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T n vy THRREBENEEZFITT D, VAT L 7y I OSNE ENY THoT ) TR Th, T
AVENERSNT—21TT 70yl « A ITNGDT 4 LARICT —F « RACHhEND, T—F +
RZIZIE, CPLD WO~z b v 7 Al a v L — & LIS A RET D120 0T — % « T o F 03B
INTW5D, 7y 7RO EEOa R L—2 %, T—H « RAOT —HB)e AL v F THRETDH LI VMHE
A)DIIE ATV, 7SOV AEHON S B3 ) ENLH R0 AT 2% H 28>, 2L —2 D J)(A<B)
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—ZDOHINEET MY H—%nT, %@ﬁﬁf'ﬁ@“/X?A- 27 & v 7 (SClock), 7 4 LA -7 & v 7 (DelayClock),
AD ZEH57 — % (ADdata), 7 v F + 5 — & (LTdata), =2 /%L —# {{J)(CP1,CP2), ¥ vF + 7 11 v 7 (LATCH)
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PROBHFB M TIXI ZNLISMZ b Efl7e R T 7B O0AE L, ZOEICRIE OB AT 2 RER < Shi,
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[1]  AD9235 Data Sheet, Analog Devices Inc.
[2] XC95144XL Data Sheet, Xilinx Inc.
[3] http://www.itplaza.co.jp/opti/cusb/index.html
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2. J1 AL A2 USB

2 VHDLIZ K ZT 4 ¥ &/ [al IS
21 ~J=Fa—FK:a R L—H

12bitA/D Z5#igs AD9235M %, 40MHz DY AT A7 v v 7 IZFH LT, 12bit 7 4 VX ILT — X 2RIk H )
T5, M1 EEOa L RNL—F(m =% D)X, 2O RbitT AP XL T—HBEAL v FTRETDL
TUMHE A A LT, A<B OFFH1Z7 12T 5, K1 FEOa v RL—Z(@r X —42 )ik, TyF i
o7 —4% A L 12bit T4 VHNT—H B EHELT, A<B THIIH A 1T D, WTFhoar L—
ZH VAT Ly vy CK OIS I Y THEHIET D, £72. INH A7 & s fE a1k LTl
ERFFT D,

237 X
. 238|>  -- Comparatorl_(Function A < B, “A>=B" with ’Inhibit’). --¢
N [/’“57 1 ® VHDL J— R "’8 3 239(>  -- Transforn._‘Integer’ cection
I e T et P 150, *int_value® T |
-— 1y ~ > > int_ompl_a not(cnpl_in --.also "int_value for normald
(\_ﬂ—\‘j—o tt@{ﬁ%@ 72Dl 2 O@]\jj e 242|--> > int_ompl_s. <= CONV_INTEGER((cmpl_inT));:>-- also ’inf_value’ for testings
%ﬁ s T'%OHVE]{Sé ?ryﬁ tcf d?mmal([}omp?ratgrlt}ﬂ&z £)<
. - — - Int_cmp va -- for festing¢
bit 517> & Integer (2 AT~ 5 (241-246 1T), ol miomlD - cmgv [NIBSE capl_in2)
> Int_cmpz_a. Int_cmp <
L 247 |a
7 = ﬁ %) L < bi INH @Zﬂ:f%ﬁ@]‘?” 248|>  --_ Synchronous. Comparator. (Function A < B”,and “A >= B")<
%1518 - Mam(gonﬁaraﬁlgg}[)sgctlon#
s\ » process,[olk, inhibi egind
2 process T%i(250-265 TT)T bj:\ INH %g% > - Prlorlty Inhﬂ)n‘&(ll:lxmg Jlogics) ., function,,--«
> en«
N S e A 253> <= tlaie
B THIVTERTO M ) RS 5 %gg . E%E gﬁtéﬁ)et
; clk.=
S NI E e o 266> > -- Comparation..’int_cmpl_a’(A). and mt _cnpl_b*(B)+
(252'255 1T)O INH 73) 0 T%ﬂbi‘ 7 H %gg s+ if.(int cpl 8 < mt cmpl by thene
v 7 OSIL TR CHEEZ1TH. L | )
N . S . 28Lf> - > - pre outla;_,f;_,:[]:fe
SUVMEL D 12bit 7 ¢ DHVT =S BRR | B B outibaa e
. 284> - end if:e
SHNEHAE IS LT, NS TR | B e e )

370”123 %5, LIS TIZH 1270712
3 %(257-263 17). 3. @y /8L —% 1 ®VHDL Y —*

22 12bit TV HTIN e F TR

TDC (Z#&id D)/ v 2D A o~ TP — B Y
210> -- 1Zbit Presetable Down Counter with Carry —-¢

[yt
Lo —
[ewlvel

(]
(=]
[ex]

T

H—r )V EERT D 12bit 7Y &y X 218|> - Asynchronous, preset and down counting secticn--«
217|>  process., (mt clk,load, int_bfq) begind
> elsif (int bfg = 1) then<

R N 222> - > int_wvalue <=.int value .- 1:¢
Data #7' Vt&y MELT D, 41— 293> - > end if:?

£ 3 NS N . 227> -- Carry control section --¢
7 CK OB ERYTHT Y 228 process (int_value) begind
2291 if ((int_value = 0). and . (mt _bfg =.'17)) thene

"L e A > — K 718> - if. (load =, 07 thens™
TN BT LAY L FE FAT) > mt value <= int cnp?_ls<
LD 72370"DKFIZ 12bit 7 v F 7 —4 221 > if (int clkevent and int clk =17 then
2241 > end if:e
7 VAF ENB A 1" ThhEs v v 225)-  end process;<
b2, 00 MENOIZ/RD L F Yy %g? > )1 int_precarry. <=, '0';
> 3 elsed

1] — »0° |7 2320 mtprecarry <=1
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BIRDOFEIBRTHEENTV AT A7 vy 7 e — RANPA F—=T VAT ONTRHOZEAL THRE+ 5
process 1 3(217-225 1) TliX, =»— RAND 0" THhIVUT/ VA EEEZ 7)Yy MEE LTr—RT5, A
F—=T AP DO, 710 v 7 DB ERY T1OF T AT b5, B ZOMOZE L TERET 5
process % 30(228-234 17) CTlX, H U X DfEN 0 oA 2—T VAN TORHZF v U —H %7012, &0
fLIRRETIX 1712 B,

23 53JEA%(Divider)

12bit 7V TN By ZIMET D7 0y 7 B2ERT 2083, A WSSV AT 70
v CK % 1/1,1/2, 1/4.1/8 53 fA L

T o T T e S e o =Y
SN A A F TR L2y B D 2 167|> -~ Abit Selectable Divider -«

168|> -- Dividing section -+
aw 7 EHIT5, 169|-  process (clk.div_selin) begin®

%f(%] > s 1f (c%k(even(‘g and clk 111% % t}ﬁené
I\ JE] BA N S - = E if (int_divent = then
o740 VHDL »/ — A &[4 5 1271 it <= 000

> > > elaed

T, VAT AT a v L 4bit Sy EAE %% s s s ) 1¥t divent <=_int divent +,"1":¢
> > end . 1T:¢
A J)THESE) 9% process Hfi SCIZHWN T, %f(,? D end I+

17 case hdlv ??l[l]n ;S@
) . . > > > when =2
DT T I N D 4bit K 181> > > > predivout.<= ol
\ N gl 0 B - selent e/t dividingo
N - : > > > when L=
EMRRT 5 (169~176 7). H7-, 4bit | 183~ - pre_divout. <= int_divent(0) < .
BEBANOMICE LT, Wihzs | 1Bl 0 o o it el = Seleot 172 dividing:
i . i 187> -+ -+ pre_divout.<=.int divent(1):
AT L7y 7 b UL 4bit Y 18- > > ipt_flagdiv <=2 - Select 1/4 dividinge
P %%g S Whenwngléln“:ié< t_divent(2)
VLN bit |7 192 >+ » > pre_divout <= int_divent(2}:
HEDOWT D bit |2+ 5 L7 %g% o ,h iniﬁﬂagdiviﬂ;igp - Select 1/8 dividinge
. L > » > when others =>¢
AT 5 (179-191 17), %gg s s caseulgiﬁtgﬂ%;gdiv)his“
R . > > > > * when. [ .=
OEMEADPET % 4 SLSAO | 1 . predivout <= elkie
- - - - > whenl o

BA HAOBREICRLIEBNNS D, 1971 = -+ = - > predivout <= int_divent(0):<
N 98] = - =+ yhen 2 =

N s s s s s i <=0 i ;
ZNEERET S0, Tl 2B | el it
200> - > - > > predivout <=.int divent(2):e

THEOYHEBE RT 7 77 202> -+ -+ -+ end.case:
203|- - -+ int_flagdiv. <= .int_flagdiv:<

int_flagdiv Z5%E LT3 <, mEMEA | 204)- - endcaseic

IABELSOIECIE, int_flagdiv > | 5|1 SUBI0OEEL st o
WIS CTCHAZ VAT AT vy

B L<IE 4bit T Z DT ILIND

bit (2T 5 (192-203 17),

SAF AT I DOVE R T 1 Hg S Seletlr(lg (pre{ou;cput sectiond
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AIEL7e A LA USB(CPLD)DEMERRGETIL, 77> 7 v ay « VxR —F AL v F Rl % 5
BICHEE L. ANERMEEZBSECEDOREEBNT 2 FIEELRD, N—RU = 7R S5 CHR LT «
DAV Y — ADEFE TR IZIEEEREZEE TE 50, TONIHNRO FE CEERGEZ M0 KT
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% ModelSim([¥ 6) 1% 72, B r-mIgy I = L
— 4 ClX Spice WH4 TH DA, ModelSim & [F]#
WCANTHESEERLTCEOHNEZRGET S Y
—/LToh D, Spice ClLREIEMHENEZ RT 7741 T
HDHFY NV ANETFRA =T 4 X 0RFKER =
T 4 X TYERT % DIk L, ModelSim X AE 5
EEHZRTDHDTAINUTEMTETIA N 7 A
e, AU THA RN T 7 AN ThDRIAETED
VHDL(% L < % Verilog-HDL) Y — 2 & {li fl 4%,

ASREWEL-~/ =F a—R-aryXL—X o
WCTDOT AR FEK TITRT, T A MRUF T

3l

R AR ST RENE ] ] - R(SEGA (e W = NGNA AFEB YA
A[Ra DB A i [ 2RI IR walin>alasan

——1] r
Ll e D T iy v

[E==

b
|t .

e - N1

6.7 4 VA INVEEE Y I 2 L—HF ModelSim

VHDL % L < I Verilog-HDL O 3CEE AT 5, X913 VADL OEEERA L O T, EFTI94 77V %
FEARIAIR(6-91T) [FIIEE ¥ 2 — V& TERT H(12-17 7). e W TRIFEE Y 2 — LD A ) & EF# L T21-27 /7).
WERE =5 DEFRC2I-32 NIE R DIRD NS5 1T-) & itk 5.

T DTAIRFHIal—v

[7i C: /Xilinx/desien_sheet/MAG Gomparator/comparator_sim.vhd

2 LIRERER 81 L 82 (R, i [E 5 e e R
|D-BE2&@ s o0 L emagn|wine &
-~ < —
WAL EMSIBIC AT L7 a7 HT, | e
3 —— HNodule Name: comparator - rtl - simulation file
— — N 4 -
T=HAN A T—4AJ]B THD, s
& library IEEE:
N=aviva N = N 7 use IEEE.STD_LOGIC 1164.ALL:
A>B ﬁ)’ﬁzij—%)ﬂ#\ /XT‘A y H / 7 8 use IEEE.STD _LOGIC ARITH.ALL:
" N N ) use IEEE.3TD_LOGIC_UMSIGNED.ALL;
DILH FRY THABIIZRY . A i
_ N 1 entity comparator_sim is
TAhT Ty T DIROSEE BB T0”C 13 —=  Port | elk : in std LOGIC:
14 el input_& : in STD_LOGIC_VECTOR (7 downto 0);
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Development of multi-channel patch clamp biosensor for neural networks

"Noriko Takada, Nobuo Mizutani, Masaki Aoyama, Mitsukazu Suzui, Tsuneo Urisu
Equipment Development Center IMS

-
1. Introduction

possible multi-channel measurements at the same time, (2) long term

are patterned.

Cell SO substrate

c)

Structures of patcﬁ clamp biosensors.
a) Pipette patch clamp biosensor.
b)  Planer patch clamp biosensor (1 channel type).

Fig. 1.

) Planer patch clamp biosensor (4x4 channel type).

We are developing multi-channel incubation-type planer patch clamp biosensor,
which can measure ion channel currents of cells including neurons positioned at
multi-points at the same time. It has such characteristics, compared with pipette
patch clamp method, which is generally used in electrophysiological field, as (1)

measurements, and (3) that high level of skill is not required. These characteristics
are suitable to the application such as high throughput screening and signal

transduction measurements of neurons. Until now, we have developed 1-channel
incubation-type planer patch clamp biosensor, and succeeded in measurements of
ion channel currents. At present, we are aiming at the fabrication of multi-channel
one. Here, we chose the plastic (PMMA) material, which has various micro

fabrication and functional modification possibilities, as a substrate on which cells

Plastic substrate

2. Fabrication process of micro structures on plastic substrates )
At present, it is under development to fabricate the micro fluidic structure for cell patterning on one
side of plastic substrate surface and the well structure for storing the pipette solution and AgCl /Ag
electrode to measure ion channel current on the other side. The fabrication process and the substrate
structure are shown in Fig. 2. Hot embossing from both sides on one plastic substrate using two
kinds of molds is the main fabrication process of our device. The mold (Fig. 2. lower left) for
forming the pipette solution wells, by which thin film structures with 5-10 pm thickness at the pipette
solution well are constructed, was fabricated by ultra-precision machining equipment of Dr. Omori’s
group, RIKEN. The other mold (Fig.2. upper left) for micro fluidic structure formations is fabricated
by electroforming. At present, we are carrying out the photolithography and wet etching to fabricate
the master for the electroforming. After hot embossing, we are planning to form micro through holes
with 1-2 um in diameter at around the centers of the cell positioning regions of the micro fluidic
structure, which are formed just above the pipette solution wells, by Deep X-ray lithography (DXL).

| Fabrication of

[ @215 ym Fabrication of micre fuidic Eabrication of micro
master for electroforming strucrure and this film regions by through heles by Deep Xovay
Wﬁ“"'_"-':ﬁ'rh-' ot wembosting from both sides Lithography
Fabrication of mold with | I - e Aoy
micre fuidic sreomre 100~ o | T Wh
by electroforming 100 pm T """

—_ -5

Micro fluidic srucrure. |

Press 12 pm

[Fabrication of meld with pm.u-lmmu <topm  ZUE g20~35 um

by alia-precision machin mipment - T 02 mm
oo O

RAAE
-

oo
480 pum =

Fig. 2. Fabrication process of micro fluidic structures and pipette solution wells by hot
embossing from both sides and micro through holes by Deep X-ray lithography.

(3. _Hot embossing

and can control the thickness of thin film regions more easily.

'll'lm of I\BIQ ud

T ks of thiin film.

Thicknen of thin film
egien: Sam egien: {dpm

Tomp. o PALLA e 1

The cross section
structure observed
by FIB.

{__film regions by hot embossing.

Until now, we have carried out forming thin film regions with 5-10 um thickness at the pipette solution wells by one side hot embossing. In the first experiment, some cracks were
observed at the thin film regions when the thickness became less than about 20 pm (Fig. 3. a)). These cracks may cause reduction in seal resistance when measuring ion channel
currents. To solve the problem of cracks, heating condition was changed, in which we heated not only mold but also PMMA to reduce heat gradient in PMMA. As a result, we have
successfully got thin film regions with 13 um thickness without cracks (Fig. 3. b)). Next, we have investigated how the thickness variations of plastic substrates affect the thickness of
the thin film regions when pressed by the same pressure in hot embossing, and we have succeeded in forming 8 pum thickness without cracks by choosing suitable thickness of plastic
substrates (Fig. 4.). Moreover, concerning this thickness control of the thin film regions, the results by the new mold with circular ditches around each of the pyramidal structures was
compared with that without ditches (Fig. 5.). The result shows that ditches are quite effective in forming thin film regions with a lower pressure compared with the case without ditches,
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Fig. 3. Influence of the heating conditions on cracks formations at thin
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Fig. 5. Influence of the circular ditches around
pyramidal structures on the thickness of thin film
regions by the same pressure in hot embossing.
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Fig. 4. Influence of the thickness variations
of plastic substrates on the thickness of thin
film regions formed by hot embossing.

4. Deep X-ray lithography (DXL

5. Conclusion

About DXL for forming micro through
holes, we are now getting basic data (Fig. 6.)
using the DXL beam line of Dr. Utsumi’s
group, at the synchrotron radiation facility
New SUBARU, of University of Hyogo.
Here, the precise position alignment among
DXL mask and plastic substrate after hot
embossing is the very important challenge to
be solved.

Procestiog depth (jim)

*We are developing multi-channel incubation-type planer patch clamp
biosensor, which can be applied to the research of in vitro neural networks,

=20 20ym - .
e using plastic substrates.
um 2, X o . . .
Spm-3pm *We are developing this biosensor using many kinds of the precise

fabrication technologies, such as photolithography, wet etching,
electroforming, ultra-precision machining, both side hot embossing, DXL,
and focused ion beam.

*Until now, we have succeeded in forming thin film regions with 5-10 pm
thickness without cracks at the pipette solution wells by choosing suitable
heating conditions and thickness of plastic substrates.

*In the near future, we are going to complete the device by developing the

Fig. 6. The relation between exposure
dose and processing depth.
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formation technologies of micro fluidic structures by both side hot
embossing and micro through holes by DXL, and measure ion channel
currents of living cells including neurons.
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