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Supply RS232 driver/receiver DAC module Measurements conditioning Power flags
+5V +12V +5V +3V3 GND
AR Vs +3V3 +12V +3V3 +3V3
N D1 ttl rs232 max3232 dac module itm39xxc_meas con
DVin 5vQ N | DAC_A1 [1]
=] RS232_TX1_TTL >¥§f 1L Tx1_RS2320)RS232.TX1 pvad g:gféD DAC_A2 DAC_REF def PWR_FLAG PWR_FLAG PWR_FLAG PWR_FLAG
= R1 RS232_RXATTL_ | oe-TTL - T Rs232_RX1 DACSCLK_P /<€ 220 DAC A3 vm_ P -ref-ade Vm_ADC ADC_VREF
A 2% R _Rx4_TTL RX1_RS232d— = e gp P DAC-SCLK DACAZDI— e 'm—pVm Vm_adeD— " -V
%ws56320x75v DGND DAC AL Te PDACSD _ DACREFDI—""- ™ Bim Im_adcf— "
GND GND DAC A2_A3_ﬁ7)DAC’Ai’CS o DGND PWR_FLAG
oo AEAES_BDAC A2 A3_TS g
<E)GND GND
GND
Input voltages [2] IT-E167 connector .-
+12v RS232_RX1 1 R:lzﬁl 3 Expanded Pico pins UARTO External W5500 Additional LEDs Mounting holes
2 RS232.TX4__ 2 | Relay2 2| PICO_GPIOS___4 [ UARTO_TX__ 3 LED.1  LED.2 HI H2 H3 H4
L YL T PICO_GPI09_ 3 [ UARTORX__ 2 L QoY 2 L03 0000
s 4 E_: J10 PICO_GPIO22___2 | 1 To — S 3
GND Vm__5 & é_ - 3 C :180 W5500_MISQ ~ o
= GND Ny - R2 R3
Output voltages [3] m__ 6] A GND W5500_RSTn___5 6 W5500_MOSI 1% 1%
P g oAC AL vl W5500_INTn___3 4 W5500_CSn
+5V +3V3 — 81 1 2 W5500_CLK
! ; oACA2 o X_js i GND GND
DAC_A3__ 10
Ll Ll —
GND GND
Supply
— 12V/6W

Pico/Pico-EVB

U1
PICO_GPIOO__ 1
PICO_GPIO1__ 2 Gpi00

—=4GPI01 Raspberry Pi Pico VSYS§

VBUS

PWR_FLAG

GND GND
PICO_GPI02 1 415p107 3V3_EN
PICO_GPIO3 | 5| °h 10 ShE
PICO_GPIOL ADC_VREF
pico_cpios | 7] 0% ADCVREF 1, T pico_cPi028
= GPI05 GPI028_ADC2 =
GND AGND
I T
- GPI07 GPI026_ADCO =
PICO_GPI08_| 11 °p 10 N
PICO_GPI09 | 12| *piog Plogn 9| PICO_GPI022
pico_cpioto T4 SND SNDP2? pico_cpio2t
GPI010 GPI021
PICO_GPIO11 PICO_GPI020
GPI011 GPI020
PICO_GPIO12 PICO_GPIO19
PICO_GPIOL3 | 17 oH1012 CPI0L9 T PICO_GPIOLS
= GPI013 GPI018 =
PICO_GPIOL ggﬂm % o Gplg'ig PICO_GPIOL7
PICO_GPI015 | 20/ chi0ie 222  cpiogs L] PICO_GPIOLE
nwon
Pico

GND

RS232
PICO_GPIO4_ RS232_TX4_TTL
PICO_GPIO5__ RS232_RX1_TTL

DAC module
PICO_GPIO10__ DAC_SCLK
PICO_GPIO11__ DAC_SD

PICO_GPIO12_ DAC_A1_CS

PICO_GPIO13  DAC_A2_A3_CS

Relays

PICO_GPIO14_ Relay_1

PICO_GPIO15__ Relay_2

ADC module

PICO_GPIO26__ Im_ADC

PICO_GPI027__ Vm_ADC
+3V3

ADC_VREF

[4] {_ R DAC_REF

w5500

PICO_GPIO16__ W5500_MISO
PICO_GPIO17__ W5500_CSn
PICO_GPIO18  W5500_CLK
PICO_GPIO19  W5500_MOSI
PICO_GPI020__ W5500_RSTn
PICO_GPI024_ W5500_INTn

LEDs
PICO_GPIO6__ LED_1
PICO_GPIO7__ LED_2

Expanded UARTO
PICO_GPIOO__ UARTO_TX

PICO_GPIO1__ UARTO_RX

Expanded Pico pins

PICO_GPIO2
PICO_GPIO2
PICO_GPIO8
PICO_GPIO9
PICO_GPI022
PICO_GPI028 (ADC2)

The design should work with the regular Pico board or with the W5500-EVB—-Pico board.
Design notes

[1] In this design, the DAC module generates a 3 V reference signal. This signal is
used as the reference for the signal conditioning module, in order to place the

-10 V ~ 10 V analog signal to the 0 ~ 3 V range. That’s why the DAC_REF signal is fed
to the signal conditioning circuit.

[2] The 12 V supply is used by a DC/DC converter to create 5 V, and by the DAC module,
to power the amplifiers generating the 10 V signals. Thus, the range of the 12 V supply
can be determined by checking the limits of the amplifiers and the DC/DC.

[3] Care should be taken when using these supplies to power external circuits. The 3V3
source is very limited and should be kept within 100 mA. The 5V source can go up to 2A,
given that there is enough current from the 12V source. The 12V source is what is left

from the 0.5 A required by the board plus whatever is additionally taken from the 5V source.

[4] Here, it is possible to choose Pico’s ADC supply to be either its own supply (3V3)

or the DAC_REF, which should be a more stable 3 V supply. If left unconnected, the ADC’s
supply is taken from the 3V3 supply through an RC filter. Moreover, the resistor placed
between DAC_REF and ADC_VREF is because Pico’s board has capacitars on the ADC_VREF line,
which would place capacitive load at DAC_REF. Thus, the resistor.

Sheet: /

File: pi—pico—itm39xxc—if.kicad_sch

Title:

Size: Ak [ Date: Rev:

KiCad E.D.A. 9.0.0 Id: 1/5
i [ 2 [ 3 I & [ 5 I




1 i i 3 % i
U2 TPS56320x 11 -
VIN Sw : oY
., VBST c6 7 c8
EN 2 VB 22uF T 22uF T 22uF o
5 NDI—-[—-I VFB DNP
GND

Supply and output
Vin_qvin
—D5V

GND__i6np

Supply info

— Input voltage: 6.7 V - 17 V
— Output voltage: 5V

— Output current: 3 A

Compatible switching regulators:
- TPS56320x
- TPS56220x

TODO

— Make feedback resistors, output capacitors and inductor
configurable from the sheet, so that it is possible to obtain
any output voltage without changing values inside the sheet.
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Vdd

C10 CildL

10uF 100nF| U3
GND-I—-I- MAX3232

O

|

I co+ 4

= c13

Supply info
— Input voltage (Vdd): 3V - 55V

Design notes

[1] These resistors are placed right after the signal drive to
provide some kind of damping in case the line is too long.

1
Ci+
C12_E_ [2] No pull-down resistors are placed here because, according
100"FL lo70nF to MAX3232'5 datasheet, the inputs already have pull-down
3 c1- C2— resistors.
> Cl4 [3] Pull—down resistors are placed here in order to prevent the
VS+ —| transmitters to float.
[3] 470nF
GND [4] These resistors would not be necessary if the host controller
6 c15 is on the same PCB. However, assuming that we’ll maybe use this
R1 VS— lo70nF board with some jumper cables, we place these resistors here.
10k
TXA_TTL aa || [> s riour 43 R1L Tx1_RS232 TODO
[1] — Add LEDs on RX/TX lines? Which ones?
OND__10 I oy —| >So—— T20uT Lx¢
R13
RX4_TTL 12 | 10Ut o <] RLIN |13 RX1_RS232
q;a
2 R2oUF—o<J—  R2IN B
[=]
LOGIC & RS232
Te]
~i|
GNDJ
Supply TTL-side RS232-side
gﬂg%Vdd ;ii‘IIt%TXLTTL &i-gggggwrxu&zzsz
—AGND — —DRXL_TTL - —ARX1_RS232
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Vdd - Supply Analog out SPI
R15 V9_qugg  DACAT_oDAC AL A X —apac_scLk
2k s G;;%Vcc DAC a5 DDACA2 DAC AL g5 —QDAC_SD
use c16 | c17 —AGND —~ —DDAC_A3 ' -——2—DAC_A1_CS
V_ref DAC_A2_A3_CS ==
us™ [31 7 1uF 100nF —D DAC_REF —ADAC_A2_A3_CS
>
LM4040DBZ -3 ]
=
GND GND
Supply info
- Vdd: 3.3V
- Vee: 12 V
Analog outputs:
— DAC_AL, A2 and A3: 0V — 10 V
vdd — DAC_REF: 3 V
C20 c21 R17 DAC_A1 is given by
10uF 100nF q
GND ! V_fine_ 26k DAC_AL = V_fine + k*V_coarse,
vdd V_coarse R10 where klis the amplifier's gain. V_fine gives a range between 0-3 V with
u7 ¢ ~ 53R the DAC's resolution, while V_corase gives a range between 0-7 V.
Mcpu922ﬁw V_wj 5] <2 , £ V-dac_1
W<l 13 Vi inF Vee [1] Although MCP4922’s does not seem to specify some minimum output load,
L4 V_fine GND we place a resistor here. This is also done in mikroe’s MCP4921 board:
DAC_SCLK 4] U6ué https://download.mikroe.com/documents/add-on-boards/click/dac/dac-click—schematic—v100.pdf
GND_ 8| rz¢
DAC_SDE 10 V_coarse ;;2 (4] '>0' 23 24 [2] LM4040's datasheet recommends a 100nF bypass cap at the cathode.
< 14 4
DAC_ALCS 3| 11 GND L 100nF 7T~ 1uF [3] Since Vdd is 3.3 V and the amplifier is buffering V_ref (3 V), it is
j better to use a rail-to-rail input/output amplifier.
V_ref N GND . .
R23 UBA [4] Since Vcc is 12 V and the analog outputs are 10 V max, an amplifier with
V_dac_1 DNP R24 output swing up to Vcc - 2 V would in principle work. The input range on the
DNP v dac_1_buf other hand is O V — 2.5 V, coming from the DAC. Thus, the common mode range
€25 " - of the amplifier must include ground.
OR]_
GND [5] This circuit is based on an application shown in the datasheet. See
Example 6-5 in:
https://wwl.microchip.com/downloads/en/devicedoc/22250a.pdf
R25
V_dac_t_DNP _pac AL
R26
V_dac_1_buf_ OR
vdd DAC_2_0UT s
26 | co7 o 2 f2],_paca2
I F]‘ DNP|
GND 10u 100nF b
Vee
Vdd
Wepuo22 Vref i
Zusc _Lc29_| c30
vdd_ 9| s [4] 1uF TT-100nF
14 DAC_2_0UT L Y "
DAC_SCLK__ 4] =
GND_ 8| rv7rr GND
DAC_SD_ 5 |LO DAC_3_0UT R32
DAC_A2_A3_CS_ 3| 11 DAC_A3
V. re]
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V_ref’
V_ref
Vdd
Im | Supply
Im_meas U10+ - Vee: 3V3
- > €32 C33
€35 1 Inputs
DNP 1 a3 100nF 1uF —V_ref: 3V
- Im: =10 V to +10 V
[2] < GND — Vm: 0V to 10 V
Outputs
— Im_meas: 0 Vto 3V
— Vm_meas: 0 V to 3 V
[1] The amplifier will condition the analog card’s measurements
GND to the ADC’s range. Since the amplifier is (should) be supplied
at the same Vcc as the ADC, and due to the range of Im and Vm,
the amplifier must be rail-to-rail input/output.
Vm U118 R4S U11A bdd [2] This small filter can be added to improve the ADC readings.
4 e
7 OR Vm_meas Voref_3 1 U11+
38 2 1] > C36 Cc37
P ! 100nF 1uF
GNDT';N =
[2] | GND
GND
Supply Inputs Outputs
gﬂg%Vdd V—rEf%V,veﬁadc Jm—meas%\m,adc
—<JGND ™ _aim M-MEaS_1Vm_adc
™ —QVm
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