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ATmegal28 A/D Converter

S S 9 5 /5 &S & SO O 00

= 8ME 10HIE 2= =XHIRE A/D 2AHH

n 25 ZEFQ SUSHCIIE A2

= MCUWERS ot ZEIZ MUl 2ot & EREICE,

= A/DZIHES LSl ME/ECE 32 JHA D, A/DH
B0l L= SOH0l= Ot 8= %’c‘jéﬂl S X

n 2 IHE 2 82 &2 M (single ended) Ot 2] 14O
 AM2E £5 U0, 18 XEE E'% =292 ol=
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ATmegal28 A/D Converter
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22 QM Pl -V_REF ~ V_REF
L JI= me v ReFs mEme V_CC Z=1t& + 8iCh.
o2 9|0| AREF GIRIZ QRIS MUS AS
ULHSO DI ER S 2.56VE ALEE %

B RC 0= ¢t E 2 E(single conversion mode)
2 = (free running mode)Jt U2 M, HEHO|
el2 g0 Ha 200F HEE = HolH dlAHI S
OIETIHAN A/DEEI2AZ CIE E E(ADC Conversion
Complete Interrupt) It 2 & & 10 ADCSRA &I XIAEH 2
ADIF =&0| 12 M E=ILCT.
= 20 0N E S&S /6t MCUS| CIXIE M3 ¥
Z otg=2 8 S X AVCCE JHAIO, A/DHEH J_é
J|=H 2 CH X AREFS DA D QULH,
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ADC CONVERSION

COMPLETE IRQ
A/D CO||Verter——| I o =" L= fi]
< EETDATABUS -
ww
ElE 15 T 0
ADC MULTIPLEXER ADC CTRL & STATUS ADC DATA REGISTER
'SELECT (ADMUX) REGISTER (ADCSRA) {ADCH/ADCL)
IR IEEEE =zl 4 el 4 I A
I EEEE 88 g q % HE g
]
g
¥t PRESCALER
| MUX DECODER |

@l SELESTION

CONVERSION LOGIC

CHaNNELSELECTION

AVCC Di
INTERNAL 2,56V
REFERENCE
SHEL 10-BIT DAG >
S

BANDGAP
REFERENCE
ADCT H
ADCS
PoS, ADC MULTIPLEXER
ADCS > ouTPUT
ADG4+ Di
ADC3 Di GAIN
}\f AMPLIFIER
ADC2 D
ADCH
ADCO

Yy SAMPLE & HOLD
COMPARATOR

J SR

\ SINGLE ENDED / DIFFEREMTIAL SELECTION

. - T
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ADMUX(ADC Multiplexer Selection) &l X| 2 &

A ) Y ) ) 9 5 O O J0

Bit 7 6 5 4 3 2 1 0

| REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUXi | MUXD | ADMUX
ReadWrite RW RW RW RAW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

- JIEHY He

o (i
REFS1 REFS0 | Voltage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Reserved
1 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin

— ADLAR(ADC Left Adjust Result) 1
dlXIAEHN MEE O &= = ‘5‘:’—’7‘—01 IPSE'I].
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MUX4~0 (Analog Channel and Gain Selection

M—ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂ

Single Ended Positive Differential Negative Differential
MUX4..0 | Input Input Input Gain
00000 ADCO
00001 ADCH
00010 ADGC2
00011 ADC3 N/A
00100 ADC4
00101 ADCS
00110 ADCBE
00111 ADC7
01000 ADCO ADCO 10x
01001 ADCA ADCO 10x
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Single Ended Positive Differential Negative Differential
MUX4..0 | Input Input Input Gain
01010 ADCO ADCO 200x
01011 ADCH ADCO 200x
01100 ADC2 ADGC2 10x%
01101 ADC3 ADGC2 10%
01110 ADC2 ADC2 200x
01111 ADC3 ADGC2 200x
10000 ADCO ADCA 1x
10001 ADCAH ADCA 1x
10010 N/A ADC2 ADCA 1x
10011 ADC3 ADCA 1x
10100 ADC4 ADCAH 1x
10101 ADCS ADCA 1x
10110 ADC6 ADCA 1x
10111 ADC7 ADCA 1%
11000 ADCO ADGC2 1x
11001 ADCH ADGC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADGC2 1x
11100 ADC4 ADC2 1x
11101 ADCS5 ADGC2 1x
11110 1.23V (Vgg) N/A
11111 0V (GND)
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ADCSRA (ADC Control and Status Register A)
= A/D converter? S&= BXoIHLE, S& AEHE T A

ote 52 S8

= ADEN(ADC Enable)

« A/D ZIHES 2 S&= dE(1), HE(0)
= ADSC(ADC Start Conversion)

= 1:A/D HBHE B30 Al E
= ADFR(ADC Free Running Select)

= A/D ZAHEZ D2l RER X B,

= Z2|did 2E0 A= ADSC HIEES
ABFEADIDUE O OSREE
o A2t ADC Z 3} AIKIAEE 2
B AI:EN A[:SC ADSFF? A;IF A[?IE AD?’SE ADPS1 | ADPSD § ADCSRA

ReadWrite RAW RW RW RW RAW RAW RW RW
Initial Value [u] 0 s} 0 0 0 0 [u]
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ADCSRA (ADC Control and Status Register A)

A ) Y ) ) 9 5 O O J0

= ADIF(ADC Interrupt Flag)

= 1:A/D BHE0| &2 %0 ADC GIOIE dIXIAE 20| HAlE

= O/ ADIE=12 &1 SREG(I=1) 0/, 0] QIE{ S EJ} 2+
= ADIE(ADC Interrupt Enable)

» A/D HEI2IZE QI EHEE IHEXEOZ 32

==
. ADP82 0(ADC Prescaler Select Bit): 1JIE| = 2 9
=H|lZ2 K eH
ADPS2 ADPS1 ADPSO Division Factor
0 0 0 2
Q ] 1 2
0 1 0 4
[} 1 1 8
1 ] 0 16
1 0 1 32
1 1 0 64
1 1 1 128
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ADCH/ADCL (ADC Data Register)

ey ey e ) 0 5 9 5 3 90
= A/D converterl| Ha Z2E M&

» CF24 Q2 {0HIE 22 & 4 (0~1023)

= XS 22 10HIE 29 E4 (-512 ~ 511)

=« OIFIHIOIE(ADCL) HA 2410, A<HIOIE(ADCH) LIE0 A4S

Bit 15 14 13 12 11 10 9 8
- - - - - - ADCS | ADC8 | ADCH
ADLAR = 0: ADG?T | ADC6 | ADGC5 | ADC4 | ADG3 | ADGZ | ADC1 | ADGO | ADCL
T (] 5 4 3 2 1 [v]
ReadWrite R R R R R R R R
R R R R R R R R
Initial Value [} 0 4] 0 Q Q 0 Q
0 0 0 0 0 0 0 o
Bit 15 14 13 12 11 10 9 8
ADC9 | ADC8 | ADC7 | ADC6 | ADGC5 | ADC4 | ADG3 | ADG2 ]| ADCH
ADLAR = 1: ADC1 | ADCO - - - - - - ADCL
7 B 1 4 3 2 1 [4]
Read/Write R R R R R R R R
R R R R R R R R
Initial Valie 0 0 0 0 0 0 0 0
0 o o 0 0 o 0 )
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] Reset
o i
.\.LE|A9.|| 'E‘l EII- K 7-BIT ADC PRESCALER
w o = ﬁ

ADPSO
ADPS1
ADPS2
et US
ADC CLOCK SOURCE /_\
Sample & Hold (Cycles from Conversion Time
Condition Start of Conversion) (Cycles)
ADEN=1 838 = First conversion 14.5 25
Normal conversions, single ended 1.5 13
Mormal conversions, differential 1.5/2.5 13/14
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M
First Carversion -

Conversion
A
| |
Cyele Numbsr i 1|2i I12|13|f:d.|15|1B|1'.-'|1B|19|2-Z-|21|2|23|2d|25i i1|2|3
1 | 1 1 1
ADC Clock, ; | I 1 ; ;
ADEN i ! I i G
1
| I
ADSC E‘: | i W
|
ADIF ' I I |

woon LTI, < o o e
wo. T Ty 5 of mesun

l\ | i 1 1 1
MUX and REFS Sample BHok Caonversion

Update Gomplets MU and REFS
e Update [r—
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0] S22 132y 2 EICY,

DE S I2E0UAM ADSC=12 B&FE | A/D HE AIZE [THOIHCH,

MUX and REFS update™l 0 JI& %2 &8 E J&S&E YU OtL=2 1
LML 2ol s&

One Convarsion > Mext Conversion
Cycle Number i1|:‘2|9|4|5|6|?|&|9|10| H| 12| 13i i1|2|3
ADSC _ﬂ@*’: : L{ﬂ{‘?’:

ADIF : : |
aocH T < e of s
socL Ty LB of e

b N > <,
~— Sample & Hold Corvarsion __/ L
“._ MUX and REFS Complete MUX and REFS
Update Update
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S S 9 5 /5 &S & SO O 00

n Zoled BEEWME =0 et ADSC=12 £&otH =80
Z A/DHES aistit
= MCUJI Ot [HLE ADC UIOIE AIXNABEHE A0S0 JHE X200
HEE HIE 92 4 AL
One Conversion 9 Next Conversion
Cycle Number 11| 12| 13i 1| :2| g| 4'|
ADC Clock
ADSC | i
ADIF I

1 1
T

1 1
ADCL TP LsB of Result
l i
Conversion /_’ \ ‘_\— Sample & Hold
Complete MUX and REFS

Update
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A/D 18 21

ct2 M olad

E O
« V_IN: HEISE A2 d8E H=4 OlE2 ] 288y
« V_REF: MEHE J|=& ¢t
= 10HIE 22/ &%= 0(0x0000)~1023(0x03FF) '
0x0000: V_IN = V_GND 4ADC = =———
OxO3FF: V_IN = V_REF — 1 LSB
. TE ole

[T — R |

Ll

A ) Y ) ) 9 5 O O J0

= V_POS/V_NEG : HE|ZS2AR2 MEHE XIE 02 219 &
SH/SSH OX Mg

= GAIN: OFZ2 7 ® 2ol 0| (1, 20, 200)

= 10HIE 29| E48: -512(0x0200) ~ 511(0x01FF)

= GAIN 191 2=, 0x0000: V_IN = V_GND(0)

= OXOTFF: V_IN = V_REF — 1 LSB

= 0x0200: V_IN = -V_REF apc = Vpos™Vyeg) GAIN- 512

VREF
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