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Adress: 72 or 73

**TIA: Range: 0.256V**
I_pd=ADC2/10MEG

**pH: Range: 2.048V**
pH=7+(ADC1-1.024V)

*9.64853*10^4/(T[K]*19.143)

**NTC: Range: 2.048V**
volt_dif = ADC0*(1.0/gain)+voffset
Rntc = R_dif*((Vref/volt_dif)-1)
Temp[K]= 1.0/(1.0/NTC_T0+(1.0/NTC_B)

*log(Rntc/NTC_R0))

**Current Integrator**
i_photodiode=C*delta_v/delta_t

pH Calculations:
pH(X) = pH(S)+(E(s)-E(x)*F/(R*T*ln(10))

= 7+V_electrode*9.6485309*10^4/(T[K]*19.143)
Can be positiv or negativ -> second opamp creates offset

818mV/14pH -> 59.1mV/pH

Gain for full range:
1.024V/414mV = 2,47
RC filter fg=1.6kHz as it measures mostly dc

Adress: 68 or 69

This PCB does sensor readout as
well as motor/light control for
the phenobottle.

TIA Calculations
**Expected measurements**

Ipd_max = 10nA +~2nA dark current
**Desing Requirements**

Resolution_min = 0.05nA | fg_min = 100Hz
**ADC:**

N_bit = 16bit | ADC_Vmax = 256mV
ADC_Resolution = ADC_Vmax/2^N_bit^~4uV
min_Gain = ADC_Resolution / Resolution_min = 4uV / 0.1nA

= 80kOhm = 98,06dB
**Dual stage design:**

Gain: 10k*100k/100 = 10MEG
2x LP at 159,1kHz
1x LP at 15,9kHz

Vo = (1+ R2/R1) * 1.242V

Current Integrator
**Concept**

.uC charges Cap to 3.3v

.uC pin goes High Impedance

.photodiode discharges Cap.

.ADC measures discharge time
->i_photodiode=C*delta_v/delta_t
add_cap can be pulled low
to add the additional cap
Trades Time for accuracy
but has sub-nA potential
and þÿ�d�o�e�s�n�´�tcare for noise

- no JTAG or Wifi
- no BACKPLANE just JSTXA Connectors for Usart
- 2x phtodiode & Light sensors on the back
- 2x12V MOtors + 1x3v3 Motor

- 2 general Illumination LEDs + Motor connector on extra Board

Mosfet Gate Charging
- max IO current: 40mA.
-> Lets aim for 15mA.
- 3.3V/15mA

= þÿ�2�2�0�©Gate Resistor

Ambient LED parameters
- 2 SMD LEDs
- Vf = 2.7V, If = 55mA

Power considerations
- ether 12V,in series:
(12V-2*2.7V)*55mA = 6.6 = 363mW
- or 5V, in paralel:
2*(5V-2.7V)*55mA = 253mW

-> 12V in series as 2 cables less
and minimal more power loss

Resistor
(12V-2*2.7V)/ 55mA = 120Ohm
4*120Ohm = 480Ohm

NTC Calculations:
Rntc=Rn*e^B(1/T-1/Tn)

Divider
Vdif=Vref*Rntc/(Rntc+Rdif)

Amplifier:
If low accuracy suffisicates:
Ra=0Ohm; Rb,Rc=DNP
else
Vref = 2.048V
Gain = 1.0/(Rc||Rb/(Rc||Rb + Ra))= 2.1
Voffset = 2.048V * Rc||Ra/(Rc||Ra + Rb) = 0.96

RC filter:
fg=1.6kHz as response is slow

Temp:
volt_dif = ADC0*(1.0/gain)+voffset; #volt before amplifier
Rntc = R_dif*((Vref/volt_dif)-1);
Temp[K]= 1.0/(1.0/NTC_T0+(1.0/NTC_B)*log(Rntc/NTC_R0));
þÿ�T�e�m�p�[�°�C�]= Temp[K]- 273.15;

2.048V kann beim
ADC als interne
Referenzspannung
eingestellt werden

Adress: 104 or 105

link: [watertight, biogood NTC]

0-250mV
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works when there's just usb

Photodiodes
link: [Photodiode Wizard]

crystal

0-2.048V

link: [TI Reference Design]

pH

Phenobottle
Sensorboard

RTC

I2C

Imu

0-2.048V

Light Sensor

- ph update
- usb c bissl raus

uC

NTC

Mosfet Driver [Motors & LEDs]

IO external

JB2835BWT-N-U65EA0000-N000P001

Analog

Power

link: [TI Reference]

I2C

link: [suitable Atlas pH Probe]

ADC

boot0

reset

SW101
KMR223GLFG

1 2

S
H C102

100n

SW102
KMR223GLFG

1 2

S
H

+5V

+5V

+12V

D103

CDBU0245-HF

J101
USB4085-GF-A

S
H

IE
LD

S
1

G
N

D
A

1

VBUS
A4

CC1
A5

CC2
B5

D-
A7

D-
B7

D+
A6

D+
B6

SBU1
A8

SBU2
B8

I2C1
Conn_01x08_Pin

1
2
3
4
5
6
7
8

D104
ESD2CAN24DCKRQ1

2
3

1

R124

0

C108
100n

Y102
ECS-400-10-37B2-CKM-TR

1

2
4

3

R125
0

C119
12p

C120
12p

C115
22p

Y101
ECX-.327-CDX-1293

C114
22p

C103

100n +3V3_dig C104

10u

C105

100n
C107

100n

uC101
ESP32-S3

SPICLK_N
36

MTDO
45

GPIO45
51

GPIO0
5

GPIO1
6

GPIO2
7

GPIO3
8

GPIO4
9

GPIO5
10

GPIO6
11

GPIO7
12

GPIO8
13

GPIO9
14

GPIO10
15

GPIO11
16

GPIO12
17

GPIO13
18

GPIO14
19

GPIO17
23

GPIO18
24

GPIO19/USB_D-
25

GPIO20/USB_D+
26

GPIO21
27

XTAL_32K_P
21

XTAL_32K_N
22

XTAL_P
54

XTAL_N
53

V
D

D
A

55
V

D
D

3P
3

2
V

D
D

3P
3_

R
T

C
20

G
N

D
57

V
D

D
_S

P
I

29
V

D
D

3P
3_

C
P

U
46

SPICS1
28

SPIHD
30

SPIWP
31

SPICS0
32

SPICLK
33

SPIQ
34

SPID
35

SPICLK_P
37

GPIO33
38

GPIO34
39

GPIO35
40

GPIO36
41

GPIO37
42

GPIO38
43

MTCK
44

MTDI
47

MTMS
48

U0TXD
49

U0RXD
50

GPIO46
52

CHIP_PU
4

LNA_IN
1

C101

100n

LED101
LED_0603

C106

100n

U105
LM4040DCK-2.0

1
3

C127
10u

D106
CDBU0245-HF

+3V3_dig

JP101

C124
100n

R3
100k

C138
100n

R133
100k U101

ADS1115IDGS

AIN0
4

AIN1
5

AIN2
6

AIN3
7

V
D

D
8

G
N

D
3

ALERT/RDY
2

SCL
10

SDA
9

ADDR
1

C2
1n

R2

1k

U1B
OPA2328DGKR

+
5

-
6

7

R1

10k

C145

1u

U108
LM27761

VIN
1

EN
6

C+
8

C-
7

G
N

D
2

P
A

D
9

VOUT
4

VFB
5

CPOUT
3

D107
TEMD5080X01

C141
10n

IC103
OPA396DCKR

+
1

-
3

V
+

5
V

-
2

4

IC104
OPA396DCKR +

1

-
3

V
+

5
V

-
2

4

D108

TEMD5080X01

U1A
OPA2328DGKR

+
3

-
2

1

C151

100n

C150

10n

C143
100n

C146

10u

Power+COM1
XA_S06B

1
2
3
4
5
6

Q2
NTR4501NT1G

1

3
2

C112

100n

C111

45u

C117

10u

C113

100n

C116

10u

C118

100n

R119
100k

R104

100/min 60mW
R105

100/min 60mW

Q4
NTR4501NT1G

1

3
2

R118

480

R117

220

R115

480

Q1
NTR4501NT1G

1

3
2

R130

10kC128
100n

IC101
OPA396DCKR

+
1

-
3

V
+

5
V

-
2

4

Ra101
5.1k

C125
100n

C130
100n

IC102
ICM-42670-P

INT2
9

V
D

D
8

G
N

D
6

V
D

D
IO

5

FSYNC
7

CS
12

SDO/AD0
1

INT1
4

SCL/SCLK
13

SDA/SDIO/SDI
14

C121
10u

+3V3_dig

+3V3_ana

U106
OPT3002DNPR

INT
5

SDA
6

SCL
4

T
E

M
P

_P
A

D
7

V
D

D
1

G
N

D
3

ADDR
2

U107
OPT3002DNPR

INT
5

SDA
6

SCL
4

T
E

M
P

_P
A

D
7

V
D

D
1

G
N

D
3

ADDR
2

R140
DNP

C135
100n

R138
100k

R137
DNP

R139
100k

C134
100n

C123
100n

C122
100n

Rc101
40k

C139
100n

C140
100n

R142
0

R143
DNP

R141

10k

ph1

https://www.mouser.de/ProductDetail/Amphenol-Advanced-Sensors/JI-103C1R2-L301?qs=JUmsgfbaopRXkasA8RUqKg%3D%3D&countryCode=DE&currencyCode=EUR
https://tools.analog.com/en/photodiode/
https://www.ti.com/lit/ug/tidu535/tidu535.pdf
https://www.ti.com/lit/an/snoa529a/snoa529a.pdf?ts=1737185257954&ref_url=https%253A%252F%252Fwww.google.com%252F
https://atlas-scientific.com/probes/gen-2-8cm-ph/
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