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Hot embossing process analysis of microchannels
for polymer microfluidic chips

Wen Wei-li', Zuo Chun-cheng', Yu Jian-qun®, Zhang Xue-jun'
(1. College of Mechanical Science and Engineering, Jilin University, Changchun 130022, China; 2. College of Biological and
Agricultural Engineering, Jilin University, Changchun 130022, China)

Abstract; A polymer micro hot embossing process was characterized by the experiments and numerical
simulations. A series of experiments were carried out with varied process conditions, including processing
pressure, temperature, time, different materials and unload temperature, both the depth and width of hot-
embossed microchannel was investigated. Furthermore, the hot-embossing process was numerically simulated
by the finite element method using a viscoelastic model to understand its mechanism. The simulation results
show in satisfactory agreement with the related experiments, being significant for improvement of the basic
theories and the practical techniques of the structure design and manufacture of the polymer microfluidic chips.
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Fig.1 Sketch map of 769YP-15A imprinting machine
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Fig.2 Shape and size of the section of the silicon

template and chip microchannels

BT 20 B2 : 1 Je Xt PMMA Jv F1 PC R
PEATHIALHE, LRSS VLA AT R B AT
S o SRIGHEAL BRGF HO YR R FIRCAR R R 7 LAY
TAEG EHEATRE Tt ¢ e B AT )R] H 46 s
REFLBEN B O S AR (RS 2R A
TR IR] ) A S5 RS (B 5 2R A I A
[F)) Pl 55 H B 3 J32 R g 098 28 Ak R G 18 3
FioR,

i} 18]

RS
- FHEBYBL: 2- 3 FE U WY B 3-SR AT 5 T At
1R FE Tl 934 1B B 4-E A% T e i #4 H BE

L I )

B3 BREELEPEEMENTATIEE
Fig.3 Temperature and pressure profiles during

hot embossing process
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Fig.4 Relationship between the microchannel width

and hot embossing temperature

HIPE 5 AT, AT O 80 °C I, i T8
FIREE/NT PMMA BYEAL s Z 55 W) 4 Ak 7
OGRS AR MG, X LRI | SO s Bir 5 TR 3 R
Bk, YRR EEHERE PMMA 8L AR (90
C—100 °C ), A iR B2 A9 A2 AL, Do 38 TR 15
FOF PR AR, ELIT A5 TR fol™ b Y i 2
H R I FT R, FEAS SCRYIRER 25 F T, SR R A
A5 AR 1) S R B R 728 A A R A
HAT

i5r

AR B

70 |

65

60

Microchannel depth/ um

55

30 I 1 1 I 1 1 5
80 90 100 110 120 130 140 150

rec

BS5 REBEERERSTSEERENXR
Fig.5 Relationship between the microchannel depth

and hot embossing temperature
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Fig. 6 Relationship between the microchannel size

and hot embossing pressure
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Fig.7 Relationship between the microchannel size and

hot embossing time
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Fig.8 Relation between the decrease value A of

microchannel width and template widths
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Fig.9 Relationship between the microchannel size
and hot embossing temperature for PC chip
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Fig.10 Profile of the microchannel by FEM

simulation
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