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Abstract Analysis of the dynamic function of neural circuits is the focus and difficulty of current brain science research.
Recently, miniaturized microscopic imaging technologies provide important research tools. Compared with two-photon
fluorescence imaging and fiber photometry, miniaturized microscopic imaging systems can perform long-term, subcellular
resolution, real-time imaging in freely moving animals. In the past ten years, scientists have successively developed
wearable one-photon and multi-photon imaging systems with high stability. In order to improve performance and expand
applications, they continuously optimized systems from the aspects of probes, optoelectronic components, data
transmission and etc. In this paper, we will analyze and discuss the imaging principle, basic structure, system
optimization, application scheme, and future development of miniaturized microscopic imaging systems. We summarize
the research progresses in various directions, aiming to provide a reference for technology improvement and application
expansion of neuroscience.
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Fig. 1 Diagram of fluorescence excitation principle. (a) One-photon fluorescence excitation; (b) two-photon fluorescence excitation;

(c) three-photon fluorescence excitation
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left 1s design of an integrated microscopic system’s

cross-section, right is function of interface PCB

HL7E 2008 4F, Flusberg %5 & T — 3 TG 4/
S P40 B 43 LA B B R A 9 AR R e, SR T 7R
/NECA FE SR BRI R 500 Ca® 3h F1 22 5T .
W 2(a) FT7R 12 2 50 32 R 25 F A 45 BR B O GRAT 6T
B ERMCE (B -3 25 B il & #8148, EM-CCD)
PR gl . Hhar i 59 58 2 0 2458 i £F ol %
e, B R BT ISR A R RO S EY
BE DB A B 2515 5 R R 2 R 27 R AL 7 28 AR
B JELF G H B R/NT B R T Rk
T 2 I 7R /DN SRSk 0 A 25 0 R W e 41 DA L fE R
PR ALy, A 1. 1 g0 SR, SGEF oA — e FE
BRI T A (290,07 mm®) Bl PER (2 2. 8~
3.9 pm) , H 2 5¢ W6 BT H RN AR A5 e Jir 1 G A4 &5+ 48
KIFANE T BRI EE R, L  T 2R G 0 SR IR R I

B o /0N Y Ak T U5 R T AR A2 IR 2 1 R W DAk L 3% 1]
A G VR | A5 A B DL R O B R — R
& 2(b) Fr s, AT R FH e 22 B s 5 LED Ay R #
FE () CMOS 15 2%, I 81T i 80 el 8% M o 47 b 57 5
il AR T e AT B SR KT LR L IE A EM-CCD . X 44~
JEEE B VEAT T O A B BT, BB B B B O HE

TR, DA B AL AR W 3T 569 S5 A8 i A 8%, e
LA JCAE AT LASE BB — A2 2. 4 emP K/NEY AR (B
J5 Ry B ik ik i, PEEK) W o 43 i A0 80808 1% i L 1%
R4 R A LB, CMOS R4 2 1y K 450 1 7 4l 28
VIR A 315 0 e R A A B0 Bl USB 2640
3 4 B AL B & AT R AL . XA TS BE Y
AGERMERNA N9 g, REEMYR A G,
AN A ELSE T TR L S kB R, i
BT 745 (~0. 48 mm?) , [A] Bf 76 Y6 2% 40 PR B SC Bl
T2 25 W3 RS ) 43 BER 298 1.5 pm) | R A8 75 /)N
B FR I 20 B R R sk 200 T 1 B A 28 00 1Y 45 35 B
Wi 7, 43 A B 52 AS [R5 s AT R B X3 A ) 263 3
XEE ARG I T BT B 0 R S S R
75 RN EE R BT, S HL T RN AL S 12 B A A T AL
TN Dy ¥, A R W P A v TRAR I A
BA B 37 T Inscopix 23wl , %F 4 il =X 4 il 8 o A7 ol 7%
b HE S nVista R . BE BRI W L AL, 50 L
Rk 58 90 ZR GERE A8 LA S 20 JE 4 Y R 7 T) s DRI e £k

A EVECT 1M T AT AR, O B S B R B R E SR
WF5E N B3R R LR LR 5 A S 3 11 2 A5 4 T JC i i 5%

0211009-3



M — R HAT & 0E sh L, s 3™ A o
21 AR A AR R AR DR BOL T OB
CASBCS I R G EEY R 0l A S N =N
2.2 ZRAFREUEMRES

BT AR LA B RO, 22006 T R AR ST Ll /b
JCAE AL AU IR BB 57 i TR [A] i 2 i
S R FEAE AR KU L BEAE B2 T LR B R TR LMK
Pe Beook U 1 F e /b o 7RO AL B RO R 58
G BT 20T R R B R G R O T IR
T H TR GRS MRS B B R
K PERESETH AN DN REY SR AT AL 78 Z2 PR, DI 220 11
TS0 A0 2R G ) ISR R 0, P (8 A e PR AR, i
FH 5 A gk

Z 6T WO AL B R GE AR FOROE TR RO
v JCHAI G IF DG R 25 1F L L R R I 4%
PP PO A AR LB R, AT R OO IR AR
G R Y A BB — A M 5 55 SN A 1 R R 2
LARAEAR W AY , W PERE LR B AR R e R ) —
SR A5 R AT ERIN AR OGRS A (PMT) Y
FERAEEWARK . 26T O B MR SR FEA 45 1
5T B DO Sk OB 8 R A5 G TR

(a) grating pair mirror

flexible tether

scanner control

image acquisition

E615E2H/2024 £ 1 B/BEXRBFEHE

QAL S | H G £F B 1 o1 oy il A% S Al 45 3 R O
FR 9, [a) B 22 18 ot s 2 44 o

FAE 2001 4, Helmchen 8 JF & T — 3K WU F 6
LT AN 3 T, R G R TR O IR 2 A Sk I s
YO A S A o, — 3 Z )3l o MR Sk 42, Horp
i B AL IR OGB4k Pl
HHiBI PMT SR8 s R IR 3l , 58 A5 5 R4 . 4k
FAWOEER K )LD AR K RO 28 ad — X AT S AR
B O HAME S G B REBOGL b i R BDGA Rk
6T A Sk 3 BB e 5 B RGO 2= JT R n v SR AR
B RO i MoK Y BE (55X ,NA=0.8) 4}, %k
B oA B TR B L R A B R PMIT, 43 1) % AR
FCEFHEAT 4k T 4 i RN G S BRI AR L A
K2 7.5 cm, i 24 25 g, 0 DL o 28 2% 78 /i B 2% 1 1Y)
4 Ja M A R BRCSR s T, DL 2 Haz () 5 B
SEELT X E R A R Bl K S I A R {4 28 5T Y Rk
B AL 65 pm. XERG R T Z06F A B i
B ARG AR AR AE — S AN B B B AT
AT H T 2R 48 45 A e i A7 ol i 3R T R SR R i
JoT E: , [m] ESA 7E BOARP BET  BUAR E RE RT LA B 4k
D7 AT IR I T EmERE 2T R G

XY-scanner

single-mode fiber

collimator

dichroic  —
emission filter
motor —— g
objective
waler immersion
skull metal plate

B3 ZObF A RMCR G () WA 2 B 0 BUR G G  BORUS 7 5 5 (b) 3k B0 43l 445 4

Fig. 3 Diagram of multi-photon miniaturized microscopic system””. (a) Optical path and imaging scheme of the first-generation multi-

photon miniaturized microscopic system; (b) optical path of wearable component
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Table 1 Performance parameters of typical one-photon miniaturized microscopic systems

Typical 1P system Weight /g Size Frame rate /Hz Field of view /pm Objective
Integrated microscope'”’ 1.9 ~2.4 mm’ 36-100 600X 800 GRIN lens
UCLA miniscope V4" 2.6 15.6 mm < 16.9 mm X 22. 3 mm 120 1000 Achromatic lens

Finchscope'™’ 1.8 10 mm X 6 mm X 21 mm 30 600 800 GRIN lens
CHEndoscope'™” 4.5 15.9 mm X 17 mm X 32. 5 mm 20 500 500 GRIN lens
NIDA miniScope"™” 2.4 12.5 mm X 14. 45 mm X 18. 24 mm 10 11001100 Aspherical lens

IAZ S W W R SR R GG L AR
FE AR, RIS 3 A 2 By P 2 3 6 1 RPE AN 2 R Ge ik
B B L A B 62 5O AR B I etk R R A R X 4%
AVERE S B AT R Ak i A 2 | S A H R B B BT kAR Ok
AW B 2 M AF R R o T BEAE MR E AT XS
BVERE S B Wi A7 3 R 28 B, ST B — L ok P
MR R G, il Rl S s SR B A i T A
F G0 0 S5 RN ) BE A AE S B N bt 3R R L
T SEA Y AR SR B SR THE S AR P AU, &
=LY RAG N s R TE# 2Rk 2% 40, i
Y ) {1 22 A Ak T SR L B Z AL 2 D RE Y T Ak
ARG K . IR M 4E T 36 TR B R 5
FEN R 45 FE T B PE Ak TH 4, 5 B 3 T O F XS
I] 07 FH 3 55 ok e B3 5 1 28 A
3.1 RERGERRIREA
3.1.1 mAEAY

AR AL B0 2 GE e S N RS SE B, o] D)
2 e Z G A AR E A 25 R B A RE T DR I AR B 5
it 28 O B AR 2 22 I 4% Bl ) 2 I T R AR B T 2
ft 2 240 Jif 5 AT AT 45 B 2 0 I DX, 3K AR B SR O 2 il
B RGEHA KN, Wi & v] Lo A K ) 4137 (RD
TSP R Y G B ) AN ) A3 (ED S = 4R &R
GLRES U AR MY 5 B ) o
3.1.1.1 Hhm g

AR R G 4R BRI ORI T £k B R Bl 2, (R A
Il R Ak 9 B A B S BT Y o i = 4 A
BUIRe R BB LAY LA E G  WiES
W5 1 R 1% B T 22 A A BRI B R R Xt S Bk
65 FsF G 92 % Ik A T A/ B G At R B 7 A, R LA
5 AN [) DX 3583 B A (] % B ot 2 200 J 1 33 2y o S
B 3D R 32 A b SR - — Rl R AL Oy vk B2
D7 1% S B R A AR R AT, AR AR OR R £ 2 1) 586
1%, RTAE G A Z A8 £ 5 ) — FpOR 8 o E R ik
T 't D B SR 3D MR R IO g .
B AR BRCHE ) AT JE A 3D R B E  AR %
FIRRE A SREARBH ML E A T B EMERTE, 2L
i AR B AR B 75 3K

T Z AR, B AT E A LA F R T R
HUIR S £ 25 45 fiff 9 780 0K sl 2 (451 4n 8 75 553k ) ok 3R 3
HL HLAS B B A 8 B RS Ol o AR A T TE Z T

B 57 R 52 BN [] TR B Y AR, 3 iy x5 2 38 iy
3G S5 R R TR B (BT R A R K B e AT A R
R HA — 5 0 3 B BR A, 3 SOk e A ey AR AR
P 4 B R 7 AT R 2k T CMOS ) B 5
O % 5 1 v g At B ST | 7 Bk £, T3
ol N 5 T e O T O VA s M A
Piyawattanametha 25" F 2009 4 1£ — & i 1k & 50 i,
B Bl ARERTTE B R G558 PEEK M
BRI, SR VE T SR I 1 AR Sk A R 1) B AL T
TEHEAT WO OF 480 2 £8) IF, a] LT IR 33088 W Bl AL K 3K
BB, Barretto % KOG R G D R BB
AR N 0 5 1R Sk e e e — X R R R s L L il
By sEaT LR s E Sk BB, mik,
Featherscope l Kiloscope A5 313 5% I T HL A £ 55 14
BT AE CMOS BBl fL Al (PCB) | (1 IR T
ok S92 B A T B 1) A Y LA B 200 pm L XFR
J5 AT LT Ay A o b 42 o) 9] 5 R e, AR AR RS PR AT
A VTR AR (E R Rk 2 A Y AR A T e 2 X O B
I AR 25 0 (A0 — SR RS B ) A TN R | AR
il BRI ERAE , X AR BT i A — S S

e AR R AU R 8], A AFAE RS F R 00
2 OCF AL ES T SR ek A ' A T P B R ek R R G
SRR, — MR AT LAy o o 7 A A RHIIT S SR A 3
TET oA Ay 2, A AR R R R B B ] A Y 3 R
Ok SN, 3 OIG 2 l 1e) AR AR AR B ) T AR 53 4
BT 4T o WA F Rk k%) 325 B8 R DA S 4T 5 232 9 2
AR TR BRG] A Ca) BN T VA 38 B N /N 1 H
Sy, AT LU op A 43 - AR B 51 1 O B HES
XA 2O LR 5 R 1% 0% BRI 3 O B AR 67 T 2 e AR BR
JEAE AR, AT S 30O 2 B AR T ) 28 K . Bagramyan
AU T LR S A B (TLCL) 5 GRIN B 5 45 4, il
BT AR R AT (42 Rk TR TE E H e 1 BIK gl 4 5
T TLCL #E47 HL 4%, RESE L (74 £ 3) pm (0 £ A1 ES .
ZJa AT A F IR A BER R T O iR AL
BB B E B AT A TLCL, 7E (1004 10) pm
[ A2 FE 3 N B8 8 S R R ) (1,440 1) pm | Bl 1]
(152)pm M7 B R AR BRI TR 1.4 g, 7EH
H 15 /N BREAT AT AT 55 ) AT LA SUE %€ 3] 7% 35 i [X. 3D
T0 [ A 9 P28 TR AN 4548 (35 3l o WA B SR 25 A /N
[t i % H D ARAR, 7R AR g4 AR T T B A AR B

0211009-5



L I e S (b)
output phase
? front
i
I top substrate |

X F a F &

| bottom substrate |

_____

I top substrate |

) do=>2 ¥

| bottom substrate I

ETL: electrically tunable lens; OL: offset lens

F61EF2H/2024 £ 1 B/BAERBEFFHRHRE

@ clectrostatic pressure

optical axis

insulation

insulation

P4 b R A 1 AR L () T R RS T B s (D) BB R R s (o) AL R e o
Fig. 4 Principle of axial scanning modules. (a) Tunable liquid crystal lens (TLCL)""; (b) electrically tunable lens (ETL )"
(c) electrowetting tunable lens (EWTL)

Tl 325 B A6 45 4 v AE 05 ST B A 78 £ T RSN, R A
100 pm 2245 il 1] LA FELAS K

— A 3 B i A R i RO Bl S B
il A Bl 8B B (ETL) X A & o & 4(b) fir R
L PR A — A Tl G R S Sk A S it i e R R
O JRE B 2 AR DT B S 3 B G I R AR T,
AR P R A A B RO R
6], 5 B B AR B SO E O R R, Hep— A R
HNEE, S — A HA AR, X R E RS B
PR AR A5 3O FLAR B, R AH PR i B, AR 1R
f14 T A5 I v W B A . ETL 72 £ 28 006 7 Al s o
B 2455 8, 08 52 2.5 mm J8 B 79 (9748 45 L AR T
K ke B RSE A R, T RE L A L S — Pk
T T R R B AR R R R AR (EWTL)
P o Rl LT A L A I U N I QD TN S v
W — A 2 S T (9 ik T ) 2 AR T e SRR S FL Y
AR Z 1], 3 3 i o e s ok ek 728 248 % W R T AR, AT ek
AE 2 R R ER LSS IR R T RE L R IR I O L
A B 2 T AR R R R, RSN HLDREAIG, 7E
5 25 UG N 8 R BB S AR 2 iz B L OF R
ol P8 Ak Sk B AR R 6 i o Tl 1) 72 R I AR IE T R
H . 20154F, Ozbay 55 15 YCK EW TL B FH T i 8 4k
AR o T o SR AR AR B Y DG A R G O A
B2 B % 52 I 24 80 pumn At 1] 49 45 0 R AN 24 12 e 1) %l
WA HER . 3G AT T R T — B AOEF MO
EFRN A A A e SR AR R — A5 %224 180 pm,
TSR AR S Bk 2 1 O R G5 T A T RE
Hayashi %"/ 28 7 — 3K 3 T EWTL IRk A 5 F
¥ HR AR DAY 3D G A OB L TN A2 G ET Y

BRI, & S BT R E B A B 1R X 8K . Inscopix
nVista 3. 0 UCLA V4. 0t R EWTL Joi4, 34351
E 1% 52 0 24 300 pum F1 29 200 pm (A& PR  , B A 5
S ()RR R RE ) o

B 7l P A A R e A ke 2 AR U ) 2 )2 A B
Gh HOLTF O B R G SRR ARG & =AY
HAGE R T 5 — KA T H, —MEETh
Y A% (4 B 3B MiniLFM 7E 2018 4ty Skocek %7/ JF
KA R G T AL G0 HOL T O B T,
A — A 03B B 1 51 (MLA) | e 544 3D &% 4% 5t 51
CMOS I+, I3 3 3 - 24 S B ik 04 1 5 R s (Fp 1
BB ,SID) 2D fF B E# T 3D K%,
MiniLFM fig % 4 48 K51 2 700 pm X 600 pm X 360 pm
W LS, 15 B 23 B B R S Bl /0 BRI S v i 28 I 46
B, AR R N 16 Hzo Bfif5 , 2020 4F Chen 25" & T
Gali-MiniLFM, % T Finchscope FIDG F i 44 J5 B, [ k¢
i MLA AL TOEF B S, S23 T e MiniLFM B 4
B R[] (~5 pm) A 1] (~21 pm) 0 3R, RAAZ)E,
Yanny &5 HGE T —FOBE BT B BR T AL SRR
U M BUSR H 5E (TL) IR EW LR FillE T — 12
1 LAk ) 22 A AR A FEASE , 3 Fh BC B I S R T IR R
S, OF LA A 40 i 9 3 S 8 900 pm X 700 pm X
390 pm MY B 3% . Miniscope3D fE % 52 L 2. 76 ym
BRI 1) 20 BRI 15 pm A A0 18] 3 90 R 5T &R
GUAHEL PEREEE = T 2 245 R I A R G0 L iz A BASE B
F1 H13Z 20 s P W AR R 2876 3l A K sh SRR AR 1Y) 3D 32 s ik
%o El5E/R T MiniLFM , Gali-MiniLFM } Miniscope3D
FI RGBT A AS B . [ 5(b) H Gali-MiniLFM B i
i TR, KRRIET T M ARG BB E v a b o

0211009-6



F615FE2H/2024 F1 B/BAEXBEFZHE

sensor

MLA \

“«— T —»

MLA

filter set ——p
LED

4—GRIN lens—p-
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MiniLFM Gali-MiniLFM
MLA: microlens array; NIP: native image plane; NOP: native object plane;
OL: objective lens; TL: tube lens

K5 BT =R M M R S (a) 155 & 48 MiniLFM & Miniscope3D Y56 #% 45 #"7 ; (b) {5 48 & 45 . MiniLFM K Gali-
Minil.FM i 5 40 i Js 2
Fig. 5 3D one-photon miniaturized microscopic systems. (a) Optical path design of miniscope, MinilLFM, and Miniscope3D"";
(b) imaging pathway of miniscope, MiniLFM, and Gali-MiniLFM""
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Fig. 6 Mesoscope design and characterization at single-cell resolution™. (a) Configuration of the optical pathway; (b) left is exploded

view showing system components, right is schematic of the illumination and imaging pathway; (c) mesoscopic image of

ZsGreen-labeled interneurons in cerebral cortex at single-cell resolution
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collimated LED . . . .
470 nm DMD: digital micromirror device;
\ NA: numerical aperture;

EWTL: electrowetting lens

CMOS

. Aemission
filter
—dichroic cube

> EWTL

""-'..: # 'i;oohere.nl fiber
ui bundle

DBS: dichroic beam splitter; M: mirror; F: filter; BS(90:10): beam splitter with 90% reflection and 10% transmission; sCMOS: scientific CMOS

BT Ay RIXT LU E 8 TH B AR B 2 o (a) 3 T 20 3 4 UG HE 09 S0 7 OB B R 4, TR SR R OB B 0T, I R/ B
G 1 P B AR T 8 1815 07 125 {6 P I 28 PR R A 3 @ A 15 GRIN Bk 12, 155 GRIN B3kl ] 2 5 4 ) A [
SETE TR L5 (b) 36 T 45 4 't i 140 J5 B8 1) O 7 OB W R 8

Fig. 7 Technical path of resolution and contrast improvement. (a) One-photon minituriazed microscopic system based on the confocal

imaging principle”™, top is design of confocal optical pathway, bottom is picture of an unrestrained (freely behaving) mouse in its

cage with the fiberscope probe fixed on the skull, and fixation of the image guide. The image guide is attached to the GRIN lens

using a connection device (piece 1), and the GRIN lens is fixed to the skull using a head plate (piece 2) that is positioned using a

micromanipulator; (b) one-photon minituriazed microscopic system based on structured illumination microscopy"”

2 F AR 1) 5 6 G B R T B S T =2 A Y SRR,
A% 1) 43 P AR 0T 35 18 pm, SR T A P R AA
1% . 20234, Axel Nimmerjahn 4] B[4 % 11 macroscope
PIAMA BT T — 332 & MR 1Y SOt 7 R 40, Hogk
% 7E 911 pm X 703 pum X 125 pm (4 38 BB A 52 30 A 1) 24
(0.68+0.01) pm Bl 7] £ (7. 85+0. 33) um Y 1= 4 P
Rl TAERE 2535 2. 365 mm, 38 55 7l 1] R 3% B L, BF
83 AT LU 28 G0 0 2L 0 40 1 55 R R 45 = o HER Y
LEA HEAT AR 5T o
3.1.3 Ak B

CCD A B A% S5 3 L (4 g 3, AR 45 B A K g
P O AR S (Y R R T S R B A R B
KT 7 B BGH B #5018, FE & CMOS 19 8~10 1%,
il T 200ME B R R A e /. CMOS B3
KA BT 5 e 3 fi 55, B e TR B Rk Ty
LR B 5 R T T 08 s 4 T DAAE TR — TP T AR A,
SR % . RN 2011 4F 9 4 i =X A S AU T
CMOS % ¥ 5% R 506 T 508 8 6 R 48 b i 32 3 R 1%
SRR

AR ZR G0 R CR AR R 2 e T T O
A, il H — 3 CMOS 78 4 i T4 i R 48 5 5 f A1,
FE R 3R B 0 d5c i ORI N Ll A TRER Y
4 0 W R /N oA 3k B 48 v 1 AR B . R 2 O T
T AL 8 B8 L~ 30 frame/s (1 3 R 4E 5 6 B, B il
55 (14 3 R B 5 BE 3k 200 frame/s, 7E 3 FH 09 7 Mk Ak %
#H , UCLA V4.0 0] PLik 120 frame/s I R i %, A

I, JE R FR 88 LA R ot s A Ca” s S R AT
I T] LK 0 B30 S8 o SR, X T4 2 HoAb i 2 Bl 2
FH G ok 285 6 000 s e 3 ) 6% 41 35 F 9, s 2 o 1 D i
W LU 3 3 25 1 A B 1

GEVIs BT & =3 1w 2 Bl 27 45 B8 4 BF 5% F e
B ELA RS B 0 B[] 43 BE S RR 68 AE A AR B ) R
b VC S 2 T sh AR, 5 GECTs — |, B i g $2 43t
e A2 APk PR Ry Sk AR R R MRS . D DR D
GEVIs #Ric f#f 28 35 3l (4w By 8 5, 2RO 7 R e 3k
B3 1) 2R 4 T S 0 200 I 2 B, & /D EE 3K 200 frame/s.
Juneau 25 F 2020 4EJF & T MiniFAST, #£ & T i i
U A R U S S T P RE S . R
4% M T Sony CMOS (IMX290LLR) , B4 213 J7 1%
ORI R BE S PE R B RE 0 4Rt 42 T I (1920 1080
1% % )30 Hz 0 R S 5 . 7] 38 s BIR ol A 5 X 3ok
S PR 0 I 5 AN AE 1920 X 5548 Z 1 X 1 A] 55
] 500 Hz, K, MiniFAST X BE % L 30 Hz 14 i
R0 SR B HER B A5 5, 0 T DT A ) R A F
JEIE S, R R R T 500 Hz 4R 48 A1 300 Hz A8 78 44 1
Gas B, R4S E R I M3 /N, MiniFAST 175 8%
B — TS MM A R R B R e O e R AL T R
VNG AR AR TR < i N = S I S RS- 3 15 =
3.2 (EHRIThEET B

B R T AR T 1 B AL AR R Y &
J& W IEE A R SR MR o8 3 LR 5% il
B Sk B A R B B A 45 R o — 2 A B R A Ak

0211009-9



[V B Sy il 2 1 22 A4 4 SRR = B R T R I AR R £
UraetE 2 A R B B ke VAR it AL 2E
ARG F bR IC S AR B R 25 1 45 A N i A i A
e HIRE E AR Y R OE T A S T A
3.2.1 R&HEH A%

e 490 R B A A BE B T 3 A 3 A 41 AR
g3 AL Sk I E 25 4 BE AR BUREE (D AQ) T HEL i o
38 Sk R o3 ok — AR Rl 2% 4 R IS
I ¥ CMOS S 4 21 09 804l 1% i 3 DAQ #F 17 i 75
DAQ 5 H il 2 (8] [F] #F F EcHs e 7% 82, SC U R 4
4 45 1 AVBCHE [P0 4% R o BT Sk G 2 i BE Y TR
il PR 2R — e A 2R, DU e sh ) B R IS s
PRS2 W), AL S0 LS T 0 9 T R 2 g s PR 4 4, R 3
B A i b W, SR T RIE BRLE sh AT R S 2 Eh
17 R B RS I B 24 0 o, A s — e
[ s o A 7

K A 35 [ 525 9 A 5 I 8 A B T
— FhJGLR (0 B T OB AL B AN R G — T
3.8 g BYHE AW HL I (180 mAh) At e, Hi 1 7T L) #5
WAESH Y RSB . b ATEE 7L (542 10 T a1 ] BE
I (FPGA) Lh M i B A7 % < (micro SD card) 5 CMOS
R AE — R, SR 7T LLAF A% AF micro SD card Y, 32
FEELE 40 min EHRIC SR . FIHXELL RZg, i 1x)
Ab A 6] — B 37 9 A W N BRURZ 2 R B iR AT A% e sk T
B AT TE A ELAE 35 0 20 A 8E A Bl 4 0T B3 B0
Liberti %5 L& R G HA ARER, AR —
%R 100 mW By & 5 4% (BOSCAM, TX24019) %
S BICHE S B AL D T A A R TG S A O 5 1Y
Uity o AR GBI 5T 0 0 A S5 T DA B L Y RN, N
(50 mAh) &4 1 g, 7T LA4ERE 30 min A4 A, 1M
N3 g RE M AT LI 4EHE 1 hiic &, X4
WA T 20 FH T 0 & b i, fEf% LAY 2. 37 GHz By Sl
FAGRR A 50 3 M T W E R AT I S X CAL
P2 ICHYIE B, T A B0 T R 1Y 28 g B S A0 2 e
FEFE S . 20234, 55 — FORAE (1 U 2k Sl B B
wScope BT &, TR TR R IR B R (FMD) A% i
E R RS R TR U T, R R AR
1=, BB S [F] B X 8 W /N BREAT A4, DR e 57 B A% 1
A5 MBI FE R T ELA R ) 4

E A5 — 2 A, T4 U0 8 f0BE & &7 /N BRL 25 T
IREH S 58 A B b 0y 1, 9F BLAS 2] T AT S8 4R
W4kt . 20204F & R 19 —is TAEN H UCLA Jo £k it
KRG W5 E B T80 5 302 B2 12 BE A 1Y)
ML, % 30 DOUIR & A= 55 6 Al A2 47 IF LR Ml &2 T 5
BT W S T i %) U [ 2B 38R A s T Ak B B T B
R EEH R, L YIRE R TT & MEA5 R i X 22 N
BRI ST BN T RE P78 T REALF S e i KA
T 38 055 /0N B 2 2 D I 4% A AR A, R K st 1) AR 2y
Pl 25 gt 5 [ 850 () OF 5 Bt T 18 A S A

F61EF2H/2024 £ 1 B/BAEXEFZHE

3.2.2 hR#miEAR4&%

it AR B 2 A 28 B 22 i 5 S B AR F A
R2Z— HEA T ML 5L N TR 255 R R
P 1 6 Wik e S B0 A 28 S0 3 B RS oE R L ZE X K
I 1 28 16 Sl AT AR 5T X AT R AL R 2R ) 3 Atk
Z b RIEB AR F AR, AT LA L P b 52 B #2800
F4) SR S s A ) DT S B AR AR AT R A R R
P I HUA T S AL BT R e AL BR Fue
e BAZ AT LAAH .25 4, ] B S B0 7E AR 't st A% 1) RN A
220G B0 Sk, 38 BOG T 90 W RUNAR R ge AT DL S
MR TIRE  (H AR & T K B 5 R AR B A ik
F OSSR S 40 e E A M H T A
Mz sh s, H B A S A D Ge , B BUR s i = 5
PR H TR A 25 52 BR T B2 AL 45 44 5 SR 1 i ik
8 UBR RE AR A b i DX — [n) A, Kl 8t AL 4 R 2 #
BA ARG R G, L T R &0t
5 B0 s K R i3 . Stamatakis 2557 7R B TR
b5 S LA FR G 1 BRI 6 g | A S a5t 4% ) OB IR
EX-LED (i & Y6 18) 9% K R 435~460 nm, DA WL EL 4% (5
BFE R, OG-LED Otigt £ %65 ) il 4 24 590~650 nm,
R T W 2L AR (1, EATTE B — 22 BB 8 52 W . 41 i
FEHEEGE S IE R MM AR RG, e TR i
SIS AR 5 2 R 0 3 22 B L JC T AN i ) B
f ] B, 53Xt J2: Inscopix 23 7] nVoke & 4t f 7 & .
Srinivasan 2= iE T UCLA &SGR 4, F) FH —
i 4= T B8R L AT R A UL SR R AL R B R g,
450 nm # 6 F T i & %6, 590 nm # % T 06
il , BB A% S S P ik A R 4O SR AR IS B/ BRI T
Hy CAL X 2 i [A] B AR B 3% 2l i il o 3 4F , Zhang
FEUT R T A A T A e O O A% T RE B
B 5B (MAPSD) |, 306 98 5 56 B 68 9% 15 8] ~10 pm
B ARG BE |, IF A H DMD 2 BT X6 Bl 7 fif A9 G 3 B 40
59 Bl (~250 pm ) YA — 40 0 A0 300984, 7 5 B4 i 14
B[] B R AN () B 28 B Ok kA7 ol 4, 5 Bl itk — b
PR A K i oG s AT M Z B e &R . K 8(a)h
MAPSI £ 48 N #8667 2 A
3.2.3 WEBHERLA

Wil 5 35 DR 2 A 28 S IR A B R 1 R T kR i T
G35 R 1] AT R 8% 1 AN (W) 25 780 104 4 JEL R 1A BT LA A 5
[] B s A%, EL A% ol 280 8 B A B T oR 4 . — o i
SR oY (== o 7= 22 0 D 1 AN (b | R ) N
F A JRAEE M AR E S S LRAR T 6T E
(1P2C) T R AL I 3 R 45, R A% AR BK 3 1 15 55 R 8
T 22 5 R 48 1 fipk 22 PR LED JE U8, 15 6 WU i % 4
A5 5 AT Rl S 3000 P A ¢ S 48 7 710 10 240 7 [
e s o A0 5% 3R G0 9 JF M U7 T €0 22 1 ol A
PGB ARIE . BEHUBCAE R T — O 9 K
B AL B8 (DCFIMM) , 531 T — 3k iRy (2%
BE Sk o AR B BE I A R OE AR O W BE L, R AN

0211009-10



F61EF2H/2024 F1 B/BAERBEFEHRHRE
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cross-section view
of DCFIMM-SBI

L: lens; DCFIMM-SBI: dual-color fluorescence imaging
miniature microscope-superficial brain imaging; DMD:
digital micromirror device
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Fig. 8 Technical path of functionality expansion. (a) Optical design of miniscope with all-optical patterned stimulation and imaging

(MAPSI)"™; (b) design of dual-color fluorescence imaging miniature microscope (DCFIMM )™
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TFB: tapered fiber bundle; HC920: a hollow-core photonic-crystal fiber to deliver 920-nm femtosecond laser pulses; MEMS: microelectromechanical systems;

PEEK-CF30: carborefilled polyether ether ketone
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Fig. 9 Schematic of MINI2P with key components'™. (a) Quartet design of pTlens consisting of four stacked piezo-membrane lenses;

(b) structure of tapered fiber bundle (TFB) for signal collection; (c) customized objectives for three different imaging applications
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Fig. 10 Imaging principle of implantable GRIN lens. (a) Basic relay lens, maintaining consistent object and image sizes; (b) combined

low NA and high NA relay lenses, establishing a scaling relationship between object and image; (¢) relay lens with prism
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