LENESAS APPLICATION NOTE

RX23E-B Group
Analog Front End Typical Characteristics

Overview

This document shows typical analog characteristics of 24-bit A-X A/D converter (DSAD), 16-bit D/A converter (DA)
and analog front end (AFE) in RX23E-B.
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The analog characteristics in this document are the evaluation results of typical samples and are for reference.
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RX-23E-B Group Analog Front End Typical Characteristics

1. RX23E-B Analog Front End Features

* One 24-bit delta-sigma A/D converter
= A/D converter with up to 24-bit effective resolution (gain=1, output data rate=3.8SPS)
* High-precision programmable gain instrumentation amplifier
11nVRMS (gain=128, output data rate=3.8SPS)
* Rail-to-rail programmable gain instrumentation amplifier(gain=1 to 128)
* Programmable data rate : 3.8SPS to 125kSPS (fMOD=4MHz)
= Offset drift 4nV/°C (gain=64 to 128)
* Gain drift 1ppm/°C (gain=1 to 16 (PGA enable))
= Up to eight differential inputs, 16 single-ended inputs
* Four types of digital filters
Fourth-order sinc filter
Fourth-order sinc filter + fourth-order sinc filter
Fifth-order sinc filter
Fifth-order sinc filter + first-order sinc filter
+ Simultaneous 50Hz/60Hz rejection (output data rate=10, 54SPS)
« Offset error and gain error calibration
* +10-V input pins
« Delta-sigma A/D input disconnect detection assist
- Delta-sigma A/D reference voltage external input
* Voltage reference output voltage : 2.5V, temperature drift : 8ppm/°C (Ta=-40 to +85°C),
output current: £10 mA
 Excitation current sources : Up to two
Output current : 50pA to 1000pA, current matching: £0.2%,
drift matching: 5 ppm/°C
* Bias voltage generator output voltage : (AVCC0+AVSS0)/2
* Temperature sensor : Accuracy +5°C
* Low-side switch : 10Q on-resistance
- Low power-supply-voltage detectors
+ Delta-sigma A/D input voltage fault detectors
+ Delta-sigma A/D reference voltage fault detectors and disconnect detectors
* Excitation current source disconnect detectors
+ High-voltage analog common input disconnect detector
* 16-bit D/A converter
One channel
DNL=+1LSB, INL=£5LSB (max, VREFH=4.5V)
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RX-23E-B Group Analog Front End Typical Characteristics

2. 24-bit Delta-Sigma A/D Converter
2.1 Noise histogram, Plot of Noise
AVCCO0=5V, Ta=25°C, fuoo=4MHz, V\p=0V, External Vrer=2.5V, Reference buffer disabled

Gain=1(PGA disabled, BUF disabled),
for=125k SPS, Sinc® filter
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RX-23E-B Group

Analog Front End Typical Characteristics

Gain=64, fpr=3.8 SPS, Sinc®+ Sinc! filter
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RX-23E-B Group Analog Front End Typical Characteristics

Gain=1(PGA disabled, BUF disabled),
for=3.8 SPS, Sinc*+Sinc? filter
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RX-23E-B Group

Analog Front End Typical Characteristics

2.2 RMS noise - Date rate
AVCCO0=5V, Ta=25°C, fMOD=4MHz, V,p=0V, External VREF=2.5V, Reference buffer disabled

Sinc® filter or Sinc®+Sinc! filter
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RX-23E-B Group Analog Front End Typical Characteristics

2.4 Noise table

AVCCO0=5V, Ta=25°C, fMOD=4MHz, V,p=0V, Sinc® filter or Sinc®+Sinc* filter, External
VREF=2.5V, Reference buffer disabled

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

Data rate Gain=1 Gain=1 Gain=1 . . - . - . L

[SPS] OSR (Bypass) (BUF) (PGA) Gain=2 Gain=4 Gain=8 Gain=16 Gain=32 Gain=64 Gain=128

38 1048576 0.165 0.194 0.203 0.174 0.093 0.042 0.027 0.020 0.017 0.017

: (1.00) (1.34) (1.34) 1.17) (0.67) (0.33) (0.19) (0.15) (0.13) (0.13)

10.0 399872 0.243 0.268 0.284 0.234 0.121 0.067 0.040 0.030 0.027 0.027

: (1.32) (1.76) (1.97) (1.76) (0.88) (0.47) 0.27) (0.23) (0.21) (0.19)

50.1 70872 0.481 0.534 0.573 0.481 0.249 0.137 0.085 0.068 0.062 0.060

’ (3.29) (3.84) (3.84) (3.71) (1.79) (1.10) (0.62) (0.47) (0.46) (0.44)

54 73728 0.502 0.561 0.597 0.500 0.263 0.141 0.089 0.070 0.064 0.062

(3.87) (4.46) (4.76) (3.87) (1.93) (1.12) (0.69) (0.50) (0.48) (0.50)

60 66560 0.529 0.594 0.637 0.529 0.271 0.151 0.094 0.074 0.067 0.064

(3.95) (3.95) (4.61) (3.95) (2.14) (1.11) (0.72) (0.55) (0.51) (0.48)

100 39936 0.663 0.732 0.788 0.675 0.348 0.191 0.120 0.094 0.087 0.084

(4.67) (5.22) (6.04) (5.08) (2.61) (1.41) (0.94) (0.70) (0.65) (0.65)

077 4096 1.931 2.216 2.403 2.067 1.078 0.599 0.384 0.316 0.293 0.277

(14.1) (15.9) (18.7) (15.5) (8.33) (4.50) (2.89) (2.51) (2.22) (2.06)

1953 2048 2.697 3.050 3.325 2.896 1.489 0.832 0.535 0.442 0.402 0.390

(20.1) (23.1) (27.6) (22.9) (10.7) (6.59) (4.00) (3.27) (2.89) (2.98)

3906 1024 3.636 4.098 4.507 3.938 2.052 1.145 0.740 0.602 0.563 0.537

(27.9) (31.8) (31.6) (30.7) (15.4) (8.83) (5.53) (4.63) (4.03) (4.26)

15625 256 5.226 5.936 6.801 5.927 3.170 1.791 1.154 0.988 0.921 0.884

(40.2) (48.0) (50.5) (47.4) (24.2) (13.3) (8.68) (7.57) (6.94) (6.67)

17857 224 6.076 6.764 7.896 6.624 3.771 2.376 1.721 1.417 1.205 1.012

(45.4) (48.9) (59.1) (47.8) (28.9) (17.4) (12.8) (11.3) (9.54) (7.93)

31250 128 8.214 8.876 10.65 9.046 5.059 3.158 2.311 1.936 1.661 1.399

(60.2) (66.4) (78.2) (67.3) (39.4) (22.8) (19.9) (13.8) (12.9) (10.8)

41667 %6 9.363 10.27 12.50 10.84 6.065 3.816 2.743 2.314 2.002 1.699

(67.5) (78.1) (95.7) (83.0) (45.2) (28.4) (20.7) (16.7) (15.5) (13.5)

62500 64 11.76 13.09 16.36 14.50 8.139 4.996 3.531 3.071 2.638 2.364

(87.5) (95.4) (126) (106) (57.6) (37.5) (27.1) (22.7) (21.0) (16.9)

125000 32 63.20 64.38 66.39 39.73 21.06 11.65 7.214 5.870 5.167 4.829

(468) (472) (495) (320) (156) (88.4) (58.2) (48.2) (40.5) (39.9)
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RX-23E-B Group Analog Front End Typical Characteristics

Effective resolution [Bits] (Noise-free resolution [Bits])

Data rate Gain=1 Gain=1 Gain=1 . . - . - . L
[SPS] OSR (Bypass) (BUF) (PGA) Gain=2 Gain=4 Gain=8 Gain=16 Gain=32 Gain=64 Gain=128
a8 1048576 24.0 24.0 24.0 23.8 23.7 23.8 234 229 221 21.2
: (22.2) (21.8) (21.8) (21.0) (20.8) (20.8) (20.7) (20.0) (19.2) (18.2)
10.0 399872 24.0 24.0 24.0 23.3 23.3 23.2 22.9 22.3 21.4 20.5
i (21.9) (21.4) (21.3) (20.4) (20.4) (20.4) (20.1) (19.4) (18.5) a7.7)
50.1 70872 23.3 23.2 231 22.3 22.3 221 21.8 211 20.3 19.3
: (20.5) (20.3) (20.3) (19.4) (19.4) (19.1) (18.9) (18.3) 17.4) (16.4)
54 73728 23.2 231 23.0 22.3 22.2 221 21.7 211 20.2 19.3
(20.3) (20.1) (20.0) (19.3) (19.3) (19.1) (18.8) (18.2) (17.3) (16.3)
60 66560 23.2 23.0 22.9 22.2 22.1 22.0 21.7 21.0 20.1 19.2
(20.3) (20.3) (20.0) (19.3) (19.2) (19.1) (18.7) (18.1) (17.2) (16.3)
100 39936 22.8 22.7 22.6 21.8 21.8 21.6 21.3 20.7 19.8 18.8
(20.0) (19.9) (19.7) (18.9) (18.9) (18.8) (18.3) (17.8) (16.9) (15.9)
977 4096 21.3 211 21.0 20.2 20.1 20.0 19.6 18.9 18.0 17.1
(18.4) (18.3) (18.0) (17.3) (17.2) (17.1) (16.7) (15.9) (15.1) (14.2)
1953 2048 20.8 20.6 20.5 19.7 19.7 19.5 19.2 18.4 17.6 16.6
(17.9) 7.7) (17.5) (16.7) (16.8) (16.5) (16.3) (15.5) (14.7) (13.7)
3906 1024 20.4 20.2 20.1 19.3 19.2 19.1 18.7 18.0 17.1 16.1
a7.4) (17.3) 17.3) (16.3) (16.3) (16.1) (15.8) (15.0) (14.2) 13.2)
15625 256 19.9 19.7 19.5 18.7 18.6 18.4 18.0 17.3 16.4 15.4
(16.9) (16.7) (16.6) (15.7) (15.7) (15.5) (15.1) (14.3) (13.6) (12.5)
17857 204 19.7 19.5 19.3 18.5 18.3 18.0 17.5 16.8 16.0 15.2
(16.8) (16.6) (16.4) (15.7) (15.4) (15.1) (14.6) (13.8) (13.0) (12.3)
31250 128 19.2 19.1 18.8 18.1 17.9 17.6 17.0 16.3 155 14.8
(16.3) (16.2) (16.0) (15.2) (14.8) (14.7) (13.9) (13.5) (12.6) (11.8)
41667 %6 19.0 18.9 18.6 17.8 17.7 17.3 16.8 16.0 15.3 14.5
(16.2) (16.0) (15.7) (14.9) (14.8) (14.4) (13.9) (13.2) (12.3) (11.5)
62500 64 18.7 18.5 18.2 17.4 17.2 16.9 16.4 15.6 14.9 14.0
(15.8) (15.7) (15.3) (14.5) (14.4) (14.0) (13.5) (12.8) (11.9) (11.2)
125000 32 16.3 16.2 16.2 15.9 15.9 15.7 15.4 14.7 13.9 13.0
(13.4) (13.4) (13.3) (12.9) (13.0) (12.8) (12.4) (11.7) (10.9) 9.9
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RX-23E-B Group Analog Front End Typical Characteristics

AVCCO0=5V, Ta=25°C, fMOD=4MHz, V\p=0V, Sinc* filter or Sinc*+Sinc# filter, External VREF=2.5V,
Reference buffer disabled

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

Data rate Gain=1 Gain=1 Gain=1 . . - . - . L

[SPS] OSR (Bypass) (BUF) (PGA) Gain=2 Gain=4  Gain=8 Gain=16 Gain=32 Gain=64 Gain=128

38 1048576 0.160 0.168 0.179 0.141 0.061 0.031 0.019 0.014 0.012 0.011

’ (0.50) (1.00) (1.00) (0.92) (0.42) (0.23) (0.14) (0.10) (0.09) (0.09)

10.0 399872 0.192 0.252 0.236 0.177 0.094 0.047 0.030 0.022 0.019 0.018

’ (1.24) (1.48) (1.48) (1.24) (0.62) (0.31) (0.20) (0.16) (0.14) (0.14)

50.1 70872 0.359 0.406 0.431 0.352 0.178 0.096 0.059 0.046 0.042 0.041

’ (2.43) (2.73) (3.03) (2.58) (1.29) (0.72) (0.42) (0.34) (0.30) (0.31)

54 73728 0.346 0.390 0.421 0.352 0.182 0.098 0.062 0.048 0.044 0.042

(2.51) (2.72) (3.34) (2.51) (1.41) (0.71) (0.46) (0.35) (0.33) (0.32)

60 66560 0.387 0.427 0.463 0.374 0.193 0.106 0.065 0.051 0.046 0.044

(2.52) (3.15) (3.15) (2.67) (1.34) (0.75) (0.47) (0.37) (0.34) (0.33)

100 39936 0.470 0.523 0.572 0.469 0.242 0.133 0.083 0.065 0.059 0.057

(3.34) (3.64) (4.55) (3.49) (1.74) (0.95) (0.66) 0.47) (0.46) (0.46)

977 4096 1.407 1.562 1.691 1.442 0.748 0.408 0.256 0.207 0.190 0.181

(10.9) (12.9) (12.4) (11.1) (5.90) (3.10) (1.98) (1.54) (1.40) (1.43)

1953 2048 1.959 2.217 2.406 2.021 1.065 0.591 0.374 0.298 0.272 0.265

(15.9) (16.7) (17.2) (17.0) (7.99) (4.56) (3.00) (2.12) (2.09) (2.06)

3906 1024 2.760 3.114 3.519 3.057 1.592 0.897 0.561 0.462 0.427 0.414

(21.4) (22.9) (27.1) (22.1) (11.6) (6.78) (4.19) (3.92) (3.18) (3.21)

15625 256 5.579 6.185 7.339 6.490 3.422 1.930 1.250 1.070 1.001 0.971

(43.7) (45.2) (58.1) (50.6) (25.5) (14.1) (9.74) (7.57) (7.56) (7.80)

17857 224 6.393 7.098 8.323 7.108 3.909 2.516 1.835 1.507 1.286 1.053

(46.8) (52.2) (63.1) (52.0) (30.1) (19.5) (13.9) (11.7) (9.67) (7.86)

31250 128 8.509 9.342 11.25 9.657 5.429 3.435 2.502 2.084 1.778 1.511

(63.4) (71.1) (81.2) (70.7) (40.3) (25.4) (20.1) (16.7) (13.8) (11.4)

21667 96 9.997 10.97 13.29 11.71 6.542 4.074 2.973 2471 2.151 1.819

(80.7) (81.7) (98.6) (85.9) (49.6) (30.6) (23.3) (18.7) (16.2) (14.0)

62500 64 14.59 15.73 19.50 16.09 8.891 5.504 3.850 3.277 2.968 2.613

(114) (128) (143) (129) (64.6) (46.8) (29.5) (24.5) (23.7) (21.2)

125000 32 122.6 122.1 122.1 65.91 34.11 17.67 10.10 7.107 5.844 5.301

(851) (904) (909) (489) (264) (126) (72.7) (53.2) (44.9) (40.1)
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RX-23E-B Group Analog Front End Typical Characteristics

Effective resolution [Bits] (Noise-free resolution [Bits])

Data rate Gain=1 Gain=1 Gain=1 . . - . - . L

[SPS] OSR (Bypass) (BUF) (PGA) Gain=2 Gain=4  Gain=8 Gain=16 Gain=32 Gain=64 Gain=128

a8 1048576 24.0 24.0 24.0 24.0 24.0 24.0 23.9 234 22.6 22.7

: (23.2) (22.2) (22.2) (21.2) (21.5) (21.4) (21.1) (20.5) (19.7) (18.8)

10.0 399872 24.0 24.0 24.0 23.8 23.7 23.6 23.3 22.8 22.0 21.0

’ (21.9) (21.7) (21.7) (20.9) (20.9) (20.9) (20.6) (19.9) (19.1) (18.1)

50.1 70872 23.7 23.6 235 22.8 22.7 22.6 22.3 21.7 20.8 19.9

: (21.0) (20.8) (20.7) (19.9) (19.9) (19.7) (19.5) (18.8) (18.0) (16.9)

54 73728 23.8 23.8 235 22.8 22.7 22.6 22.3 21.6 20.8 19.8

(20.9) (20.8) (20.5) (19.9) (19.8) (19.8) (19.4) (18.8) (17.9) (16.9)

60 66560 23.6 235 23.4 22.7 22.6 225 22.2 21.5 20.7 19.8

(20.9) (20.6) (20.6) (19.8) (19.8) (19.7) (19.3) (18.7) (17.8) (16.9)

100 39936 23.3 23.2 23.1 22.3 22.3 22.2 21.8 21.2 20.3 194

(20.5) (20.4) (20.1) (19.5) (19.5) (19.3) (18.8) (18.3) (17.4) (16.4)

977 4096 21.8 21.6 21.5 20.7 20.7 20.5 20.2 19.5 18.7 17.7

(18.8) (18.6) (18.6) (17.8) 7.7) (17.6) (17.3) (16.6) (15.8) (14.7)

1953 2048 21.3 21.1 21.0 20.2 20.2 20.0 19.7 19.0 18.1 17.2

(18.3) (18.2) (18.1) 17.2) (17.3) (17.1) (16.7) (16.2) (15.2) (14.2)

3906 1024 20.8 20.6 20.4 19.6 19.6 19.4 19.1 18.4 17.5 16.5

(17.8) 17.7) (17.5) (16.8) (16.7) (16.5) (16.2) (15.3) (14.6) (13.6)

15625 256 19.8 19.6 19.4 18.6 18.5 18.3 17.9 17.2 16.3 15.3

(16.8) (16.8) (16.4) (15.6) (15.6) (15.4) (15.0) (14.3) (13.3) (12.3)

17857 224 19.6 19.4 19.2 18.4 18.3 17.9 17.4 16.7 15.9 15.2

(16.7) (16.5) (16.3) (15.6) (15.3) (15.0) (14.5) (13.7) (13.0) (12.3)

31250 128 19.2 19.0 18.8 18.0 17.8 17.5 16.9 16.2 15.4 14.7

(16.3) (16.1) (15.9) (15.1) (14.9) (14.6) (13.9) (13.2) (12.5) (11.7)

21667 96 18.9 18.8 18.5 17.7 175 17.2 16.7 15.9 15.1 14.4

(15.9) (15.9) (15.6) (14.8) (14.6) (14.3) (13.7) (13.0) (12.2) (11.4)

62500 64 18.4 18.3 18.0 17.2 17.1 16.8 16.3 15.5 14.7 13.9

(15.4) (15.3) (15.1) (14.2) (14.2) (13.7) (13.4) (12.6) (11.7) (10.8)

125000 32 15.3 15.3 15.3 15.2 15.2 15.1 14.9 14.4 13.7 12.8

(12.5) (12.4) (12.4) (12.3) (12.2) (12.3) (12.1) (11.5) (10.8) 9.9
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RX-23E-B Group

Analog Front End Typical Characteristics

2.5 Integral nonlinearity error (INL)
AVCCO0=5V, Ta=25°C, fuop=4MHz, Sinc4 filter or Sinc4+Sinc4 filter, External Vrer=2.5V,

Reference buffer disabled

Total oversampling ratio=224"!

Total oversampling ratio=256 "2

Gain=1(PGA disabled, BUF disabled) Gain=1(PGA disabled, BUF enabled)
Gain=1(PGA enabled, BUF enabled) Gain=2
20 Gain=4 Gain=8 20
— (GaIN=16 — (Gain=32
15 — (GaiN=64 Gain=128 15
10 10
— —
z z
o5 UE‘ 5
g 0 aQ 0
a S
— -5 - -5
4 4
= =
-10 -10
-15 -15
-20 -20
-50 -40 -30 -20 -10 0 10 20 30 40 50
Input voltage [% of FSR]
. . *
Total oversampling ratio=4096 ™
Gain=1(PGA disabled, BUF disabled) Gain=1(PGA disabled, BUF enabled)
20 Gain=1(PGA enabled, BUF enabled) Gain=2
Gain=4 Gain=8
15 | =——— Gain=16 — Gain=32
— Gain=64 Gain=128
10
o
n 5
=
a o0
(e}
=
- -5
zZ
b=
-10
-15
-20
-50 -40 -30 -20 -10 O 10 20 30 40 50

Input voltage [% of FSR]

Gain=1(PGA disabled, BUF disabled) Gain=1(PGA disabled, BUF enabled)
Gain=1(PGA enabled, BUF enabled) Gain=2
Gain=4 Gain=8
Gain=16 — Gain=32
Gain=64 Gain=128
-50 40 -30 -20 -10 O 10 20 30 40 50

Input voltage [% of FSR]

Note 1. The evaluation results for total oversampling ratio=224 are typical characteristics for total

oversampling ratio=32 to 224.

Note 2. The evaluation results for total oversampling ratio=256 are typical characteristics for total

oversampling ratio=256 to 768.

Note 3. The evaluation results for total oversampling ratio=4096 are typical characteristics for total

oversampling ratio=1024 to 1048576.

RO1AN7286EJ0100 Rev.1.00
Mar 29, 2024
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RX-23E-B Group Analog Front End Typical Characteristics

Gain=1(PGA disabled, BUF disabled), Gain=1(PGA disabled, BUF enabled),
Total oversampling ratio=4096, n=5 Total oversampling ratio=4096, n=5
20 20
15 15
10 10
o s x s
) wn -
L [V \
g_ 0 N—=— g— 0 I
(e} Q
—i-5 — -5
— —
= P
—-10 =-10
15 -15
20 -20
-50 -40 -30 -20 ~-10 0 10 20 30 40 50 -50 -40 -30 -20 ~-10 0 10 20 30 40 50
Input voltage [% of FSR] Input voltage [% of FSR]
Gain=1(PGA enabled, BUF enabled),
Total oversampling ratio=4096, n=5 Gain=8, Total oversampling ratio=4096, n=5
20 20
15 15
10 10
' s x s
wn wn
L [T
g0 £ 0
Q Q.
Q e [a}
— -5 — 5
— -
P P A
=-10 —-10
15 15
-20 -20
-50 -40 -30 -20 -10 O 10 20 30 40 50 50 -40 -30 20 -10 0 10 20 30 40 50
Input voltage [% of FSR] Input voltage [% of FSR]
Gain=32, Total oversampling ratio=4096, n=5 Gain=128, Total oversampling ratio=4096, n=5
20 20
15 15
10 10
' s x s
wn wn
L [T
g0 g€ 0
Q Q.
Q [a}
.5 — -5
— -
=z =z
—-10 —-10
15 15
20 20
-50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 -10 0 10 20 30 40 50
Input voltage [% of FSR] Input voltage [% of FSR]
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RX-23E-B Group Analog Front End Typical Characteristics

2.6 Integral nonlinearity error temperature drift

AVCCO0=5V, fuop=4MHz, Sinc4 filter or Sinc4+Sinc4 filter, External Vrer=2.5V, Reference buffer
disabled

Total oversampling ratio=224"! . Total oversampling ratio=256 "2
25

Gain=1(PGA disabled, BUF disabled)
Gain=1(PGA disabled, BUF enabled)

Gain=1(PGA disabled, BUF disabled)
Gain=1(PGA disabled, BUF enabled)

20 Gain=1(PGA enabled, BUF enabled) 20 Gain=1(PGA enabled, BUF enabled)
= Gain=4 = Gain=4
P Gain=64
(LJL') 15 Gain=64 & 15
(e Q
= e
. 10 - 10
= —_— T ——ee————, =
- W -
—— T T——TN
5 5 T~
\__\—_/ —
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature [C] Temperature [C]
Total oversampling ratio=4096 "3
25
Gain=1(PGA disabled, BUF disabled)
20 Gain=1(PGA disabled, BUF enabled)
Gain=1(PGA enabled, BUF enabled)
— Gain=4
% Gain=64
V15
€
Q.
Q
—i10 ~\/\/
-
zZ
= —
5 =
\
0
-50 -25 0 25 50 75 100 125

Temperature [C]

Note 1. The evaluation results for total oversampling ratio=224 are typical characteristics for total
oversampling ratio=32 to 224.

Note 2. The evaluation results for total oversampling ratio=256 are typical characteristics for total
oversampling ratio=256 to 768.

Note 3. The evaluation results for total oversampling ratio=4096 are typical characteristics for total
oversampling ratio=1024 to 1048576.
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RX-23E-B Group

Analog Front End Typical Characteristics

2.7 Offset error histogram

AVCCO0=5V, Ta=25°C, fuop=4MHz, V\p=0V, Total oversampling ratio=4096, External Vrer=2.5V,

Reference buffer disabled

Gain=1(PGA disabled, BUF disabled)

. Gain=1(PGA disabled, BUF enabled)

30
20 20
(0] (O]
Q (@]
oy C
(0] (0]
c t
3 =)
Q Q
O O
O 10 Q 10
0 0
-160 -120 -80 -40 0 40 80 120 160 -160 -120 -80 -40 0 40 80 120 160
Offset error [uV] Offset error [uV]
Gain=1(PGA enabled, BUF enabled) Gain=2
30 30
20 20
(0] Q
g s
(0] (0]
c E
3 =)
Q (@]
o 10 S 10
0 0
-160 -120 -80  -40 0 40 80 120 160 80 -60 -40  -20 0 200 40 60 80
Offset error [uV] Offset error [uV]
Gain=4 Gain=8
30 30
20 20
[0] (0]
Q Q
C C
[ [
ju— ju—
= 3
Q Q
O O
Q10 O 10
0 0
40  -30 -20 -10 0 10 20 30 40 16 -12 -8 -4 0 4 8 12 16
Offset error [uV] Offset error [uV]
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RX-23E-B Group Analog Front End Typical Characteristics

Gain=16 Gain=32
30 30
20 20
(0] (O]
Q O
cC C
(0] (0]
c E
3 3
Q Q
[} O
O 10 O 10
0 0
-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
Offset error [uV] Offset error [uV]
Gain=32 Gain=128
30 30
20 20
(0] Q
Q [}
C C
(0] (O]
t c
3 3
(9] Q
|9) O
o 10 O 10
0 0
-4 -3 -2 -1 0 1 2 3 4 32 -24 -16 -08 0 0.8 1.6 24 3.2
Offset error [uV] Offset error [uV]

2.8 Offset error temperature drift

AVCCO0=5V, fwop=4MHz, Vip=0V, Total oversampling ratio=4096, External Vrer=2.5V, Reference
buffer disabled

e— Gain=1(PGA disabled, BUF disabled)
15 Gain=1(PGA disabled, BUF enabled)
Gain=1(PGA enabled, BUF enabled)
Gain=2
10 Gain=4
Gain=8
— Gain=16
— 5 — (GaiN =32
> — Gain=64
= e Gain=128
. 0
o -
ju.
f—
O -5
-+
& :
$-10 7—(
o
15 \
-20
-50 -25 0 25 50 75 100 125
Temperature [C]
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RX-23E-B Group

Analog Front End Typical Characteristics

2.9 Offset error - Input common mode voltage

AVCCO0=5V, Ta=25°C, fuop=4MHz, V\p=0V, Total oversampling ratio=4096, External Vrer=2.5V,
Reference buffer disabled

20

15

10

Offset error [uV]

-10

-15

-20

20

15

10

Offset error [uV]

-10

-15

-20

-05 0 05 1 15 2 25 3 35

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4

Offset error [uV]

-0.6
-0.8
-1.0

Gain=1(PGA disabled, BUF disabled)

05 0 05 1 1.5 2 25 3 35 4 45 5 55
Input common mode voltage (Vic) [V]

Gain=1(PGA enabled, BUF enabled)

4 45 5 55
Input common mode voltage (Vic) [V]

Gain=16

05 0 05 1 1.5 2 25 3 35 4 45 5 55
Input common mode voltage (Vic) [V]

foset error [pV]

20

15

10

10

-15

-20

Offset error [pV]

Offset error [pV]

-5 0 05 1 15 2 25 3 3.5

-0.

0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

Gain=1(PGA disabled, BUF enabled)

_/\

4 45 5 55
Input common mode voltage (Vic) [V]

Gain=4

50 05 1 1.5 2 25 3 35 4 45 5 55
Input common mode voltage (Vic) [V]

Gain=128

05 0 05 1 15 2 25 3 35 4 45 5 55
Input common mode voltage (Vic) [V]
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RX-23E-B Group

Analog Front End Typical Characteristics

2.10 Gain error histogram

AVCCO0=5V, Ta=25°C, fuop=4MHz, Total oversampling ratio=4096, External Vrer=2.5V,

Reference buffer disabled

Gain=1(PGA disabled, BUF disabled)

Gain=1(PGA disabled, BUF enabled)

40 40
30 30
© |'—| o)
[} (&)
C c
g 20 £ 20 B
=) 3
Q Q
O O
(®) (©) ’7
10 B 10
0 0
-0.03 -0.024 -0.018 -0.012-0.006 0 0.006 0.012 0.018 0.024 0.03 -0.03 -0.024 -0.018 -0.012 -0.006 0  0.006 0.012 0.018 0.024 0.03
Gain error [%] Gain error [%]
Gain=1(PGA enabled, BUF enabled) Gain=2
40 40
30 30
Q ]
2 2
2 20 r 220
> ]
Q Q
O O
° i ° [ W
10 10
0 0
-0.03 -0.024 -0.018 -0.012 -0.006 0 0.006 0.012 0.018 0.024 0.03 -0.04 -0.032 -0.024 -0.016 -0.008 0 0.008 0.016 0.024 0.032 0.04
Gain error [%] Gain error [%]
Gain=4 Gain=8
40 40
30 30
3 8
e |"| 2
2 20 L 20
3 >
Q Q
O O
o} S IV
10 1 10
0 0 L
-0.04 -0.032 -0.024 -0.016 -0.008 0 0.008 0.016 0.024 0.032 0.04 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
Gain error [%] Gain error [%]
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RX-23E-B Group Analog Front End Typical Characteristics

Gain=16 Gain=32
40 40
30 30
(0] (O]
Q O
o H o .
Q20 20
j— j—
3 3
Q Q
O O
(@] (@]
10 F 10
0 0
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
Gain error [%] Gain error [%]
Gain=64 Gain=128
40 40
30 30
(0] Q
Q [}
C C
Q20 @ 20
— _
3 3
(9] Q
|9) O
o) ’7 —I o)
10 10 M
: . 0 L cu.w:
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05 -0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05
Gain error [%] Gain error [%]

2.11 Gain error temperature drift

AVCCO0=5V, Ta=25°C, fuop=4MHz, Total oversampling ratio=4096, External Vrer=2.5V,
Reference buffer disabled

e Gain=1(PGA disabled, BUF disabled)

0.10 Gain=1(PGA disabled, BUF enabled)
Gain=1(PGA enabled, BUF enabled)
Gain=2
Gain=4
Gain=8
— Gain=16
0.05 — Gain=32
— — Gain=64
X o Gain=128
L ————
© 0.00 e — —
t ——
()
£
B T ——— ]
o -0.05
-0.10
-50 -25 0 25 50 75 100 125
Temperature [C]
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RX-23E-B Group

Analog Front End Typical Characteristics

2.12 RMS noise - Input voltage

AVCCO0=5V, Ta=25°C, fMOD=4MHz, Total oversampling ratio=4096, Sinc*+Sinc* filter

Gain=1(PGA disabled, BUF disabled)

Gain=1(PGA disabled, BUF enabled)

25 e External VREF=2.5V/Reference buffer disabled 25 == External VREF=2.5V/Reference buffer disabled
e External VREF=2.5V/Positive reference buffer enabled External VREF=2.5V/Positive reference buffer enabled
External VREF=2.5V/Negative reference buffer enabled External VREF=2.5V/Negative reference buffer enabled
— 20 External VREF=2.5V/Positive,Negative reference buffer enabled — 20 Bxternal VREF=2.5V/Positive, Negative reference buffer enabled
) 0 e [ternal VREF=2.5V
Internal VREF=2.5V e
E s
> 15
35, =15
v 3
0 Z
o 10
c (i 10
9]
> =
X 5 5
- =
0 0
-50 -40 -30 -20 -10 0 10 20 30 40 50 50 -40 -30 -20 -10 O 10 20 30 40 50
Input voltage [% of FSR] Input voltage [% of FSR]
Gain=1(PGA enabled, BUF enabled) Gain=4
25 e External VREF=2.5V/Reference buffer disabled 6 e External VREF=2.5V/Reference buffer disabled
e Excternal VREF=2.5V/Positive reference buffer enabled External VREF=2.5V/Positive reference buffer enabled
e External VREF=2.5V/Negative reference buffer enabled 5 External VREF=2.5V/Negative reference buffer enabled
20 External VREF=2.5V/Positive,Negative reference buffer enabled i External VREF=2.5V/Positive,Negative reference buffer enabled
— _
2 Internal VREF=2.5V € Internal VREF=2.5V
I “ 4
= >
> 15 S
3, =
W 8 3
0 ‘©
O 10 c
; 2 :
= 24
X 5 1
— — =
0 O
.50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 -10 0 10 20 30 40 50
Input voltage [% of FSR] Input voltage [% of FSR]
Gain=16 Gain=128
1.5 e External VREF=2.5V/Reference buffer disabled 0.30 Extornal VREF=2.5V/Ref buffer disabled
—XLEN =2. ren rdi
e External VREF=2.5V/Positive reference buffer enabled erna € t.eve e bulier disable
e External VREF=2.5V/Positive reference buffer enabled
e External VREF=2.5V/Negative reference buffer enabled X
e External VREF=2.5V/Negative reference buffer enabled
o External VREF=2.5V/Positive,Negative reference buffer enabled . .
External VREF=2.5V/Positive,Negative reference buffer enabled
£ e Internal VREF=2.5V ™y Internal VREF—2 0y
S 1.0 € 025 [T/ nema —
(-
= >
0] =
B] w
o
= @2
" o
0.5 < 0.20
= )
4
=
K 24
0.0 0.15
-50 -40 -30 -20 -10 0 10 20 30 40 50 -50 -40 -30 -20 -10 O 10 20 30 40 50
0,
Input voltage [% of FSR] Input voltage [% of FSR]
RO1AN7286EJ0100 Rev.1.00 Page 20 of 43
Mar 29, 2024 RENESAS



RX-23E-B Group Analog Front End Typical Characteristics

2.13 RMS noise Reference buffer dependence histogram

AVCCO0=5V, Ta=25°C, fMOD=4MHz, Vp=0V, Total oversampling ratio=224, Sinc4+Sinc4 filter,
External VREF=2.5V

Reference buffer disabled Positive reference buffer enabled
. Gain=1(PGA enabled, BUF enabled) . Gain=1(PGA enabled, BUF enabled)
40 + 40
o] 3
2 2
S 20 S 20
0 m 0 [H.ﬂ_bﬂ] =" EFN AR
0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
RMS noise [uVrms] RMS noise [uVrms]
Negative reference buffer enabled Positive, Negative reference buffer enabled
0 Gain=1(PGA enabled, BUF enabled) o Sain=1(PGA enabled, BUF enabled
40 40
(0] Q
IS <
o o
5 5
ot ot
O 20 11 O 20
0 Pl & 0 Hﬂﬂl-.-—rﬂ"r‘»—-.—-ﬁ'}-—r‘l—-. el -
0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
RMS noise [uVrms] RMS noise [uVrms]
RO1AN7286EJ0100 Rev.1.00 Page 21 of 43

Mar 29, 2024 RENESAS



RX-23E-B Group

Analog Front End Typical Characteristics

Reference buffer disabled

Gain=32
60
40
Q
[}
C
(D)
c
: 1
S 20 [
0
0 04 08 1.2 1.6 2 24 28 3.2 36 4
RMS noise [uVrms]
Negative reference buffer enabled
Gain=32
40
Q
(S}
C
()
: H
3
3
O 20
0
0 04 08 1.2 1.6 2 24 28 3.2 3.6 4
RMS noise [uVrms]

Occurrence

Occurrence

Positive reference buffer enabled

Gain=32
60

40

20 }

0 mm

0 04 08 12 16 2 24 28 32 36 4
RMS noise [uVrms]

Positive, Negative reference buffer enabled

Gain=32
60

40

20 H
0 Mﬂ
0 04 08 12 16 2 24 28 32 36 4
RMS noise [uVrms]

Note: The evaluation results for total oversampling ratio=224 are typical characteristics for total oversampling

ratio=32 to 224.
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RX-23E-B Group Analog Front End Typical Characteristics

AVCCO0=5V, Ta=25°C, fMOD=4MHz, Vp=0V, Total oversampling ratio=4096, Sinc4+Sinc4 filter,
External VREF=2.5V

Reference buffer disabled Positive reference buffer enabled
Gain=1(PGA enabled, BUF enabled) Gain=1(PGA enabled, BUF enabled)
60 60
40 40
(0] Q
e e
g o
2 w 3
S 20 r S 20

0 4 8 12 16 20 24 28 32 36 40 0O 4 8 12 16 20 24 28 32 36 40
RMS noise [uVrms] RMS noise [uVrms]
Negative reference buffer enabled Positive, Negative reference buffer enabled
o Gain=1(PGA enabled, BUF enabled) Gain=1(PGA enabled, BUF enabled)
60
g 40 §40
2 2
3 3
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RX-23E-B Group

Analog Front End Typical Characteristics

Reference buffer disabled
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Positive reference buffer enabled
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Note: The evaluation results for total oversampling ratio=4096 are typical characteristics for total

oversampling ratio=256 to 1048576.
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RX-23E-B Group

Analog Front End Typical Characteristics

2.14 RMS noise - Reference differential input voltage
AVCCO0=5V, Ta=25°C, fMOD=4MHz, Vp=0V, Sinc® filter, Reference buffer disabled

Gain=1(PGA disabled, BUF disabled)

Gain=1(PGA disabled, BUF enabled)

200 200
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Total oversampling ratio=64 Total oversampling ratio=64
‘0’ 150 Total oversampling ratio=128 & 150 Total oversampling ratio=128
E Total oversampling ratio=256 E Total oversampling ratio=256
= >
= =
100
% 100 3
o
; c
[9))]
= S s0
x 50 @
0 0
05 1 15 2 25 3 35 4 45 5 55 65 1 15 2 25 3 35 4 45 5 55
Reference differential input voltage [V] Reference differential input voltage [V]
Gain=1(PGA enabled, BUF enabled) Gain=4
200 60
Total oversampling ratio=32 Total oversampling ratio=32
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RX-23E-B Group

Analog Front End Typical Characteristics

2.15 Analog input current

AVCCO0=5V, fmop=4MHz, Total oversampling ratio=4096

Bias current
Vid=0V

Offset current
Vid=2.5V/Gain
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m_ig Gain=1(PGA disabled, BUF disabled) Gain=1(PGA disabled, BUF enabled) & 40 Gain=1(PGA disabled, BUF enabled) Gain=1(PGA enabled, BUF enabled)
Gain=1(PGA enabled, BUF enabled) Gain=2 O Gain=2 Gain=4
Gain=4 Gain=8 Gain=8 Gain=16
-15) —— Gain=16 —_— Gain=32 =60 | =——— Gain=32 —— Gain=64
— (GAiN =64 Gain=128 — Gain=128
-20 -80
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
o
Temperature [C] Temperature [*C]
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RX-23E-B Group Analog Front End Typical Characteristics

2.16 Noise histogram, Plot of Noise (High-Voltage Inputs)
AVCCO0=5V, Ta=25°C, fMOD=4MHz, V,p=0V, External VREF=2.5V, Reference buffer disabled

Gain=0.1(PGA disabled, BUF enabled),
for=976.6 SPS, Sinc*+Sinc* filter
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[ S' 50
g 2000 % 0
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1000 -100
-150
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-150 -120 -90 -60 -30 0O 30 60 90 120 150 0 2000 4000 6000 8000

Noise [uV] Sample

Gain=0.1(PGA enabled, BUF enabled),
for=976.6 SPS, Sinc*+Sinc* filter
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RX-23E-B Group Analog Front End Typical Characteristics

Gain=0.1(PGA disabled, BUF enabled),
for=976.6 SPS, Sinc®+Sinc! filter
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Gain=0.1(PGA enabled, BUF enabled),
for=976.6 SPS, Sinc®+Sinc! filter
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RO1AN7286EJ0100 Rev.1.00 Page 28 of 43

Mar 29, 2024 RENESAS



RX-23E-B Group Analog Front End Typical Characteristics

2.17 RMS noise - Date rate (High-Voltage Inputs)
AVCCO0=5V, Ta=25°C, fMOD=4MHz, V,p=0V, External VREF=2.5V, Reference buffer disabled

Sinc® filter or Sinc®+Sinc? filter Sinc? filter or Sinc*+Sinc* filter

10000 Gain=0.1(PGA disabled, BUF enabled) 1o Gain=0.1(PGA disabled, BUF enabled)
! Gain=0.1(PGA enabled, BUF enabled)

Gain=0.1(PGA enabled, BUF enabled)

=
o
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3

RMS noise [uV]
=
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-
o
=
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1 10 100 1000 10000 100000 1000000 1 10 100 1000 10000 100000 1000000
Data rate [SPS] Data rate [SPS]

2.18 Effective resolution - Date rate (High-Voltage Inputs)
AVCCO0=5V, Ta=25°C, fMOD=4MHz, V\p=0V, External VREF=2.5V, Reference buffer disabled

Sinc® filter or Sinc®+Sinc? filter Sinc? filter or Sinc*+Sinc* filter
P Gain=0.1(PGA disabled, BUF enabled) - Gain=0.1(PGA disabled, BUF enabled)
Gain=0.1(PGA enabled, BUF enabled) Gain=0.1(PGA enabled, BUF enabled)
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RX-23E-B Group Analog Front End Typical Characteristics

2.19 Noise table (High-Voltage Inputs)

AVCCO0=5V, Ta=25°C, fMOD=4MHz, V,p=0V, Sinc® filter or Sinc®+Sinc* filter, External
VREF=2.5V, Reference buffer disabled

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

Data rate OSR Gain=0.1 Gain=0.1

[SPS] (BUF) (PGA)

3.8 1048576 (iée.ii) (567,?,%)

100 soe72 3% @413)

50.1 79872 (2-3?32) (gggg)

N

60 66560 (;'2933) (2'6%3)

100 30936 o1 (68,60

977 4096 (igfi) ég;g)

1953 2048 (22'9?2) (1218'7%)

3906 1024 (‘3‘25% (4512'11.3)

15625 256 (221)'30.‘71) ééﬁﬁ)

17857 224 (gﬁ) (%2325)

31250 128 (égiié) (11?)%5)

41667 96 éﬂj& (1123(‘)':)

62500 64 (ﬁzf) (21%%1)

125000 32 (4674687) (5730315)
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RX-23E-B Group

Analog Front End Typical Characteristics

Effective resolution [Bits] (Noise-free resolution [Bits])

Data rate OSR Gain=0.1 Gain=0.1
[SPS] (BUF) (PGA)
3.8 1048576 (ig:g) (i;l:g)
10.0 399872 (?% é?:?)
50.1 79872 (ié:g) (ig:g)
54 o 167
60 66560 (7o 164
100 e Y 162)
977 4096 (igﬁ% (ig:z)
1953 2048 éZj‘) ég:(z))
3906 1024 ég:g) (igig)
15625 256 (12;2) (ig:(ZJ)
17857 24| 3% 127)
31250 128 (igfg) (ig:g)
41667 96 (12:471) &2:(2))
62500 64 égfi) (ﬂg)
125000 32 (1825) (196.51)
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RX-23E-B Group Analog Front End Typical Characteristics

AVCCO0=5V, Ta=25°C, fMOD=4MHz, V,p=0V, Sinc* filter or Sinc*+Sinc* filter, External
VREF=2.5V, Reference buffer disabled

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

Data rate OSR Gain=0.1 Gain=0.1

[SPS] (BUF) (PGA)

3.8 1048576 (iézgg) (i';;g)

100 sove72 25T (1731)

50.1 o872 | A0 (36,40

54 s G @552)

60 66560 (2'71.3411) (g#gj)

100 39936 (ﬁé?ﬁi) (2%37.2?1)

977 4096 (12'32.3) (12'75.2)

1953 2048 (igﬁ i) (g:g)

3906 1024 (22'9?2) (gcl)f;)

15625 256 (Zifg) (2;67.8)

17857 224 (2;51) (éégfu

31250 128 éggj;‘) (11‘(1)72'3)

41667 96 (égg:% (11723;3'5?)

62500 64 (11735223) (21?%3)

125000 32 éﬁ%‘) (332%
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RX-23E-B Group

Analog Front End Typical Characteristics

Effective resolution [Bits] (Noise-free resolution [Bits])

Data rate OSR Gain=0.1 Gain=0.1
[SPS] (BUF) (PGA)
3.8 1048576 (ig:g) (ig:g)
10.0 399872 é;‘:g) ég:cl))
50.1 79872 (ﬁ:g) (ﬁ:i)
54 (I )
60 66560 (i%) (i%)
100 SIS 167
977 4096 (iéﬁ) (ié:g)
1953 2048 éﬁ}% (igig)
3906 1024 ég:g) (igi(z))
15625 256 (12;‘2‘) (i%)
17857 24| 3% 125
31250 128 (igfg) (ig:g)
41667 96 &312) (ﬁ:;)
62500 64 (ﬁfsl;) (ﬂ:;)
125000 32 (195_'13; (19?'12)
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RX-23E-B Group Analog Front End Typical Characteristics

2.20 Integral nonlinearity error (INL) (High-Voltage Inputs)

AVCCO0=5V, Ta=25°C, fuop=4MHz, Total oversampling ratio=4096, External Vrer=2.5V,
Reference buffer disabled

20

Gain=0.1(PGA disabled, BUF enabled)
Gain=0.1(PGA enabled, BUF enabled)

15

10
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-10

INL [ppmFSR]

-15

-20
-20 -15 -10 -5 0 5 10 15 20

Input voltage [% of FSR]

2.21 Analog input current (High-Voltage Inputs)
AVCCO0=5V, Ta=25°C, fuop=4MHz, Total oversampling ratio=4096
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Temperature [C]
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RX-23E-B Group

Analog Front End Typical Characteristics

3. Voltage Reference (VREF)
AVCCO=5V

Temperature Dependence

Initial Accuracy
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S 2500 g 15
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4. Temperature Sensor
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RX-23E-B Group Analog Front End Typical Characteristics

5. Excitation Current Source

AVCCO=5V
Initial Accuracy
Temperature Dependence IEXC=250uA
1.5 30
———JEXC=50uA ———[EXC=100uA
1.0 ———[EXC=250uA IEXC=500uA o5
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Current matching _ ]
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S
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-10
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Output voltage [V]
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RX-23E-B Group Analog Front End Typical Characteristics

6. External reference input
AVCCO0=5V, External Vger=2.5V

Input current Input current

Reference buffer disabled Reference buffer enabled
200 15

10

_— —_ ——REFxP
1 <
El S s ——REFXN
g % ——REFXP 5
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s 0 ——REFXN s 0 —
O (O]
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-150
-200 -15
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Temperature [C] Temperature [C]
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RX-23E-B Group Analog Front End Typical Characteristics
7. 16-Bit D/A Converter

AVCCO=5V
INL code dependence DNL code dependence
Ta=25C, VREFH=5V - Ta=25C, VREFH=5V
2.0 .
1.5 10
1.0
0.5
0.5
o’ o
9 00 & 00
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Z-05 2]
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8 02 ® 00
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RX-23E-B Group Analog Front End Typical Characteristics

8. Operating current

24bit Delta-Sigma A/D Converter 24bit Delta-Sigma A/D Converter
PGA disabled, BUF disabled PGA enabled, BUF enabled
8.0 18
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RX-23E-B Group Analog Front End Typical Characteristics

Reference buffer . Bias voltage generator
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Viu (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LS| is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

(Notel)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
WWWw.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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