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1. Overview

ESP32 is a single 2.4 GHz Wi-Fi and Bluetooth combo chip designed with TSMC low-power 40 nm technology. It

is designed to achieve the best power and RF performance, robustness, versatility, and reliability in a wide variety

of applications and different power profiles.

ESP32 is a highly-integrated solution for Wi-Fi + Bluetooth applications in the IoT industry with around 20 external

components. ESP32 integrates the antenna switch, RF balun, power amplifier, low noise receive amplifier, filters,

and power management modules. As such, the entire solution occupies minimal Printed Circuit Board (PCB)

area.

ESP32 uses CMOS for single-chip fully-integrated radio and baseband, and also integrates advanced calibration

circuitries that allow the solution to dynamically adjust itself to remove external circuit imperfections or adjust to

changes in external conditions. As such, the mass production of ESP32 solutions does not require expensive and

specialized Wi-Fi test equipment.

The ESP32 series of chips includes ESP32-D0WD-V3, ESP32-D0WDR2-V3, ESP32-U4WDH, ESP32-S0WD (Not

Recommended For New Designs), ESP32-D0WD (Not Recommended For New Designs), ESP32-D0WDQ6 (Not

Recommended For New Designs), and ESP32-D0WDQ6-V3 (Not Recommended For New Designs), among

which, ESP32-D0WD-V3, ESP32-D0WDR2-V3, ESP32-U4WDH, and ESP32-D0WDQ6-V3 (Not Recommended

For New Designs), are based on chip revision v3.0 or v3.1.

For details of part number and ordering information, please refer to .

For details on chip revision v3.0 instructions, please refer to .
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2. Schematic Checklist

ESP32’s integrated circuitry requires only 20 resistors, capacitors and inductors, one crystal and one SPI flash

chip.

To better ensure the performance of ESP32, this chapter details ESP32 schematics design. ESP32 schematic is

shown in Figure 1.
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Figure 1: ESP32 Schematics

Notice:

• Figure 1 shows the connection for quad 3.3 V external flash/PSRAM. PSRAM CLK is from SCK/CLK or GPIO17.

• In cases when quad 1.8 V external flash/PSRAM is used, R9 should be populated.

• In cases when quad 3.3 V SiP PSRAM (such as ESP32-D0WDR2-V3) or an external flash is used, PSRAM CLK is

from SCK/CLK. See Figure 1.

• In cases when quad 3.3 V SiP flash (such as ESP32-U4WDH) is used, please refer to Figure 2 for its core schematic.
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Figure 2: Schematic for Quad 3.3 V SiP Flash

Any basic ESP32 circuit design may be broken down into 10 major sections:

• Power supply

• Power-on sequence and system reset

• Flash (compulsory) and SRAM (optional)

• Clock sources

• RF

• External capacitors

• ADC

• UART

• SDIO

• Touch Sensor

2.1 Power Supply

For further details of using the power supply pins, please refer to Section in .

2.1.1 Digital Power Supply

ESP32 has pin37 VDD3P3_CPU that supplies power for CPU IO, in a voltage range of 1.8 V ~ 3.6 V. It is recom-

mended to add an extra 0.1 �F decoupling capacitor close to this digital power supply pin.

Pin26 VDD_SDIO can serve as the power sullpy for the external device at either 1.8 V if GPIO12 is pulled high

during boot, or at 3.3 V if GPIO12 is pulled low during boot. By default, GPIO12 is pulled low.
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• When VDD_SDIO operates at 1.8 V, it’s powered by ESP32’s internal LDO. The maximum current this LDO

can offer is 40 mA, and the output voltage range is 1.65 V ~ 2.0 V. When the VDD_SDIO outputs 1.8 V, it

is recommended that users add a 2 k
 ground resistor and a 4.7 �F ground capacitor close to VDD_SDIO.

See Figure 3.

• When VDD_SDIO operates at 3.3 V, it is driven directly by VDD3P3_RTC through a 6 
 resistor, therefore,

there will be some voltage drop from VDD3P3_RTC. When the VDD_SDIO outputs 3.3 V, it is recommended

that users add a 1 �F filter capacitor close to VDD_SDIO. See Figure 4.

VDD_SDIO can also be driven by an external power supply as shown in Figure 5.
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Figure 3: Schematic for 1.8 V VDD_SDIO Power Supply Pin
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Figure 4: Schematic for 3.3 V VDD_SDIO Power Supply Pin
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Figure 5: Schematic for VDD_SDIO Pin Powered by External Supply

Notice:

When using VDD_SDIO as the power supply pin for the external 3.3 V flash/PSRAM, the supply voltage should be 3.0 V

or above, so as to meet the requirements of flash/PSRAM’s working voltage.

2.1.2 Analog Power Supply

Pin1 VDDA, pin3 VDD3P3, pin4 VDD3P3, pin43 VDDA and pin46 VDDA are the analog power supply pins, working

at 2.3 V ~ 3.6 V.

It should be noted that the sudden increase in current draw, when ESP32 is in transmission mode, may cause a

power rail collapse. Therefore, it is highly recommended to add another 10 �F capacitor to the power trace, which

can work in conjunction with the 0.1 �F capacitor. LC filter circuit needs to be added near VDD3P3 pins so as to

suppress high-frequency harmonics. The inductor’s rated current is preferably 500 mA and above. Refer to Figure

6 and place the appropriate decoupling capacitor near the other analog power pins.
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Figure 6: ESP32 Analog Power Supply Pins

2.1.3 RTC Power Supply

Pin19 VDD3P3_RTC of ESP32 is RTC and analog power pin. It is recommended to place a 0.1 �F decoupling

capacitor near this power pin in the circuit. This power supply can not be used as a backup power since it is not

only for the RTC part.
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Figure 7: ESP32 RTC Power Supply

Notice:

• When use the single power supply, the recommended power supply voltage for ESP32 is 3.3 V and the output

current should be no less than 500 mA.

• It is suggested that users add an ESD protection diode at the power entrance.

2.2 Power-on Sequence and System Reset

2.2.1 Power-on Sequence

ESP32 uses a 3.3 V system power supply. The chip should be activated after the power rails have stabilized. This

is achieved by delaying the activation of CHIP_PU after the 3.3 V rails have been brought up.

Figure 8 shows the power-up and reset timing of ESP32. Details about the parameters are listed in Table 1.

VDD

CHIP_PU

t0 t1

VIL_nRST

VDD3P3_RTC Min

Figure 8: ESP32 Power-up and Reset Timing

Espressif Systems 7

Submit Documentation Feedback

ESP32 Hardware Design Guidelines v3.3

https://www.espressif.com/en/company/contact/documentation_feedback?docId=4089&sections=&version=3.3


Table 1: Description of ESP32 Power-up and Reset Timing Parameters

Parameter Description Min (�s)

t0 Time between the 3.3 V rails being brought up and CHIP_PU being activated 50

t1 Duration of CHIP_PU signal level < VIL_nRST 50

Notice:

To ensure that stable power is supplied to the ESP32 chip during power-up, it is advised to add an RC delay circuit at the

CHIP_PU pin. The recommended setting for the RC delay circuit is usually R = 10 k
 and C = 1 µF. However, specific

parameters should be adjusted based on the power supply features and the power-up timing and reset sequence timing

of the chip.

2.2.2 Reset

CHIP_PU serves as the reset pin of ESP32. The input level (VIL_nRST ) for resetting the chip should be no more than

0.6 V and remain at least 50 �s. More details can be found in Section in .

To avoid reboots caused by external interferences, the CHIP_PU trace should be as short as possible. A pull-up

resistor and a ground capacitor are highly recommended.

Notice:

CHIP_PU pin must not be left floating.

2.3 Flash (compulsory) and SRAM (optional)

ESP32 requires SiP flash or external flash to store application firmware and data. SiP PSRAM or external RAM is

optional.

2.3.1 SiP Flash and SiP PSRAM

SiP (System-in-Package) flash and SiP PSRAM refer to the flash and PSRAM that are integrated into the package,

depending on a chip variant. For the pin-to-pin mapping between the chip and SiP flash/PSRAM, please refer to

Table 2. The chip pins listed here are not recommended for other usage.

Table 2: Pin-to-Pin Mapping Between Chip and SiP Flash/PSRAM

ESP32-U4WDH SiP Flash (4 MB)

SD_DATA_1 IO0/DI

GPIO17 IO1/DO

SD_DATA_0 IO2/WP#

SD_CMD IO3/HOLD#

SD_CLK CLK

GPIO16 CS#

GND VSS

VDD_SDIO VDD

ESP32-D0WDR2-V3 SiP PSRAM (2 MB)

SD_DATA_1 SIO0/SI
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SD_DATA_0 SIO1/SO

SD_DATA_3 SIO2

SD_DATA_2 SIO3

SD_CLK SCLK

GPIO16* CE#

GND VSS

VDD_SDIO VDD

2.3.2 External Flash and External RAM

ESP32 can support up to 16 MB external flash and 8 MB external RAM. Make sure to select appropriate external

flash and RAM according to the power voltage on VDD_SDIO. It is recommended to add a 0 
 series resistor on

the SPI communication lines to lower the driving current, reduce interference to RF, adjust timing, and better shield

from interference.

The ESP32 schematics for the external quad flash/PSRAM is shown in Figure 1.

Note:

For the supported flash chips, see Section SPI Flash API in ESP-IDF Programming Guide.

2.4 Clock Source

There are two clock sources for the ESP32, that is, an external crystal oscillator clock source and an RTC clock

source.

2.4.1 External Clock Source (compulsory)

Currently, the ESP32 Wi-Fi/Bluetooth firmware only supports 40 MHz crystal oscillator. In circuit design, capacitors

C1 and C2 which connect to the ground are added to the input and output terminals of the crystal oscillator

respectively. The specific capacitive values depend on further testing of, and adjustment to, the overall performance

of the whole circuit. It is recommended that users reserve a series resistor of 0 
 on the XTAL_P clock trace to

reduce the drive strength of the crystal, as well as to minimize the impact of crystal harmonics on RF performance.

Note that the accuracy of the selected crystal is ±10 ppm. The schematic for crystal oscillator is shown in Figure

9.
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�P�T�D�J�M�M�B�U�P�S�
 �B�O�E �B�U �U�I�F �F�O�E �P�G �U�I�F �D�M�P�D�L �U�S�B�D�F�
 �U�P �N�B�L�F �T�V�S�F �U�I�F �H�S�P�V�O�E �Q�B�E �P�G �U�I�F �D�B�Q�B�D�J�U�P�S �J�T �D�M�P�T�F �U�P �U�I�B�U �P�G

�U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S��

�t �%�P �O�P�U �S�P�V�U�F �I�J�H�I���G�S�F�R�V�F�O�D�Z �E�J�H�J�U�B�M �T�J�H�O�B�M �U�S�B�D�F�T �V�O�E�F�S �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S�� �*�U �J�T �C�F�T�U �O�P�U �U�P �S�P�V�U�F �B�O�Z �T�J�H�O�B�M

�U�S�B�D�F �V�O�E�F�S �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S�� �5�I�F �W�J�B�T �P�O �U�I�F �Q�P�X�F�S �U�S�B�D�F�T �P�O �C�P�U�I �T�J�E�F�T �P�G �U�I�F �D�S�Z�T�U�B�M �D�M�P�D�L �U�S�B�D�F

�T�I�P�V�M�E �C�F �Q�M�B�D�F�E �B�T �G�B�S �B�X�B�Z �G�S�P�N �U�I�F �D�M�P�D�L �U�S�B�D�F �B�T �Q�P�T�T�J�C�M�F�
 �B�O�E �U�I�F �U�X�P �T�J�E�F�T �P�G �U�I�F �D�M�P�D�L �U�S�B�D�F �T�I�P�V�M�E

�C�F �T�V�S�S�P�V�O�E�F�E �C�Z �H�S�P�V�O�E�J�O�H �D�P�Q�Q�F�S��

�t �"�T �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S �J�T �B �T�F�O�T�J�U�J�W�F �D�P�N�Q�P�O�F�O�U�
 �E�P �O�P�U �Q�M�B�D�F �B�O�Z �N�B�H�O�F�U�J�D �D�P�N�Q�P�O�F�O�U�T �O�F�B�S�C�Z �U�I�B�U �N�B�Z

�D�B�V�T�F �J�O�U�F�S�G�F�S�F�O�D�F�
 �G�P�S �F�Y�B�N�Q�M�F �M�B�S�H�F �J�O�E�V�D�U�B�O�D�F �D�P�N�Q�P�O�F�O�U�
 �B�O�E �F�O�T�V�S�F �U�I�B�U �U�I�F�S�F �J�T �B �D�M�F�B�O �M�B�S�H�F���B�S�F�B

�H�S�P�V�O�E �Q�M�B�O�F �B�S�P�V�O�E �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S��

�&�T�Q�S�F�T�T�J�G �4�Z�T�U�F�N�T ����

�4�V�C�N�J�U�%�P�D�V�N�F�O�U�B�U�J�P�O�'�F�F�E�C�B�D�L

�&�4�1���� �)�B�S�E�X�B�S�F �%�F�T�J�H�O �(�V�J�E�F�M�J�O�F�T �W������
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�'�J�H�V�S�F ������ �&�4�1���� �$�S�Z�T�U�B�M �0�T�D�J�M�M�B�U�P�S �-�B�Z�P�V�U

���������� �3�'

�t �'�P�V�S���M�B�Z�F�S �1�$�# �E�F�T�J�H�O

�*�O �B �G�P�V�S���M�B�Z�F�S �1�$�# �E�F�T�J�H�O�
 �U�I�F �3�' �U�S�B�D�F �J�T �S�P�V�U�F�E �B�T �T�I�P�X�O �I�J�H�I�M�J�H�I�U�F�E �J�O �Q�J�O�L �J�O �'�J�H�V�S�F���� �� �5�I�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D

�3�' �J�N�Q�F�E�B�O�D�F �N�V�T�U �C�F ����
 �� �5�I�F �H�S�P�V�O�E �Q�M�B�O�F �P�O �U�I�F �B�E�K�B�D�F�O�U �M�B�Z�F�S �O�F�F�E�T �U�P �C�F �D�P�N�Q�M�F�U�F�� �.�B�L�F �T�V�S�F �U�P

�L�F�F�Q �U�I�F �X�J�E�U�I �P�G �U�I�F �3�' �U�S�B�D�F �D�P�O�T�J�T�U�F�O�U�
 �B�O�E �E�P �O�P�U �C�S�B�O�D�I �U�I�F �U�S�B�D�F�� �5�I�F �3�' �U�S�B�D�F �T�I�P�V�M�E �C�F �B�T �T�I�P�S�U �B�T

�Q�P�T�T�J�C�M�F �X�J�U�I �E�F�O�T�F �H�S�P�V�O�E �W�J�B �T�U�J�U�D�I�J�O�H �B�S�P�V�O�E �J�U �G�P�S �J�T�P�M�B�U�J�P�O��

�)�P�X�F�W�F�S�
 �U�I�F�S�F �T�I�P�V�M�E �C�F �O�P �W�J�B�T �G�P�S �U�I�F �3�' �U�S�B�D�F�� �5�I�F �3�' �U�S�B�D�F �T�I�P�V�M�E �C�F �S�P�V�U�F�E �B�U �B �������« �B�O�H�M�F�
 �P�S �X�J�U�I

�D�J�S�D�V�M�B�S �B�S�D�T �J�G �U�S�B�D�F �C�F�O�E�T �B�S�F �S�F�R�V�J�S�F�E��

� ���U�Z�Q�F �N�B�U�D�I�J�O�H �D�J�S�D�V�J�U�S�Z �T�I�P�V�M�E �C�F �S�F�T�F�S�W�F�E �P�O �U�I�F �3�' �U�S�B�D�F �B�O�E �Q�M�B�D�F�E �D�M�P�T�F �U�P �U�I�F �D�I�J�Q��

�/�P �I�J�H�I���G�S�F�R�V�F�O�D�Z �T�J�H�O�B�M �U�S�B�D�F�T �T�I�P�V�M�E �C�F �S�P�V�U�F�E �D�M�P�T�F �U�P �U�I�F �3�' �U�S�B�D�F�� �5�I�F �3�' �B�O�U�F�O�O�B �T�I�P�V�M�E �C�F �Q�M�B�D�F�E

�B�X�B�Z �G�S�P�N �I�J�H�I���G�S�F�R�V�F�O�D�Z �U�S�B�O�T�N�J�U�U�J�O�H �E�F�W�J�D�F�T�
 �T�V�D�I �B�T �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S�T�
 �%�%�3�
 �B�O�E �D�M�P�D�L�T �	�4�%�*�0�@�$�-�,�
�


�F�U�D��

�*�O �B�E�E�J�U�J�P�O�
 �U�I�F �6�4�# �Q�P�S�U�
 �6�4�#���U�P���6�"�3�5 �D�I�J�Q�
 �6�"�3�5 �T�J�H�O�B�M �M�J�O�F�T �	�J�O�D�M�V�E�J�O�H �U�S�B�D�F�T�
 �W�J�B�T�
 �U�F�T�U �Q�P�J�O�U�T�
 �I�F�B�E�F�S

�Q�J�O�T�
 �F�U�D���
 �N�V�T�U �C�F �B�T �G�B�S �B�X�B�Z �G�S�P�N �U�I�F �B�O�U�F�O�O�B �B�T �Q�P�T�T�J�C�M�F�� �*�U �J�T �H�P�P�E �Q�S�B�D�U�J�D�F �U�P �B�E�E �H�S�P�V�O�E �W�J�B�T �B�S�P�V�O�E

�U�I�F �6�"�3�5 �T�J�H�O�B�M �M�J�O�F��

�t �5�X�P���M�B�Z�F�S �1�$�# �E�F�T�J�H�O

�*�O �B �U�X�P���M�B�Z�F�S �1�$�# �E�F�T�J�H�O�
 �U�I�F �3�' �U�S�B�D�F �J�T �S�P�V�U�F�E �B�T �T�I�P�X�O �I�J�H�I�M�J�H�I�U�F�E �J�O �Q�J�O�L �J�O �'�J�H�V�S�F���� �� �5�I�F �X�J�E�U�I �P�G �U�I�F

�3�' �U�S�B�D�F �T�I�P�V�M�E �C�F �H�S�F�B�U�F�S �U�I�B�O �U�I�B�U �P�G �U�I�F �3�' �U�S�B�D�F �J�O �B �G�P�V�S���M�B�Z�F�S �C�P�B�S�E �B�O�E �J�T �O�P�S�N�B�M�M�Z �P�W�F�S ���� �N�J�M�� �5�I�F

�B�D�U�V�B�M �X�J�E�U�I �E�F�Q�F�O�E�T �P�O �U�I�F �J�N�Q�F�E�B�O�D�F �G�P�S�N�V�M�B �X�I�F�S�F �J�N�Q�F�E�B�O�D�F���S�F�M�F�W�B�O�U �Q�B�S�B�N�F�U�F�S�T �N�B�Z �W�B�S�Z �E�F�Q�F�O�E�J�O�H

�P�O �U�I�F �O�V�N�C�F�S �P�G �1�$�# �M�B�Z�F�S�T��

�0�U�I�F�S �H�P�P�E �Q�S�B�D�U�J�D�F�T �G�P�S �S�P�V�U�J�O�H �3�' �U�S�B�D�F�T �J�O �G�P�V�S���M�B�Z�F�S �1�$�# �E�F�T�J�H�O�T �T�U�J�M�M �B�Q�Q�M�Z �U�P �U�X�P���M�B�Z�F�S �C�P�B�S�E �E�F�T�J�H�O�T��

�&�T�Q�S�F�T�T�J�G �4�Z�T�U�F�N�T ����

�4�V�C�N�J�U�%�P�D�V�N�F�O�U�B�U�J�P�O�'�F�F�E�C�B�D�L

�&�4�1���� �)�B�S�E�X�B�S�F �%�F�T�J�H�O �(�V�J�E�F�M�J�O�F�T �W������
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�'�J�H�V�S�F ������ �&�4�1���� �3�' �-�B�Z�P�V�U �J�O �B �'�P�V�S���M�B�Z�F�S �1�$�# �%�F�T�J�H�O

�'�J�H�V�S�F ������ �&�4�1���� �3�' �-�B�Z�P�V�U �J�O �B �5�X�P���M�B�Z�F�S �1�$�# �%�F�T�J�H�O

���������� �'�M�B�T�I �� �1�4�3�"�.

�3�P�V�U�F �U�I�F �4�1�* �U�S�B�D�F�T �P�G �U�I�F �G�M�B�T�I �B�O�E �1�4�3�"�. �P�O �U�I�F �J�O�O�F�S �M�B�Z�F�S �	�F���H���
 �U�I�F �U�I�J�S�E �M�B�Z�F�S�
 �X�I�F�O�F�W�F�S �Q�P�T�T�J�C�M�F�� �"�E�E

�H�S�P�V�O�E �W�J�B�T �B�S�P�V�O�E �U�I�F �D�M�P�D�L �B�O�E �E�B�U�B �U�S�B�D�F�T �P�G �4�1�* �T�F�Q�B�S�B�U�F�M�Z�� �5�I�F �M�B�Z�P�V�U �P�G �U�I�F �G�M�B�T�I �B�O�E �1�4�3�"�. �P�O �&�4�1���� �J�T

�T�I�P�X�O �J�O �'�J�H�V�S�F���� ��

���������� �&�Y�U�F�S�O�B�M �3�$

�&�Y�U�F�S�O�B�M �S�F�T�J�T�U�P�S�T �B�O�E �D�B�Q�B�D�J�U�P�S�T �T�I�P�V�M�E �C�F �Q�M�B�D�F�E �D�M�P�T�F �U�P �U�I�F �D�I�J�Q �Q�J�O�T�
 �B�O�E �U�I�F�S�F �T�I�P�V�M�E �C�F �O�P �W�J�B�T �B�S�P�V�O�E �U�I�F

�U�S�B�D�F�T�� �1�M�F�B�T�F �F�O�T�V�S�F �U�I�B�U ���� �O�' �D�B�Q�B�D�J�U�P�S�T �B�S�F �Q�M�B�D�F�E �D�M�P�T�F �U�P �U�I�F �Q�J�O�T��

���������� �6�"�3�5

�5�I�F �T�F�S�J�F�T �S�F�T�J�T�U�P�S �P�O �U�I�F �6���5�9�% �M�J�O�F �O�F�F�E�T �U�P �C�F �Q�M�B�D�F�E �B�T �D�M�P�T�F �U�P �U�I�F �D�I�J�Q �B�O�E �B�X�B�Z �G�S�P�N �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S

�B�T �Q�P�T�T�J�C�M�F�� �'�J�H�V�S�F���� �C�F�M�P�X �T�I�P�X�T �B�O �F�Y�B�N�Q�M�F �P�G �6�"�3�5 �E�F�T�J�H�O��

�&�T�Q�S�F�T�T�J�G �4�Z�T�U�F�N�T ����

�4�V�C�N�J�U�%�P�D�V�N�F�O�U�B�U�J�P�O�'�F�F�E�C�B�D�L

�&�4�1���� �)�B�S�E�X�B�S�F �%�F�T�J�H�O �(�V�J�E�F�M�J�O�F�T �W������
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�'�J�H�V�S�F ������ �&�4�1���� �'�M�B�T�I �B�O�E �1�4�3�"�. �-�B�Z�P�V�U

�'�J�H�V�S�F ������ �&�4�1���� �6�"�3�5 �%�F�T�J�H�O

���������� �5�P�V�D�I �4�F�O�T�P�S

�&�4�1���� �P�G�G�F�S�T �V�Q �U�P ���� �D�B�Q�B�D�J�U�J�W�F �*�0�T �U�I�B�U �E�F�U�F�D�U �D�I�B�O�H�F�T �J�O �D�B�Q�B�D�J�U�B�O�D�F �P�O �U�P�V�D�I �T�F�O�T�P�S�T �E�V�F �U�P �G�J�O�H�F�S �D�P�O�U�B�D�U �P�S
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�V�T�F �U�P�V�D�I �Q�B�E�T �X�J�U�I �T�N�B�M�M�F�S �B�S�F�B �U�P �J�N�Q�M�F�N�F�O�U �U�I�F �U�P�V�D�I �E�F�U�F�D�U�J�P�O �G�V�O�D�U�J�P�O�� �6�T�F�S�T �D�B�O �B�M�T�P �V�T�F �U�I�F �U�P�V�D�I �Q�B�O�F�M

�B�S�S�B�Z �U�P �E�F�U�F�D�U �B �M�B�S�H�F�S �B�S�F�B �P�S �N�P�S�F �U�F�T�U �Q�P�J�O�U�T�� �'�J�H�V�S�F���� �E�F�Q�J�D�U�T �B �U�Z�Q�J�D�B�M �U�P�V�D�I �T�F�O�T�P�S �B�Q�Q�M�J�D�B�U�J�P�O��

�&�T�Q�S�F�T�T�J�G �4�Z�T�U�F�N�T ����

�4�V�C�N�J�U�%�P�D�V�N�F�O�U�B�U�J�P�O�'�F�F�E�C�B�D�L

�&�4�1���� �)�B�S�E�X�B�S�F �%�F�T�J�H�O �(�V�J�E�F�M�J�O�F�T �W������
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�*�O �P�S�E�F�S �U�P �Q�S�F�W�F�O�U �D�B�Q�B�D�J�U�J�W�F �D�P�V�Q�M�J�O�H �B�O�E �P�U�I�F�S �F�M�F�D�U�S�J�D�B�M �J�O�U�F�S�G�F�S�F�O�D�F �U�P �U�I�F �T�F�O�T�J�U�J�W�J�U�Z �P�G �U�I�F �U�P�V�D�I �T�F�O�T�P�S �T�Z�T�U�F�N�


�U�I�F �G�P�M�M�P�X�J�O�H �G�B�D�U�P�S�T �T�I�P�V�M�E �C�F �U�B�L�F�O �J�O�U�P �B�D�D�P�V�O�U��

�&�M�F�D�U�S�P�E�F �1�B�U�U�F�S�O
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�t �5�I�F �U�S�B�D�F �X�J�E�U�I �	�8�
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�t �5�I�F �B�M�J�H�O�N�F�O�U �B�O�H�M�F �	�3�
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�B�E�E �H�S�P�V�O�E �W�J�B�T �B�S�P�V�O�E �U�I�F �$�-�, �U�S�B�D�F�T �T�F�Q�B�S�B�U�F�M�Z�
 �B�O�E �B�S�P�V�O�E �U�I�F �Q�B�S�B�M�M�F�M �E�B�U�B �P�S �B�E�E�S�F�T�T �C�V�T�F�T��

�t �5�I�F �(�/�% �P�G �U�I�F �8�J���'�J �D�J�S�D�V�J�U �B�O�E �U�I�B�U �P�G �P�U�I�F�S �I�J�H�I���Q�P�X�F�S �E�F�W�J�D�F�T �T�I�P�V�M�E �C�F �T�F�Q�B�S�B�U�F�E �B�O�E �D�P�O�O�F�D�U�F�E

�U�I�S�P�V�H�I �X�J�S�F�T �J�G �U�I�F�S�F �B�S�F �I�J�H�I���Q�P�X�F�S �D�P�N�Q�P�O�F�O�U�T�
 �T�V�D�I �B�T �N�P�U�P�S�T�
 �J�O �U�I�F �E�F�T�J�H�O��
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 �C�V�U �B�M�T�P �C�Z �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S �J�U�T�F�M�G�� �1�P�P�S

�R�V�B�M�J�U�Z �B�O�E �C�J�H �G�S�F�R�V�F�O�D�Z �P�G�G�T�F�U�T �P�G �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S �E�F�D�S�F�B�T�F �U�I�F �3�' �5�9 �Q�F�S�G�P�S�N�B�O�D�F�� �5�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S

�D�M�P�D�L �N�B�Z �C�F �D�P�S�S�V�Q�U�F�E �C�Z �P�U�I�F�S �J�O�U�F�S�G�F�S�J�O�H �T�J�H�O�B�M�T�
 �T�V�D�I �B�T �I�J�H�I���T�Q�F�F�E �P�V�U�Q�V�U �P�S �J�O�Q�V�U �T�J�H�O�B�M�T�� �*�O �B�E�E�J�U�J�P�O�
 �I�J�H�I��

�G�S�F�R�V�F�O�D�Z �T�J�H�O�B�M �U�S�B�D�F�T�
 �T�V�D�I �B�T �U�I�F �4�%�*�0 �U�S�B�D�F �B�O�E �6�"�3�5 �U�S�B�D�F �V�O�E�F�S �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S�
 �D�P�V�M�E �B�M�T�P �S�F�T�V�M�U �J�O �U�I�F

�N�B�M�G�V�O�D�U�J�P�O �P�G �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S�� �#�F�T�J�E�F�T�
 �T�F�O�T�J�U�J�W�F �D�P�N�Q�P�O�F�O�U�T �P�S �S�B�E�J�B�U�J�P�O �D�P�N�Q�P�O�F�O�U�T�
 �T�V�D�I �B�T �J�O�E�V�D�U�P�S�T

�B�O�E �B�O�U�F�O�O�B�T�
 �N�B�Z �B�M�T�P �E�F�D�S�F�B�T�F �U�I�F �3�' �Q�F�S�G�P�S�N�B�O�D�F��

�4�P�M�V�U�J�P�O��

�5�I�J�T �Q�S�P�C�M�F�N �J�T �D�B�V�T�F�E �C�Z �J�N�Q�S�P�Q�F�S �M�B�Z�P�V�U �B�O�E �D�B�O �C�F �T�P�M�W�F�E �C�Z �S�F���M�B�Z�P�V�U�� �1�M�F�B�T�F �T�F�F �T�F�D�U�J�P�O�� �G�P�S �E�F�U�B�J�M�T��

���������� �2�� �8�I�F�O �&�4�1���� �T�F�O�E�T �E�B�U�B �Q�B�D�L�B�H�F�T�
 �U�I�F �Q�P�X�F�S �W�B�M�V�F �J�T �N�V�D�I �I�J�H�I�F�S �P�S �M�P�X�F�S

�U�I�B�O �U�I�F �U�B�S�H�F�U �Q�P�X�F�S �W�B�M�V�F�
 �B�O�E �U�I�F �&�7�. �J�T �S�F�M�B�U�J�W�F�M�Z �Q�P�P�S��

�"�O�B�M�Z�T�J�T��

�5�I�F �E�J�T�Q�B�S�J�U�Z �C�F�U�X�F�F�O �U�I�F �U�F�T�U�F�E �W�B�M�V�F �B�O�E �U�I�F �U�B�S�H�F�U �W�B�M�V�F �N�B�Z �C�F �E�V�F �U�P �T�J�H�O�B�M �S�F�G�M�F�D�U�J�P�O �D�B�V�T�F�E �C�Z �U�I�F �J�N�Q�F�E�B�O�D�F

�N�J�T�N�B�U�D�I �P�O �U�I�F �U�S�B�O�T�N�J�T�T�J�P�O �M�J�O�F �D�P�O�O�F�D�U�J�O�H �U�I�F �3�' �Q�J�O �B�O�E �U�I�F �B�O�U�F�O�O�B�� �#�F�T�J�E�F�T�
 �U�I�F �J�N�Q�F�E�B�O�D�F �N�J�T�N�B�U�D�I �X�J�M�M

�B�G�G�F�D�U �U�I�F �X�P�S�L�J�O�H �T�U�B�U�F �P�G �U�I�F �J�O�U�F�S�O�B�M �1�"�
 �N�B�L�J�O�H �U�I�F �1�" �Q�S�F�N�B�U�V�S�F�M�Z �B�D�D�F�T�T �U�I�F �T�B�U�V�S�B�U�F�E �S�F�H�J�P�O �J�O �B�O �B�C�O�P�S�N�B�M

�X�B�Z�� �5�I�F �&�7�. �C�F�D�P�N�F�T �Q�P�P�S �B�T �U�I�F �T�J�H�O�B�M �E�J�T�U�P�S�U�J�P�O �I�B�Q�Q�F�O�T��

�4�P�M�V�U�J�P�O��

�.�B�U�D�I �U�I�F �B�O�U�F�O�O�B���T �J�N�Q�F�E�B�O�D�F �X�J�U�I �U�I�F �S�F�T�F�S�W�F�E� ���U�Z�Q�F �D�J�S�D�V�J�U �P�O �U�I�F �3�' �U�S�B�D�F�
 �T�P �U�I�B�U �J�N�Q�F�E�B�O�D�F �P�G �U�I�F �B�O�U�F�O�O�B

�B�T �T�F�F�O �G�S�P�N �U�I�F �3�' �Q�J�O �N�B�U�D�I�F�T �D�M�P�T�F�M�Z �X�J�U�I �U�I�B�U �P�G �U�I�F �D�I�J�Q�� �5�I�J�T �S�F�E�V�D�F�T �S�F�G�M�F�D�U�J�P�O�T �U�P �U�I�F �N�J�O�J�N�V�N��

���������� �2�� �5�9 �Q�F�S�G�P�S�N�B�O�D�F �J�T �O�P�U �C�B�E�
 �C�V�U �U�I�F �3�9 �T�F�O�T�J�U�J�W�J�U�Z �J�T �M�P�X��

�"�O�B�M�Z�T�J�T��

�(�P�P�E �5�9 �Q�F�S�G�P�S�N�B�O�D�F �J�O�E�J�D�B�U�F�T �Q�S�P�Q�F�S �3�' �J�N�Q�F�E�B�O�D�F �N�B�U�D�I�J�O�H�� �&�Y�U�F�S�O�B�M �D�P�V�Q�M�J�O�H �U�P �U�I�F �B�O�U�F�O�O�B �D�B�O �B�G�G�F�D�U �U�I�F

�3�9 �Q�F�S�G�P�S�N�B�O�D�F�� �'�P�S �J�O�T�U�B�O�D�F�
 �U�I�F �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S �T�J�H�O�B�M �I�B�S�N�P�O�J�D�T �D�P�V�M�E �D�P�V�Q�M�F �U�P �U�I�F �B�O�U�F�O�O�B�� �*�G �U�I�F �5�9 �B�O�E

�3�9 �U�S�B�D�F�T �P�G �6�"�3�5 �D�S�P�T�T �P�W�F�S �X�J�U�I �3�' �U�S�B�D�F�
 �U�I�F�O�
 �U�I�F�Z �X�J�M�M �B�G�G�F�D�U �U�I�F �3�9 �Q�F�S�G�P�S�N�B�O�D�F�
 �B�T �X�F�M�M�� �*�G �&�4�1���� �T�F�S�W�F�T

�B�T �B �T�M�B�W�F �E�F�W�J�D�F�
 �U�I�F�S�F �X�J�M�M �C�F �P�U�I�F�S �I�J�H�I���G�S�F�R�V�F�O�D�Z �J�O�U�F�S�G�F�S�F�O�D�F �T�P�V�S�D�F�T �P�O �U�I�F �C�P�B�S�E�
 �X�I�J�D�I �N�B�Z �B�G�G�F�D�U �U�I�F �3�Y

�Q�F�S�G�P�S�N�B�O�D�F��

�4�P�M�V�U�J�P�O��

�,�F�F�Q �U�I�F �B�O�U�F�O�O�B �B�X�B�Z �G�S�P�N �D�S�Z�T�U�B�M �P�T�D�J�M�M�B�U�P�S�T�� �%�P �O�P�U �S�P�V�U�F �I�J�H�I���G�S�F�R�V�F�O�D�Z �T�J�H�O�B�M �U�S�B�D�F�T �D�M�P�T�F �U�P �U�I�F �3�' �U�S�B�D�F��

�)�J�H�I �Q�F�S�G�P�S�N�B�O�D�F �E�J�H�J�U�B�M �D�J�S�D�V�J�U�S�Z �T�I�P�V�M�E �C�F �Q�M�B�D�F�E �B�X�B�Z �G�S�P�N �U�I�F �3�' �C�M�P�D�L �P�O �M�B�S�H�F �C�P�B�S�E �E�F�T�J�H�O�T�� �1�M�F�B�T�F �T�F�F

�T�F�D�U�J�P�O�� �G�P�S �E�F�U�B�J�M�T��

�&�T�Q�S�F�T�T�J�G �4�Z�T�U�F�N�T ����

�4�V�C�N�J�U�%�P�D�V�N�F�O�U�B�U�J�P�O�'�F�F�E�C�B�D�L

�&�4�1���� �)�B�S�E�X�B�S�F �%�F�T�J�H�O �(�V�J�E�F�M�J�O�F�T �W������



���� �)�"�3�%�8�"�3�& �%�&�7�&�-�0�1�.�&�/�5

���� �)�B�S�E�X�B�S�F �%�F�W�F�M�P�Q�N�F�O�U

�&�T�Q�S�F�T�T�J�G �E�F�T�J�H�O�T �B�O�E �N�B�O�V�G�B�D�U�V�S�F�T �B �M�B�S�H�F �W�B�S�J�F�U�Z �P�G �N�P�E�V�M�F�T �B�O�E �C�P�B�S�E�T �U�P �I�F�M�Q �V�T�F�S�T �F�W�B�M�V�B�U�F �G�V�O�D�U�J�P�O�B�M�J�U�Z �P�G

�U�I�F �&�4�1���� �G�B�N�J�M�Z �P�G �D�I�J�Q�T��

�'�P�S �B �M�J�T�U �P�G �U�I�F �M�B�U�F�T�U �W�F�S�T�J�P�O�T �P�G �&�4�1���� �N�P�E�V�M�F�T �B�O�E �E�F�W�F�M�P�Q�N�F�O�U �C�P�B�S�E�T�
 �Q�M�F�B�T�F �S�F�G�F�S �U�P�&�4�1�����.�P�E�V�M�F�T�B�O�E

�#�P�B�S�E�T��

�5�P �S�F�W�J�F�X �N�P�E�V�M�F �S�F�G�F�S�F�O�D�F �E�F�T�J�H�O�T �Q�M�F�B�T�F �D�I�F�D�L�%�P�D�V�N�F�O�U�B�U�J�P�O�T�F�D�U�J�P�O �P�G �&�T�Q�S�F�T�T�J�G �X�F�C�T�J�U�F��

�/�P�U�F�T �P�O �6�T�J�O�H �.�P�E�V�M�F�T

�t �5�I�F �N�P�E�V�M�F �V�T�F�T �P�O�F �T�J�O�H�M�F �Q�J�O �B�T �U�I�F �Q�P�X�F�S �T�V�Q�Q�M�Z �Q�J�O�� �6�T�F�S�T �D�B�O �D�P�O�O�F�D�U �U�I�F �N�P�E�V�M�F �U�P �B ������ �7 �Q�P�X�F�S

�T�V�Q�Q�M�Z�� �5�I�F ������ �7 �Q�P�X�F�S �T�V�Q�Q�M�Z �X�P�S�L�T �C�P�U�I �G�P�S �U�I�F �B�O�B�M�P�H �D�J�S�D�V�J�U �B�O�E �U�I�F �E�J�H�J�U�B�M �D�J�S�D�V�J�U��

�t �5�I�F �&�/ �Q�J�O �J�T �V�T�F�E �G�P�S �F�O�B�C�M�J�O�H �U�I�F �D�I�J�Q�� �4�F�U �U�I�F �&�/ �Q�J�O �I�J�H�I �G�P�S �O�P�S�N�B�M �X�P�S�L�J�O�H �N�P�E�F�� �5�I�F�S�F �J�T �O�P �3�$

�E�F�M�B�Z �D�J�S�D�V�J�U �P�O �U�I�F �N�P�E�V�M�F�� �*�U �J�T �S�F�D�P�N�N�F�O�E�F�E �U�I�B�U �V�T�F�S�T �B�E�E �B�O �F�Y�U�F�S�O�B�M �3�$ �E�F�M�B�Z �D�J�S�D�V�J�U �U�P �U�I�F �N�P�E�V�M�F��

�'�P�S �E�F�U�B�J�M�T �Q�M�F�B�T�F �S�F�G�F�S �U�P �4�F�D�U�J�P�O��������

�t �-�F�B�E �U�I�F �(�/�%�
 �3�9�%�
 �5�9�% �Q�J�O�T �P�V�U �B�O�E �D�P�O�O�F�D�U �U�I�F�N �U�P �B �6�4�#���U�P���6�"�3�5 �U�P�P�M �G�P�S �G�J�S�N�X�B�S�F �E�P�X�O�M�P�B�E�
 �M�P�H��

�Q�S�J�O�U�J�O�H �B�O�E �D�P�N�N�V�O�J�D�B�U�J�P�O��

�#�Z �E�F�G�B�V�M�U�
 �U�I�F �J�O�J�U�J�B�M �G�J�S�N�X�B�S�F �I�B�T �B�M�S�F�B�E�Z �C�F�F�O �E�P�X�O�M�P�B�E�F�E �J�O �U�I�F �G�M�B�T�I�� �*�G �V�T�F�S�T �O�F�F�E �U�P �S�F���E�P�X�O�M�P�B�E �U�I�F �G�J�S�N�X�B�S�F�


�U�I�F�Z �T�I�P�V�M�E �G�P�M�M�P�X �U�I�F �T�U�F�Q�T �C�F�M�P�X��

���� �4�F�U �U�I�F �N�P�E�V�M�F �U�P �6�"�3�5 �%�P�X�O�M�P�B�E �N�P�E�F �C�Z �Q�V�M�M�J�O�H �*�0�� �	�Q�V�M�M�F�E �V�Q �C�Z �E�F�G�B�V�M�U�
 �B�O�E �*�0�� �	�Q�V�M�M�F�E �E�P�X�O �C�Z

�E�F�G�B�V�M�U�
 �M�P�X�� �5�I�F �D�I�J�Q �*�0�T �B�S�F �Q�V�M�M�F�E �E�P�X�O �J�O�U�F�S�O�B�M�M�Z �C�Z �E�F�G�B�V�M�U��

���� �1�P�X�F�S �P�O �U�I�F �N�P�E�V�M�F �B�O�E �D�I�F�D�L �U�I�S�P�V�H�I �U�I�F �T�F�S�J�B�M �U�F�S�N�J�O�B�M �J�G �U�I�F �6�"�3�5 �%�P�X�O�M�P�B�E �N�P�E�F �J�T �F�O�B�C�M�F�E��

���� �%�P�X�O�M�P�B�E �U�I�F �G�J�S�N�X�B�S�F �U�P �G�M�B�T�I�
 �V�T�J�O�H �U�I�F�'�M�B�T�I�%�P�X�O�M�P�B�E�5�P�P�M��

���� �"�G�U�F�S �E�P�X�O�M�P�B�E�J�O�H�
 �Q�V�M�M �*�0�� �I�J�H�I �P�S �K�V�T�U �M�F�B�W�F �J�U �G�M�P�B�U�J�O�H �B�O�E �V�T�F �U�I�F �J�O�U�F�S�O�B�M �X�F�B�L �Q�V�M�M���V�Q �U�P �F�O�B�C�M�F �U�I�F �4�1�*

�#�P�P�U �N�P�E�F��

���� �1�P�X�F�S �P�O �U�I�F �N�P�E�V�M�F �B�H�B�J�O�� �5�I�F �D�I�J�Q �X�J�M�M �S�F�B�E �B�O�E �F�Y�F�D�V�U�F �U�I�F �G�J�S�N�X�B�S�F �E�V�S�J�O�H �J�O�J�U�J�B�M�J�[�B�U�J�P�O��

�/�P�U�J�D�F��

�t �%�V�S�J�O�H �U�I�F �X�I�P�M�F �Q�S�P�D�F�T�T�
 �V�T�F�S�T �D�B�O �D�I�F�D�L �U�I�F �T�U�B�U�V�T �P�G �U�I�F �D�I�J�Q �X�J�U�I �U�I�F �M�P�H �Q�S�J�O�U�F�E �U�I�S�P�V�H�I �6�"�3�5�� �*�G �U�I�F �G�J�S�N�X�B�S�F

�D�B�O�O�P�U �C�F �E�P�X�O�M�P�B�E�F�E �P�S �F�Y�F�D�V�U�F�E�
 �V�T�F�S�T �D�B�O �D�I�F�D�L �J�G �U�I�F �X�P�S�L�J�O�H �N�P�E�F �J�T �O�P�S�N�B�M �E�V�S�J�O�H �U�I�F �D�I�J�Q �J�O�J�U�J�B�M�J�[�B�U�J�P�O �C�Z

�M�P�P�L�J�O�H �B�U �U�I�F �M�P�H��

�t �5�I�F �T�F�S�J�B�M �U�P�P�M �D�B�O�O�P�U �C�F �V�T�F�E �G�P�S �C�P�U�I �U�I�F �M�P�H���Q�S�J�O�U �B�O�E �G�M�B�T�I���E�P�X�O�M�P�B�E �U�P�P�M�T �T�J�N�V�M�U�B�O�F�P�V�T�M�Z��
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