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2.1 Ly FR—FK

BEE 1 xR
2.2 LM61BIZ
T—2I—Fhk
http://akizukidenshi. com/download/LM61biz. pdf
BE (P.1: BIE, FLoEHRESER)
BREtYY—

FHRIEERE - —25°C~+85°C (K £3.0°C)
FHAILEZEETHSN

7+ OS5 @EDA, Raspberry Pi EBIEICIZAD OV NN—4HANE

BE-BR P.3: BAKRKER ELEHKESR)

BMEEE (+Vs) : +2.7V ~+10V

% Raspberry Pi I% 3.3V OETE = H##5TTEE
HAHEE : (+Vs+0.6V) ~—0.6V
HAEGR : 10mA

¥ (P.2: EVERER)

U -DFEGEELLERFET,

¥ B BIL
+Vs BERNODEBEEEZAN
Vo toH—MRELEE (BE) %
H
GND FEGEEZKRH

KR, ImFORESITER! !
PHFETEHOVRIBYET,

HAE P.1: RRMETTY 75— a3 v8H)

HAShLIBERUTOXTROONFET,
Vo = (+10mV/°C x T°C) + 600mV

- +10mV/°C :
(GHAHEM 1°CLR T 5 L HNHEEA+10mV #0)
-T°C : BIERE

- BARITAERE EHABEDHISER

Temperature (T) Typical Vg
+100°C +1600 mV
+85°C +1450 mV
+25°C +850 mV

0'C +600 mV
-25'C +350 mV
=30°C +300 mV
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2.3 MCP3204

F—5v— b

http://akizukidenshi. com/download/ds/microchip/MCP3204. pdf

454 (P.1: Features, Description ZZH8)

AD 3 v/N\—4

SHREE - 12bit (4096 EXPE)
FrorILE 4

B{EA : SPI

BT - ER (P.1: Features 25 8)

F}EEE : +2. IV~+5.5V
NMIEZBEDKEZZICE>THUTY VT L— EHAELL (0. 5MHz~1MHz)

im+ (P.1: Package Types #5HE)

C

ol v
S 2 HRY
CHO~CH3 FHATESEASN ci2ds = 1215 AGND
CH3O4 M 11QCLK
o 3 2
Vo R F NCOs5 N 100 Doyt
— NCOs *® 90Dy
VREF HRREEICLHLIBEREEAN DGND 7 8[0 CS/SHDN
CLK SPI BE&Eim+
SCKL i F I T 5
Dout SPI B &Ein+F
MISO imFIZ¥ERRT 5
DIN SPI B8 &EimF
MOSI imFIZ¥ERRT 5
CS/SHDN SPI BE:&EinF
CEQ ZE£7#-1% CE1 simF Iz T 5
AGND 7+ 845 AAEID GND
DGND T4 )L AEID GND
NC FRLFEEA
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av274L—arEw b (P.19: TABLE 5-1: CONFIGURATION BITS FOR THE MCP3204 %%
fg)

i

9V T4 L—2 a3 Ey REEDCHIHE4s L TABLES-1:  CONFIGURATION BITS FOR
THE MCP3204

\ \ 3K S
TWANETRIIETT, Control Bit
Selections Input Channel
= e Je = T N e - Configuration | Selection
SPI BIEEZTSBIZHEIZAYET, S'gi‘#e’ D2 | D1| DO
1 X | 0] 0| single-ended CHO
B - CHO [Z¥Efid A&ar T4 L— 32 E Yy 1 X | 0| 1] single-ended CH1
1 X | 1| 0| single-ended CH2
“HL
hET1000] (=7 Y F 97 1 | X | 1| 1| singleended | CH3
0 | x| oo differental | CcHo=IN+
CH1 = IN-
0 | x| o 1| diferential | CHO=IN-
CH1 = IN+
0 | x| 1| o] differental | CH2=IN+
CH3 = IN-
0 | x| 1|1 differential | CH2=IN-
CH3 = IN+

* D2 is a “don’t care” for MCP3204

EDEEFEAE (P.21 : FIGURE 6-1: SPI Communication using 8-bit segments (Mode 0, 0: SCLK
idles low) Z&H8)

AV 74X L—2avEY R EEELT BELEFYURIVIZERSIN=TINA ADEE
mELET,

= | —

MCU latches data from AD
converter on rising edges of SCLK

SCLK 012 (3] (4] |9 |&] |7| |8 9 1q g op3 p fn 1 2

Data i locked aut of A N S S S B N L S S N B

O ardpid 2| 19 ==
HI-Z NULL
Pour S E 00000000

rt
MCU Transmitted Data dta
gﬁjl;gengrdcmtcﬂa”mg|°|°|”|D|”|1E£HD° [Difod © | x| x| x| x[ x ] x[x]x[x]x]x]x
MCU Received Data
St [ [[-]7] [F[-[-[G[sened e [sr]sees[ees[ezley
[ | —

Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive

register after transmission of first register after transmission of register after fransmission of last
X ="Don't Care” Bits g pite second B bits 8 bits

TR CTEEN-FAMNERT S bit T, D2, DI, DO THEATHCHEEELFET, BIT~BOD
12bit DEZETNAADHEAELTRIELFET,

HAE (P.17 : Reference Input ZZH8)

MCP3204 (FAAENF-TF OJEZUTORXTEBRLET,

4096 XV,

Digital Output Code = V
REF
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Digital Output Code : 19 51E

Vin (CHOBANESIhE-ER (7FHBJE)
Vrer @ IF VREF IS S -BE (BEEE)
4096 : 7}REE

FEG EREBE3 IV, ANSILHEEH VDR
1. BEDODEEZHMEETEIS : 3.3/4096 = 0.0008056640625
2. ANSh=EEZ[. ]OETEIS : 2/ 0.0008056640625 = 2482. 4
3. ADaAUN—SDFERELT2U42 NSNS

2.4 O xNn—4§7

RE 1 =BH
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3 SPI

31 SPL (NTFIL-RYTxSIL-A2B2T7x—R) [ZTDOWT

BE FO—SHML/EFELED ) TILEERETT,
FRT BIESHRIEMOSI, MISO, SCLK, CE M 4 AMHETET M, 120 LR THEEERENENC &
AT,

3.2 SPI MfELVA

3.2.1 Python TOLA
* import

Python 7’1 77 AT SPI %l 1§ % (Z1%[spidev] # import L £ 7,

import spidev  # spidev %1 > 4" — b

- spidev DYIHIE S

spi = spidev.SpiDev()  # spi DHIHIES
spi.open(0, 0) # spi DT /3, A~DHEHGE

% spi.open(spi D% 5,CE % 5)
cspl ODFEFZNIT 74N FTIL 02720 7,
CEFBFIIHERTHAD 2 "= (T 52 Ea— 4D CEEZEZICL > Thb ) 7,

AEOFEE ST FORBREZFEH L TEOY L) 2170 E T,
cxfer2 (A 749 L—arvEY M)
Bl EE LT-a vy 74 7L —ya By FEBRLAD a U RN— NS OEEZITED,

aVI7459L—23vEv bk | #FELTWAADa L RNR—Z0arI45Lb—3 Ey b

MCP3204 o> T4 L— 3 v E Y FMEITEFZBAD[Start Bit] ~[DO]IZHIMET N TLNET,
= 1 =

MCU latches data from A/ID .
converter on rising edges of SCLK

SCLK 12 (3 (4] (9] (& [7| (B 9 fig i g n 1

Damicockedodician f f F {1t { Yo f

Din
Bour HIZ ”\LE";}TL(EH}B@EQE DIECE R E) —
Start
MCU Transmitted Data Bit
ety [o] ol e o o+ Efoe]  [Or]ool X[ x| X[ X[ x] lexlxlxlxlxlxlxll
T reren e e
Geagarre [ 1-T T-T°T"] [2T=[-Iisi{eifeefee] [E7[ee]es]m4]Ee]E2]Bi]e0]
|1 |
Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive
- a . - register after transmission of first register after transmission of register after transmission of last
A ="Don't Car" Bits g e second 8 bits 8 bits
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AD I UN—=E D BRENBEIXTED FTRFEZRD[BI]~[BOlIZiEM S TLET,

(=5

MCU latches data from A/D

converter on rising edges of SCLK ™

SCLK 1012 |13 |4 |9 (8] |7 |8

Data is clocked out of AD |
converter on falling edges N

9 11 1

ot

i

= DG
Pour . a0 EIE00E00
Start
MCU Transmitted Data Bit
(N'D“Bﬂiw't““\fﬁ"'ng BEREEEE 02| [Difoo| %[ x| x| x| x| x] [ =] =[x x| x| x][x]|x]
MCU Received Data

et ]

[ 2] 2] 2 [nfu[1(E1d B[ BE]  [B7[B6]BS] B4] B3] B2[B1[ B0 |

no receve

X = *Don't Care” Bits r;ﬁlrger after transmission of first

into recefve
register after transmission of
second § bits

into receive
register after transmission of last
8 bits

fEAHI (CHO [=H&#e)

adc = spi.xfer2([6,0,0])

# (adc [ZIF{EA 3 EHEDY R FTHRMENET, )

Data is clocked out of AID

converter on falling edges

HI-Z

ouT

MCU

(Aligned
edge of
MCU Recei

Start
smitted s Bit
fallin: e}
clo, g golofojof o1 Bz D2
(Aligned with risi ] | 2
edge of clock)

eitfriprosefsef o7 fee)se)sefesy=2)ef)

DI[DO| X | x| X | x| X| X

S A I A A A

HEEREEEEE B7[B6[B5] B4[ B3| B2 B1] 80|

Data stored into MCU receive

Data stored into MCU receive

Data stored into MCU receive

X = “Dont Care” Bits gaﬁlﬁsster after transmission of first register after transmission of

second & bits

register after fransmission of last
8 bits

XAV IT749L—2avEY R ADIUN—ENLDRYEDOHMIBARIEAD a/NN\—42T&I(C
EhHhYET, FRIIBET—F2L—FEERLTLEEL,
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4 [EIERIERK

JLw KAR— KIZ LM61BIZ & MCP3204 #Z= LB E=/ERK L E T,
SEREITUTIZAY ET,
XIS EE(X T Raspberry Pi DEBRZVI > THHIT-oTL S

FCC ID: 2ABCB-RPI32
IC: 20053-RPI32

N? " ETRERNEY
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4.1 LM61BIZ & LAL

ZLRAAFET,

-~

LM61BIZ =T L v FR— K

ZLRAATLEEL,

-~

Vs {all & E13, GND {Al% E151

fritzing

4.2 NCP3204 2% LATL

=ELRAAFET,

~

MCP3204 #J L v FiR— K

EZLRAATLIEEL,

~

EFTEUMNE, BEEUNFITICHESKSI

BTYET,

~

KIEHDHBHIFEDMNEMR

fritzing
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MCP3204 TCHO E'> | & LM61BIZ TVout E> ] L ET,

4.3 MCP3204 & LM61BIZ % #&#%

VaE?

fritzing

_10_



FaT Ay =T WE A 3

4.4 Raspberry Pi & MCP3204 & LM61BIZ % %&#%
Raspberry Pi & MCP3204, LM61BIZ ZiE#E L £,

$¢Raspberry Pi @ 3.3V & GND ZEEEHR LEVTLEILY,
T Ly FiR— K & Raspberry Pi Q#EfEITREICIToOTLIEELY,

b
. x

B I GND

LI L L]
DSI (DISPLAY)

& : SPI B8xE

-
1
b

ETHERNET

(VY3WVD)

B 7rOgAN

fritzing

FEEVOERIEIUTIZRY ES,

MCP3204 Raspberry Pi

CLK SCLK (GPIO11) (PIN &= 23)
Dout MISO (GP109) (PIN &% 21)
DIN MOSI (GPIO10) (PIN &= 19)
GS/SHDN CEO (GPI08) (PIN &5 24)
VoD, VREF .3VPINES 1)

AGND, DGND GND (PIN &% 6)

LM61BIZ Raspberry Pi

Vs 3.3VIPINES 1)

GND GND (PIN &% 6)

_11_
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5 JAYTS A

BEERETSIATSLEERLET.
5.1 REMBOIOTS A

UTOTAY S LTREZRGLET,
—&B TTODO:] £ A F7OFLTVWEIDT, TOMIDULEZERLTIZSLY,

#!/usr/bin/env python

import time
import sys
import spidev

SPI_SPEED = 1000000

spi = spidev.SpiDev()
spi.open(9,0)
spi.max_speed_hz =SPI_SPEED

def readAdc(channel):
adc = #TODO: AD AVN—AICE > TEBINIMBEEZEELET #
data = # TODO:#C% adc DfEZ 1 DDEHICI L HET #
return data

def convertVolts(data):
volts = #TODO: AD AVN—ADDLRITH - Ic@ZBEEDEICEBRLET #
volts = round(volts,4)
return volts

def convertTemp(volts):
temp = #TODO: BEZREICEHLEXT #
temp = round(temp,4)
return temp
if _ name__ == "'"_main__':
try:
while True:
data = readAdc(9)
print("adc : {:8} ".format(data))
volts = convertVolts(data)
temp = convertTemp(volts)
print("volts: {:8.2f}".format(volts))
print("temp : {:8.2f}".format(temp))

time.sleep(5)
except KeyboardInterrupt:
spi.close()
sys.exit(9)

_12_
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TX¥FRXMZIOE—LT T03_MCP3024.py] M7 7 A IIBTRELTLLIESZLY,
JE—AHELVWAIIUT URLMASAHoO—RLTLEELY,
httpsi//rte-fukushima.jp/wp/wp-content/uploads/2019/01/03_MCP3024.zip

5.2 70735 LDEH

5.2.1 Be%ladc DEZE 1 DOEHICELDHD

xfer2 Ay FEFERTAZETA IUN—AMLDEERBTEET,
ADaUN—a2Hh5DEIFXFTRIOL 52 (adc[0], adc[1], adc[2] )3 DDEFH I SN TRZIE
SNEY,

< [

MCU latches data from A/D

converter on rising edges of SCLK™ | | | T T

SCLK 10120 13 [4) (5] |6] |7| (8 9 11 1 |
Data is clocked out of A/D
converter on falling edges 1' 1' T 14 A S A S N B {

on S %-@ Eerte
HI-Z MULL o e = gV ra¥ galinoV R4
Doyt | @ = @

MCU Transmitted Data adel 1l

et 1] 2del0] L ade(2]

MCU Received Data

et KN KR R I °| ’I 2] 2] 2 [wiwiBr{E1d Bg| B8] |B7[Bs[BS[B4]B3|B2[B1[B0|

| | | | |

Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive
register after transmission of first register after transmissicn of register after fransmission of last

% ="Don'tCare” Bits g e second & bits B bits

CORTRELGT—H2IEBII~BOD 12bit DA TEIDERIFALEFLADT RELERD
HAWEHLFET,

ZTROEIXUTOHET—DOOERIEMINET,
((adc[1] &15) <€ 8) + adc[2]

REORABRETRIZGEYES,

adc[1] & 15 << 8 +abc[2]
XXXXXXXX XXXXO00000000
O00OXxxxx<<8
& 00001111 - XXX DOOPOOOO - + YYYYYYyy
POOOX XXX XXXXYYYYYYVYY
FI4bitUANEO BAE8bitUEICT ST E%xEd

_13_
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FEBEROTEARIEADIVA-EBIZEDYFEFIOT, FRATSRET 22— EHELT
(S,

522 DaVnN— 4R TR-o-EExEEDEICTH
AD aAVN—ANSZTRO-EXEBRDEEENRLLE-OFEMTINENHY £I,
FFHAgESHLT A INEEADEBRIITROFETITOATLET,

- 5 - EHE 3.3V, fEEE 4096, AN SnIEN IV DIGFE

1. REDEBEZ7AFRETEIS : 3.3 / 4096 = 0.000805664063

2. AhEnt=Ex[1. 10OETEIS : 1/ 0.000805664063 = 1241. 21212
3. DaUN—3DFRELT 1241 N"HAEID

COFIEZSEICLTEREZROTLEELY,

5.2.3 BEZREICEM
LM61BIZ [FEG L =REEBEETHALEY, BIEREELBEELETEORD K SICLALET,

Temperature (T) Typical Vg
+100°C +1600 mV
+85°C +1450 mV
+25°C +B50 mV
0'C +600 mV
-25'C +350 mV
=30°C +300 mV

http://akizukidenshi.com/download/LM61biz. pdf

HATEEEFTROXTROLZENTEET,
Vo = (+10mV/°C x T°C ) + 600mV

NBESEBITREZRHTLESLY,

_14_
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5.3 70T 35 LDES

TOYSLERATEE, DAVA—EhL0ME BE, BED 3 OOEARTEIAES,

J74IU(E) W|E[E) ZJE(S) 3> bHO—JL(0)
pi®raspAl:” § python 03_MCP3024.py

adc AD = — & DOff

; 1061 s——
volts: 0.85 \
temp : 25.48\
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