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SGMICRO

SGM51613H/SGM51652H/SGM51622H
16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

GENERAL DESCRIPTION

The SGM51613H, SGM51652H, and SGM51622H are
a series of high-precision successive approximation
(SAR) analog-to-digital converters (ADCs).

These ADCs are powered by a single unipolar 5V, and
support true bipolar £10.24V, £5.12V, and +2.56V
inputs, as well as unipolar input ranges of 0V to 10.24V
and 0OV to 5.12V. The input range is configured by
software.

These chips provide over-voltage protection at input,
which is up to +20V.

These chips have an on-chip high accuracy and low
drift 10ppm reference.

The input impedance of these chips is ~1MQ and it is
independent of the input range selection.

The digital interface is compatible to the traditional SPI
protocol.

The SGM51613H, SGM51652H, and SGM51622H are
available in Green TSSOP-16 and TQFN-4x4-16L
packages. They are all specified from -40°C to +125°C.

APPLICATIONS

PLC/DCS Analog Input Modules
Battery Monitoring System
Test and Measurement

FEATURES

® 16 Bits ADC:
¢+ SGM51613H: 800kSPS
¢+ SGM51652H: 500kSPS
+ SGM51622H: 250kSPS
e Supported Input Ranges:
+ Bipolar Single-Ended Ranges: ¥10.24V, £5.12V,
and *2.56V
+ Unipolar Single-Ended Ranges: 0V to 10.24V
and 0V to 5.12V
+ Bipolar Differential Ranges: #10.24V, +5.12V,
and £2.56V
e Supply Voltage Ranges:
+ Analog Supply: 5V
¢ 1/O Supply: 1.65V to 5V
® On-Chip Reference: 4.096V
e Differential Nonlinearity (DNL):
+ SGM51622H/SGM51652H:
-0.55LSB/+0.75LSB (TYP) for All Bipolar Ranges
-0.7LSB/+1.2LSB (TYP) for All Unipolar Range
+ SGM51613H:
-0.6LSB/+0.75LSB (TYP) for All Bipolar Ranges
-0.7LSB/+1.4LSB (TYP) for All Unipolar Range
¢ [ntegral Nonlinearity (INL):
¢+ SGM51622H/SGM51652H:
+1LSB (TYP) for All Bipolar Ranges
*1.5LSB (TYP) for All Unipolar Range
+ SGM51613H:
#1.5LSB (TYP) for All Bipolar Ranges
*2L. SB (TYP) for All Unipolar Range
e Signal-to-Noise Ratio (SNR):
¢+ SGM51622H/SGM51652H: 91dB (TYP)
¢+ SGM51613H: 90.5dB (TYP)
e Total Harmonic Distortion (THD):
¢+ SGM51622H/SGM51652H: -104dB (TYP)
¢+ SGM51613H: -100dB (TYP)
Alarm Features
Daisy-Chain Operation
-40°C to +125°C Operating Temperature Range
Available in Green TSSOP-16 and TQFN-4x4-16L
Packages
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

PACKAGE/ORDERING INFORMATION

PACKAGE 2oell=)) ORDERING PACKAGE PACKING

DESCRIPTION TEM;EEQEURE NUMBER MARKING OPTION

MODEL

SGMO1A
TSSOP-16 -40°C to +125°C SGM51613HXTS16G/TR XTS16 Tape and Reel, 4000
XXXXX

SGMO01B
TQFN-4x4-16L | -40°C to +125°C | SGM51613HXTQE16G/TR XTQE16 Tape and Reel, 3000
XXXXX

SGM018
SGM51652HXTS16G-S/TR XTS16 Tape and Reel, 500

TSSOP-16 | -40°C to +125°C KOO
- © SGM018

SGM51652H SGM51652HXTS16G/TR XTS16 Tape and Reel, 4000
XXXXX

SGM019
TQFN-4x4-16L | -40°C to +125°C | SGM51652HXTQE16G/TR XTQE16 Tape and Reel, 3000
XXXXX

SGMO01C
TSSOP-16 -40°C to +125°C SGM51622HXTS16G/TR XTS16 Tape and Reel, 4000
XXXXX

SGMO01D
TQFN-4x4-16L | -40°C to +125°C | SGM51622HXTQE16G/TR XTQE16 Tape and Reel, 3000
XXXXX

SGM51613H

SGM51622H

MARKING INFORMATION

NOTE: XXXXX = Date Code, Trace Code and Vendor Code.
XX XXX

Vendor Code

Trace Code
Date Code - Year

Green (RoHS & HSF): SG Micro Corp defines "Green" to mean Pb-Free (RoHS compatible) and free of halogen substances. If
you have additional comments or questions, please contact your SGMICRO representative directly.
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16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

SGM51613H
SGM51652H/SGM51622H
ABSOLUTE MAXIMUM RATINGS
AIN_P, AIN_N to AGND (AVDD = 5V)......c......... -20V to 20V
AIN_P, AIN_N to AGND (AVDD = Floating) ....... -11Vto 11V
AVDD t0 AGND ....ooiiiiiiieeeiee e -0.3V to 6V
DVDD to DGND .......cviiieiiiiee e -0.3V to AVDD
Digital Input Pins Voltage Range......... -0.3V to DVDD + 0.3V
Digital Output Pins Voltage Range ..... -0.3V to DVDD + 0.3V
REFCAP t0 REFGND .......c.cooviiiiiiiieeeiieee -0.3Vto 5.7V
REFIO to REFGND.......cccoiiiiiieiieeeee e -0.3Vto 5.7V
REFGND t0 AGND .....ocooiiiiiiiiie e -0.3V 10 0.3V
AGND to DGND.......oooiiiieiiiee e -0.3Vt0 0.3V
Package Thermal Resistance

TSSOP-16, ByA.ecceveererieiiierrieiiee e 125°C/W

TQFN-4X4-16L, ByA...eeeceiiieeiiie e 40°C/W
Junction Temperature...........cccccooiiiiiiiiiieieeeeeee +150°C
Storage Temperature Range........................ -65°C to +150°C
Lead Temperature (Soldering, 10S) ........ccccuveveieeennnns +260°C
ESD Susceptibility
HBM (Analog Input Pins: AIN_P, AIN_N) ............cc... 7000V
HBM (Other PinS) .....cccvviiiiiee e 4000V
CDM e e 500V

RECOMMENDED OPERATING CONDITIONS
Analog Supply Voltage, AVDD....... 4.75V to 5.25V, 5V (TYP)
Digital Supply Voltage, DVDD....... 1.65 to AVDD, 3.3V (TYP)
Operating Temperature Range..................... -40°C to +125°C

OVERSTRESS CAUTION

Stresses beyond those listed in Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods
may affect reliability. Functional operation of the device at any
conditions beyond those indicated in the Recommended
Operating Conditions sectionis not implied.

ESD SENSITIVITY CAUTION

This integrated circuit can be damaged if ESD protections are
not considered carefully. SGMICRO recommends that all
integrated circuits be handled with appropriate precautions.
Failure to observe proper handling and installation procedures
can cause damage. ESD damage can range from subtle
performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage
because even small parametric changes could cause the
device not to meet the published specifications.

DISCLAIMER

SG Micro Corp reserves the right to make any change in
circuit design, or specifications without prior notice.
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SGM51613H
SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

PIN CONFIGURATIONS

(TOP VIEW) (TOP VIEW)
8
9(\
8 2 8 38
DGND 1 . 16 DVDD z 8 S é
AVDD [ 2 15 | RADC_ADCS ] it‘f.s Ll?: 14 11.3.:
AGND [ 3 14 | ALARM/SDO-1/GPO AGND [} T I 12| ALARWISDO-1/GPO
REFIO [ 4| [ 15 ] spoo REFIO | 2 ' 11 SDO-0
REFGND [ 5 | [ 12 ] scik !
REFCAP [ 6 | | 11 ] convsTmcs REFOND 21 i Liof sax
ANP [ 7 | [ 10 ] soi REFCAP | 4 | ‘ __________________ E *:“__é { 9| convsTincs
ANN[ 8| |9 ] nRsT IETIRGIRT)
‘ZH ;I 2 B3
< < <
TSSOP-16 TQFN-4x4-16L
PIN (1)
- NAME TYPE FUNCTION
Tssop-16| JOEN
1 15 DGND P Digital Ground.
2 16 AVDD P Analog Power Supply.
3 1 AGND P Analog Ground.
4 2 REFIO AIO Internal Reference Output and External Reference Input Pin.
5 3 REFGND Al Reference Ground Pin.
6 4 REFCAP AO ADC Reference Buffer Decoupling Capacitor Pin.
7 5 AIN_P Al Positive Analog Input.
8 6 AIN_N Al Negative Analog Input.
9 7 nRST DI Logic Input to Reset the Device. Active low.
Dual Function: Serial Data Input. Chain data input during the serial
10 8 SDI DI L ) ;
communication in daisy-chain mode.
Dual-Function Pin.
CONVST/ Conversion start input pin, active high. The CONVST rising edge converts
11 9 nCS DI the device from the acquisition phase to the conversion phase.
Chip-Select Input Pin. Active low. When nCS is high, SDO pin goes to
tri-state.
12 10 SCLK DI Serial Clock Input.
13 11 SDO-0 DO Serial Data Output 0.
Multi-Function Output Pin. Active high alarm.
14 12 Slﬁéﬁ?g'éo DO |Serial Data Output 1.
General-Purpose Output Pin.
Multi-Function Output Pin for Serial Interface. See the RESET State
section. When nCS remains high, the RADC_ADCS reflects the status of
15 13 |RADCADCS | DO |y internal ADCST signal. When nCS goes low, the RADC_ADCS keeps
low output during data transfer frame.
16 14 DVDD P Digital Power Supply.
- Exgg(sjed EP - Exposed pad should be soldered to PCB board and connected to AGND.

NOTE: 1. Al = Analog Input, DI = Digital Input, DO = Digital Output, AIO = Analog Input/Output, P = Power Supply.
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SGM51613H

SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

ELECTRICAL CHARACTERISTICS

(AVDD = 5V, DVDD = 3.3V, Vrer = 4.096V (internal), and maximum throughput, Full =-40°C to +125°C, typical values are at Ta =

+25°C, unless otherwise noted.)
PARAMETER | svmeoL | CONDITIONS MIN TYP MAX | UNITS
Analog Inputs
Input range = 2.5 x Vger -10.24 10.24
Input range = +1.25 x Vger -5.12 5.12
AIN_P-AGND Input range = +0.625 x Vger -2.56 2.56 \%
Input range = 2.5 x Vrer 0 10.24
- @
Absolute Input Voltage Input range = 1.25 x Vrer 0 5.12
Range Input range = +2.5 x Vger -10.24 10.24
Input range = +1.25 x Vger -5.12 5.12
AIN_N-AGND | Input range = +0.625 x Vger -2.56 2.56 \Y
Input range = 2.5 x Vger @
Input range = 1.25 x Vger @ 0
Input range = +2.5 x Vger -10.24 10.24
AIN_P-AIN_N 100t range = 41.25 x Vger -5.12 512
Input Voltage Range (AIN_N =AGND)
- or Input range = +£0.625 x Vrer -2.56 2.56 \Y
(Single-Ended Input) AIN P-AIN N
(AIN_P = AGND) |'nput range =2.5 x Vrer @ 0 10.24
Input range = 1.25 x Vger @ 0 5.12
Input range = 2.5 x Vger -10.24 10.24
Input Voltage Range -
(Bipolar Differential Input) AIN_P-AIN_N | Input range = +1.25 x Vger -5.12 5.12 \Y
Input range = +0.625 x Vger -2.56 2.56
Input range = 2.5 x Vger @ 5.0 7.5
Input Voltage Range " Common Mode - @
(Bipolar Differential Input) Input Range Input range = +1.25 x Vrer 25 50 v
Input range = +0.625 x Vger © 1.2 2.5
Input Impedance Rin 1 MQ
Input Impedance Drift 15 ppm/°C
Vin = 10.24V 7.3
With voltage at the _
Input Current Iin AIN_P pin = Vi Vin =5.12V 2.8 MA
Vin = 2.56V 0.9
Input Over-Voltage Protection Circuit
AVDD = 5V, all input ranges -20 20
All Input Ranges Vove \Y
AVDD = floating, all input ranges -1 1
Input Bandwidth (If without otherwise noted, the following parameters are tested with single-ended input.)
Small-Signal Input f.3a8 All input ranges -3dB 11.6 KHz
Bandwidth forde All input ranges -0.1dB 1.9
System Performance (If without otherwise noted, the following parameters are tested with single-ended input.)
Resolution 16 Bits
No Missing Codes NMC 16 Bits
SGM51622H/ Al bipolar ranges -0.99 -0.55/+0.75 2
s SGM51652H All unipolar ranges © -0.99 0.7/+1.2
Differential Nonlinearity DNL - LsB
All bipolar ranges © -0.99 -0.6/+0.75 2.5
SGM51613H 5
All unipolar ranges © -0.99 -0.7/+1.4 3
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SGM51613H

SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

ELECTRICAL CHARACTERISTICS (continued)

(AVDD = 5V, DVDD = 3.3V, Vrer = 4.096V (internal), and maximum throughput, Full =

+25°C, unless otherwise noted.)

-40°C

to +125°C, typical values are at Ta =

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SGM51622H, | All bipolar ranges © -3.8 +1 3.8
SGMS51652H | Al unipolar ranges © -10 +1.5 4
Integral Nonlinearity INL ‘ 5 LSB
SGM51613H All bipolar ranges -4 +1.5 4
All unipolar ranges © -10 +2 4
Input range = 2.5 x Vger -3 0.47 3
Input range = +£1.25 x Vger -2.2 0.34 2.2
Offset Error ™ Eo Ta=+25°C Input range = +0.625 x Vger -2 0.33 2 mV
Input range = 2.5 x Vger -2.5 0.61 25
Input range = 1.25 x Vger -2.2 0.41 2.2
Offset Error Drift with Temperature All input ranges -2.3 0.71 2.3 ppm/°C
Input range = 2.5 x Vggr -0.06 0.01 0.06
Input range = +1.25 x Vger -0.45 0.10 0.45
Gain Error ® Ec Ta=+25°C  |Input range = £0.625 x Vger 0.6 0.16 0.6 %FSR
Input range = 2.5 x Vger -0.06 0.01 0.06
Input range = 1.25 x Vger -0.45 0.10 0.45
Gain Error Drift with Temperature © All input ranges 5.4 2.4 54 | ppm/°C
Dynamic Characteristics (If without otherwise noted, the following parameters are tested with single-ended input.)
Input range = 2.5 x Vger 87.4 90.5
Input range = +1.25 x Vger 87.2 90
SGM51613H | Input range = £0.625 x Vger 86.7 89.5
Input range = 2.5 x Vger 83.2 85
Signal-to-Noise Ratio SNR Input range = 129  Veer % % dB
Input range = 2.5 x Vggr 87.8 91
Input range = +1.25 x Vger 87.6 90.5
ggmglgggn/ Input range = +0.625 x Vrer 87 90
Input range = 2.5 x Vger 83.5 85
Input range = 1.25 x Vger 83.3 85
SGM51613H -100
Total Harmonic Distortion (" THD SGM51622H, | All input ranges ot dB
SGM51652H
Input range = 2.5 x Vggr 87 90.3
Input range = +1.25 x Vger 86.6 89.7
SGM51613H | Input range = +0.625 x Vger 86.4 89.2
Input range = 2.5 x Vger 82.6 84.8
Signal-to-Noise + Distortion "* SINAD Input range = 1.2 x Veer 523 ks dB
Input range = 2.5 x Vggr 87.2 90.7
Input range = +£1.25 x Vger 87 89.7
ggnggg:/ Input range = +0.625 x Vrer 86.8 89.2
Input range = 2.5 x Vger 83 84.8
Input range = 1.25 x Vger 82.5 84.8
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SGM51613H

SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

ELECTRICAL CHARACTERISTICS (continued)

(AVDD = 5V, DVDD = 3.3V, Vrer = 4.096V (internal), and maximum throughput, Full =-40°C to +125°C, typical values are at Ta =

+25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
SGM51613H 104
Spurious Free Dynamic Range ' SFDR  [gGMm51622H/ | All input ranges 108 dB
SGM51652H
Sampling Dynamics
SGM51613H 950
Conversion Time tconv SGM51652H 1000 ns
SGM51622H 2000
SGM51613H 300
Acquisition Time taca SGM51652H 1000 ns
SGM51622H 2000
SGM51613H 800
LM;)ém;m Throughput Rate without fovoLe SGM51652H 500 KSPS
SGM51622H 250
Internal Reference Output
Decoupling Capacitor on REFIO Pin Cour RreFio 0.1 uF
Initial Reference Voltage Vrercap | Ta = +25°C 4.092 4.096 4.100 \%
REFCAP Temperature Drift 10 ppm/°C
Decoupling Capacitor on REFCAP Pin Cout Rrercap 10 uF
Turn-On Time COUT_REFCAP = 10HF, COUT_REFIO =0.1 HF 50 ms
External Reference Input
External Reference Voltage on REFIO " | Vgerio exr | REFIO pin configured as an input | 4046 | 4006 | 45 | v
AVDD Comparator
High Threshold Voltage VTH HigH 5.35 \%
Low Threshold Voltage V1H Low 4.62 \
Power-Supply Requirements
Analog Power-Supply Voltage AVDD 4.75 5 5.25 \%
Operating range 1.65 AVDD
Digital Power-Supply Voltage DVDD \%
Supply range for specified performance 2.7 3.3 AVDD
SGM51622H 4.8 6.8
SGM51613H 7.3 9.4
Analog Supply Current,
Device Not Converting lavoo_stc 3.45 52 mA
Analog Supply Current, | 18 mA
Device in STANDBY Mode AVDD_STDBY :
Analog Supply Current,
Device in PD Mode lavoo_po 7.5 uA
Digital Supply Current SGM51613H/SGM51652H 0.1 0.3
Maximum Throughput IDVDD—DYN SGM51622H 0.05 0.2 mA
Digital Supply Current, | 4 A
Device in STANDBY Mode DvDD_STDBY H
Digital Supply Current, | 4 A
Device in PD Mode DVDD_PD H
€ PP G Nicro Corp MARCH 2023
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

ELECTRICAL CHARACTERISTICS (continued)

(AVDD = 5V, DVDD = 3.3V, Vrer = 4.096V (internal), and maximum throughput, Full =-40°C to +125°C, typical values are at Ta =
+25°C, unless otherwise noted.)

PARAMETER | symsoL | CONDITIONS | mn | tvr | wmAX | UNITS

Digital Inputs

Digital High Input Voltage Viy 0.8 x DVDD DVDD \%
Digital Low Input Voltage Vi 0 0.2 x DVDD \Y
Input Leakage Current 100 nA
Input Pin Capacitance 5 pF
Digital Outputs

Digital High Output Voltage Von lo = 500pA source DVDD - 0.2 DVDD \%
Digital Low Output Voltage VoL lo = 500pA sink 0 0.2 \Y
Floating State Leakage Current Only for digital output pins 100 nA
Internal Pin Capacitance 5 pF

Temperature Range

Operating Free-Air Temperature ‘ Ta ‘ -40 | | 125 °C

NOTES:

1. Ideal input range. It does not consider gain and offset error.

2. These two unipolar input ranges are only valid for unipolar single-ended input with AIN_N = AGND.

3. The input common mode voltage range is guaranteed by design, and tested by limited samples, and not covered by
manufacture testing. When the input common mode voltage exceeds £100mV, the critical DC and AC performances are not
guaranteed.

4. This is best-fit INL.

. Bipolar ranges are £10.24V, +5.12V, and £2.56V, only tested in singled-ended input.

. Unipolar ranges are 0V to 10.24V and 0V to 5.12V, only tested in singled-ended input.

. Measured relative to actual measured reference.

. Excludes internal reference accuracy error.

9. Excludes internal reference temperature drift.

10. All specifications expressed in decibels (dB) refer to the full-scale input (FSR) and are tested with a 1kHz input signal 0.25dB
below full-scale, unless otherwise specified.

11. Calculated on the first nine harmonics of the input frequency.

12. Extended functional range limits are set by sample characterization across the temperature range.

5
6
7
8
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

TIMING CHARACTERISTICS

(AVDD = 5V, DVDD = 3.3V, Vrer = 4.096V (internal), and maximum throughput, Full =-40°C to +125°C, typical values are at Ta =
+25°C, unless otherwise noted.)

PARAMETER | symeoL | CONDITIONS | min | TYP | mAXx | uniTs
Conversion Cycle
SGM51613H 800
Sampling Frequency fevere SGM51652H 500 kSPS
SGM51622H 250
ADC Cycle Time Period t 1feveie
SGM51613H 300
Acquisition Time taca SGM51652H 1000 ns
SGM51622H 2000
SGM51613H 950
Conversion Time tconv SGM51652H 1000 ns
SGM51622H 2000
Asynchronous Reset
nRST low 100 ns
Pulse Duration to
nRST low in PD mode 50 us
Delay Time for POR Reset ts 100 ns
Delay Time for Application Reset tha nRST rising to CONVST/nCS rising 100 ns
Wake-Up Time tnap wkue | NAP mode 10 us
Power-Up Time tewrup PD mode 0.3 ms
SPI-Compatible Serial Interface
Serial Clock Frequency fork 40 MHz
Serial Clock Time Period toik 1ok
SCLK High Time tis 0.45 0.55 tek
SCLK Low Time t16 0.45 0.55 tCLK
Setup Time: CONVST/nCS Falling to First t 8 ns
SCLK Capture Edge !
Setup Time: SDI Data Valid to SCLK t 8 ns
Capture Edge 12
Hold Time: SCLK Capture Edge to t 8 ns
(Previous) Data Valid on SDI 3
Delay Time: Last SCLK Capture Edge to t 8 ns
CONVST/nCS Rising 8
Delay Time: CONVST/nCS Falling Edge to t 10 ns
Data Enable o
Delay Time: CONVST/nCS Rising to SDO-x t 10 ns
Going to 3-State "
Delay Time: SCLK Launch Edge to (Next) t 12 ns
Data Valid on SDO-x °
Delay Time: CONVST/nCS Rising Edge to t 15 ns
RVS Falling 6

NOTE: SGM51613H only supports the SPI-compatible protocols with dual SDO-x.
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

TIMING DIAGRAM

The nCS falling edge can be issued after
tevele > tconv (Maximum) or when RADC_ADCS
.+~ goes high.

i

CONVST/NCS / -
—tcov————— P> €—tycg—>

ADCST (Internal) \

RADC_ADCS

Figure 1. Conversion Cycle Timing Diagram

-~y ———

nRST \
CONVST/nCS / \ /

<t —>

Figure 2. Asynchronous Reset Timing Diagram

ty >
teonv d Data Read Time ———————————————»>

I(d f—
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CONVST/nCS / 4

S PR S et
RADC_ADCS A\ / \
— l ) ‘
— tr—» —> tis — | g >

| te e

CPOL=0 /

SCLK (_\_/_\ ‘ (_\_/_\
CPOL =1 \\_/—\_/_\\_/*\_/—\\_/_\_/

ar

i

SDO-0

P
=
]
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>
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@
®

>
>

!
>< LSB+1>< LsSB

—>itz |

—> tizie—

o (o Yo\ e e

NOTE: On SDI pin, the chip counts the last valid data bit as LSB before the nCS rising edge, and accepts the according data bits
from LSB to MSB.

Figure 3. Standard SPI Interface Timing Diagram (CPHA = 0)
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

TIMING DIAGRAM (continued)

& t1 >
€ tconv > Data Read Time
(d f—
)
CONVST/nCS / 4
o et R
RADC_ADCS \ / \
P T
t —> tis e ! lg—»j «—
e S |
CPOL =0 /N
SCLK
CPOL =1
1 ; tio t
—> 19 «— P e— >
| i « |
| p)] J
SDO-0 MSB ><MSB—1 >< >< LSB+1 >< LSB
— i 5 >;
—» te 1* ‘
twajdf

o
SDI < MSB ><MSB—1X >< ;] ><‘LSB+1>< LSB >7

NOTE: On SDI pin, the chip counts the last valid data bit as LSB before the nCS rising edge, and accepts the according data bits
from LSB to MSB.

Figure 4. Standard SPI Interface Timing Diagram (CPHA = 1)
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SGM51613H
SGM51652H/SGM51622H

16-

Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM51613H
SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM51613H
SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM51613H
SGM51652H/SGM51622H

16-

Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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SGM51613H
SGM51652H/SGM51622H

1

6-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Typical DNL for All Codes (Bipolar Ranges)
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SGM51613H
SGM51652H/SGM51622H

16-

Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Typical FFT Plot (Bipolar Ranges)
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

FUNCTIONAL BLOCK DIAGRAM
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U 0
SGM51613H REFIO
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Input Floating
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mill SARADC Interface SDI
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Figure 5. Block Diagram
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SGM51613H
SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

DETAILED DESCRIPTION

Analog Input Structure
The chip supports bipolar single-ended input,
differential input, and unipolar single-ended input.

bipolar

When it works in bipolar single-ended input, tie the AIN_N to
AGND (system ground), the signal applied to AIN_P can be
bipolar +2.5 x Vger, £1.25 x Vger, and £0.625 x Vrer. Another
selection is that tie the AIN_P to AGNG (system ground), the
signal applied to AIN_N can be bipolar +2.5 x Vggr, £1.25 x
VRer, and +0.625 x VRer.

When it works in unipolar single-ended input, tie the AIN_N to
AGND (system ground), the signal applied to AIN_P can be
unipolar 0 to 2.5 x Vrer, and 0 to 1.25 x Vger.

When it works in bipolar differential input, then AIN_N and
AIN_P are differential inputs referring to AGND. For each pin,
the absolute voltage referring to AGND must be within the
limited voltage specified in electrical characteristic table, at
same time, the differential voltage of AIN_P-AIN_N must be
compatible with the according input ranges. The common
mode voltage of AIN_P and AIN_N are limited in according
input ranges. Please refer to electrical characteristic table.
When the chip works in bipolar differential input, the valid
input ranges are bipolar 2.5 x Vger, £1.25 x Vger, and
+0.625 x Vger. The illustrative input signals are shown in
Figure 6, as shown in this example, if input common mode
voltage is not 0V, there will be some dynamic range (ADC
conversion code) losing accordingly.

The input voltage range is configured by software, and it can
be bipolar +2.5 x Vger, £1.25 x Vger, and #0.625 x Vrer or
unipolar 0 to 2.5 x Vgrer, and 0 to 1.25 x Vger. If there is a
reference voltage of 4.096V (internal or external), then the
input ranges of the device can be configured to bipolar ranges

of £10.24V, +5.12V, and +2.56V or unipolar ranges of 0V to
10.24V, and 0V to 5.12V.

Analog Input Impedance
The input impedance of each channel is ~1MQ.

Input Over-Voltage Protection Circuit
The chip has the input over-voltage protection (OVP) circuit.
Table 1 shows these characteristics.

In the following condition, the input signal is applied before
analog AVDD is powered on or the input signal is applied and
keep analog AVDD floating, the input OVP circuits will be on.
And if the input voltage exceeds the |Vovp|, the chip will be
damaged.

Input Floating Detection Function

The device features an input floating detection function, when
this function is enabled by setting INPUT_FLOATING
_DETECTION_EN register corresponding bit. Besides setting
the INPUT_FLOATING_DETECTION_EN register, it also
needs a pull-down resistor 10MQ connected to system
ground (GND), please refer to typical connection in Figure 7.
If perform an input floating detection operating sequences
when the input is floating, the corresponding bit in the
INPUT_FLOATING_DETECTION_STATUS register is set to
'"1'. The detailed sequence of operations is shown in Figure
11.

Note that, to perform a complete input floating detection,
there must be a consecutive 256 times conversions, which
cannot be interrupted by normal input sampling. At same time,
if there is still an input signal at input pin, the input floating
detection will report an untrusted result.

Table 1. Input Over-Voltage Protection Limits when AVDD = 5V (1)

Input Condition (Vove = £20V) ADC Output Comments
[Vin| < [Vrancel Valid Work normally.
|Vrance| < [Vinl < |Vove| Saturated ADC output is saturated, and the internal protection circuits are on.
[Vin| > [Vovel Saturated This may damage the chip.

NOTE: 1. AGND = 0V, |Vrance| is the maximum input voltage for any selected input range, and |Vovp| is the break-down voltage

for the internal OVP circuit. Assume that Rs is approximately 0Q.
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SGM51613H
SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

DETAILED DESCRIPTION (continued)

A Vo= o512V~ 4512V

A

VIN_P
VIN_P - VIN_N

e
/\ Vpp =-10.24V ~ +10.24V
» Vew = AGND = 0V

Vow = AGND = 0V

OR

VIN_N
Vow = AGND = 0V

Vep=-5.12V ~ +5.12V

A Vi ax = 10.24V
- Vpp = -2.74V ~ +2.74V (MAX)

VIN_P

Veow = 7.5V (MAX) + A
AGND =0V > VIN_P - VIN_N
Vpp = -5.48V ~ +5.48V
P Ve = AGND = 0V
VNN A V= 1024 |7
Vou = 7.5V (MAX) i1~ “Vp.p = -2.74V ~ +2.74V (MAX)

AGND =0V »

NOTE: Vcm means common mode voltage. Vp.p means peak-to-peak voltage.

Figure 6. Examples of Bipolar Differential £10.24V Input

Vour

10MQ
AIN_P
Input
Source
AIN_N
= T—e—wW\
1MQ
ESD

¥D1 " Ve
i D2,
Roc
Vs

1
y AGND

Figure 7. Input Floating Detection Connection

Programmable Gain Amplifier (PGA)

The chip has a programmable gain amplifier (PGA), and the
PGA gain can be adjusted by setting the RANGE_SEL[3:0]
bits in the configuration register (see the RANGE_
SELECTION register), refer to Table 2.

Table 2. Input Range Selection Bits Details

RANGE_SEL[3:0]
Analog Input Range
Bit 3 Bit 2 Bit 1 Bit 0
+2.5 x Ve (default) 0 0 0 1
+1.25 % Vger 0 0 1 1
+0.625 % Vrer 0 1 0 0
010 2.5 x Vger 1 0 1
00 1.25 x Vger " 1 0 1 1

NOTE: 1. These two unipolar input ranges are only valid for
unipolar single-ended input with AIN_N = AGND.

Second-Order, Low-Pass Filter (LPF)

The chip has a second-order, antialiasing LPF at the output of
the PGA.

Reference
The chip can be operated with an internal reference or an
external voltage reference.

ADC Description

The chip output code is in straight-binary format.

A

FFFFh
(] /_’—,—,7
-
o
o
5
£ 8000h
S
[
[=]
< }J“TA?

0001h

1LSB FSRI2  FSR-1LSB
NFS PFS

Analog Input (AIN_P - AIN_N)

Figure 8. Device Transfer Function (Straight-Binary
Format)
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SGM51613H
SGM51652H/SGM51622H

16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

DETAILED DESCRIPTION (continued)

Table 3. ADC LSB Values for Different Input Ranges
(VREF = 4.096V)

Positive | Negative | Full-Scale LSB
Input Range Full-Scale | Full-Scale Range \v)
(V) v) (V)

+2.5 x Vper 10.24 -10.24 20.48 312.5
+1.25 x Vger 5.12 -5.12 10.24 156.25
+0.625 x Vger 2.56 -2.56 5.12 78.125
010 2.5 x Vger " 10.24 0 10.24 156.25
0to 1.25 x Vger 5.12 0 5.12 78.125

NOTE: 1. These two unipolar input ranges are only valid for
unipolar single-ended input with AIN_N = AGND.

Alarm Features
The chip has an active-high alarm output function on the
ALARM/SDO-1/GPO pin if the pin is used for ALARM output.

There are two types of alarms: the input alarm and the AVDD
alarm.

When each conversion ends, the ALARM output flags are
updated internally. The ALARM output flags can be read out
in 3 kinds of way. Firstly it can be read by the ALARM output
pin, secondly read the internal ALARM registers, thirdly
append the ALARM flags to the data output.

Input Alarm
The chip has input low and input high alarm. These alarms
have a common hysteresis window which can be set by
ALARM_HIGH_THRES and ALARM_LOW_THRES registers.

Please see the trigged function diagrams in Figure 9 and
Figure 10.

A
2 H_ALARM On
s [ -
7]
4
=
= H_ALARM Off
§
<
: : >
High Lower Limit High Upper Limit ADC Output
Figure 9. High ALARM Hysteresis
A
3 L_ALARM On
=
[7]
9
=
'E L_ALARM Off
s
<
: : -

>
Low Lower Limit Low Higher Limit ADC Output

Figure 10. Low ALARM Hysteresis

AVDD Alarm
If the AVDD exceeds 5.35V (TYP) or drops below 4.62V
(TYP), there is an AVDD alarm.

SPI Connection Topologies
Single Device: Standard SPI Interface
The chip supports a standard SPI protocol and connection.

Multiple Devices: Daisy-Chain Topology
The chip supports the daisy-chain connection.

Device Operational Modes

The chip supports three functional states: RESET, Acquisition,
and Conversion. The state is determined by the status of the
CONVST/nCS and RST control signals.

RESET State
To issue a RESET, the nRST pin must be pulled low and kept
low for a specified time (see Timing Characteristics in Figure
2). The chip has two different reset functions: an application
reset and a power-on reset (POR). The function of the nRST
pin is determined by the state of the RSTn_APP bit in the
RESET_POWER_CONTROL register.

To issue an application reset, the RSTn_APP bit must be set
to 1. In this RESET status, according configuration registers
are reset to the default values (please refer to registers
descriptions, note that an application reset is not as same as
power-on reset), the RADC_ADCS pin keeps low, and the
SDO-x pins are tri-stated.

To issue a power-on reset, the RSTn_APP bit is set to 0. In
POR status, all internal circuits of the chip (including the PGA,
ADC driver, and voltage reference) are reset.

To exit the RESET status, pull the nRST pin high while keep
the CONVST/nCS and SCLK pins low.

Acquisition State
The chip enters acquisition state after system powers up, or
after reset, or at the end of every conversion.

Conversion State
On the rising edge of CONVST/nCS signal, the chip transits
from acquisition state to conversion state. The conversion
process is driven by the internal clock. During the conversion,
the chip is not response to CONVST/nCS signal. See the
timing table, under the different sampling speed, the minimum
sampling time and conversion time must be met.
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DETAILED DESCRIPTION (continued)

Digital Interface Operation (SPI Interface
Operation)

Data Transfer Frame
For a typical data transfer frame, the controller pulls
CONVST/nCS low to initiate the data transfer frame.

At the end of the data transfer frame:

« If the SCLK counter = 32, the chip treats the frame as a valid
operation.

« If the SCLK counter is < 32, the chip treats the frame as an
invalid operation. In a write operation, the command is
ignored. In a read operation, the according number of MSB
bits is shifted from 32-bit register.

Table 4. Input Commands List

* If the SCLK counter is > 32, the chip treats the frame as a
long frame operation. The last 32 bits is accepted before the
CONVST/nCS rising edge.

Input Command Word and Register Write Operation
The chip supports one byte or two bytes (equivalent to half a
word) operation. Table 4 lists the input commands. In a single
operation, the command composed of two types is marked by
HWORD (Half of a WORD).

In an HWORD command, the LSB bit of 9-bit address is
treated as 0. For example, whether the address is
0b000010000 or 0b000010001, the chip executes the
command with the address 0b000010000.

OPCODE Bit [31:0] Command Description
00000000_000000000_ .
00000000_00000000 NOP No operation.
Clear Any Bits of a Register
11000_xx_<9-bit address>_ CLEAR HWORD 16-bit data, DB[15:0], DB[x] = 1, means that clear the specified bit to '0' in the address
<16-bit data> B register.
DBJ[x] = 0, means unchanged.
11001_xx_<9-bit address>_ READ HWORD Issue a 16-Bit Read Operation
00000000_00000000 - Followed this command, the chip shifts out 16-bit of the register content in the next frame.
01001_xx_<9-bit address>_ READ Same as the READ_HWORD, only 8-bit of the register content is returned in the next
00000000_00000000 frame.
11010_00_<9-bit address>_ Half-Word Write Command
<16-bit data> 16-bit data, DB[15:0] is written to the addressed register.
11010_01_<9-bit address>_ WRITE High-Byte Write Command
<16-bit data> 16-bit data, DB[15:0], only DB[15:8] is written to the addressed register. DB[7:0] is ignored.
11010_10_<9-bit address>_ Low-Byte Write Command
<16-bit data> 16-bit data, DB[15:0], only DBJ[7:0] is written to the addressed register. DB[15:8] is ignored.
Set Any Bits of a Register
11011_xx_<9-bit address>_ 16-bit data, DB[15:0], DB[x] = 1, means that set the specified bit to '1' in the address
<16-bit data> SET_HWORD register.
DBJ[x] = 0, means unchanged.
5c|)|rr?t>ri]r?;tli2$12t command NOP No operation.

NOTE:
1. <9-bit address> is composed of MSB '0' and an 8-bit register address (which is shown in Table 8). For example, the <9-bit
address> for register 0x08 is 0b000001000.
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16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

DETAILED DESCRIPTION (continued)

Output Data Word
In any operation, the 32-bit content of frame N+1 is
determined by the command in frame N and the set of
DATA_VALJ[2:0] bits (which is in the DATAOUT_CONTROL
register). If DATA_VAL[2:0] is set to 1xx, the data format is
described in the DATAOUT_CONTROL register. If a READ
command is in frame N, the output of frame N+1 is 8-bit
register data and others followed by '0'. If a READ_HWORD
command is in frame N, the output of frame N+1 is 16-bit
register data and others followed by '0'.

Table 5. Output Data Word (All Data Flags Enabled) "

For the other combinations, the frame N+1 is composed of
16-bit ADC conversion result and various of data flag
(depends on the setting of the DATAOUT_CONTROL
register). If all flags are enabled, they are in the following
sequence: DEVICE_ADDR, AVDD ALARM FLAGS, INPUT
ALARM FLAGS, ADC INPUT RANGE FLAGS, PARITY, and
all remaining bits are set to 0, see Table 5 for an example. If
only some flags are enabled, an example is shown in Table 6.

DB[31:16]

DB[15:12]

DB[11:10]

DB[9:7]

DB[7:4] DB[3:2] DB[1:0]

Conversion result

Device address

AVDD alarm flags

Input alarm flags

ADC input range Parity bits 00

NOTE:

1. DEVICE_ADDR_INCL = 1, VDD_ACTIVE_ALARM_INCL = 1, IN_ACTIVE_ALARM_INCL = 1, RANGE_INCL = 1, and

PAR_EN = 1.

Table 6. Output Data Word (Only Some Data Flags Enabled) (1)

DB[31:16]

DB[15:14]

DB[13:10]

DB[9:8] DB[7:0]

Conversion result

AVDD alarm flags

ADC input range

Parity bits 00000000

NOTE:

1. DEVICE_ADDR_INCL = 0, VDD_ACTIVE_ALARM_INCL = 1, IN_ACTIVE_ALARM_INCL = 0, RANGE_INCL = 1, and

PAR_EN = 1.

Input Floating Detection Function Operating

conversion data are normal conversion results which can be

Sequences used for wuser. Thirdly, read the status bit in the
The device provides a function to detect input floating. To INPUT_FLOATING_DETECTION_STATUS register (see
perform this function, it is necessary to follow the operations Table 19). Note that the alarm bit in the

as bellows.

Firstly,

enable

the control

bit in

the

INPUT_FLOATING_DETECTION_EN register (see Table 18).

Secondly, perform 256 times of conversion. The control bit in
the INPUT_FLOATING_DETECTION_EN register will reset
automatically after ADC converts 256 times. In the process of

INPUT_FLOATING_DETECTION_STATUS register will not
be cleared, until an input floating detection operation is
performed again and the input of ADC is connected to an
input signal source. For an example operation sequences,
please refer to Figure 11.

256 conversions, if there is no input floating default, all

Enable Sample Sample Read
Detection Reg 1 256" Floating Status REG
s [ ] M « M M
)
)
sbi —| D4ssh | oooth | xxxx [ oxxxx ] 5() [ xooxx | oxxxx J—] cesoh [ xxxx |-
SDO [T 1*Data__| S() , 256" Data |— AO0K -
Enable of Data of
INPUT_DETECTION_EN INPUT_DETECTION_STATUS
Figure 11. Input Floating Detection Operating Sequences
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16-Bit, High-Speed, Programmable
Bipolar Input Ranges, SAR ADC

DETAILED DESCRIPTION (continued)

SPI Protocols

Protocols for Configuring the Device
The chip supports all 4 types of SPI protocols. After system
power-on or reset, the default mode is SPI-00-S (CPHA =0
and CPOL = 0).

Protocols for Reading from the Device
The data read operation protocols are roughly divided into
two types: one is SPIl-compatible protocols with a single

Table 7. SPI Protocols for Reading from the Device

SDO-x, and the other is SPI-compatible protocols with dual
SDO-x.

SPI-Compatible Protocols with a Single SDO-x
As shown in Table 7, the chip supports all 4 types of SPI
protocols. After system power-on or reset, the default mode is
SPI-00-S (CPHA = 0 and CPOL = 0).

Protocol - fg;';;ﬁl'g igdge) (éﬁ)';l'fr:gfizee) e 2:;':““"“ SDI_CONTROL SDO_CONTROL
SPI-00-S Low Rising nCS falling 00h 00h
SPI-01-S Low Falling 19 SCLK rising o1h 00h
SPI-10-S High Falling nCS falling 02h 00h
SPI-11-S High Rising 1% SCLK falling 03h 00h

CONVST/nCS \

SPI-Compatible Protocols with Dual SDO-x

—

RADC_ADCS

h

R

SCLK

CPOL =1

VAVAVAVAVAVA

SDO-0 —< MSB X MSB-2 X MSB-4 X

XLSB+3 X LSB+1 >7

SDO-1 —< MSB-1 XMSB—S >< MSB-5 ><

><LSB+2>< LSB >7

NOTE: In dual SDO modes, the amount of SCLK required by the chip is only half that in single SDO modes.

Figure 12. Standard SPI Timing Protocol (CPHA = 0, Dual SDO-x)
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DETAILED DESCRIPTION (continued)
CONVST/nCS } /

RADC_ADCS

SCLK
opoL =1 WAVAVAVAVAWS

I(d
s
Y J— vy ) ) () () S—
[(d

2

{
B
SDO-1 —\_/< MSB-1 Xmsa-s >< MSB—5>< ><LSB+2 >< LsB >7
(C
5

NOTE: In dual SDO modes, the amount of SCLK required by the chip is only half that in single SDO modes.

Figure 13. Standard SPI Timing Protocol (CPHA = 1, Dual SDO-x)
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

REGISTER MAPS

Bit Types:
R/W: Read/Write bit(s)
R: Read only bit(s)

Device Configuration and Register Maps
The device has 11 configuration registers, the register maps are shown in Table 8. Each configuration register consists of four
data bytes, which can be reached by their unique address.

Table 8. Configuration Register Maps

Address Register Name Register Function
00h CHIP_ID CHIP_ID Register
04h RESET_POWER_CONTROL Reset and Power Control Register
08h SDI_CONTROL SDI Data Input Control Register
0Ch SDO_CONTROL SDO-x Data Input Control Register
10h DATAOUT_CONTROL Output Data Control Register
14h RANGE_SELECTION Input Range Selection Control Register
20h ALARM_OUTPUT ALARM Output Register
24h ALARM_HIGH_THRES ALARM High Threshold and Hysteresis Register
28h ALARM_LOW_THRES ALARM Low Threshold Register
2Ch INPUT_FLOATING_DETECTION_EN Input Floating Detection Enable Register
30h INPUT_FLOATING_DETECTION_STATUS Input Floating Detection Status Register

CHIP_ID Register (Address = 00h)

This register can be set a unique identification address associated to a device that is used in a daisy-chain system.

Table 9. CHIP_ID Register Details

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET @ TYPE DESCRIPTION
D[31:24] Reserved 00h 00h R Reserved.
D[23:20] Reserved 0000b 0000b R Reserved.
These bits can be used to address different devices in the
D[19:16]| DEVICE_ADDR[3:0] 0000b 0000b R/W system. The amount of the devices can be up to 16. These
bits are useful in daisy-chain mode.
D[15:0] Reserved 0000h 0000h R Reserved.
NOTES:

1. Address for bits [7:0] = 00h. Address for bits [15:8] = 01h. Address for bits [23:16] = 02h. Address for bits [31:24] = 03h.
2. Power-on reset valid.
3. Application reset valid.
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SGM51613H 16-Bit, High-Speed, Programmable
SGM51652H/SGM51622H Bipolar Input Ranges, SAR ADC

REGISTER MAPS (continued)

RESET_POWER_CONTROL Register (Address = 04h)
Table 10. RESET_POWER_CONTROL Register Details

POWER-ON | APPLICATION

BITS BIT NAME RESET @ RESET © TYPE DESCRIPTION
D[31:16] Reserved 0000h 0000h R Reserved.
A Key Function.
D[15:8] WKEY][7:0] 00h 00h R/W | Any writing to D[5:0] operation is accepted on condition that the
WKEY[7:0] is set to 69h first.
D[7:6] Reserved 00b 00b R Reserved.
0 = VDD alarm is enabled (default)
D[5] | VDD_AL_DIS Ob Ob RIW" |4 = VDD alarm is disabled
D[4] IN_AL_DIS Ob Ob RIW 0 i Input alarm is enabled (default)
1 = Input alarm is disabled
D[3] Reserved Ob Ob R Reserved.

0 = nRST pin functions as a POR class reset (causes full device
initialization) (default)

D[2] RSTn_APP Ob - R/W |1 =nRST pin functions as an application reset (only user-programmed
modes are cleared)

The setting will be power-on reset to default.

0 = Disable the NAP mode (default)

1 = Enable the NAP mode

Details on the latency encountered when entering and exiting the
relevant low-power mode, see Electrical Characteristics section.

D[1] NAP_EN b - RIW

0 = Disable the power-down mode (default)

1 = Enter the power-down mode

Details on the latency encountered when entering and exiting the
relevant low-power mode, see Electrical Characteristics section.

DI[O] PWRDN Ob Ob R/W

NOTES:

1. Address for bits [7:0] = 04h. Address for bits [15:8] = 05h. Address for bits [23:16] = 06h. Address for bits [31:24] = 07h.
2. Power-on reset valid.

3. Application reset valid.

SDI_CONTROL Register (Address = 08h)
Table 11. SDI_CONTROL Register Details

POWER-ON | APPLICATION

BITS BIT NAME RESET @ RESET @ TYPE DESCRIPTION
D[31:16] Reserved 0000h 0000h R Reserved.
D[15:8] Reserved 00h 00h R Reserved.

D[7:2] Reserved 000000b 000000b R Reserved.

00 = Standard SPI with CPOL = 0 and CPHASE = 0 (default)
01 = Standard SPI with CPOL = 0 and CPHASE =1

D[1:0] | SDI_MODE[1:0] 00b - R/W |10 = Standard SPI with CPOL = 1 and CPHASE =0

11 = Standard SPI with CPOL = 1 and CPHASE = 1

These bits set the SPI protocol.

NOTES:

1. Address for bits [7:0] = 08h Address for bits [15:8] = 09h Address for bits [23:16] = 0Ah Address for bits [31:24] = 0Bh.
2. Power-on reset valid.

3. Application reset valid.
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REGISTER MAPS (continued)

Table 12. SDO_CONTROL Register Details

SDO_CONTROL Register (Address = 0Ch)

BITS BIT NAME POV | APRLICATION | Tvpe DESCRIPTION
D[31:16] Reserved 0000h 0000h R Reserved.
D[15:13] Reserved 000b 000b R Reserved.
D[12] GPO_VAL Ob Ob R/W | 1-bit data for the output on the GPO pin.
D[11:10] Reserved 00b 00b R Reserved.
00 = SDO-1 is tri-stated (default)
D[9:8] | SDO1_CONFIG[1:0] 00b 00b RIW ?(1) N gggj 22: 22 é%,%RM
11 = SDO-1 work with SDO-0 in 2-bit SDO mode
D[7] Reserved Ob Ob R Reserved.
0 = External SCLK (default)
DI6] SSYNC_CLK Ob h RW }r:sl rgﬁzgilezloeifict only in the ADC master clock or
source-synchronous mode of operation.
D[5:2] Reserved 0000b 0000b R Reserved.
00 and 01 = SDO mode follows the same SPI protocol as that
D[1:0] | SDO_MODE[1:0] 00b - R | 45ed |fr?\;a?i5Iéc?n?%ﬁ?ztigl"CONTROL register
11 = Invalid configuration
NOTES:

1. Address for bits [7:0] = 0Ch. Address for bits [15:8] = 0Dh. Address for bits [23:16] = OEh. Address for bits [31:24] = OFh.
2. Power-on reset valid.
3. Application reset valid.
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REGISTER MAPS (continued)

This register controls the data output by the device.

Table 13. DATAOUT_CONTROL Register Details

DATAOUT_CONTROL Register (Address = 10h)

BITS

BIT NAME

POWER-ON
RESET @

APPLICATION
RESET ©®

TYPE

DESCRIPTION

D[31:16]

Reserved

0000h

0000h

Reserved.

D[15]

Reserved

Ob

Ob

Reserved.

D[14]

DEVICE_ADDR_INCL

0b

Ob

R/W

0 = Disable SDO-x output including DEVICE_ADDR (default)
1 = Enable SDO-x output including DEVICE_ADDR

Select whether DEVICE_ADDR register value in the SDO-x
output bit stream.

D[13:12]

VDD_ACTIVE_
ALARM_INCL[1:0]

00b

00b

R/W

00 = Do not include (default)

01 = Include ACTIVE_VDD_H_FLAG

10 = Include ACTIVE_VDD_L_FLAG

11 = Include both flags

Select whether VDD ALARM flags in the SDO-x output bit stream.

D[11:10]

IN_ACTIVE_
ALARM_INCL[1:0]

00b

00b

R/W

00 = Do not include (default)

01 = Include ACTIVE_IN_H_FLAG

10 = Include ACTIVE_IN_L_FLAG

11 = Include both flags

Select whether input ALARM flags in the SDO-x output bit stream.

D[9]

Reserved

Ob

Ob

Reserved.

D[8]

RANGE_INCL

Ob

Ob

RW

0 = Do not include the range configuration register value (default)
1 = Include the range configuration register value

Select whether 4-bit input range setting in the SDO-x output bit
stream.

D[7:4]

Reserved

0000b

0000b

Reserved.

D[3]

PAR_EN

Ob

R/W

0 = Output data does not contain parity information (default)
1 = Two parity bits (ADC output and output data frame) are
appended to the LSBs of the output data

It's an even parity, and all output data bits are included.

D[2:0]

DATA_VAL[2:0]

000b

000b

RW

0xx = Value output is the conversion data

100 = Value output is all 0's

101 = Value outputis all 1's

110 = Value output is alternating 0's and 1's

111 = Value output is alternating 00's and 11's

These bits control the data value output by the converter.

NOTES:

1. Address for bits [7:0] = 10h. Address for bits [15:8] = 11h. Address for bits [23:16] = 12h. Address for bits [31:24] = 13h.
2. Power-on reset valid.
3. Application reset valid.
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REGISTER MAPS (continued)

Table 14. RANGE_SELECTION Register Details

RANGE_SELECTION Register (Address = 14h)

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET © TYPE DESCRIPTION
D[31:16] Reserved 0000h 0000h R Reserved.
D[15:8] Reserved 00h 00h R Reserved.
D[7] Reserved Ob Ob R Reserved.
D[6] INTREF_DIS ob ob RIW 0 i Internal reference !s enabled (default)
1 = Internal reference is disabled
D[5:4] Reserved 00b 00b R Reserved.
0001 = £2.5 x Vger
0011 = £1.25 x Vger
0100 = £0.625 x Vger
D[3:0] RANGE_SEL[3:0] 0000b - R/W {1001 = 2.5 x Vger
1011 = 1.25 x Vrer
These bits comprise the 4-bit register that selects the nine input
ranges of the ADC.
NOTES:

1. Address for bits [7:0] = 14h.

2. Power-on reset valid.
3. Application reset valid.

Address for bits [15:8] = 15h. Address for bits [23:16] = 16h. Address for bits [31:24] = 17h.
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REGISTER MAPS (continued)

Table 15. ALARM_OUTPUT Register Details

ALARM_OUTPUT Register (Address = 20h)

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET © TYPE DESCRIPTION
D[31:16] Reserved 0000h 0000h R Reserved.
Enable ALARM Output Flag for Low AVDD Voltage
D[15] | ACTIVE_VDD_L_FLAG Ob Ob R 0 = No ALARM condition (default)
1= ALARM VDD low enable
Enable ALARM Output Flag for High AVDD Voltage
D[14] |ACTIVE_VDD_H_FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM VDD high enable
D[13:12] Reserved 00b 00b R Reserved.
Enable ALARM Output Flag for High Input Voltage
D[11] ACTIVE_IN_L_FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM input low enable
Enable ALARM Output Flag for Low Input Voltage
D[10] ACTIVE_IN_H_FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM input high enable
D[9:8] Reserved 00b 00b R Reserved.
Enable Tripped ALARM Output Flag for Low AVDD Voltage
DI[7] TRP_VDD_L_FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM VDD low tripped enable
Enable Tripped ALARM Output Flag for High AVDD Voltage
DI[6] TRP_VDD_H_FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM VDD high tripped enable
Enable Tripped ALARM Output Flag for High Input Voltage
DI[5] TRP_IN_L FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM input high tripped enable
Enable Tripped ALARM Output Flag for Low Input Voltage
D[4] TRP_IN_H_FLAG Ob Ob R 0 = No ALARM condition (default)
1 = ALARM input low tripped enable
D[3:1] Reserved 000b 000b R Reserved. Reads return 000b.
Enable Logical OR Outputs All Tripped ALARM Flags
0 = No ALARM condition (default)
DIo] OVW_ALARM 0b Ob R |1 = ALARM Logical OR Outputs All Tripped ALARM Flags
enable
NOTES:

1. Address for bits [7:0] = 20h. Address for bits [15:8] = 21h. Address for bits [23:16] = 22h. Address for bits [31:24] = 23h.

2. Power-on reset valid.
3. Application reset valid.
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REGISTER MAPS (continued)

ALARM_HIGH_THRES Register (Address = 24h)
Table 16. ALARM_HIGH_THRES Register Details

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET © TYPE DESCRIPTION
. . INP_ALRM_HYST[7:2]: 6-bit hysteresis value for the input
D[31:24]|  INP_ALRM_HYST[7:0] 00h 00h RW | ALARM. INP_ALRM_HYST[1:0] must be set to 00b.
D[23:16] Reserved 00h 00h R Reserved.
D[15:0] |INP_ALRM_HIGH_THI[15:0] FFFFh FFFFh R/W | Threshold for input high alarm.
NOTES:

1. Address for bits [7:0] = 24h. Address for bits [15:8] = 25h. Address for bits [23:16] = 26h. Address for bits [31:24] = 27h.
2. Power-on reset valid.
3. Application reset valid.
ALARM_LOW_THRES Register (Address = 28h)
Table 17. ALARM_LOW_THRES Register Details

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET © TYPE DESCRIPTION
D[31:16] Reserved 0000h 0000h R Reserved. Reads return 0000h.
D[15:0] | INP_ALRM_LOW_TH[15:0] 0000h 0000h R/W | Threshold for input low alarm.
NOTES:

1. Address for bits [7:0] = 28h. Address for bits [15:8] = 29h. Address for bits [23:16] = 2Ah. Address for bits [31:24] = 2Bh.
2. Power-on reset valid.
3. Application reset valid.

INPUT_FLOATING_DETECTION_EN Register (Address = 2Ch)
This register controls the input floating detection block enabled or disabled.

Table 18. INPUT_FLOATING_DETECTION_EN Register Details

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET @ TYPE DESCRIPTION
D[31:1] Reserved 00000000h 00000000h R Reserved. Reads return 00000000h.
D[0] INP_DETECT _EN ob ob RIW 0 i Input float!ng detect!on disabled (default)
1 = Input floating detection enabled
NOTES:

1. Address for bits [7:0] = 2Ch. Address for bits [15:8] = 2Dh. Address for bits [23:16] = 2Eh. Address for bits [31:24] = 2Fh.
2. Power-on reset valid.
3. Application reset valid.
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REGISTER MAPS (continued)
INPUT_FLOATING_DETECTION_STATUS Register (Address = 30h)

This register controls the input floating detection block enabled or disabled.

Table 19. INPUT_FLOATING_DETECTION_STATUS Register Details

POWER-ON | APPLICATION
BITS BIT NAME RESET @ RESET @ TYPE DESCRIPTION
D[31:1] Reserved 00000000h 00000000h R Reserved. Reads return 00000000h.
D[0] INP_FLOAT STS ob ob R 0 i Input is not ﬂoatmg (default)
1 = Input is floating
NOTES:

1. Address for bits [7:0] = 30h. Address for bits [15:8] = 31h. Address for bits [23:16] = 32h. Address for bits [31:24] = 33h.
2. Power-on reset valid.
3. Application reset valid.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
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A - - 1.200
A1 0.050 - 0.150
A2 0.800 - 1.050
b 0.190 - 0.300
c 0.090 - 0.200
D 4.860 - 5.100
E 4.300 - 4.500
E1 6.200 - 6.600
e 0.650 BSC
L 0.450 | - | 0.750
H 0.250 TYP
0 0° | - | 8°
cce 0.100
NOTES:

1. This drawing is subject to change without notice.
2. The dimensions do not include mold flashes, protrusions or gate burrs.

3. Reference JEDEC MO-153.
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PACKAGE INFORMATION

PACKAGE OUTLINE DIMENSIONS
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RECOMMENDED LAND PATTERN (Unit: mm)
Dimensions Dimensions
Symbol In Millimeters In Inches
MIN MAX MIN MAX
A 0.700 0.800 0.028 0.031
Al 0.000 0.050 0.000 0.002
A2 0.203 REF 0.008 REF
D 3.900 4.100 0.154 0.161
D1 2.000 2.200 0.079 0.087
E 3.900 4.100 0.154 0.161
E1 2.000 2.200 0.079 0.087
K 0.200 MIN 0.008 MIN
b 0250 |  0.350 0010 | 0014
e 0.650 TYP 0.026 TYP
L 0.450 | 0.650 0.018 | 0.026

NOTE: This drawing is subject to change without notice.
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PACKAGE INFORMATION

TAPE AND REEL INFORMATION

REEL DIMENSIONS

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

KEY PARAMETER LIST OF TAPE AND REEL

Package Tvoe Reel Reem"dth A0 | Bo Ko PO P1 P2 w Pin1
ge 1yp Diameter (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
TSSOP-16 13" 124 6.80 5.40 1.50 4.0 8.0 2.0 12.0 Q1
TQFN-4x4-16L 13" 12.4 4.30 4.30 1.10 4.0 8.0 2.0 12.0 Q2
€ P 56 Vicro Corp TX10000.000
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PACKAGE INFORMATION

CARTON BOX DIMENSIONS

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

KEY PARAMETER LIST OF CARTON BOX

Reel Type L(?'%t)h ‘:\'I‘:?Tt‘;‘ I-(I:-:gmi;t Pizza/Carton
o
o
13" 386 280 370 5 §
€ P 56 Vicro Corp TX20000.000
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