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Pk iR i A S AN IR, Ik, BRCh T
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TS IIUCEL, AlGalnPZ K T GaAskl iz . H
2, KT GaAsH R AlGalnPEIFELE 5 # GaAs/ ™ &
WA RIS, SR ORI, 1ehh, BT
£D)tMicro-LEDAH G AR T2 i 4% Miicr-LED
BEA, IRZHOAREUNTZF K 5. i THEAR/VR, JG#l(F
RPN A RCR, B BER M Micro-LED /R
B BARAY R Y Hi, FETAlGalnPRIZL
JtMicro-LED A48 i 4% B )8 LA K 55 43 BE AR 20 M-
cro-LED i 7 #5 A il £ 2 A f v .

SRy, T YR AR RS, #EMicro-LED
ARGV, St e DL IR s e A [ ) AR
[ —4HiE b, PH B Micro-LEDIE: A 5 3K 815 b i1
FEAS B IRIIR L, 8t S R AR 0 o B —
i, IR S LS R ] s R S, I
KRR R B A AR N S AE FMicro-LEDIt A5
I By M ] 38 A ME— A T, A T 1 v IS e
BEABRFEITERE. R YRR BRI, A
B RS2, G BRI AR S i T
PR R 2 05 A B0 5 R ok iE T K Bl
BEPE, ARSI T R AR SRR, BT, S
Micro-LED {75 5t SR 8l 8 A b i o5 il & st T2
SRS SRR

Micro-LEDith 5 3K 51 5 M 75 A Bo4b 4@ E Ak
¥J(complementary metal oxide semiconductor, CMOS)-5
IOV iR % (thin film  transistor, TFT)PA ik
P CMOS I F A B v i 1 LA B /NN S R
PRFRE Hfii 4538 1 CMOS T M 3K 3l Y Micro-LEDAE /5
BE®EE . SERNERNAS ST RERRE
U gR T, ERTX Micro-LEDiS H I BB 82 £,
X CMOS 1™ 2 i 45 B B T 2 A AR T U R /20221,
TER B R B ECMOS B Bl & S, CMOSIE i |
5L fL)Z (passivation layer, PV)Fq ZE4% ZI| i L 1T %
HMPVIZ T PR E AR, 15 7R i iy
ROk S 2 #A i Micro-LEDIts i A S, B2, 78
HATCMOST AR T2 HF R I, M b 2318 F AR CMOSIEs
R BUCBUR AR EPVRUSESL. Kk, A[RIEEPV
FIZI T 2T EMINEE. AR -HICMOSIE
FAZZE I/, X 20 A LA SR AR o . LR
/N, & E™ N 5 CMOSEH AR E 22 HAZ R R
FHAT R A IR, #rfLARd K, IS AR R il R 68 T
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[, AU R EEPVIZ I CMOSIE /- #fAE
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PR 20 5 2 1 v 25 04,8 um. Bt , g A
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JEHLTE R A AT 7885 1.0 nm S5 A 0, PR 78 b

U4 Micro-LED s i I 0 AE G 20 e 25 ik rh Bt
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(iii) CMOSIHSF ZIag ez, AWF5E M FH I
CMOS:H T Z A E i Jasper/A ], R FEEFEATIR,
R EWI N8 pm, ELAT1920x 10800334, Hth H-4%
FANEB IR, ARSI UES T 228K, 20 R imbiR
A1 pum PVIUFEBAFIREVIFRA 1.6 um PVAYFESIB.
B, 22ERENE I B TOKIE R, DGR R
TEAE90°C N A T 15E45 min, 5 IS INEEAE 06 1 8
FEIHUE30 min. TV IRES RS, TEREMA LR E
2.4 pmAYIEYECZIERD2500A, 5 7E100°C N Mt
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e\ W\ T\ W\ Heen- B B B
— e
l
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Figure 1 The steps of red Micro-LED substrate transfer
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TE IR, 2R BDEZNE N LR RS 1.9 pm G4
RIZE. [FEEH, 7ERESB L BERIRIE N 6.0 pm i IE M
ZIEAZ P4620, Zit105°CHZLMEEE120 s/5, FH
800 mJ/cm’ Y BE G 590 shY i 5 I R] HEA TR 5
B, WG TE100°C T L0 sSz sl IR, I3 3DEZIR
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(iv) ZIph. 7ESEROEZIE, SRAICPZIM T2 %f
CMOSIEE i #E T2 1. 7EXTRE S AVEA T ZI P, TCPZ i
HLAY TAEH 1% € /T8 mTorr(1 Torr=1 mmHg), I H,
WIMZTIIR J440 W, FHANZRTIR K215 W, BHIE
J& H-10°C, Z)i S AR R CE,, SR M 110 scem, 25k
WP SEADRAR. M2 R, BESEARSR
TR H), BLESTIE Z M, Sl A/
FUISH, BAZ0had 243 3 MR, BFal43 5 4330
30071300 s. XA ABHATZI BRI, T A28 & 54
InARBEEFEAN], TEEEARE, BRI Z
TS FRSY RSHE, SEE T AR E Y4270 s.

(V) &JRZEWERDCZ S 4788, 21 T 2450
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Figure 3 The structure of CMOS chips
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(3/100/180/150/1800 nm)#£2.233 um4: J&4FE A ™ .

(Vi) A FESERUA BRI, RIS 120k
TTEBE, FECMOSIE il e T RS 5 AT A 2K
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. HEE, FEIS0°CHIZRIET, LL100 kghysd A R
CMOSHH EA B Micro-LED A |, FREEmt[a] Ay
40 min. CMOS b4 J& ™y & 1 il 8 i FE S F 5 Micro-
LEDIt: F #5714 7.

(Vi) FAEFEE SRADG: B0 =4 ot
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MIESHIEATRAE. dE—20Hh, R B W (focused
jon beam, FIB; Helios G4 CX)# 4348 1 o i%ss
(scanning electron microscope, SEM)M%%1.6 um PV
CMOSZIITfLIG BIESR.

2 HRS5PNe

2.1 5 CMOSEEATILEMicro-LED#HiciE#8

RIS R FH B2 EMicro-LEDits i LA GaAstE R#f
JiE il £ AlGalnP, HAFAME T AlGalnP[H 5 GaAstE ik
bR BE DT EC A5 BB U5 7E GaAs b dEA T = BT & A
K. IFH, H PR TR B #90% Y, il i 4%
AlGaInPH RS LU, RIS HAT BRTE1.8~2.2 eVZ
], GaAsfHB(ZI°41.42 eV)/NF AlGalnP Ry R,
i, *AlGalnP & HETRE, BT XEEFHEEE K
T GaAsH I, T GaAsz Ik, SEGaAsT 1T
M BRAE 2 5, PrAD RIS, K4 e
R ECARIN IOV Ipy & YN =143/

i, A SCEPERI LT EMicro-LED:E: i LLGaAs
TR, A A FEAR S IR 42 I8 S 0T T I A5 75
ARSI BARE AT NI 50, 05 A B
1£9.9 eV. M TGaAs, #5541 o B AR HAE T
W AELA R 2T A B P 932 B AR XY 5, X R A TE
SRR 205, AlGalnPTE &G & 416 TR 2
B0 T A TR AT BRI 2160 A B350 A, 1%
A RS CRE A9, 1T GaAsH B [CHE 4.5, s A
R B8 K F-GaAs. IrLL, 1% A RGBSR Re S 1
FHE G LA T ¥ Micro-LEDI: 7R E g 71, {54IF
Micro-LEDith - BESE 7K 52 B K A5G i T AN R v

2.2 PVJEEEATCMOSZIh LI 500

T RIS [R] 6 i 3 T2 sl [ B LG o
FEA, FLCMOSIE i 451 S TERFoE N R kAT I & A
BT R A — AR, Rl R0 & AR el R R
ALCMOSE FPVIEEE ALY [, £EPV_E i T 21T
LR R IRAE N T 2 5 B85 Z T A
SEIRMIES S 2R, A FRASF AR
R3] 7 OCEMERVE. I, X TRIEEEERYPY,
HR T ZEA AERT 530 18 T FL 2 el A 7%

AT ELE R um R R W B CMOS#EA T T 2 bt
7%, HFAISRIRZR R /N, 20T FL A EAR R /N Bk
T3, e/, W SB E k2 . B RS

[, RN T8GR F AR R T )Z 2 S =
ZIPh BN FHARIR ZR, S 2 T B0 A 1 R b A B
BRI, e s SR

h T 20 R AT TR ZE IR, AR SCR R A
R, B AR R FFLAR KN S U S 22 % il
FIRCR. AR HES T 2R TR AREEPVAICMOS
WA, PVIEEE S B 1AIL.6 um, VENHSEPVAIEPY
CMOSZIM T ZRXf L. WA B HPVIZ I CMOSHT L)
100 3 VA THE I I3 1 Y 20 T 2 R I 220 e s SR e i
FEELZIh, RS T B 5 H ) Tl o 2 S5l
EIRBAEMOEZIF LR R, P Z ok 4T T
fL. ASCEAEZER] T 1.9 pm B KN 2.4 pmEE
HOEZIE %, 2LA2450.0010 pm/s Ay 21 i s 545 5 A 7
330 3001300 sPyZIph )5, 2845 72.01 pm LK/
3.10 pm_EfLR/MIEAL.

FEAL P A A PV IZ HICMOSHT, B Sk ok F
JEERE R2.4 umfRD2500A IFEA/E A HENR. {HIE, fEIEL
fEZIhdi1.6 ymEEPVAEY ZI ph i 2 b, EDLLZY
0.0015 um/si 2 s R 74K 270 sSHIZIZ S5,
RD2500A 23 RS BE AN/, okt 21 20 f A A Fry
FYEH, SECMOSIE 7 R 2R, P, FRA]
MUTIERE 6.0 umiAZ  P4620TE JRAE R ZI i MR, Sk
G 221 P Ao A v R RS O A T B C MO S 36 T 0 3R
WG, TEVIAZ P46201F M H T BRI ZI 2 5
FICMOSI B R RV EE Y 20 AR e, & B
HE PRI ECMOSHhE S it ZI ik, {0 20 ik X 3R H o3 58 4=
2035, MR R R k. DL iR PR e
ZI1.6 pm PVJEEITESUNES1ITR.

ERZI B R, BRI S S
ZIBERI I, 14 A SN 4 S ST A DG 2T A ) [ 5
RS 5 CZNER N, I T IK B4 5% e 4 sz 1o 2 3%
PE. SR, R AERGHEAT/INT B = A2,
WEEWGE AR T RN 2 BAT —E WG ZI MY,
B 5 M A A SN A R sh A Bk S AR A
BRI, T BOB 2 5T A 5 i 5 5 R N
TSN, 735 R B S 45 R R 6 20 U187 AR SR A7
TEFRBE NG, BT, K N XHZ IS i ab #E 7 =K
S F R A5 B TR DRI ES A T 4R 55 B TR A B
AR ER R A AL 2Bk, 5 (a)~(c) il s 1T =4l =
WOL B EE FRD2500AYCZI L5 3DILR . AZ
P4620 615 HI3D AR LA IRAZ P4620 )% 5 &ad
14 min%A 5B RN BLS BI3D RS, MRS BG4
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wOo009

Bl 5 HKRD2500A KJFHEAZ P4620YEZI G ) = 4N O B S, (a) BERERD2500AYCZIEITESR; (b) JEIKAZ PA620YCZIETES; (c) JEIE

AZ P4620%ZIJ5 -4 14 mina\ 25 B TR BE S T 55

Figure 5 3D laser scanning digital microscope imaging of thin photoresist RD2500A and thick photoresist AZ P4620 after lithography. (a)
Morphology of thin photoresist RD2500A after lithography; (b) morphology of thick photoresist AZ P4620 after lithography; (c) morphology of thick

photoresist AZ P4620 after lithography and 14 min oxygen plasma cleaning

K, El5(a), (c)MCZIFLINEH BG4, iS5 (b)
(A ZIFL RIS ST H RIS A5, eal i, &
2t A AR BRI E IS AZ PA620TE WL G2 it 1
YA BRIATAE.

HJR, SO RN, Zoid 055 B IR S S E 25
LREAK, TE45T 14 minf 858 AT S, S
AL 5.0 pmdE A T 6.7 pm. 7EGF BAEE T AL
20 AR A B AR A BT S BT 4 S an sl 6(a),  (b)FT7R.
XA fH S5 SR 20 h T2 MELUITRE, R R A 20 ol 4 5 1Y)
PVIZE, 35 T ZEHG N2 0 s [B) sl 2 o 26, 4R
K2R S FEEE ALK, SRR E AR
TPVIZZ AN HA KRR R BIPV)ZZI 28 i K. [F)
B, A AOCZF LR RS HIAT LN, R
MEMEASCZIE I, (ARG o . Fk, A
RAELCZIALS, FIVEH2.9 pm FFLEAR RN
6.0 um/EFE I IEZIEZE, FLAR K/ Bl ELICHR T AR TR I
BN T RBRFRIARMERIE, AR5 7L REAS 1E 4T 2 i dst
1.6 um PV ZIPREL PR [, 390 T 1R FFEE E] N
270 s 2R G S B ARV k. AR SCR I RICPZY
T AR A RS A4 S, BEEIMSRCE,, TR
Z\ i R s A R B2, A L AR A R R
Rk, HARSCRT &, B2 hk £ 15
B EMEZIh R RS, X4 T G 20 s R AR 2448, X
CMOSHLI FYHFE LT 7T L2, s, FEdife
BIERCZIE RS, LA —5e & LAY ICPZI i CRF
SRS B TR IE VR T L b 2 R TR A7 A T AR I
PG, il & R TE LU LGS, e ik s )3 FL T AL
B K445 um, LFLEAEN4.62 pm. 1 pm PV 1.6 um
PVIFALZI S A2 s T BRI & 7(a), (b))
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Figure 6 Images of photoresist before and after treated by oxygen
plasma cleaning. (a) Before oxygen plasma cleaning; (b) after oxygen
plasma cleaning for 14 min

7N, HoA 1.6 pm PVIFFLZIMS MOREFIE S 14 L 1
R R A& 7 ()R,

23 HEARCR

e ) 25 G BF BE B 4 B EL 58 A IR 6 I i 24100
Micro-LEDit v b il 5 B 20 . FRZE88 DA S B T
225, #¢Micro-LED [ Z&4E T 40N S A M-S 1™
M. E8(a), (b)rHlE/R Tt B4R T Micro-LEDits
A BRI S APV T umICMOSIE B il &
UFH4 BN S BSR40 Micro-LED: s A 7E ZE B4R MY A5
HJG MG R AR Rl T2 7= A T 88 A8 Mk, HL Al Ay
ES2~S4ffi7s. Fff5, #PVR1 pmACMOS.th i 541
JtMicro-LEDIEA TR FR G« IS 78 1 22 M Bl
P (flexible printed circuit, FPC)¥T4k, it FPCEK5)
CMOS#EMicro-LED I SR F4F, WEI8(c)fin. (HIE,
AR IS Z )5 09315 R AR JC Il it CMOS
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Figure 7 Optical microscope and SEM images after PV etching. (a) Morphology after 1 um PV etching; (b) morphology after 1.6 um PV etching; (c)

SEM image after 1.6 um PV etching
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Figure 8 Bump arrays on the Micro-LED chip and the CMOS driver
and their bonding images. (a) Indium bump arrays on the red Micro-LED
chip; (b) metal bump arrays on the CMOS chip with 1 pm PV; (c)
characters displayed on the red Micro-LED display driven by FPC
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Fabrication and bonding of bumps on 3175 PPI AlGalnP-based
red Micro-LED and its CMOS driver
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In recent years, people have increasingly demanded both the quantity and quality of information conveyed by display
technology. Therefore, micro light emitting diode (Micro-LED) display technology is crucial in facilitating immersive
interaction between individuals and information, such as in augmented reality (AR) and virtual reality (VR), due to its
advantages of high contrast, high brightness, long lifespan, and low power consumption. However, to excel as a widely
used display technology, an unavoidable topic is achieving its full-color technology. As a popular research object for red
LED luminescent materials, AlGalnP has certain research value in realizing the full-color technology of Micro-LED. Due
to its lattice matching with GaAs, it is frequently grown on GaAs substrates. Nevertheless, the GaAs substrate’s light
absorption for AlGalnP will result in a diminished light extraction efficiency for red light. Hence, it is worthwhile to
investigate the resolution to the issue of enhancing the light extraction efficiency of AlGalnP red Micro-LED.
Simultaneously, the high-speed response and small size of the complementary metal oxide semiconductor (CMOS) chip
enable the Micro-LED driven by it to achieve higher performance and higher pixel density. However, in reports on the
production process of high pixel density Micro-LED display screens, the emphasis is typically placed on the production of
Micro-LED chips, while the fabrication of bumps and the bonding process on CMOS chips receives less attention. Whether
the process on the CMOS chip can be done well is also the key to the industrialization of Micro-LED displays in the future.

In order to further promote the development of Micro-LED display technology, this paper proposed and optimized a
scheme to transfer the red Micro-LED chip to the CMOS driver and bond with it. Initially, the red Micro-LED chip with
equipped cathode and anode clectrodes was transferred from the GaAs substrate to the sapphire substrate using
benzocyclobutene (BCB) glue, which avoided the absorption of red light by the GaAs substrate and enhanced the hardness
of the substrate. Subsequently, indium bumps were fabricated on the red Micro-LED chip following the transfer of the
substrate. Furthermore, various processing techniques were employed for the etching of the surface passivation layer of the
CMOS chip, depending on the thickness of the passivation layers. When etching a thicker passivation layer, an additional
inductively coupled plasma (ICP) etching step was introduced to replace the oxygen plasma cleaning, which resolved the
issue of residual photoresist in lithography and the problem of increased aperture size caused by oxygen plasma cleaning.
Ultimately, we fabricated metal bumps on a CMOS chip measuring 2.23 um in height. The chip itself has a size of 0.7
inches, a pixel pitch of 8 pm, a resolution of 1920%1080 and a pixel density of 3175 ppi. Afterwards, we bonded the CMOS
chip to the red Micro-LED chip with indium bumps. Finally, it can successfully drive the Micro-LED chip to exhibit the
specified characters through the CMOS chip. This work is of great significance for the fabrication of bumps and the
bonding process of CMOS driver with high pixel density and high resolution, as well as the production of red Micro-LED
displays.

micro light emitting diode (Micro-LED), complementary metal oxide semiconductor (CMOS), bumps, etching,
bonding
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