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Fig.1 The overall architecture of the digital-analog hybrid temperature control system
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Tab.1 Common temperature sensor performance

Sensor type Size Sensitivity ~ Linearity Self-heating
Thermistor ++ ++ -- ++
RTD + - +
TMP102 - + ++ +
AD592 - - ++ +

Note: The number of "+" indicates the degree of strength of the item,
while the number of "-" indicates the degree of weakness.
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Fig.2 Temperature measurement circuit
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Fig.3 Implementation of variable zero temperature control
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Fig.4 Iterative and multi-objective optimization implementation methods
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Fig.6 Control flow chart of AWPID
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Fig.7 H-BUCK drive circuit with T-capacitor network
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Fig.8 (a) Overall physical diagram of the overall architecture of the temperature control system; (b) Schematic diagram of a LD package; (c) Schematic

diagram of the integrated device inside the LD package

PR AR 25 R 100 CIE LT, & S I Qo h
1.57 mW, KT DL 208 o g2 JITE AR S o 1.7 end’, R
FHAR SR B X I 4 B R B h 2 Ry 50, FEAS [R5 T
AITEBL T, Qpassive THREAE R EEWNF 2 Fw, FFAG R 5%
PERAX AR BR 1L, PR R TS/

R 2 FENEERE TWIEAINE
Tab.2 Summary of passive heat dissipation power

under different set temperatures

T,/ °C Ty—Tc/°C Qpassive/mW
—45 82 761.47
25 62 580.69

-5 42 397.06
0 37 350.66
15 2 310.11
25 12 115.22
35 18 171.89
55 38 367.09
75 58 567.27
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Fig.9 FPGA resource usage
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Fig.10 Temperature control system temperature control function test
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Tab.3 Temperature control function test results

7/°C Zero/°C Control Accuracy/°C S.table* Over-

type time/s shoot
30 - Heat 0.0202 30 1.5%
25 29 Heat 0.0197 27 0.5%
20 - Cool 0.0197 28 1.4%

Note: *The stabilization time is defined as the total time from the start
of temperature control until the temperature stabilizes at the required
accuracy
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Fig.12 The architecture of the level-2 TEC temperature control system

R4 BENKASE-FIRBENLL
Tab.4 Accuracy testing and comparison with single

zero point accuracy

T/°C  Zero/°C  Accuracy/’C  Mean/°C  Std/°C Fixed zero

accuracy/°C
—45 0.0212 —44.9992  0.0219 0.1951
25 o 0.0217 —25.0009  0.0228 0.0629
-15 0.0206 —14.99987 0.0221 0.0409
-5 - 0.0212 -4.9991  0.0217 0.0295
5 0.0194 4.9981 0.0213 0.0238
15 ’ 0.0213 149997  0.0221 0.0216
25 0.0191 25.0013  0.0112 0.0220
30 29 0.0196 30.0017  0.0140 0.0230
35 0.0206 35.0005  0.0134 0.0246
45 0.0195 450001 0.0117 0.0296
55 * 0.0208 54.9985  0.0235 0.0376
65 0.0195 65.0000 0.0124 0.0495
75 70 0.0207 749991  0.0239 0.0663

24 EIRFETEMENIK

FE RO TARRT, KA (] A0 I B A e M 2
PRGN I Ko e B 5, BT AT R 40 AR Pkt
7 7R, WEIRIE N 25 °C, 1HIRJEHE E 9 min /5,
JFJE LD, WLl 13(a) #i k46 28 7 # . fR 5 LD TAE
L MH E A 100 mA, 38 1.5 h (9 45 22 UL & 13(a),
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High-precision temperature control system design for laser diode

Ye Mao'?, Du Ensi'?, Wang Qiuwei'?, Zhao Yigiang"*"

(1. Tianjin Key Laboratory of Imaging and Sensing Microelectronic Technology, Tianjin 300072, China;
2. School of Microelectronics, Tianjin University, Tianjin 300072, China)

Abstract:
Objective

communications, laser pointers, laser spectroscopy and other fields because of their light weight, high efficiency,

Laser diode has been widely used in laser scanners, optical storage, laser printers, optical fiber

small size, low power drive, high conversion efficiency, and direct modulation. As a high-efficiency photoelectric
converter, temperature has a great impact on its performance and life; If it is serious, it will cause the increase of
threshold current, the shift of emission wavelength, the reduction of service life and other adverse effects. In order
to prolong the service life of laser diode and stabilize the functional parameters, a temperature control system with
high precision, fast response, high stability and good reliability must be designed to control the temperature of
semiconductor lasers, so as to meet the needs of different environments of semiconductor lasers. Therefore, a

digital analog hybrid temperature control system based on FPGA is designed.

Methods

method is based on iteration and multi-objective optimization algorithm to determine the optimal number of zero

The temperature conditioning method of variable temperature control zero point is adopted. This
points, the optimal position of zero points, and the minimum number of ADC bits (Fig.3). A three-wire

Wheatstone bridge is adopted to reduce the influence of wiring resistance and connection point resistance (Fig.2).

The control method of anti-windup PID (AWPID) is adopted to reduce overshoot and speed up response (Fig.6).
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The Full bridge Synchronous Buck drive circuit (H-BUCK) adopts T-type capacitance network to reduce the
ripple (Fig.7).

Results and Discussions After six iterations of the multi-objective optimization algorithm, the constraint
conditions for the temperature conditioning method of variable temperature control zero point were met. The
optimal number of zero points within the current temperature control range was determined to be six, with the
optimal zero point positions at =33 °C, —12 °C, 8 °C, 29 °C, 49 °C, and 70 °C. Additionally, the minimum number
of ADC bits required was found to be 10 (Fig.5). The temperature conditioning method of variable temperature
control zero points reduces the requirements for amplifier and ADCs. The test results show that the accuracy in
the whole temperature range is 0.02 °C (Tab.4), which is an improvement of 89.7% compared to the accuracy of a
single fixed zero point (with the zero point set at 25 °C) (Tab.4). The control strategy of AWPID reduces the

overshoot from 9.13% to 1.5%, and shortens the stabilization time from 41 s to 30 s.

Conclusions In order to improve the accuracy, integration, response speed and reduce the cost of laser diode
temperature control system, a digital analog hybrid temperature control system based on FPGA is designed. A
three-wire Wheatstone bridge is used. Aiming at the nonlinear error of thermistor and bridge, a temperature
conditioning method of variable temperature control zero point is adopted. The method is based on iteration and
multi-objective optimization method to improve the temperature control accuracy. The measured results indicate
that the temperature control system employing variable temperature control zero points achieves a temperature
control accuracy of + 0.02 °C within the temperature range of —45 °C to 75 °C. This accuracy is an 89.7%
improvement compared to the maximum temperature control accuracy of 0.1951 °C achieved by the temperature
control system with a single temperature control zero point. Another advantage of the variable temperature control
zero point is that it reduces the system cost. By reducing the voltage range of the Wheatstone bridge, it reduces
the requirements for the common mode range of the instrumentation amplifier. By increasing the number of zero
points, it reduces the ADC bits. By reducing the temperature range at each zero point, it reduces the signal-to-
noise ratio (SNR) requirements of the ADC. The H-BUCK uses a T-type capacitor network to further reduce the
ripple and increase the stability, Extend the service life and accuracy of thermoelectric cooler (TEC). According to
the characteristics of large temperature lag and high delay, the temperature control strategy adopts the AWPID
automatic control method to reduce overshoot and accelerate speed. The test results show that, compared with the
PID control strategy, the AWPID control strategy reduces the overshoot from 9.13% to 1.5%, and improves the
stability time from 41 s to 30 s. The stability test shows that the temperature control system can maintain the
temperature control accuracy of + 0.02 °C for a long time, meeting the requirements of high accuracy. The system
has the characteristics of high precision, high integration and low cost, and can meet the multi field and

requirements of high precision laser diode temperature control system.

Key words: laser diode;  high precision temperature control;  variable temperature control zero point;

optimization algorithm; ~ AWPID
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