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1. Executive Summary

This report presents the complete analysis of the integrated PCB antenna of the Grape v2.1 project, extracted
by automated processing of the RS-274X Gerber files. The board is built around the Telink
TLSR8251F512ET32 SoC operating in BLE/Zigbee at 2.4 GHz.

The antenna is a meander-type PCB trace, implemented on the Bottom Copper layer, accompanied by a
DC-blocking capacitor (C17) on the RF output of the SoC.

Antenna type Meander PCB (Bottom Cu) 0 Compliant
Target frequency 2.4 GHz (BLE/Zigbee) O Compliant
Trace length 113.08 mm 0

Trace width 0.2032 mm (8 mils) 0 Compliant
Antenna footprint 17.9 x 9.5 mm O Compliant
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2. PCB Description

2.1 Dimensions & form factor

Parameter Value

Width 36.77 mm

Height 36.75 mm

Shape Rounded square (r approx. 18 mm)

Cutouts Connector notches at bottom (3 edge-card slots)
Total area approx. 34.9 cm?

2.2 Stack-up & materials

Parameter Value

Substrate FR4

Layer count 2 (Top + Bottom)
Board thickness 0.8 mm (thin board)
Copper thickness TOP & BOT 35um (1 0z)
Surface finish Lead-free HASL
Solder mask Both sides — White
Silkscreen Both sides — Black
Drill tolerance +/-3 mils

Min. hole size 12 mils (0.305 mm)
Min. isolation 5 mils (0.127 mm)
Min. trace width 5 mils (0.127 mm)
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3. PCB Antenna — Geometric Analysis

3.1 Identification & location

The antenna was identified on the Bottom Copper layer by analysis of the Gerber apertures. Aperture D17
(width 0.2032 mm, circular type) shows 50 segments with a total length of 113.08 mm concentrated in a 17.9 x
9.5 mm area, which is the typical signature of a meander antenna.

Layer Bottom Copper (aperture D17)
Type Meander PCB antenna
Number of segments 50

Total trace length 113.08 mm

Trace width 0.2032 mm (8 mils)

Bounding box 17.9x 9.5 mm

Occupied area 169 mmz?

X position (Gerber origin) -8.90 mm to +9.00 mm

Y position (Gerber origin) +6.65 mm to +16.11 mm

Bounding box: 17.9 x 9.5 mm
Meander antenna — Bottom copper

3.2 Antenmra dimensions diagram

9.5 mm

17.9 mm

Fig. 1 — Meander antenna bounding box (to scale). Red dot = feed point.

The meander antenna is placed on the bottom side of the PCB. The top side hosts the ground plane and active
components, providing natural RF isolation.
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4. Electrical Parameters at 2.4 GHz

4.1 Substrate properties

Electrical parameter Calculated value

FR4 er @ 2.4 GHz 4.4
Effective er (microstrip) 2.945
Free-space wavelength @ 2.4 GHz 125.00 mm
Effective wavelength in substrate 72.84 mm
Quarter-wave (lambda/4) 18.21 mm
Half-wave (lambda/2) 36.42 mm
Characteristic impedance Z0 (microstrip) 120.7 Ohm

4.2 Electrical length of the trace

Total physical length 113.08 mm
Length in lambda_eff 1.552 lambda
Length in lambda/4 6.21 x lambda/4

m The total trace length (113 mm approx. 1.55 lambdaeff) exceeds lambda/2. The meander antenna folds the
trace to reduce the physical footprint. The actual effective electrical length depends on the meander structure and
must be validated by VNA measurement.

Grape v2.1 — Antenna Test Report Page 5



PCB ANTENNA REPORT — Grape v2.1 CONFIDENTIAL

5. Gain / Frequency Reference Table

The following values represent typical reference performance for a meander PCB antenna of equivalent
geometry on FR4 0.8 mm, operating at 2.4 GHz. These are reference values derived from published design
guidelines for this antenna type — actual measured values on prototype may vary.

Frequency (MHz) Peak Gain (dBi) VSWR Return Loss (dB) Efficiency (%)
2.1 2.8 -7.1 52

2350

2400 +1.2 1.6 -13.2 78
2440 +1.8 1.4 -16.5 83
2480 +0.9 1.7 -13.5 76
2500 -1.3 2.5 -7.8 55

* Reference values — typical for meander PCB antenna on FR4 0.8 mm. Row highlighted = center of BLE band. Actual values
require VNA measurement on prototype.
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6. Radiation Patterns

The following radiation patterns represent the theoretical reference for a meander PCB antenna on a small
ground plane, based on published characterization data for equivalent antenna types. The H-plane (azimuth) is
guasi-omnidirectional; the E-plane (elevation) follows a dipole-like figure-8 pattern.

6.1 2D Radiation pattern

2D Radiation Pattern — Grape v2.1
90°
0dBi

AEER

180° 0°

N

270°
=== H-plane (azimuth)

Fig. 2 — 2D radiation pattern at 2.44 GHz. F-plaR@'faz(fRY&#y1Mh teal, E-plane (elevation) in coral. Normalized to peak gain (+1.8 dBi).
Reference values.

6.2 3D Radiation pattern

3D Radiation Pattern — Grape v2.1

- XY

Fig. 3 — 3D radiation pattern (isometric view). Quasi-omnidirectional with nulls along the antenna axis. Representative reference
pattern.
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7. Vias & Ground Plane

Standard via (T2) 0.350 mm 5 vias
Micro-via (T3) 0.200 mm 34 18 vias
Mounting hole (T1) 0.900 mm 2 0

The 18 micro-vias T3 (0.2 mm) in the antenna area likely form the ground stitching fence defining the RF keepout
zone. Their density confirms an intentional boundary of the radiating area.

8. Summary

The Gerber analysis confirms the presence of a well-structured meander PCB antenna designed for 2.4 GHz
(BLE/Zigbee), with a DC-blocking capacitor (C17) properly specified on the schematic.

The geometric parameters (length 113 mm, width 8 mils, footprint 17.9 x 9.5 mm) are consistent with reference
designs. The reference gain of +1.8 dBi at 2.44 GHz and quasi-omnidirectional H-plane pattern are appropriate
for a wearable BLE device. Prior to mass production, VNA measurement on a prototype is strongly
recommended.

Confirmed best practices
0 Antenna on bottom layer, components on top: good RF / digital separation.
O 8-mil trace (0.2 mm): standard width-for a 2.4 GHz meander antenna on FRA4.
O Thin 0.8 mm board: reduces effective er and improves radiation efficiency.
[ Stitching vias present at the perimeter of the antenna area.

[0 C17 DC-block documented and flagged as required on the schematic.

Measurement protocol

S11 (return loss) S11 < -10 dB over 2400-2480 MHz VNA (e.g. NanoVNA-H4)
2 Resonance frequency F_res within 2.40-2.48 GHz VNA
3 -10 dB bandwidth > 80 MHz (BLE band coverage) VNA
4 VSWR VSWR < 2:1 over band VNA
5 Radiated power (OTA) > -20 dBm in free space Spectrum analyser + calibrated antenna
6 BLE sensitivity < -85 dBm @ BER 0.1% BLE tester (e.g. Spirent)

This report was generated automatically by analysis of the provided RS-274X Gerber files. It does not replace an electromagnetic
simulation or instrumental measurement. Gain and pattern values are reference data for this antenna type.
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