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Abstract

Recent status of microchip electrophoresis (ME) was reviewed, with emphasis on the preparation of apparatus, including micro-machining of
chips, hardware for voltage control, and data processing. The advantages of ME were pointed out in comparison with capillary electrophore-

sis, and a number of applications were presented, in which such advantages were demonstrated.
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speed separation
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Figure 1. Process steps of a one-mask micromachining procedure
to etch a channel structure into silicon. Reproduced from
Ref.7 with permission of the publisher. Some additions
were made to the original figure.
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Figure 2. Sequence of photolithographic fabrication: (a) Cr and Au
masked glass plate coated with photoresist; (b) sample
exposed to light through a master mask; (c) photoresist
developed; (d) exposed metal mask etched; (e) exposed
glass etched; (f) resist and metal stripped; (g) glass cover
plate bonded to form channel. Reproduced from Ref. 8
with permission of the publisher.
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Figure 3. (A) Fabrication protocol for wire-imprinted devices. (B)
Fabrication protocol for silicon-template-imprint devices.
Reproduced from Ref. 10 with permission of the pub-
lisher.
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Figure 4. Schematic of the microchip with a cross-channel geometry (@), a serpentine channel geometry (b) and a mixing channel (c). Repro-
duced from Ref. 18, 20 and 21 with permission of the publisher.
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Figure 5. Schematic of sample introduction for microchip electro-
phoresis with a cross junction injector.
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Figure 6. (a) Layout of the glass chip with an integrated sample in-
jector. Channel cross sections: 50x12 mm (thin chan-
nels) and 1000x12 mm (broad channels). A detailed
view of the shaded intersection area is shown in (b): Af-
ter application of a high voltage between reservoirs 1
(sample) and 5 (injection waste), the geometrically de-
fined injection volume (double-T injection, shaded area)
is filled by electrophoretic migration of the sample ions
in the direction indicated by the arrow. After loading is
completed, application of a high potential between reser-
voirs3 (buffer) and 7 (waste) causes electrophoretic
separation of the sample components. Reproduced from
Ref. 24 with permission of the publisher.
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Figure 7. Schematic of an optica detection system. Ar ion laser
was focused with alens (1) onto the separation channel,
which was held in place with a plexiglass holder (2).
Fluorescence emission (3) was collected with a micro-
scope objective (4), focused onto an air dit (5), filtered
(6) and then detected with a photomultiplier tube. An ob-
jective, an air dlit and a filter were mounted in a micro-
scope body, which was fixed on X-Y trandation stages.
Reproduced from Ref. 19 with permission of the pub-
lisher.
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Figure 8. Electropherograms of rhodamine B and fluorescein with a separation field strength of 1.5 kV/cm and a separation length of (a) 0.9,
(b) 1.6, and (c) 11.1 mm. Reproduced from Ref. 18 with permission of the publisher.
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Figure 9. Schematic of the microchip with a post-separation reac-
tor. Reproduced from Ref. 27 with permission of the
publisher.
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Figure 10. Electropherograms of (a) an arginine-glycine mixture
and (b) an arginine-threonine mixture using post-
Separation derivatization with OPA. Reproduced from
Ref. 27 with permission of the publisher.
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Figure 11. (a) Schematic of a microchip used for PCR amplifica-
tion and electrophoretic analysis of multiple DNA sam-
ples. (b) Schematic of a microchip used for sizing PCR
products with DNA markers. Reproduced from Ref. 29
with permission of the publisher.
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Figure 12. Electropherograms of the PCR products made from
four DNA samples and analyzed on the same micro-
chip. Targets: (a) 199 bp; (b) 346 bp; (c) 410 bp; (d)
multiplexed 346 and 410 bp. The microchip (Figure 11
a) was filled with4% (v/v) PDMA, the separation
length was3.0cm., and the separation field strength
was 130 V/cm. The microchip channels were approxi-
mately 50 um wide and 10 pm deep. The numbers de-
note fragment size in base pairs. Reproduced from Ref.
29 with permission of the publisher.
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Figure 13. Electropherograms of the PCR products (filled peaks),
amplified as analyzed on the single microchip and
shown in Figure 12, mixed with 50-1000 bp DNA lad-
der (unfilled pesks). The microchip (Figure 11b) was
filled with 4% (v/v) PDMA, the separation length was
25cm., and the separation field strength was 120 V/
cm. The microchip channels were approximately 74 um
wide and 10 um deep. The numbers denote fragment
size in base pairs. Reproduced from Ref. 29 with per-
mission of the publisher.
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Figure 15. The principle of synchronized cyclic electrophoresis.
The separation of three sample components 1-3 over 1
cycle is illustrated. The direction of fluid and sample
transport are indicated by the arrows. LIF refer to the
location where samples are detected. The voltage
switching protocol is synchronized to cycle component
2: (A) injection phase, (B) time point during phase 1,
(C) end of phase 1, (D) end of phase 2, (E) end of phase
3, and (F) end of phase 4 and end of first cycle. Repro-
duced from Ref. 30 with permission of the publisher.
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Figure 16. Synchronized cyclic electrophoretic separation of FITC-
labeled amino acids using (A) MEKC and (B) GE
modes. Synchronization time intervals were 13.5 and
14.4 sec, respectively. Reproduced from Ref. 30 with
permission of the publisher.
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Figure 17. MEK C separation of FITC-amino acids in conventional
instrumentation using a fused silica capillary of 75 um
i. d., and 50 cm effective length. An instrument featur-
ing simultaneous absorbance (lower graph) and fluores-
cence (upper graph) detection was employed, and the
sample aso contained methanol and methadone as
markers for electroosmotic flow and micelle transporty,
respectively. Reproduced from Ref. 30 with permission
of the publisher.
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Figure 18. Layout of the microchip device having a double-T in-
jector. Reproduced from Ref. 31 with permission of the
publisher.

Figure 19. Photomicrographs of erythrocyte cell lysis in a micro-
chip devices. The white arrows show direction of flow
and black bars shows the scale (20 um). Cells enter
from the left and SDS from above. A time progression
over 0.3 sec is illustrated in the three frames. Repro-
duced from Ref. 31 with permission of the publisher.
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