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B . TEC $AHERLZR G i AMIG Z K 1 F P16 20K B AL
o Horb, AMER KBS E AR R M. KZE . TEC B UE; N
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TEC controller

!

Thermoelectric refrigerator
assembly of DUT

& Coolant

External water pump

i Coolant

Heat exchanger and fan

‘:, Coolant

Internal water pump

Coolant :

1 IR AR G B A

Fig.1 Schematic diagram of TEC temperature control system
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2.1 BERGEHIEITEXK
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FEFRFN T2 1o FELATF BT R 1 3 a1, B ik
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High-speed
communication
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Thermal
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Fig.2 Function of TEC cooling system

& 1 TEC BHE R i iTHEMR
Tab.1 Design indicators of TEC cooling system

Temperature settings for Shell temperature of the

TEC/°C module/°C Time/s
-20-75 0-65 120
75--20 65-0 120

2.2 DUT #E &4 B E4REiT

H & H A9 Ot B2 B £ % 28 0 45 QSFP-DD,
QSFP-28 1 SFP28 —#f', 47 —F DUT Ml it , b4k
L QSFP-DD JEARH i AL 1l v 2812y 451], L DUT #4
LA R R 3 R, H = el an (8] 4 s . 4
DURUE T ORI 5 P V2 & Z R AT 34 &) i 28
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Air cylinder

Bracket of
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Module

TEC slot

Installation box of
cold plate heat
exchanger

Cold plate heat
exchanger

3 DUT #ra e 44

Fig.3 Thermoelectric refrigeration components at DUT

4 DUT el 4l = 4Ei

Fig.4 Package 3D model of DUT thermoelectric refrigeration

components

2.3 AR AREFIEIT
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Fig.5 Flat model of cold plate heat exchanger

232 AHRBABOHLRRGE

A I 45 T BE ) B ARIE AR PR 55 O IR 25 °C I
AT LA A 275 W B BCAE K o R FIE T idaE
SR 5 TE W K B, G At i L 0 R A [T %) 7K
K, AE 2 B8 B A (] R, T A 5 226 36 456 30 3 48K v Ay [
e ¥ Hi, sk i a1 5 iR, oK 05
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T2 PR
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Tab.2 Relevant dimensions of cold plate heat

exchanger
Name Size/mm Name Size/mm
Total height 17 Total length 50
Diameter of inlet 6 Diameter of outlet 6
Total width 50 Diameter of pipe 6
. . Width of the left and
Spacing of pipes 35 right boundaries 7.75
Width of the front and back Width of the upper and
. 6 . 5.5
boundaries lower boundaries

Vo BURE B g B2 5 T2, ¥ HI K 2 Sk bk 24,
HoF s R YRR, R B R X B AR PR, HL
FEAE B b 20, FH DA 5 SR M0 3E /K VA VG i K
4 Sk LU U TEC #oit 4 i, PR) I V4 B 2 B 26 A AR
IR AR RE, DA AR UE 5 R R A B, m] LA et
W WA R A A% 25 KV R

TEE I 7KV WAE 30 °C 40 P U TR i tES
B, CAUKLE 30 °C BHYIES BN 3 fiis .

[l 6 A 2K Flotherm 4 & 7. ) #4 e il ¥4 211
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&3 30 CkEIMESH
Tab.3 Physical parameters of water at 30 °C

Parameter Value
Thermal conductivity 17/W - (m-K)™! 0.62
Kinematic viscosity of fluid vy /m?-s™! 0.805x 1076
Fluid density ps/kg-m™> 995.4
Specific heat C,,/J- (kg - K)™! 4.17x10°
Prandtl number Pr 542

Ppy AL, IR RIS 2% SCHR [14-15] T ik
X FL AR AT R o O KA YRR B O 4 AR
Kl 6 firzs o r P L, v Mg v O 2E Y 7K V8 VR
2e/NT 5 °C, 7 Sy R ) v AL Y i v S8OR 1
P, iy AT R R 52 iR 7T DURR A2 7E-0.382 °C, Hii i
Temperature/C
46.6
38.6
30.5
22.4
Plane 1

6.32

-1.74

-9.8
&l 6 VM sk Y E K VR BE
Fig.6 Cold plate heat exchanger inlet and outlet water cooling

temperature

Temperature/ C
46.6

Plane 1
-0.382 C

38.6
30.5
224
14.4
6.32
-1.74
—9.8

Pl 7 A o VA 2 A A A SR

Fig.7 Cooling effect of thermoelectric refrigeration components

2.4 TEC K TEC EHISRHNEXRSH
24.1 TEC # w44 R 2
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2 LU 7 ] >R 45 | TEC il ¥
Frs

s A, O B AN 1A 8

Absorption of heat
i E/\.: | Cold end T.
A < /

% Copper
///o"//// connector
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Hotend T,

Pl 8 AR I8 S 3 ]
Fig.8 Schematic diagram of TEC

KINA:
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TEC A% il A= Q., Wo H:

s VoA AR X B ool ZE DL S R B, VG TR
TEC HLiit, A; T, b TEC ¥ ¥ %, °C; pi TEC H
FHA, Q-cm; G O TECJLAT R4k, & X2 TEC (1 T
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ATy TEC ¥ il 22, °C!',
242 TEC #9k KA%

MR BT 2200, 255 7% SRR AABE ) . PR i
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m 4 fim.

% 4 TEC WEXSH
Tab.4 Basic parameter of TEC

Name Numerical value Conditions for testing

Imax /A 15 Q¢ =0,6T = 6Tmax, T =50 °C
Umax/V 374 e = 0,1 = Inax, Tp =50 °C
8T max/°C 78 = 0,1 = Iax, Ty =50 °C
Qcmax /W 294 0.=0,6T =0,T;, =50 °C
Thmax/°C 200 Instant

Fa IR, As UNHIE, V; 6T TEC 11
XU ik 22, °C; O, WAL R H ZR e B M i, W;
Ty, WA A ZR PR E, °C; T AR max Fm K.
XF T TEC 1Ml 5, 48U ik 25 AN R B, B T SRR AR
AT, b SCHR K B G R S K AT BT AN

9 Ry A4l TEC | 5 45 th 1) TEC #4 i i J¥ 76
50 °C B A HL I 5 L e OC R B AU A I O Rl e
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FLUR X H R [8 A, 9 Al FRAR#E TEC B9 ¥2 it 5 HIR
1 A2k (B 10) AT45, 22450 A HL i FE 8~9 AL XL
1A R 22 76 50 °C (15 &L T, TEC [ 1 ¥& & 29 R 70~
80 W 5 HI A fe B0 15 LA B Ty 8 95 K 110 e =X
J& QSFP-DD $f 3, A8 X DIFEL ly 12 Wo
PR, BT TEC B il ¥ 52 40 2 0 4518

40
35 1

30
25

9/4%
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9 TEC HyALE-FIEC AR L

Fig.9 Voltage-current relationship curve of TEC

300
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—0T=10
250 . 57=20
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Elm-
i
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[ 10 TEC il B S5 AT R

Fig.10 Relationship between TEC cooling capacity and input current

243 TEC 42 4] B 69 A KA %

B E Y TEC il #3A S 480n 2 5 i, H
W VIN il B iR FL T, Vs CH IR AR BT
5 IR AN VOUT iR PR H e i v %, V; TIoUT
ShR S L Y FL, A; Dimensions S TR AR IR A9 4b
JERGE, mm?s FAR max FRmoK.

R 5 TEC =HIBHELRSH

Tab.5 Basic parameters of the temperature control

module of TEC
Parameter Numerical value
VIN/V 24
CH 1
VOUT o /V 19.2
I0UT . /A 15

Dimensions/mm?® 55x95x28

2.5 TEC #AHE RS ML
251 A A G0 F A RITH

A A A AR A TR RE R 10 1 3 o R O N A
S 77 21 IR AR A AE B, Sh TORIIE TEC #4
HEHL R G2 T RE, 200 7 A A 3. R, 7
IRHERL R 58 rh AMIG P K 00 25 04 14 R H B A 11
RIS, (SR 7S e A R 22 5 T [ 2
2,52 A A GBI E 0GR

2 B A (W), BT VA B A5 AR — LA i 1A
WE 11 R, %R R ASER R 100 mm 4, H
2405 DUT $AHL A 4L R i K% Sk o8 42—
. R Flow Simulation X P 38 7 1A I 1 2 7 15
B, AR A & 5 1SR AR D) 2% (CFD) HR
THRCI S5 LAY, SR gE R Al 12 st

S—

B 11 RS = 2w &

Fig.11 3D section diagram of cold plate heat exchanger
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Fig.12 Simulation of fluid velocity in cold plate
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HRAE P 12w i A FL 5 R T, AR AR 1% 2
a3 F B 3 8 B AR /N T 0.02 m/s, BIVZK 6 45 K R I R
PRI I8, 23 52 v Al I BRI Aok 6 i =
A AN 151 13 i, H P ER A a7 B4 R
Kl 14 s

P 13 Al Bv AR EA 2R ) = 2 1]

Fig.13 3D section diagram of optimized cold plate heat exchanger
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I 14 DRALSE BV e i it ot 7 B AR 2
Fig.14 The optimized fluid flow velocity simulation model of cold plate

heat exchanger

FRAE 14 AT %0, DLk B ¥ BR300 A28 A 7K % T
PAGRIE 3 R 7 b 9 3 2 KT 0.02 m/s, %K B 2544
TH.

& 15 24 TEC My #um it SHRmAMOC R k. W
I HLI 8.5 A, HRHE R 10 W] LAF5 H1 4506 TEC By
N 90 W I TEC #usm #A it w] DUAR A 51 15 75 3],
H 275 W,

SR AIE TEC (4 500 2 75 5 i v 21038 il 1E A 56,
HOE TEC 5 R G 43 I OS i B\ TEC Kl
A IR L 28 o XU B o (H S T R e AR AR A
72, BT R 2 N84 . RS 2 5 & 10 41
IR SIS R BCE . 45 ANER 6 PR .

HRAHE AH G B T2 50, 455 T I TEC B 254 il v
Z B (Coefficient of Performance, COP) iz K 0.5,

800 F
700
600 —9o7=30
500 F——07=50
400
300
200 r
100

0,/W

8 10 12 14 16 18
/A
Kl 15 TEC A5 A IOCR
Fig.15 Relationship between the heat of the hot end of TEC and the

input current

% 6 AEHER TEC HFHFEIERTE
Tab.6 Temperature rise and fall time of different

number of TECs

The number The number  The duration of The duration of
of TEC/pcs  of fans/pcs  temperature rise/s temperature decrease/s

6 3 87 95
8 6 130 150

ZAE TEC R R g b i 10U - TEC SR 43 5ME 3K
PRI, TEC Y #i HW Y2 19 7 Ui, TEC 41 &
2H 24V, 10 A fEd . BEA A BN 16 TR

B TLR6 % RN L B ikl Sy 5 45 )
T K R SN 7 Wik . TEC HER R 4ok 5

24 V/12V
24V DC DC/DC
Y Y L
A TEC assembly used . Water
. f Cooling fan
for refrigeration pump

¥l 16 TEC AHERBCR S r i
Fig.16 Power supply circuit for TEC cooling system

RT KREBY

Tab.7 Parameters of water pump

Parameter Numerical value
Volum/mL 8890
Nominal voltage/V 12
Incoming current/A 1.5£10%
Motor speed/rpm 4500+5%
Lift/m 6+1
Quantity of flow/L-h™! 1200
Power/W 18
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Fa A )5, TEC A #A B 0] 3K 2] 47 °C, ¥ i il
=2.5°C. WK IR 45 °C, SMGIIK B IK iR
1-0.5 °C, Bl TEC WLifi i 2% 29 4 50 °C. 254 K 10
AR, B — R TEC B9 ¥ & 24 100 W; 455 & 15 7]
M, B— R TEC M= #2408 310 W

P S0 7K B 100 iR K IR 27 °C, & R GE ik 3
FRASHT, PIIRPRZK K TR 2 7E 45 °C, BT LAXUHEFIR
PR LS B BB R R

O=c-m-AT 2)

o O MBI BB C KA TR LTS m N
IRV BRI 15 AT /KRR T

S50 Q) T QIR AT IR | R 2L
R PR, B e G RCHE AU B 255053 0]
T QML PR, B 17 MERABTHH MR R S
(10 5 AL 28544 T 5 P 18 SRy RHETR 2R Gt P4 3 XU 17 L 6 5
Bl 19 Ry HER R G s L 1B 20 HAHEI R 2 5 1R

xR 8 XHSH

Tab.8 Parameters of the air exhaust

Parameter Numerical value

Size/mm’ 391x121x45
Number of pipes/bar 12x2
Diameter of fans/cm 12

®9 NESH

Tab.9 Paremeters of the fan

Parameter Numerical value
Size/mm’® 120x 120 x 38
Working voltage/V 12
Noise/dBA 55.5
Rated power/W 12.6

F 17 AR S E A

Fig.17 Structure drawing of the heat dissipation system

7.27
I 3.23
0.81
—4.86
-8.90
-12.95

-16.99
Relative pressure/Pa

Pl 18 FAHERCRZE N R 115

Fig.18 Simulation of air path inside heat dissipation system

K19 PHEBRGSY

Fig.19 Physical view of the heat dissipation system

(@) PPRHRII B

(a) Preparation of materials and instruments

(b) MAFREE A
(b) Test environment real shot

20 B RS S RID AL R AT &
Fig.20 Test platform built by heat dissipation system and BERT

instrument
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A S R 1 SR A SR B S P
3 SLISIHIE

3.1 #IE RS REE N

AR T A T 8 B ELRE RS e S0P 5 | 5
R E . KONBIH A B oA R A, B DL E
A EIIE R G THRACR R . CE S RIE
TEC #4% R 40 v] LU 4275 TEC 76 6 f 3845 00 T g ik
) Y B R R AR T B ARME, BMIKF-20 °C, X5
BUFLS BN E 21 Fin . AER ST, &n5
W&, 36 TEC (1 ¥4 I 1 4 BRAK 4 —31.1 °C, [7]
I 2 VA TR, TEC $d% R4 nT .

80

Target object temperature

60 Object temperature —31.1 °C

N
=]

20

Temperature/ °C.

0 10 30 60 90 120
Time/s

Pl 21 i TEC v sihi MR
Fig.21 Limit temperature of TEC cooling surface for temperature

control

32 PRRZESKANBEMEIIL

R H5 MSA £ Y5 31 QSFP-28 £l QSFP-DD #f %&
X 1Y e o 3 1R AR B T 430 Sk 7 WO 14 W,
H3EE ) BN TR, S SW AR 12 WAER
REHLR T kR T MAS ZIRPMCHE 1.5 W E N
SFP28 IR, | FAE ) B2 T R #AK 2] 0.9 W,
FE DN L ORAG B, s &R 40 U X B4~ QSFP-
DD 35 2% 28 7 () S ABE B i T B IR 5K, I 4 R AR TR
DUT I3 A KA A A8 19 45 44 T 5k vT LA [a) B 947 0
1 P ML QSFP-28 3§ 36 25 AL iy S 6 B, U A SFP28
FERLH, R TORBEH MoK . 78 s &
45 557K 8 HLAY IR0 2R X e SE 5 o BT AG A R 3
THEIME 101~ , T “xxxG BASE”E /RN X
72 SRR AL T xxxG B9 N R BE ; LR4 K s A% T

#E 25 A 10 km, 38 38 00 DU S 5 IRA 32 oR A% Ty iiE 25
2 km, 1#EH U,

R 10 XRFAABREESY
Tab.10 Main parameters of the optical module used in

the experiment

Type Type of module Central wavelength/nm
QSFP-DD 400 G BASE LR4 1310
QSFP-28 100 G BASE IR4 1310

32,1 #dz & 45 KA —4% QSFP-DD #) 7+ 4R
&SN

AT IF BCHE BR g8 ook ¥ L a3 e
30 min, R 5 F1HF $4% R 48 h i DUT #4 A i) ¥ 25 41
F & TEC ¥l &%, il i TEC #= | 25 M E R Gk
14 B R, ) ¥ 28 4 S B IR B 20 °C JE L B2 PLER
2 BORE He 5 I R 5 B3k 0 °C. R BT SE IR B 3k
0 °C, B B P HL ¥ 20 1 HIR 2 75 °C, o AR bl
A WL W A T i SR 5T i B 36 65 °C Y B
] 5 =22 J o 42 ol B el i) ¥4 2L 2R B 210 —20 °C, W il I
10 B B 58 IR 38 F1) 0 °C Y A R, EE AR A B O I0 R
10 ZH 5548 .

P R G0 5K A PN QSFP-DD FY FH i iR a5 5
Fegs A 11 e 22 iR o 256 6 B vl A, 44
¥R G TFHEEIRBCR LA HE L) 10 s, 26 7] T 72
FVFIEFE

3 11 QSFP-DD HIFHFERZIEIILL
Tab.11 Comparison of heating and cooling efficiency
of QSFP-DD

The duration of The duration of

Number temperature rise/s temperature decrease/s
oftests  Thermal ~Water-cooling ~ Thermal ~ Water-cooling
control system  machine control system  machine
1 101 93 95 93
2 99 95 96 93
3 99 90 95 93
4 103 91 95 93
5 100 90 95 92
6 102 89 95 92
7 98 92 95 93
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Continued Tab.11 Tab.12 Comparison of heating and cooling efficiency
The duration of The duration of
Number temperature rise/s temperature decrease/s of QSFP-28
of tests  Thermal ~Water-cooling ~ Thermal ~ Water-cooling The duration of The duration of
control system  machine control system  machine Number temperature rise/s temperature decrease/s
] 102 90 94 9 of tests Thermal Water-cc.)oling Thermal Water-cgoling
control system  machine control system  machine
9 101 93 96 92 1 59 5 56 49
10 103 91 95 92 2 39 30 33 49
Mean 3 58 52 57 49
value 100.8 oL4 951 92:5 4 59 52 54 49
5 59 50 57 49
106 - 1 : 6 56 50 57 49
-« - Thermal control system
104 | N Water-cooling machine 7 37 50 37 ¥
102 | // . e e, L7 8 59 50 57 48
8 P *a e \ o e
100 | s, / 5 N 9 59 49 57 49
2z o | v 10 59 50 57 49
£
£ 9% Mean 58.4 50.5 56.4 489
value
94 +
92 +
90 62
-« - Thermal control system
88 — 60 L —4— Water-cooling machine
1 2 3 4 5 6 7 8 9 10 e R I
Test times 58 ¢ 2ol \\ ‘r’f
(a) FHERHCRXT T 256 ¢ v
(a) Comparison of heating efficiency =)
= 54
97.0 52
-« - Thermal control system
96.5 r —— Water-cooling machine 50 +
96.0 A N
955 [/ @4 —
=gt \ # % 1 2 3 4 5 6 7 8 9 10
2 zig f \—__‘__4__'~_—‘\ /' t Test times
E 04S¢ o, (a) FHRAHRT 1
94.0 ¢ 4 (a) Comparison of heating efficiency
93.5 +
93.0 | 59
5g | -« - Thermal control system
925 —4— Water-cooling machine
92.0 ' ' ' ' L 57 fr\\ .,I'——-v-——r——ﬂ'———v-——r
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Design of thermal control system for high-speed

communication optical module

Guan Boren', Li Mingyu'", Deng Renhui’, Hu Haiyang®, Lian Zhe

(1. School of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022, China;
2. The Equipment Department of Semight Instrument Co., Ltd., Suzhou 215000, China)

Abstract:

Objective As the communication rate increases, the power consumption of optical modules increases. Therefore,
the heat dissipation environment of optical modules must be ensured. In order to ensure that the optical module
can still maintain good performance under extreme environment, it is necessary to add extreme temperature cycle
experiment in the delivery test of the optical module. With the increasing demand for optical modules, improving
the efficiency of optical module delivery test has become the first engineering problem to be solved. Therefore,
the design of the thermal control system for the high-speed communication optical module is important.

Methods First, according to the characteristics of the semiconductor cooler, the thermoelectric cooler assembly of
the device under test was designed (Fig.3-4) and the results of Foltherm simulation indicate the availability of
thermoelectric refrigeration components (Fig.6-7). Then, according to the principle and characteristics of the
semiconductor refrigerator, the heat dissipation system is designed (Fig.17-19). Finally, the temperature control
efficiency and the effect of the thermal control system and the water cooler are compared.

Results and Discussions The thermal control system of high-speed communication optical module uses a
semiconductor cooler as the refrigeration unit, and the rise and fall time of the optical module in QSFP-DD
packaging mode can be controlled within 110 s (Tab.11 and Fig.24). The rise and fall time of the optical module
in QSFP-28 encapsulation mode can be controlled within 60 s (Tab.11 and Fig.25). The effect of temperature
control is good, and the high-speed communication optical module manufacturers can analyze the performance of
the optical module within the operating temperature range of commercial grade. The system is mainly composed
of the device under test, thermoelectric cooler, the fixture, the controller of the semiconductor cooler and the heat
dissipation system. Among them, the thermoelectric cooler assembly of the device under test is made up of the
cylinder bracket and the cold plate radiator mounting box, which effectively reduces the heat leakage (Fig.3-4);
Flotherm software is used to establish a thermal simulation model of cold plate heat exchanger in thermoelectric
refrigeration components. The simulation results show that the module shell temperature can be stabilized at
—0.382 °C, and the cold plate heat exchanger can meet the requirements (Fig.6-7). And in the meantime, Flow
Simulation is adopted to optimize the water flow of the cold plate heat exchanger in the heat dissipation system.
The flow velocity of the optimized water flow in the cold plate heat exchanger is greater than 0.02 m/s (Fig.14),
and the optimized water structure is available. This system has the advantages of little vibration and low noise,
and only one-third volume of the water cooler (Fig.20). Meanwhile, this thermal control system basically meets
the temperature control requirements for the high-speed communication optical modules with the common

packaging methods.
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Conclusions The time of temperature control of the optical module with the thermal control system is 10 s longer
than that with the water cooler. But it has the advantages of miniaturization, low noise and zero vibration, which
is more conducive to the integrated testing of optical modules. Using this system can not only test the optical
modules in the QSFP-DD package mode independently, but also realizes the dual-channel parallel test of the
optical modules in the QSFP-28 package mode to double the test efficiency of optical module.

Key words: optical fiber communication;  thermal control system;  thermal simulation;  optical module
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