE = —0.75 V and +0.25 V show
what occurs at the extremes of each case. At -0.75V,
the negative chirp becomes so pronounced that the
leading edge of the pulse is overtaken by the trailing
edge. The optical pulse collapses in the fiber and the
dispersion penalty again becomes positive. At +0.25V,
extreme positive chirp at the trailing edge simply leads
to excessive pulse broadening, and the resulting dis-
persion penalty in the system is high.

Figure 5 offers a practical demonstration of the effect
described above, in a simple system simulation.

In this example, a device chosen at random is used to
transmit a pseudorandom bit sequence in 300 km of
fiber, using several EDFAs and Agere’s standard

2.5 Gbits/s receiver (1319-Type), limiting amplifier, and
clock and data recovery. An optical filter is used at the
receiver.

As the on-state bias, Vo, is varied, it can be seen that
through linear pulse compression, the dispersion pen-
alty goes from ~2 dB at 0 V to a negative value at
—0.3 V. As Von is reduced further, the dispersion pen-
alty again becomes positive.

—=— VoN =0V, NO FIBER

—+— Von=0V, 300 km

—o— VoN =-0.3V, 300 km

j E— -
o AR

—— VoN =-0.5V, 300 km

BIT ERROR RATE

—#— VoN =-0.7 V, 300 km

1710 \

o AN
N

X

—-40 -39 38 37 -36 -35 -34

RECEIVED POWER (dBM)

1-1015 (F)

-33 32 31

Figure 5. Dispersion Penalty Versus Modulator On-State Voltage for the E2505xx EML
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Conclusion

The user should now be equipped to optimize the performance of the EML in a variety of digital system applica-
tions. By adjusting the bias and modulation voltages as recommended, optical linear pulse compression and dis-
persion, pulse clipping, optical output power, and extinction ratio can all be controlled. Additional adjustments in
chirp, RIN, and extinction ratio can be achieved by optimizing the DFB current.

For further information on the use of EMLs in DWDM systems, and in particular, for details of device performance
over case and chip temperature ranges, and typical wavelength aging performance over life, refer to the forthcom-
ing Use of Electroabsorptive Modulated Laser Devices in Dense WDM Applications Technical Note.

Appendix A

500 mV/div

80 ps/div
1-1015 (F)

Figure 6. Typical Optical Eye Diagram
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Appendix A (continued)
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Figure 7. Typical Optical Evaluation of the LG1626DXC and E2500-Type EM-ILM*

* Suggested inductors:

Coilcraft T, 1.2 pH, part No.1008LS-122XKBC; 10 pH, part No. 1008LS-103XKBC; 100 pH, part No. 90-37.
National Semiconductor i, bandgap reference LM4040.
T Coilcraft is a registered trademark of Coilcraft Inc.
¥ National Semiconductor is a registered trademark of National Semiconductor Corp.
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FEATURES

High Efficiency, Low Noise Topology

Adjustable Output Slew Rate Reduces EMI
Full-Bridge Controller for Bidirectional

Current Control

Adjustable Pulse-by-Pulse Bidirectional TEC
Current Limit

Open/Shorted Thermistor Indication

TEC Voltage Clamping

TEC Current, Voltage and Heat/Cool Status Outputs
Low Current Shutdown: Ig = 10pA
Adjustable/Synchronizable Oscillator Frequency
Reduces Filter Component Size and System Noise
2.5V Reference Voltage Output

APPLICATIONS

= |aser-Based Fiber Optic Links
= Medical Instruments
= GPU Temperature Regulators

AT, LTC and LT are registered trademarks of Linear Technology Corporation.

INITIAL RELEASE

Final Electrical Specifications
| l ’\D LTC 1923

TECHNOLOGY High Efficiency Thermoelectric

Cooler Controller

DESCRIPTION July 2001

The LTC®1923 is a pulse width modulator intended for
thermoelectric cooler (TEC) or heater applications requir-
ing either unidirectional or bidirectional drive circuits. All
of the necessary control circuitry and two sets of comple-
mentary output drivers are integrated into the LTC1923 to
drive a full bridge, providing an efficient means of bidirec-
tional current flow to the TEC. An accurate temperature
control loop to stabilize the temperature of a laser diode
system is easily achieved with the addition of just a few
external components. Typical temperature setpoint accu-
racy of 0.1°C is achievable with the LTC1923. Adding an
instrumentation amplifier front end allows setpoint stabil-
ity approaching 0.01°C.

The part features independent adjustable heating and
cooling pulse-by-pulse current limit, current soft-start for
controlled start-up, output slew rate control to reduce
system noise, differential current sense and voltage am-
plifiers and a host of auxiliary circuits to protect the laser
and provide redundant system monitoring. The LTC1923
is available in a 28-lead narrow SSOP package.

TYPICAL APPLICATION

Laser Temperature Control Loop Achieving Setpoint Stability Approaching 0.01°C

10k S 10k
01% 9 PLLLPF Rt 2 MV
330pF 4
27 =
RsLew Cr 1 I
= REF 3 — 2% | Veer | Voo
- SDSYNC VREF 1
10k o — LTC1658 Vot 25 l
NTC CNTRL  PDRVB e
— - "
— | 5 24 [ S = =
= EAOUT  NDRVB -|-b MPA MPB
100k [ L1 L2
A 6 Voo 23 10pH 10pH
\A A4
VRer 7 LTC1923 2 _L1pF — ¢ I c2
-T AGND PGND 3 -l ﬁ MNB** 22pF —I=— - 22uF
RiLimz = M = =
_rl 8 NDRVA 2 I;q MNA*
= 9 20
RiLim PDRVA R
= | J 3
10 cs* 19 :: Rg
=
11 8 = 2
— FAULT s~ 4
12 17
VTHRM Itec —
C1, C2: TAIYO YUDEN JMK325BJ226MM-T (X7R) 1 1
L1, L2: CDRHBD2B-220MC =] TEC*
“MNA, MPA: SILICONIX Si9801 14 Tec- M8
**MNB, MPB: SILICONIX Si9801
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' | EAD However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC1923

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Rt

Cr
VREF
PDRV B
NDRV B
Vbp
PGND
NDRV A
PDRV A
cst
CcS™
ITec
TEC*
TEC™

(Note 1)

VDD TO GND .o, -0.3Vto 6V TOP VIEW
SDSYNG, RSLEW «veveverererererererererererereieaesenns -0.3Vto 6V PLLLPF [1] 23]
FB, CNTRL, VTHRM: ILIM cveeeeeevrreerrerreerrirnens -0.3Vto 6V Rstew [2] 27]
CS*, CS™, TECH, TEC™ e -0.3Vto 6V SDSYNC [3] 26]
FAULT, H/C oo -0.3V to 6V oNTRL [4) 23]
Operating Temperature Range (Note 2) .. —40°C to 85°C EaouT [5] 24
Storage Temperature Range -65°C t0 125°C AG;E % %
Lead Temperature (Soldering, 10 sec).................. 300°C ss [8] &
lum [9] 20]
Vser [10] 19
FAULT [11] 18]
Vrurm [12] 17]
Hic [13] [16]
Vree (14 15]

GN PACKAGE
28-LEAD PLASTIC SSOP
Tymax = 125°C, 6y = 120°C/W

ORDER PART
NUMBER

LTC1923EGN

Consult LTC Marketing for parts specified with wider operating temperature

ranges.

ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are Ty = 25°C.

Vpp =5V, RsLew = Vpp, SDSYNC = Vpp, Ry = 10k, Cy = 330pF unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Input Supply
uvLO Undervoltage Lockout Low to High Threshold ° 2.6 2.7 \
UVHYST | Hysteresis High to Low ° 50 130 mV
Iop Operating Supply Current No Output Load, Outputs Not Switching 2 4 mA
IppsHon | Shutdown Ipp SDSYNC = 0V 10 25 pA
SHDNTH | Shutdown Threshold Measured at PDRVA, PDRVB 0.3 0.8 1.4 Y
Reference
VRer Reference Output Voltage No Load 2.462 2.5 2.538 Y
o | 2450 2.550 v
Vrergp | VRer Good Threshold VRer Rising Threshold ° 2.25 2.45 Y
LDREG |Load Regulation lLoap =—1mA to —10mA 10 25 mV
LINEREG | Line Regulation Vpp =2.7V 10 5.5V 5 20 mV
VRrersc | Short-Gircuit Current VRer = 0V 10 20 mA
Oscillator and Phase-Locked Loop
foscl Initial Oscillator Frequency Ry = 10k, Ct = 330pF 190 225 260 kHz
fosc Frequency Variation Vpp =2.7Vto 5V ° 165 225 270 kHz
O0SCPK | Ct Ramp Peak 1.4 1.5 1.6 v
OSCVLY | Ct Ramp Valley 0.4 0.5 0.6 V
CricH Ct Charge Current C1=0.3V, Ry =10k -150 PA

2
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ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are Ty = 25°C.

Vpp =5V, Rg ew = Vpp, SDSYNC = Vpp, Ry = 10k, Ct = 330pF unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Cripis Cr Discharge Current Cr=1.8V,Ry=10k 150 PA
PLLGAIN | Gain from PLLLPF to Rt -1.1 -0.9 -0.7 VNV
IpLpr | Phase Detector Output Current

Sinking fsyne < fosc 12 PA

Sourcing fsyne > fosc -12 PA
MSTTH | Master Threshold On PLLLPF Pin Measured at SDSYNC Pin Vpp-0.7 Vpp-0.4 v
SDDLY | Shutdown Delay to Qutput 20 45 bs
Error Amplifier
Vos Input Offset Voltage EAOUT =1V, Vgm = 2.5V -18 18 mV
AOL Open-Loop Gain EAQUT = 0.45V to 1.55V, CNTRL = 2.5V 80 dB
Vew Common Mode Input Range EAOUT =1V 0.2 Vpp +0.2 Y
I FB and CNTRL Input Bias Currents FB = CNTRL = 1.25 -100 100 nA
Vou Output High [Loap =—100pA 1.65 v
VoL Output Low ILoap = 100pA 0.3 0.45 \
Isource | Sourcing Current EAOUT =1V, FB = 1V, CNTRL = 2V -1.5 -0.5 mA
IsinK Sinking Current EAOUT =1V, FB = 1V, CNTRL = 0V 1 2 mA
GBW Gain-Bandwidth Product f=100kHz (Note 3) 2 MHz
Current Sense Amplifier
ACS Amplifier Gain 10 VIV
CSOFF | Amplifier Offset -15 -2 10 mV
ItecH Output High Voltage ILoap = —50pA Vpp-0.2 Vpp-0.1 \
ItecL Output Low Voltage lLoap = 50pA 0.1 0.2 \
f3dB -3dB Frequency (Note 3) 500 kHz
ILIMTH Current Limit Threshold Measured at CS*, CS™ 125 145 165 mV
[moLy | Current Limit Delay to Output 300 450 ns
SSlgyg | Soft-Start Charge Current SS=0.75V -2.5 -15 -0.5 PA
SSlm Soft-Start Current Limit Threshold SS =0.5V, Measured at CS*, CS™ 50 70 90 mV
lLm I jm Gurrent Limit Threshold [ = 0.5V, Measured at CS*, CS~ 50 70 90 mV
TEC Voltage Amplifier
ATEC Amplifier Gain 0.98 1 1.02 VIV
TECOFF | Amplifier Offset Measured at Vieg, Vom = 2.5V -7 mV
TECCMR | Common Mode Rejection 0.1V < Vgm < 4.9V 60 aB
VTECH Output High Voltage ILoap = —50pA 47 49 Y
VTEL Output Low Voltage lLoap = 50pA 0.1 0.3 v
f3dB -3dB Frequency (Note 3) 1 MHz
Output Drivers
OUTH Output High Voltage lour =—100mA 4 45 v
OUTL Output Low Voltage lout = 100mA 0.7 1.2 V
tRISE Output Rise Time Croap = 1nF 20 ns
traLL Output Fall Time Croap = 1nF 20 ns
trsLEw Output Rise Time Croap = 1nF, RgLpw = 10k 20 ns
tisLEW Output Fall Time Croap = 1nF, Rg pw = 10k 20 ns
trsLEw Output Rise Time Croap = 1nF, Rg gy = 100k 90 ns




LTC1923
ELECTRICAL CHARACTERISTICS

The « denotes specifications which apply over the full operating temperature range, otherwise specifications are Ty = 25°C.
Vipp =5V, RgLew = Vpp, SDSYNC =5V, Ry = 10k, Gy = 330pF unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

trsLEw Output Slew Fall Time Croap = 1nF, RgLpw = 100k 90 ns

SLEWVT | Rgigw Disable Threshold 2.75 %

DLY Output Dead Time Rr =10k 90 ns

Fault

OPENTH | Open Thermistor Threshold Vser = 5V, Measured with Respect to Vet -350 mV

SHRTTH | Shorted Thermistor Threshold Vger = 5V, Measured with Respect to GND 0.975 \

FLTV Fault Output Low Voltage 1mA Into FAULT, During Fault 150 300 mV

Direction Comparator

DIRH Low-to-High Threshold TEG™=2.5V, Measured with Respect to TEC~ 50 mV
Sensed When H/C Toggles Low

DIRL High-to-Low Threshold TEC~ = 2.5V, Measured with Respect to TEC™ -50 mV
Sensed When H/C Toggles High

HCV H/C Output Low Voltage 1mA Into Pin, TEC*=2.7V, TEC™ = 2.5V 150 300 mV

Note 1: Absolute Maximum Ratings are those values beyond which the life Note 3: Guaranteed by design, not tested in production.
of a device may be impaired.

Note 2: The LTC1923E is guaranteed to meet specifications from 0°C to

70°C. Specifications over the —40°C to 85°C operating temperature range

are assured by design, characterization and correlation with statistical

process controls.

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

Long-Term Cooling Mode Stability Measured in Environment that Steps 20 Degrees Above Ambient
Every Hour. Data Shows Resulting 0.008°C Peak-to-Peak Variation, Indicating Thermal Gain of 2500.

0.0025°C Baseline Tilt Over Plot Length Derives From Varying Ambient Temperature
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Identical Test Conditions as Above, Except in Heating Mode. TEC’s Higher Heating Mode Efficiency
Results in Higher Thermal Gain. 0.002°C Peak-to-Peak Variation Is 4x Stability Improvement. Baseline

Tilt, Just Detectable, Shows Similar 4x Improvement vs Above
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PIN FUNCTIONS

PLLLPF (Pin 1): This pin serves as the lowpass filter for
the phase-locked loop when the part is being synchro-
nized. The average voltage on this pin equally alters both
the oscillator charge and discharge currents, thereby
changing the frequency of operation. Bringing the voltage
on this pin above Vpp — 0.4V signifies that the part will be
used as the synchronization master. This allows multiple
devices on the same board to be operated at the same
frequency. The SDSYNC pin will be pulled low during each
Ct charging cycle to facilitate synchronization.

RsLew (Pin 2): Placing a resistor from this pin to AGND
sets the voltage slew rate of the output driver pins. The
minimum resistor value is 10k and the maximum value is
300k. Slew rate limiting can be disabled by tying this pin
to Vpp, allowing the outputs to transition at their maxi-
mum rate.

SDSYNC (Pin 3): This pin can be used to disable the IC,
synchronize the internal oscillator or be the master to
synchronize other devices. Grounding this pin will disable
all internal circuitry and cause NDRVA and NDRVB to be
forced low and PDRVA and PDRVB to be forced to Vpp.
EAOUT will be forced low. FAULT will also be asserted low
indicating a fault condition. The pin can be pulled low for
up to 20ps without triggering the shutdown circuitry. The
part can either be slaved to an external clock or can be used
as the master (see Applications Information for a more
detailed explanantion).

CNTRL (Pin 4): Noninverting Input to the Error Amplifier.

EAOQUT (Pin 5): Output of the Error Amplifier. The loop
compensation network is connected between this pin and
FB. The voltage on this pin is the input to the PWM
comparator and commands anywhere between 0% and
100% duty cycle to control the temperature of the tem-
perature sense element.

FB (Pin 6): The Inverting Input to the Error Amplifier. This
input is connected to EAOUT through a compensating
feedback network.

AGND (Pin 7): Signal Ground. All voltages are measured
with respect to AGND. Bypass Vpp and Vggr with low ESR
capacitors to the ground plane near this pin.

SS (Pin 8): The TEC current can be soft-started by adding
a capacitor from this pin to ground. This capacitor will be
chargedbya1.5pA currentsource. This pinconnectsto one
of the inverting inputs of the current limit comparator and
allows the TEC current to be linearly ramped up from zero.
The voltage on this pin must be greater than 1.5V to allow
the open/shorted thermistor window comparitor to signal
a fault.

ILim (Pin 9): Avoltage divider from Vggrto this pin sets the
currentlimitthreshold forthe TEC. If the voltage on this pin
is set higher than 1V, then I = 150mV/Rg as that is the
internal current limit comparator level. If the voltage on
thispinissetlessthan 1V, the currentlimit value where the
comparator trips is:

v = [0.15 * Ryt * VRerl/ [(Riuimt + Riuimz) © Rs]

Vser (Pin 10): This is the input for the setpoint reference
of the temperature sense element divider network or
bridge. This pin must be connected to the bias source for
the thermistor divider network.

FAULT (Pin 11): Open-drain output that indicates by
pulling low when the voltage on Viyry iS outside the
specified window, the part is in shutdown, undervoltage
lockout (UVLO), or the reference is not good. When the
voltage on Vyyry is outside the specified window, it
signifies that the thermistorimpedanceis out of its accept-
ablerange. This signal can be usedto flagamicrocontroller
to shutthe systemdown or used to disconnect power from
the bridge. See Applications Information for using this
signal for redundant protection.

Viurm (Pin 12): Voltage Across the Thermistor. If the
voltage on this pin is outside the range between 350mV
below Vgerand 0.2 ¢ Vg, the FAULT pin will be asserted
(and latched) low indicating that the thermistor tempera-
ture has moved outside the acceptable range.

H/C (Pin 13): This open-drain output provides the direc-
tioninformation of the TEC current flow. [f TEC™ is greater
than TEC~, which typically corresponds to the system
cooling, this output will be alogic low. If the opposite is the
case, this pin will pull to a logic high.
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PIN FUNCTIONS

Viee (Pin 14): Output of the differential TEC voltage
amplifier equal to the magnitude of the voltage across the
TEC.

TEC™ (Pin 15): Inverting Input to the Differential TEC
Voltage Amplifier. This amplifier has a fixed gain of 1 with
its output being the voltage across the TEC with respect to
AGND. This input, along with TEC*, signifies whether the
TEC is heating or cooling the laser as indicated by the H/C
pin.

TEC* (Pin 16): Noninverting Input to the Differential TEC
Voltage Amplifier.

Itec (Pin 17): Output of the Differential Current Sense
Amplifier. The voltage onthis pin is approximately equal to
10 * Itgc © Rg, where lygc is the thermoelectric cooler
current and Rg is the sense resistor used to sense this
current. This voltage represents only the magnitude of the
current and provides no direction information. Current
limit occurs when the voltage on this pin exceeds the
lesser of 1.5 times the voltage on SS, 1.5 times the voltage
on I or 1.5V. When this condition is present, the pair of
outputs, which are presently conducting, are immediately
turned off. The current limit condition is cleared when the
Ct pin reaches the next corresponding peak or valley (see
Current Limit section).

CS~ (Pin 18): Inverting Input to the Differential Current
Sense Amplifier.

CS* (Pin 19): Noninverting Input of the Differential Cur-
rent Sense Amplifier. The amplifier has a fixed gain of 10.

PDRVA, PDRVB (Pins 20, 25): These push-pull outputs
are configured to drive the opposite high side PMOS
switches in a full-bridge arrangement.

NDRVA, NDRVB (Pins 21, 24): These push-pull outputs
are configured to drive the opposite low side switches in
a full-bridge arrangement.

PGND (Pin 22): This is the high current ground for the IC.
The external current sense resistor should be referenced
to this point.

Vpp (Pin 23): Positive Supply Rail for the IC. Bypass this
pinto PGND and AGND with > 10uF low ESL, ESR ceramic
capacitors. The turn on voltage level for Vpp is 2.6V with
130mV of hysteresis.

VRrer (Pin 26): This is the output of the Reference. This pin
should be bypassed to GND with a 1F ceramic capacitor.
The reference is able to supply @ minimum of 10mA of
current and is internally short-circuit current limited.

Ct (Pin 27): The triangular wave oscillator timing capaci-
tor pin is used in conjunction with Ry to set the oscillator
frequency. The equation for calculating frequency is:

0.75
RT 'CT

Rt (Pin 28): A single resistor from Ry to AGND sets the
charging and discharging currents for the triangle oscilla-
tor. This pin also sets the dead time between turning one
set of outputs off and turning the other set onto ensure the
outputs do not cross conduct. The voltage on this pin is
requlated to 0.5V. For best performance, the current
sourced from the Ry pin should be limited to a maximum
150pA. Selecting Ry to be 10k is recommended and
provides 90ns of dead time.

fosc = Hz
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OPERATION

MAIN CONTROL LOOP

The LTC1923 uses a constant frequency, voltage mode
architecture to control temperature. The relative duty
cycles of two pairs of N-/P-channel external MOSFETS, set
up in a full-bridge (also referred to as an H-bridge)
configuration are adjusted to control the system tempera-
ture. The full-bridge architecture facilitates bidirectional
current flow through a thermoelectric cooler (TEC) or
other heating element. The direction of the current flow
determines whether the system is being heated or cooled.
Typically a thermistor, platinum RTD or other appropriate
element is used to sense the system temperature. The
control loop is closed around this sense element and TEC.

The voltage on the output of the error amplifier, EAOUT,
relative to the triangle wave on Cy, controls whether the
TEC will be heating or cooling. A schematic of the external
full bridge is shown in Figure 1. The “A” side of the bridge
is comprised of the top left PMOS, MPA, and lower right
NMOS, MNA. The gates of these devices are attached to
the PDRVA and NDRVA outputs of the LTC1923, respec-
tively. The “B” side of the bridge is comprised of PMOS,
MPB and NMOS, MNB. The gates of these MOSFETs are
controlled by the PDRVB and NDRVB outputs of the
LTC1923.

The “A” side of the bridge is turned on (NDRVA is high and
PDRVA is low) when the output of the error amplifier is
less than the voltage on the Ct pin as shown in Figure 2.

Vop
= 4
e 4'| MPB
PDRVA—l ) MPA VIECOOLER

ghidn = g K5
NDRVB —| m'MNB = =
- - |
|

::}MNA

1923 Fo1

TEC*
TEC™

Figure 1. Full-Bridge Schematic

For this condition, the state of each output driver is as
follows: PDRVA s low, NDRVA s high, PDRVB is high and
NDRVBis low. When the voltage on EAOUT is greater than
the voltage on the Cy pin, the “B” side of the bridge is
turned on. The average voltage across the TEC, VTecooLER,
is approximately:

V1ecooLer = Vrec™ — Vrec™ = Voo © (Da — Dg)
where
Vpp = the full-bridge supply voltage

VecooLer = Vree™ — Vree™

Dx = the duty cycle of the “A” side of the bridge or the
amount of time the “A” side is on divided by the
oscillator period

Dg = the duty cycle of the “B” side of the bridge

Duty cycle terms Dp and Dg are related by the following
equation:

Dy=1-Dg

In steady-state, the polarity of VygcogLgr indicates whether
the system is being heated or cooled. Typically, when
current flows into the TEC * side of the cooler, the system
is being cooled and heated when current flows out of this
terminal. Note: Do not confuse the TEC* side of the TEC
with the TEC* input of the LTC1923, although these two
points should be connected together.

EAOUT

Cr

A B
NDRVA SIDE SIDE
oN ON

PDRVA

NDRVB

PDRVB

1923 F02

Figure 2. Error Amplifier Output, Ct and Output Driver Waveforms
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OPERATION

PROTECTION FEATURES

Many protection features have been integrated into the
LTC1923 to ensure that the TEC is not overstressed or the
system does not thermally run away. These features
include pulse-by-pulse currentlimiting, TEC voltage clamp-
ing and open/shorted thermistor detection.

Current Limit

The peak current in the full bridge during each switching
cycle can be limited by placing a sense resistor, Rg, from
the common NMOS source connections of MNA and MNB
to ground. The CS*and CS™ connections should be made
as shown in Figure 1. Current limit is comprised of a fixed
gain of ten differential amplifier, an attenuator (resistor
divider)andacurrentlimitcomparator. A detailed diagram
of the circuitry is shown in Figure 3. The differential
amplifier output, Itgc, is provided to allow the user the
ability to monitor the instantaneous current flowing in the
bridge. If an average current is desired, an external RC
filter can be used to filter the ltg¢ output. Approximately
50ns of leading edge blanking is also internally integrated
to prevent nuisance tripping of the current sense circuitry.
It relieves the filtering requirements for the CS input pins.

During a switching cycle, current limit occurs when the
voltage on ltg¢ exceeds the lowest of the following three
conditions: 1) 1.5 times the voltage on the SS pin, 2) 1.5
times the voltage on the I pin or 3) 1.5V. When a
currentlimit condition is sensed, all four external FETs are
immediately shut off. These devices are turned back on
only after Ct reaches the same state (either charging or

TEC*  NDRVA

N 1 TElC’ lNDlRVB

s INPUT SELECT

CURRENT SENSE
AMPLIFIER

discharging) as when the current limit condition oc-
curred. For instance, if Gt is charging when current limit
occurs, the outputs are forced off for the remainder of this
charging time, the entire Gt discharge time, and are only
re-enabled when Gt reaches its valley voltage and begins
charging again. An analogous sequence of events occurs
if current limit is tripped while Ct is being discharged.

The full-bridge current can be soft-started (gradually
increased) by placing a capacitor from the SS pin to
ground. A 1.5pA current is sourced from the chip and will
chargethe capacitor. This limits theinrush currentat start-
upandallows the current delivered tothe TEGto be linearly
increased from zero.

The LTG1923 features a dedicated pin, Iy, to adjust
current limit. If the voltage placed on Iy is greater than
1V, the default current limit, Iy T, iS:

It = 150mV/Rg
where Rg = the current sense resistor.

Utilizing the I pin allows the current limit threshold to
be easily set and adjusted (the current limit threshold can
also be adjusted by changing Rg). More importantly, it
facilitates independent setting of the heating and cooling
current limits with the addition of one transistor. Figure 4
shows how to implement this using three resistors and an
external NMOS, M1. In many applications, a higher cool-
ing capability is desired. When TEC* is greater than
TEC™, the H/C output is in a low state signifying that the
system is being cooled (this is typical for most lasers).

NDRVA NDRVB

PULSE-BY-PULSE

CURRENT LIMIT

LEB

SHUT

S Qfp— OUTPUTS

OFF
OSCILLATOR— R
PEAK/VALLEY 1923 F03

Figure 3. Current Sense Circuitry
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VRer Vop

éRPULLUP
<
_| | ILim
LTC1923

£

TEC™

Figure 4. Independently Heating/Cooling Current Limit

Transistor M1 is off and the current limit threshold is given
by:

0.15*RiLimt * VRer
Riuimt +RiLiz) *Rs

LT =(

When TEC ™ is greater than TEC*, the open-drain output,
H/C, pulls high through Rpyyp, causing M1 to turn on.

The current limit value is given by:

0.15¢ (RILIM1”RILIM3) * VRer
(Riiaz + R Riims ) *Rs

lLimiT =

reducing the current limit threshold for heating. If the
heating current limit needs to be greater than the cooling
limit, an extra inversion can be added.

Open/Shorted Thermistor Detection

The temperature sense element (NTC thermistor, plati-
num RTD or other appropriate component) must be prop-
erly connected in order for the system to regulate
temperature. If the sense element is incorrectly con-
nected, the system will be unable to control the tempera-
tureandthe potential exists for the systemto thermally run
away.

A TEC by nature produces a temperature differential be-
tween opposite sides of the device depending upon how
much current is flowing through it. There is a maximum
limit to the amount of temperature differential that can be
produced, which depends upon a number of physical

parameters including the size of the TEC and how well
heatsinked the device is. The TEC itself dissipates power
to produce the temperature differential, generating heat,
which must also be removed. At a certain level of power
dissipation in the TEC, both sides will begin to heat. This
is because the TEC will not be able to pump the self-
generated heat to the outside world, which can lead to
thermal runaway. If the device thermally runs away, dam-
age to the TEC and possibly the components whose
temperature is being regulated will occur.

The LTG1923 contains two dedicated comparators that
directly monitor the voltage on the thermistor. If this
voltage is outside the valid window, a latch is set and the
FAULT pinis asserted low. The output drivers are not shut
off and the control circuitry is not disabled, meaning the
part will continue to try to regulate temperature. ltis up to
the userto use the FAULT signal to disable the appropriate
circuitry. There are a couple of ways to do this. The first
way is to have the FAULT signal a system microprocessor
to shut the system down through the SDSYNC pin. Fig-
ure 5 shows another means of protecting the system.
External NMOS M1 and PMOS M2 have been added along
with two pull-up resistors (RP1 and RP2). M1 and RP2
invertthe FAULT signal while M2 acts as a switch in series
with bridge. When no fault is present, the gate of M1 is

1923 F05

Figure 5. Redundant Fault Protection

12

LY N



LTC 1923

OPERATION

pulled to Vpp forcing the gate of M2 low, which allows the
bridge to operate as described earlier. When a fault occurs
and FAULT is asserted low, M1 is shut off, forcing the gate
of M2 high, shutting that device off. The power pathis thus
opened, ensuring no current is delivered to the TEC. M2
wants to have low Rpgony (less than the value of Rs to
minimize the power losses associated with it). Rpy and
Rpo can be selected on the order of 100k.

The lower comparator threshold level is 20% (twenty
percent) of Vggrand the upper comparator threshold level
is 350mV below Vget, where Vgeris the voltage applied on
the Vger pin. Vgeris typically tied to the bias source for the
thermistor divider so that any variations will track out.

The Vget pin has a high inputimpedance so thata divided-
down voltage can be supplied to this pin to modify the
acceptable thermistor impedance range. This is shown in
Figure 6. The voltage applied to the Vggt pin must be a
minimum of 2V. The lower thermistor impedance thresh-
old is:

0.2¢R1+R3
R2+0.8+R3

The upper impedance threshold is:

RTH(LOWER) =

R1(R3-a(R2+R3))
R2 +a(R2 +R3)
where a = 0-35/VSET-

Changing R1 also changes the valid thermistorimpedance
range.

RTHUPPER) =

Example: VRgr = VSET =2.5V
R1 =10k, R2 = 0Q, R3 = open

VRer
R2
Vser

R3
R1

RTH
10k
NTC

= 1923 F06

VTHRM

Figure 6. Modifying the Acceptable Thermistor Range

Rty = 10k NTC thermistor with a temperature coeffi-
cient of —4.4%/C at 25°C.

The acceptable thermistor impedance range before caus-
ing a fault is 2.5kQ to 61kQ. This corresponds to a valid
temperature range of between about —10°C and 60°C.

Toensurethe part does not power up intoa FAULT at start-
up, a FAULT will not be latched until soft-start has com-
pleted. This corresponds to the voltage on SS reaching
1.5V. For a 1pF soft-start capacitor, this delay is approxi-
mately 1 second. This provides enough time for all sup-
plies (Vpp, setpoint reference and Vrer) to settle at their
final values.

TEC Voltage Clamping

An internal clamp circuit is included to protect the TEC
from an overvoltage condition. When the differential volt-
age across the TEC exceeds 2.5V, the error amplifier
output voltage at the input of the PWM comparator is
limited. This clamps the duty cycle of the output drivers,
and therefore, the voltage across the TEC. The voltage
where clamping occurs can be increased by placing a
resistor divider in parallel with the TEC and by making the
appropriate connections to TEC* and TEC™ as shown in
Figure 7. The divider increases the voltage across the TEC,
VTEcooLER, Where the clamp activates, to:

Rre1 O R
2.5-\g

100k %oo Q

. RTE1

200k

@,RTH

Rte2

VTECOOLER =

The terms containing the fixed resistance values are the
loading errors introduced by the input impedance of the
differential amplifier. A common mode voltage error is
alsointroduced since the addition of Ryg4 and Rygo change
the fully differential nature of the amplifier. In order to

VTECOOLER
+

TEC

Vem

TEC*

TEC™

Figure 7. Increasing Voltage Clamp Threshold
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minimize these errors select Rygq and Rygo to be 10k or
less. The above equation reduces to:

Rt % 5

RE2

The Higher Voltage Applications section shows a fully
differential means to increase the clamp voltage.

VrecooLer O D‘ +

This will similarly alter the heating and cooling direction
thresholds by the same factor, increasing the thresholds
to (Rte1 and Rypo are assumed to be <10k):

Re1 O
TE2
Re1 O

DIRL :—50mv§|+R—
TE2

DIRH = 50mV§I .

The output voltage on the VTEC pin, ViyTgc, will be reduced
by the same ratio:

VTECOOLER
Re
Rte2

WrEe =
1+ ——

Oscillator Frequency

The oscillator determines the switching frequency and the
fundamental positioning of all harmonics. The switching
frequency also affects the size of the inductor that needs
to be selected for a given inductor ripple current (as
opposed to TEC ripple current which is a function of both
the filter inductor and capacitor). A higher switching
frequency allows a smaller valued inductor for a given
ripple current. The oscillator is a triangle wave design. A
current defined by external resistor Ry is used to charge
and discharge the capacitor Ct. The charge and discharge
rates are equal. The selection of high quality external
components (5% or better multilayer NPO or X7R ceramic
capacitor) is important to ensure oscillator frequency
stability.

The frequency of oscillation is determined by:
fosc(kHz) = 750 * 108/[R7(kQ) * Cr(pF)]

The LTC1923 canrunatfrequencies upto 1MHz. The value
selected for Ry will also affect the delay time between one
side of the full bridge turning off and the opposite side
turning on. This time is also known as the “break-before-
make” time. The typical value of 10kQ will produce a 90ns
“break-before-make” time. For higher frequency applica-
tions, a smaller value of Rt may be required to reduce this
delay time. For applications where significant slew rate
limiting or external gate driver chips are used, a higher
value for Rt may necessary, increasing the dead time. The
“break-before-make” time can be approximately calcu-
lated by:

tpeLay = RT (kQ) ¢ 5.75 1079 + 35ns

Phase-Locked Loop

The LTGC1923 has an internal voltage-controlled oscillator
(VCO) and phase detector comprising a phase-locked
loop. This allows the oscillator to be synchronized with
another oscillator by slaving it to a master through the
SDSYNC pin. The part can also be designated as the
master by pulling the PLLLPF pin high to Vpp. This will
result in the part toggling the SDSYNC pin at its set
oscillator frequency. This signal can then be used to
synchronize additional oscillators.

When being slaved to another oscillator, the frequency
should be set20% to 30% lower thanthe target frequency.
The frequency lock range is approximately £50%.

The phase detector is an edge sensitive digital type, which
provides zero degrees phase shift between the external
and internal oscillators. This detector will not lock up on
inputfrequencies close to the harmonics of the VCO center
frequency. The VCO hold-in range is equal to the capture
range dfH = dfC = £0.5fg.

The output of the phase detector is a complementary pair
of current sources charging or discharging the external
filter network on the PLLLPF pin. A simplified block
diagram is shown in Figure 8.

If the external frequency (fp ) iS greater than the oscil-
lator frequency, current is sourced continuously out of the
PLLLPF pin. When the external frequency is less than the
oscillator frequency, current is sunk by the PLLLPF pin.
The loop filter components R p, G pand Gy po, sSmooth out
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current pulses from the phase detector and provide a
stableinputtothe VCO. These componentsalso determine
how fast the loop acquires lock. In mostinstances Cj p can
be omitted, Rj p can be setto 1k and C po can be selected
to be 0.01pF to 0.1pF to stabilize the loop. Make sure that
the low side of filter components is tied to AGND to keep
unwanted switching noise from altering the performance
of the PLL.

As mentioned earlier, one LTC1923 can be used as a
master to synchronize other LTC1923s or additional
devices requiring synchronization. To implement this,

determine the values of Ry and Ct to obtain the desired
free-running oscillator frequency of the master by using
the equation given in the oscillator frequency section. Tie
the PLLLPF pin of the master to Vpp through a resistor
RpiasshowninFigure 8. Rp | typically can be setto 10Kk,
but may need to be less if higher frequency operation is
desired (above 250kHz). Set the slave free-running fre-
quencies to be 20% to 30% less than this. The SDSYNC
pin of the master will switch at its free-running frequency
(with approximately 50% duty cycle), and this can be
used to synchronize the other devices.

Vop

RpLL

DIGITAL

EXTERNAL | PHASE

FREQUENCY "| FREQUENCY
SDSYNCB DETECTOR |

A

Vbp

PLLLPF ]

0sC Ct

1923 F08

Figure 8. Phase-Locked Loop Block Diagram

APPLICATIONS INFORMATION

The thermistor may be isolated from the control circuitry.
It has a relatively high input impedance and is therefore
susceptible to noise pick up. Extreme care should be taken
to ensure this signal is noise free by shielding the line
(coaxially). A lowpass filter can be added between the
thermistor and the input to the LTC2053, but since it is in
the signal path, there are limitations on how much can be
added.

Inductor Ripple Current

The current that flows in the bridge can be separated into
two components, the DC current that flows through the
TEC and the inductor ripple current that is present due to
the switchmode nature of the controller. Although the TEC
current has its own ripple component, proper filtering will
minimize this ripple relative to the inductor ripple current,

validating this assumption thatthe TEC current is constant
(see TEC Ripple Current section). A simplified half-circuit
of the bridge in steady-state is shown in Figure 9. The
current, I, through the inductor (L) consists of the ripple
current (Aly) and static TEC current (ltgg). The ripple
current magnitude, Al4, can be calculated using the fol-
lowing equation:

Aly = (Veringe? — Vrec?)/(4 * fosc * L * Varinge)
where

VBRringe is the full-bridge supply voltage (typically Vpp)

fosc is the oscillator frequency

L is the filter inductor value

V1ec is the DC voltage drop across the TEC

Ly N
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Figure 9. Full-Bridge Half Circuit
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1923 F09

The peak inductor current is equal to ltg¢ + Al4/2 and is
the current level that trips the current limit comparator.
Keeping the ripple current component small relative to
Itec keeps the current limit trip level equal to the current
flowing through the TEC.

Example: Vgripge = 5V, Rreg = 2.5Q, Vg = 2.5V,
ltec = 1A, L = 22uH, fosc = 250kHz. The peak-to-peak
ripple current using the above equation is:

Al = 170mA

The peak inductor current is therefore 1.085A in order to
get 1A of DC TEC current.

TEC Ripple Current

Every TEC has a fundamental limitation (based mainly on
the TEC’s physical characteristics) on the maximum
temperature differential that it can create between sides.
The ability to create this maximum temperature differen-
tial is affected by the amount of ripple current that flows
through the device, relative to the DC component. An
approximation of this degradation due to TEC ripple cur-
rent is given by the following equation:

dT/dTyax = 1/(1 + N2)
where:

dT is the adjusted achievable temperature differential

dTwax is the maximum possible temperature differen-
tial when the TEC is fed strictly by DC current and is
typically specified by the manufacturer

N is the ratio of TEC ripple current to DC current

TEC manufacturers typically state that N should be no
greater than 10%.

In this application, the bridge supply voltage, oscillator
frequency and external filter components determine the
amount of ripple current that flows through the TEC.
Higher valued filter components reduce the amount of
ripple current through the TEC at the expense of increased
board area. Filter capacitor ESR along with inductor ripple
current will determine the peak-to-peak voltage ripple
across the TEC and therefore the ripple current since the
TEC appears resistive.

The ripple current through the TEG, Itgc(rippLE), iS
approximately equal to:

VBRIDGE® — VeQ
16+ fosc *L »C *Rrec * VBRIDGE

(VBRIDGE2 _VTECZ)'ESR
+
2*fosc *L * VBRIDGE *RTEC

IrecripPLE) U

where:

fosc = the oscillator frequency

L =the filter inductor value

C = the filter capacitor value

Rtec = the resistance of the TEC

Ve = the DC voltage drop across the TEC

ESR = the equivalent series resistance of the filter
capacitor

VBRinge = the full-bridge supply voltage typically equal
to Vpp

The equation above shows that there are two components,
which comprise TEC ripple current. The first term is the
increase in voltage from the charging of the filter capaci-
tor. The second term is due to the filter capacitor ESR and
is typically the dominant contributor. Therefore the filter
capacitor selected wants to have alow ESR. This capacitor
can be made of multilevel ceramic, 0S-CON electrolytic or
other suitable capacitor. Increasing the oscillator fre-
quency will also reduce the TEC ripple current since both
terms have aninverse relationship to operating frequency.

Example: Vgripge = 5V, Ryeg = 2.5Q, Ve = 2.9V,
L =22uH, C = 221F, fogg = 250kHz, ESR = 100mQ

Itec(ripPLE) = 3.1MA + 13.6mA = 16.7mA

10
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For this example the DC current flowing through the TEC
is1A, makingthe ripple currentequal toapproximately 1.7%
(this illustrates why ltgc can be approximated to be DC).

Closing the Feedback Loop

Closing the feedback loop around the TEC and thermistor
(orothertemperature sensitive element) involves identify-
ing where the thermal system’s poles are located and
placing electrical pole(s) (and zeroes) to stabilize the
control loop. High DC loop gain is desirable to keep
extremely tight control on the system temperature. Unfor-
tunately the higher the desired loop gain, the larger the
compensation values required to stabilize the system.
Given the inherently slow time constants associated with
thermal systems (on the order of many seconds), this can
lead to unreasonably large component values. Therefore,
the amount of loop gain necessary to maintain the desired
temperature accuracy should be calculated, and after
adding some margin, this should be the target DC loop
gain for the system. A block diagram of the system is
shown in Figure10. The gain blocks are as follows:

Kia = instrumentation amplifier gain (V/V)
Kea = error amplifier gain (V/V)

Kmop = modulator gain (d/V)

Kpwr = power stage gain (V/d)

Ktec = TEC gain (°C/V)

Ktyrm = Thermistor Gain (V/°C)

Kia and Kgp are the electrical gains associated with the
instrumentation and LTC1923 error amplifier. Switching
requlators are sampled systems that convert voltage to
duty cycle (d), which explains why the Kyop and Kpwr
gain terms are expressed as a function of duty cycle and
voltage. The TEC converts voltage to temperature change,
while the thermistor’s impedance and therefore voltage
across it changes with temperature.

The loop gain can be expressed by the following equation:

T (loop gain) = Kja * Kea ® Kuop ® Kpwr ® Ktec ® KTHRM

And the error introduced by the finite gain of the system,
VE, can be expressed by:

VE=VW/(1+T)

This voltage error translates back into a temperature
setpoint error.

Example:

Rrirm = 10k

NTC with 4.4%/°C at 25°C

R1 =10k

VRgp = 2.5V

T=25°C
For this thermistor with a 25°C temperature setpoint, the
change in thermistor voltage with temperature is given by

-25mV/°C. In order to maintain a 0.01°C temperature
accuracy, this translates into a 250V error signal, V. The

LTC2053

1923 F10

Figure 10. Simplified Loop Block Diagram
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minimum loop gain can now be calculated from the above
equation:

Ve=Vp/(1+7)

A 25°C setpoint temperature requires Vy = 1.25V for
VRer = 2.5V. The required loop gain is 5000 or 74dB.

There are two handles to adjust the loop gain, Kjp and Kga,
while the other handles are fixed and depend upon the TEC
andthermistor characteristics (Kt and Kturm), Vserand
R1 (Kturm) and Vpp (Kvop and Kpywr). The modulator and
power gain product is given by:

Kvop * Kpwr =2 ¢ Vpp/Ver =22 Vpp
where Vo7 =the Ctvoltage which has afixed 1V amplitude.

The TEC gain depends upon the TEC selected and corre-
sponds to the relationship between the voltage across the
device and what temperature differential is created. This
gainterm changes with operating temperature, and whether
the TEC is heating or cooling. TECs are inherently more
efficient at heating (and therefore have a higher gain) as
compared to cooling. A worst-case rough estimation of
the gain can be obtained by taking the maximum TEC
voltage required to force a given change in temperature
from the TEC specifications:

Krec = AT eC(MAX)

The thermistor gain should be linearized around tempera-
ture setpoint.

Example:
Setpoint T = 25°C
Vpp =5V
RtHrm = 10k NTC with 4.4%/°C at 25°C
R1 =10k
VRer = 2.5V
dTVtec(MAX) = 49°C/1.5V = 30°C/V

The linearized thermistor gain around 25°C is —25mV/°C.
Fora minimum loop gain of 5000 as calculated above, the
combined gain of the instrumentation and error amplifiers
can be calculated:

Kia® Kea = T/(Kmop * Kpwr ® Ktec © KTHRM)
Kin® Kea = 5000/(10 « 30 » 0.025) = 667

A combined gain of 1000 can be selected to provide
adequate margin. Theinstrumentation amplifier gain should
be set at typically 10, as this attenuates any errors by its
gain factor. The error amplifier gain would then be limited
to the remainder through the gain setting resistors, Rrand
Ra shown in Figure 10.

Re/Rp = KEA -1

The multiple poles associated with the TEC/thermistor
system makes it difficult to compensate. Compounding
this problem is that there will be significant variations in
thermal time constants for the same system, making
elaborate compensation schemes difficultto reliably imple-
ment. The most robust method (i.e., least prone to
oscillation) is to place a dominant pole well below the
thermal system time constant (t) (anywhere from many
seconds to minutes). This time constant will set the
capacitor value by the following equation:

CF =T/R|:

Please refer to Application Note 89 for more detailed
information on compensating the loop. Ceramic capaci-
tors are not recommended for use as the integrating
capacitor or anywhere in the signal path as they exhibit a
piezoelectric effect which can introduce noise into the
system. The component values shown on the front page of
this data sheet provide a good starting point, but some
adjustment may be required to optimize the response.

Dominant pole compensation does have its limitations. It
provides good loop response over a wide range of laser
module types. It does not provide the fastest transient
response to step changes in temperature. If this is a
necessity, a more complex compensation approach as
shown in Figure 11 may be required. This approach adds
an additional zero into the feedback loop to speed up the
transient response. First note that the LTC2053 inputs
have been swapped as the LTC1923 error amplifier is now
running in an inverting configuration. Gapacitor Cp is
needed to provide the lead term. Resistor Rg is used to
buffer the LTC2053 from capacitive loading and limit the
error amplifier high frequency gain.

Since the system thermal pole locations are not known, a
qualitative compensation approach must be employed.
This entails looking at the transient response when the

18
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Figure 11. Alternative Compensation Method to Improve Transient Response

TEC is heating (due to the inherent higher gain) fora small-
signal step change intemperature and modifying compen-
sation componentstoimprove the response. Areasonable
starting point is to select components that mimic the
response that will be obtained from the front page of this
data sheet. Therefore Rp, Rg and Cg would be selected to
be IMQ, 1MQ and 0.47yF, respectively. R¢ should be
selected to be a factor of 100 smaller than Ry, or on the
order of 10k. Make sure that the loop is stable prior to the
introduction of capacitor Ca. The addition of Cp will
provide some phase boost in the loop (in effect, offsetting
one ofthe poles associated with the thermal system). Start
with Cp on the order of Cg and note its affect on system
response. Adjust the values based on observing whether
the transient response was improved or not with the goal
of reducing Cg to improve settling time. As the system
thermal poles can vary between “identical” laser modules
(i.e., same manufacturer and model), care must be taken
to ensure that the values selected provide the desired
response even with these thermal term variations. Com-
pensation should also be tailored for each unique laser
module as thermal terms can vary significantly between
different brands. Gg rolls off high frequency gain , mini-
mizing noise in the outputs. It is typically about 25 times
smaller than Cg. Ca, Cg and C¢ should be film capacitors.

Temperature Stability

It is important to differentiate between temperature accu-
racy and stability. Since each laser’s output maximizes at
some temperature, temperature setpoint is typically
incremented until this peak is achieved. After this, only
temperature stability is required. The predominant param-
eters which affect temperature stability are the thermistor,

the thermistor biasing resistor and any offset drift of the
front-end electrical circuitry. Sufficient loop gain ensures
that any downstream variations do not contribute signifi-
cantly to temperature stability. The relatively mild operat-
ing conditionsinside the laser module promote good long-
term thermistor stability. A high quality, low temperature
coefficient resistor should be selected to bias the ther-
mistor. If the 10k resistor has a 100ppm/°C temperature
coefficient, this translates into a 0.18°C setpoint tempera-
ture differential over a 0°C to 70°C ambient for a desired
25°C laser setpoint. Depending upon the temperature
stability requirements of the system, this is very signifi-
cant. A lower temperature coefficient resistor may there-
fore be desired. The LTC2053 has maximum offset drift to
50nV/°C which translates into less than 0.001°C change
for a 0°C to 70°C ambient.

The offset drift of the LTG1923 error amplifier divided by
the gain of the LTC2053 also affects temperature stability.
The offset drift of the LTG1923 (see characteristic curves)
is typically TmV over a 0°C to 70°C ambient. After attenu-
ation by the LTC2053 gain, this translates into a tempera-
ture setpoint variation of 0.004°C. Neither of these offsets
drifts significantly with aging. Depending uponthe setpoint
temperature stability requirements of the system, the
LTC2053 instrumentation amplifier may not be necessary.
Figure 12 shows a simplified schematic with the LTC2053
omitted.

Noise and Slew Rate Control

One disadvantage of switching regulators is that the
switching creates wideband harmonic energy. The high
frequency content can pose problems to associated cir-
cuitry. To combat this issue, the LTG1923 offers a pin
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Figure 12. Simplifed Temperature Control Loop Omitting
the LTC2053 Instrumentation Amplifier Front End

called Rgi gy that controls the slew rate of the output drive
waveforms. Slowing down the transition interval reduces
the harmonic frequency content by spreading out the
energy over alongertime period. The additional transition
time causes some efficiency loss (on the order of 2% to
3%) but significantly improves the high frequency noise
reflected onto the input supply.

Slew rate control is engaged by placing a resistor from
Rsipwto AGND. If slew rate controlis not desired, the Rg ey
pin should be tied to Vpp allowing the output drivers to
transition at their fastest rate. The resistor value should be
setbetween 10k (fastesttransition) and 300k (slowest tran-
sition). This provides about a 10:1 slew rate range to op-
timize noise performance. The “break-before-make” time
may need to be increased if slew control is implemented,
especially for slower transition rates. Adjustment can be
done by increasing the value of Ry (Ct can be reduced to
maintain the same frequency of operation), to ensure that
the bridge MOSFETS receive nonoverlapping drive.

Power MOSFET Selection

Four external MOSFETs must be selected for use with the
LTC1923; a pair of N-channel MOSFETSs for the bottom of
the bridge and a pair of P-channel MOSFETs for the top
diagonals of the bridge. The MOSFETs should be selected
for their Rps(on), gate charge and maximum Vpg Vgs
ratings. A maximum Vpg rating of 20V is more than
sufficient for 5V and 12V bridge applications, but as
mentioned in the High Voltage Application section, a 12V
maximum Vgg rating is insufficient and higher voltage

MOSFETs must be selected. There is a trade-off between
Ros(on) and gate charge. The Rpg(on) affects the conduc-
tion losses (Irec? * Rps(on)), While gate charge is a
dominant contributor to switching losses. A higher Rpson)
MOSFET typically has a smaller gate capacitance and thus
requires less current to charge the gate for the same
BVpss. For 1ATEC applications, the Si9801DY or Si9928DY
complimentary N- and P-channel MOSFETs provide a
good trade-off between switching and conduction losses.
Above this TEC current level the MOSFETSs selected should
have lower Rpg(on) to maintain the high end efficiency.

Efficiency Considerations

Unlike typical voltage regulators, where the output voltage
is fixed, independent of load current, the output voltage of
this regulator changes with load current. This is because
the TEC appears resistive and the current through the TEC
sets the voltage. The output power of the regulator is
defined as:

Pour = Irec? * Rrec
The efficiency of a switching regulator is equal to the
output power divided by the input power times 100%.
Often it is useful to analyze individual losses to determine
what is limiting the efficiency and which change would
produce the most significant improvement. Efficiency can
be expressed as:

Efficiency =100% — (L1 + L2+ L3+ ...)

where L1, L2, etc. are the individual losses as a percentage
of input power.

20
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For this application, the main efficiency concern is typi-
cally at the high end of output power. A higher power loss
translates into a greater system temperature rise, result-
ing inthe need for heat sinking, increasing both the system
size and cost.

There are three main sources which usually account for
most of the losses in the application shown on the front
page of the data sheet: Input supply current, MOSFET
switching losses and 12R losses.

1) The input supply current is comprised of the quiescent
current draw from the LTC1658, LTC2053, LTGC1923 and
any additional circuitry added. The total maximum supply
current for these devices is on the order of 5mA, which
gives a total power dissipation of 25mW. This power loss
is independent of TEC current.

2) The MOSFET driver current results from switching the
gate capacitance of the power MOSFETs. Each time a gate
is switched from low to high to low again, a packet of
charge dQ moves from Vpp to ground. The gate charging
current, lgaTecHg =2 *f* (Qp + Qy), where Qp and Qy are
the total gate charges of the NMOS and PMOS on one side
of the bridge, and f is the oscillator frequency. The factor
of 2 arises from there being two sets of MOSFETs that
make up the full bridge. Note that increasing the switching
frequency will increase the dynamic current and therefore
power dissipation by the same factor. This power loss is
independent of TEC current.

Example: Qy = 10nC max, Qp = 15nC max, f = 225kHz,
Vpp =9V

Power loss =2« fe (Qp + Qy) * Vpp = 56mW

3) The DC resistances of the external bridge MOSFETSs,
filter inductors and sense resistor are typically the domi-
nant loss mechanism at the high end TEC current. The
conduction path of the current includes one NMOS, one
PMOS, two inductors and the sense resistor so the DC
resistances associated with the components dissipate
power.

Example:
Ros(onynmos at 9V = 0.055Q max
Ros(onypmos at oV = 0.08Q max
Rg=0.1Q
RL=01Q,
Iteg = 1A
R1ec = 2.9Q

Total series resistance = 0.055 + 0.08 + 2 0.1 + 0.1
=0.435Q

Power Loss = (1A)2  0.435Q = 0.435W
Output Power = (1A)2 ¢ 2.5Q = 2.5W

This represents a 17% efficiency loss due to conduction
losses. The other two power loss mechanisms comprise
a little more than a 3% efficiency loss at this output power
level. This may sound alarming if electrical efficiency is the
primary concern and can be easily improved by choosing
lower Rps(ony MOSFETS, lower series resistance induc-
tors and a smaller valued sense resistor. If temperature
rise is the primary concern, this power dissipation may be
acceptable. At higher current levels, this example does
illustrate that lower resistance components should be
selected.

Low Voltage Requirements

All components shown on the front page of this data sheet
will operate witha 2.7V input supply. Minor modifications
are required to guarantee correct operation. The voltage
on the REF input of the LTC2053 should be at least 1V
below Vpp. Figure 13 shows how to implement this. By
dividing down the 2.5V reference with 500Q of imped-
ance, feeding this to the REF input of the LTC2053 and the
integrating resistor of the LTC1923 error amplifier, any
common mode issues will be avoided.
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Higher Voltage Applications

A bank of TECs can be wired in series to minimize board
real estate utilized by the application. A higher voltage
supply may be required depending upon how many TECs
are placed in series and what their maximum voltage
dropis. In other applications, only one high current
supply may be available, with the output voltage of this
supply being greater than the LTC1923’s absolute maxi-
mumvoltage rating. The absolute maximum input voltage
for the LTC1923 is 6V. Since the current drawn by the
LTC1923 is small, it can be powered from a low current,
5V (or less) supply. A 12V application for driving the full
bridge is shown in Figure 14. Two LTC1693-1 high speed
dual MOSFET drivers are used to step up the lower voltage
produced by the LTC1923 drivers to the higher voltage
levels required to drive the full bridge. The LTC1693
requires proper bypassing and grounding due to its high
switching speed and large AC currents. Mount the low
ESR bypass capacitors as close to the pins as possible,
shortening the leads as much as possible to reduce
inductance. Refer to the LTC1693 data sheet for more
information. Since the LTC1693-1 low-to-high and high-
to-low propagation delays are almost identical (typically
35ns), there is minimal skew introduced by the addition
of these drivers. Sufficient dead time (typically 50ns)
between one leg of the bridge shutting off and the other
turning on, as set up by the LTG1923, will be maintained.
If this dead time is insufficient, the resistor tied to the Rt
pin can be increased to increase this time.

Care must be taken to ensure that the external MOSFETs
are properly selected based onthe maximum drain-source
voltage, Vpg, gate-source voltage, Vgs, and Rps o). Many
MOSFETs that have an absolute maximum Vpg of 20V
have a maximum Vgg of only 12V, which is insufficient for
12V applications. Eventhe 14V maximum Vgg rating of the
Si9801DY may not provide adequate margin for a 12V
bridge supply voltage. Refer to Efficiency Considerations
for more discussion about selecting a MOSFET with
Rps(on).

Two pairs of resistors, Rry and Rrp must be added to
ensure that the absolute maximum input voltage is not
exceeded on the TEC* and TEC™ inputs. The maximum
voltage on TEG* and TEC™ must be less than the Vpp input
supply to the LTG1923 which, for this example, is 5V. The
following equation will guarantee this:

(1 + Rr1/Rr2 + R71/100k) * VgRripge < Vpp

where Vgripge is the supply voltage to the external bridge
circuitry and Vpp is the input supply to the LTC1923.

These additional level shifting resistors affect some pa-
rameters in the data sheet. The direction comparator
thresholds are increased to:

(1 + Rr1/Ryo + Ry4/100K) » 50mV and
(1 + Rr1/Ryo + Ry4/100K) » —~50mV

250Q
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Figure 13. Low Input Supply Voltage Circuit
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Figure 14. Higher Voltage Applications with the LTC1923

The output voltage on the Vrgc pin represents the voltage
across the TEC (VtegooLer) reduced by a factor of
(1 + R71/R12 + R14/1 00k) or.

Vyrec = VrecooLer/(1 + Ry1/Rro + Rr1/100k)

The term containing 100k is the loading error introduced
by the input impedance of the differential amplifier. Typi-
cally this value will be 100k, but can vary due to normal
process tolerances and temperature (up to +30%). Due to
this variability, it may be desirable to minimize the loading
effect to try to keep a tight tolerance on the TEC clamp
voltage. Although it will increase quiescent current draw,

this can be accomplished by making the value of Ryq as
small as possible.

As aresult of this level shifting, the TEC voltage necessary
to activate the clamp is raised. The voltage across the TEC
where the voltage clamp activates will be:

VrecooLer = (1 + Ry1/Rto + R71/100k) © 2.5V

One drawback with using the LTC1693 MOSFET drivers is
the inability to adjust the slew rate of the output drivers to
reduce system noise.
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LTC1923
PACKAGE DESCRIPTION

GN Package
28-Lead Plastic SSOP (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1641)

0.386 - 0.393*
(9.804 - 9.982) o |l 0033
28 27 26 25 24 23 lzlealzfol 19 18 17 H%j (OF'{%BFB)
0.229 - 0.244 0.150 - 0.157**
(5.817 - 6.198) (3.810 - 3.988)
B 1 23 456 7 8 91011 1213 14
0.015 + 0.004
| | 2L DIOL, pge 0.053 - 0.069 0.004 - 0.009
‘ (0.380.10) (1.351 = 1.748) (0.102 - 0.249)
0.0075 - 0.0098 0°—8° TYP
(0.191 - 0.249) ¢ l
\% — L B R
b .| |« 00t6-0050 f oos—00t2 | || [ ooz }
(0.406 - 1.270) (0.203 - 0.305) (0.635)
BSC
* DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXGEED 0.006" (0.152mm) PER SIDE
** DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE GN28 (SSOP) 1098
PART NUMBER | DESCRIPTION COMMENTS
LTC1658 14-Bit Rail-to-Rail Micropower DAC 3V or 5V Single Supply Operation, lgg = 270pA,
8-Lead MSOP Package
LTC1693-1 High Speed Dual N-Channel MOSFET Driver 1.5A Peak Output Current, 1GQ Electrical Isolation, SO-8 Package
LTC2053 Zero Drift Instrumentation Amp Max Gain Error 0.01%, Input Offset Drift of 50nV/°C, Input Offset Voltage of 10V

1923i LT/TP 0701 1.5K « PRINTED IN USA

2 Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417 L, TLJQE{}BY
(408) 432-1900 - FAX: (408) 434-0507 - www.linear.com O LINEAR TECHNOLOGY CORPORATION 2001



LI

FEATURES

= MS8 Package

= Resistor Programmable Gain

= Rail-to-Rail Output

= Maximum Offset Voltage: 10puV

= Maximum Offset Voltage Drift: 50nV/°C
= Supply Operation: 2.7V to 5V

= Typical Noise: 2.5uVp-p (0.01Hz to 10Hz)
= Typical Supply Current: 0.8mA

APPLICATIONS

= TEC Controllers

] TECHNOLOGY

LTC2053 SL30495

Precision, Rail-to-Rail,
Zero-Drift Instrumentation Amplifier
with Resistor-Programmable Gain

DESCRIPTION

The LTC®2053 SL30495 is a high precision instrumenta-
tion amplifier. It uses a charge balanced switched capaci-
tor technique to convert a differential input voltage into a
single ended signal that is in turn amplified by a zero-drift
operational amplifier. The LTC2053 SL30495 is easy to
use; the gain is adjustable with two external resistors, like
a traditional op amp.

The single-ended output swings from rail-to-rail.
The LTC2053 SL30495 is used in 5V single supply
applications.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION

Detailed Schematic of TEC Temperature Controller Includes A1 Thermistor Bridge Amplifier, LTC1923 Switched Mode
Controller and Power Output H-Bridge. DAC Establishes Temperature Setpoint. Gain Adjust and Compensation
Capacitor Optimize Loop Gain Bandwidth. Various LTC1923 Outputs Permit Monitoring TEC Operating Conditions

0.1uF .
10k = SUGGESTED VALUES
|— PLLLPF Rt
N LTC1923 330pF L1, L2: SUMIDA CDRH8D28-100NC, 10uH
> T0 2.5Vper AT LTC1923 Vil c Q1, 2: $i9801DY N-P DUAL
Sl SLEW T
p
0% 2 = = TEC-RTHERMISTOR ARE PART OF LASER MODULE.
T YW N 5V —SDSYNC  VRer [——¢————2.5Vper RTHERMISTOR IS TYPICALLY 10kQ AT 25°C.
10k 14F
—cLk H 1162053 T EAIN* "
D LTC1658 e 2| #3048 Sk \(ﬂwF =
N HH . 3 FILM FDRVB
vy i
—{CS/LD i EAOUT  NDRVB
R LoreRtg AT S o
-1uF { TWALMTE 2 v,
(B + DD
o = A EAIN™
i - 100k AGND  PGND
LOOP I
(N1
i BANDWIDTH =
= SS PDRVA
: : 1uF NDRVA
i CERAMIC |
(B 10K LIM
i
h L 17.8k cs*
(N1 -
: : 0-1HFT 2.5VRer cs™
HH TO 2.5Vper « Vser
: : — FAULT
VTHERM ITec
> — H/C +
:: RTHERMISTOR THERMAL FEEDBACK H/c TEC,
jl_ ~~~~~ — Ve TEC H
= TTee—l_ 1

2053 TAD1

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tationthatthe interconnection of its circuits as described herein will not infringe on existing patent rights.



LTC2053 SL30495

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V10 V7) e 6V
INPUL CUITENT .o +10mA
Output Short Circuit Duration ........c.cceveveeeeee. Indefinite
Operating Temperature Range................ -40°C to 85°C
Storage Temperature Range ................. -65°C to 150°C
Lead Temperature (Soldering, 10 sec).................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART NUMBER
Wwod”  Blor | LTC2053CMS8#30495
+IN 301 16 RG
V- 40 15 REF

— MS8 PART MARKING
8-LEAD PLASTIC MSOP LTMW
Tymax = 110°C, 6y = 120°C/W

GLGCT"HCHL CHHRHCTGBISTICS The « denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* =5V, V- =0V, REF = 2.5V.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Gain Error Ay=1 o 0.001 0.01 %
Gain Nonlinearity Ay=1 o 3 10 ppm
Input Offset Voltage Vem = 2.5V (Note 1) 10 [\
Average Input Offset Drift (Note 1) o +50 nV/°C
Input Bias Current Vem=1V o 4 nA
Input Offset Current Vem =1V o 1 nA
Input Noise Voltage DC to 10Hz 2.5 Wp_p
Output Voltage Swing High RL=2ktoV~ o | 485 4.94 Y

RL=10kto V™ o | 495 4.98 %
Output Voltage Swing Low 20 mV
Supply Current No Load o 0.85 1.2 mA
Internal Sampling Frequency 2.5 kHz

Note 1: These parameters are guaranteed by design. Thermocouple effects
preclude the measurements of these voltage levels during automated
testing.




LTC2053 SL30495

PIN FUNCTIONS

V™ (Pins 1, 4): Negative Supply. Both pins must be con-
nected to the negative supply for proper device operation.

—IN (Pin 2): Inverting Input.
+IN (Pin 3): Noninverting Input.
REF (Pin 5): Ground Reference for Output.

RG (Pin 6): Inverting Input of Internal Op Amp. With a
resistor, R2, connected between the OUT pin and the RG
pinandaresistor, R1, between the RG pinand the REF pin,
the DC gain is given by 1 + R2 / R1.

OUT (Pin 7): Amplifier Output.

V/* (Pin 8): Positive Supply.

BLOCK DIRGRAM

LTC2053 SL30495

V+
ZERO-DRIFT




LTC2053 SL30495

APPLICATIONS INFORMATION

Theory of Operation

The LTC2053 SL30495 uses an internal capacitor (Cg) to
sample a differential input signal riding on a DC common
mode voltage (see Block Diagram). This capacitor’s charge
is transferred to a second internal hold capacitor (Cy)
translating the common mode of the input differential
signal to that of the REF pin. The resulting signal is
amplified by a zero-drift op amp in the noninverting
configuration. The RG pin is the negative input of this op
amp and allows external programmability of the DC gain.
Simple filtering can be realized by using an external
capacitor across the feedback resistor.

Settling Time

The sampling rate is 2.5kHz and the input sampling period
during which Cg is charged to the input differential voltage
Vy is approximately 180us. First assume that on each
input sampling period, Cg is charged fully to V}y. Since
Cs = Cy (=1000pF), a change in the input will settle to N
bits of accuracy at the op amp noninverting input after N
clock cycles or 400us(N). The settling time at the OUT pin
isalso affected by the settling of the internal op amp. Since
the gain bandwidth of the internal op amp is typically
200kHz, its settling time alone to N bits would be approxi-
mately 0.5us ® N e Ag ; where A is the closed-loop gain
of the op amp. For gains below 100, the settling time is
dominated by the switched capacitor front end.

If the input source resistance between +IN and —IN (Rg) is
large, Cg may not reach V) during each input sampling
period. The voltage across Gy and Cg will eventually reach
Vy but the settling time would be larger than described
above. If Rg is less than 20kQ, then the approximation
described above is accurate.

Input Current

Whenever the differential input V,y changes, Cy must be
charged up to the new input voltage via Cg. This results in
an input charging current during each input sampling
period. Eventually, Cy and Cg will reach Vy and, ideally,
the input current would go to zero for DC inputs.

In reality, there are additional parasitic capacitors which
disturb the charge on Cg every cycle even if Vy is a DC
voltage. For example, the parasitic bottom plate capacitor
on Gg must be charged from the voltage on the REF pin to
the voltage on the —IN pin every cycle. The resulting input
charging current decays exponentially during each input
sampling period with atime constant equalto RsCg, where
Rg is the source resistance between +IN and —IN. If the
voltage disturbance due to these currents settles before
the end of the sampling period, there will be no errors due
to source resistance or the source resistance mismatch
between —IN and +IN. With Rg less than 20kQ, no DC
errors occur due to this input current.

Grounding and Bypassing

The LTC2053 SL30495 uses asampled datatechnique and
therefore contains some clocked digital circuitry. It is
therefore sensitive to supply bypassing. A 0.1uF ceramic
capacitor must be connected between Pin 8 (V*) and Pin 4
(V™) with leads as short as possible.

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 - FAX: (408) 434-0507 + www.lingar.com
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A Thermoelectric Cooler Temperature Controller

for Fiber Optic Lasers
Climatic Pampering for Temperamental Lasers

Jim Williams

INTRODUCTION

Continued demands for increased bandwidth have re-
sulted in deployment of fiber optic-based networks. The
fiber optic lines, driven by solid state lasers, are capable of
very highinformation density. Highly packed data schemes
such as DWDM (dense wavelength division multiplexing)
utilize multiple lasers driving a fiber to obtain large multi-
channel data streams. The narrow channel spacing relies
on laser wavelength being controlled within 0.1nm (na-
nometer). Lasers are capable of this but temperature
variation influences operation. Figure 1 shows that laser
output peaks sharply vs wavelength, implying that laser
wavelength must be controlled well within 0.1nm to main-
tain performance. Figure 2 plots typical laser wavelength
vs temperature. The 0.1nm/°C slope means that although
temperature facilitates tuning laser wavelength, it must
not vary once the laser has been peaked. Typically, tem-
perature control of 0.1°C is required to maintain laser
operation well within 0.1nm.

(SOURCE: FUJITSU FLI‘f)5F1‘0NP‘DATA SHEET)

)\

/N

—1 T~

RELATIVE INTENSITY (10dB/DIV)

WAVELENGTH
(1nm/DIV, RESOLUTION = 0.1nm)

AN89 FOL

Figure 1. Laser Intensity Peak Approaches
40dB within a Tnm Window

Temperature Controller Requirements

The temperature controller must meet some unusual
requirements. Most notably, because of ambienttempera-
ture variation and laser operation uncertainties, the con-
troller must be capable of either sourcing or removing heat
to maintain control. Peltier-based thermoelectric coolers
(TEC) permit this but the controller must be truly bidirec-
tional. Its heat flow control must not have dead zone or
untoward dynamics in the “hot-to-cold” transition region.
Additionally, the temperature controller must be a preci-
sion device capable of maintaining control well inside
0.1°C over time and temperature variations.

Laser based systems packaging is compact, necessitating
small solution size with efficient operation to avoid exces-
sive heat dissipation. Finally, the controller must operate
from a single, low voltage source and its (presumably
switched mode) operation must not corrupt the supply
with noise.

1555

(SOURCE: FUJITSU FLD5F10NP DATA SHEET)

1554

1553

1552 SLOPE = 0.1nm/°C —

WAVELENGTH (nm)

1551

1550

10 20 30 40
LASER TEMPERATURE (°C)

ANB9 F02

Figure 2. Laser Wavelength Varies =0.1nm/°C.
Typical Application Requires Wavelength Stability
within 0.1nm, Mandating Temperature Control

ALY, L TC and LT are registered trademarks of Linear Technology Corporation.
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Temperature Controller Details

Figure 3, a schematic of the thermoelectric cooler (TEC)
temperature controller, includes three basic sections. The
DAC and the thermistor form a bridge, the output of which
isamplified by A1. The LTC1923 controllerisa pulse width
modulator which provides appropriately modulated and
phased drive to the power output stage. The laser is an
electrically delicate and very expensive load. As such, the
controller provides a variety of monitoring, limiting and
overload protection capabilities. These include soft-start
and overcurrent protection, TEC voltage and current sense
and “out-of-bounds” temperature sensing. Aberrant op-
eration results in circuit shutdown, preventing laser mod-
ule damage. Two other features promote system level
compatibility. A phase-locked loop based oscillator per-
mits reliable clock synchronization of multiple LTC1923s
in multilaser systems. Finally, the switched mode power
delivery to the TEC is efficient but special considerations
are required to ensure that switching related noise is not
introduced (“reflected”) into the host power supply. The
LTC1923 includes edge slew limiting which minimizes

0.1pF

switching related harmonics by slowing down the power
stages’ transition times. This greatly reduces high fre-
quency harmonic content, preventing excessive switching
related noise from corrupting the power supply or the
laser." The switched mode power output stage, an “H-
bridge” type, permits efficient bidirectional drive to the
TEC, allowing either heating or cooling of the laser. The
thermistor, TECand laser, packaged at manufacture within
the laser module, are tightly thermally coupled.

The DAC permits adjusting temperature setpoint to any
individual laser’s optimum operating point, normally speci-
fied for each laser. Controller gain and bandwidth adjust-
ments optimize thermalloop response for besttemperature
stability.

Thermal Loop Considerations

The keyto high performance temperature control is match-
ing the controller’s gain bandwidth to the thermal feed-
back path. Theoretically, it is a simple matter to do this
using conventional servo-feedback techniques. Practi-

10k * = SUGGESTED VALUES—SEE TEXT

I— PLLLPF Rr
> LTC1923 330pF L1, L2: SUMIDA CDRH8D28-100NC, 10pH
e AT Vi R Q1, Q2: $i9801DY N-P DUAL
:,10k SLEW Cr
Y = - TEC-RTHERMISTOR ARE PART OF LASER MODULE.
My 5V —]SDSYNC  V, 2.5V oC.
REFIN D AR + A REF T1 - REF RTHERMISTOR IS TYPICALLY 10kQ AT 25°C
— CLK 11 _ _ X u
: : LTC2053 \<- EAIN _-l-_
—D LTC H+ - 9k 0.1pF =
" e " FILM PDRVB
Y [N L]
—{CS/LD
i1 LOOP GAIN RN e EAOUT  NDRVB
1| L o1 %3 TANTALUM Siom v o
1h |+ > DD
HE el *— W EAIN™ in 5v
HH - 100k |
i LOOP a0 PGND
an BANDWIDTH =
S  — sS PDRVA
H i 14F NDRVA
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m 10k
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: : 0‘1“FT 2.5VRer CcS™
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~——
-
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-~
-~
-
-
~

o
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Figure 3. Detailed Schematic of TEC Temperature Controller Includes A1 Thermistor Bridge Amplifier, LTC1923 Switched
Mode Controller and Power Output H-Bridge. DAC Establishes Temperature Setpoint. Gain Adjust and Compensation
Capacitor Optimize Loop Gain Bandwidth. Various LTC1923 Outputs Permit Monitoring TEC Operating Conditions

Note 1: This technique derives from earlier efforts. See Reference 1 for
detailed discussion and related topics.
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cally, the long time constants and uncertain delays inher-
ent in thermal systems present a challenge. The unfortu-
nate relationship between servo systems and oscillators is
very apparent in thermal control systems.

The thermal control loop can be very simply modeled as a
network of resistors and capacitors. The resistors are
equivalent to the thermal resistance and the capacitors to
thermal capacity. In Figure 4 the TEC, TEC-sensor inter-
face and sensor all have RC factors that contribute to a
lumped delay inthe system’s ability to respond. To prevent
oscillation, gain bandwidth must be limited to account for
this delay. Since high gain bandwidth is desirable for good
control, the delays should be minimized. This is presum-
ably addressed by the laser module’s purveyor at manu-
facture.

The model also includes insulation between the controlled
environment and the uncontrolled ambient. The function
of insulation is to keep the loss rate down so the tempera-
ture control device can keep up with the losses. For any
given system, the higher the ratio between the TEC-sensor
time constants and the insulation time constants, the
better the performance of the control loop.?

TEC-SENSOR
INTERFACE

HEAT FLOW

1
UNCONTROLLED ! CONTROLLED
AMBIENT : ENVIRONMENT
ENVIRONMENT
1

INSULATION /

TEMPERATURE REFERENCE
(CAN BE A RESISTANCE, VOLTAGE OR CURRENT
CORRESPONDING TO TEMPERATURE)

ANB9 Fo4

Figure 4. Simplified TEC Control Loop Model Showing Thermal
Terms. Resistors and Capacitors Represent Thermal Resistance
and Capacity, Respectively. Servo Amplifier Gain Bandwidth
Must Accommodate Lumped Delay Presented by Thermal Terms
to Avoid Instability

Temperature Control Loop Optimization

Temperature control loop optimization begins with ther-
mal characterization of the laser module. The previous
section emphasized the importance of the ratio between
the TEC-sensorand insulation time constants. Determina-
tion of this information places realistic bounds on achiev-
able controller gain bandwidth. Figure 5 shows results
when a typical laser module is subjected to a 40°C step
change in ambient temperature. The laser module’s inter-
nal temperature, monitored by its thermistor, is plotted vs
time with the TEC unpowered. An ambient-to-sensor lag
measured in minutes shows a classic first order response.

The TEC-sensor lumped delay is characterized by operat-
ing the laser module in Figure 3’s circuit with gain set at
maximum and no compensation capacitor installed. Fig-
ure 6 shows large-signal oscillation due to thermal lag
dominating the loop. A great deal of valuable information
is contained in this presentation.? The frequency, primarily
determined by TEC-sensor lag, implies limits on how
much loop bandwidth is achievable. The high ratio of this
frequency to the laser module’s thermal time constant
(Figure 5) means a simple, dominant pole loop compen-

70

60 \
/ LASER MODULE SETTLED
50 4 INSIDE MEASUREMENT

UI\QCER'I"AINT‘Y

40 / ‘ ‘
30 LASER MODULE SUBJECTED
/TO 40°C STEP CHANGE

20

TEMPERATURE (°C)

10

0
01 2 3 4 5 6 7 8 9

TIME (MINUTES)

ANB9 FO5

Figure 5. Ambient-to-Sensor Lag Characteristic
for a Typical Laser Module Is Set by Package
Thermal Resistance and Capacity

Note 2: For the sake of text flow, this somewhat academic discussion
must suffer brevity. However, additional thermodynamic gossip
appears in Appendix A, “Practical Considerations in Thermoelectric
Cooler Based Control Loops.”

Note 3: When a circuit “doesn’t work” because “it oscillates,” whether
at millinertz or gigahertz, four burning questions should immediately
dominate the pending investigation. What frequency does it oscillate
at, what is the amplitude, duty cycle and waveshape? The solution
invariably resides in the answers to these queries. Just stare thought-
fully at the waveform and the truth will bloom.

LY LR
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sation will be effective. The saturation limited waveshape
suggests excessive gainis driving the loop into full cooling
and heating states. Finally, the asymmetric duty cycle
reflects the TEC’s differing thermal efficiency in the cool-
ing and heating modes.

Controller gain bandwidth reduction from Figure 6’s ex-
tremes produced Figure 7’s display. The waveform results
fromasmall step (=0.1°C) change intemperature setpoint.
Gain bandwidth is still excessively high, producing a
damped, ringing response over 2 minutes in duration! The
loopisjust marginally stable. Figure 8’s test conditions are
identical but gain bandwidth has been significantly re-
duced. Response is still not optimal but settling occurs in

0.5V/DIV

VERT =

HORIZ = 50ms/DIV

ANB9 FO6.tif

Figure 6. Deliberate Excess of Loop Gain Bandwidth
Introduces Large-Signal Oscillation. Oscillation Frequency
Provides Guidance for Achievable Closed-Loop Bandwidth.
Duty Cycle Reveals Asymmetric Heating-Cooling Mode Gains

10mV/DIV

VERT =

HORIZ = 0.5s/DIV

AN FO8.tif

Figure 8. Same Test Conditions as Figure 7 but at Reduced Loop
Gain Bandwidth. Loop Response Is Still Not Optimal but Settling
Occurs in 4.5 Seconds—Over 25x Faster than Previous Case

=4.5 seconds, about 25x faster than the previous case.
Figure 9’s response, taken at further reduced gain band-
width settings, is nearly critically damped and settles
cleanly in about 2 seconds. A laser module optimized in
this fashion will easily attenuate external temperature
shifts by a factor of thousands without overshoots or
excessive lags. Further, although there are substantial
thermal differences between various laser modules, some
generalized guidelines on gain bandwidth values are pos-
sible.* ADC gain of 1000 is sufficient for required tempera-
ture control, with bandwidth below 1Hz providing adequate
loop stability. Figure 3’s suggested gain and bandwidth
values reflect these conclusions, although stability testing
for any specific case is mandatory.

10mV/DIV

VERT =

HORIZ = 12s/DIV

AN89 FO7 tif

Figure 7. Loop Response to Small Step in Temperature
Setpoint. Gain Bandwidth Is Excessively High, Resulting in
Damped, Ringing Response Over 2 Minutes in Duration

10mV/DIV

VERT =

HORIZ = 0.5s/DIV

AN89 F09.tif

Figure 9. Gain Bandwidth Optimization Results in Nearly
Critically Damped Response with Settling in 2 Seconds

Note 4: See Appendix A, “Practical Considerations in Thermoelectric
Cooler Based Control Loops,” for additional comment.

AN89-4

LY LR



Application Note 89

Temperature Stability Verification

Once the loop has been optimized, temperature stability
can be measured. Stability is verified by monitoring ther-
mistor bridge offset with a stable, calibrated differential
amplifier.’ Figure 10 records +1 millidegree baseline sta-
bility over 50 seconds in the cooling mode. A more
stringent test measures longer term stability with signifi-
cant variations in ambient temperature. Figure 11°s strip-
chart recording measures cooling mode stability against
an environment that steps 20°C above ambient every hour
over 9 hours.? The data shows 0.008°C resulting variation,

0.001°C/DIV

VERT

indicating a thermal gain of 2500.” The 0.0025°C baseline
tilt over the 9 hour plot length derives from varying
ambient temperature. Figure 12 utilizes identical test con-
ditions, except that the controller operates in the heating
mode. The TEC’s higher heating mode efficiency furnishes
greater thermal gain, resulting in a 4x stability improve-
ment to about 0.002°C variation. Baseline tilt, just detect-
able, shows a similar 4x improvement vs Figure 11.

This level of performance ensures the desired stable laser
characteristics. Long-term (years) temperature stability is
primarily determined by thermistor aging characteristics.?

HORIZ = 5s/DIV ANBY F10.1f

Figure 10. Short-Term Monitoring in Room Environment
Indicates 0.001°C Cooling Mode Baseline Stability

Note 5: This measurement monitors thermistor stability. Laser
temperature stability will be somewhat different due to slight thermal
decoupling and variations in laser power dissipation. See Appendix A.
Note 6: That's right, a strip-chart recording. Stubborn, locally based
aberrants persist in their use of such archaic devices, forsaking more
modern alternatives. Technical advantage could account for this
choice, although deeply seated cultural bias may be a factor.

Note 7: Thermal gain is temperature control aficionado jargon for the
ratio of ambient-to-controlled temperature variation.

Note 8: See Appendix A for additional information.
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Reflected Noise Performance

The switched mode power delivery to the TEC provides
efficient operation but raises concerns about noise in-
jected back into the host system via the power supply. In
particular, the switching edge’s high frequency harmonic
content can corrupt the power supply, causing system
level problems. Such “reflected” noise can be trouble-
some to deal with. The LTC1923 avoids these issues by
controlling the slew of its switching edges, minimizing
high frequency harmonic content.® This slowing down of
switching transients typically reduces efficiency by only
1% 1o 2%, a small penalty for the greatly improved noise
performance. Figure 13 shows noise and ripple at the 5V
supply with slew control in use. Low frequency ripple,

0.01V/DIV ON 5V DC LEVEL

VERT =

HORIZ = 2ps/DIV

Figure 13. “Reflected” Noise at 5VDC Input Supply
Due to Switching Regulator Operation with Edge
Slew Rate Limiting in Use. Ripple Is 12mVp.p, High
Frequency Edge Related Harmonic Is Much Lower

ANB9 F13.tif

0.005V/DIV AC COUPLED

VERT =

HORIZ = 500ns/DIV

AN89 F15.tif

Figure 15. Same Test Conditions as Previous Figure, Except
Slew Limiting Is Disabled. High Frequency Harmonic Content
Rises =x10. Leave that Slew Limiting in There!

12mV in amplitude, is usually not a concern, as opposed
tothe highfrequency transition related-components, which
are much lower. Figure 14, a time and amplitude expan-
sion of Figure 13, more clearly studies high frequency
residue. High frequency amplitude, measured at center
screen, is about 1mV. The slew limiting’s effectiveness is
measured in Figure 15 by disabling it. High frequency
content jumps to nearly 10mV, almost 10x worse perfor-
mance. Leave that slew limiting in there!

Most applications are well served by this level of noise
reduction. Some special cases may require even lower
reflected noise. Figure 16’s simple LC filter may be em-
ployed inthese cases. Combined with the LTC1923’s slew
limiting, it provides vanishingly small reflected ripple and

0.005V/DIV AC COUPLED

VERT

HORIZ = 500ns/DIV

AN8S F14.tif

Figure 14. Time and Amplitude Expansion of Figure 13
More Clearly Shows Residual High Frequency Content
with Slew Limiting Employed

33pH

5V INPUT TO CIRCUIT
+ +

224F 224F
T T

ANB9 F16

Figure 16. LC Filter Produces 1mV Reflected Ripple
and 500V High Frequency Harmonic Noise Residue

Note 9: This technique derives from previous work. See Reference 1.
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high frequency harmonics. Figure 17, taken using this
filter, shows only about 1mV of ripple, with submillivolt
levels of high frequency content. Figure 18 expands the
time scale to examine the high frequency remnants. Am-
plitude is 500V, about 1/3 Figure 14’s reading. As before,

0.001V/DIV AC COUPLED

VERT =

slew limiting effectiveness is measurable by disabling it.
This is done in Figure 19, with a resulting 4.4x increase in
high frequency content to about 2.2mV. As in Figure 19, if
lowest reflected noise is required, leave that slew limiting
in there!

HORIZ = 2:5/DIV I

Figure 17. 5V Supply Reflected Ripple Measures 1mV with Figure 16’s LC Filter in Use, a 10x Reduction
Over Figure 13. Switching Edge Related Harmonic Content Is Small Due to Slew Limiting Action

0.001V/DIV AC COUPLED

VERT =

HORIZ = 500ns/DIV ANEY F18 it

Figure 18. Horizontal Expansion Permits Study of High Frequency Harmonic with
Slew Limiting Enabled. Amplitude Is 500V, About 1/3 Figure 14’s Reading

0.001V/DIV AC COUPLED

VERT

HORIZ = 500ns/DIV e

Figure 19. Same Conditions as Previous Figure, Except Slew Limiting Is Disabled. Harmonic Content
Amplitude Rises to 2.2mV, a 4.4x Degradation. As in Figure 15, Leave that Slew Limiting in There!
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APPENDIX A

PRACTICAL CONSIDERATIONS IN THERMOELECTRIC
COOLER BASED CONTROL LOOPS

There are a number of practical issues involved in imple-
menting thermoelectric cooler (TEC) based control loops.
They fall within three loosely defined categories. These
include temperature setpoint, loop compensation and
loop gain. Brief commentary on each category is provided
below.

Temperature Setpoint

It is important to differentiate between temperature accu-
racy and stability requirements. The exact temperature
setpointis not really important, so long as itis stable. Each
individual laser’s output maximizes at some temperature
(see text Figures 1 and 2). Temperature setpoint is typi-
cally incremented until this peak is achieved. After this,
only temperature setpoint stability is required. This is why
thermistor tolerances on laser module data sheets are
relatively loose (5%). Long-term (years) temperature
setpoint stability is primarily determined by thermistor
stability over time. Thermistor time stability is a function
of operating temperatures, temperature cycling, moisture
contamination and packaging. The laser modules’ rela-
tively mild operating conditions are very benign, promot-
ing good long-term stability. Typically, assuming good
grade thermistors are used at module fabrication, ther-
mistor stability comfortably inside 0.1°C over years may
be expected.

Also related to temperature setpoint is that the servo loop
controls sensor temperature. The laser operates at a
somewhat different temperature, although laser tempera-
ture stability depends upon the stable loop controlled
environment. The assumption is that laser dissipation
constant remains fixed, which is largely true.’

Loop Compensation

Figure 3’s “dominant pole” compensation scheme takes
advantage of the long time constant from ambient into the
laser module (see text Figure 5). Loop gain is rolled off at
a frequency low enough to accommodate the TEC-ther-
mistor lag (see text Figure 6) but high enough to smooth
transients arriving from the outside ambient. The rela-
tively high TEC-thermistor to module insulation time con-
stant ratio (<1 second to minutes) makes this approach
viable. Attempts at improving loop response with more
sophisticated compensation schemes encounter difficulty
due to laser module thermal term uncertainties. Thermal
terms can vary significantly between laser module brands,

Note 1: Academics will be quick to note that this phenomenon also
occurs in the sensor’s operation. Strictly speaking, the sensor operates
at a slightly elevated temperature from its nominally isothermal
environment. The assumption is that its dissipation constant remains
fixed, which is essentially the case. Because of this, its temperature is
stable.

AN89-10
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rendering tailored compensation schemes impractical or
even deleterious. Note that this restriction still applies,
although less severely, even for modules of “identical”
manufacture. It is very difficult to maintain tight thermal
term tolerances in production.

The simple dominant pole compensation scheme pro-
vides good loop response over a wide range of laser
module types. It's the way to go.

Loop Gain

Loop gain is set by both electrical and thermal gain terms.
The most unusual aspect of this is different TEC gain in
heating and cooling modes. Significantly more gain is
available in heating mode, accounting for the higher
stabilities noted in the text (Figures 11 and 12). This higher
gain means that loop gain bandwidth limits should be

determined in heating mode to avoid unpleasant sur-
prises. Figure 3’s suggested loop gain and compensation
values reflect this. It is certainly possible to get cute by
changing loop gain bandwidth with mode but perfor-
mance improvement is probably not worth the ruckus.?

It is important to remember that the TEC is a heat pump,
the efficiency of which depends onthe temperature across
it. Gain varies with efficiency, degrading temperature
stability as efficiency decreases. The laser module should
be well coupled to some form of heat sink.* The small
amount of power involved does not require large sink
capability but adequate thermal flow must be maintained.
Usually, coupling the module to the circuit’s copperground
plane is sufficient, assuming the plane is not already
thermally biased.

Note 2: The LTC1923’s “heat-cool” status pin beckons alluringly.

Note 3: Yes, this means you should use that messy white goop. A less
obnoxious alternative is the thermally conductive gaskets, which are
nearly as good.

LY LR
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HY&330
Laser Diode Driver

Iricr asys tems

Switchable Constant Current Laser Diode Driver

heaters

1Cro-

=

Features:
4+ Adjustable current to 170mA @ 5Volts
4+ Enable/disable pin

4 For common cathode or isolated laser diode
current drive

+ Very small size
4+ Thru-hole or surface-mount package option

Description:

The HY6330 Laser Diode Driver is a program-
mable voltage controlled constant current transcon-
ductance amplifier with optical feedback.

The HY6330 is used in applications that require a
stable, selectable current source to drive a laser diode.
The current is selectable from zero to over 170mA. Con-
stant optical output power can be maintained using feed-
back from a back facet photodetector. Optical output
can also be monitored using the voltage proportional out-
put provided. The HY6330 comes in 10-pin thruhole or
surface mount packages.

The HY6330 is designed for applications requiring
constant current drive for the operation of laser diodes
such as pump sources for EDFA’s telecom lasers, and
diode pumped semiconductors.
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HY&6330
Laser Diode Driver

Input Specifications

Power Supply Input (Vcc): Pins 1, 10 +5 to +8V @250mA max.

Drive Enable (EN): Pin 9 GND (off, disable), Vcc or open (on, enable)
Current Control (CC): Pin 6 0 to 200mA for input voltage 0 to Vcc
Ground (GND): Pins 5,7 Power supply ground

Feedback-Optical (FB): Pin 3 0 <FB <Vcc

Feedback-Enable (FEN): Pin 8 Vcc (disable), GND or open (enable)

Output Specifications

Laser Diode Current Drive (lour): Pin 2 0to 170mA @ 5V, 0 to 250mA @ 8V

Optical Output Monitor (Vort): Pin 4 Range 0—4V

Environmental Conditions

Operating Temperature —20°C to 100°C (case)

Storage Temperature —65°C to 150°C (case)

Signal Descriptions

Vcc
EN

GND
FB
FEN

lout

VopT

Input power supply, +5 Volts typical

The Enable pin is used to enable/disable the output. When the Enable pin is connected to ground, the
output is disabled. When this pin is connected to Vcc or left open, the laser current is enabled, allowing
current to flow through the laser diode.

The current is set by the voltage at the current control input. The voltage, on the current control input,
programs the laser diode drive current, lout. When the input is at GND the modulation current is zero.
Maximum laser current occurs when this voltage is Vcc.

Ground return for Vcc (input power supply).
This high impedance input is used with a photodetector to control Output Current.
At Vcc this input disables Feedback on Pin 3, which allows diode current to be set by Pin 6.

This Output provides drive current to the laser diode; (anode/positive; connect cathode to ground). Maxi-
mum drive current is dependent upon laser diode impedance and power supply input voltage.

The optical monitor voltage is proportional to the optical output power of the laser diode as sensed by a
backfacet photodetector over the range of 1A to 1mA.

400 Hot Springs Road, Carson City NV 89706 - [775] 883-0820 -« Fax [775) 883-0827 - www.hytek.com * 29
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Low-Power, Quad, 12-Bit Voltage-Output DAC

General Description

The MAX525 combines four low-power, voltage-output,
12-bit digital-to-analog converters (DACs) and four pre-
cision output amplifiers in a space-saving, 20-pin pack-
age. In addition to the four voltage outputs, each
amplifier's negative input is also available to the user.
This facilitates specific gain configurations, remote
sensing, and high output drive capacity, making the
MAX525 ideal for industrial-process-control applica-
tions. Other features include software shutdown, hard-
ware shutdown lockout, an active-low reset which clears
all registers and DACs to zero, a user-programmable
logic output, and a serial-data output.

Each DAC has a double-buffered input organized as an
input register followed by a DAC register. A 16-bit serial
word loads data into each input/DAC register. The serial
interface is compatible with SPI™/QSPI™ and
Microwire™. It allows the input and DAC registers to be
updated independently or simultaneously with a single
software command. The DAC registers can be simulta-
neously updated via the 3-wire serial interface. All logic
inputs are TTL/CMOS-logic compatible.

Applications
Industrial Process Controls

Automatic Test Equipment

Digital Offset and Gain Adjustment

Motion Control

Remote Industrial Controls
Microprocessor-Controlled Systems

with Serial Interface

Features

¢

Four 12-Bit DACs with Configurable
Output Amplifiers

+5V Single-Supply Operation

Low Supply Current: 0.85mA Normal Operation
10pA Shutdown Mode

Available in 20-Pin SSOP

Power-On Reset Clears all Registers and
DACs to Zero

Capable of Recalling Last State Prior to Shutdown

¢ SPI/QSPI and Microwire Compatible

Simultaneous or Independent Control of DACs
via 3-Wire Serial Interface

User-Programmable Digital Output

Ordering Information

INL
PART TEMP. RANGE PIN-PACKAGE (LSB)
MAX525ACPP  0°C to +70°C 20 Plastic DIP +1/2
MAX525BCPP  0°C to +70°C 20 Plastic DIP +1
MAX525ACAP  0°C to +70°C 20 SSOP +1/2
MAX525BCAP  0°C to +70°C 20 SSOP +1

Ordering Information continued on last page.

Pin Configuration appears at end of data sheet.

Functional Diagram

DOUT CL PDL  DGND  AGND Vop REFAB
| | 1 | 1
L MAXIMN FBA
DECODE —nn—; MAX525 L
CONTROL ) OUTA
V INPUT [ pac _ 3 —1—
>| REGISTER A REGISTER A DACA + -
J Il ! IO
INPUT DAC e
16-BIT > DACB B
SHIET REGISTER B REGISTER B + fBC
REGISTER | l l =
INPUT DAC e
| rRecisterc| | recisTerc [ PACC + .
I : ; s
SR INPUT DAC e
oeic | L I B
CONTROL REGISTER D REGISTER D DACD *
OUTPUT
[ I S [}
T T 1 1 1
CS DIN SCLK  UPO REFCD

SPI and QSPI are trademarks of Motorola, Inc. Microwire is a trademark of National Semiconductor Corp.

MAXIMN

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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MAXS525

Low-Power, Quad, 12-Bit Voltage-Output DAC

with Serial Interface

ABSOLUTE MAXIMUM RATINGS

Vpp to AGND -0.3V to +6V
Vpp to DGND -0.3V to +6V
AGND t0 DGND ...ttt +0.3V
REFAB, REFCD to AGND .........cccoovviiiieas -0.3V to (Vpbp + 0.3V)
OUT_, FB_to AGND.....cceoiiiiiiiiiiiie, -0.3V to (Vpp + 0.3V)
Digital Inputs to DGND ........ooiiiiiiiiiiic -0.3V to +6V
DOUT, UPO to DGND ......ccooovieiiiiiiiie -0.3Vto (Vpbp + 0.3V)
Continuous Current into Any Pin.......ccoooiiiiiiiiiiie, +20mA
Continuous Power Dissipation (Ta = +70°C)

Plastic DIP (derate 8.00mW/°C above +70°C)................. 640mwW

SSOP (derate 8.00mW/°C above +70°C) ..........
CERDIP (derate 11.11mW/°C above +70°C)

Operating Temperature Ranges

MAXBE25_C_P .o 0°C to +70°C
MAXBE25_E_P oo -40°C to +85°C
MAXBE25_MUP ..o -55°C to +125°C
Storage Temperature Range ................... -65°C to +150°C

Lead Temperature (soldering, 10S€C) .......cccovvevvvianrinen. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
