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DESCRIPTION CN119362000A

An integrated apparatus and method for preparing ferrite-microwave dielectric ceramic

composite substrates using flash Joule heating.

—HFARNZEEER AR S RAE- RN RBEEE S ERN— R iRE NI A

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of composite material preparation, and specifically relates
to an integrated device and method for preparing ferrite-microwave dielectric ceramic

composite substrates using flash Joule heating.

FEPABTESMERIEIER, 1555 K—MABRNZREEREREHREE-HENTEESESER

H— R LIRENTT 7.

[0003]

Background Technology

BREEA

[n0002]

In modern radar systems, microwave ferrite circulators are a key magnetic device. Their
function is to use ferrite gyromagnetic materials and magnetic resonance to achieve signal
isolation and transmission, thereby controlling the signal connection and disconnection

between the antenna and the transceiver branch.
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EMARBERER, FUEHKEAIFTERE MBS Y, HIEAET RS ATeEA A Gt
IRREIMESHREMER, LUTHIRZES A BRIYE S BT,
With the rapid development of radar technology, microwave devices and components are

developing towards miniaturization, integration, high power density, and broadband.

feE EARANDIELE, MKBHMAHmE DL, £, SXRBENL. BHEUNEEEL
o

Microstrip loop devices designed based on traditional single ferrite substrates are limited by
the low dielectric constant, high magnetic loss, and low thermal conductivity of ferrite
materials, as well as technical problems such as second harmonic interference. The
miniaturization, broadband, and high power performance of these devices have reached their
limits and cannot meet the needs of the development of high-power, ultra-wideband (S-Ku)

radar.

METEERE—HRAFER OB THRER R THREEMEBNTEERR. BRER. SRR
#R, BEETRERTIHERARR, SBHNEE, Bl SWREABETIRR, Ree@eHh

RESBHE. BEHSK)LRNBE,
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Microwave dielectric ceramics have become a research focus in the field of materials science
due to their excellent properties, such as low dielectric loss, high dielectric constant, and
relatively stable temperature coefficient of dielectric constant. Therefore, developing
heterogeneous integrated circulators can inherit the technical characteristics of dielectric
ceramics, such as high dielectric constant, low loss, and tunable performance, to achieve
miniaturization and ultra-wideband performance breakthroughs, and solve the problem that
single ferrite devices cannot meet the requirements of ultra-wideband, high power, and low
impedance matching. Existing heterogeneous integration processes include co-firing, glass
slurry brazing, and bonding. However, these connection methods have significant drawbacks.
For example, co-firing requires different materials to have similar coefficients of thermal
expansion; otherwise, stress mismatch between materials may occur during sintering, leading
to cracks or failure. While glass slurry brazing can provide better sealing performance, its
mechanical strength is usually lower than that of traditional metal brazing or welding
techniques. Glass itself is brittle and is prone to cracking or breaking when subjected to
impact, vibration or mechanical load. Furthermore, all of the above-mentioned connection
methods require a relatively long molding time. Therefore, a new and efficient connection
method is needed to prepare high-quality ferrite composite substrates. Flash Joule heating
(FJH) is a method based on the instantaneous high temperature generated by capacitor
discharge. Its principle is to use the Joule heat generated when current passes through a
conductor to rapidly heat the conductor material. Unlike traditional heating methods, FJH
can reach extremely high temperatures (>2500K) instantaneously. The huge temperature

16-01-2026 - Page 4



gradient reduces the side effects of long-term high-temperature heating and has been widely
used in the efficient preparation of materials such as graphene, high-entropy alloys, and

electrode materials.

RN REERTAENRLEE, ERNAISMHARZIRNMRER, SEAEMELER. M8
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[0005]

Summary of the Invention
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RARE

[n0003]

To address the problems existing in the prior art, this invention provides an integrated device
and method for preparing ferrite-microwave dielectric ceramic composite substrates using
flash Joule heating. This method can achieve high-quality bonding between ferrite wafers and
microwave dielectric ceramics in a very short time. The resulting composite substrate has a
narrow transition region of heterogeneous materials, which greatly avoids the deterioration
of electromagnetic properties caused by the irregular element distribution in the transition
region. Furthermore, this invention can control the heating time to adapt to the preparation

requirements of different materials.

HWNMBERAREFERNRDE, ERRH—MFRRAZEERERERAE- RN FREEESERDN
—&IRENTTE, AUAERENNESERKAERFNHENT REENSREER, FrflEdhns
BEAREMETEXE, RARRE LB T IEXALTHAUNTES M5 IENEHEEESK, BEXL
BRR] LUE @R AR E), BUENREMERISIEE K.

It saves production time, shortens the production cycle, and improves economic efficiency.

TETEFEL 48T EFER BRE TS5,
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[n0004]

This invention is achieved through the following technical solution:

IR IR AR F LI

[n0005]

An integrated device and method for preparing ferrite-microwave dielectric ceramic
composite substrates using flash Joule heating is characterized by comprising a central
control system, a recognition camera, a path planning system, a Joule heating system, a base,

a preheating system, a reaction chamber, and conductive fixtures.

—HMFBRNZEER AR EREE- RN RBEEE SBRN—A iSRG ZE, ENEET: aF
RIFE RS IRFIEGL. BERNRS. SEMARS. B, FTNARRS. RMEE. FEX
H,

[n0006]
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The central control system plays a role in command transmission and data processing in the
entire integrated equipment, and connects the path planning system, recognition camera,
Joule heating system, base temperature control system, and telescopic system of upper and

lower cover plates of reaction chamber.

R RIFH RAEERE N —ARUiIgE PRI e SEE. SURLIENER, EEREMNRS. RAE&

k. EEMARSZ. BaRERERS. RVEE L TERNEERT

[n0007]

The path planning system connects to a visual scanning camera and is integrated with the
central control system. The visual scanning camera identifies the color changes of ferrite and
microwave dielectric ceramic on the composite substrate and the diameter of the materials to
determine the relative positions of dissimilar materials. The data is transmitted to the central
control system. The central control system receives the transmitted signal, plans the travel
route, adjusts the position of the cover plate telescopic rod, and transmits the planar path
signal to the path planning system. After receiving the signal, the path planning system
completes the travel command and transmits the completion command to the central control
system. The central control system then transmits the discharge signal to the flash heating

system according to the manually input parameter signal to complete the discharge.
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=
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[n0008]

The Joule heating system is used for the storage and release of electrical energy. It is

equipped with 20 capacitors, which are charged by connecting the power supply before the

experiment.
FEENNRARGA T REENFEAFR, NERE20MNEEEE, ERNH TR EERN BT HE,

After preparation is complete, a standby signal is released. The central control system
recognizes the signal and adjusts the extension distance of the upper and lower cover plates
so that the upper cover plate electrode contacts the upper surface of the ferrite and the lower
surface contacts the conductive copper sheet. During the experiment, the Joule heating
device automatically measures the resistance value at the connection point. Based on the

discharge signal transmitted by the central control system, the signal parameters are
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analyzed to determine the required voltage value, and a portion of the capacitors are selected
to discharge the material. The resistance value, discharge time, voltage, current and other

parameters are recorded and transmitted back to the central control system.

AEBTEERBEIES, PRIEZFAGIRGESHAZR L TERFEESE LERBRSHKAKL
REEM, TRESSHRFHZER, KENEENRKEEINERBMEMAE, RIEPRITHIZRS
FRNEREES, DITESSHFIMMFRERBEEHENS D BEAENMEINE, HicREBMAE.

IREERSE]. FBERRFSHERIFRIEH RS,

[n0009]

The base is connected to the lower cover plate, and heating resistance wires surround the
base. The temperature control system is integrated with the central control system, which can

preheat the base and improve the material activity.

BEa5TEHREE, EaUEMERMARELZ, RIERFSHIITFIRFER, PISRIMESRFIN
7, IREMEEE,

The cover plate has an array of through holes arranged in the same way as the microwave
dielectric ceramic substrate. The diameter of the cover plate holes is slightly larger than the
diameter of the ferrite disc. Conductive copper wires are arranged inside the through holes.

Copper sheets are welded to the upper part of the copper wires and embedded in the cover

16-01-2026 - Page 10



plate at a distance of about 0.5mm from the upper surface to fix the position of the ferrite disc

and make full contact with the copper sheet.

SR EHREFRZAR, HVAAESHWRNEBEERR—X, SRAREERATHREEFARFNE
12, RFIRNMAFAFHERAL, FLLBIRREHRASRS LREL0.5mmIERE UETBIEHR

SERRFHUEH SR TTEER,

[n0010]

The reaction chamber consists of four parts: the uprights, the upper cover plate and the upper
cover plate telescopic rod, the lower cover plate and the lower cover plate telescopic rod, and

the quartz glass outer wall.

RMEEZEBIF. EHRR EEREET. TERS TERMEET. BRIIBIMEDE D HM.

The upper part of the pole has a hole to facilitate the neat connection of all wires.

AT EEFFLETRRE LA,
The upper part of the cover plate is connected to the telescopic rod, and the lower part is

connected to the path planning system.
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&R S ERETEE TMEREAI RS
The upper part of the lower cover plate is connected to the base, and the lower cover plate
and the base have the same through-array aperture, which facilitates the connection of array

copper wires.

TERLEBEESHEE, TEREESHIHHEHEANRERTIFLE, ETETIFESEZED,
The lower cover plate is connected to the lower telescopic rod, and works simultaneously

with the upper cover plate to achieve the Z-axis movement of the composite substrate.

TEIRTES MRETEE, 5LERENERULIESERNZRAEE.

[n0011]

The recognition camera is a high-precision visual recognition camera that can scan and

identify the specific location and size of materials of different colors.

IRBIBGE N BREMRIRRRES, TR EREEEMEBIREMIE R K,
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The visual recognition camera is connected to the central control system, which can transmit
scanning signals in real time to analyze the position and size of foreign materials. Based on
this signal, the central control system works in conjunction with the path planning system to

complete high-precision route travel.

MIIRFHRGREEPIITHI RS, AIREBESEREN, UohMERMMENUERK), RIEL
=5, PRIZHRASBRIZMYRIEKT TR EEERN A TH,

In addition, after the electrolytic process is over, the diffusion trend and range of the elements
can be judged based on the color change, which can be used to roughly assess the quality of

the experiment.

IESMR IR REE A MARIEEN B T FIBT TR BB LIRS BCEE, AT SiufEd TR

flio

[n0012]

The conductive clamp is designed for non-conductive ferrite materials. In specific
experiments, it can clamp the composite substrate and perform thermal processing on the
composite substrate through its own Joule heating effect. The array aperture on the upper
surface is consistent with the aperture distribution on the ceramic substrate, and the

diameter is smaller than the diameter of the ferrite disc to facilitate clamping the ferrite. At
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the same time, sufficient scanning points are left for the scanning head and infrared camera.
The lower part has a groove and protrudes downward to facilitate the accommodation of the
ferrite disc and cooperate with the groove on the substrate so that the entire conductive

clamp isin a conductive path when the voltage is released.

SEXAHNFISENREMAME, FAKKLEIREFIRESER®E, BIEBSNEERMN
MNESERHTANI, LXEEFARSHEEERLARSH—E, BR/NTHREARRERUE
TREEEEE, RNFERERANILIMNEGRRBENAEALR, THEMEHFR TOLE, BT

BHHBRERAHSER ENMBE SR FREXRAERRBEN A TER.

[n0013]

The path planning system includes an infrared temperature recognition head, which can
perform infrared scanning on microwave dielectric ceramic substrates and ferrite wafers
during the preheating stage. The scanned temperature signals are transmitted to the central
control system to further adjust the temperature range. During the Joule heating stage, the

heating curve can be recorded to select the most suitable process parameters.

A, AREREEESEREAPRIEFHRSGLUE—DBETERESTCE, SEMAMERAIERIARE

MmimELRGEN I Z S,
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In addition, the X slider in the path planning system contains a graphite electrode (in this
case, the negative electrode) to adapt to the working environment under ultra-high

temperature conditions.

tE4h, BREFMINARFRXER LEE—AEBR(LLNAR), LUENESE FHNIEMR,
The graphite electrode, scanning head, and infrared thermometer are all located on the X

slider.

Hep, A8k, BRIk, LSNIRNER 2B TXER,

[n0014]

The Joule heating system can charge 20 capacitors at once, and can be partially discharged as
needed, allowing for multiple discharges. In addition, it is equipped with real-time voltage
monitoring and safety valves to ensure that the voltage is below safe levels when the device is

fully discharged.

FEEMARS A —RIESTRN 2040 B A SRR 7T B M E A B AT ARIER KIEFRE DI EM M A 2RI

B, IHMNCH SERY B RN R 2 T ARIERE ML BB E RIS AR EHENTER 2B EUT,

[n0015]
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A circuit box is fixed at the bottom of the base. External copper wires are integrated here and

connected to the electrode (the positive electrode in this case) and the Joule heating device.

8 TEREIE — 1B, IMENTHSLTEIAERHHERS B (N ER)BEHIMEEE MR

R

[n0016]

The bottom of the reaction chamber is connected to the side of the upright rod with a fixed
base platform. A raised ring around the outer wall of the base platform is used to fix the quartz

glass tube and prevent it from sliding.

RMEZERESBSIANEEEEKES, KESIMNE—BOEUETE ARIFIBEMN L~ E6h
%o
Both the upper and lower cover plates are covered with silicone spiral pads on their outer

rings to enhance friction with the tube wall.

ETEMRINF EBERERBIEE LR 5 E BB,

[n0017]

16-01-2026 - Page 16



An integrated apparatus and method for preparing ferrite-microwave dielectric ceramic

composite substrates using flash Joule heating, characterized by the following steps:

—HFARNZEEEREN S RAE- RN RBEEE S EBRN—EigEN7E, ENEETRAU

TR

[n0018]

Step 1: Preparation before composite substrate fabrication mainly includes the preparation of
ferrite and microwave dielectric ceramic materials. Ferrite is processed into small discs, and
microwave dielectric ceramic is processed into substrates and holes are drilled according to
regulations. The diameters of the discs and holes are designed based on the difference in
thermal expansion between dissimilar materials, so that the circular holes on the substrate

are slightly larger than the discs.

TR—. EGERFIENNAES, TREERARSHENTREMHNGIE, FxEEMIRNE
R, BRNTERREMLIRERHERETIL, EPRESMMEEAEKNEERITRR SFE

12, EEREHNRILBEATRR

[n0019]
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Step 2: Place the microwave dielectric ceramic substrate on the substrate and manually insert

the disc into the circular hole using tweezers.

SR BRENEEERNEERL, FTRARFRERRAEL

When embedding, care should be taken to ensure that the ferrite disc falls into the array of
circular holes on the substrate and makes good contact with the copper sheet on the
substrate (this step is for ferrite materials with a certain degree of conductivity; if the ferrite
material is not conductive, place the dielectric ceramic substrate and the ferrite discin a

conductive fixture and fix them).

BRARNERHKAAER A SEAEROVETBEA AT ERCRA RIFER(IED HMEE—ES

HRBREEME, EREEMEARTE, RN REEERNFEERFBETSFEXRAHEE).

[n0020]

Step 3: Cover the quartz glass reaction tube, and the central control system releases motion
signals to the telescopic rods at the upper and lower cover plates, so that the composite

substrate is in the appropriate reaction position.
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BERIRNAIE,

[n0021]

Step 4: Visual recognition camera scans and identifies the ferrite discs as brownish-brown
discs and the microwave dielectric ceramic as a light yellow square substrate (the conductive
clamp is a dark yellow copper sheet). The scanning head moves around to identify the relative
positions of all ferrite discs and microwave dielectric ceramics and transmits this signal to the

central control system.

RN MEIRREKIRFEME, KEENAFREERE, MENREENXERHLTEER (BB
RENRERR), FEXTSERNIMEREAER SHENTRBEENENUE, FRILESEE

B ch R R

[n0022]

Step 5: The central control system receives the position signal and plans the route, then

transmits the route to the path planning system to begin connecting the starting points.

FRAE: ARIEFHRFZRIMEESHMINITHRE, BITHERACEIRIZMYRS, Fiaiksa

RHVER
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The central control system transmits the working signal to the temperature control system
and the flash Joule equipment (this step is for ferrite materials with a certain degree of
conductivity; if the material is not conductive, no route planning is required, and the negative

electrode is simply placed close to the conductive clamp).

PRIEFF ARG T ESEELRIERFUNANZETERE (LT HNAE—ESBEN%EEH

k, EMRATHE, WEFHITRAMY, IFFHRELSERXE),

[n0023]

Step Six: The temperature control system reaches the preheating temperature to improve the
reactivity of the heterogeneous material; the flash evaporation Joule device controls the
capacitor charging and discharges the positive and negative electrodes according to the
received parameter signals. Due to the current flowing through the ferrite wafer, heat is
generated instantaneously and the temperature rises. When the temperature reaches a
certain level, the ferrite wafer expands due to heat and the elements inside the wafer begin to
diffuse towards the dielectric ceramic side. Meanwhile, the microwave dielectric ceramic also

begins to expand due to thermal radiation and expands towards the ferrite side.

SN BERFTERETHEE, REFEMHERMES; NEEEREEHBEERE, RIEE
WKEINSRESHEMRHITRE, REERFABRTEAD, BRETERE, BEAS, HRE
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ST FHIERE Ak H R SR S A —MIEZBK
This allows dissimilar materials to diffuse and connect with each other. Due to the extremely
rapid cooling time and the absence of a heat preservation time, the joint transition zone is
very narrow, thus avoiding the local performance deterioration caused by an excessively wide
transition zone, which would affect the overall performance of the composite substrate. (This
step is for ferrite materials with a certain degree of conductivity. If the material is not
conductive, the composite substrate is connected and formed by thermal radiation through a

conductive clamp.)

EEFMMEAEEYT BuEE, ATFREENRERRETFRENE, FLTEXKERE, NimeEredEKT
EIENEIBMETAMEME SERBAMR(ETHN AT —ESBHNGEEME, EMER

S8, WEdFEXENENEESERERRE).

[n0024]

Step 7: The temperature recognition head scans the temperature of the wafer and substrate,
collects the heating signal, and transmits it to the central control system. The central control
system compares the temperature with the temperature at which the phase begins to diffuse.
At the same time, the visual scanning camera transmits the scanned image to the central

control system for observation. If the temperature difference is within a reasonable range, the
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next point is scanned and electrolysis is performed. (This step is for conductive ferrite
materials. If the ferrite material is not conductive, single-point scanning is not required.
Simply heat the composite substrate and repeat step 6.) If the condition does not meet the
requirements, the voltage parameters are adjusted. If no obvious bonding is observed during

scanning, step 6 is repeated.

TR BERKAERRRERRE, WEARES, HFRAPREFIRS, PREFIRSGRKE
ESYHEF e SUREXMLE, RRIEEREREX TRAREEERTRITRIZAZUHENER, EERE
BIEEEA, WHTT—REEREER, (kTHNSEGREME, SHRAEEMEARTE, WX
FERAME, AFMAEGEREETENN)EATENIAREESHERRMEMANRERELSS

MEETEIN.

[n0025]

Step 8: Complete the discharge at all path points and evaluate the performance of the

composite substrate.

SR\ ERFMERERINER, TEESERMEE
Compared with the prior art, the present invention has at least the following advantages and

effects:
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KEARNTFIUERK, ELDASNWTRRRIBR:

[n0026]

Compared with traditional connection methods, this invention can complete high-quality
connection in a very short time, solving the problems of slow heating speed and low efficiency
of traditional heating methods. Moreover, this invention does not require a long heating and
holding process during the heating process, and the connection transition zone is narrow,
avoiding the intermediate layer performance deterioration zone formed by excessive element
diffusion. Furthermore, the entire process does not require the introduction of a third phase

material, thus ensuring the purity of the heterogeneous integrated substrate.

KRERPASREERS T, FAILUERERNEBIATARERENER, AT ZEMAL A REE
IBMREE, BRRAEMHAIBFEZKEENARREIRE, ERIEXE, BRTTRY

B s FEEEEErX, BRI IRELTESINE=BYIFRMMRIET FEREME R4
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This invention can release voltage as required according to different materials and different
element diffusion methods to obtain different reaction transition zone ranges, with strong

controllability, and can meet the connection of various materials.

A& PRA] LIRIEAREME AR AR TR A VREREREE, UWREANENRMIELCERE, A
%R, AR SMMEIRER.

It also has a wide temperature range, capable of operating at temperatures up to 3000K.

B RESEE, FISKI&E3000KBVREIF R,

[n0028]

This invention occupies a small area, has a small actual reaction chamber, and a wide range of
applications. It can be used with both conductive and non-conductive ferrites. Compared with
traditional heating furnaces, it is easier to install, has low external heat radiation, resulting in
high energy utilization, and has a small area of human exposure, making it safer and more

reliable.
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AERPAEMEIR), KERRNEE/), ERCEE, AIENZRTSEKARNIETERAR, HE
BN FEEMAFENETRE, BXNMERIMRRMERMAERS, NAKZREBIVNENZE

CIE=S

[n0029]

The invention has a relatively simple structure and the technical means are simple and easy to

implement, and it has outstanding substantial progress compared with the prior art.

RERBMNSHENER, RAFEREESZTT, BANTFIERAREERENKREEHED

[0033]

Attached Figure Description

P35t R

[n0030]

Figure 1 is a schematic diagram of the overall structure of an integrated equipment for
preparing ferrite-microwave dielectric ceramic composite substrates using the flash Joule

heating method.
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12— A BRNZEEREHEREF- RN FREEE SERN—AUIREBAENTRER;

[n0031]

In Figure 1, the numbers represent: 1-Reaction chamber; 2-Path planning system; 3-Lower
cover plate; 4-External power supply wiring integration system; 5-Graphite negative

electrode; 6-Positive electrode connection port; 7-Visual scanning recognition head; 8-Central
control system; 9-Joule heating system; 10-Internal circuit diagram of Joule heating system; 1-
1-Upright pole; 1-2-Quartz glass outer wall; 1-3-Base; 4-1-Upper cover plate telescopic rod
wiring; 4-2-Power cord integration interface; 4-3 Scanning recognition head and temperature

sensor wiring; 4-4-Lower cover plate telescopic rod wiring.

BElhmEsSRn: 1-RNEE; 2-BEMNRS; 3-THER; 4-IPBRELZESRY; 5-AEN1L; 6-
EfRIEAO; 7T-ABHEEIRAK; 8-RIRITHIRER; O-FEMMAARS; 10-EEMARS AR
B, 1-1-324F; 1-2-FRIFWINEE; 1-3-[KEE; 4-1- EERPEITIEL, 4-2-BREESEO; 4-31

WIRAIk R E R AR, 4-4- TERMETIZL,

[n0032]

Figure 2 is a process flow diagram of an integrated equipment and method for preparing

ferrite-microwave dielectric ceramic composite substrates using flash Joule heating.
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ERR—MFBAEREERERIESFAR- KRN REEE S ERN—ERUIRERG EZLIZREE,

[n0033]

Figure 3 is a partial enlarged view of the reaction chamber, where ABC are schematic

diagrams of the reaction chamber under different conditions.

ERERNMEZEREBAE, ERABCHFRERE FTHRNEZEREE

[n0034]

In Figure 3, the numbers indicate: 4-external power supply wiring integration system; 1-1-
upright pole; 1-2-quartz glass outer wall; 1-3-base; 1-4-base cable hole; 1-5-upper telescopic

pole.

ERHRESHRL:. 4-SMERIBEAESRS; 1-1-104F; 1-2-ARBIBINEE; 1-3-KE; 1-4-REEL

fl; 1-5- EfR4EH

[n0035]

Figure 4 is a partial enlarged view of the top cover plate, which includes a schematic diagram

of the path planning system structure. ABCD are enlarged views of different areas.
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E4Z L ERBERAE, HPEEBREMNARREHTEE, ABCDARRKIHBAE,

[n0036]

The numbers in Figure 4 represent: 2-1-X-axis slide rail; 2-2-Y-axis slide rail; 2-3-Y-axis slider
connection port; 2-4-Enlarged view of Y-axis slider; 2-5-X-axis slider; 2-6-X-axis slider
connection port; 2-7-Infrared temperature tester; 2-8-Graphite negative electrode welding

connection port; 2-9-Visual scanning recognition head.

El4hRS R 2-1-XHUBH; 2-2-YiEY,; 2-3-YHERiESE O, 2-4-YHBRIRKE; 2-5-X4E

R 2-6-XHUBRESA O, 2-T-4I9NEEMIE; 2-8-ARARIEEESZO; 2-9-MAEH#EIRI%.

[n0037]

Figure 5 is a partial enlarged view of the lower cover plate, including a schematic diagram of

the base and preheating system structure.

E5E TERFERAE, EFaFEESMINIARREHNREE

[n0038]

In Figure 5, the numbers represent: 6-positive terminal; 3-1-microwave dielectric ceramic

substrate; 3-2-top view of ferrite disc; 3-3-pre-drilled laser hole in microwave dielectric
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ceramic; 3-4-copper wire integrated circuit box; 3-5-substrate; 3-6-side view of ferrite disc; 3-7-
copper sheet embedded in substrate; 3-8-arrayed copper wire posts; 3-9-junction box support
post; 3-10-preheating resistance wire; 3-11-preheating system wiring point; 3-12-resistance

wire limiter; 3-13-silicone spiral pad on lower cover; 3-14-motor of lower cover telescopic rod.

ESHmSHRR: 6-ERZELO; 3-1- KN BMRERNR; ; 3-2-%REABEAFOE; 3-3-HK T RME
BT, 3-4-TLRRpFBERAE; 3-5-8Bk; 3-6-kA MR MME; 3-7-BEiRNiEkiEN; 3-8-
PEFIHHR TAAE; 3-9- 1R FEIEME; 3-10-FNMAEIEL; 3-11-FMARGEREL; 3-12-BEZR

fig%; 3-13-FEMREREREE; 3-14-THERMAAEET RN,

[n0039]

Figure 6 is a schematic diagram of a conductive clamp.

[0044]

Detailed Implementation

BALiEA
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[n0040]

The technical solutions of the embodiments of the present invention will be further described

in detail below with reference to the accompanying drawings.

TERE GBI 4 & B HIBY R AR 75 =Mt — BFiE,

[n0041]

Example

SEHE!

[n0042]

As shown in Figure 1, this invention discloses an integrated device and method for preparing
ferrite-microwave dielectric ceramic composite substrates using flash Joule heating,
characterized in that it includes a central control system 8, a recognition camera 7, a path
planning system 2, a Joule heating system 9, a base and preheating system 3, and a reaction

chamber 1.
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NEILFAR, AERBAAFT —MAIBRNZEEREHSREE- RN REEE SERN—E ISR
737E, HEERET: SEPRIERRSES. RBIEEGELT. BEMIRS2. SEMNARR. £55

ARG, RNEEE]L

[n0043]

The central control system 8 plays the role of command transmission and data processing in
the whole integrated equipment, and connects the path planning system 2, the recognition
camera 7, the Joule heating system 9, the base temperature control system 3, and the

telescopic system of the upper and lower cover plates of the reaction chamber 1.

T H RFSEB N —A g PER s SFE. BUBLIERER, EEREMIRS2. RAR

Bk7. EEMARRI. EQEEHERA3. RNEZELLETHERNERERT,

[n0044]

The path planning system 2 is connected to the visual scanning camera 7 and integrated with
the central control system 8. The visual scanning camera 7 identifies the color changes and
diameter of the ferrite 3-2 and microwave dielectric ceramic 3-1 on the composite substrate to
determine the relative positions of the dissimilar materials and transmits the data to the
central control system 8. The central control system 8 receives the transmission signal, plans

the travel route planning 2, adjusts the position of the cover plate telescopic rod, and
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transmits the planar planning path signal to the path planning system 2. After receiving the
signal, the path planning system 2 completes the travel command and transmits the
completion command to the central control system 8. The central control system 8 then
transmits the discharge signal to the flash heating system 9 according to the manually input

parameter signal to complete the discharge.

BEMYRG2DERMATABMRBRELTHSPRIEF RS8EM, MERBREXTIRNIESER LK
FUR3- 25K RFEES-1INE B Z W UM ER K/ NABE SR BAR AR, SRS R
BPRIFFIRSES, PRIEFHRFESZLRIESALTTHEBLMR2, FRERFPETUE, FRHF
EMYIBERESEREBENANRS2, BERYNRF2ZVIESETRMITHIES FRPRIEH RY8
RIS, PRIEFRSSRIEFNANNSRIESHENAZMARSITREBES, TTH

i =R

[n0045]

The Joule heating system 9 is used for the storage and release of electrical energy. It is

equipped with 20 capacitors, which are charged by connecting the power supply before the

experiment.
FEMARGIORA TRAENFHEAER, NR&E201MEBEREE, EXRNHTARBREIRNBARTTE,
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After preparation is complete, a standby signal is released. The central control system 8
recognizes the signal and adjusts the extension distance of the upper and lower cover plates
so that the electrode of the upper cover plate contacts the upper surface of the ferrite 3-1 and
the lower surface contacts the conductive copper sheet 3-7. During the experiment, the Joule
heating system 9 automatically measures the resistance value at the connection point. Based
on the discharge signal transmitted by the central control system 8, the system analyzes the
signal parameters to determine the required voltage value and selects a portion of the
capacitors to discharge the material. The system records the resistance value, discharge time,
voltage, current and other parameters and transmits them back to the central control system

8.

HEFTEERIEIES, PRIZFIRASIRFIESH AR L THRMIEERE LERERSHTAE
3-1EREIFA, TRESSHMAH3-TIEM, LENEEMRASKIES NSRBI ERE, BiEP
RIFHRGSERIREES, ONESSEFIMFARENEEEFENE D BESNMERE,

ICREBMEE. WERE. BEERAFSHRERIFREFRRLS,

[n0046]

The base is connected to the lower cover plate 3, and heating resistance wires 3-10 surround
the base. The temperature control system is integrated with the central control system 8,

which can preheat the base and improve the material activity.
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BEaS5TER3MEE, EESMHANSKINMEMRALZ3-10, BERFSHRITHRASERM, AILIIXE
SHRIFNMA, REMELES.

The cover plate has an array of through holes arranged in the same way as the microwave
dielectric ceramic substrate 3-1. The diameter of the cover hole is slightly larger than the
diameter of the ferrite disc. Conductive copper wires 3-8 are arranged inside the through
holes. Copper sheets 3-7 are welded to the upper part of the copper wires and embedded in
the cover plate at a distance of about 0.5mm from the upper surface to fix the position of the

ferrite disc and make full contact with the copper sheet 3-7.

SR EHHETIRFAR, H7AASHWRNEEERRI- 18, SR ZERBATHEKRER

IFFLIERNE R SR %3-8, L EARIRETA 3-TIRAZRS LREL90.5mmEEE L

L]

NER,

ETFEEREFRFNUEHSHA3-TREEM,

[n0047]

The reaction chamber consists of four parts: upright rod 1-1, upper cover plate and upper
cover plate telescopic rod 1-5, lower cover plate and lower cover plate telescopic rod 3-14,

and quartz glass 1-2 outer wall.
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RMNEZERIZAFL-1. EERR ESEREPGETL-5. TERS TEREETI-14. ARKIF1-25MEEN
EB53 LA Ko

The upper part of pole 1-1 has a hole to facilitate the neat connection of all lines 4.

M AF1-1 BB FLETF AR SR ARI B o
The upper part of the cover plate is connected to the telescopic rod 1-5, and the lower part is

connected to the path planning system 2.

EEREESELETL-54E MERENY RS2
The upper part of the lower cover plate is connected to the base. The lower cover plate and
the base plate have the same through array aperture, which facilitates the connection of array

copper wires 3-8.

TERLEBESEGHEE, TERSESHHHERANREFETIFLER, ETMHEYITHSE3-81%H,
The lower part of the lower cover plate is connected to the lower telescopic rod 3-14, and
works simultaneously with the upper cover plate to achieve the Z-axis movement of the

composite substrate.
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TEIRTES MR 3-14481%, 5 EERERERUSKIIESBERIZMAEE.

[n0048]

The recognition camera 7 is a high-precision visual recognition camera that can scan and

identify the specific location and size of materials of different colors.

IRAREKRTHSHEEMTIRANESGL, TREFREAEEBEERUE UK/,

The visual recognition camera is connected to the central control system 8, which can
transmit scanning signals in real time to analyze the position and size of foreign materials.
Based on this signal, the central control system 8 works in conjunction with the path planning

system 2 to complete high-precision route travel.

MIIRF R G REE P IITHI R RS, APRFEBESEKEMEN, UDHEMEINUERK), RIE
IES, PRIFHRASRIZIMIRIT2EK AT S B ERI R & T,

In addition, after the electrolytic process is over, the diffusion trend and range of the elements
can be judged based on the color change, which can be used to roughly assess the quality of

the experiment.
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LESMR IR REE A UARIEEN B T HIBT TR Y BB LIRS BCEE, AT SKinfEd TR

flio

[n0049]

The path planning system 2 includes an infrared temperature recognition head 2-7, which can
perform infrared scanning on the microwave dielectric ceramic substrate 3-1 and ferrite wafer
3-2 during the preheating stage. The scanned temperature signal is transmitted to the central
control system 8 to further adjust the temperature range. During the Joule heating stage, the

heating curve can be recorded to select the most suitable process parameters.

3-21TAIIMAM, PEHVREEESHEREPIITHIRASLUHE—TETIRETTE, SEMAME
AliERARHAMMITEERSEN T ZSH,

In addition, the X slider 2-5 in the path planning system 2 contains a graphite electrode (the
negative electrode in this case) to adapt to the working environment under ultra-high

temperature conditions.

tbsh, BRIEMINARZ2HXER2-5 LEE—MAEER (LA ARIR), UENESE FHIERE,
Among them, the graphite electrode, the scanning recognition head 2-9, and the infrared

thermometer 2-7 are simultaneously distributed on the X slider 2-5.
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Hrh, ARBER. B#EIR515k2-9. dI9NWEN2- TR DR FXER2-5,

[n0050]

The Joule heating system 9 can charge 20 sets of capacitors at once, and can be partially
discharged as needed, allowing for multiple discharges. In addition, it is equipped with real-
time voltage monitoring and safety valves to ensure that the voltage is below safe levels when

the entire device is discharged.

FEMARFI AT —RIE TR 2040 BB 8 238 78 EB M fE A BY AT ARIE TR LR 0 T FE AT AJ 27K IR

B, IHMNECH SERY R RN R 2 I ARIERE ML & MRS RIS A EHEERNTER 2B EUT,

[n0051]

A circuit box 3-4 is fixed at the lower part of the base. External copper wires 3-8 are integrated

here and connected to the electrode (the positive electrode) and the Joule heating system 9.

BEATHEE— 1 RRE3-4, IMERIIRS L3-S ERNFHEES B (A9 IER)BZEHIMEE

BEHRRS9,

[n0052]
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The bottom of the reaction chamber is connected to the side of the upright rod with a fixed
base platform 1-3. A raised ring around the outer wall of the base platform is used to fix the

quartz glass tube and prevent it from sliding.

RMEZERSSIHNZEEEERESL-3, KESINE—EDEUREARFIBERN LSBTl
%o
Both the upper and lower cover plates are covered with silicone spiral pads 3-13 on their

outer rings to enhance friction with the tube wall.

ETEMRINF EBEERBIEE3-13 LN S EERER,

[n0053]

An integrated apparatus and method for preparing ferrite-microwave dielectric ceramic

composite substrates using flash Joule heating, comprising the following steps:

—HMFBRNZEEREHSREF- RN EREEE SERN—RiRENTTZE, SFEUTIE:

[n0054]
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Step 1: Preparation before composite substrate fabrication mainly includes the preparation of
ferrite and microwave dielectric ceramic materials (taking K15 magnesium carbonate ceramic
and zinc manganese spinel ferrite as examples (which have certain conductivity)). The ferrite
is processed into small discs, and the microwave dielectric ceramic is processed into a
substrate (50mm X50mm X2mm) and holes are drilled according to regulations. The diameter
of the disc and the gap is designed according to the difference in thermal expansion of
dissimilar materials, so that the circular holes on the substrate are slightly larger than the

discs (preset hole diameter 5.1mm, disc diameter 5mm).

TR—. EGERTIEMIES, TEERRERSHENREEMARISIE(WUK1ISRERREMEE.
EHRBAREFNAGNEE—ESEMN), RHEENIANER, BHRNTEMEMIRER (M
A50mm X50mm X2mm)FHIZIMEFT L, HRRIEFRMMEAEKNERRITER S=RIE

2, EEF EHRABKTEA (FULFLEZES 1mm, ERERSmm).

[n0055]

Step 2: Place the microwave dielectric ceramic substrate on the substrate and manually insert

the disc into the circular hole using tweezers.

TR BRRNEMEERBERRL, FTRARFERRBERARTL.
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When embedding, care should be taken to ensure that the ferrite disc falls into the array of
circular holes on the substrate (the hole diameter on the substrate is 5.15 mm) and makes

good contact with the copper sheet on the substrate.

RIS N E B SR EUAR B NEARRIFES B FL (BAR EFLE 5. 15mm) A FER G RIR A RiFiE

o

[n0056]

Step 3: Cover the quartz glass reaction tube (quartz glass tube outer diameter 100mm,
thickness 5mm), and the central control system releases motion signals to the telescopic rods
at the upper and lower cover plates to place the substrate in the appropriate reaction position

(generally the center of the quartz glass tube).

$ER=: EAREBRNE(GREEEINZLI00mm, EENSmm), FRIFFIRSH L TERL

HERETEREEES, FREROTEENRNAE (—RAARKIBEEERE).

[n0057]
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Step 4: Visual recognition camera scans and identifies the ferrite discs as brownish-red discs
and the microwave dielectric ceramic as a light yellow square substrate. The scanning head
moves around to identify the relative positions of all ferrite discs and microwave dielectric

ceramics and transmits this signal to the central control system.

RN MIIRFREKIRFIAM, REENNFEERE, RN REENXAERSTER, 13

KREEIRFIFIEREERR SHEN REERNBNIUE, FRIEESEREIFRIEF RS,

[n0058]

Step 5: The central control system receives the position signal and plans the route, then

transmits the route to the path planning system to begin connecting the starting points.

SRE: PRIZFZRFFWIMIEESHALNITHES, BITHBEEERENIRSR, Faita
RBEVER,
The central control system transmits operating signals to the temperature control system and

the flash joule equipment.

hIUFHIR SR TR E S BARITRRURAZERIRS,
[n0059]
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Step Six: The temperature control system reaches the preheating temperature to improve the
reactivity of the heterogeneous material; the flash evaporation Joule device controls the
capacitor charging and discharges the positive and negative electrodes according to the
received parameter signals. Due to the current flowing through the ferrite wafer, heat is
generated instantaneously and the temperature rises. When the temperature reaches a
certain level, the ferrite wafer expands due to heat and the elements inside the wafer begin to
diffuse towards the dielectric ceramic side. Meanwhile, the microwave dielectric ceramic also

begins to expand due to thermal radiation and expands towards the ferrite side.

WEINSHESHENRHITRE, REARFABTFERRS, BE~ERE, REAS, SEE
RE—ERREN, KEARRZREKSATEARRANTREE—MT &, MR T RMEERTRE
S FHIaRE Ak H R SR A — B2 BK-

This allows dissimilar materials to diffuse and connect with each other. Due to the extremely
rapid cooling time and the absence of heat preservation time, the joint transition zone is very
narrow, thus avoiding the local performance deterioration caused by an excessively wide

transition zone, which would affect the overall performance of the composite substrate.
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EEFMMEEEY BuEE, ATFREENRERRETFRENE, FLATEXERE, NmeErdEKT

RSN REMEREE MR I E S ERE R IERE,

[n0060]

Step 7: The temperature recognition head scans the temperature of the wafer and substrate,
collects the heating signal, and transmits it to the central control system. The central control
system compares the temperature with the temperature at which the phase begins to diffuse.
At the same time, the visual scanning camera transmits the scanned image to the central
control system for observation. If the temperature difference is within a reasonable range, the
next point is scanned and electrolysis is performed. If it does not meet the requirements, the
voltage parameters are adjusted. If no obvious binding is observed during the scan, Step 6 is

repeated.

SERE: RERFKARERMERRE, BEAERES, FREEFREFRS, FRIFFHRSRE
ESYHEF e SRR, RRIEAREREA TRAREEETRITRIRAZLUMNER, EERE

BIECEA, WHTT—RNEREERE, EATEUNEREESHARERHARNEZREESN
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Step 8: Complete the discharge at all path points and evaluate the performance of the

composite substrate.

TR\ ERFIARERNER, TEESER k.

[n0062]

The above description is only a preferred embodiment of the present invention. It should be
noted that those skilled in the art can make several improvements without departing from the
principle of the present invention, and these improvements should also be considered within

the scope of protection of the present invention.

A PR X B A& PRRILIESSIES TV, N E1EH, NTFARATAEBERARAGRL, EFAHRBEE

RAARERVANIR TR MRS T o, XSGt N AL A A BRI RIFSEE.
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