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Datasheet

ISL73141SEH
Radiation Hardened 14-Bit 1IMSPS SAR ADC

The ISL73141SEH is a radiation hardened high
precision 14-bit, 1Msps SAR Analog-to-Digital
Converter (ADC) that features SNR of 82.1dBFS and
dissipates only 60mW when operating from a 5V
supply. With a 3.3V supply, the ISL73141SEH
operates at 750ksps with a power consumption of
28mWw.

The product features 1Msps throughput with no data
latency and features excellent linearity and dynamic
accuracy. The ISL73141SEH provides a high-speed
SPI-compatible serial interface that supports logic
ranging from 2.2V to 3.6V using a separate digital 1/0

supply pin.
The ISL73141SEH provides a separate power-down
pin that reduces power dissipation to <50uW. The

analog input signal range is determined by an
external reference.

The ISL73141SEH operates across the military
temperature range from -55°C to +125°C and is
available in a 14 Ld hermetically sealed Ceramic Dual
Flat-Pack (CDFP) package.

Applications

= Precision signal processing in satellite payloads
= Satellite telemetry systems

= Satellite propulsion and orbit control

= Attitude control of satellites

= High-end industrial

= Down-hole drilling
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Figure 1. INL vs Output Code

Features

= Qualified to Renesas Rad Hard QML-V Equivalent
Screening and QCI flow (R34TB0001EU)

» All screening and QCl is in accordance with
MIL-PRF- 38535L Class-V

= 1Msps throughput rate with no data latency
= Excellent linearity: 0.2 LSB DNL, 0.5 LSB INL
= No missing codes
= Low noise: 82.1dB SNR
= 3.3V or 5V AV supply options
= Separate 2.2V to 3.6V digital 1/0 supply
= Low power: 60mW at 1Msps
* AVee =5V, DVge = 2.5V

= Power-down mode with <50uW power
consumption

= High speed SPI-compatible serial /0
= Full military temperature range operation
* Tp=-55°C to +125°C
= TID Rad Hard Assurance (RHA) testing
+ LDR (0.01rad(Si)/s): 75krad(Si)
= SEE Characterization (see SEE report for details)

« No DSEE for AV = 6.3V, DVg = 4.6V, and
VReg = 5.1V at 86MeVe-cm2/mg

+ SEFI <4.2um? at LET 86MeV+-cm2/mg
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ISL73141SEH Datasheet

1. Overview

1.1  Typical Application Schematic
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Figure 3. Typical Application Example Circuit

1.2 Functional Block Diagram
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Figure 4. ISL73141SEH Block Diagram
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ISL73141SEH Datasheet

2. Pin Information

21 Pin Assignments

Connected to LID

awee[— |1 u[___ Jew
GND[ ]2 B[ ]bvce
REFL 13 12 ]spbo
GND[ 14 "ml_ JscK
AN 15 0 ]G\
GND[ 16 9o ]BUsY

PD 7 8 cs

Note: The ESD triangular mark is indicative of Pin #1. It is a part of the device
marking and is placed on the lid in the quadrant where Pin #1 is located.

Figure 5. Pin Assignments - Top View

2.2 Pin Descriptions

. Pin ESD i
Pin Number Name Circuit Description

Analog supply. The supply range is 3V to 3.6V (ISL73141SEHMFN) or 4.5V to 5.5V

! Avee ! (ISL73141SEHMF7). Bypass this pin to GND with a 10uF ceramic capacitor.

Analog and digital supply ground. Connect these pins directly to the PCB GND plane. Pin 14

2,4,6,10,14 GND ) (GND pin) is electrically connected to the package seal ring and lid.

Reference input. The input range of REF is 1.95V to AV for the ISL73141SEHMFN and 3.9V
3 REF 1 to 4.2V for the ISL73141SEHMF7. The voltage at the REF pin (Vrgg) defines the input range of
the analog input as OV to Vggg. Bypass REF to GND with a low ESR 10uF ceramic capacitor.

5 AIN 1 Analog input. AIN supports an input voltage range of OV to Vrgr.

Convert Start Low input. A falling edge on this input starts a new conversion. The conversion is
timed using an internal oscillator. The device automatically powers down following the

= conversion process. The logic state of the CS pin controls the state of the SDO pin. A logic high
on the CS pin disables the SDO pin driver and the SDO pin impedance is Hi-Z. A logic low on
the CS pin enables the SDO driver (unless PD is low) and allows data to be read out following
a conversion.

Power-down low input. When this pin is brought low the ADC enters power-down mode. If this
7 PD 2 occurs during a conversion, the conversion is halted and the SDO pin is placed in Hi-Z. Logic
levels are determined by DV .

Busy output. A logic high indicates a conversion is in progress. The BUSY indicator returns low

9 BUSY 3 following the completion of a conversion. Logic levels are determined by DV¢c.
Serial data clock input. When CS is low and the BUSY indicator is low, the conversion result is
1 SCK 2 shifted out on SDO on the rising edges of SCK, Most Significant Bit (MSB) first to Least

Significant Bit (LSB) last. Logic levels are determined by DV¢. SCK should be held low when
it is not being asserted.
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ISL73141SEH Datasheet

. Pin ESD I
Pin Number Name Circuit Description
Serial data output. The current conversion result is serially shifted out on this pin on the rising
12 SDO 3 edges of SCK, MSB first to LSB last. The data stream is composed of 14 bits of conversion
data followed by trailing zeros. Logic Levels are determined by DVc.
13 pvee 1 Digital 1/0 supply. Voltage range on this pin is 2.2V to 3.6V. DV is nominally set to the same
supply voltage as the host interface (2.5V or 3.3V). Bypass DVCC to GND with 0.1uF capacitor.
LID N/A N/A Package Lid is internally connected to GND through Pin 14.
pvce
pi
1,3,5, "112 0 Pins 6000
7,8, 11 )
Pins
9,12
Circuit 1 Circuit 2 Circuit 3
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ISL73141SEH Datasheet

3. Specifications

3.1  Absolute Maximum Ratings

Caution: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such
conditions can adversely impact product reliability and result in failures not covered by warranty.

Parameter Min Max Unit
Supply Voltage (AV¢c, DVee) -0.3 6.4 \Y
Supply Voltage (AVo) -0.3 6.3 \%
Supply Voltage (DVc)lM -0.3 4.6 \%
AIN, REF2] -0.3 AVicc + 0.3 \Y
AIN, REF1(2] -0.3 5.1 \Y
Digital Input Voltage (PD, CS, SCK) 0.3 DVge + 0.3 v
Digital Output Voltage (BUSY, SDO) -0.3 DVge + 0.3 \%
AIN Input Currentl3! -3 3 mA
Maximum Junction Temperature - +150 °C
Maximum Storage Temperature Range -65 +150 °C
Human Body Model (Tested per MIL-STD-883 TM3015.7) - 25 kV
Charged Device Model (Tested per JS-002-2014) - 600 \Y

1. Tested in a heavy ion environment at LET = 86MeV+-cm?/mg at 125°C.
2. AIN voltage should not exceed REF voltage by more than 300mV or device damage can occur.

3. When an input voltage exceeds maximum operating conditions (voltage at the AIN pin less than GND or greater than AVCC), limit the
input current to less than +3mA.

3.2 Recommended Operating Conditions

Parameter Min Max Unit
Temperature -55 +125 °C
Analog Supply Voltage, Aycc (ISL73141SEHMFN) 3.0 3.6 \Y
Analog Supply Voltage, Aycc (ISL73141SEHMF7) 4.5 5.5 \Y
Digital Supply Voltage, Dycc 2.2 3.6 \%
Reference Input Voltage, VRgr (ISL73141SEHMFN) 1.95 3.6 \%
Reference Input Voltage, Vgrgr (ISL73141SEHMF7) 3.9 4.2 \
Analog Input Voltage, Ay 0 VREF \%

3.3 Thermal Specifications

Parameter Package Symbol Conditions Typical Unit
Value
8,aM Junction to ambient 34 °C/W
Thermal Resistance CDFP Package K14.A
8,c Junction to case 6 °C/W

1. 0, is measured in free air with the component on high-effective thermal conductivity test board with direct attach features. See TB379.
2. For 0, the case temperature location is the center of the package underside..
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3.4
3.4.1

Electrical Specifications

ISL73141SEHMF7 - 5V Operation

Unless otherwise noted: AV = 5.0V; DV = 2.5V, REF = 4.096V, GND = 0V, fsamp = 1Msps, Ay = -1dBFS.Boldface limits apply across
the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s.

Parameter ‘ Symbol ‘ Test Conditions Min ‘ Typl'] ’ Max Unit
Converter Characteristics
Resolution - - 14 - - bits
No Missing Codes - - 14 - - bits
Transition Noise - RMS noise, 14-bit LSB - 0.3 - LSBrms
Integral Non-Linearity INL Measured with full scale input signal. -1.0 +0.4 1.0 LSB
Differential Non-Linearity DNL Measured with full scale input signal. -0.5 +0.2 0.5 LSB
Zero Scale Error VOFF Measured with input grounded. -5 0 5 LSB
Zero Scale Error Drift VOFFD | Measured with input grounded. - +0.006 - LSB/°C
Full Scale Error FSE \'\;'SZT:“red with input connected to 7 +1 7 LSB
Full Scale Error Drift FSED | [peasured with input connected to - £0.004 - LSB/°C
Dynamic Accuracy
Signal to Noise Ratio SNR Fin = 105kHz 80 82.1 - dBFS
Sgnalto Noise * DISOMion | gINAD | Fyy = 105kHz 79 81.9 . dBFS
atio
Effective Number of Bits ENOB | Fjy = 105kHz 12.5 13.3 - bits
Total Harmonic Distortion THD Fin = 105kHz, first five harmonics 85 92 - dBFS
gglrj]gc;us Free Dynamic SFDR g(,\(,:;;;)ijz, first five harmonics 90 108 ) dBFS
Input Bandwidth G Source impedance = 25Q, -3dB point - 50 - MHz
Aperture Delay taD cs falling edge to sample edge - 2.5 - ns
Aperture Jitter tasTTER | - - 1 - PSRMS
Analog Input Characteristics (A|y)
Input Voltage Range, A\ AN Recommended operating condition 0 - VREF
Absolute Input Range, A\ - - -0.1 - AVcc + 0.1
Input Leakage Current 1AN - -1 - 1 MA
Sample Mode - 15 - pF
Input Capacitance -
Hold Mode - 3 - pF
Reference Input Characteristics (REF)
REF Input Voltage Range VREF - 3.9 - 4.2 \%
REF Input Current IREF - - 135 200 pA
Power Supply Characteristics (AVCC, DVCC)
Analog Supply Voltage AVce - 4.5 - 5.5 \%
22;‘\';9 Supply Current - lavee | Active, fsayp = TMsps - 12 14.5 mA
R34DS0012EU0502 Rev.5.03 Page 7
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ISL73141SEH Datasheet

Unless otherwise noted: AV = 5.0V; DV = 2.5V, REF = 4.096V, GND = 0V, fsamp = 1Msps, Ay = -1dBFS.Boldface limits apply across
the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s. (Cont.)

Parameter Symbol Test Conditions Min Typl1] Max Unit

Analog Supply Current - == .

Staticg PRY lstatic | CS held High - 43 7 mA

Analog Supply Current - lsLavee PD held Low ) 48 12 uA

Sleep

Digital Supply Voltage DVce - 2.2 - 3.6 \%

Digital Supply Current -

AC%VQ PRl lovee | fsck = 50MHz - 72 90 WA

Digital Supply Current - Istovee | CS held High - 26.4 35 HA

Static

Digital Supply Current - S=

Slgep PRl Istovee | PD held Low - 6 8 HA
Pactive | Sample rate = 1Msps - 60 72.8 mwW

PD PSTATlC & held ngh - 21.6 35.1 mwW
Psigep | PD held Low - 39 80 uw

Digital Inputs and Outputs (PD, CS, SCK, BUSY, SDO)

High Level Input Viy - 0.8xDV¢c - -

Low Level Input Vi - - - 0.2xDV¢c

Input Current (CS, SCK) N VN =0V to DV -1 - 1 MA

Input Capacitance CiN - - 5 - pF

High Level Output Von DV¢c - Output, Ig = -500pA DVcc - 0.2 - -

Low Level Output VoL lo = 500pA - - 0.2

Output Source Current Isrc Vout = 0V to DV - -10 - mA

OUtpUt Sink Current ISNK VOUT =0V to DVCC - 10 - mA

Hi-Z Output Leakage

ot P 9 loz | Vour =0V to DVge -1 1 WA

PD Input Resistance RinppL | Internal pull-up resistance to Dycc 400 500 600 kQ

1. Typical values shown are not guaranteed. Values derived from +25°C median data.

3.4.2

ISL73141SEHMFN - 3.3V Operation

Unless otherwise noted: AV¢ = 3.3V; DV¢ = 2.5V, REF = 3.0V, GND = 0V, fsamp = 750ksps, Ay = -1dBFS. Boldface limits apply across
the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s.

Parameter | Symbol ‘ Test Conditions Min ‘ Typl1l ‘ Max Unit
Converter Characteristics
Resolution - - 14 - - bits
No Missing Codes - - 14 - - bits
Transition Noise - RMS noise, 14-bit LSB - 0.4 - LSZRM
Integral Non-Linearity INL Measured with full scale input signal -1.5 0.5 1.5 LSB
Differential Non-Linearity DNL Measured with full scale input signal -0.5 +0.25 0.5 LSB
Zero Scale Error VOFF Measured with input grounded -5 0 5 LSB
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ISL73141SEH Datasheet

Unless otherwise noted: AV = 3.3V; DV¢ = 2.5V, REF = 3.0V, GND = 0V, fgamp = 750ksps, Ay = -1dBFS. (Cont.)Boldface limits apply
across the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at +25°C
with exposure at a low dose rate of <10mrad(Si)/s. (Cont.)

Parameter Symbol Test Conditions Min Typl1l Max Unit
Zero Scale Error Drift, VOFFD | Measured with input grounded - +0.01 - LSB/°C
Full Scale Error FSE \'\;'F‘igf:”red with input connected to 7 +1 7 LSB
Full Scale Error Drift FSED {\/";ESF”red with input connected to - +0.02 - LSB/°C
Dynamic Accuracy
Signal to Noise Ratio SNR Fin = 105kHz 77 80.3 - dB
Signal to Noise + Distortion SINAD | Fiy = 105kHz 76 80.1 - dB
Ratio
Effective Number of Bits ENOB | Fjy = 105kHz 123 12.8 - bits
Total Harmonic Distortion THD Fin = 105kHz, first five harmonics 85 92 - dB
Spurious Free Dynamic Range | SFDR E;T:.z(}ffk”z' first five harmonics 90 108 - dB
Input Bandwidth - E;’i‘;;ce impedance = 250, -3dB - 50 - MHz
Aperture Delay tap cs falling edge to sample edge - 4 - ns
Aperture Jitter talTTER | - - 1 - PSRMS
Analog Input Characteristics (Ay)
Input Voltage Range, A\y AN Recommended operating condition 0 - VREF \%
Absolute Input Range, Ay - - -0.1 - AVce + 0.1
Input Leakage Current AN - -1 - 1 pA
Sample Mode - 15 - pF
Input Capacitance -
Hold Mode - 3 - pF
Reference Input Characteristics (REF)
REF Input Voltage Range VREF - 1.95 - AVcc \%
REF Input Current IReF - - 82 150 pA
Power Supply Characteristics (AV¢c, DV¢c)
Analog Supply Voltage AVce - 3 - 3.6 \%
Analog Supply Current - Active lavee Active, fsamp = 750ksps - 8.5 10.5 mA
Analog Supply Current - Static Istatic CS held High - 3.7 6.5 mA
Analog Supply Current - Sleep Is,avee | PD held Low - 4.6 10 pA
Digital Supply Voltage DVce 2.2 - 3.6 \%
Digital Supply Current - Active lovec | fsck = 33MHz, 10pF load - 70 90 pA
Digital Supply Current - Static Istovee | CS held High - 27 35 pA
Digital Supply Current - Sleep IsLovee PD held Low - 6 8 pA
Pactive | Sample rate = 750ksps - 28 33.9 mwW
Pp Pstaric | CS held High - 12.3 21.6 mwW
Psigep | PD held Low - 30.2 53 uw
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ISL73141SEH Datasheet

Unless otherwise noted: AV = 3.3V; DV¢ = 2.5V, REF = 3.0V, GND = 0V, fgamp = 750ksps, Ay = -1dBFS. (Cont.)Boldface limits apply
across the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at +25°C
with exposure at a low dose rate of <10mrad(Si)/s. (Cont.)

Parameter | Symbol ‘ Test Conditions Min ‘ Typl1l ‘ Max Unit
Digital Inputs and Outputs (PD, CS, SCK, BUSY, SDO)
High Level Input ViH - 0.8xDV¢c - - \
Low Level Input Vi - - - 0.2xDV¢c \
Input Current (CS, SCK) IIN VN =0V to DV -1 - 1 pA
Input Capacitance Cin - - 5 - pF
High Level Output Von DV - Output, Ig = -500pA DVcc -0.2 - - \Y
Low Level Output VoL lo = 500pA - - 0.2
Output Source Current Iskrc Vout = 0V to DV - -10 - mA
Output Sink Current Isnk Vout =0V to DV - 10 - mA
Hi-Z Output Leakage Current loz Vout =0V to DV -1 - 1 pA
PD Input Resistance RinpoL | Internal pull-up resistance to Dycgc 400 500 600 kQ
1. Typical values shown are not guaranteed. Values derived from +25°C median data.
3.4.3 ISL73141SEHMF7 - 5.0V Operation Burn-In Deltas
AVee = 5.0V; DV = 2.5V, REF = 4.096V, GND = 0V, fgamp = 1000ksps, Ay = -1dBFS; Tp = +25°C; unless otherwise noted.
Parameter Symbol Test Conditions Min Max Unit
Integral Non-Linearity INL Measured with full scale input signal -0.35 0.35 LSB
Signal to Noise Ratio SNR Fin = 105kHz -1 1 dBFS
Effective Number of Bits ENOB | Fy = 105kHz -0.2 0.2 bits
344 ISL73141SEHMFN - 3.3V Operation Burn-In Deltas
AV = 3.3V; DVgc = 2.5V, REF = 3.0V, GND = 0V, fgamp = 750ksps, Ay = -1dBFS; T = +25°C;unless otherwise noted.
Parameter Symbol Test Conditions Min Max Unit
Integral Non-Linearity INL Measured with full scale input signal -0.5 0.5 LSB
Signal to Noise Ratio SNR Fin = 105kHz -1 1 dBFS
Effective Number of Bits ENOB | F)y = 105kHz -0.2 0.2 bits

3.5

3.51 5V Operation

Timing Specifications

Unless otherwise noted: AV = 4.5V to 5.5V; DV = 2.2V to 3.6V, REF = 4.096V, GND = 0V, fsavp = 1Msps, A|y = -1dBFS. Boldface limits
apply across the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at
+25°C with exposure at a low dose rate of <10mrad(Si)/s.

Parameter Symbol Test Conditions Min ‘ Typl1] | Max Unit
Timing Characteristics
Maximum Sampling Frequency fsamp - - - 1 MHz
Conversion Time tcony BUSY Output High Time - 595 665 ns
CS High Time tesy - 40 - - ns
R34DS0012EU0502 Rev.5.03 Page 10
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ISL73141SEH Datasheet

Unless otherwise noted: AV = 4.5V to 5.5V; DV = 2.2V to 3.6V, REF =4.096V, GND = 0V, fsamp = 1Msps, A)\y = -1dBFS. Boldface limits
apply across the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at
+25°C with exposure at a low dose rate of <10mrad(Si)/s.

Parameter Symbol Test Conditions Min Typl'] Max Unit
SCK Held Low to CS| tQuier - 40 - - ns
CS Falling Edge to BUSY? tsusyLy | CL = 10pF - 17 25 ns
SCK Period tsck - 20 - - ns
SCK High Time tsckH - 8 - - ns
SCK Low Time tsckL - 8 - - ns
SDO Data Valid Delay from tDBUSYLSDO _ _ _
BUSY]| ¥ C_ = 10pF 2.6 0 ns
SDO Data Valid Delay from SCKt | tpsckspov | CL = 10pF - - 18.5 ns
SDO Data Valid Hold Time from
SCKT tHSDOV CL = 10pF 8 13 - ns
SDO Bus Acquisition Time from tocsLspoL | CL = 10pF ) 1 20 ns
CS|
SDO Bus Relinquish Time after tocsHspoz | CL = 10pF ) 12 20 ns
Cst
Wake-Up time from Power-Down ¢ Time to wait after PD1 to first ) 20 ) s
Mode WAKE sample M

1. Typical values shown are not guaranteed. Values derived from +25°C median data.

3.5.2 3.3V Operation

Unless otherwise noted: AV = 3.0V to 3.6V; DV = 2.2V to 3.6V, REF = 3.0V, GND = 0V, fgamp = 750ksps, Ay = -1dBFS. Boldface limits
apply across the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at
+25°C with exposure at a low dose rate of <10mrad(Si)/s.

Parameter Symbol Test Conditions Min ‘ Typl'] ‘ Max Unit
Timing Characteristics
Maximum Sampling Frequency fsamp - - - 750 kHz
Conversion Time tcony BUSY Output High Time - 760 850 ns
CS High Time tosn - 50 - - ns
SCK Held Low to CS| touer | - 50 - - ns
CS Falling Edge to BUSY? tsusytn | CL = 10pF - 21 40 ns
SCK Period tsck - 30 - - ns
SCK High Time tsckH - 12 - - ns
SCK Low Time tsckL - 12 - - ns
SDO Data Valid Delay from BUSY| | 'DBUSYLSDO C_ = 10pF - 5 0 ns

v

SDO Data Valid Delay from SCK? tpsckspov | CL = 10pF - - 25 ns
SDO Data Valid Hold Time from
SCKT tHSDOV CL = 10pF 8 16 - ns
%i) Bus Acquisition Time from toesLspoL | CL = 10pF ) 12 30 ns
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ISL73141SEH Datasheet

Unless otherwise noted: AV = 3.0V to 3.6V; DV¢ = 2.2V to 3.6V, REF = 3.0V, GND = 0V, fgapmp = 750ksps, Ay = -1dBFS. Boldface limits
apply across the operating temperature range, -55°C to +125°C by production testings; over a total ionizing dose of 75krad(Si) at
+25°C with exposure at a low dose rate of <10mrad(Si)/s.

Parameter Symbol Test Conditions Min Typl] Max Unit
SDO Bus Relinquish Time after
oot a tocshspoz | CL = 10pF - 14 30 ns
Wake-Up time from Power-Down ¢ Time to wait after ﬁT to first ) 20 ) s
Mode WAKE sample H
1. Typical values shown are not guaranteed. Values derived from +25°C median data.
3.6 Timing Diagrams
> 1 Acquire
Acquire ) Convert ;;: Nap and Readout _—
& _ e tesu —
—> i< teusyn tsck i
[ et JEpEgh
P #8213 14
i HIZ HI-Z
_/'/‘ ————————— - B13 X B12 X s, )&_Bz X B1 XBo -
—iiet : T et i
—> | 4 tpesispoL peusvLSDOV toscksoow - oY
3 tesn P conv i tRrEADOUT tDCSHSDOZ_: O
3 teve >
Serial Data Bits B[13:0] Correspond to the Current Conversion
Figure 6. ISL73141SEH Operational Timing Diagram
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4. Typical Performance Curves

4.1

5.0V Curves

Unless otherwise noted, AV = 5.0V; DV = 2.5V; fiy = 105.3kHz; fgamp = 1Msps; Tp = +25°C
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Figure 7. Differential Non-Linearity (DNL)
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, fiy = 105.3kHz; fsapmp = 1Msps; Ty = +25°C (Cont.)
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, fiy = 105.3kHz; fsapmp = 1Msps; Ty = +25°C (Cont.)
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, fiy = 105.3kHz; fsapmp = 1Msps; Ty = +25°C (Cont.)
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4.2 3.3V Curves
Unless otherwise noted, AV = 3.3V; DV = 2.5V; fiy = 105.3kHz; fgamp = 750ksps; T = +25°C
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Unless otherwise noted, AV¢ = 3.3V; DVg = 2.5V, fiy = 105.3kHz; fgapmp = 750ksps; T = +25°C (Cont.)
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Unless otherwise noted, AV¢ = 3.3V; DVg = 2.5V, fiy = 105.3kHz; fgapmp = 750ksps; T = +25°C (Cont.)
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Unless otherwise noted, AV¢ = 3.3V; DVg = 2.5V, fiy = 105.3kHz; fgapmp = 750ksps; T = +25°C (Cont.)

82.0

o
=
(3

o
=
o

SNR/SINAD (dBFS)
[ [<-]
_O o
o [3,]

79.5

79.0

110

105

-
(=
o

THD/SFDR (dBFS)
©
a

©
o

85

e SINAD | |

Sample Rate (ksps)

300 350 400 450 500 550 600 650 700 750

Figure 49. SNR and SINAD vs Sample Rate

e THD
SFDR
—
T —

300 350 400 450 500 550 600 650 700 750

Power (mW)

Sample Rate (ksps)

Figure 51. THD and SFDR vs Sample Rate

32

w
o

N
(-]

N
[

24

-55 -40

-25

10 5 20 35 50 65 80 95 110 125

Temperature (°C)

Figure 53. Power vs Temperature

13.2

13.1
0
g
@ 130 L ——— T N
S
w

129

12.8 : :

300 350 400 450 500 550 600 650 700 750
Sample Rate (ksps)
Figure 50. ENOB vs Sample Rate

30.0

27.5 / //
_ 250 ]
s ~
d ~—
= 225
g /
& 20.0

17.5

15.0

300 350 400 450 500 550 600 650 700 750

Figure 52. Power vs Sample Rate

Sample Rate (ksps)

3.0
8 20
<} ™
&) I~
T 1.0 ~
s 1 ‘\\\
w — [ —]
2 0.0
©
®
g 1.0 — Average Offset
N
Q 2.0 | Average Gain
<

sl LT 1T

-55 40 -25 -10 5 20 35 50 65 80 95 110 125

Temperature (°C)

Figure 54. Zero and Full Scale Error vs Temperature

R34DS0012EU0502 Rev.5.03
Mar 14, 2025

intersjl

Page 20



ISL73141SEH Datasheet

5. Applications Information

5.1 Overview

The ISL73141SEH is a radiation hardened, high precision, low noise, 14-bit Successive Approximation Register
(SAR) ADC. The device operates from an analog supply voltage range of 3V to 3.6V or 4.5V to 5.5V, a digital
supply voltage range of 2.2V to 3.6V, and has a dedicated reference input (REF). The ISL73141SEH supports
sample rates up to 1Msps with an analog supply voltage range of 4.5V to 5.5V. It also supports sample rates up to
750ksps with an analog supply voltage range of 3V to 3.6V, which allows you to optimize your system based on
the range of the analog signal being sampled. The ISL73141SEH samples at a rate of 1Msps and achieves
excellent dynamic performance (82.1dB SNR, 100dB THD) and linearity (INL £1LSB, DNL +0.5 LSB) while still
maintaining a low power consumption of 60mW from a 5V supply. Additionally, the device offers a Sleep mode that
minimizes power consumption to <50uW during idle operation.

The IS73141SEH offers a high-speed serial interface with an independent digital supply (DV¢) range of 2.2V to

3.6V, making it ideal to interface to 2.5V or 3.3V systems. The conversion data is output on the SDO pin with no
latency. The ISL73141SEH supports up to a 50MHz serial data read clock on the SCK input.

The single-ended analog input voltage (Ay) is sampled on the falling edge of CS. The input range of the
ISL73141SEH is determined by the REF pin voltage to GND. The ISL73141SEH supports excellent THD and
SFDR sampling input signal frequencies up to and beyond Nyquist (such as fj = 500kHz with fgayp = 1Msps).
The ISL73141SEH uses the external reference input (REF) as the positive reference and the GND pin of the
device as the negative reference.

5.2 Serial Interface and BUSY

The ISL73141SEH uses a 3-wire serial port interface to communicate with other devices such as microcontrollers
and other external circuitry. A falling edge on CS initiates conversion in the ISL73141SEH. Renesas requires
holding cs high for at least 40ns before initiating the conversion. The conversion is timed by an internal oscillator.
During the conversion process, the BUSY signal is asserted high. When the conversion is complete, BUSY is
de-asserted. Renesas requires holding SCK low during tcony- When BUSY is de-asserted, the MSB is
immediately available on the SDO pin. Each subsequent rising edge of SCK serially outputs data on SDO from the
MSB-1 to the LSB. The input logic level of CS and SCK is determined by the DV supply voltage that operates
across a range of 2.2V up to 3.6V. Similarly, the output voltage level of BUSY is also determined by the DV

supply voltage.

5.3 Operational Phases and Timing

The conversion result MSB is available for serial readout at the SDO pin immediately following a completed
conversion. The BUSY indicator flag is high during conversion, and transitions low following completion of the
conversion. When the BUSY indicator flag goes LOW after a conversion, the MSB of the conversion result (B13)
is immediately available at the SDO pin. Subsequent rising edges of SCK shift bits MSB-1 (B12) through the LSB
(BO) to SDO for readout. The output voltage level of SDO is determined by the DV supply voltage which
operates across a range of 2.2V up to 3.6V. Figure 55 shows the basic timing of the ISL73141SEH in a conversion
cycle.
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Figure 55. ISL73141SEH Timing Diagram

The following are the three phases of operation in the ISL73141SEH that are shown in Figure 55.
= Acquisition

= Conversion

= Readout

The Acquisition phase begins immediately following the completion of the conversion. During cS high, the SDO
pin is held in high impedance (high-Z). The falling edge of CS defines the sampling instant of the ISL73141SEH,
initiates a conversion, and also enables the SDO output to a low state. The conversion cycle is internally timed
through an internal oscillator and takes an ensured maximum time of togny to complete. Following conversion,

several internal blocks are powered down to reduce power consumption. This phase of power-down is referred to
as NAP mode. The ISL73141SEH stays in NAP mode until the next rising edge of CS where the ISL73141SEH is
fully powered up.

The following is an example of timing calculation in an application operating the ISL73141SEHMF7 at 1Msps.
When deriving timing it is imperative to use the appropriate maximum and minimum specifications. The CS input
must be held high for 40ns (tcgy). The time between the falling edge of CS and the rising edge of BUSY is a

maximum of 30ns (tgysyLn)- The conversion time (tcony) is @ maximum of 660ns. To clock the data out of the
ADC there must be 14 rising edges of SCK (treapout)- The 14th SCK falling edge must be coincident with the
rising edge of CS for the subsequent sample. Using the maximum SCK frequency of 50MHz yields:

13 x20ns+10ns = 270ns

Note: The 14th SCK edge is coincident with the rising edge of CS so there is only a 1/2 period for the 14th SCK.
To calculate and validate the sample timing use Equation 1:

(EQ.1)  toyc = tesH T tBusyLH Ttcony TtREADOUT

For a sample rate of 1Msps using the timing calculates to:

tCYC = 40ns +30ns +660ns + 270ns = 1000ns
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5.4 Convert Start (&) Pin

The convert start input (CS) initiates a conversion in the ISL73141SEH. The input logic level of CS is determined
by the DV ¢ supply voltage, which operates across a range of 2.2V up to 3.6V. A falling edge on this input starts a
new conversion. The conversion is timed using an internal oscillator. The logic state of the CS pin controls the
state of the SDO pin. A logic high on the cS pin disables the SDO pin driver resulting in a high-impedance state
on the SDO pin. A logic low on the CS pin enables the SDO driver (unless PD is low) and allows data to be read
out following a conversion.

5.5 Power Down (ﬁ) Pin

The ISL73141SEH has a power down pin that is active low (ﬁ). When this pin is asserted the ISL73141SEH is
powered down to <50uW of total power dissipation. If PD is asserted during a conversion, the conversion is halted
and the SDO pin is held in high impedance (high-Z). The input logic level of PD is determined by the DV supply
voltage, which operates across a range of 2.2V up to 3.6V. There is an internal 500kQ pull-up resistor connected
to DV on this pin.

5.6 Reference Input (REF) Pin

The ISL73141SEH has a voltage reference input that determines the full scale input range. The input voltage
range of this pin is from 1.95V to 3.6V (ISL73141SEHMFN) or 3.9V to 4.2V (ISL73141SEHMF7). Decouple this
pin to ground with a high quality, low ESR 10uF ceramic capacitor. Renesas recommends using a capacitor with a
voltage rating of 10V or greater and to place the capacitor as close as possible to the REF pin.

Use a low noise, low temperature drift reference to drive this pin. Input noise from the input reference directly
impacts the noise performance of the device. Temperature drift of the external reference affects the full scale error
for the over-temperature of the device.

5.7 ISL73141 Transfer Function

Figure 56 gives the transfer function of the device. Code transitions in the digital outputs bits of the device occur at
midway points between successive integer LSB values that range from 0.5 LSB, 1.5 LSB, 2.5 LSB, 3.5 LSB... and
FS-3.5LSB, FS-25LSB, FS-1.5LSB, FS - 0.5 LSB. The device is a 14-bit ADC with an output code range in

decimal from 0 to 2N-1 where N = 14, making the total code range 0 to 16383 inclusive.

1111111111 1111
111111 1111 1110

Digital Output Code
e 6 o6 o o o o o

00 0000 0000 0001
00 0000 0000 0000
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Figure 56. ISL73141SEH Transfer Function
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5.8 Power Supply Sequencing
The ISL73141SEH does not have any specific power sequencing requirements when increasing the supply

voltages. IMPORTANT: You must follow the guidelines in the recommended operating conditions and take care in
observing the maximum supply voltage conditions outlined in the Absolute Maximum Ratings section.

5.9 Analog Input (AIN) Pin

The ISL73141SEH supports single-ended input drive only. IMPORTANT: Ensure that proper grounding techniques
and supply decoupling are used in circuit board layout to achieve optimum performance. The ISL73141SEH
evaluation board can be used as a guide for proper circuit optimization. The analog input is a high-impedance
input that exhibits a capacitive load of approximately 15pF during sample mode and 3pF during hold mode. Due to
the high bandwidth (50MHz) of the analog input, Renesas recommends using an Anti-Alias Filter (AAF)
appropriate for the desired application. It is not required to operate the ISL73141SEH with an input amplifier, but it
can improve performance and/or provide gain in certain applications. An example topology is given in Figure 57,
which uses a driver amplifier and an RC input filter. Care must be taken to choose an amplifier with low noise and
distortion because the ADC performance is directly impacted. It is also important to choose feedback resistance
values that are less than 1kQ (typically, 100Q to 200Q) to minimize the impact of resistor thermal noise. The noise
of the resistor is directly related to its value by Equation 2.

(EQ. 2) Power Spectral Density (PSD) = 4kTR (V2/Hz)

where

» k = Boltzmans constant (1.38 x 10-23)
= T = Temperature in Kelvin (room temperature = 27°C = 300K)
* R =Resistance value

At the input to the ADC, a simple RC filter should be sufficient for most applications. Choose the RC circuit values
appropriately for the application. A low-value resistor (Rg < 50) is recommended for low noise performance. Add a
high-quality shunt capacitor (Cp) as close as possible to the AIN pin to shunt charge kickback from the ADC
during sampling and to limit the input bandwidth to the ADC. The recommended values for the Cp range is from
220pF to 680pF. Larger values for Cp can be used for slower conversion rates.

Analog
Input AIN

ISL73141SEH

GND

Figure 57. ISL73141SEH Analog Input Amplifier Example Circuit

Due to the switched capacitance of the analog input, Renesas recommends limiting series inductance in the
analog input path, particularly the inductance near the analog input pins of the device. Renesas also recommends
using a high quality ceramic capacitor (Cp) in shunt on the analog input that is at an appropriate value for the

required application. Choose the series resistance in the analog input circuit based on the output impedance of
the driver amplifier and the application requirements. An example topology is given in Figure 58, which converts a
0V input common-mode voltage to the ADC input common-mode voltage of Vrgg/2. This circuit is employed on

the ISL73141SEH evaluation board to allow the ADC to be driven from various types of signal generators.
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ISL73141SEH

GND

I

Figure 58. ISL73141SEH Common-Mode Conversion Amplifier Example Circuit

It is important to understand the settling time associated with the analog input of the ISL73141SEH and the
impacts of Rg and Cp. To allow the ISL73141SEH to accurately resolve the input signal, it is important that the

input signal is settled completely before the signal is sampled by the ISL73141SEH. To meet the datasheet
specifications, the settling time must be met for the input signals on the analog input of the ISL73141SEH. To
accurately resolve to 1 LSB, the settling time is defined by Equation 3:

1 —t/7
(EQ. 3) N €
2

Simplifying this results in Equation 4:

(EQ.4) @) - 75

Solving for t results in:

N
t =-txIn(27), which can be written as t = N xtx In(2) and further simplified to t = 0.693 x N x t.

Settling time is t, Rg x Cp is 1, and the resolution of the ADC is N.

The ISL73141SEH is a 14-bit ADC, which means the settling time to attain 1 LSB accuracy is 9.7 x 1. For
example, the ISL73141SEHEV1Z evaluation board employs a 24Q) resistor for Rg and a 470pF capacitor for Cp,

which means that the required settling time would be t = 0.693 x 14 x 24Q x 470pF = 109.4ns. If different Rg and
Cp values are used, calculate the settling time for those conditions. These calculations assume the settling time of
the input network Rg and Cp are much larger than the settling time of any amplifier driving the ISL73141SEH

analog input. If this is not the case, the settling time of the input network must be root-sum-squared with the
settling time of the amplifier to determine the required settling time using Equation 5:

(EQ.5) - /\/(tAMP)2+(tRC)2
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6. Die and Assembly Characteristics

Table 1. Die and Assembly Related Information

Die Information

Dimensions

2410pm x 3910um (95 mils x 154 mils)
Thickness: 483um +25pm (19 mils £1 mil)

Interface Materials

Passivation

Oxide/Nitride Total Thickness 24.5 kA

Top Metallization

Top metal/Bond Pad Composition
99.5% Al, 0.5%Cu

Process 0.25um CMOS
Assembly Information

Substrate Potential GND
Additional Information

Transistor Count 37700

Weight of Packaged Device

0.572 grams (typical) - K14.A package

Lid Characteristics

Finish: Gold
Lid Potential: Connected to package Pin 14 (DGND)
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7. Package Outline Drawing

The package outline drawing is located at the end of this document and is accessible from the Renesas website.
The package information is the most current data available and is subject to change without revision of this

document.

8. Ordering Information

AV Radiation Package
1 ce Hardness ag Package | Carrier Temp
Part Numberl'] Supply (Total lonizin Description Drawin Type Range
Voltage 9 (RoHS Compliant) 9 yp 9
Dose)
ISL73141SEHMFN 3.3V 14 Ld CDFP
LDR to 75krad(Si) | o @900 Deviee
ISL73141SEHMF7 5V (s -V E)"’e 55 to
creenin
9 K14.A Tray +125°C
2
ISL73141SEHFN/PROTOI2 3.3V A 14 Ld CDFP
ISL73141SEHF7/PROTOI2] 5V Packaged Device
ISL73141SEHFNEV1Z03] Single IC Evaluation Board for ISL73141SEHMFN
ISL73141SEHF7EV1Z[3] Single IC Evaluation Board for ISL73141SEHMF7

1. These Pb-free Hermetic packaged products employ 100% Au plate - e4 termination finish, which is RoHS compliant and compatible with

both SnPb and Pb-free soldering operations.

2. The /PROTO is not rated or certified for Total lonizing Dose (TID) or Single Event Effect (SEE) immunity. These parts are intended for
engineering evaluation purposes only. The /PROTO parts meet the electrical limits and conditions across the temperature range specified
in this datasheet. These part types do not come with a Certificate of Conformance.

3. Evaluation board uses the /PROTO parts and /PROTO parts are not rated or certified for Total lonizing Dose (TID) or Single Event Effect

(SEE) immunity.

9. Revision History

Rev. Date

Description

5.03 Mar 14, 2025

Updated POD to the latest version; changes are as follows:
= Corrected typo in the dimension of the bottom ceramic pedestal width.

5.02 Feb 12, 2025

Updated POD to the latest version; changes are as follows:

= Applied latest template

= Corrected typo in the mm value for dimension E1 from 7.11 to 7.37mm (i.e. the dim equivalent to E1 from
the table in the previous revision) to make it equal to the 0.290 inch dim & compliant to MIL-STD-1835

5.01 Nov 18, 2024

Added AIN Input Current spec and note to Absolute Maximum Ratings section.

Applied new template.

5.00 May 1, 2024 Updated Features section.

Updated boldface statements for all EC tables.

Added Feature bullet.
4.2 Feb 23, 2023 Removed Related Literature.

Updated Ordering information table package descriptions.
4.1 Jun 24, 2021 Added the Die and Assembly Characteristics section.

4.0 May 14, 2021

Updated Ordering information table formatting.
Updated the SDO Data Valid Delay from SCK* specs changed 5V operation maximum from 16ns to 18.5ns
and changed 3.3V operation maximum from 24ns to 25n.
Updated Figures 5 and 54.

3.1 Jan 28, 2021

Added ESD circuits to the pin description table.
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Rev. Date Description

Corrected typo in the REF pin description by changing the capacitor value from 10F to 10uF.

Updated the Effective Number of Bits minimum value on page 7 from 12.8 to 12.5 for 5V specification table.
Updated the Analog Supply Current - Active test condition changed from 1MSPS to 750ksps in the 3.3V
specification table.

3.0 Dec 9, 2020

Changed Radiation Tolerant to Radiation Hardened in Title and throughout datasheet.

Updated 3rd paragraph of description on page 1.

Pin Description table: updated pin 3/REF input range.

2.0 Oct 21, 2020 Recommended Operating Conditions and Electrical Spec tables: updated Reference Input Voltage, VREF
from 1.5V to: 1.95 for ISL73141SEHMFN) and 3.9V for ISL73141SEHMF7)

Updated Figures 18, 19, 20, 42, 43, 44

Reference Input (REF) Pin section, page 22: updated input voltage range

1.0 Sep 1, 2020 Initial release
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Package Outline Drawing
14 Lead Ceramic Metal Seal Flatpack Package
POD Number: K14.A, Revision no: 02, Date Created: Mar 4, 2025

/A

0.05(1.27) f=—1—0.290(7.37) Max
BSC — ! B, |
s . — A b A
I = R 3 A 0.390(9.91) Max
|:|: PinNo.1 H———4
L ID Area N
EAd - - B A
|:|: :':I
0.022(0.56) 0.005(0.13)
* 0.015(0.38) I—'— :':I
L i :|:| *
4[0.004@[H][A-BO[DO |
Top Vew [©[0.036@[H]A-B®[DE
0.115(2.92)
0.045(1.14) | , 0.260(6.60)
I | 0.235(5.97) [D- 0.009(0.23)
_{ 0.004(0.10)
ex T H
~oosanft o .| | gggggg))
0'02X'66) M.n o 125(3.18) Min ’ '
A Side View
0.006(0 Lead
0.004(0 Finish 0.009(0
{ 0.004(0
Base Metal
0.0015(0.04) Max J ——|~—}—  0.0015(0.04) Max
oo | —toas
0.015(0.38) ' 015(0.38)

Notes:

1 Index area: A notch or a pin one identification mark shall be located adjacent to
pin one and shall be located within the shaded area shown. The manufacture's
identification shall not be used as a pin one identification mark.

This dimension allows for off-center lid, meniscus, and glass overrun.

AThe maximum limits of lead dimensions (section A-A) shall be measured at
the centroid of the finished lead surfaces, when solder dip or tin plate finish
is applied.

Measure dimension at all four corners.

@For bottom-brazed lead packages, no organic or polymeric materials

shall be molded to the bottom of the package to cover the leads.

@This dimension shall be measured at the point of exit (beyond the meniscus)
of the lead from the body. This dimension's minimum shall be reduced by
0.0015 inch (0.038mm) maximum when solder dip lead finish is applied.

7. Dimensioning and tolerancing per ANSI Y14.5M - 1982.
8. Dimensions: INCH(mm). Controlling dimension: INCH.
9. Compliant to MIL-STD-1835 CDFP3-F14 (F-2A, CONFIGURATION B).
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RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
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These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
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alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
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