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1. RX23E-A Analog Front End Features
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2. 24bit Delta-Sigma A/D Converter

2.1

Noise histogram, Time domain waveform

AVCCO0=5V, Ta=25°C
Normal mode, Data rate=7.629sps, External VREF=2.5V, AIN=0V
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AVCCO0=5V, Ta=25°C

Low power mode, Data rate=7.629ps, External VREF=2.5V, AIN=0V
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2.2 Integral nonlinearity error (INL)

AVCCO0=5V, Ta=25°C
Normal mode, External VREF=2.5V

Gain=1(DSAD), n=6
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2.3 Offset error histogram

AVCCO0=5V, Ta=25°C, n=72
After factory calibration of offset errors
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24 Offset error temperature drift

AVCCO0=5V, Ta=25°C
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2.5 Offset error - Input common mode voltage

AVCCO0=5V, Ta=25°C
Before calibration of offset errors
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2.6 Gain error histogram

AVCCO0=5V, Ta=25°C, n=72
After factory calibration of gain errors
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2.7 Gain error temperature drift

AVCCO0=5V, Ta=25°C

0.02
g‘ \ — | —
s 0 =
o
C
‘©
© 0.01 :
——Gain=1(DSAD)
——Gain=1(BUF)
Gain=1(PGA)
-0.02 ' '
-50 -25 0 25 50 75 100 125
Temperature [ C]
0.02
0.01
— ] \
% \\//
c
g Gain=2 Gain=4
_ | ——Gain= —— Gain=
0.01 Gain=8 Gain=16
—Gain=32 — Gain=64
——Gain=128
-0.02 | |

-50 -25 0 25 50 75 100 125
Temperature [°C]

RO1AN5377JJ0200 Rev.02.00

Page 16 of 39
Nov.10.21

RENESAS



RX23E-A J)L—7 Vdoul =R/ AvA= DV N VN N - 3: G =1

2.8 RMS noise — Input differential voltage

AVCCO0=5V, Ta=25°C
Normal mode, Date Rate=244sps, VREF=2.5V
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2.9 RMS noise VREF dependence histogram

AVCCO0=5V, Ta=25°C, n=26
Normal mode, Date Rate=244sps, VREF=2.5V, Vid=0V, Gain=1(PGA)
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AVCCO0=5V, Ta=25°C, n=26
Normal mode, Date Rate=244sps, VREF=2.5V, Vid=0V, Gain=4
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AVCCO0=5V, Ta=25°C, n=26

Normal mode, Date Rate=244sps, VREF=2.5V, Vid=0V, Gain=2

(External VREF)
(PRB disabled/NRB disabled)

(External VREF)
(PRB enabled/NRB disabled)
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2.10 RMS noise — Date rate

AVCCO0=5V, Ta=25°C
External VREF=2.5V
(Normal mode)
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2.11 Effective resolution—Date rate

AVCCO0=5V, Ta=25°C
External VREF=2.5V

(Normal mode)
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2.12 Noise table (Normal mode)

AVCCO0=5V, Ta=25°C, Normal mode, Modulator Clock=500kHz, External VREF=2.5V, AIN=0V

RMS noise[uVrms] (Peak-to-peak noise[uVpp])

Date PGA gain
rate OSR in= in= in=
5pe] orD) | (BUR | an | Gain=2 | Gain=4 | Gain=s | Gain=16 | Gain=32 | Gain=64 | Gain=128
76 65536 | 0383 | 0.740 | 0.601 | 0563 | 0.284 | 0.166 | 0.097 0.052 0.036 0.029
' ' (2.39) | (4.48) | (3.89) | (859) | (2.02) | (1.08) | (0.60) (0.34) (0.28) (0.20)
- 50048 | 0426 | 0701 | 0.680 | 0618 | 0.322 | 0.185 | 0.108 0.056 0.041 0.033
: (2.64) | (4.84) | (4.40) | (418) | (253) | (1.15) | (0.71) (0.40) (0.27) (0.20)
50 994 | 0878 | L1117 | 1308 | 1196 | 0.667 | 0.369 | 0.230 0.121 0.084 0.072
: (5.42) | (7.59) | (9.76) | (7.59) | (5.15) | (2.51) | (1.69) (0.92) (0.61) (0.52)
e 916 | 0929 | 1225 | 1350 | 1.254 | 0702 | 0.392 | 0.240 0.127 0.090 0.076
’ (6.35) | (9.71) | (105) | (9.52) | (4.85) | (2.85) | (1.70) (0.88) (0.59) (0.51)
60 830 | 0973 | L1279 | 1450 | 1.345 | 0723 | 0.426 | 0.258 0.129 0.093 0.080
’ (7.31) | (8.99) | (10.7) | (9.27) | (4.50) | (3.30) | (1.48) (1.07) (0.59) (0.58)
1 4992 | 1228 | 1673 | 1873 | 1673 | 0.904 | 0536 | 0.327 0.172 0.128 0.100
' (8.67) | (11.4) | (13.0) | (9.76) | (5.96) | (3.46) | (2.41) (1.19) (0.96) (0.68)
195 250 | 1681 | 2208 | 2530 | 2378 | 1277 | 0.710 | 0.460 0.238 0.176 0.139
: (12.7) | (18.6) | (16.7) | (16.7) | (8.45) | (4.65) | (3.15) (1.55) (1.16) (0.90)
. lopa | 2697 | 3311 | 3954 | 3.881 | 2007 | L1175 | 0.723 0.355 0.264 0.231
' (17.3) | (22.4) | (29.3) | (27.4) | (135) | (852) | (4.73) (2.28) (1.80) (1.55)
977 51p | 3691 | 4740 | 5758 | 5442 | 2871 | 1.656 | 1.025 0.522 0.389 0.321
(275) | (29.0) | (36.5) | (85.7) | (20.0) | (12.0) | (6.67) (3.53) (2.57) (2.21)
1553 seg | 5734 | 6572 | 8535 | 7.438 | 4.130 | 2308 | 1434 0.768 0.567 0.476
’ (35.3) | (42.5) | (55.3) | (48.9) | (28.2) | (15.8) | (9.34) (4.85) (4.05) (2.71)
3.906 128 | 7446 | 9607 | 12.32 | 1115 | 5778 | 3.476 | 2.237 1.162 0.831 0.669
’ (51.1) | (65.8) | (70.0) | (765) | (38.6) | (27.2) | (14.7) (7.83) (5.98) (4.21)
- e 64 | 1360 | 1591 | 2139 | 19.22 | 1043 | 5971 | 3.760 2.161 1.482 1.112
: (102) | (10) | (143) | (120) | (67.6) | (39.0) | (26.9) (13.9) (11.0) (6.96)
15 695 3p | 1205 | 1175 | 1125 | 67.81 | 3642 | 17.96 | 9.766 5.812 3.726 2.498
' (644) | (720) | (735) | (347) | (218) | (109) (58.7) (37.6) (22.2) (16.9)
Effective resolution [Bits] (Noise free resolution [Bits])
Date PGA gain
rate OSR in= in= in=
fope] Gons) | BUm | en | Gain=2 | Gain=4 | Gain=s | Gain=16 | Gain=32 | Gain=64 | Gain=128
oe 65536 | 236 22.6 23.0 22.1 22.1 21.8 21.6 215 21.0 20.4
' : (21.0) | (20.0) | (20.3) | (19.4) | (19.2) | (19.1) | (19.0) (18.8) (18.1) (17.6)
1 o | 208 22.7 22.8 22.0 21.9 21.7 215 21.4 20.9 20.2
’ (20.9) | (19.9) | (20.1) | (19.2) | (18.9) | (19.1) | (18.7) (18.6) (18.2) (17.6)
50 oo8a | 224 22.0 21.9 21.0 20.8 20.7 20.4 20.3 19.8 19.0
' (19.8) | (19.3) | (19.0) | (18.3) | (17.9) | (17.9) | (17.5) (17.4) (17.0) (16.2)
- o016 | 224 21.9 21.8 20.9 20.8 20.6 20.3 20.2 19.7 19.0
: (19.6) | (18.9) | (189) | (180) | (180) | (17.7) | (175) (17.5) (17.0) (16.2)
50 8320 | 223 21.8 21.7 20.8 20.7 20.5 20.2 20.2 19.7 18.9
' (19.4) | (19.0) | (188) | (180) | (181 | (175 | 7.7 (17.2) (17.0) (16.1)
15 anp | 228 21.5 21.4 20.5 20.4 20.2 19.9 19.8 19.2 18.6
’ (19.1) | (18.7) | (186) | (18.0) | (A7.7) | (A75) | (17.0) (17.0) (16.3) (15.8)
105 2560 | 215 211 21.0 20.0 19.9 19.8 19.4 19.3 18.8 18.1
: (186) | (18.0) | (182) | (17.2) | (17.2) | (17.0) | (16.6) (16.6) (16.0) (15.4)
po. pama | AOE 205 20.3 19.3 19.3 19.0 18.7 18.8 18.2 17.4
: (18.1) | @7.n | a7.4) | (165) | (165) | (16.2) | (16.0) (16.1) (15.4) (14.6)
977 510 | 204 20.0 19.7 18.8 18.7 18.5 18.2 18.2 17.6 16.9
(175 | @73 | 7.1 | (16.1) | (15.9) | (157) | (155) (15.4) (14.9) (14.1)
195 g | 180 19.5 19.2 18.4 18.2 18.1 17.7 17.6 17.1 16.3
: (17.1) | (@6.8) | (165 | (156) | (154) | (153) | (15.0) (15.0) (14.2) (13.8)
3.906 108 | 194 18.9 18.6 17.8 17.7 17.5 17.1 17.0 16.5 15.8
: (16.6) | (16.2) | (16.1) | (15.0) | (15.0) | (145) | (14.4) (14.3) (13.7) (13.2)
. 6q | 185 18.2 17.8 17.0 16.9 16.7 16.3 16.1 15.7 15.1
' (15.6) | (15.4) | (15.1) | (14.3) | (14.2) | (14.0) | (135) (13.5) (12.8) (12.5)
15 625 3 | 153 15.3 15.4 15.2 15.1 15.1 15.0 14.7 14.4 13.9
: (129) | @27 | @27 | (128) | (125) | (125 | (12.4) (12.0) (11.8) (11.2)
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2.13 Noise table (Low power mode)

AVCCO0=5V, Ta=25°C, Low Power mode, Modulator Clock=125kHz, External VREF=2.5V, AIN=0V

RMS noise[uVrms] (Peak-to-peak noise[uVpp])

Date PGA gain
rate OSR Gain=1 | Gain=1 | Gain=1 . . - . . o -
[sps] (DSAD) (BUF) (PGA) Gain=2 | Gain=4 | Gain=8 | Gain=16 | Gain=32 | Gain=64 | Gain=128
19 65536 | 0-463 1.236 | 0.892 | 0.708 | 0.444 | 0.245 0.140 0.070 0.048 0.038
: ' (3.29) | (6.58) | (5.38) | (4.63) | (2.62) | (1.72) (0.90) (0.47) (0.34) (0.25)
T 12512 | 1053 1.606 | 1596 | 1.492 | 0.797 | 0.437 0.286 0.143 0.109 0.085
g (7.03) | (11.9) | (11.4) | (10.6) | (5.27) | (2.86) (1.79) (1.00) 0.72) (0.61)
50 2496 | 2412 2.883 | 3.390 | 3.093 | 1.669 | 0.954 0.592 0.317 0.228 0.187
' (15.7) | (18.4) | (21.7) | (22.5) | (11.0) | (5.96) (3.86) (2.35) (1.69) (1.22)
54 2304 | 2558 3.098 | 3544 | 3139 | 1.719 | 0.962 0.637 0.333 0.242 0.199
' (19.4) | (20.5) | (23.9) | (19.4) | (11.3) | (6.39) (3.92) (2.12) (1.81) (1.39)
60 2080 | 2491 3.230 | 3598 | 3.348 | 1.810 | 1.024 0.645 0.346 0.257 0.207
' (16.3) | (20.8) | (26.4) | (25.0) | (13.6) | (7.38) (4.50) (2.30) (1.88) (1.37)
100 1245 | 3287 3.843 | 4794 | 4274 | 2319 | 1.357 0.872 0.454 0.338 0.268
' (21.7) | (26.6) | (325) | (27.1) | (15.3) | (9.35) (6.37) (2.98) (2.29) (1.83)
195 640 | 4663 5666 | 6.826 | 5799 | 3.245 | 1.930 1.164 0.627 0.474 0.371
37.7) | (37.7) | (46.5) | (39.7) | (21.3) | (12.9) (7.50) (4.61) (3.31) (2.68)
488 o5 | 7-451 9.151 | 10.30 | 9.404 | 5.216 | 2.934 1.869 1.006 0.729 0.599
(46.6) | (62.5) | (70.9) | (59.6) | (35.7) | (20.2) (13.6) (6.13) (5.46) (4.56)
977 108 | 10.37 13.13 | 15.63 | 13.71 | 7.605 | 4.383 2.796 1.510 1.099 0.908
(72.4) | (83.1) | (111) (93.3) | (63.0) | (30.3) (18.0) (9.78) (7.60) (7.23)
T o4 | 1680 1992 | 2541 | 2223 | 1230 | 7.226 4.520 2.531 1.927 1.499
' 117 15 177 1 4. 50. ) 16. 13. 11.1
3 38 94.9 0.9 30.6 6.2 3.6
3.906 ap | 1209 120.4 | 1266 | 73.29 | 36.82 | 19.83 11.22 6.332 4.427 3.143
' (720) (761) (634) (507) (216) (124) (78.4) (39.1) (27.3) (20.0)
Effective resolution [Bits] (Noise free resolution [Bits])
Date PGA gain
rate OSR in= in= in=
[sps] (%Eg’/lDl) (?SISF)l C(Sg'g A)l Gain=2 | Gain=4 | Gain=8 | Gain=16 | Gain=32 | Gain=64 | Gain=128
19 65.536 234 21.9 22.4 21.8 21.4 21.3 21.1 21.1 20.6 20.0
: ' (205) | (195) | (19.8) | (19.0) | (18.9) | (18.5) (18.4) (18.4) (17.8) (17.3)
10 12512 22.2 215 21.6 20.7 20.6 20.5 20.1 20.1 195 18.8
' (19.4) | (@86) | @87 | @79 | @79 | @77 (17.4) (17.3) (16.7) (16.0)
50 2496 21.0 20.7 20.5 19.6 19.5 19.3 19.0 18.9 18.4 17.7
' (18.3) | (18.0) | (17.8) | (16.8) | (16.8) | (16.7) (16.3) (16.0) (15.5) (15.0)
- D 20.9 20.6 20.4 19.6 19.5 19.3 18.9 18.8 18.3 17.6
; (18.0) | (7.8 | @77 | (@700 | (16.8) | (16.6) (16.3) (16.2) (15.4) (14.8)
60 2080 20.9 20.5 20.4 19.5 19.4 19.2 18.9 18.8 18.2 175
' (18.2) | (7.8) | (75)| (16.6) | (16.5) | (16.4) (16.1) (16.1) (15.3) (14.8)
100 1248 20.6 20.3 20.0 19.2 19.0 18.8 18.5 18.4 17.8 17.2
; 7.8 | @75) | (@72 | @65) | (@16.3)| (16.0) (15.6) (15.7) (15.1) (14.4)
165 640 20.0 19.7 195 18.7 18.6 18.3 18.0 17.9 17.3 16.7
(1700 | @70 | @67 | (159 | (158 | (15.6) (15.4) (15.1) (14.5) (13.8)
185 oee 19.4 19.0 18.9 18.0 17.9 17.7 17.4 17.3 16.7 16.0
(16.7) | (16.2) | (6.1) | (15.4) | (15.1) | (14.9) (14.5) (14.6) (13.8) (13.1)
977 128 18.9 18.5 18.3 17.5 17.3 17.1 16.8 16.7 16.1 15.4
(16.1) | (15.8) | (15.4) | (4.7) | (14.3) | (14.3) (14.1) (14.0) (13.3) (12.4)
oy o 18.2 17.9 17.6 16.8 16.6 16.4 16.1 15.9 15.3 14.7
; (15.4) | (149) | (48 | (42| @37 | (13.6) (13.3) (13.2) (12.5) (11.8)
3.906 32 15.3 15.3 15.3 15.1 15.1 14.9 14.8 14.6 14.1 13.6
' (12.8) | (12.6) | (129) | (123)| @125 | (@12.3) (12.0) (12.0) (11.5) (10.9)
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2.14 Common Mode Rejection Ratio (CMRR)

AVCCO=5V
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Temperature [C]
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3. Voltage Reference (VREF)

3.1 Initial accuracy, Temperature drift, Load regulation

AVCCO0=5V, Ta=25°C
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4. Excitation Current Source (IEXC)

4.1 Initial accuracy, Current matching

AVCCO0=5V, Ta=25°C
(Iexc=50uUA, n=134)
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4.2 Temperature drift

AVCCO0=5V, n=30

(Iexc=50uA) (Iexc=100uA)
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4.3 Drift matching

AVCCO0=5V, n=30
(Iexc=50uA)

0.6
\
T 0.4 T
20 =S —— — T
2 0.0 —_— Tt
£ ' %i
E 0 e — ——
502 [==— ———
304 F——F——
-0.6
.50 25 0 25 50 75 100 125
Temperature [*C]
(Iexc=250uA)
0.6
<04
20.2
o
S
T 0
¢
5-0.2
3-0.4
-0.6
50 -25 0 25 50 75 100 125
Temperature [C]
(Iexc=750uA)
0.6
© 0.4
2.2
~ — |
S
B | —
=
5-0.2
3-0.4
-0.6
50 25 0 75 100 125

25 5
Temperature ['C1

(Iexc=100uA)

0.6
<04
= \\\
202 f=—— ——
£ ——
S
©c 0 =
£ —
'5-0.2 —
3-0.4
-0.6
-50 -25 0 25 50 75 100 125
Temperature [°C]
(Iexc=500uA)
0.6
¥ 04
202 F—
oy
o2 =
Sy —————— &
€
€-0.2
[
3-0.4
-0.6
-50 -25 0 25 50 75 100 125
Temperature [*C]
(Iexc=1000uA)
0.6
¥ 0.4
£0.2
c
I _—
0 e
I
‘:;d-o.z
0-0.4
-0.6
50 -25 0 75 100 125

25 5
Temperature [°C1
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4.4 Load regulation

AVCCO0=5V, Ta=25°C
1.01

1.00

0.99 ]

—*—IEXC=50uA
- ——IEXC=250uA
0.98 IEXC=1000uA i

IEXC (normalized)

0.97

3.0 3.5 4.0 4.5 5.0
Output voltage [V]

5. Temperature sensor (TEMPS)

51 Temperature error

AVCCO0=5V
(n=18, Not include measurement uncertainty)

1.5

1.0
9
§ 0.5
o \
2 0.0
-}
© §
L -0.5
=
(]
= -1.0

-1.5

-50 -25 0 25 50 75 100 125
Temperature [°C]
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6. 24-bit Delta-Sigma A/D Converter Analog Input

6.1  Input current temperature dependence

AVCCO0=5V, Normal mode
(Vic=2.5V, Vid=0)

3 I I I I I I
— Gain=1(DSAD) — Gain=1(BUF)
p N — Gain=1(PGA) Gain=2 ]
—Gain=4 —Gain=8

< —Gain=16 —Gain=32
< 1
c
2o e
3 1 4455::::===;;:::::___"‘—:::::::SSE::::\~
0 ——l N\

-2 \i

-3

-50 -25 0 25 50 75 100 125
Temperature [C]
(Vic=2.5V, Vid=0V)
6 [ [ [ [ [
—Gain=1(BUF) — Gain=1(PGA)

4 Gain=2 Gain=4 —
< —@Gain=8 —Gain=16
=) —Gain=32 —Gain=64 _
=
(O]
c 0 =
o = ——
D _ /
£ %
(@)

_4 7

1
()]

-25 0 25 50 75 100 125
Temperature [°C]

1
Ul
o
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6.2 Input bias current — Input voltage

AVCCO0=5V, Normal mode

Gain=1(DSAD) Gain=1(DSAD)
10 60
0 50
<-10 = ! : | T 40 [ — Ta=-40T
A= A= ——Ta=25C
Jé -20 JOC-J' 30 [— Ta=85°C
. E - Ta=105C 4
g 30 — Ta=-40TC s %
.E -40 ~—Ta=25C M .g 10
@ Ta=85C || —
-0 Ta=105C 0 | i - |
-60 l -10
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05
Analog input voltage [V] Analog input voltage [V]
Gain=1(PGA) Gain=1(PGA)
10 60
0 /; 50
! :
<-10 < 40 —| T Ta=-40C
A= A= ~——Ta=25C
£-20 g 30 Ta=85C 1
c c — Ta=105C
g 30 ——Ta=-40C g
® -40 ——Ta=25C " @ 10 B
o Ta=85C a |
-0 Ta=105%C 0 | |
-60 ' -10
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05
Analog input voltage [V] Analog input voltage [V]
Gain=16 Gain=16
10 60
0 50
i R
T-10 = < 40 | Ta=-40C
A= = ——Ta=25C
2 -20 € 30 ] Ta=85C ]
£ £ Ta=105C
330 [ ——Ta=-40C s X
@ -40 —Ta=25C H ¥ 10 | -
@ Ta=85C @
-50 Ta=105C ] 0 | i
-60 ' -10
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05
Analog input voltage [V] Analog input voltage [V]
Gain=128 Gain=128
10 60
0 50
<-10 < 40 (| — Ta=-40C —
£ A= ~———Ta=25C
Jg -20 *qE) 30 [— Ta=85C — 71
E L t - Ta=105°C
3 30 — Ta=-40C ] 20
0 -40 |~ ~Ta=25C H @ 10
o Ta=85C @
-0 Ta=105C || 0 !
-60 ' -10 | '
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05

Analog input voltage [V]

Analog input voltage [V]
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6.3

Input offset current - Input voltage

AVCCO0=5V, Normal mode

Gain=1(DSAD)

Gain=1(DSAD)

30 - 30 I
—Ta=-40C ~— Ta=25C —Ta=-40C —Ta=25C
— 20 [ Ta=85C Ta=105C _ 20 Ta=85C Ta=105C |1
< <
< 10 S10
= r—\\____// €
2 o £ 0
_—_\
3 3 AT
©-10 | +-10
@ N
G -20 S -20
-30 -30
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05
Analog input voltage [V] Analog input voltage [V]
Gain=1(PGA) Gain=1(PGA)
3 I T 3 T T
—Ta=-40C ~—Ta=25C —Ta=-40C —Ta=25C
_ 2 Ta=85C Ta=105C || _ 2 Ta=85C Ta=105C |1
R == E
= €
2 0 ' 0 4
5 T B = 5 <=1 |
] —_\__\ o
§ -1 4&-5 -1
E E
o -2 o -2
-3 -3
-0.05 0.00 0.05 0.10 4.90 4,95 5.00 5.05
Analog input voltage [V] Analog input voltage [V]
Gain=16 Gain=16
3 [ | 3 [ |
5 —Ta=-40C ~—Ta=25C 2 —Ta=-40C —Ta=25C
= Ta=85C Ta=105C < Ta=85C Ta=105C
S 1 S 1
€ =
£ 0 £ 0
8 I- Ay 8 |
T R e e e R T =
&
uO: -2 o -2
-3 -3
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05
Analog input voltage [V] Analog input voltage [V]
Gain=128 Gain=128
3 I I 3 I I
5 —Ta=-40C ~—Ta=25C || 5 —Ta=-40C ~—Ta=25C ||
< Ta=85C Ta=105C = Ta=85C Ta=105C
c o
= 1 = 1
= €
£ 0 g o
3 3
o -1 — \ | o -1
g \ I 8 A
& W & T ~——
5 -2 N_— 5 2
-3 -3
-0.05 0.00 0.05 0.10 4.90 4.95 5.00 5.05

Analog input voltage [V] Analog input voltage [V]
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7. External Reference Input

7.1 Input current temperature dependence

AVCCO0=5V, VREF=2.5V

(Reference buffer disabled)

20
16
12
< 8 —REFOP
= 4 ——REFOM _|
C
2 o0
3 -4
a -8
C
= -12
-16
-20
-50 -25 0 25 50 75 100 125
Temperature [C]
7.2 Input current — Input voltage
AVCCO0=5V, VREF=2.5V
(REFOP, Reference buffer disabled)
15.0 T I
— Ta=-40C — Ta=25C
< Ta=85C Ta=105C
= 14.5
=
g
g
g 140 == Y2 —
5
13.5
-0.05 0 0.05 0.1
Reference input voltage range [V]
(REFOM, Reference buffer disabled)
-14.0 T T
——Ta=-40C —Ta=25C
T Ta=85C Ta=105C
=.-14.5
1=
g
g
T TS —
5 -15.0 B
g
-15.5
-0.05 0 0.05 0.1

Reference input voltage range [V]

(Reference buffer enabled)

1

I I
—REFOP |
0.8 —REFOM
0.6
< 04
[ M ~——— L~
= 0.2 >
A ’
3 -0.2 /
a -0.4
C
= -0.6
-0.8
-1
-50 -25 0 25 50 75 100 125
Temperature [C]
(REFOP, Reference buffer disabled)
15.0 T T
——Ta=-40C —Ta=25C
< Ta=85C Ta=105C
= 14.5
=
o
é o \"‘<
= 14.0
a
S
13.5
4.9 4.95 5 5.05
Reference input voltage range [V]
(REFOM, Reference buffer disabled)
-13.5 , ,
—Ta=-40C ~— Ta=25C
< Ta=85C Ta=105C
=-14.0
=
L
5
O — T ——
£-145 eI
Q
S
-15.0
4.9 4.95 5 5.05

Reference input voltage range [V]
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8. Operating Current

8.1 24-bit Delta-Sigma A/D converter operating current — AVCCO
Ta=25°C
(Normal mode, OPCR.DSADLVM bit=0) (Normal mode, OPCR.DSADLVM bit=1)
1400 1400 ‘ |
51200 glzoo :
1000 1000 ————
g 800 — ] o 800 [——— =
= ) |
3 600 I —— 3 600 |
o 400 = —Gain=1(DSAD) | O 400 —— Gain=1(DSAD) |
L>) 200 ——Gain=16 N g 200 ——Gain=16 |
< 0 Gain=128 < 0 Gain=128
3 3.5 4 4.5 5 5.5 6 25 3 35 4 45 5 55 6
AVCCO [V] AVCCO [V]
(Low power mode, OPCR.DSADLVM bit=0) (Low power mode, OPCR.DSADLVM bit=1)
600 600
< 500 < 500
= = — —
= 400 — 2 400 |——
£ 300 £ 300
S 200 S 200 —"/—’_/—’—
o —— Gain=1(DSAD) o ——Gain=1(DSAD)
S 100 ——Gain=16 1 ¥ 100 ——Gain=16 B
< Gain=128 < Gain=128
0 1 1 0 1 1
3 3.5 4 4.5 5 5.5 6 25 3 35 4 45 5 55 6
AVCCO [V] AVCCO [V]
8.2 24-bit Delta-Sigma A/D converter operating current temperature dependence
AVCCO0=5V
(Normal mode, OPCR.DSADLVM bit=0) (Normal mode, OPCR.DSADLVM bit=1)
1400 1400 | | | |
g 1200 % 1200 (—
= 1000 = 1000
g 800 o 800
5 600 5 600
(6] O
g 400 —Gain=1(DSAD) | § 400 ——Gain=1(DSAD) |
o ——@Gain=16 4 O ——Gain=16 4
Z 208 Gain=128 Z 208 Gain=128
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature [C] Temperature [ °C]
600 (Low power mode, OPCR.DSADLVM bit=0) 0 (Low power mode, OPCR.DSADLVM bit=1)
< 500 < 500
5 =
= 400 = 400
o o
£ 300 £ 300
3 3
38 200 ——Gain=1(DSAD) S 200 —Gain=1(DSAD) |
O 100 ——Gain=16 — O 100 _Ga!nf16 ]
Z Gain=128 Z Gain=128
0 : : 0
50 25 0 25 50 75 100 125 -50 25 0 25 50 75 100 125

Temperature [C]

Temperature [C]
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8.3 Buffer operating current temperature dependence

(Normal mode, Analog input buffer) (Normal mode, Reference buffer)
100 100
g < 90
= 90
= \\\ = —_— |
2 g0 T t 80 ——— :
S S— th e T
(@] 3 —
g 70 ——AVCC0=2.7V o 70 —— AVCC0=2.7V
O ——AVCC0=3.3V 3 —— AVCC0=3.3V
z 60 AVCCO0=5.0V g 60 AVCCO=5.0v |
AVCC0=5.5V < AVCC0=5.5V
50 ‘ . ‘ : 50 ! \ \
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature [C] Temperature [C]
(Low power mode, Analog input buffer) (Low power mode, Reference buffer)
30 30
< <
3, 25 3 25
2 —_— — ! 2 —— I
o] ! [} —
E 20 ! 1 s 2
3] ——AVCC0=2.7V o ——AVCC0=2.7V
§ 15 —AVCC0=33V | § 15 ——AVCCO=3.3V |
S AVCC0=5.0V 9 AVCCO0=5.0V
z AVCC0=5.5V < AVCCO0=5.5V
10 \ \ \ \ 10 ‘ ‘ ‘ ‘
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature [C] Temperature [C]

8.4  Voltage reference (VREF), Temperature sensor (TEMPS), Bias voltage generator (VBIAS),
Excitation current source (IEXC)

(VREF operating current) (TEMPS operating current)
60 20
'<_E| —
3, 50 < 15
= 2
S € =
o , L
SRR R —— \ \ £ 10 ——AVCCO=2.7V
; — AVCCO0=2.7V Py ——AVCC0=3.3V
Q 30 —— AVCC0=3.3V S s AVCCO0=5.0V
9 AVCCO=5.0V > ——AVCC0=5.5V
< —— AVCCO0=5.5V < | | |
20 1 1 1 1 0
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature [*C] Temperature [°C]
(VBIAS operating current) (IEXC operating current)
30 65 ‘ ‘ ‘
——AVCC0=2.7V
= 25 = ——AVCC0=3.3V
< < 60
= 20 = AVCCO0=5.0V
2 2 ——AVCC0=5.5V
g 15 i i i i g 55
3 3
o 10 —— AVCC0=2.7V a
S —— AVCC0=3.3V S 50
> 5 AVCC0=5.0V S
< —— AVCCO=5.5V <
0 1 1 1 1 45
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature [C] Temperature [C]
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9. High-Speed On-Chip Oscillator (HOCO)

9.1  Temperature drift

AVCCO0=5V
(n=5, Normalized at 32MHz)
2.0

1.5
1.0

0.5

0.0

-0.5

Frequency error[ %]

-1.0

-1.5

-2.0

25 50
Temperature [C]

75 100 125

10. Interference
10.1 From 12bit SAR-ADC

AVCC=5V, Ta=25°C, External CLK=8MHz
Normal mode, Date rate=244sps, External VREF=2.5V, AIN=0V
12bit SAR-ADC : Input=AVCC, Sampling time=7.5us, Discharge ON

Condition Peak-to-peak noise[uVpp] (RMS noise[uVrms])
Gain=1 (DSAD) Gain=1 (PGA) Gain=16 Gain=128
SAR-ADC
NON-OPERATION 12.5 (1.90) 19.7 (3.01) 3.50 (0.508) 1.09 (0.160)
SAR-ADC
OPERATION 13.7 (1.92) 21.5 (3.01) 3.32 (0.509) 1.15 (0.161)
SAR-ADC Gain=128 SAR-ADC Sﬁ/:EZIZ'B o 1e1uy
_ RMS noise : 0.160uVrms noise : U.161uvrms
NON-OPERATION P-P noise : 1.09uVpp OPERATION P-Pnoise : 1.15uVpp
1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
— 0.2 — 0.2
3 0.0 3 00
Q '02 (] '0.2
5 -0.4 S -0.4
Z 06 < .06
-0.8 -0.8
-1.0 -1.0
0o 2 4 8 10 12 14 16 18 0O 2 4 6 8 12 14 16 18
Time [sec] Time [sec]
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10.2 From MCU

AVCC=5V, Ta=25°C, External CLK=8MHz
Normal mode, Date rate=244sps, External VREF=2.5V, AIN=0V

Condition Peak-to-peak noise[uVpp] (RMS noise[uVrms])
Gain=1 (DSAD) Gain=1 (PGA) Gain=16 Gain=128
Stand-by 13.1 (1.92) 18.8 (2.91) 3.69 (0.514) 1.22 (0.156)
(CHOR”:;R‘;:;“S operation 13.4 (1.99) 19.1 (2.91) 3.58 (0.513) 1.07 (0.159)
Intermittent operation
(Multiplication<->Stand-by) 13.7 (1.99) 19.7 (2.89) 3.50 (0.499) 1.15 (0.159)
GAIN=128 - Gain=128
Stand-b RMS noise : 0.156uVrms Intermittent RMS noise : 0.159uVrms
Y P-P noise : 1.22uVpp operation P-P noise : 1.15uVpp
1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
— 0.2 — 0.2
3 0.0 3 0.0
o -0.2 @ -0.2
(%) (9]
© -0.4 ©-0.4
Z 0.6 Z-0.6
-0.8 -0.8
-1.0 -1.0
0 2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18
Time [sec] Time [sec]

10.3 From IO port

VCC=AVCC=5V, Ta=25°C, External CLK=8MHz
Normal mode, Date rate=244sps, External VREF=2.5V, AIN=0V
IO port : PC14~17(Four terminals), Toggle frequency=8MHz, Cload=30pF

Condition Peak-to-peak noise[uVpp] (RMS noise[uVrms])
Gain=1 (DSAD) Gain=1 (PGA) Gain=16 Gain=128
',\?O‘:\I"_?oggle 13.1 (1.92) 18.8 (2.91) 3.69 (0.514) 1.22 (0.156)
'TC(’) gglg BMHz 13.4 (1.99) 19.1 (2.91) 3.58 (0.513) 1.07 (0.159)
in= Gain=128
IO port Gain=128 IO port :
_ RMS noise : 0.156uVrms Togagle 8MHz RMS noise : 0.159uVrms
NON-toggle P-P noise : 1.22uVpp 99 P-P noise : 1.06uVpp
1.0 1.0
0.8 0.8
0.6 0.6
0.4 0.4
= 0.2 — 0.2
3 00 3 0.0
g -02 g -0.2
S -04 S -0.4
-0.6 Z .06
-0.8 -0.8
-1.0 -1.0
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Time [sec] Time [sec]
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1. #HESAEK
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2. BRBEAROLE
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AN/ A ZORERICE DEBEATEBHEORRCHYETDOTEEL TS, CMOS #RDAAN/ 4 X EITEAL T, Vi (Max.) H
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(Min.) EFTOEEZBBT HBBHEPICF v 2T/ ARXGENRASHNESITFERAL TS,

7. UY—TF7FLR (FHEE) OF7 Y XELLE
YHE—T7RLR (FHEE) OF7 7 EREZIELET, 7 FLREEICIE, SEOMBEERICEIY R TOIATVNS UF—T7 FLR (FH4E
B) "HYET. ChEDT7 FLRAET7IEALEEEDEEICONTIE. RIETEFLADT, ZI/ERALABEVESITLTLESL,

8. HAEODMEIZDONT
BEZORLGDIHEMKEETHHESF, BRBEZILICVRTLAFHEAREEBEL TSV, ALIL—TOIL AU TLERENES E. Ty
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YEEA,

3. HHE, AEHICEDTAUHFLIE=ZFOHHIE. SFETOMONMMEEZASHETIIOTEHY FEA,

4, LG E 2HMFLE—BEMDT. . RE. EE. UN—RIVTPZTFTYLS, oM. FEDIERALEVTLLESL, M1 IHE. &
ZE,EE, UN—RIVPZFYUTHFICLYELCHEBRICEHL, HE. —UT0ETEEVERA,

5. Zttid, HHBRORBKEE MEEKE) LU EREKE] ITHELTEY., EREKEL, UTITRTARICESNMEASIADIZLEER
LTHYET,

BHEKE . avEa—4. OAHES. BIEMEE. FHEMMES. AVHEEE. RE. ITEEH. S—V LR, EZRAO0KRY +F
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