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16-Bit, 8-Channel, 500KSPS PulSAR ADCs 

 

  

1 FEATURES 
 16-Bit Resolution with No Missing Codes 

 8-Channel Multiplexer with Choice of 

Inputs 

 Unipolar Single-Ended 

 Differential (GND Sense) 

 Pseudo Bipolar 

 Throughput: 500 kSPS 

 INL: ±2 LSB Typical, ±3 LSB Maximum 

(±23 ppm or FSR) 

 Dynamic Range: 91.5dB 

 Analog Input Range: 0 V to VREF with VREF 

up to VDD 

 Multiple Reference Types 

Internal 4.096 V 

External Buffered (up to 4.096 V) 

External (up to VDD) 

 Internal Temperature Sensor  

 Channel Sequencer, Selectable 1-Pole 

Filter, Busy Indicator 

 No Pipeline Delay, SAR Architecture 

 Single-Supply 5 V Operation with 1.8 V to 

5V Logic Interface 

 Serial Interface Compatible with SPI, 

MICROWIRE, QSPI, and DSP 

 Power Dissipation 

25 mW at 500 kSPS 

7.2 μW at 100 SPS 

 Standby Current: 50 nA 

 

2 APPLICATIONS 
 Battery-Powered Equipment 

 Medical Instruments: ECG/EKG 

 Mobile Communications: GPS 

 Personal Digital Assistants 

 Power Line Monitoring 

 Data Acquisition 

 Seismic Data Acquisition Systems 

 Instrumentation 

 Process Control 

 

3 DESCRIPTIONS 
The RS1488 is 8-channel, 16-bit, charge redistribution 

successive approximation register (SAR) analog-to-

digital converters (ADCs) that operate from a single 

power supply, VDD.  

 

The RS1488 contains all components for using in a 

multichannel, low power data acquisition system, 

including a true 16-bit SAR ADC with no missing codes; 

a 8-channel low crosstalk multiplexer that is useful for 

configuring the inputs as single-ended (with or without 

ground sense), differential, or bipolar; an internal 4.096 

V low drift reference and buffer; a temperature sensor; 

a selectable one-pole filter; and a sequencer that is 

useful when channels are continuously scanned in order. 

 

The RS1488 uses a simple serial port interface (SPI) for 

writing to the configuration register and receiving 

conversion results. The SPI interface uses a separate 

supply, VIO, which is set to the host logic level. Power 

dissipation scales with throughput. 

 

The RS1488 is fully specified for operation over a 

temperature range of -40°C to +125°C. 

 

Device Information (1) 

PART NUMBER PACKAGE BODY SIZE(NOM) 

RS1488 QFN4X4-20 4.00mm × 4.00mm 

(1) For all available packages, see the orderable addendum at the end 
of the data sheet. 
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Figure 1. Functional Block Diagram 
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4 REVISION HISTORY 
Note: Page numbers for previous revisions may different from page numbers in the current version. 

Version Change Date Change Item 

A.0 2026/05/22 Preliminary version completed 
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5 PACKAGE/ORDERING INFORMATION (1) 

PRODUCT 
ORDERING 
NUMBER 

TEMPERATURE 
RANGE 

PACKAGE 
LEAD 

PACKAGE 
MARKING (2) 

MSL(3) PACKAGE OPTION 

RS1488 RS1488XTQR20 -40°C ~+125°C QFN4X4-20 RS1488 MSL1 Tape and Reel, 3000 

NOTE: 

(1) This information is the most current data available for the designated devices. This data is subject to change without notice and 
revision of this document. For browser-based versions of this data sheet, refer to the right-hand navigation. 

(2) There may be additional marking, which relates to the lot trace code information (data code and vendor code), the logo or the 
environmental category on the device. 

(3) RUNIC classify the MSL level with using the common preconditioning setting in our assembly factory conforming to the JEDEC 
industrial standard J-STD-20F. Please align with RUNIC if your end application is quite critical to the preconditioning setting or 
if you have special requirement. 
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6 PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS 
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QFN4X4-20 
 

PIN FUNCTIONS 

PIN. NO NAME TYPE DESCRIPTION 

1, 20 VDD P 
Power Supply. Nominally 4.5 V to 5.5 V and must be decoupled with 10 
μF and 100 nF capacitors.  

2 REF AI/O 

Reference Input/Output. See the Voltage Reference Output/Input 
section. When the internal reference is enabled, this pin produces 4.096 
V. When the internal reference is disabled and the buffer is enabled, REF 
produces a buffered version of the voltage present on the REFIN pin (VDD 
− 0.5 V maximum), useful when using low cost, low power references. For 
improved drift performance, connect a precision reference to REF (0.5 V 
to VDD). For any reference method, this pin needs decoupling with an 
external 10 μF capacitor connected as close to REF as possible. See the 
Reference Decoupling section. 

3 REFIN AI/O 

Internal Reference Output/Reference Buffer Input. See the Voltage 
Reference Output/Input section. When using the internal reference, the 
internal unbuffered reference voltage is present and requires decoupling 
with a 0.1 μF capacitor. When using the internal reference buffer, apply a 
source between 0.5 V and 4.096 V that is buffered to the REF pin as 
previously described. 

4, 5 GND P Power Supply Ground. 

6 IN4 AI Analog Input Channel 4. 

7 IN5 AI Analog Input Channel 5. 

8 IN6 AI Analog Input Channel 6. 

9 IN7 AI Analog Input Channel 7. 

10 COM AI 
Common Channel Input. All input channels, IN[7:0], can be referenced to 
a common-mode point of 0 V or VREF/2 V. 
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PIN. NO NAME TYPE DESCRIPTION 

11 CNV DI 
Conversion Input. On the rising edge, CNV initiates the conversion. At the 
end of conversion (EOC), if CNV is held low, the busy indicator is enabled. 

12 DIN DI 
Data Input. This input is used for writing to the 14-bit configuration 
register. The configuration register can be written to during and after 
conversion. 

13 SCK DI 
Serial Data Clock Input. This input is used to clock out the data on SDO 
and clock in data on DIN in an MSB first fashion. 

14 SDO DO 
Serial Data Output. The conversion result is output on this pin, 
synchronized to SCK. In unipolar modes, conversion results are straight 
binary. In bipolar modes, conversion results are twos complement. 

15 VIO P 
Input/Output Interface Digital Power. Nominally at the same supply as the 
host interface (1.8 V, 2.5 V, 3 V, or 5 V). 

16 IN0 AI Analog Input Channel 0. 

17 IN1 AI Analog Input Channel 1. 

18 IN2 AI Analog Input Channel 2. 

19 IN3 AI Analog Input Channel 3. 

21 EPAD NC 
The exposed pad is not connected internally. For increased reliability of 
the solder joints, it is recommended that the pad be soldered to the GND 
plane. 
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7 SPECIFICATIONS 
7.1 Absolute Maximum Ratings 
Over operating free-air temperature range (unless otherwise noted) (1) 

PARAMETER MIN MAX UNIT 

ANALOG 

INx, COM GND-0.3 VDD+0.3 V 

REF, REFIN GND-0.3 VDD+0.3 V 

SUPPLY, VOLTAGES 

VDD, VIO to GND -0.3 7 V 

VIO to VDD -0.3 7 V 

DIN, CNV, SCK to GND -0.3 VIO + 0.3 V 

SDO to GND -0.3 VIO + 0.3 V 

Package thermal impedance (2) QFN4X4-20  55 °C/W 

Storage temperature Range -65 +150 °C 

Junction Temperature (3)  +150 °C 

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may 
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions 
beyond those specified is not implied. 

(2) The package thermal impedance is calculated in accordance with JESD-51. 
(3) The maximum power dissipation is a function of TJ(MAX), RθJA, and TA. The maximum allowable power dissipation at any ambient 

temperature is PD = (T J(MAX) - TA) / RθJA. All numbers apply for packages soldered directly onto a PCB. 

 

7.2 ESD Ratings 
The following ESD information is provided for handling of ESD-sensitive devices in an ESD protected area only. 

 VALUE UNIT 

V(ESD) Electrostatic discharge 
Human-Body Model (HBM), per ANSI/ESDA/JEDEC JS-001(1) ±4000 

V 
Charged-Device Model (CDM), per ANSI/ESDA/JEDEC JS-002 (2) ±1500 

(1) JEDEC document JEP155 states that 500 V HBM allows safe manufacturing with a standard ESD control process. 
(2) JEDEC document JEP157 states that 250 V CDM allows safe manufacturing with a standard ESD control process. 
 

 

ESD SENSITIVITY CAUTION 

ESD damage can range from 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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7.3 Specifications 
VDD = 4.5 V to 5.5 V, VREF = 4.096 V to VDD, VIO = 1.8 V to VDD, all specifications, TA = -40 to +125°C, unless others 
noted. 

  

PARAMETER TEST CONDITIONS/ COMMENTS MIN TYP MAX UNIT 

RESOLUTION  16   Bits 

ANALOG INPUT 

Voltage Range 
Unipolar mode 0  +VREF V 

Bipolar mode -VREF/2  +VREF/2 V 

Absolute Input Voltage 

Positive input, unipolar and bipolar modes -0.1  VREF+0.1 V 

Negative or COM input, unipolar mode -0.1  +0.1 V 

Negative or COM input, bipolar mode VREF/2-0.1 VREF/2 VREF/2+0.1 V 

Analog Input CMRR Input frequency (fIN) = 2 kHz  70  dB 

Leakage Current at 25°C 
Input Impedance (1) 

Acquisition phase  1  nA 

THROUGHPUT 

Conversion Rate  

Full Bandwidth (2)  0  500 kSPS 

¼  Bandwidth (2)  0  125 kSPS 

Transient Response 
Full-scale step, full bandwidth   400 ns 

Full-scale step, ¼  bandwidth   1600 ns 

ACCURACY 

No Missing Codes  16   Bits 

Integral Linearity Error   ±2  LSB (3) 

Differential Linearity Error   ±0.5  LSB 

Transition Noise   0.6  LSB 

Gain Error (4)   ±5  LSB 

Gain Error Match   ±1  LSB 

Gain Error Temperature 
Drift 

   ±0.3  ppm/°C 

Offset Error (4)   ±5  LSB 

Offset Error Match    ±1  LSB 

Offset Error Temperature 
Drift 

   ±0.3  ppm/°C 

Power Supply Sensitivity VDD = 5 V ± 5%  ±1  LSB 
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Specifications (continued) 
VDD = 4.5 V to 5.5 V, VREF = 4.096 V to VDD, VIO = 1.8 V to VDD, all specifications, TA = -40 to +125°C, unless others 
noted. 

PARAMETER TEST CONDITIONS/ COMMENTS MIN TYP MAX UNIT 

AC ACCURACY 

Dynamic Range    91.5  dB (5) 

Signal-to-Noise (SNR)  
fIN = 2kHz, VREF = 5 V  90.5  dB 

fIN IN = 2 kHz, VREF = 4.096V, internal REF  89  dB 

SINAD 
fIN = 2kHz, VREF = 5 V  89  dB 

fIN = 2kHz, VREF = 4.096V, internal REF  88.5  dB 

Total Harmonic Distortion 
(THD) 

fIN = 2kHz  -97  dB 

Spurious-Free Dynamic 
Range (SFDR) 

fIN = 2kHz  98  dB 

Channel to Channel 
Crosstalk 

fIN = 100 kHz on adjacent channel(s)  -118  dB 

SAMPLING DYNAMICS 

−3 dB Input Bandwidth 
Full Bandwidth  14  MHz 

¼  Bandwidth  3.6  MHz 

Aperture Delay VDD = 5 V  2.5  ns 

TEMPERATURE RANGE 

Specified Performance Minimum temperature (TMIN) to TMAX -40  125 °C 
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Specifications (continued) 
VDD = 4.5 V to 5.5 V, VREF = 4.096 V to VDD, VIO = 1.8 V to VDD, all specifications, TA = -40 to +125°C, unless others 
noted. 

PARAMETER TEST CONDITIONS/COMMENTS MIN TYP MAX UNIT 

INTERNAL REFERENCE 

REF Output Voltage 4.096 V at 25°C 4.086 4.096 4.106 V 

REFIN Output Voltage (6) 4.096 V at 25°C  2.31  V 

REF Output Current   ±400  µA 

Temperature Drift    ±10  ppm/°C 

Line Regulation VDD=5V±5%  15  ppm/V 

Long-Term Drift 1000 hours  TBD  ppm 

Turn-On Settling Time Reference capacitor (CREF)=10μF  100  ms 

EXTERNAL REFERENCE 

 Voltage Range 
REF input 0.5  VDD+0.3 V 

REFIN input (buffered) 0.5  VDD-0.2 V 

Current Drain 500 KSPS, REF = 5 V  120  µA 

TEMPERATURE SENSOR 

Output Voltage (7) 25°C  254  mV 

Temperature Sensitivity    1  mV/°C 

DIGITAL INPUTS 

Logic Levels  

Input Voltage  

Low (VIL)   -0.3  0.3×VIO V 

High (VIH)   0.7×VIO  VIO+0.3 V 

Input Current  

Low (IIL)   -1  +1 µA 

High (IIH)   -1  +1 µA 

DIGITAL OUTPUTS 

Data Format (8)   

Pipeline Delays (9)   

Output Voltage   

Low (VOL) ISINK=500μA   0.4 V 

High (VOH) ISOURCE= -500 μA VIO-0.3   V 
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Specifications (continued) 
VDD = 4.5 V to 5.5 V, VREF = 4.096 V to VDD, VIO = 1.8 V to VDD, all specifications, TA = -40 to +125°C, unless others 
noted. 

PARAMETER TEST CONDITIONS/COMMENTS MIN TYP MAX UNIT 

POWER SUPPLIES 

VDD Specified performance 4.5  5.5 V 

VIO Specified performance 1.8  VDD+0.3 V 

Standby Current (10,11) VDD and VIO= 5 V at 25°C  50  nA 

Power Dissipation 

VDD = 5 V, 100 SPS throughput  7.2  µW 

VDD = 5 V, 500 kSPS throughput  20  mW 

VDD = 5 V, 500 kSPS throughput with internal 
reference 

 25  mW 

Energy per Conversion   50  nJ 

TEMPERATURE RANGE 

Specified Performance TMIN to TMAX -40  125 °C 

(1) See the Analog Inputs section. 
(2) The bandwidth is set with the configuration register.  
(3) LSB means least significant bit. With the 5 V input range, one LSB = 76.3 µV. 
(4) See the Terminology section. These specifications include full temperature range variation but not the error contribution from the 

reference.   
(5) All specifications expressed in decibels are referred to a full-scale input FSR and tested with an input signal at 0.5 dB below full 

scale, unless otherwise specified. 
(6) This is the output from the internal band gap. 
(7) The output voltage is internal and present on a dedicated multiplexer input.  
(8) Unipolar mode: serial 16-bit straight binary.  Bipolar mode: serial 16-bit twos complement. 
(9) Conversion results available immediately after completed conversion.  
(10) With all digital inputs forced to VIO or GND as required.  
(11) During acquisition phase. 
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7.4 Timing Specifications 
VDD = 4.5 V to 5.5 V, VREF = 4.096 V to VDD, VIO = 1.8 V to VDD, all specifications, TA = -40 to +125°C, unless others 
noted. 

PARAMETER(1) SYMBOL MIN TYP MAX UNIT 

CONVERSION TIME  

CNV Rising Edge to Data Available tCONV   1.675 μs 

ACQUISITION TIME tACQ 400   ns 

Time Between Conversion tCYC 2   μs 

Data Write/Read During Conversion tDATA   1.2 μs 

SCK 

Period tSCK tDSDO + 2   ns 

Low Time tSCKL 15   ns 

High Time tSCKH 15   ns 

Falling Edge to Data Remains Valid tHSDO 10   ns 

Falling Edge to Data Valid Delay tDSDO  

VIO Above 2.7 V    20 ns 

VIO Above 2.3 V    23 ns 

VIO Above 1.8 V    31 ns 

CNV 

Pulse Width tCNVH 5   ns 

Low to SDO D15 MSB Valid tEN  

VIO Above 2.7 V    13 ns 

VIO Above 2.3 V    15 ns 

VIO Above 1.8 V    18 ns 

High or Last SCK Falling Edge to SDO High Impedance tDIS   15 ns 

Low to SCK Rising Edge tCLSCK 5   ns 

Last SCK Falling Edge to CNV Rising Edge Delay tQUIET 40   ns 

DIN  

Valid Setup Time from SCK Rising Edge tSDlN 5   ns 

Valid Hold Time from SCK Rising Edge tHDlN 5   ns 

(1) See Figure 2 and Figure 3 for load conditions. 
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IOL500 A

500 A IOH

1.4V

TO SDO

CL
50pF

  
Figure 2. Load Circuit for Digital Interface Timing 

 
 

2V OR VIO-0.5V(1)

0.8V OR 0.5V(2)

tDELAY

2V OR VIO-0.5V(1)

0.8V OR 0.5V(2)

tDELAY

30% VIO 70% VIO

(1)2V IF VIO ABOVE 2.5V,VIO-0.5V IF VIO BELOW 2.5V.
(2) 0.8V IF VIO ABOVE 2.5V,0.5V IF VIO BELOW 2.5V.

 

Figure 3. Voltage Levels for Timing 
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7.5 Typical Performance Characteristics 
NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples 
and are provided for informational purposes only.  
VDD = 5 V, VREF = 5 V, VIO = 1.8V, unless otherwise noted. 

 
Figure 4. Integral Nonlinearity vs Code, 

VREF=VDD=5V 

 
Figure 5. Differential Nonlinearity vs Code, 

VREF=VDD=5V 

 
Figure 6. Histogram of a DC Input at Code 

Center 

 
Figure 7. Histogram of a DC Input at Code 

Center 

 
Figure 8.  2kHz FFT, VREF = VDD = 5 V, 

VIO=1.8V 

 
Figure 9. 2kHz FFT, VREF = 4.096V, VDD = 5 V, 

VIO=1.8V 

  

DNL MAX =+0.454 LSB 

DNL MIN =-0.481 LSB 

INL MAX =1.9041 LSB 
INL MIN =-0.2206 LSB 

σ =+ 0.58LSB 
VREF=VDD=5V 

σ =0.77LSB 
VREF =4.096V 

ENOB =14.5822 bits dB 
SINAD =89.5448 dB 
SNR =91.307 dB. 
SFDR =94.588 dB 
THD =-94.3134 dB 
HD2 = -94.5361  
HD3 = -94.53613   

ENOB =14.4246 bits dB 
SINAD =88.5958 dB 
SNR =89.0387 dB 
SFDR =99.9745 dB 
THD =-98.7304 dB 
TH2= -99.71357 dB 
TH3= -112.8727 dB 
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Typical Performance Characteristics (continued) 
NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples 
and are provided for informational purposes only.  
VDD = 5 V, VREF = 5 V, VIO = 1.8V, unless otherwise noted. 

 
Figure 10. SNR vs Frequency 

 
Figure 11. SINAD vs Frequency 

 
Figure 12. THD vs Frequency 

 
Figure 13. ENOB vs Frequency 

 
Figure 14. SNR, SINAD vs Temperature 

 
Figure 15. THD, SFDR vs Temperature 

  

60

65

70

75

80

85

90

95

100

0 50 100 150 200

S
N

R
 (

d
B

)

Frequency (kHz)

 -0.5dB

 -10dB
60

65

70

75

80

85

90

95

100

0 50 100 150 200

S
IN

A
D

 (
d

B
)

Frequency (kHz)

 -0.5dB

 -10dB

-120

-110

-100

-90

-80

-70

-60

0 50 100 150 200

T
H

D
 (

d
B

)

Frequency (kHz)

 -0.5dB

 -10dB
10

11

12

13

14

15

16

0 50 100 150 200

E
N

O
B

 (
B

it
s)

Frequency (kHz)

 -0.5dB

 -10dB

86

87

88

89

90

91

92

93

94

95

96

-40 -25 -10 5 20 35 50 65 80 95 110125

S
N

R
, S

IN
A

D
 (

d
B

)

Temperature (°C)

SNR, VREF = 5V
SINAD, VREF = 5V
SNR, VREF = 4.096V
SINAD, VREF = 4.096V

90

95

100

105

110

115

-110

-105

-100

-95

-90

-85

-80

-40 -25 -10 5 20 35 50 65 80 95 110125

S
F

D
R

 (
d

B
)

T
H

D
 (

d
B

)

Temperature (°C)

THD, VREF = 5V

THD, VREF = 4.096V

SFDR, VREF = 5V

SFDR, VREF = 4.096V

fIN=2kHzfIN=2kHz 



  RS1488 

 

  16 / 40 www.run-ic.com 
   

 

Typical Performance Characteristics (continued) 
NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples 
and are provided for informational purposes only.  
VDD = 5 V, VREF = 5 V, VIO = 1.8V, unless otherwise noted. 

 
Figure 16. SNR, SINAD, ENOB vs Reference 

Voltage 

 
Figure 17. THD, SFDR vs Reference Voltage 

 
Figure 18. SNR, SINAD, and ENOB vs Input 

Level 
Figure 19. Operating Currents vs Temperature 

 
Figure 20. Offset and Gain Error vs 

Temperature, Not Normalized 

 
Figure 21. Operating Currents vs Supply 
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Typical Performance Characteristics (continued) 
NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of samples 
and are provided for informational purposes only.  
VDD = 5 V, VREF = 5 V, VIO = 1.8V, unless otherwise noted. 

 
Figure 22. Internal Reference Output Voltage vs 

Temperature, Three Devices 

 
Figure 23. Temperature Sensor Output Voltage 

vs Temperature 

 
Figure 24. tDSDO Delay vs SDO Capacitance Load 

and Supply 
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8 TERMINOLOGY 
 
Least Significant Bit (LSB) 
The LSB is the smallest increment represented by a converter. For an ADC with N bits of resolution, the LSB 
expressed in volts is 

𝑙𝑆𝐵(𝑉) = 𝑉𝑅𝐸𝐹 2𝑁⁄  
 

Integral Nonlinearity Error (INL) 
INL refers to the deviation of each individual code from a line drawn from negative full scale through positive 
full scale. The point used as negative full scale occurs ½  LSB before the first code transition. Positive full scale 
is defined as a level 1½  LSB beyond the last code transition. The deviation is measured from the middle of 
each code to the true straight line (see Figure 26). 
 
Differential Nonlinearity Error (DNL) 
In an ideal ADC, code transitions are 1 LSB apart. DNL is the maximum deviation from this ideal value. It is 
often specified in terms of resolution for which no missing codes are guaranteed. 
 
Offset Error 
For unipolar mode, the first transition occurs at a level ½  LSB above analog ground. The unipolar offset error 
is the deviation of the actual transition from that point. For bipolar mode, the first transition occurs at a level 
½  LSB above VREF/2. The bipolar offset error is the deviation of the actual transition from that point.  
 
Gain Error 
The last transition (from 111…10 to 111…11) must occur for an analog voltage 1½ LSB below the nominal 
full scale. The gain error is the deviation in LSB (or percentage of full-scale range) of the actual level of the 
last transition from the ideal level after the offset error is adjusted out. Closely related is the full-scale error 
(also in LSB or percentage of full-scale range), which includes the effects of the offset error. 
 
Aperture Delay 
Aperture delay is the measure of the acquisition performance. It is the time between the rising edge of the 
CNV input and the point at which the input signal is held for a conversion. 
 
Transient Response 
Transient response is the time required for the ADC to accurately acquire its input after a full-scale step 
function is applied. 
 
Dynamic Range 
Dynamic range is the ratio of the rms value of the full scale to the total rms noise measured with the inputs 
shorted together. The value for dynamic range is expressed in decibels. 
 
Signal-to-Noise Ratio (SNR) 
SNR is the ratio of the rms value of the actual input signal to the rms sum of all other spectral components 
below the Nyquist frequency, excluding harmonics and dc. The value for SNR is expressed in decibels. 
 
Signal-to-(Noise + Distortion) Ratio (SINAD) 
SINAD is the ratio of the rms value of the actual input signal to the rms sum of all other spectral components 
below the Nyquist frequency, including harmonics but excluding dc. The value for SINAD is expressed in 
decibels. 
 
Total Harmonic Distortion (THD) 
THD is the ratio of the rms sum of the first five harmonic components to the rms value of a full-scale input 
signal and is expressed in decibels. 
 
Spurious-Free Dynamic Range (SFDR) 
SFDR is the difference, in decibels, between the rms amplitude of the input signal and the peak spurious 
signal. 
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Effective Number of Bits (ENOB) 
ENOB is a measurement of the resolution with a sine wave input. It is related to SINAD by the formula 

ENOB = (SINADdB − 1.76) 6.02⁄  
 and is expressed in bits. 
 
Channel-to-Channel Crosstalk 
Channel-to-channel crosstalk is a measure of the level of crosstalk between any two adjacent channels. It is 
measured by applying a dc to the channel under test and applying a full-scale, 100 kHz sine wave signal to 
the adjacent channel(s). The crosstalk is the amount of signal that leaks into the test channel, and is expressed 
in decibels. 
 
Reference Voltage Temperature Coefficient 
Reference voltage temperature coefficient is derived from the typical shift of output voltage at 25°C on a 
sample of parts at the maximum and minimum reference output voltage (VREF) measured at TMIN, T (25°C), 
and TMAX. It is expressed in ppm/°C as 

TCVREF(ppm/C) =
VREF(Max)−VREF(Min)

VREF(25℃)×(TMAX−TMIN)
× 106 

where: 
VREF (Max) = maximum VREF at TMIN, T (25°C), or TMAX.  
VREF (Min) = minimum VREF at TMIN, T (25°C), or TMAX.  
VREF (25°C) = VREF at 25°C. 
TMAX = 125°C.  
TMIN = –40°C. 
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9 THEORY OF OPERATION 
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Figure 25. DC Simplified Schematic 

 

9.1 Overview 
The RS1488 is 8-channel, 16-bit, charge redistribution successive approximation register (SAR) analog-to-
digital converter (ADC). It is capable of converting 500,000 samples per second (500 kSPS) and power down 

between conversions. For example, when operating with an external reference at 1 kSPS, they consume 40 
µW typically, ideal for battery-powered applications. 
 
The RS1488 contains all of the components for use in a multichannel, low power data acquisition system, 
including 
 16-bit SAR ADC with no missing codes 
 8-channel, low crosstalk multiplexer 
 Internal low drift reference and buffer 
 Temperature sensor 
 Selectable one-pole filter 
 Channel sequencer 
 
These components are configured through an SPI-compatible, 14-bit register. Conversion results, also SPI 
compatible, can be read after or during conversions with the option for reading back the configuration. 
 
The RS1488 provides the user with an on-chip track- and-hold and do not exhibit pipeline delay or latency. 
  
The RS1488 is specified from 4.5V to 5.5V and can be interfaced to any 1.8V to 5V digital logic family. It is 
housed in a 20-lead, 4 mm × 4 mm QFN that combines space savings and allows flexible configurations. It is 
pin-for-pin compatible with the 16-bit RS1438. 
 

9.2 Converter Operation 
The RS1488 is successive approximation ADCs based on a charge redistribution DAC. Figure 25 shows the 
simplified schematic of the ADC. The capacitive DAC consists of two identical arrays of 16 binary weighted 
capacitors, which are connected to the two comparator inputs. 
 
During the acquisition phase, terminals of the array tied to the comparator input are connected to GND via 
SW+ and SW−. All independent switches are connected to the analog inputs. 
 
The capacitor arrays are used as sampling capacitors and acquire the analog signal on the INx+ and INx− (or 
COM) inputs. When the acquisition phase is complete and the CNV input goes high, a conversion phase is 
initiated. When the conversion phase begins, SW+ and SW− open first. The two capacitor arrays are then 
disconnected from the inputs and connected to the GND input. Therefore, the differential voltage between 
the INx+ and INx− (or COM) inputs captured at the end of the acquisition phase applies to the comparator 
inputs, causing the comparator to become unbalanced. By switching each element of the capacitor array 
between GND and REF, the comparator input varies by binary weighted voltage steps (VREF/2, 
VREF/4...VREF/32,768). The control logic toggles these switches, starting with the MSB, to bring the 
comparator back into a balanced condition. After the completion of this process, the device returns to the 
acquisition phase, and the control logic generates the ADC output code and a busy signal indicator. 
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Because the RS1488 has an on-board conversion clock, the serial clock, SCK, is not required for the 
conversion process. 
 

9.3 Transfer Functions 
With the inputs configured for unipolar range (single-ended, COM with ground sense, or paired differentially 
with INx− as ground sense), the data output is straight binary.  
 
With the inputs configured for bipolar range (COM = VREF/2 or paired differentially with INx− = VREF/2), the 
data outputs are twos complement. 
 
The ideal transfer characteristic for the RS1488 is shown in Figure 26 and for both unipolar and bipolar 
ranges with the internal 4.096 V reference. 
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Figure 26. ADC Ideal Transfer Function 
 

Table 1. Output Codes and Ideal Input Voltages 

Description 
Unipolar Analog 
Input(1) VREF = 4.096 V 

Digital Output Code 
(Straight Binary Hex) 

Bipolar Analog 
Input(2) VREF = 4.096 V 

Digital Output Code  
(Twos Complement 
Hex) 

FSR − 1 LSB 4.095938V 0Xffff (3) 2.047938V 0x7FFF 

Midscale + 1 LSB 2.048063V 0x8001 62.5μV 0x0001 

Midscale 2.048V 0x8000 0V 0x0000 

Midscale − 1 LSB 2.047938V 0x7FFF -62.5μV 0xFFFF 

-FSR + 1 LSB 62.5Μv 0x0001 -2.047938V 0x8001 

-FSR 0V 0x0000 (4) -2.048V 0x8000 (4) 

(1) With COM or INx− = 0 V or all INx referenced to GND. 
(2) With COM or INx− = VREF/2.  
(3) This is also the code for an overranged analog input ((INx+) − (INx−), or COM, above VREF − GND). 
(4) This is also the code for an underranged analog input ((INx+) − (INx−), or COM, below GND). 
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9.4 Typical Connection Diagrams 
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Figure 27. Typical Application Diagram with Multiple Supplies 
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Figure 28. Typical Application Diagram Using Bipolar Input 
 

9.4.1 Unipolar or Bipolar  
Figure 27 shows an example of the recommended connection diagram for the RS1488 when multiple 
supplies are available.  
 

9.4.2 Bipolar Single Supply  
Figure 28 shows an example of a system with a bipolar input using single supplies with the internal reference 
(optional different VIO supply). This circuit is also useful when the amplifier/signal conditioning circuit is 
remotely located with some common mode present. Note that for any input configuration, the INx inputs 
are unipolar and are always referenced to GND (no negative voltages even in bipolar range). For this circuit, 
a rail-to-rail input/output amplifier can be used. However, take the offset voltage vs. input common-mode 
range into consideration (1 LSB = 62.5 μV with VREF = 4.096 V). Note that the conversion results are in twos 
complement format when using the bipolar input configuration.  
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9.5 Analog Inputs 
 

9.5.1 Input Structure  
Figure 29 shows an equivalent circuit of the input structure of the RS1488. The two diodes, D1 and D2, 
provide ESD protection for the analog inputs, IN[7:0] and COM. Care must be taken to ensure that the analog 
input signal does not exceed the supply rails by more than 0.3V because this causes the diodes to become 
forward biased and to start conducting current.  
 
These diodes can handle a maximum forward-biased current of 130 mA. For instance, these conditions may 
eventually occur when the input buffer supplies are different from VDD. In such a case, for example, an input 
buffer with a short circuit, the current limitation can be used to protect the device. 

GND

COM

INx+
INx-OR

OR

VDD

D1

D2CPIN

RIN CIN

 

Figure 29. Equivalent Analog Input Circuit 
 

This analog input structure allows the sampling of the true differential signal between INx+ and COM or INx+ 
and INx−. (COM or INx− = GND ± 0.1 V or VREF ± 0.1 V). By using these differential inputs, signals common 
to both inputs are rejected, as shown in Figure 30. 
 

 
Figure 30. Analog Input CMRR vs Frequency 

 
During the acquisition phase, the impedance of the analog inputs can be modeled as a parallel combination 
of the capacitor, CPIN, and the network formed by the series connection of RIN and CIN. CPIN is primarily the 
pin capacitance. RIN is typically 400Ω (8.8 kΩ when the one-pole filter is active) and is a lumped component 
composed of serial resistors and the on resistance of the switches. CIN is typically 27 pF and is mainly the 
ADC sampling capacitor. 
 

9.5.2 Selectable Low-Pass Filter 
During the conversion phase, when the switches are opened, the input impedance is limited to CPIN. While 
the RS1488 is acquiring, RIN and CIN make a one-pole, low-pass filter that reduces undesirable aliasing effects 
and limits the noise from the driving circuitry. The low-pass filter can be programmed for the full bandwidth 
or ¼  of the bandwidth with CFG[6], as shown in Table 2.The converter throughput must also be reduced by 
¼  when using the filter. If the maximum throughput is used with the bandwidth (BW) set to ¼ , the converter 
acquisition time, tACQ, is violated, resulting in increased THD. 
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9.5.3 Input Configurations 
Figure 31 shows the different methods for configuring the analog inputs with the configuration register, 
CFG[12:10]. Refer to the Configuration Register, CFG section for more details.  
 
The RS1488 analog inputs can be configured in unipolar single-ended or pseudo differential mode, which 
means that the positive input pin of the RS1488 can accept signal between 0 V and VREF, and its negative 
input (or COM) pin must be always referenced to either a ground or a fixed dc voltage, VREF/2, as follows: 
 
 Configuration A in Figure 31:  single-ended referenced to system ground, CFG[12:10] = 1112.   
 
 Configuration B in Figure 31: bipolar differential with a common reference point, COM = VREF/2, 

CFG[12:10] = 0102. Unipolar differential with COM connected to a ground sense; CFG[12:10] = 1102.  
 
 Configuration C in Figure 31: bipolar differential pairs with INx− referenced to VREF/2; CFG[12:10] = 00X2. 

Unipolar differential pairs with INx− referenced to a ground sense; CFG[12:10] = 10X2. In this 
configuration, the INx+ is identified by the channel in CFG[9:7]. For example, for IN0 = IN1+ and IN1 = 
IN1−, CFG[9:7] = 0002; for IN1 = IN1+ and IN0 = IN1−, CFG[9:7] = 0012. 

 
 Configuration C in Figure 31: inputs configured in any of the above combinations (showing that the 

RS1488 can be configured dynamically) 
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Figure 31. Multiplexed Analog Input Configurations 
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9.5.4 Sequencer 
The RS1488 includes a channel sequencer useful for scanning channels in a IN0 to IN[7:0] fashion. Channels 
are scanned as singles or pairs, with or without the temperature sensor, after the last channel is sequenced.  
 
The sequencer starts with IN0 and finishes with IN[7:0] set in CFG[9:7]. For paired channels, the channels 
are paired depending on the last channel set in CFG[9:7]. The channel pairs are always paired as IN (even) = 
INx+ and IN (odd) = INx− regardless of CFG[7].  
 
To enable the sequencer, CFG[2:1] are written to for initializing the sequencer. After CFG[13:0] are updated, 
DIN must be held low while reading data out (at least for Bit 13), or the CFG register begins updating again. 
 
While operating in a sequence, the CFG register can be changed by writing 012 to CFG[2:1]. However, if 
changing CFG11 (paired or single channel) or CFG[9:7] (last channel in sequence), the sequence reinitializes 
and converts IN0 (or IN1) after CFG is updated. 
 
Examples 
Bit[13], Bits[6:3], and Bit 0 are configured for the input and sequencer.  
 
As a first example, scan all IN[7:0] referenced to COM = GND with the temperature sensor. 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 

CFG INCC INx BW REF SEQ RB 

 1 1 0 1 1 1     1 0  

 
As a second example, scan three paired channels without the temperature sensor and referenced to VREF/2. 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 

CFG INCC INx BW REF SEQ RB 

 0 0 X(1) 1 1 X(1)     1 1  
(1) X means don’t care. 

 

9.5.5 Source Resistance  
When the source impedance of the driving circuit is low, the RS1488 can be driven directly. Large source 
impedances significantly affect the ac performance, especially THD. The dc performances are less sensitive 
to the input impedance. The maximum source impedance depends on the amount of THD that can be 
tolerated. The THD degrades as a function of the source impedance and the maximum input frequency. 
 

9.6 Driver Amplifier Choice 
Although the RS1488 is easy to drive, the driver amplifier must meet the following requirements:  
 The noise generated by the driver amplifier must be kept as low as possible to preserve the SNR and 

transition noise performance of the RS1488. Note that the RS1488 has a noise much lower than most 
other 16-bit ADCs and, therefore, can be driven by a noisier amplifier to meet a given system noise 
specification. The noise from the amplifier is filtered by the RS1488 analog input circuit low-pass filter 
made by RIN and CIN, or by an external filter, if one is used. Because the typical noise of the RS1488 is 35 
µV rms (with VREF = 5 V), the SNR degradation due to the amplifier is 

𝑆𝑁𝑅𝐿𝑂𝑆𝑆 = 20(𝑙𝑜𝑔
35

√352+
𝜋

2
𝑓−3𝑑𝐵(𝑁𝑒𝑁)

) 

where: 
f–3dB is the input bandwidth in megahertz of the RS1488 (14.7MHz in full BW or 3.3M Hz in ¼  BW), or 
the cut off frequency of an input filter, if one is used. 
N is the noise gain of the amplifier (for example, 1 in buffer configuration).  

eN is the equivalent input noise voltage of the op amp, in nV/√𝐻𝑧.  
 For ac applications, the driver must have a THD performance commensurate with the RS1488. Figure 12 

shows THD vs. frequency for the RS1488. 
 For multichannel, multiplexed applications on each input or input pair, the driver amplifier and the RS1488 

analog input circuit must settle a full-scale step onto the capacitor array at a 16-bit level (0.0015%). In 
amplifier data sheets, settling at 0.1% to 0.01% is more commonly specified. This may differ significantly 
from the settling time at a 16-bit level and must be verified prior to driver selection. 
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9.7 Voltage Reference Output/Input 
The RS1488 allows the choice of a very low temperature drift internal voltage reference, an external 
reference, or an external buffered reference.  
 
The internal reference of the RS1488 provide excellent performance and can be used in almost all 
applications. There are six possible choices of voltage reference schemes, briefly described in Table 2, with 
more details in each of the following sections.  
 

9.7.1 Internal Reference/Temperature Sensor  
The internal reference can be set for a 4.096 V output as detailed in Table 2. With the internal reference 
enabled, the band gap voltage is also present on the REFIN pin, which requires an external 0.1 μF capacitor.  
 
Enabling the reference also enables the internal temperature sensor, which measures the internal 
temperature of the RS1488 and is thus useful for performing a system calibration. For applications requiring 
the use of the temperature sensor, the internal reference must be active (internal buffer can be disabled in 
this case). Note that, when using the temperature sensor, the output is straight binary referenced from the 
RS1488 GND pin. The RS1488 temperature sensor voltage can be thought of as a normal analog input; 
therefore, the code that represents it is calculated as temperature sensor code = temperature sensor voltage 
× (reference voltage)/(216 − 1). Its temperature sensor output voltage is typically 254 mV at 25°C. The internal 
reference is temperature-compensated to within 10 mV. The reference is trimmed to provide a typical drift 
of ±10 ppm/°C. 

 

9.7.2 External Reference and Internal Buffer 
For improved drift performance, an external reference can be used with the internal buffer. The external 
source is connected to REFIN, and the output is produced on the REF pin. An external reference can be used 
with the internal buffer with or without the temperature sensor enabled. Refer to Table 2 for register details. 
With the buffer enabled, the gain is unity and is limited to an input/output 4.096V. 
 
 The internal reference buffer is useful in multiconverter applications because a buffer is typically required 
in these applications. A low power reference can be used because the internal buffer provides the necessary 
performance to drive the SAR architecture of the RS1488. 

 

9.7.3 External Reference  
In any of the six voltage reference schemes, an external reference can be connected directly on the REF pin 
because the output impedance of REF is >5 kΩ. To reduce power consumption, the reference and buffer can 
be powered down independently or together for the lowest power consumption. When only using the 
external reference (and optional reference buffer as shown in Figure 34), an internal buffer is disabled. Refer 
to Table 2 for register details.  
 

9.7.4 Reference Decoupling 
Whether using an internal or external reference, the RS1488 voltage reference output/input, REF, has a 
dynamic input impedance and are therefore be driven by a low impedance source with efficient decoupling 
between the REF and GND pins. This decoupling depends on the choice of the voltage reference but usually 
consists of a low ESR capacitor connected to REF and GND with minimum parasitic inductance.  
 
The placement of the reference decoupling capacitor is also important to the performance of the RS1488, 
as explained in the Layout section. Mount the decoupling capacitor on the same side as the ADC at the REF 
pin with a thick PCB trace. The GND also connects to the reference decoupling capacitor with the shortest 
distance and to the analog ground plane with several vias. 
 
If desired, smaller reference decoupling capacitor values down to 2.2 µF can be used with a minimal impact 
on performance, especially on DNL.  
 
Regardless, there is no need for an additional lower value ceramic decoupling capacitor (for example, 100 nF) 
between the REF and GND pins. 
 
For applications that use multiple RS1488 devices or other PulSAR devices, it is more effective to use the 
internal reference buffer to buffer the external reference voltage, thus reducing SAR conversion crosstalk.  
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The voltage reference temperature coefficient (TC) directly impacts full scale; therefore, in applications 
where full-scale accuracy matters, care must be taken with the TC. For instance, a ±15 ppm/°C TC of the 
reference changes full scale by ±1 LSB/°C. 
 

9.8 Power Supply 
The RS1488 use two power supply pins: an analog and digital core supply (VDD), and a digital input/output 
interface supply (VIO). VIO allows direct interface with any logic between 1.8 V and VDD. To reduce the 
supplies needed, the VIO and VDD pins can be tied together. The RS1488 are independent of power supply 
sequencing between VIO and VDD. Additionally, they are very insensitive to power supply variations over a 
wide frequency range, as shown in Figure 32. 

 
Figure 32. Power Supply Rejection Ratio (PSRR) vs Frequency 

 
The RS1488 powers down automatically at the end of each conversion phase. Therefore, the operating 
currents and power scale linearly with the sampling rate. This makes the device ideal for low sampling rates 
(even of a few hertz), and low battery-powered applications. 

 
Figure 33. Operating Currents vs Sampling Rate 

 

9.9 Supplying The ADC from The Reference 
For simplified applications, the RS1488, with their low operating current, can be supplied directly using an 
external reference circuit like the one shown in Figure 34. The reference line can be driven by the following:  
 The system power supply directly. 
 A reference voltage with enough current output capability. 
 A reference buffer. 
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Figure 34. Example of an Application Circuit 
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10 DIGITAL INTERFACE 
The RS1488 use a simple 4-wire interface and are compatible with SPI, MICROWIRE™, QSPI™, digital hosts, 
and DSPs. 
 
The interface uses the CNV, DIN, SCK, and SDO signals and allows CNV, which initiates the conversion, to 
be independent of the readback timing. This is useful in low jitter sampling or simultaneous sampling 
applications.  
 
A 14-bit register, CFG[13:0], is used to configure the ADC for the channel to be converted, the reference 
selection, and other components, which are detailed in the Configuration Register, CFG section.  
 
When CNV is low, reading/writing can occur during conversion, acquisition, and spanning conversion 
(acquisition plus conversion). The CFG word is updated on the first 14 SCK rising edges, and conversion 
results are output on the first 15 (or 16, if busy mode is selected) SCK falling edges. If the CFG readback is 
enabled, an additional 14 SCK falling edges are required to output the CFG word associated with the 
conversion results with the CFG MSB following the LSB of the conversion result. 
 
A discontinuous SCK is recommended because the device is selected with CNV low, and SCK activity begins 
to write a new configuration word and clock out data.  
 
Note that in the following sections, the timing diagrams indicate digital activity (SCK, CNV, DIN, and SDO) 
during the conversion. However, due to the possibility of performance degradation, digital activity occurs 
only prior to the safe data reading/writing time, tDATA, because the RS1488 provide error correction circuitry 
that can correct for an incorrect bit during this time. From tDATA to tCONV, there is no error correction, and 
conversion results may be corrupted. Configure the RS1488 and initiate the busy indicator (if desired) prior 
to tDATA. It is also possible to corrupt the sample by having SCK or DIN transitions near the sampling instant. 
Therefore, it is recommended to keep the digital pins quiet for approximately 20 ns before and 10 ns after 
the rising edge of CNV, using a discontinuous SCK whenever possible to avoid any potential performance 
degradation.  
 

10.1 Reading/Writing During Conversion, Fast Hosts 
When reading/writing during conversion (n), conversion results are for the previous (n − 1) conversion, and 
writing the CFG register is for the next (n + 1) acquisition and conversion. After the CNV is brought high to 
initiate conversion, it must be brought low again to allow reading/writing during conversion. Reading/writing 
must only occur up to tDATA and, because this time is limited, the host must use a fast SCK. The SCK frequency 
required is calculated by 
 

fsck≥
𝑁𝑢𝑚𝑏𝑒𝑟_𝑆𝐶𝐾_𝐸𝑑𝑔𝑒𝑠

𝑡𝐷𝐴𝑇𝐴
 

 

The time between tDATA and tCONV is a safe time when digital activity must not occur, or sensitive bit decisions 
may be corrupt. 
 

10.2 Reading/Writing After Conversion, Any Speed Hosts 
When reading/writing after conversion, or during acquisition (n), conversion results are for the previous (n − 
1) conversion, and writing is for the (n + 1) acquisition. 
 
For the maximum throughput, the only time restriction is that the reading/writing take place during the tACQ 
(minimum) time. For slow throughputs, the time restriction is dictated by the throughput required by the user, 
and the host is free to run at any speed. Thus for slow hosts, data access must take place during the 
acquisition phase. 
 

10.3 Reading/Writing Spanning Conversion, Any Speed Host  
When reading/writing spanning conversion, the data access starts at the current acquisition (n) and spans 
into the conversion (n). Conversion results are for the previous (n − 1) conversion, and writing the CFG 
register is for the next (n + 1) acquisition and conversion.  
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Similar to reading/writing during conversion, reading/writing must only occur up to tDATA. For the maximum 
throughput, the only time restriction is that reading/writing take place during the tACQ + tDATA time.  
 
For slow throughputs, the time restriction is dictated by the required throughput, and the host is free to run 
at any speed. Similar to reading/writing during acquisition, for slow hosts, the data access must take place 
during the acquisition phase with additional time into the conversion. 
 
Data access spanning conversion requires the CNV to be driven high to initiate a new conversion, and data 
access is not allowed when CNV is high. Therefore, the host must perform two bursts of data access when 
using this method.  
 

10.4 Configuration Register, CFG  
The RS1488 use a 14-bit configuration register (CFG[13:0]), as detailed in Table 2, to configure the inputs, 
the channel to be converted, the one-pole filter bandwidth, the reference, and the channel sequencer. The 
CFG register is latched (MSB first) on DIN with 14 SCK rising edges. The CFG update is edge dependent, 
allowing for asynchronous or synchronous hosts.  
 
The register can be written to during conversion, during acquisition, or spanning acquisition/conversion, and 
is updated at the end of conversion, tCONV (maximum). There is always a one deep delay when writing the 
CFG register.  
 
At power-up, the CFG register is undefined and two dummy conversions are required to update the register. 
To preload the CFG register with a factory setting, hold DIN high for two conversions (CFG[13:0] = 0x3FFF). 
This sets the RS1488 for the following:  
 IN[7:0] unipolar referenced to GND, sequenced in order. 
 Full bandwidth for a one-pole filter. 
 Internal reference/temperature sensor disabled, buffer enabled.  
 Enables the internal sequencer. 
 No readback of the CFG register.  
 
Table 2 summarizes the configuration register bit details. See the Theory of Operation section for more 
details. 

13 12 11 10 9 8 7 6 5 4 3 2 1 0 

CFG INCC INCC INCC INx INx INx BW REF REF REF SEQ SEQ RB 

 
Table 2. Configuration Register Description 

Bits Name Description 

[13] CFG 
Configuration update. 
0 = keep current configuration settings.  
1 = overwrite contents of register. 

[12:10] INCC 

Input channel configuration. Selection of pseudo bipolar, pseudo differential, pairs, single-
ended, or temperature sensor. Refer to the Input Configurations section. 

Bit 12 Bit 11 Bit 10 Function 

0 
0 
0 
1 
1 
1 

0 
1 
1 
0 
1 
1 

X(1) 
0 
1 
X(1) 
0 
1 

Bipolar differential pairs; INx− referenced to VREF/2 ± 0.1 V. 
Bipolar; INx referenced to COM = VREF/2 ± 0.1 V.  
Temperature sensor. 
Unipolar differential pairs; INx− referenced to GND ± 0.1 V. 
Unipolar, INx referenced to COM = GND ± 0.1 V. (GND sense). 
Unipolar, INx referenced to GND. 

[9:7] INx 

Input channel selection in binary fashion 

Bit 9 Bit8 Bit 7 Channel 

0 
0 
... 
1 

0 
0 
... 
1 

0 
1 
... 
1 

IN0 
IN1 
... 
IN7 

[6] BW 

Select bandwidth for low-pass filter. Refer to the Selectable Low-Pass Filter section. 
0= ¼  of BW, uses an additional series resistor to further bandwidth limit the noise. Maximum 
throughput must be reduced to ¼ . 
1 = full BW. 
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[5:3] REF(2) 

Reference/buffer selection. Selection of internal, external, external buffered, and enabling of 
the on-chip temperature sensor. Refer to the Voltage Reference Output/Input section. 

Bit 5 Bit 4 Bit 3 Function 

0 
0 
 
0 
 
0 
 
1 
1 
1 
 
1 
 

0 
0 
 
1 
 
1 
 
0 
0 
1 
 
1 
 

0 
1 
 
0 
 
1 
 
0 
1 
0 
 
1 
 

Do not use. 
Internal reference and temperature sensor enabled. REF = 
4.096 V buffered output. 
Use external reference. Temperature sensor enabled. Internal 
buffer disabled.  
Use external reference. Internal buffer and temperature sensor 
enabled. 
Do not use.  
Do not use.  
Use external reference. Internal reference, internal buffer, and 
temperature sensor disabled. 
Use external reference. Internal buffer enabled. Internal 
reference and temperature sensor disabled. 

[2:1] SEQ 

Channel sequencer. Allows for scanning channels in an IN0 to IN[7:0] fashion. Refer to the 
Channel Sequencer section 

Bit 2 Bit 1 Function 

0 
0 
1 
1 

0 
1 
0 
1 

Disable sequencer. 
Update configuration during sequence. 
Scan IN0 to IN[7:0] (set in CFG[9:7]), then temperature. 
Scan IN0 to IN[7:0] (set in CFG[9:7]). 

[0] RB 
Read back the CFG register. 
0 = read back current configuration at end of data.  
1 = do not read back contents of configuration 

(1) X means don’t care. 
(2) The temperature sensor is always enabled when internal bandgap reference is enabled. See the Voltage Reference Output/Input 

section. 
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10.5 General Timing Without A Busy Indicator 
Figure 35 details the timing for all three modes: read/write during conversion (RDC), read/write after 
conversion (RAC), and read/write spanning conversion (RSC). Note that the gating item for both CFG and 
data readback is at the end of conversion (EOC). At EOC, if CNV is high, the busy indicator is disabled.  
 
As detailed in the Digital Interface section, the data access must occur up to safe data reading/writing time, 
tDATA. If the full CFG word is not written to prior to EOC, it is discarded and the current configuration remains. 
If the conversion result is not read out fully prior to EOC, it is lost as the ADC updates SDO with the MSB of 
the current conversion. For detailed timing, refer to Figure 37 and Figure 38, which depict reading/writing 
spanning conversion with all timing details, including setup, hold, and SCK.  
 
When CNV is brought low after EOC, SDO is driven from high impedance to the MSB. Falling SCK edges 
clock out bits starting with MSB − 1.  
 
The SCK can idle high or low depending on the clock polarity (CPOL) and clock phase (CPHA) settings if SPI 
is used. A simple solution is to use CPOL = CPHA = 0 as shown in Figure 35 with SCK idling low.  
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Figure 35. General Interface Timing for the RS1488 Without a Busy Indicator 
NOTES 
1. CNV MUST BE HIGH PRIOR TO THE END OF CONVERSION (EOC) TO AVOID THE BUSY INDICATOR. A TOTAL OF 16 SCK 

FALLING EDGES IS REQUIRED TO RETURN SDO TO HIGH-Z. IF CFG READBACK IS ENABLED, A TOTAL OF 30 SCK FALLING 
EDGES IS REQUIRED TO RETURN SDO TO HIGH-Z. 
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10.6 General Timing With A Busy Indicator 
Figure 36 details the timing for all three modes: RDC, RAC, and RSC. Note that the gating item for both CFG 
and data readback is at EOC. The data access must occur up to safe data reading/writing time, tDATA. If the 
full CFG word is not written to prior to EOC, it is discarded and the current configuration remains.  
 
At the EOC, if CNV is low, the busy indicator enables. In addition, to generate the busy indicator properly, 
the host must assert a minimum of 17 SCK falling edges to return SDO to high impedance because the last 
bit on SDO remains active. Unlike the case detailed in the Read/Write Spanning Conversion Without a Busy 
Indicator section, if the conversion result is not read out fully prior to EOC, the last bit clocked out remains. 
If this bit is low, the busy signal indicator cannot be generated because the busy generation requires either 
a high impedance or a remaining bit high-to-low transition. A good example of this occurs when an SPI host 
sends 16 SCKs because these are usually limited to 8-bit or 16-bit bursts. Therefore, the LSB remains. 
Because the transition noise of the RS1488 is 4 LSBs peak-to-peak (or greater), the LSB is low 50% of the 
time. For this interface, the SPI host needs to burst 24 SCKs, or a QSPI interface can be used and programmed 
for 17 SCKs.  
 
The SCK can idle high or low depending on the CPOL and CPHA settings if SPI is used. A simple solution is 
to use CPOL = CPHA = 1 (not shown) with SCK idling high. 
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Figure 36. General Interface Timing for the RS1488 With a Busy Indicator 
NOTES  
1. CNV MUST BE LOW PRIOR TO THE END OF CONVERSION (EOC) TO GENERATE THE BUSY INDICATOR.  
2. A TOTAL OF 17 SCK FALLING EDGES ARE REQUIRED TO RETURN SDO TO HIGH-Z. IF CFG READBACK IS ENABLED, A TOTAL 

OF 31 SCK FALLING EDGES IS REQUIRED TO RETURN SDO TO HIGH-Z. 
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10.7 Read/Write Spanning Conversion Without A Busy Indicator 
This mode is used when the RS1488 are connected to any host using an SPI, serial port, or FPGA. The 
connection diagram is shown in Figure 37, and the corresponding timing is given in Figure 38. For the SPI, 
the host must use CPHA = CPOL = 0. Reading/writing spanning conversion is shown, which covers all three 
modes detailed in the Digital Interface section. For this mode, the host must generate the data transfer based 
on the conversion time. For an interrupt driven transfer that uses a busy indicator, refer to the Read/Write 
Spanning Conversion with a Busy Indicator section.  
 
A rising edge on CNV initiates a conversion, forces SDO to high impedance, and ignores data present on DIN. 
After a conversion initiates, it continues until completion, irrespective of the state of CNV. CNV must be 
returned high before the safe data transfer time (tDATA), and held high beyond the conversion time (tCONV) to 
avoid generation of the busy signal indicator.  
 
After the conversion is complete, the RS1488 enters the acquisition phase and power-down. When the host 
brings CNV low after tCONV (maximum), the MSB enables on SDO. The host also must enable the MSB of the 
CFG register at this time (if necessary) to begin the CFG update. While CNV is low, both a CFG update and 
a data readback take place. The first 14 SCK rising edges are used to update the CFG, and the first 15 SCK 
falling edges clock out the conversion results starting with MSB − 1. The restriction for both configuring and 
reading is that they both must occur before the tDATA time of the next conversion elapses. All 14 bits of 
CFG[13:0] must be written or they are ignored. In addition, if the 16-bit conversion result is not read back 
before tDATA elapses, it is lost.  
 
The SDO data is valid on both SCK edges. Although the rising edge can capture the data, a digital host using 
the SCK falling edge allows a faster reading rate, provided it has an acceptable hold time. After the 16th (or 
30th) SCK falling edge, or when CNV goes high (whichever occurs first), SDO returns to high impedance. 
If CFG readback is enabled, the CFG register associated with the conversion result is read back MSB first 
following the LSB of the conversion result. A total of 30 SCK falling edges is required to return SDO to high 
impedance if this is enabled. 
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SCK
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DIGITAL HOSTRS1488

FOR SPI USE CPHA=0,CPOL=0.
 

Figure 37. Connection Diagram for the RS1488 Without a Busy Indicator 
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Figure 38. Serial Interface Timing for the RS1488 Without a Busy Indicator 
NOTES  
1. THE LSB IS FOR CONVERSION RESULTS OR THE CONFIGURATION REGISTER CFG (n – 1) IF.  

15 SCK FALLING EDGES = LSB OF CONVERSION RESULTS. 
29 SCK FALLING EDGES = LSB OF CONFIGURATION REGISTER.  
ON THE 16TH OR 30TH SCK FALLING EDGE, SDO IS DRIVEN TO HIGH IMPENDANCE. 
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10.8 Read/Write Spanning Conversion With A Busy Indicator 
This mode is used when the RS1488 is connected to any host using an SPI, serial port, or FPGA with an 
interrupt input. The connection diagram is shown in Figure 39 and the corresponding timing is given in Figure 
40. For the SPI, the host must use CPHA = CPOL = 1. Reading/writing spanning conversion is shown, which 
covers all three modes detailed in the Digital Interface section. 
 
A rising edge on CNV initiates a conversion, ignores data present on DIN, and forces SDO to high impedance. 
After the conversion initiates, it continues until completion, irrespective of the state of CNV. CNV must be 
returned low before the safe data transfer time (tDATA), and then held low beyond the conversion time (tCONV) 
to generate the busy signal indicator. When the conversion is complete, SDO transitions from high 
impedance to low (data ready), and with a pull-up to VIO, SDO can be used to interrupt the host to begin 
data transfer.  
 
After the conversion is complete, the RS1488 enters the acquisition phase and power-down. The host must 
enable the MSB of the CFG register at this time (if necessary) to begin the CFG update. While CNV is low, 
both a CFG update and a data readback take place. The first 14 SCK rising edges are used to update the CFG 
register, and the first 16 SCK falling edges clock out the conversion results starting with the MSB. The 
restriction for both configuring and reading is that they both occur before the tDATA time elapses for the next 
conversion. All 14 bits of CFG[13:0] must be written or they are ignored. If the 16-bit conversion result is 
not read back before tDATA elapses, it is lost.  
 
The SDO data is valid on both SCK edges. Although the rising edge can capture the data, a digital host using 
the SCK falling edge allows a faster reading rate, provided it has an acceptable hold time. After the optional 
17th (or 31st) SCK falling edge, SDO returns to high impedance. Note that, If the optional SCK falling edge is 
not used, the busy feature cannot be detected if the LSB for the conversion is low.  
 
If CFG readback is enabled, the CFG register associated with the conversion result is read back MSB first 
following the LSB of the conversion result. A total of 31 SCK falling edges is required to return SDO to high 
impedance if this is enabled. 
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Figure 39. Connection Diagram for the RS1488 with a Busy Indicator 
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Figure 40. Serial Interface Timing for the RS1488 with a Busy Indicator 
NOTES: 
1. THE LSB IS FOR CONVERSION RESULTS OR THE CONFIGURATION REGISTER CFG (n – 1) IF. 

16 SCK FALLING EDGES = LSB OF CONVERSION RESULTS. 
30 SCK FALLING EDGES = LSB OF CONFIGURATION REGISTER. 
ON THE 17TH OR 31st SCK FALLING EDGE, SDO IS DRIVEN TO HIGH IMPENDANCE.  
OTHERWISE, THE LSB REMAINS ACTIVE UNTIL THE BUSY INDICATOR IS DRIVEN LOW. 
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10.9 Channel Sequencer 
The RS1488 includes a channel sequencer useful for scanning channels in a repeated fashion. Channels are 
scanned as singles or pairs, with or without the temperature sensor, after the last channel is sequenced.  
 
The sequencer starts with IN0 and finishes with IN[7:0] set in CFG[9:7]. For paired channels, the channels 
are paired depending on the last channel set in CFG[9:7]. Note that in sequencer mode, the channels are 
always paired with the positive input on the even channels (IN0, IN2, IN4, and IN6), and with the negative 
input on the odd channels (IN1, IN3, IN5, and IN7). For example, setting CFG[9:7] = 110 or 111 scans all 
pairs with the positive inputs dedicated to IN0, IN2, IN4, and IN6.  
 
CFG[2:1] enable the sequencer. After the CFG register is updated, DIN must be held low while reading data 
out for Bit 13, or the CFG register begins updating again.  
 
Note that while operating in a sequence, some bits of the CFG register can be changed. However, if changing 
CFG[11] (paired or single channel) or CFG[9:7] (last channel in sequence), the sequence reinitializes and 
converts IN0 (or IN0/IN1 pairs) after the CFG register is updated.  
 
Figure 41 details the timing for all three modes without a busy indicator. The sequencer can also be used 
with the busy indicator and details for these timings can be found in the General Timing with a Busy Indicator 
section and the Read/Write Spanning Conversion with a Busy Indicator section.  
 
For sequencer operation, the CFG register must be set during the (n − 1) phase after power-up. On phase (n), 
the sequencer setting takes place and acquires IN0. The first valid conversion result is available at phase (n 
+ 1). After the last channel set in CFG[9:7] is converted, the internal temperature sensor data is output (if 
enabled), followed by acquisition of IN0.  
 

10.9.1 Examples  
With all channels configured for unipolar mode to GND, including the internal temperature sensor, the 
sequence scans in the following order:  
 
IN0, IN1, IN2, IN3, IN4, IN5, IN6, IN7, TEMP, IN0, IN1, IN2… For paired channels with the internal 
temperature sensor enabled, the sequencer scans in the following order: IN0, IN2, IN4, IN6, TEMP, IN0…  
 
Note that IN1, IN3, IN5, and IN7 are referenced to a GND sense or VREF/2, as detailed in the Input 
Configurations section 
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Figure 41. General Channel Sequencer Timing Without a Busy Indicator 
NOTES  
1. CNV MUST BE HIGH PRIOR TO THE END OF CONVERSION (EOC) TO AVOID THE BUSY INDICATOR. 
2. A TOTAL OF 16 SCK FALLING EDGES ARE REQUIRED TO RETURN SDO TO HIGH-Z. IF CFG READBACK IS ENABLED, A TOTAL 

OF 30 SCK FALLING EDGES IS REQUIRED TO RETURN SDO TO HIGH-Z. 
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11 PACKAGE OUTLINE DIMENSIONS 
QFN4X4-20 (4) 
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NOTE:   

1. Plastic or metal protrusions of 0.075mm maximum per side are not included. 
2. REF is the abbreviation for Reference. 
3. BSC (Basic Spacing between Centers), "Basic" spacing is nominal. 
4. This drawing is subject to change without notice.  

Symbol 
Dimensions In Millimeters Dimensions In Inches 

Min Max Min Max 

A (1) 0.700 0.800 0.028 0.032 

A1 0.000 0.050 0.000 0.002 

b 0.200 0.300 0.008 0.012 

b1 0.180 REF (2) 0.008 REF (2) 

c 0.203 REF (2) 0.008 REF (2) 

D (1) 3.900 4.100 0.154 0.161 

D2 2.600 2.800 0.102 0.110 

e 0.500 BSC (3) 0.020 BSC (3) 

Nd 2.000 BSC (3) 0.079 BSC (3) 

E (1) 3.900 4.100 0.154 0.161 

E2 2.600 2.800 0.102 0.110 

Ne 2.000 BSC (3) 0.079 BSC (3) 

L 0.350 0.450 0.014 0.018 

K 0.250 REF (2) 0.010 REF (2) 

h 0.300 0.400 0.012 0.016 



  RS1488 

 

  39 / 40 www.run-ic.com 
   

 

12 TAPE AND REEL INFORMATION 
           REEL DIMENSIONS                                  TAPE DIMENSION 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

Reel 
Diameter

Reel Width(W1)

 

 

DIRECTION OF FEED

 
NOTE: The picture is only for reference. Please make the object as the standard. 

 

KEY PARAMETER LIST OF TAPE AND REEL 

Package Type 
Reel 

Diameter 
Reel 

Width(mm) 
A0 

(mm) 
B0 

(mm) 
K0 

(mm) 
P0 

(mm) 
P1 

(mm) 
P2 

(mm) 
W 

(mm) 
Pin1 

Quadrant 

QFN4X4-20 13” 12.4 4.40 4.30 1.30 4.0 8.0 2.0 12.0 Q2 

NOTE:  

1. All dimensions are nominal. 

2. Plastic or metal protrusions of 0.15mm maximum per side are not included. 
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IMPORTANT NOTICE AND DISCLAIMER 
Jiangsu RUNIC Technology Co., Ltd. will accurately and reliably provide technical and reliability data (including data 
sheets), design resources (including reference designs), application or other design advice, WEB tools, safety 
information and other resources, without warranty of any defect, and will not make any express or implied warranty, 
including but not limited to the warranty of merchantability Implied warranty that it is suitable for a specific purpose or 
does not infringe the intellectual property rights of any third party. 
 
These resources are intended for skilled developers designing with RUNIC products You will be solely responsible for: 
(1) Selecting the appropriate products for your application; (2) Designing, validating and testing your application; (3) 
Ensuring your application meets applicable standards and any other safety, security or other requirements; (4) RUNIC 
and the RUNIC logo are registered trademarks of RUNIC INCORPORATED. All trademarks are the property of their 
respective owners; (5) For change details, review the revision history included in any revised document. The resources 
are subject to change without notice. Our company will not be liable for the use of this product and the infringement 
of patents or third-party intellectual property rights due to its use. 

 
 


