G SiGNAL
& MICRO

S1G24133
SIG24134
SIG24135

5to 19.2kSPS, 24-bit Sigma-Delta ADC with PGA and Voltage
Reference

FEATURES

Programmable Gain: 1/2/4/8/16/32/64/128/256
Data Rates: 5to 19.2kSPS
RMS Noise: 23nV at 10SPS (Gain=128)
22.4 Noise Free of Bits at 10SPS (Gain=1)
Offset Drift: 5nV/°C (Gain=128)
Gain Drift: 1ppm/°C
1.17V/2.5V Internal Reference with S5ppm/°C Drift
Integral Non-Linearity: 3ppm
Internal or External Clock
Simultaneous 50Hz/60Hz Rejection
Programmable Current Sources
On-Chip Bias Voltage Generator
Burnout Current Sources
Parity Check
Power Supply
AVDD: 2.7V to 5.25V or £2.5V
DVDD: 2.7V to 5.25V
Current: 1.4mA
Package: 16/20/24-lead TSSOP

APPLICATIONS

Weigh Scales

Strain Gauges

Pressure Sensors
Temperature Measurement
Industrial Process Control
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DESCRIPTION

The SIG24133/4/5 are low noise, low drift, and high-resolution
24-bit analog-to-digital converters (ADC) with integrated
programmable gain amplifier (PGA) and low drift on-chip voltage
reference that offers high-accuracy measurement solutions for
bridge sensors, thermocouples, and resistance temperature
devices (RTD).

The device contains a low noise PGA with gains selected from
1, 2, 4, 8 16, 32, 64, 128, and 256, a delta-sigma (A-%)
modulator, and a programmable SINC1/SINC4 digital filter. A
low drift 1.17V or 2.5V reference is integrated on chip and two
matched excitation current sources (IDACs) are provided for
accurate RTD measurement. The output data rate from the
device can be configured to 5 to 19.2kSPS. Burnout current
sources are provided at the analog inputs for sensor connection
diagnosis.

Offset and gain calibration registers are provided with calibration
command or direct register write to calibrate the ADC errors or
overall system errors. SPI-compatible interface is used for
device configuration and parity check is provided for data
integrity.

The on-chip oscillator or an external clock can be used as the
clock source to the device.

The device can operate with bipolar £1.35V to £2.625V analog
power supplies, or with a single 2.7V to 5.25V analog power
supply.

The SIG24133 is available in 16-lead TSSOP package, the
SIG24134 is available in 20-lead TSSOP package, and the
SIG24135 is available in 24-lead TSSOP package. All three
devices are fully specified over the -40°C to +125°C temperature
range.
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PIN CONFIGURATION and DESCRIPTIONS

SI1G24133
TOP VIEW (Not To Scale)
[0
DVDD |I 16 | DOUT/DRDYn
DGND | 2 15 | SCLK
CLKIN | 3 14 | DIN
ANCOMVBIAS [4 | sicpa133 [ 23] Csn
AIN3/IOUT3 | 5 TSSOP-16 12 | AvDD
AIN2/I0UT2 [(6 | 11] Avss
AIN1/IOUT1 E 10 | REFP/REFOUT
AINoouTo 8 | 9 ] REFN
PIN FUNCTION DESCRIPTION
NO. NAME
1 DVDD Digital Digital power supply, 2.7V to 5.25V. DVDD is independent of
AVDD.
2 DGND Digital Digital ground reference point.
- 1) Internal oscillator; Connect to DGND.
3 CLKIN Digital Input 2) External clock: Connect to external clock input.
4 AINCOM/VBIAS Analog Input Analog input common, VBIAS.
5 AIN3/IOUT3 Analog Input Analog input 3, IDAC3.
6 AIN2/10UT2 Analog Input Analog input 2, IDAC2.
7 AIN1/IOUT1 Analog Input Analog input 1, IDACL1.
8 AINO/IOUTO Analog Input Analog input 0, IDACO.
9 REFN Analog Input Negative reference input.
10 | REFP/REFOUT Analog Input Positive reference input or internal reference output.
Negative analog power supply. AVSS can be taken below DVSS to
provide bipolar power supplies. For example, AVSS can be tied to
11 AVSS Analog —2.5V and AVDD can be tied to +2.5V, providing a £2.5V dual
supplies to the ADC.
Positive analog power supply. 2.7V to 5.25V relative to AVSS.
12 AVDD Analog AVDD is independent of DVDD.
13 CSn Digital Input Serial chip select. Active low.
14 DIN Digital Input Serial data input.
15 SCLK Digital Input Serial data clock.
16 DOUT/DRDYn Digital Output Serial data output and data ready indicator.
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S1G24133

SIGNAL SIG24134
8 MiCRO
S1G24135
S1G24134
TOP VIEW (Not To Scale)
(o)
pvoD [ 1 20 ] DOUT/DRDYN
DGND | 2 19 | SCLK
CLKIN| 3 18 | DIN
AINCOMNVBIAS [« ] 17 | Csn
AIN5/IOUT5 | 5 S1G24134 16 | AVDD
ananouts [5 | TSSOP-20 55 avss
AIN3/10UT3 [ 7| | 14 | REFPIREFOUT
AIN2/IOUT2| 8 13 IREFN
ANVIoUTL (9 2 ] AIN7/I0UT?
AINo/IouTO [0 12 ] AIN6/IOUT6
PIN FUNCTION DESCRIPTION
NO. NAME
1 DVDD Digital Digital power supply, 2.7V to 5.25V. DVDD is independent of
AVDD.
2 DGND Digital Digital ground reference point.
- 1) Internal oscillator: Connect to DGND.
3 CLKIN Digital Input 2) External clock: Connect to external clock input.
4 AINCOM/VBIAS Analog Input Analog input common, VBIAS.
5 AIN5/IOUTS Analog Input Analog input 5, IDAC5.
6 AIN4/I0UT4 Analog Input Analog input 4, IDACA4.
7 AIN3/IOUT3 Analog Input Analog input 3, IDAC3.
8 AIN2/10UT2 Analog Input Analog input 2, IDAC2.
9 AIN1/10UT1 Analog Input Analog input 1, IDACL1.
10 AINO/IOUTO Analog Input Analog input 0, IDACO.
11 AIN6/IOUT6 Analog Input Analog input 6, IDACS6.
12 AIN7/IOUT7 Analog Input Analog input 7, IDAC7.
13 REFN Analog Input Negative reference input.
14 | REFP/REFOUT Analog Input Positive reference input or internal reference output.
Negative analog power supply. AVSS can be taken below DVSS to
provide bipolar power supplies. For example, AVSS can be tied to
15 AVSR Analog —2.5V and AVDD can be tied to +2.5V, providing a £2.5V dual
supplies to the ADC.
Positive analog power supply. 2.7V to 5.25V relative to AVSS.
16 YbD Analog AVDD is independent of DVDD.
17 CSn Digital Input Serial chip select. Active low.
18 DIN Digital Input Serial data input.
19 SCLK Digital Input Serial data clock.
20 DOUT/DRDYn Digital Output Serial data output and data ready indicator.
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SIGNAL SIG24134
8 MiCRO
S1G24135
SI1G24135
TOP VIEW (Not To Scale)
pvoD [ 1 E DOUT/DRDYN
DGND | 2 23 | SCLK
CLKIN/XTAL1 E 22 | DIN
xtaL2 [+ 21 | Csn
Ne [ 20 | AVDD
AINCOMVBIAS [[6 | S1G24135 [ 9] Avss
AsiouTs [7 | TSSOP-24 557 rerpureFoUT
AINa/iouT4 s | [ ] REFNL
AIN31ouTs [ | 55 ] ReFPO
AIN2/10UT2 39 ] 55 ] REFNO
AIN1IOUTL [ ] [34] AIN7iI0UT?
AINonouTo [ | 3] ANsriouTs
PIN FUNCTION DESCRIPTION
NO. NAME

1 DVDD Digital Digital power supply, 2.7V to 5.25V. DVDD is independent of
AVDD.

2 DGND Digital Digital ground reference point.

1) Internal oscillator: Connect to DGND.

3 CLKIN/XTAL1 Digital Input 2) External clock: Connect to external clock input.
3) Crystal oscillator connection 1.

4 XTAL2 Digital Input Crystal oscillator connection 2.

5 NC Digital No connection (float) or connect to DVDD/DGND.

6 AINCOM/VBIAS Analog Input Analog input common, VBIAS.

7 AIN5/IOUTS Analog Input Analog input 5, IDAC5.

8 AIN4/I0UT4 Analog Input Analog input 4, IDACA4.

9 AIN3/IOUT3 Analog Input Analog input 3, IDACS.

10 AIN2/IOUT2 Analog Input Analog input 2, IDAC2.

11 AIN1/10UT1 Analog Input Analog input 1, IDACL1.

12 AINO/IOUTO Analog Input Analog input 0, IDACO.

13 AIN6/I0OUT6 Analog Input Analog input 6, IDACSG.

14 AIN7/10UT7 Analog Input Analog input 7, IDACY.

15 REFNO Analog Input Negative reference input 0.

16 REFPO Analog Input Positive reference input 0.

17 REFN1 Analog Input Negative reference input 1.

18 | REFP1/REFOUT Analog Input Positive reference input 1 or internal reference output.
Negative analog power supply. AVSS can be taken below DVSS to
provide bipolar power supplies. For example, AVSS can be tied to

19 AVSS Analog —2.5V and AVDD can be tied to +2.5V, providing a £2.5V dual
supplies to the ADC.

Positive analog power supply. 2.7V to 5.25V relative to AVSS.

20 AVDD Analog AVDD is independent of DVDD.

21 CSn Digital Input Serial chip select. Active low.

22 DIN Digital Input Serial data input.

23 SCLK Digital Input Serial data clock.

24 DOUT/DRDYn Digital Output Serial data output and data ready indicator.
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PACKAGE/ORDERING INFORMATION

SPECIFIED TEMPERATURE

MODEL PACKAGE DESCRIPTION RANGE ORDERING NUMBER PACKING OPTION
SIG24133 TSSOP-16 -40°C to +125°C SIG24133-ITSP16-RL Reel, 5000
SIG24134 TSSOP-20 -40°C to +125°C SIG24134-ITSP20-RL Reel, 4500
S1G24135 TSSOP-24 -40°C to +125°C SIG24135-ITSP24-RL Reel, 3000

Absolute Maximum Ratings
Over operating free-air temperature range, unless otherwise noted.®
MIN MAX UNIT
AVDD to AVSS -0.3 6.5 \%
AVSS to DGND -3 0.3 \%
Voltage DVDD to DGND -0.3 6.5 \%
Analog input Vavss — 0.3 | Vavpp + 0.3 \Y
Digital input Vpeno — 0.3 | Vpvop + 0.3 \Y
Current Input current -10 10 mA
Junction (T;) -50 150 °C
Temperature Storage (Tsg) -60 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These is a stress rating only;
functional operation of the device at these or any other conditions above those indicated in the operational section of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ESD Ratings

SYMBOL PARAMTER CONDITION VALUE UNIT
HBM Human-body Model ANSI/ESDA/JEDEC JS-001 +4000 \%
CDM Charged-device model JEDEC EIA/JS-002-2022 +2000 \

‘ This integrated circuit can be damaged by ESD. Signal Micro recommends that all integrated circuits be handled with appropriate

N precautions. Failure to observe proper handling and installation procedures can cause damage. ESD damage can range from
ﬂ“m subtle performance degradation to complete device failure. Precision integrated circuits may be more susceptible to damage
because very small parametric changes could cause the device not to meet its published specifications.
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S1G24133
S SIG24134

S1G24135
Electrical Characteristics

Minimum/Maximum specifications apply from -40°C to +125°C. Typical specifications are at +25°C. All specification are at
Vavop=5V, Vavss=0V, Vovop=3.3V, Vrer=2.5V, fcik=6.144MHz, data rate=10SPS, and PGA Gain=1, unless otherwise noted.

PARAMETER TEST CONDITION OR MIN® TYP MAX® UNITS
NOTES
ANALOG INPUTS
Differential Input Voltage Vin = Vine — Vinn —Vged/Gain +Vgrer/Gain \Y
Absolute Input Voltage PGA bypass Viavss = 0.05 Vavoo *+ 0.05 v
PGA enabled Vavss + 0.2 Vavop — 0.2
Vavss+ 0.2 + Vavop — 0.2 —
Common MODE Input Range PGA enabled V- Gain/2 Vx| -Gain/2 \
PGA bypass +20 nA
Absolute Input Current
PGA enabled +1 nA
SYSTEM PERFORMANCE
. 1/2/4/8/16/32/
PGA Gain 64/128/256 v
Resolution 24 Bits
Data Rate 5 19200 SPS
Noise See Noise Table
Integral Nonlinearity (INL) +3 ppm
All PGA gains +256/Gain \Y
Offset Error — -
After calibration In order of noise
Offset Drift vs. Temperature All PGA gains +256/Gain + 3 nV/°C
. Gain=1to 128 -300 +100 300 ppm
Gain Error® -
Gain=256 -450 +200 450 ppm
Gain Mismatch® Gain=1to 128 200 350 ppm
Gain Dirift vs. Temperature All PGA gains -3 +1 3 ppm/°C
Normal MODE Rejection fin=50/60Hz, +2%, data
(NMRR) rate=10SPS See Table 1 dB
Common MODE Rejection fin=50/60Hz, data
(CMRR) rate=1200SPS 100 120 dB
Power Supply Rejection AVDD, AVSS 75 90 dB
(PSRR) DVDD 80 120 dB
EXTERNAL REFERENCE INPUT
E\)}f:;r)entlal Reference Voltage Vier = Veerr — Ve 05 Vavop — Vavss + 0.1 Vv
Absolute Negative Reference
Voltage (Veeey) Vavss — 0.05 Vrere — 0.5 \
Absolute Positive Reference
Voltage (Vrers) Vgern + 0.5 Vavop + 0.05 \Y
Average Voltage Input Current 80 nA
INTERNAL VOLTAGE REFERENCE
Reference Voltage 2.5 \
Initial Accuracy Ta=25C -0.1% +0.01% +0.1%
Voltage Temperature Drift Ta=-40°Cto 125°C -20 +5 +20 ppm/°C
Power Supply Rejection 920 dB
EXCITATION CURRENT SOURCES
Output Current Vgerp = 2.5V 10/50/100/200/250/500/1000 MA
IDAC <= 250|JA VAGND VAVDD -05
Compliance Voltage® IDAC = 500uA VaenD Vavop — 0.6 v
IDAC = lOOOIJA VagND Vavop — 0.8
IDAC =10pA -4% +2% +4%
Accuracy
IDAC >= 50pA -2% +1% +2%
Current Mismatch IDAC = 10pA -3.0% +0.60% +3.0%
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IDAC = 50pA -1.5% +0.25% +1.5%

IDAC = 100pA -1.2% +0.20% +1.2%

IDAC = 200pA, 250pA -1.0% +0.18% +1.0%

IDAC = 500pA -0.8% +0.12% +0.8%

IDAC = 1000pA -0.6% +0.1% +0.6%
Temperature Drift -90 +20 +90 ppm/°C
Temperature Drift Mismatch -30 +5 +30 ppm/°C
BURNOUT CURRENT SOURCES
Current Setting 1 MA
TEMPERATURE SENSOR
Output Voltage 113.3 mV
Temperature Coefficient 377.6 uVv/°C
ADC CLOCK

Frequency Range 1 6.144 6.2 MHz
External Clock

Duty Cycle 40% 60%

. Nominal Frequency 6.144 MHz

Internal Oscillator

Accuracy —2% +0.5% +2%
DIGITAL INPUT/OUTPUT
High-level Output Voltage (Vor) | lon = 4mA 0.8-Vovop \
Low-level Output Voltage (Vo) | loL = —4mA 0.2-Vpvop \Y
High-level Input Voltage (Vin) 0.7-Vbvop Vbvop \%
Low-level Input Voltage (Vi) Vbenp 0.3-Vovop \
Input Hysteresis 0.5 \
Input Leakage +10 MA
POWER SUPPLY
AVSS Voltage (Vavss) —2.625 0 \
AVDD Voltage (Vavop) Vavss + 2.7 Vavss + 5.25 \Y
DVDD Voltage (Vovop) 2.7 5.25 \Y

Buffer Off 600 800 pA
AVDD, AVSS Current (lavop) Buffer On 1000 1300 HA

Sleep MODE 1 MA
DVDD Current (lovoo) Active MODE 420 550 pA

Sleep MODE 40 MA

Buffer Off 4.4 mw
Total Power Dissipation Buffer On 6.4 mw

Sleep MODE 0.13 mw
TEMPERATURE RANGE
Specified temperature range -40 125 °C
Operating temperature range -50 125 °C
Storage temperature range —60 150 °C

(1) Compliance to datasheet limits is assured by one or more methods: production test, characterization and/or design.
(2) MIN and MAX values listed for gain error are for +25°C room temperature only.
(3) The IDAC current does not change by more than 0.01% from the nominal value when staying within the specified compliance voltage.
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Timing Requirements: Serial Interface

Over the operating ambient temperature range and DVDD = 2.7V to 5.25V, unless otherwise noted.

_ = t7
CSn
- |¢—t1 o S -ts
DOUT —( X B7 X B6 X B5 X B4 X B3 X B2 X Bl X BO L(
A et
= tg = t3
SCLK
ety -ty
_1‘—t10—’|
DIN XB7XB6XB5XB4XB3XBZXBIXBO\
Figure 1. Serial Interface Timing Requirements
SYMBOL DESCRIPTION MIN MAX UNIT
t1 CSn falling edge to DOUT/DRDYn driven: propagation delay® 50 ns
t2 SCLK rising edge to valid DOUT/DRDYn: propagation delay® 50 ns
ts SCLK high pulse width 100 ns
ta SCLK low pulse width 100 ns
SCLK period 200 108 ns
ts CSn rising edge to DOUT high impedance: propagation delay 40 ns
te Last SCLK falling edge to CSn rising edge: delay time 50 ns
tz CSn high pulse width 50 ns
ts CSn falling edge to first SCLK rising edge: setup time® 50 ns
to Valid DIN to SCLK falling edge: setup time 50 ns
tio Valid DIN to SCLK falling edge: hold time 25 ns
(1) DOUT load = 20pF || 200k €2 to DGND.
(2) CSn can be tied low.
July 2022 Signal Micro Incorporated 8
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NOISE PERFORMANCE

The noise performance of the ADC is affected by PGA gain, data rate, and digital filter setting. The following tables
show the rms noise and peak-to-peak noise for SINC4 and SINC1 filters. The effective number of bits (ENOB) and
noise-free bits are also listed according to Equation (1) and Equation (2):

ENOB= 10g2 (2 XVREF/Gain/VRMs) (l)
Noise Free Bits=1log, (ZXVREF/Gain/Vp_p) (2)

The noise data listed in the table are typical and are generated from continuous ADC readings with differential input
voltage of O V.
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Table 1. ADC Noise in pVRMS (UVPP) at Ta = 25°C, Vavop =5V, Vavss = 0V, Vrer = 2.5V, SINC4 Filter

Data Rate PGA GAIN
(SPS) 1 2 4 8 16 32 64 128 256
5 0.248(1.84) | 0.174(0.943) | 0.093(0.495) | 0.048(0.315) | 0.030(0.161) | 0.022(0.122) | 0.017(0.102) | 0.016(0.087) | 0.016(0.101)
10 0.351(2.60) 0.247(1.33) [ 0.131(0.700) | 0.068(0.446) | 0.042(0.227) | 0.031(0.172) | 0.024(0.144) | 0.023(0.123) [ 0.023(0.142)
20 0.496(3.68) 0.349(1.89) | 0.185(0.990) | 0.096(0.631) | 0.059(0.321) | 0.044(0.243) | 0.034(0.204) | 0.033(0.174) | 0.032(0.201)
25 0.555(4.11) 0.390(2.11) 0.207(1.11) [ 0.107(0.705) | 0.066(0.359) | 0.050(0.272) [ 0.038(0.228) | 0.037(0.194) | 0.036(0.225)
30 0.608(4.50) 0.427(2.31) 0.227(1.21) | 0.118(0.772) | 0.073(0.393) | 0.054(0.298) | 0.042(0.250) | 0.040(0.213) | 0.039(0.247)
40 0.702(5.20) 0.493(2.67) 0.262(1.40) | 0.136(0.892) | 0.084(0.454) | 0.063(0.344) | 0.048(0.289) | 0.046(0.246) | 0.045(0.285)
50 0.785(5.81) 0.552(2.98) 0.293(1.57) | 0.152(0.997) | 0.094(0.508) | 0.070(0.384) [ 0.054(0.323) | 0.052(0.275) | 0.051(0.318)
60 0.860(6.37) 0.604(3.27) 0.321(1.71) 0.166(1.09) | 0.103(0.556) | 0.077(0.421) | 0.059(0.353) | 0.057(0.301) [ 0.055(0.349)
80 0.992(7.36) 0.698(3.77) 0.371(1.98) 0.192(1.26) [ 0.118(0.642) | 0.089(0.486) | 0.068(0.408) | 0.065(0.348) | 0.064(0.403)
100 1.11(8.22) 0.780(4.22) 0.415(2.21) 0.215(1.41) [ 0.132(0.718) | 0.099(0.544) | 0.076(0.456) | 0.073(0.389) [ 0.072(0.450)
120 1.22(9.01) 0.854(4.62) 0.454(2.43) 0.235(1.54) | 0.145(0.787) | 0.109(0.595) | 0.083(0.500) | 0.080(0.426) | 0.078(0.493)
160 1.40(10.4) 0.987(5.33) 0.524(2.80) 0.271(1.78) [ 0.168(0.908) | 0.125(0.688) | 0.096(0.577) | 0.092(0.492) [ 0.100(0.569)
200 1.57(11.6) 1.10(5.96) 0.586(3.13) 0.303(1.99) 0.187(1.02) | 0.140(0.769) | 0.107(0.645) | 0.103(0.550) | 0.112(0.637)
240 2.00(12.2) 1.14(6.41) 0.645(3.84) 0.377(2.03) 0.207(1.05) | 0.161(0.881) | 0.115(0.659) | 0.127(0.698) | 0.121(0.653)
320 2.18(11.0) 1.41(7.90) 0.703(4.55) 0.455(2.40) 0.265(1.59) 0.183(1.09) [ 0.149(0.850) | 0.138(0.772) | 0.126(0.637)
400 2.63(15.5) 1.58(9.32) 0.887(5.33) 0.480(2.93) 0.286(1.89) 0.198(1.18) 0.174(1.07) | 0.152(0.896) | 0.150(0.929)
480 2.89(17.9) 1.72(9.39) 0.946(5.18) 0.480(2.93) 0.297(1.65) 0.223(1.36) | 0.167(0.976) | 0.163(1.01) 0.160(1.04)
500 3.15(19.1) 1.79(10.6) 1.09(5.78) 0.553(3.34) 0.346(2.17) 0.228(1.36) 0.185(1.01) | 0.155(0.935) | 0.162(1.06)
600 3.23(22.1) 1.90(13.6) 1.01(5.85) 0.590(3.63) 0.364(2.17) 0.259(1.89) 0.200(1.29) 0.188(1.23) 0.182(1.21)
800 3.38(21.2) 2.18(14.2) 1.24(7.57) 0.703(4.75) 0.399(2.41) 0.281(1.63) 0.234(1.58) 0.230(1.58) 0.199(1.24)
960 3.91(25.0) 2.41(13.9) 1.30(8.16) 0.760(5.65) 0.463(2.73) 0.320(1.95) 0.250(1.81) 0.232(1.40) 0.228(1.41)
1000 4.52(31.6) 2.70(16.2) 1.50(8.83) 0.836(5.54) 0.484(2.92) 0.350(2.27) 0.263(1.74) 0.243(1.62) 0.226(1.39)
1200 4.44(30.0) 2.68(16.9) 1.51(9.28) 0.822(5.65) 0.521(3.53) 0.344(2.35) 0.271(1.87) 0.261(1.79) 0.247(1.67)
1600 5.10(31.6) 3.13(19.5) 1.69(10.5) 0.965(7.10) 0.580(4.58) 0.410(2.56) 0.328(2.14) 0.291(2.01) 0.287(2.02)
2000 6.48(46.5) 3.86(24.3) 2.11(14.0) 1.13(7.57) 0.719(5.16) 0.487(3.64) 0.394(2.52) 0.348(2.34) 0.330(2.37)
2400 6.26(41.0) 3.78(25.6) 2.12(13.8) 1.16(7.81) 0.702(4.94) 0.478(3.34) 0.391(2.79) 0.370(2.80) 0.353(2.43)
4000 9.26(65.9) 5.68(40.9) 3.05(21.9) 1.62(11.4) 0.994(7.41) 0.695(4.99) 0.554(3.81) 0.491(3.82) 0.472(3.10)
4800 9.22(65.0) 5.52(39.7) 3.05(20.9) 1.67(11.1) 1.01(8.23) 0.693(5.11) 0.566(4.09) 0.533(3.73) 0.516(3.79)
8000 30.5(223) 16.1(129) 8.16(73.9) 4.18(33.4) 2.22(19.0) 1.29(11.0) 0.884(6.80) 0.727(4.90) 0.674(5.18)
9600 30.1(250) 16.0(136) 8.31(69.1) 4.16(31.6) 2.22(19.6) 1.31(9.29) 0.914(6.40) 0.768(5.59) 0.716(5.25)
16000 309(2680) 157(1560) 78.2(636) 39.0(353) 19.2(165) 9.87(82.4) 5.01(43.4) 2.60(21.5) 1.53(11.7)
19200 314(3850) 161(1580) 77.8(754) 39.2(389) 19.6(186) 9.74(79.4) 5.02(40.1) 2.64(19.7) 1.55(12.4)

Table 2. ADC ENOB (Noise Free Bits) at Ta = 25°C, Vavoo =5V, Vavss =0V, Vrer = 5V, SINC4 Filter

Data Rate PGA GAIN

(SPS) 1 2 4 8 16 32 64 128 256
5 25.1(22.9) 24.6(22.1) 24.6(22.3) 24.4(21.7) 24.3(21.9) 23.9(21.6) 23.1(20.4) 22.2(19.7) 21.2(18.9)
10 24.6(22.4) 24.1(21.6) 24.1(21.8) 23.9(21.2) 23.8(21.4) 23.4(21.1) 22.6(19.9) 21.7(19.2) 20.7(18.4)
20 24.1(21.9) 23.6(21.1) 23.6(21.3) 23.4(20.7) 23.3(20.9) 22.9(20.6) 22.1(19.4) 21.2(18.7) 20.2(17.9)
25 23.9(21.7) 23.5(20.9) 23.4(21.2) 23.2(20.6) 23.2(20.7) 22.7(20.4) 21.9(19.3) 21.0(18.5) 20.1(17.8)
30 23.8(21.6) 23.4(20.8) 23.3(21.0) 23.1(20.4) 23.0(20.6) 22.6(20.3) 21.8(19.1) 20.9(18.4) 19.9(17.6)
40 23.6(21.4) 23.1(20.6) 23.1(20.8) 22.9(20.2) 22.8(20.4) 22.4(20.1) 21.6(18.9) 20.7(18.2) 19.7(17.4)
50 23.4(21.2) 23.0(20.4) 22.9(20.7) 22.7(20.1) 22.7(20.2) 22.2(19.9) 21.4(18.8) 20.5(18.0) 19.6(17.3)
60 23.3(21.1) 22.9(20.3) 22.8(20.5) 22.6(19.9) 22.5(20.1) 22.1(19.8) 21.3(18.6) 20.4(17.9) 19.4(17.1)
80 23.1(20.9) 22.6(20.1) 22.6(20.3) 22.4(19.7) 22.3(19.9) 21.9(19.6) 21.1(18.4) 20.2(17.7) 19.2(16.9)
100 22.9(20.7) 22.5(19.9) 22.4(20.2) 22.2(19.6) 22.2(19.7) 21.7(19.4) 20.9(18.3) 20.0(17.5) 19.1(16.8)
120 22.8(20.6) 22.4(19.8) 22.3(20.0) 22.1(19.4) 22.0(19.6) 21.6(19.3) 20.8(18.1) 19.9(17.4) 18.9(16.6)
160 22.6(20.4) 22.1(19.6) 22.1(19.8) 21.9(19.2) 21.8(19.4) 21.4(19.1) 20.6(17.9) 19.7(17.2) 18.7(16.4)
200 22.4(20.2) 22.0(19.4) 21.9(19.7) 21.7(19.1) 21.7(19.2) 21.2(18.9) 20.4(17.8) 19.5(17.0) 18.6(16.3)
240 22.3(19.7) 21.9(19.5) 21.8(19.2) 21.6(19.0) 21.5(18.8) 21.0(18.6) 20.2(17.6) 19.3(16.6) 18.5(16.0)
320 21.9(19.2) 21.8(19.3) 21.6(19.1) 21.5(18.8) 21.3(18.9) 20.7(18.3) 20.0(17.6) 19.0(16.5) 18.3(16.0)
400 21.8(19.2) 21.6(19.3) 21.4(19.0) 21.4(18.8) 21.0(18.7) 20.6(18.2) 19.9(17.4) 19.0(16.4) 18.0(15.6)
480 21.7(19.2) 21.5(18.9) 21.4(18.8) 21.1(18.4) 21.0(18.5) 20.4(17.7) 19.7(17.2) 18.9(16.3) 17.9(15.4)
500 21.7(19.0) 21.3(18.7) 21.1(18.6) 21.1(18.6) 20.8(18.3) 20.3(17.6) 19.6(17.0) 18.7(16.0) 17.8(15.1)
600 21.5(18.8) 21.4(18.8) 21.3(18.7) 21.1(18.4) 20.8(18.2) 20.3(17.8) 19.6(17.0) 18.8(16.1) 17.7(14.8)
800 21.4(18.8) 21.1(18.4) 21.0(18.3) 20.8(18.3) 20.6(17.9) 20.1(17.6) 19.4(16.6) 18.4(15.6) 17.5(15.0)
960 21.2(18.5) 21.0(18.3) 20.9(18.3) 20.7(18.1) 20.4(17.8) 20.0(17.4) 19.2(16.6) 18.4(15.6) 17.4(14.5)
1000 21.2(18.5) 20.8(18.2) 20.7(18.0) 20.6(18.0) 20.3(17.7) 19.8(17.2) 19.2(16.6) 18.3(15.8) 17.4(14.8)
1200 21.1(18.4) 20.9(18.1) 20.7(18.2) 20.5(17.8) 20.3(17.5) 19.8(17.1) 19.1(16.6) 18.2(15.4) 17.2(14.5)
1600 20.9(18.0) 20.7(17.9) 20.5(17.8) 20.4(17.7) 20.1(17.4) 19.6(16.7) 18.9(16.0) 18.0(15.2) 17.1(14.3)
2000 20.6(17.8) 20.3(17.6) 20.2(17.4) 20.1(17.3) 19.8(17.1) 19.4(16.7) 18.7(15.9) 17.8(15.1) 16.8(14.0)
2400 20.5(17.8) 20.3(17.5) 20.2(17.5) 20.1(17.2) 19.8(17.0) 19.3(16.5) 18.6(15.7) 17.7(15.1) 16.8(14.1)
4000 19.9(17.0) 19.7(16.8) 19.6(16.9) 19.5(16.8) 19.2(16.2) 18.8(16.0) 18.1(15.4) 17.3(14.5) 16.4(13.3)
4800 19.9(16.8) 19.7(16.7) 19.6(16.7) 19.5(16.6) 19.2(16.2) 18.8(15.9) 18.1(15.2) 17.2(14.4) 16.2(13.5)
8000 17.4(14.2) 17.4(14.1) 17.4(14.3) 17.4(14.3) 17.3(14.2) 17.9(14.9) 17.0(14.2) 16.6(13.8) 15.8(12.8)
9600 17.4(13.9) 17.4(14.0) 17.4(14.1) 17.4(13.8) 17.3(14.2) 17.3(14.2) 17.0(14.0) 16.5(13.5) 15.7(12.7)
16000 14.0(10.7) 14.0(10.7) 14.0(10.8) 14.0(10.3) 13.9(10.4) 14.0(10.7) 14.0(10.5) 13.9(10.9) 13.9(10.9)
19200 14.0(10.8) 13.9(10.5) 14.0(10.6) 13.9(10.4) 13.9(10.7) 14.0(10.7) 13.9(10.8) 14.0(10.9) 13.9(10.9)
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Table 3. ADC Noise in pVRMS (UVPP) at Ta = 25°C, Vavop =5V, Vavss =0V, Vrer = 2.5V, SINCL1 Filter

Data Rate PGA GAIN
(SPS) 1 2 4 8 16 32 64 128 256
5 0.386(2.07) 0.271(1.38) | 0.136(0.913) | 0.070(0.410) | 0.046(0.246) | 0.031(0.151) | 0.026(0.138) | 0.023(0.134) | 0.022(0.127)
10 0.545(2.93) 0.384(1.95) 0.192(1.29) | 0.098(0.579) | 0.065(0.348) | 0.044(0.214) [ 0.037(0.195) | 0.032(0.189) | 0.032(0.180)
20 0.771(4.15) 0.542(2.76) 0.272(1.83) | 0.139(0.819) | 0.092(0.492) | 0.062(0.302) | 0.052(0.275) | 0.045(0.267) | 0.045(0.255)
25 0.863(4.64) 0.606(3.08) 0.304(2.04) | 0.156(0.916) | 0.103(0.550) | 0.069(0.338) [ 0.059(0.308) | 0.051(0.299) | 0.050(0.285)
30 0.945(5.08) 0.664(3.38) 0.333(2.24) 0.171(1.00) | 0.113(0.603) | 0.075(0.370) | 0.064(0.337) | 0.056(0.327) | 0.055(0.312)
40 1.09(5.87) 0.767(3.90) 0.384(2.58) 0.197(1.16) | 0.131(0.696) | 0.087(0.427) | 0.074(0.390) | 0.064(0.378) | 0.063(0.360)
50 1.22(6.56) 0.858(4.36) 0.430(2.89) 0.220(1.30) [ 0.146(0.778) | 0.097(0.478) | 0.083(0.436) | 0.072(0.422) [ 0.071(0.403)
60 1.34(7.19) 0.940(4.78) 0.471(3.16) 0.241(1.42) | 0.160(0.852) | 0.107(0.523) | 0.091(0.477) | 0.079(0.463) | 0.077(0.441)
80 1.54(8.30) 1.08(5.52) 0.544(3.65) 0.279(1.64) [ 0.185(0.984) | 0.123(0.604) | 0.105(0.551) | 0.091(0.534) [ 0.089(0.510)
100 1.73(9.28) 1.21(6.17) 0.608(4.09) 0.311(1.83) 0.207(1.10) [ 0.138(0.675) | 0.117(0.616) | 0.101(0.597) [ 0.100(0.570)
120 1.89(10.2) 1.33(6.76) 0.666(4.48) 0.341(2.01) 0.227(1.21) | 0.151(0.740) | 0.129(0.675) | 0.111(0.654) | 0.109(0.624)
160 2.18(11.7) 1.53(7.80) 0.769(5.17) 0.394(2.32) 0.262(1.39) [ 0.174(0.854) | 0.148(0.779) | 0.128(0.755) | 0.126(0.721)
200 2.44(13.1) 1.72(8.72) 0.860(5.78) 0.440(2.59) 0.292(1.56) | 0.195(0.955) | 0.166(0.871) | 0.143(0.844) | 0.141(0.806)
240 2.84(16.1) 1.82(11.3) 0.920(5.03) 0.509(3.00) 0.324(1.98) 0.215(1.13) | 0.179(0.995) | 0.160(1.07) | 0.162(0.980)
320 3.04(14.9) 1.89(9.17) 1.09(6.90) 0.572(3.19) 0.370(2.17) 0.245(1.81) 0.223(1.20) 0.190(1.08) 0.172(1.12)
400 3.64(20.0) 2.21(13.5) 1.21(7.42) 0.692(3.67) 0.390(2.47) 0.261(1.36) 0.224(1.29) 0.216(1.29) 0.193(1.31)
480 4.17(24.7) 2.35(13.8) 1.30(8.01) 0.727(4.16) 0.420(2.28) 0.308(2.05) 0.249(1.45) 0.236(1.51) 0.211(1.26)
500 4.46(29.5) 2.78(15.7) 1.45(9.65) 0.804(4.86) 0.496(2.92) 0.333(1.91) 0.265(1.65) 0.238(1.52) 0.221(1.14)
600 4.47(25.9) 2.63(16.9) 1.49(9.70) 0.804(4.68) 0.465(2.86) 0.344(2.58) 0.275(1.81) 0.269(1.94) 0.248(1.45)
800 5.01(32.2) 2.98(18.4) 1.58(9.88) 0.919(5.95) 0.564(3.64) 0.368(2.61) 0.336(2.19) 0.289(2.06) 0.284(1.74)
960 5.28(35.9) 3.33(21.2) 1.72(10.1) 0.987(6.58) 0.595(4.03) 0.429(3.22) 0.327(1.89) 0.316(1.92) 0.294(1.81)
1000 5.90(35.0) 3.60(22.3) 1.94(12.2) 1.12(7.01) 0.655(4.10) 0.441(2.58) 0.350(2.18) 0.326(2.31) 0.304(1.82)
1200 5.84(39.8) 3.59(24.8) 1.93(13.7) 1.05(6.36) 0.653(4.44) 0.465(3.07) 0.379(2.65) 0.350(2.47) 0.349(2.29)
1600 6.72(42.8) 4.00(25.0) 2.15(15.1) 1.19(8.20) 0.747(4.98) 0.502(3.06) 0.425(2.77) 0.394(2.71) 0.380(2.53)
2000 7.68(60.5) 4.68(31.8) 2.58(17.1) 1.42(9.77) 0.822(5.43) 0.595(3.91) 0.460(3.26) 0.410(2.88) 0.399(2.82)
2400 7.75(54.9) 4.62(33.1) 2.55(19.2) 1.39(8.83) 0.858(6.10) 0.602(4.49) 0.493(3.29) 0.450(3.23) 0.431(3.06)
4000 9.01(65.6) 5.55(38.5) 2.95(18.7) 1.63(12.3) 0.985(6.96) 0.677(4.92) 0.544(4.15) 0.493(3.23) 0.472(3.26)
4800 9.35(65.9) 5.59(42.6) 3.05(21.8) 1.69(11.8) 0.999(7.18) 0.707(5.48) 0.568(4.03) 0.520(3.64) 0.510(4.01)
8000 31.1(278) 16.1(173) 8.17(69.0) 4.19(40.1) 2.22(18.4) 1.29(9.79) 0.885(6.75) 0.716(5.57) 0.683(5.16)
9600 31.2(295) 15.9(127) 8.13(76.5) 4.21(37.5) 2.24(20.0) 1.29(10.4) 0.910(7.17) 0.769(5.80) 0.720(5.50)
16000 310(3040) 153(1630) 78.0(707) 38.6(362) 19.5(187) 9.87(84.7) 4.94(40.8) 2.60(20.8) 1.54(13.1)
19200 314(3280) 156(1450) 78.9(838) 39.1(380) 19.4(184) 9.85(91.3) 5.06(43.4) 2.66(21.7) 1.56(12.0)

Table 4. ADC ENOB (Noise Free Bits) at Ta = 25°C, Vavoo =5V, Vavss =0V, Vrer = 5V, SINCL1 Filter

Data Rate PGA GAIN

(SPS) 1 2 4 8 16 32 64 128 256
5 24.6(22.3) 24.3(21.9) 24.1(21.6) 23.9(21.6) 23.6(21.2) 23.3(20.6) 22.6(20.0) 21.7(19.0) 20.7(18.3)
10 24.1(21.8) 23.8(21.4) 23.6(21.1) 23.4(21.1) 23.1(20.7) 22.8(20.1) 22.1(19.5) 21.2(18.5) 20.2(17.8)
20 23.6(21.3) 23.3(20.9) 23.1(20.6) 22.9(20.6) 22.6(20.2) 22.3(19.6) 21.6(19.0) 20.7(18.0) 19.7(17.3)
25 23.4(21.2) 23.1(20.7) 23.0(20.5) 22.8(20.4) 22.5(20.1) 22.1(19.4) 21.4(18.9) 20.5(17.8) 19.5(17.1)
30 23.3(21.0) 23.0(20.6) 22.9(20.3) 22.6(20.3) 22.3(20.0) 22.0(19.3) 21.3(18.7) 20.4(17.7) 19.4(17.0)
40 23.1(20.8) 22.8(20.4) 22.6(20.1) 22.4(20.1) 22.1(19.7) 21.8(19.1) 21.1(18.5) 20.2(17.5) 19.2(16.8)
50 22.9(20.7) 22.6(20.2) 22.5(20.0) 22.3(19.9) 22.0(19.6) 21.6(18.9) 20.9(18.4) 20.0(17.3) 19.0(16.6)
60 22.8(20.5) 22.5(20.1) 22.4(19.8) 22.1(19.8) 21.8(19.5) 21.5(18.8) 20.8(18.2) 19.9(17.2) 18.9(16.5)
80 22.6(20.3) 22.3(19.9) 22.1(19.6) 21.9(19.6) 21.6(19.2) 21.3(18.6) 20.6(18.0) 19.7(17.0) 18.7(16.3)
100 22.4(20.2) 22.1(19.7) 22.0(19.5) 21.8(19.4) 21.5(19.1) 21.1(18.4) 20.4(17.9) 19.5(16.8) 18.5(16.1)
120 22.3(20.0) 22.0(19.6) 21.9(19.3) 21.6(19.3) 21.3(19.0) 21.0(18.3) 20.3(17.7) 19.4(16.7) 18.4(16.0)
160 22.1(19.8) 21.8(19.4) 21.6(19.1) 21.4(19.1) 21.1(18.7) 20.8(18.1) 20.1(17.5) 19.2(16.5) 18.2(15.8)
200 21.9(19.7) 21.6(19.2) 21.5(19.0) 21.3(18.9) 21.0(18.6) 20.6(17.9) 19.9(17.4) 19.0(16.3) 18.0(15.6)
240 21.6(18.9) 21.5(18.6) 21.4(18.8) 21.3(18.8) 20.9(18.3) 20.6(17.9) 19.7(17.2) 18.9(16.4) 17.9(15.5)
320 21.6(18.8) 21.2(18.8) 21.1(18.5) 21.0(18.6) 20.7(18.0) 20.3(17.7) 19.5(16.9) 18.8(16.3) 17.7(15.0)
400 21.4(18.8) 21.1(18.6) 21.1(18.4) 20.9(18.1) 20.5(18.0) 20.0(17.3) 19.3(16.9) 18.5(15.9) 17.5(15.1)
480 21.3(18.8) 21.0(18.6) 20.9(18.2) 20.8(18.1) 20.4(17.9) 20.0(17.3) 19.2(16.4) 18.4(15.9) 17.5(14.8)
500 21.2(18.5) 20.8(18.4) 20.7(18.2) 20.6(18.0) 20.4(18.0) 19.9(17.4) 19.1(16.3) 18.3(15.7) 17.4(14.7)
600 21.2(18.5) 20.8(18.1) 20.8(18.2) 20.6(17.9) 20.3(17.7) 19.8(17.1) 19.1(16.5) 18.2(15.6) 17.3(14.7)
800 20.9(18.2) 20.7(18.0) 20.6(18.0) 20.4(17.8) 20.2(17.5) 19.6(17.0) 18.9(16.2) 18.0(15.3) 17.1(14.4)
960 20.8(18.2) 20.5(18.0) 20.4(17.7) 20.3(17.7) 20.0(17.4) 19.5(16.7) 18.8(16.0) 17.9(15.1) 17.0(14.2)
1000 20.6(18.0) 20.5(17.9) 20.3(17.8) 20.1(17.5) 19.9(17.1) 19.4(16.7) 18.7(16.1) 17.9(15.1) 16.9(14.1)
1200 20.6(17.9) 20.5(17.9) 20.3(17.6) 20.1(17.2) 19.9(17.0) 19.4(16.8) 18.6(15.9) 17.8(15.1) 16.8(14.2)
1600 20.5(17.6) 20.2(17.6) 20.1(17.5) 20.0(17.4) 19.7(17.0) 19.2(16.3) 18.5(15.8) 17.6(14.9) 16.7(13.8)
2000 20.3(17.5) 20.0(17.2) 19.9(16.9) 19.7(17.0) 19.5(16.8) 19.0(16.1) 18.4(15.5) 17.5(14.7) 16.6(13.8)
2400 20.3(17.5) 20.0(17.4) 19.9(17.2) 19.8(16.9) 19.5(16.6) 19.0(16.2) 18.3(15.4) 17.4(14.6) 16.5(13.6)
4000 19.9(17.0) 19.7(16.9) 19.6(16.7) 19.5(16.7) 19.2(16.4) 18.8(15.8) 18.1(15.1) 17.3(14.4) 16.4(13.6)
4800 19.9(17.0) 19.7(16.8) 19.6(16.8) 19.5(16.6) 19.2(16.4) 18.8(15.8) 18.1(15.2) 17.2(14.4) 16.2(13.3)
8000 17.4(14.3) 17.4(14.2) 17.4(14.2) 17.4(14.2) 17.3(14.0) 17.3(14.2) 17.0(14.1) 16.5(13.5) 15.8(12.8)
9600 17.4(14.0) 17.4(14.3) 17.4(14.0) 17.4(13.6) 17.3(14.0) 17.2(14.2) 17.0(14.0) 16.5(13.5) 15.7(12.6)
16000 14.0(10.5) 14.0(10.8) 14.0(10.6) 13.9(10.1) 13.9(10.7) 13.9(10.1) 14.0(10.8) 13.9(10.8) 13.9(10.8)
19200 13.9(10.5) 14.0(10.8) 14.0(10.7) 13.9(10.8) 14.0(10.6) 14.0(10.7) 13.9(10.9) 13.9(10.8) 13.9(10.9)
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Signal Micro reserves the right to make any change in circuit design, specification or other related things if necessary
without notice at any time.

All trademarks and registered trademarks are the property of their respective owners.
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PACKAGE OUTLINE DIMENSIONS
TSSOP-16
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A. Compliant to JEDEC STARDARDS MO-153-AD.
B. All linear dimensions are in millimeters.
C. This drawing is subject to change without notice.
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A. Compliant to JEDEC STARDARDS MO-153-AD.
B. All linear dimensions are in millimeters.
C. This drawing is subject to change without notice.
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A. Compliant to JEDEC STARDARDS MO-153-AD.
B. All linear dimensions are in millimeters.
C. This drawing is subject to change without notice.
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