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Bluetooth® Low Energy Module

Bluetooth® Core 6.0

ES4L15BA1

Data Sheet

By purchase of any products described in this document, the customer is deemed to
understand and accept contents of this document.

The Bluetooth® word mark and logos are owned by the Bluetooth SIG, Inc. and any use of
such marks by KAGA FEI Co., Ltd. is under license.
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2.General ltems

2.1.Scope

This specification (“Specification”) applies to the hybrid IC “ES4L15BA1” (“Product”) for Bluetooth®
Core 6.0, manufactured by KAGA FEI Co., Ltd. (‘KAGA FEI”)

2.2.Description

1. UserCode : ES4L15BA1...nRF54L15-CAAA-R
MODEL . ES4L15
Note:
- User Code may be changed for mass production or other cases.
- Please use the Part Number (ES4L15BA1) to order this product.

2. Chip :  Nordic nRF54L15 (1.5MB NVM, 256KB RAM)
3. Function . Radio frequency transceiver Module. Bluetooth® Core 6.0 conformity.
4. Application : loT Devices, Industrial Equipment, Smart Home and Matter, Lighting,

Smart Key, Sports Fitness, Wearable Device

5. Structure : Hybrid IC loaded with silicon monolithic semiconductor
Regarding the containment of hazardous substance in this Product,
it conforms to RoHS Directive.

6. Outline : 3.25x8.55x1.00 mm
28-pin Land Grid Array

7. Marking :  Part Number, Lot Number, and manufacturer on Shielding
8. Country of origin  : Japan or Thailand
9. Packaging : Packaging method: Tape & reel + aluminum moisture barrier bag

Packaging unit: 2000
* The samples may have different packing specification.
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10. Notes:

a. Limitation of Warranty

1)

2)

3)

KAGA FEI provides warranties only if the Product is operated under the condition set forth in this
Specification. Please note that KAGA FEI shall not be liable for any defect and/or malfunction
arising from use of the Product under the terms and conditions other than the operating
conditions hereof. In addition, when this Product is used under environmental conditions such
as over voltage which is not guaranteed, it may be destroyed in short mode. To ensure the
security of customer’s product, please add an extra fuse or/and a protection circuit for over
voltage.

This Product is designed for use in products which comply with Bluetooth® Specifications. KAGA
FEI disclaims and is not responsible for any liability concerning infringement by this Product
under any intellectual property right owned by third party in case the customer uses this Product
in any product which does not comply with Bluetooth® Specifications (the “non-complying
products”). Furthermore, KAGA FEI warrants only that this Product complies with this
Specification and does not grant any other warranty including warranty for application of the non-
complying products.

In some cases, KAGA FEI may use replacements as component parts of Products. Such
replacement shall apply only to component part of Products, which KAGA FEI deems it possible
to replace or substitute according to (i) Scope of Warranty provided in this specification (e.g.
Electric Characteristics, Outline, dimension, Conditions of Use, Reliability Tests, Official
Standard (Type Approvals etc.)) and (ii) Quality of Products. KAGA FEI also ensures traceability
of such replacement on production lot basis.

b. Instruction for Use (CAUTION)

1)
2)

3)

This Product is not designed to be radiation-resistant. Please do not expose Product to radiation.
Communication between this Product and other might not be established nor maintained
depending upon radio environment or operating condition of this Product and other products
with wireless technology.

This Product operates in the unlicensed ISM band at 2.4GHz. In case this Product is used
around the other wireless devices which operate in same frequency band of this Product, there
is a possibility that interference occurs between this Product and such other devices. If such
interference occurs, please stop the operation of other devices or relocate this Product before
using this Product or do not use this Product around the other wireless devices.

This Product mentioned in this Specification is manufactured for use in IoT Devices, Industrial
Equipment, Smart Home and Matter, Lighting, Smart Key, Sports Fitness, Wearable Device.
Before using this Product in any special equipment (such as medical equipment, space
equipment, aircraft, disaster prevention equipment), where higher safety and reliability are duly
required, the applicability and suitability of this Product must be fully evaluated by the customer
at its sole risk to ensure correct and safety operation of those special equipments. Also,
evaluation of the safety function of this Product even for use in general electronics equipment
shall be thoroughly made and when necessary, a protective circuit shall be added in design
stage, all at the customer’s sole risk.
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c. Regulatory Information
* In this document, “host product” refers to the final product into which this module is installed.

1) Regulatory Information (Japan)
a) Technical Conformity Mark and Certification Number:

= [F 005-103840
T

b) The use of any antennas other than those certified is not permitted, as such use would

constitute a deviation from the certified conditions.

2) Labeling Requirements (Japan)
a) The host product may also display a label containing the Technical Conformity Mark and

Certification Number of this module. In cases where the physical dimensions of the host
product preclude practical label placement, the required information may alternatively be
included in the instruction manual and/or on the product packaging. The Technical
Conformity Mark shall be of sufficient size to ensure legibility without the use of optical
magnification devices.

3) User Manual Requirements (Japan)

a)

When integrating this module into a host product, it is recommended to include the
following information in the user manual for the host product:

- This product incorporates a radio system that is approved as a low-power data
communication radio station pursuant to the Radio Law of Japan.
Radio Equipment Certification Number:  005-103840

4) Regulatory Information (Canada)

a)

This device contains licence-exempt transmitter(s)/receiver(s) that comply with Innovation,

Science and Economic Development Canada’s licence-exempt RSS(s). Operation is subject

to the following two conditions:

(1) This device may not cause interference, and

(2) This device must accept any interference, including interference that may cause
undesired operation of the device.

Cet appareil contient des émetteurs/récepteurs exempts de licence conformes aux CNR

d'Innovation, Sciences et Développement économique Canada applicables aux appareils

radio exempts de licence. L'exploitation est autorisée aux deux conditions suivantes :

(1) L'appareil ne doit pas produire de brouillage.

(2) L'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est
susceptible d'en compromettre le fonctionnement.

To maintain compliance with ISED RF exposure requirements, the host product must be
installed and operated with a minimum separation distance of 10 mm between the radiator
and the user’s body.
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5) Labeling Requirements (Canada)
a) When integrating this module into a host product, please display the following information
on the exterior of the host product:

i) Host Marketing Name (HMN):
The name or model number of the host product shall be indicated on the exterior of the
host product, on the product packaging, or in the product documentation.

i) ISED Certification Number:
The certification number of the incorporated module shall be displayed on the exterior
of the host product using one of the following formats.
- Contains Transmitter module IC  : 28568-ES4L15
- Contains IC : 28568-ES4L15

Alternatively, the ISED certification number may be displayed using e-labelling. For
details, refer to RSS-Gen.

6) User Manual Requirements (Canada)

a) When integrating this module into a host product, please include the following sentences in
the user manual of the host product:

This device contains licence-exempt transmitter(s)/receiver(s) that comply with Innovation,

Science and Economic Development Canada’s licence-exempt RSS(s). Operation is subject

to the following two conditions:

(1) This device may not cause interference.

(2) This device must accept any interference, including interference that may cause
undesired operation of the device.

Cet appareil contient des émetteurs/récepteurs exempts de licence conformes aux CNR

d'Innovation, Sciences et Développement économique Canada applicables aux appareils

radio exempts de licence. L'exploitation est autorisée aux deux conditions suivantes :

(1) L'appareil ne doit pas produire de brouillage.

(2) L'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est
susceptible d'en compromettre le fonctionnement.
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7) Regulatory Information (USA)

a) This device complies with FCC Part 15 Subpart C.

b) This device complies with part 15 of the FCC Rules. Operation is subject to the following
two conditions:

(1) This device may not cause harmful interference, and
(2) This device must accept any interference received, including interference that may
cause undesired operation.

c) CAUTION:

Any changes or modifications not expressly approved by the party responsible for
compliance could void the use’s authority to operate the equipment.

d) This modular transmitter is authorized only for the FCC rule parts specified on the grant (Part
15 Subpart C). The host product manufacturer is responsible for ensuring compliance with
all other applicable FCC requirements not covered by this grant. The host product requires,
but is not limited to, Part 15 Subpart B compliance testing with this module installed.

e) The antenna utilized for this transmitter shall not be co-located with, nor operated in
conjunction with, any other antenna or transmitter.

f) This module allows the output power to be controlled by application software developed by
the host product manufacturer or installer. The output power is not user-accessible and
cannot be changed by the end user.

g) Antenna List
This module has been approved in conjunction with the following antenna.

The use of any antenna other than those specified herein is not permitted, as such use would
constitute a deviation from the certified conditions.
Manufacturer KAGA FEI
Part No. AS-002 (Printed on PCB)
Dimensions 3.25mm x 3.4mm
Antenna Type Monopole
Maximum Antenna Gain -4.8 dBi

h) When this module is integrated into a host product together with another transmitter, or when
simultaneous transmission is enabled, the host product manufacturer shall perform any
additional evaluations required under the applicable FCC guidance, including RF exposure
and EMC assessments.

i) To maintain compliance with FCC RF exposure requirements, the host product must be
installed and operated with a minimum separation distance of 7 mm between the radiator
and the user’s body.

i) The host product must not use this module in violation of applicable operating conditions,
labeling requirements, or user notification rules (e.g., indoor-use restrictions).

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 8/38
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8) Labeling Requirements (USA)
a) When integrating this module into a host product, please display the following information
on the exterior of the host product:

i)  Contains Transmitter Module FCC ID: 2A6NFES4L15
or
Contains FCC ID : 2ABNFES4L15

i) This device complies with part 15 of the FCC Rules. Operation is subject to the following
two conditions:
(1) This device shall not cause harmful interference, and
(2) This device must accept any interference received, including interference that may
cause undesired operation.

In cases where the physical dimensions of the host product preclude practical display
of this statement, it may alternatively be included in the user manual.

9) User Manual Requirements (USA)
a) When integrating this module into a host product, please include the following sentences in
the user manual of the host product:

i) FCC CAUTION: Any changes or modifications not expressly approved by the party
responsible for compliance could void the user's authority to operate the equipment.

i) The antenna utilized for this transmitter shall not be co-located with, nor operated in
conjunction with, any other antenna or transmitter.

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 9/38
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b) When the host product complies with Part 15 Subpart B, please include either Class A or B
statement in the user manual of the host product:

<For Class A>

NOTE: This equipment has been tested and found to comply with the limits for a Class A
digital device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference when the equipment is operated in a
commercial environment. This equipment generates, uses, and can radiate radio frequency
energy and, if not installed and used in accordance with the instruction manual, may cause
harmful interference to radio communications. Operation of this equipment in a residential
area is likely to cause harmful interference in which case the user will be required to correct
the interference at his own expense.

<For Class B>

NOTE: This equipment has been tested and found to comply with the limits for a Class B
digital device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses and can radiate radio frequency energy and, if not installed and
used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the user
is encouraged to try to correct the interference by one or more of the following measures:
- Reorient or relocate the receiving antenna.

- Increase the separation between the equipment and receiver.

- Connect the equipment into an outlet on a circuit different from that to which the receiver
is connected.

- Consult the dealer or an experienced radio/ TV technician for help.

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 10/38
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10) Regulatory Information (Europe)

a) When this module is integrated into a host product, the host product manufacturer is
responsible for ensuring that the final host product complies with the applicable requirements
of Directive 2014/53/EU and any other applicable EU legislation before the host product is
placed on the market.

b) Manufacturer Information:

Manufactured by : KAGA FEI Co., Ltd.
Trade name . KAGAFEI
Postal address : Gunseisha ANNEX Bldg. 5th floor, 382-1, Kaminamie-machi,
Takasaki, Gunma, 370-0801, Japan.
c) Importer Information:
Imported by :  KAGAFEI EUROPE GmbH
Trade name :  KAGAFEI EUROPE GmbH
Postal address : Robert-Bosch-StralRe 25, 63225 Langen (Hessen), Germany

d) We can provide conducted radio test reports for the module. Host product manufacturers
can use these reports, when relevant, during the conformity assessment process of the final
products.

e) Maximum RF output power : +8dBm

f) Frequency range:

Operating frequency range: 2400 to 2483.5 MHz

Operating frequency band: 2402 to 2480 MHz (Bluetooth® LE)
*Excluding Channel Sounding
2402 to 2480 MHz (ANT)
2402 to 2480 MHz (Nordic Original 1M/2Mbps)
2403 to 2478 MHz (Nordic Original 4Mbps)
2405 to 2480 MHz (IEEE802.15.4)

g) Applicable harmonized standards:

[RE Directive 2014/53/EU]

Radio: ETSI EN 300 328 V2.2.2 (2019-07)

EMC: ETSI EN 301 489-1 V2.2.3 (2019-11)

ETSI EN 301 489-17 V3.3.1 (2024-09)
Safety: EN 62368-1:2024+A11:2024 (2024)
*The safety test was conducted at an ambient temperature of 102°C

RF Exposure: EN 62479:2010 (2010-09)

Cyber Security: EN18031-1:2024, EN18031-2:2024, EN18031-3:2024

[RoHS Directive 2011/65/EU (incl. 2015/863)]

KAGA FEIl‘'s Management Standards for Chemical Substances Contained

in Wireless Device Products (KFEI-CMS-MPBD-002)

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 11/38
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h) Simplified EU Declaration of Conformity (SDoC)

No | Language

SDoC

1 BbnrapuH [Bulgarian]

C HacTtoswoTto KAGA FEI Co., Ltd. geknapupa, 4ye 1031 TN
pagmocbopbxeHne ES4L15 e B cboTBeTcTBME € Anpektuea 2014/53/EC.
LanocTHuaTt TekcT Ha EC geknapauusita 3a CbOTBETCTBUE MOXE [a ce
HaMepu Ha cregHUs MHTEPHET agpec:
https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

2 | Espaiiol [Spanish]

Por la presente, KAGA FEI Co., Ltd. declara que el tipo de equipo
radioeléctrico ES4L15 es conforme con la Directiva 2014/53/UE. El texto
completo de la declaracién UE de conformidad esta disponible en la
direccion Internet siguiente:

https://www.kagafei.com/jp/ena/products/wireless-modules/bluetooth/

3 | Cesky [Czech]

Timto KAGA FEI Co., Ltd. prohlasuje, Ze typ radioveho zafizeni ES4L15
je v souladu se smérnici 2014/53/EU. Uplné znéni EU prohlaseni o
shodé je k dispozici na této internetové adrese:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

4 | Dansk [Danish]

Hermed erklzerer KAGA FEI Co., Ltd., at radioudstyrstypen ES4L15 eri
overensstemmelse med direktiv 2014/53/EU. EU-
overensstemmelseserklzeringens fulde tekst kan findes pa felgende
internetadresse:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

5 | Deutsch [German]

Hiermit erklart KAGA FEI Co., Ltd., dass der Funkanlagentyp ES4L15 der
Richtlinie 2014/53/EU entspricht. Der vollstandige Text der EU-
Konformitatserklarung ist unter der folgenden Internetadresse verfiigbar:
https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

6 | Eesti [Estonian]

Kéesolevaga deklareerib KAGA FEI Co., Ltd., et kdesolev raadioseadme
tilp ES4L15 vastab direktiivi 2014/53/EL nduetele. ELi
vastavusdeklaratsiooni taielik tekst on kattesaadav jargmisel
internetiaadressil:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

7 | EAnviIkn [Greek]

Me tnv Tapouoa o/nKAGA FEI Co., Ltd., dnAwvel 611 0 padloeoTTAIouog
ES4L15 mAnpoi Tnv odnyia 2014/53/EE. To TAfpeg Keipevo Tng dAwaong
Ouppopewong EE diatiBetal otnv akdAoudn ioToceAida aTo d1adikTuo:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

8 | English

Hereby, KAGA FEI Co., Ltd. declares that the radio equipment type
ES4L15 is in compliance with Directive 2014/53/EU. The full text of the
EU declaration of conformity is available at the following internet address:

https://www.kagafei.com/jp/ena/products/wireless-modules/bluetooth/

KAGA FEI Co., Ltd.
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9 | Frangais [French] Le soussigné, KAGA FEI Co., Ltd., déclare que I'équipement

radioélectrique du type ES4L15 est conforme a la directive 2014/53/UE.
Le texte complet de la déclaration UE de conformité est disponible a
I'adresse internet suivante:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

10 | Gaeilge [Irish] Leis seo, dearbhaionn KAGA FEI Co., Ltd. go gcomhlionann an cineal
trealaimh raidio ES4L15 Treoir 2014/53 / AE. Ta téacs iomlan dhearbhu
comhréireachta an AE ar fail ag an seoladh idirlin seo a leanas:
https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

11 | Hrvatski [Croatian] KAGA FEI Co., Ltd. ovime izjavljuje da je radijska oprema tipa ES4L15 u
skladu s Direktivom 2014/53/EU. Cjeloviti tekst EU izjave o sukladnosti
dostupan je na sljedecoj internetskoj adresi:
https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

12 | ltaliano [ltalian] Il fabbricante, KAGA FEI Co., Ltd., dichiara che il tipo di apparecchiatura
radio ES4L15 & conforme alla direttiva 2014/53/UE. |l testo completo
della dichiarazione di conformita UE & disponibile al seguente indirizzo
Internet:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

13 | Latviski [Latvian] Ar So KAGA FEI Co., Ltd. deklaré, ka radioiekarta ES4L15 atbilst
Direktivai 2014/53/ES. Pilns ES atbilstibas deklaracijas teksts ir pieejams
§ada interneta vietné:
https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

14 | Lietuviy [Lithuanian] | AS, KAGA FEI Co., Ltd., patvirtinu, kad radijo jrenginiy tipas ES4L15
atitinka Direktyvg 2014/53/ES. Visas ES atitikties deklaracijos tekstas
prieinamas Siuo interneto adresu:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

15 | Magyar [Hungarian] KAGA FEI Co., Ltd. igazolja, hogy a ES4L 15 tipusu radiéberendezés
megfelel a 2014/53/EU iranyelvnek. Az EU-megfeleléségi nyilatkozat
teljes szbvege elérhet6 a kdvetkez6 internetes cimen:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

16 | Malti [Maltese] B'dan, KAGA FEI Co., Ltd., niddikjara li dan it-tip ta' taghmir tar-radju
ES4L15 huwa konformi mad-Direttiva 2014/53/UE. It-test kollu tad-
dikjarazzjoni ta' konformita tal-UE huwa disponibbli f'dan I-indirizz tal-
Internet li gej:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

17 | Nederlands [Dutch] Hierbij verklaar ik, KAGA FEI Co., Ltd., dat het type radioapparatuur
ES4L15 conform is met Richtlijn 2014/53/EU. De volledige tekst van de
EU-conformiteitsverklaring kan worden geraadpleegd op het volgende
internetadres:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 13/38
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18 | Polski [Polish] KAGA FEI Co., Ltd. niniejszym oswiadcza, ze typ urzadzenia radiowego

ES4L15 jest zgodny z dyrektywg 2014/53/UE. Petny tekst deklaracji
zgodnosci UE jest dostepny pod nastepujgcym adresem internetowym:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

19 | Portugués O(a) abaixo assinado(a) KAGA FEI Co., Ltd. declara que o presente tipo
[Portuguese] de equipamento de radio ES4L15 esta em conformidade com a Diretiva
2014/53/UE. O texto integral da declaragao de conformidade esta
disponivel no seguinte enderecgo de Internet:
https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

20 | Roman [Romanian] Prin prezenta, KAGA FEI Co., Ltd. declara ca tipul de echipamente radio
ES4L15 este in conformitate cu Directiva 2014/53/UE. Textul integral al
declaratiei UE de conformitate este disponibil la urmatoarea adresa
internet:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

21 | Slovensky [Slovak] KAGA FEI Co., Ltd. tymto vyhlasuje, Ze radiove zariadenie typu ES4L15
je v sulade so smernicou 2014/53/EU. Uplné EU vyhlasenie o zhode je k
dispozicii na tejto internetovej adrese:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

22 | Slovensko KAGA FEI Co., Ltd. potrjuje, da je tip radijske opreme ES4L15 skladen z
[Slovenian] Direktivo 2014/53/EU. Celotno besedilo izjave EU o skladnosti je na voljo
na naslednjem spletnem naslovu:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

23 | Suomi [Finnish] KAGA FEI Co., Ltd. vakuuttaa, etta radiolaitetyyppi ES4L15 on direktiivin
2014/53/EU mukainen.EU-vaatimustenmukaisuusvakuutuksen
taysimittainen teksti on saatavilla seuraavassa internetosoitteessa:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

24 | Svenska [Swed ish] Harmed forsakrar KAGA FEI Co., Ltd. att denna typ av radioutrustning
ES4L15 dverensstammer med direktiv 2014/53/EU. Den fullstandiga
texten till EU-férsakran om éverensstdmmelse finns pa féljande
webbadress:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/

25 | Turkge [Turkish] isbu belgede, KAGA FEI Co., Ltd. telsiz cihazi tipinin ES4L15
2014/53/EU Direktifi ile uyumlu oldugunu beyan eder. AB uygunluk
beyaninin tam metnine asagidaki internet adresinden ulasilabilir:

https://www.kagafei.com/jp/eng/products/wireless-modules/bluetooth/
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d. Term of Support

1) Inthe case that customer requests KAGA FEI to customize the hardware of this Product in order
to meet such customer’s specific needs, KAGA FEI will make commercially reasonable effort to
modify such hardware or software at customer’s expense; provide however, the customer is
kindly requested to agrees it doesn’t mean that KAGA FEI has obligations to do so even in the
case it is technically difficult for KAGA FEI.

2) Any failure arising out of this Product will be examined by KAGA FEI regardless of before or after
mass production. Customer agrees that once such failure is turned out not to be responsible for
KAGA FEI after aforesaid examination, some of the technical support shall be conducted by
KAGA FEI at customer’s expense; provided however, exact cost of this technical support can be
agreed through the negotiation by the parties.

3) Do not alter hardware and/or software of this Product. Please note that KAGA FEI shall not be
liable for any problem if it is caused by customer's alteration of Hardware without KAGA FEl's
prior approvals.

4) KAGA FEI does not guarantee functions and performances which depend on the customer's
firmware. KAGA FEI does not assume liabilities for defects and failures (i) in functions,
performances and quality of the Customer's product incorporating the Products and (ii) which
may occur as the Product is incorporated in the Customer's product.

e. Caution for Export Control
This Product may be subject to governmental approvals, consents, licenses, authorizations,
declarations, filings, and registrations for export or re-export of the Product, required by
Japanese Foreign Exchange and Foreign Trade Law (including related laws and regulations)
and/or any other country’s applicable laws or regulations related to export control.
In case you will export or re-export this Product, you are strongly recommended to check and
confirm, before exporting or re-exporting, necessary procedures for export or re-export of this
Product which is required by applicable laws and regulations, and if necessary, you have to
obtain necessary and appropriate approvals or licenses from governmental authority at your
own risk and expense.

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 15/38
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f. Term of Warranty
KAGA FEI warrants only that this Product is in conformity with this Specification for one year
after purchase and shall in no event give any other warranty.

g. Items of the Specification
1) Any question arising from the Specification shall be solved in good faith through mutual
discussion by the parties hereof.

2) The language of this “General items” is Japanese and this “General items” shall be interpreted
by Japanese Any copies of translation is a reference purpose only and is not binding on both
parties hereto.

h. Special note
1) The latest errata and document released by Nordic Semiconductor ASA must be referred the
document is given priority over this document. Please note that KAGA FEI shall not be liable for
any problem and related issue for developed or manufactured application software or product
without reference or consideration of the information released by Nordic Semiconductor ASA.

2) This product has no firmware. Customer writes firmware that is match the customer applications
at the customer's own responsibility.

3) ESAL series module is qualified as Core-Complete Configuration by Bluetooth SIG. The Design
Number of this module is Q379137. The final product needs to complete the Bluetooth
Qualification Process before selling the product. Please consult with your qualification body and
BQC.

4) Notes on Radio Regulations
When using this module, ensure that the transmit power is configured to +8 dBm or less in
accordance with the radio regulations of each country.

5) Nordic Original 4Mbps mode
To comply with wireless regulations, the transmit frequency range is restricted as follows:
-Japan : 2403MHz-2479MHz
-FCC : 2403MHz-2478MHz
-ISED : 2403MHz-2478MHz
-CE . 2403MHz-2478MHz

Transmitting near the band edges may cause non-compliance with regional regulations.
Ensure application software prevents transmission outside the specified range.

Important:
Frequency restrictions may differ by country.
Always check and comply with local radio frequency regulations when using this product abroad.

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 16/38
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3.Absolute maximum ratings
Symbol Parameter Min. Max. Units
VDD VDD supply voltage -0.3 +3.9 \Y,
VDD EXT VDD sypply voltage under extended 03 +37 v
operating temperature
VIO, VDD<3.6V 10 voltage -0.3 VDD + 0.3 \Y,
VIO, VDD>3.6V 10 voltage -0.3 +3.9 \Y,
VIO,EXT, VDD EXT<3.4V 10 voltage under extended operating 03 VDD + 0.3 Vv
temperature
VIO,EXT, VDD EXT>3.4V 10 voltage under extended operating 03 +37 v
temperature
Recommended storage condition is < 40deg-
Storage temperature C and < 90% RH (relative humidity) -40 +105 Deg-C
MSL Moisture Sensitivity Level 3
ESD HBM Human Body Model 1 kV
ESD MM Machine Model 100 \Y,
Endurance NVM (RRAM) Endurance 10,000 write/rewrits
cycles
10 years At 85 deg-C
Retention NVM (RRAM) Retention
2 years At 105 deg-C
KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 17/38
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4 Electrical characteristics

4.1.Recommendation operating range

Symbol Parameter Min. Typ. Max. Units
VDD VDD supply voltage*1 1.7 3.6 \Y
VDD EXT é%%:;ﬁﬁ:&onage under extended operating 17 3.4 v
VDD POR XalzeDtsupply voltage needed during power-on 175 i
TA Operating temperature -40 25 85 Deg-C
TA EXT Extended operating temperature 85 105 Deg-C
TRST Recommended storage temperature 40 Deg-C
RH RST Recommended storage relative humidity 90 %

*1 The specifications for this section cover the range from TA minimum to TA EXT maximum. Certain
parameters are guaranteed only within the TA operating temperature range.

4.2.DC Specifications
The Specification applies for Topr. = 25 deg-C, VDD = 3.0V

Symbol Parameter (condition) Min. Typ. Max. Units
VIH Input high voltage 0.7 x VDD VDD \%
VIL Input low voltage GND 0.3 x VDD \%
VOH,HDH Output high voltage, high drive, 5 mA, VDD 2 2.7 V VDD -0.4 VDD \%
VOL,SD Output low voltage, standard drive, 0.5 mA, VDD = 1.7 V GND GND + 0.4 \%
RPU Pull-up resistance 12 14 16 kohm
RPD Pull-down resistance 12 14 18 kohm
TXMaxdBM | ol s maimum power seting 07 mA
IRX, 1M i)édc;nly run current, 1 Mbps/1 Mbps Bluetooth LE 21 mA
IRX,2M E);dc;nly run current, 2 Mbps/2 Mbps Bluetooth LE 21 mA
IOFFO System OFF, Wake on pin, 0 KB RAM retained 0.7 uA
ION_IDLEO System ON, Wake on pin, 0 KB RAM retained 0.8 uA
KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 18/38
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(2/2)

4.3.RF Specifications

Symbol Description Min. Typ. Max. Units

fop Operating frequencies 2402 2480 MHz

fch,sp Channel spacing 1 MHz

fDELTABLE, 1M Frequency deviation @ Bluetooth LE 1 Mbps +/-250 kHz

fDELTABLE 2M Frequency deviation @ Bluetooth LE 2 Mbps +/-500 kHz

Prr Maximum output power for CSP package 8 dBm

Prrcr RF power accuracy -2 2 dB

p Adjacent Channel Transmit Power 2 MHz 48 dBc
RF1BLETM 2MHZ (1 Mbps Bluetooth LE mode)

p Adjacent Channel Transmit Power 3 MHz 54 dBc
RF1.BLEIM,SMHZ (1 Mbps Bluetooth LE mode)

Prx,max Maximum received signal strength at < 0.1% PER 0 dBm

Sensitivity, 1 Mbps Bluetooth LE ideal transmitter,

PSENSITSP.AMBLE | 1o oot length < 37 bytes (BER = 1E-39) -96 dBm

= Sensitivity, 2 Mbps Bluetooth LE ideal transmitter, 94 dBm
SENS.ITSP.2M BLE packet length < 37 bytes

Psens,teLE LE125k | Sensitivity, 125 kbps Bluetooth LE mode -104 dBm

Psens,TBLE LES00k | Sensitivity, 500 kbps Bluetooth LE mode -99 dBm

Many documents of nRF54L15, such as product specification and the errata, can be found at the
link below (There is a possibility that it will change in the future). Please be sure to check these
latest documents when using our module.

nRF54L15_ Product Specification
NRF54L15 | nRF54L10 | nRF54L05 Datasheet

nRF54L15 Errata

All Documents

nRF Connect SDK

Introduction

For more information
Technical Documentation

KAGA FEI Co., Ltd.

24-Jun.2026 Ver. 1.0

19/38

Copyright 2026 KAGA FEI Co., Ltd.


https://docs.nordicsemi.com/bundle/ps_nrf54L15/page/keyfeatures_html5.html
https://docs.nordicsemi.com/search?content-lang=en-US&value-filters=ResourceType_custom~%2522Errata%2522*ProductName_custom~%2522nRF54+Series%257CnRF54L15%2522&sort=relevance
https://docs.nordicsemi.com/bundle/ncs-latest/page/nrf/index.html
https://docs.nordicsemi.com/

A\
Y4 KAGA FE€l

Control No. Control name
KM-MC-A243002 (1/3) Circuit Schematic

5.Circuit Schematic
5.1.Block Diagram

*1
-— <—— VDD
<+—— DECD—
OUT_ANT Ext. L
NRF54L15 —~ bcc
<—1— nRESET
<-=» GPIO (15)
Including
(Analog input,
: NFC-A,
X'tal 32MHz 32.768kHz X'tal)
*1 LDO-only mode: Not supported
KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 20/38

Copyright 2026 KAGA FEI Co., Ltd.



A\
Y4 KAGA FE€l

Control No. Control name
KM-MC-A243002 (2/3) Circuit Schematic

5.2.Sample Circuits

With external 32.768kHz X'tal
32.768KHz, CL=9.0pF

N 1 2
o[+t[en ]
o ~|cC — ] <
T 58%% ﬁEEEESGS:
2 ££ dadd ELZ<2Zz2%
% 558833922
ZraaazE "
(2{SWDIO = = "
( SWDCLK P OUT _MOD
18 ES4L15BA1 1
3 GND ~ OUT_ANT
I GND O @]
GND B2 m Q [ORE]
v > a A ZZ
I G
10uF 4.7uH_1608
$ This 4.7uH inductor must be installed.
GND Please place it as close as possible to the module.
Without external 32.768kHz X'tal
O OO OO COOOCOOC0)
o J szd@ ﬂﬂmQﬂAamq
=~ <t on — o<t Len ol — O — 0 —
m oo oo oo mzzzzold4d
4 ££ Saaf EIIIEEEZZ
z §5353883°2
14 Lrrmrmema ~ &
LT3 SWDIO — 12
( —~SWDCLK Fu OUT MOD
18 ES4L15BA1 1
3 GND - OUT ANT
1 gND a E 3 o))
ND S a ) zz
o TR A
VDDI Y
L0uF T 4.7uH_1608
This 4.7uH inductor must be installed.
GND Please place it as close as possible to the module.
Value Description Footprint [mm]
10uF Capacitor, X6S, +20%, 6.3 V 1005
4.7uH Inductor, 2 120 mA, £20%,<1.5Q 1608
32.768kHz | FC-12M (EPSON), SC-20S (SlI), etc., CL = 9.0 pF 2012
KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 21/38
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5.3.Reference Circuits

With external 32.768kHz X'tal

32.768KHz, CL=9.0pF

TN

10
J
24
g'i : <
—()
a0
25 <
16—~
g
e
3 J
1
—

Izl

P0.04
P0.03
P2.01
P2.05
P2.0215
P2.04
EXTREF

ES4L15BA1

DECD

.07/AIN3
.06/AIN2
.05/AIN1
.04/AINO
.03/NFC2
.02/NFC1

o N N S

OUT_MOD

=I5

OUT_ANT

C

Q
a

SRS
Z £
T .9 ™

SWD (Serial Wire Debug) is a
high-performance, 2-pin debug
interface designed as an
alternative to JTAG.

Application software can be
programmed via a debug probe
such as the SEGGER J-Link.

For J-Link connectivity, it is
recommended to populate the
target board with a 10-pin,
1.27mm pitch dual-row connector
(e.g., PSS-720153-05 by Hirosugi
Instrument).

The SWDIO line has a 13korm
internal pull-up resistor.

The SWDCLK line has a 13korm
internal pull-down resistor.

4.7uH_1608
This 4.7uH inductor must be installed.

Please place it as close as possible to

the module.

P1.01/XL2
P1.00/XL1

antenna on the module,
please connect PAD11 and
PAD12 as short as possible.

FC-12M (EPSON), etc.
CL=9.0pF

ANT specification requires
+/-50ppm accuracy. Please
consider about operation
temperature range.

In order to use the built-in

14 12 11

13

o . <

= =

(&) =
-

SWDIO

OUTMOD

The GPIOs (P0.03, P0.04,
P1.00-P1.08, P2.01, P2.02,
P2.04, and P2.05) are
reconfigurable and can be
assigned to any peripheral
function, such as UART, via
application software.

Unused pins must be
configured to an Open (High-
Impedance) state.

The 1/O voltage for these pins
shall operate under the
conditions specified below.

Input high (V): 0.7VDD to VDD
Input low (V): GND to 0.3VDD

When you want to measure the
antenna performance or RF
conduction performance, please
draw a tie line of PAD11 and
PAD12 outside a module.

-~

GND

SWDIO

KAGA FEI Co., Ltd.

In case of the operation with the battery, we recommend that you add
a capacitor of about 100uF in view of the voltage drop during TX/RX
In case of the power supply voltage fluctuation by the load change is
large, the module may not function properly.

If an external regulator is used, the load change characteristic should
be good in order to keep stable voltage as possible when the current

is change.
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6.0utline/Appearance

Outline / Land pattern example

8.55mm Tolerance: +/- 0.2 mm
Unit: (mm)
5.15mm 34mm
£
IS
[Ie}
o™~
P
> >
E< E<
£= ==
™
2 | [=
Top View
325
18 02 17 15 14 13 12 il 28 o2
w0 3 % 2 2. 4.2 9.2/5 .8, ¢ 3% e
: 5008 |7 5 s
19 KO.S'IE [
0.425 P2.05 F2.01
Ml | 0.725 477 107 7
d ! ‘3,825mm_2mr\ i ‘4 72%mm, 2mn
20 .0_3 P1.06/AIN ) 26
.08/E XT.REF. 3 .‘_0‘3 22 § F‘I‘()Z/NF(H . lztf:ft:';-lﬁ? Srrm
91 03 P 07"\'% :'/ +3_B\élﬁmm‘125r@£ +4.7\é$mm.125m
0725 23/ 9w
b 0.425 P22 P20 4 _0.45mm¢
" 0375 8 g g tg B s . 27 .
8 e 3 5 3218 2.8 22 E 5 F §|F NG }~°
oo 2 3 4 5 6 7 g = NI Py
Qmm()nm . .
Reference Gormner ~ 24 _0.55mm x 0.3mm pitch 06mm
Recommended metal mask opening size for solder printing
Pad size Metal mask opening
Square pad 24 -0.55x 0.3 mm 0.44 x 0.3 mm
Circle pad 4 -0.45 mm dia 0.4 mm
The metal mask thickness : t=0.1 mm.
KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 23/38
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7.Pin Layout
Pin Descriptions
Pin Pin name Pin function Description
1 GND Ground Ground pin. (0 V)
DECD Power 0.9 V regulator supply decoupling.
P1.01 Digital 1/0 General purpose I/O pin.
XL2 Analog input Connection for 32.768 kHz crystal.
4 P1.00 Digital 1/0 General purpose /O pin.
XL1 Analog input Connection for 32.768 kHz crystal.
P1.03 Digital 1/0 General purpose 1/O pin.
NFC2 NFC input NFC antenna connection.
nRESET Reset Pin reset with on-chip pull-up.
P0.04 Digital 1/0 General purpose I/O pin.
Digital I/0 GRTC CLKOUT32K
8 P0.03 Digital 1/0 General purpose I/O pin.
Digital I/0 GRTC PWM
P2.04 Digital 1/0 General purpose I/O pin.
Digital 1/0 SPIM SDI
9 Digital 1/0 SPIS SDI
Digital 1/0 UARTE CTS
Digital 1/0 FLPR.2
Digital I/0 QSPI D1
P2.01 Digital 1/0 General purpose I/O pin.
Digital 1/0 SPIM SCK
10 Digital I/0 SPIS SCK
Digital 1/0 FLPR.O
Digital I/0 QSPI SCK
Internal antenna. It should be connected to
1 OUT_ANT Antenna In/Out Pin 12 OUT_MOD for normal operation.
RF 1/0O pin. It should be connected to Pin 11
12 OUT_MOD RF In/Out OUT_ANT for normal operation.
13 GND Ground Ground pin. (0 V)
14 SWDIO Debug igrial wire data.. Bidirectional with standard-
rive and on-chip pull-up.
15 SWDCLK Debug ig\;i/zl wire clock. Input with on-chip pull-
P1.05 Digital 1/0 General purpose /O pin.
16 ASI[0] Digital I/0 TAMPC active shield 0 input.
RADIO[6] Digital 1/0 RADIO DFEGPIO
AIN1 Analog input Analog input.
P1.04 Digital 1/0 General purpose 1/O pin.
17 ASOI[0] Digital I/0 TAMPC active shield 0 output.
AINO Analog input Analog input.
18 GND Ground Ground pin. (0 V)
19 VDD Power Power supply pin.
P1.08 Digital 1/0 General purpose /O pin.
20 Digital I/0 GRTC CLKOUTFAST
EXTREF Analog input External reference for SAADC
21 DCC Power DC/DC regulator output.
P1.07 Digital 1/0 General purpose /O pin.
22 ASI[1] Digital 1/0 TAMPC active shield 1 input.
AIN3 Analog input Analog input.

KAGA FEI Co., Ltd.
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Pin Pin name Pin function Description
P2.02 Digital 1/0 General purpose I/O pin.
Digital 1/0 SPIM SDO
23 Digital 1/0 SPIS SDO
Digital 1/0 UARTE TXD
Digital 1/0 FLPR.1
Digital 1/0 QSPI DO
P2.05 Digital 1/0 General purpose 1/O pin.
Digital 1/0 SPIM CSN
24 Digital 1/0 SPIS CSN
Digital 1/0 UARTE RTS
Digital 1/0 FLPR.5
Digital 1/0 QSPI CSN
P1.06 Digital 1/0 General purpose I/O pin.
25 ASOI[1] Digital I/0 TAMPC active shield 1 output.
AIN2 Analog input Analog input.
26 P1.02 Digital 1/0 General purpose /O pin.
NFC1 NFC input NFC antenna connection.
27 NC NC NC
28 NC NC NC

KAGA FEI Co., Ltd.
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8.Handling Precaution

This specification describes desire and conditions especially for mounting.

Desire/Conditions

8.1.Environment conditions for use and storage

1.

2.
3.

Store the components in an environment of < 40deg-C/90%RH if they are in a moisture barrier
bag packed by KAGA FEI.

Keep the factory ambient conditions at < 30deg-C/60%RH .

Store the components in an environment of < 25+5deq-C/10%RH after the bag is opened.
(The condition is also applied to a stay in the manufacture process).

8.2.Conditions for handling of products

Make sure all of the moisture barrier bags have no holes, cracks or damages at receiving. If an
abnormality is found on the bag, its moisture level must be checked in accordance with 2 in 8.2.

Refer to the label on the bag.

1.

2.

All of the surface mounting process (reflow process) must be completed in 12 months from
the bag seal date.

Make sure humidity in the bag is less than 10%RH immediately after open, using a humidity
indicator card sealed with the components.

All of the surface mounting process (reflow process including rework process) must be
completed in 168 hours after the bag is opened (inclusive of any other processes).

If any conditions in 8.1 or condition 2 and 3 in 8.2 are not met, they may be baked according
IPC/JEDEC J-STD- 033B (Bake@125deqg-C, Package Body:Thickness<1.4 mm, Level3).
Do not bake components in reel form.

As a rule, baking the components in accordance with conditions 4 in 8.2 shall be once, and all
assembly operations (including rework and reflow) must be completed within the time specified
in section with 3 in 8.2.

Since semi-conductors are inside of the components, they must be free from static electricity
while handled. (<100V) Use ESD protective floor mats, wrist straps, ESD protective footwear,
air ionizers etc., if necessary.

Please make sure that there are lessen mechanical vibration and shock for this module, and
do not drop it.

Please recognize pads of back side at surface mount.

Washing the module is not recommended. If washing cannot be avoided, please test module
functionality and performance after thoroughly drying the module. We cannot be held
responsible for any failure due washing the module.
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10. Please perform temperature conditions of module at reflow within the limits of the following.
Please give the number of times of reflow as a maximum of 2 times.

Recommented Reflow Profile

300
Temp(de
p(deg) Peak Temp:250deg Max
250 + /
: 230deg up : 40secMax
< >
200 +
150 +
100 +
130-180deg Pre-heat
50 4 : 60~120sec
0
IN ouT
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9.Packaging Specification
9.1.Packaging Specification

(1) Packaging Material

Name Outline Materials
Emboss 16 mm wide - 8 mm Pitch Couductive PS
Cover Tape - -

Reel ¢330 mm Couductive PS
Desiccant 30g %1 -

Humidity indicator card

Aluminum moisture barrier bag

420%x460 (mm)

(AS)PET/AL/NY/PE(AS)

Label

Corrugated cardboard box(Inner)

339x351x74 (mm)

Corrugated cardboard box(Outer)

369 x 369 x 277 (mm)

(2) Packaging Unit
Max 2,000 pieces/Reel
(3) Packing Figure

Humidity indicator card

Desiccant j

KAGA FEI Co., Ltd.

Max 6,000 pieces/Box(Outer)

Label-2 Label-3

Label-2

e

(=]

barrier bag

Aluminum moisture

S

> Corrugated cardboard box(Inner)

24-Jun.2026 Ver. 1.0
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(4) Label

Label-1
* Purchase order
- Part No.
* Quantity
- Lot No.
- Technical conformity mark
+ Certification No.
» FCC/ISED certification No.
= Country of origin

Label-2
- Serial No.

Corrugated cardboard * Part No.

box(Outer) * Quantity
* Technical conformity mark

- Certification No.
- FCC/ISED certification No.
- Country of origin
Label-3
= Caution label
- MSL Level3

Label-1 Corrugated cardboard
box(Inner)

a4+

NI

9.2.Tape specification

The direction of a tape drawer

////////"’!ﬁ,! m % /i

III II{III?’
;’ ;’; .u; .u;//

___\

I I
\ First Pin Mark

V_,\J

End part Module receipt part Lead part

AN A
4 A hYd N N

0000000000000000000000000000000000000000000000000

| | o

1 |‘ > <

More than160mm More than100mm More than300mm

A 4

The direction of a tape drawer
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Emboss carrier tape drawing
. 2.00£0.1 =
#1.50%0 80001 _ / _ _ 4.00%01 o
—n a
1
oo S oo 1o
] | i\ 1 ri\ | S—é ke
R
I 1 ) I L’— I
—m —\ V
S #1.5010"
(1.70) A
(4.05) 3.75+0.1
N
9.3.Reel specification
\ 7 (Unit:mm)
C\ ¢ 3302
; $13£0.2
—_— \
W-1.5+2——> T
Tape wide 8mm 12mm 16mm 24mm 32mm 44mm
w 9.4mm | 13.4mm | 17.4mm | 25.4mm | 33.4mm | 45.4mm
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9.4. Taping performance

Both of an embossing tape top cover tape bear this, when the power of 10N is applied in the direction
of a drawer.

The exfoliation adhesion of a top cover tape is the intensity of 0.1~1.3N.
(The angle to pull is 165~180 degrees. The speed to pull is 300 mm/min)
Note

Lack of the parts in 1 reel is with two or less pieces.

MSL Level 3 Under control

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 31/38
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10.Antenna application note

10.1.Recommended module mounting example

No metal components, No copper plating area
no chassis plating area, etc. *1 Antenna area (All layers) *2

o WD

s
ry °
£
1 | BE
o £
* e ———
o \ =
g -
—>
|
] \ / |
£ 10mm or more ;
£ £5 l |
2 & E |
™ O |
— ¥ |
Main board |H5 |
mm
i T or more : g:nr;nore
BLE Module mm——"

*1 Please do not place any metal components in blue shaded space.*1) We do not recommend placing
any metal objects upper space of the module in the above figure. If it needs to place metal objects,
please consider keeping the metal off from the antenna as far as you can. Such as signal line and
metal chassis as possible except for main board while mounting the components in *1 space on the
main board is allowed except for no copper plating area. (*2).

*2 This area is routing prohibited area on the main board. Please do not place copper on any layer.
Please remain use of FR-4 dielectric material. The antenna is tuned with the FR-4.

*3 Characteristics may deteriorate when GND pattern length is less than 30mm. It should be 30 mm or
more as possible.

Even when above mentioned condition is satisfied, communication performance may be
significantly deteriorated depending on the structure of the product.
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10.2.0ther module mounting examples

5mm or more

5mm or more

5mm or mo

5mm or more

GOOD

NO GOOD

No FR-4 directly
underneath the

NO GOOD

Copper plating overlaps with
Antenna area.

NO GOOD

No-copper plating area is completely
surrounded by GND.

10.3.Placement of resin or plastic parts

Resin or Plastic parts

/ (ex. Cover, Chassis, etc.)

Main board

t: Thickness of resin or plastic

g: Distance between module and parts

tg
<> >
/- ig g >t
\ gt g=1.5
/ t <5
BLE Module
It is recommended that the design should be done
in accordance with above formula.
[ ==

Please do not apply molding over the antenna area of BLE module.
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Antenna application note

10.4.Directional characteristics example (when mounted on evaluation board)

Appearance and coordinates definition

Measurement data of antenna

Frequency |[MHz]  |@2400  [@2440  [@2480
Peak gain [dBi]
3plane | TXH 5.0 50 52
XV 53 50 48
5.0 5.0 48
Average gain [dBi] Frequency characteristic
XY-plane TX-H 9.8 9.4 9.4 1 T T 1 -6
TX-V 221 217 214 10 —_— ]
Plus(FLV) 55 91 91 . SN ——emciensy 5
YZplane | TXH -188 -18.1 179 ’ / \
TX-V 61 57 5.6 3 v -
Plus(H.V) 58 55 54 N -1
XZ-plane TX-H -9.1 -8.8 -8.7 6 \ / 1
TX-V -18.8 -178 175 2 /
Plus(HV) 87 83 31| 77 / !
3plane TX-H -10.9 -10.6 -10.5 4 -1
XV -10.5 -10.1 -10.0 3 \ -1
71 73 72 . / \ / 4
Efficiency [dB] 38 E 74 - / \/ \
VSWR _ [1] 18 12 2 20002100 2200 2300 2400 2500 260027002800 2900 3000

Frequency [MHz]

&+ XY-plane @2440 MHz
(N
L .
A Y e0
1%
) +Y)
4
e TX-H
—TX-V
umit: dB1 X

(@2440 MHz,

e TH-H

—TX.V

-Z)

umit: dB1

+% ZX-plane (@2440 MHz.
LA N
-*;AZB‘? +Y 5( i
&\.‘/
6% l b &3
\J T
—TEY
umt: dB1 2

About this Application Note

*This Application Note has been prepared as a reference material to help obtaining the
antenna performance mounted on Bluetooth® LE module better while it is not guaranteed or
assured to obtain better communication performance and distance.
»This product “Bluetooth® LE module” has been certified and matching circuit constant for
antenna within module cannot be changed when ambient environment condition changes.
The product must be re-certified when matching circuit constant is changed.

KAGA FEI Co., Ltd.
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11.Design guide

11.1.Battery operation

When using a small battery (e.g. CR2032), a large capacitor (e.g.100uF low leakage capacitor) should
be placed near the battery. This will reduce the voltage drop especially when the module is operated at
low temperatures.

11.2.Pattern Design Guide
11.2.1.Power Supply System

Power supply bypass capacitors should be placed close to the VDD pin of the module. The VDD trace
should be greater than 0.5mm and a bigger a via diameter is recommended.

Wiameter greater than 0.2mm is recommended.
VDD
\ine width greater than 0.5mm is recommended.

* If it is difficult to place a bigger via, please increase

Module the number of vias.

* Bypass capacitors with smaller capacitance must be
placed closer to module.

11.2.2.Bypass Capacitor Layout

A parallel combination of a small capacitance and a large capacitance is recommended for bypass
capacitors. The GND of the bypass capacitor should be placed close to an adjacent module GND to
ensure the shortest closed loop.

11.2.3.DC/DC Inductor Layout

When using the ES4L series module, it is necessary to connect a 4.7uH inductor between PAD2 (DECD)
and PAD21 (DCC).

11.2.3.1.Recommended Components
For the 4.7uH inductor, the following components are recommended:

Part Number Manufacturer Specifications

LSQPB160807T4R7M Taiyo Yuden
LSBHB1608KKT4R7MG Taiyo Yuden

4.7uH, 1608 size, 2120mA, +20%, <1.5Q

11.2.3.2.Recommended PCB Layout
Place the 4.7uH inductor as close as possible to the module.
It is recommended to implement one of the following wiring configurations: (1) or (2).

KAGA FEI Co., Ltd. 24-Jun.2026 Ver. 1.0 35/38
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(1) When wiring between PADs is possible.

18 17 16 15 14 13 12 11
=Eiinnnnn
19

- 25 24, 1

. m . 00
- _. I

21/DCC - ?3. q.

2/DECD
I I I I . I -2?
3 4 5 6 7 8

Top View

ra
@

4.7uH

1/GND

(2) When wiring between PADs is not possible.
*Place a GND connection via-hole to PAD1 (GND) as close to the module as possible.

18 17 16 15 14 13 12 11 28
25 24 1
26

BN

. . l . . . g
]

Top View

22
2100 [

2/DECD

<< When neither of the above wiring options are possible >>
- Keep the loop between PAD2 (DECD) and PAD21 (DCC) as short as possible.
- Position the 4.7uH inductor as close as possible to PAD21 (DCC).
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12.Notes
32kHz Clock

This module does not installed 32.768 kHz crystal. In case of operating without external crystal, please
set the firmware to use an internal 32.768 kHz RC oscillator.

prj.conf (In case of NCS v3.2.3)
CONFIG_CLOCK_CONTROL_NRF_K32SRC_RC=y

CONFIG_CLOCK_CONTROL_NRF_K32SRC_RC_CALIBRATION=y
CONFIG_CLOCK_CONTROL_NRF_K32SRC_500PPM=y
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Precautions

B Please conduct validation and verification of our products in actual condition of mounting and
operating environment before using our products.

B The products listed in this Specification are intended for use in general electronic equipment (e.g.,
AV equipment, OA equipment, home electric appliances, office equipment, information and
communication equipment including, without limitation, mobile phone, and PC). Please be sure to
contact KAGA FEI for further information before using the products for any equipment which may
directly cause loss of human life or bodily injury (e.g., transportation equipment including, without
limitation, automotive powertrain control system, train control system, and ship control system,
traffic signal equipment, disaster prevention equipment, medical equipment classified as Class |, II
or lll by IMDRF, highly public information network equipment including, without limitation,
telephone exchange, and base station).

Please do not incorporate our products into any equipment requiring high levels of safety and/or
reliability (e.g., aerospace equipment, aviation equipment, medical equipment classified as Class IV
by IMDRF, nuclear control equipment, undersea equipment, military equipment).

When our products are used even for high safety and/or reliability-required devices or circuits of
general electronic equipment, it is strongly recommended to perform a thorough safety evaluation
prior to use of our products and to install a protection circuit as necessary.

Please note that unless you obtain prior written consent of KAGA FEI, KAGA FEI shall not be in
any way responsible for any damages incurred by you or third parties arising from use of the
products listed in this Specification for any equipment requiring inquiry to KAGA FEI or prohibited
for use by KAGA FEI as described above.

B Information contained in this Specification is intended to convey examples of typical performances
and/or applications of our products and is not intended to make any warranty with respect to the
intellectual property rights or any other related rights of KAGA FEI or any third parties nor grant any
license under such rights.

B Please note that the scope of warranty for our products is limited to the delivered our products
themselves and KAGA FEI shall not be in any way responsible for any damages resulting from a
fault or defect in our products.

B The contents of this Specification are applicable to our products which are purchased from our sales
offices or authorized distributors (hereinafter “KAGA FEI’s official sales channel”). Please note that
the contents of this specification are not applicable to our products purchased from any seller other
than KAGA FEI’s official sales channel.

B The contents of this Specification are applied in preference to any agreement between you and
KAGA FEI or KAGA FEI's official sales channel (e.g., supply and purchase agreement, quality
assurance agreement).

B You will have deemed accepted the contents of this Specification upon usage of our products.

B Caution for Export
Some of our products listed in this specification may require specific procedures for export
according to "U.S. Export Administration Regulations" and other applicable regulations.
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