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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
28mW.

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

Features

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 I/O supply

Low power: 60mW at 1Msps

o AVge =5V, DV = 2.5V

Power-down mode with <50uW power consumption
High speed SPI-compatible serial 1/0

Full military temperature range operation

o Tp =-55°C to +125°C

Radiation acceptance testing

o LDR (0.01rad(Si)/s): 75krad(Si)

SEE hardness (see SEE report for details)

o No SEB/SEL LETry (AVec = 6.3V):
86MeV+cm2/mg

o No SEFlIs at LET 86MeV+cm2/mg

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

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

0
\ \
1.0 .20 AIN = -1dBFS ]
SNR = 82.1dBFS
— -40 SINAD = 81.9dBFS
0.5 ‘g 60 SFDR = 108dBFS
Z
@ S 80
3 00 3
z S -100
- &
0.5 -120
-140
-1.0 -160
0 2048 4096 6144 8192 10240 12288 14336 16384 (] 100 200 300 400 500
Output Code Frequency (kHz)
Figure 1. INL vs Output Code Figure 2. 32k FFT - 105.3kHz
R34DS0012EU0402 Rev.4.2 o om” Page 1 of 27
Feb 23, 2023 intersil © 2020-2023 Renesas Electronics


https://www.renesas.com/ISL73141SEH
https://www.intersil.com/content/dam/Intersil/documents/an18/an1897.pdf
https://www.renesas.com/ISL73141SEH#documents

ISL73141SEH

Contents
1. L0 1Y 3
1.1 Typical Application Schematic . ........ ... . . . . . . . 3
1.2 Functional Block Diagram . . ... ... 3
1.3 Ordering Information . . . ... ... 4
2, PinInformation . ... ... . . . e e e 4
2.1 Pin ASSIgNmeENnts . . . .. 4
2.2 Pin DesCriplioNS . . .o 4
3. Specifications . ... ... .. i it a e e e e, 6
3.1 Absolute Maximum Ratings .. ... .. 6
3.2 Thermal Information . .. ... .. e 6
3.3 Recommended Operating Conditions . . . .. ... .. . 6
3.4 Electrical Specifications . .. ... . . . 7
3.5 Timing Specifications . . ... .. . 10
3.6 TIMING Diagrams . . . ... e 11
4. Typical Performance CUIVeS . .. ........ ..ttt it iaa e eat e aaenaareaanenannenn 12
4.1 B0V CUIVES . .ot 12
4.2 3.3V CUIVES . .ot e 16
5. Applications Information ........ ... .. i et e 20
5.1 OVEIVIBW . . .o e e 20
5.2 Serial Interface and BUSY .. ... . 20
5.3 Operational Phases and TiIMING . ... ...ttt e e e e 20
54 Convert Start (CS) Pin .. ... 22
5.5 Power Down (PD) Pin . ... 22
5.6 Reference Input (REF) Pin . ... .. e 22
5.7 ISL73141 Transfer Function ... ... ... . . e e 22
5.8 Power Supply SEqUENCING . .. . ..o i e 22
5.9 Analog Input (AIN) Pin ... 23
510 PacKage . ... 24
6. Die and Assembly Characteristics ............. ... ittt e e enaa s 25
7. ReVIiSION History .. ... ... i i i i it sttt s e e aaaanaanasens e nnnns 26
8. Package Outline Drawing . . . ... ...ttt it ettt et e e annens 27

R34DS0012EU0402 Rev.4.2 . e
Feb 23, 2023 intersil

Page 2 of 27



ISL73141SEH 1. Overview

1. Overview

1.1 Typical Application Schematic
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Figure 3. Typical Application Example Circuit

1.2  Functional Block Diagram

AvVCC GND Dvcc
1 1 1
L L]
ReF| |
AIN[] + Tri-State
sPI Driver
14-Bit Sampling SAR ADC | Port —p J SDO
A A
cs| | >
Timing and Control Logic
SCK > 9 g » |Busy
= ]

Figure 4. ISL73141SEH Block Diagram
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ISL73141SEH 2. Pin In formation
1.3  Ordering Information
AVcc Supply | Radiation Hardness | Package Description | Package Carrier Temp

Part Number (Note 1) Voltage (Total lonizing Dose) | (RoHS Compliant) Drawing Type Range
ISL73141SEHMFN 3.3V LDR to 75krad(Si) 14 Ld CDFP Packaged K14.A Tray -55to +125°C
ISL73141SEHMF7 5V Device (QML-V Level

Screening)

ISL73141SEHFN/PROTO Note 2 3.3V N/A 14 Ld CDFP Packaged
ISL73141SEHF7/PROTO Note 2 5V Device

ISL73141SEHFNEV1Z Note 3 Single IC Evaluation Board for ISL73141SEHMFN

ISL73141SEHF7EV1Z Note 3 Single IC Evaluation Board for ISL73141SEHMF7

Notes:
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

2. PinIn formation
21 Pin Assignments
Connected to LID
Avcc | 1< 14 | GND
GND | 2 13 | bvcc
REF | 3 12 | SDO
GND | 4 1" ] SCK
AIN | 5 10 | GND
GND | 6 9 | 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.
Top View
2.2 Pin Descriptions
ESD
Pin Number | Pin Name Circuit Description
1 AVCC 1 Analog supply. The supply range is 3V to 3.6V (ISL73141SEHMFN) or 4.5V to 5.5V
(ISL73141SEHMF7). Bypass this pin to GND with a 10puF ceramic capacitor.
2,4,6,10, 14 GND - Analog and digital supply ground. Connect these pins directly to the PCB GND plane. Pin 14
(GND pin) is electrically connected to the package seal ring and lid.

R34DS0012EU0402 Rev.4.2
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ISL73141SEH

2. Pin In formation

ESD
Pin Number | Pin Name Circuit Description

3 REF 1 Reference input. The input range of REF is 1.95V to AV for the ISL73141SEHMFN and 3.9V
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.

8 cs 2 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.

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

9 BUSY 3 Busy output. A logic high indicates a conversion is in progress. The BUSY indicator returns low
following the completion of a conversion. Logic levels are determined by DVc.

11 SCK 2 Serial data clock input. When CS is low and the BUSY indicator is low, the conversion result is
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.

12 SDO 3 Serial data output. The current conversion result is serially shifted out on this pin on the rising
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 DvCC 1 Digital I/O 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.
pvcc
Pi
1,3, 5,"11:?! Pins 6000
7.8 1 Pins
9,12
Circuit 1 Circuit 2 Circuit 3
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ISL73141SEH 3. Specifications

3. Specifications

3.1 Absolute Maximum Ratings

Parameter Min Max Unit
Supply Voltage (AVcc, DVce) -0.3 6.4
Supply Voltage (AV¢c) (Note 5) -0.3 6.3 \Y
Supply Voltage (DV¢) (Note 5) -0.3 4.6 \%
AN, REF (Note 4) -0.3 AVge +0.3 \
AN, REF (Notes 4, 5) -0.3 5.1 v
Digital Input Voltage (PD, CS, SCK) 0.3 DVce + 0.3 Y,
Digital Output Voltage (BUSY, SDO) -0.3 DV¢c + 0.3 \Y

ESD Rating Value Unit
Human Body Model (Tested per MIL-STD-883 TM3015.7) 2.5 kV
Charged Device Model (Tested per JS-002-2014) 600 \Y

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.
Notes:

4. AIN voltage should not exceed REF voltage by more than 300mV or device damage can occur.

5. Tested in a heavy ion environment at LET = 86MeV+-cm2/mg at 125°C.

3.2 Thermal Information

Thermal Resistance (Typical) 0, (°C/W) 0,c (°C/W)

CDFP Package K14.A (Notes 6, 7) 34 6

Notes:
6. 6, is measured in free air with the component on high-effective thermal conductivity test board with direct attach features. See TB379.

7. For 6,¢, the case temperature location is the center of the package underside.

Parameter Min Max Unit
Maximum Junction Temperature - +150 °C
Storage Temperature Range -65 +150 °C

3.3 Recommended Operating Conditions

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

R34DS0012EU0402 Rev.4.2
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ISL73141SEH

3. Specifications

3.4  Electrical Specifications
3.41 ISL73141SEHMF7 - 5V Operation
AVc =5.0V; DVe = 2.5V, REF =4.096V, GND = 0V, fgamp = 1Msps, Ay = -1dBFS; Tp = -55°C to +125°C, unless otherwise noted.
Min Typ Max
Parameter Symbol Test Conditions (Notes 9, 10) | (Note 8) | (Notes 9, 10) 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 Measured with input connected to VREF -7 11 7 LSB
Full Scale Error Drift FSED | Measured with input connected to VREF +0.004 LSB/°C
Dynamic Accuracy
Signal to Noise Ratio SNR | Fjy = 105kHz 80 82.1 dBFS
Signal to Noise + Distortion SINAD | Fy = 105kHz 79 81.9 dBFS
Ratio
Effective Number of Bits ENOB | Fy = 105kHz 12.5 13.3 bits
Total Harmonic Distortion THD | Fin = 105kHz, first five harmonics 85 92 dBFS
Spurious Free Dynamic Range SFDR | Fiy = 105kHz, first five harmonics 90 108 dBFS
excluded
Input Bandwidth G Source impedance = 25Q, -3dB point 50 MHz
Aperture Delay tap cs falling edge to sample edge 2.5 ns
Aperture Jitter tAITTER 1 PSRMS
Analog Input Characteristics (A|y)
Input Voltage Range, A|y AN Recommended operating condition 0 VREF
Absolute Input Range, Ay -0.1 AVge + 0.1
Input Leakage Current IAIN -1 1 pA
Input Capacitance Sample Mode 15 pF
Hold Mode 3 pF
Reference Input Characteristics (REF)
REF Input Voltage Range VREF 3.9 4.2 \Y
REF Input Current IREF 135 200 pA
Power Supply Characteristics (AVCC, DVCC)
Analog Supply Voltage AVce 4.5 5.5 \Y
Analog Supply Current - Active lavee | Active, fsamp = 1Msps 12 14.5 mA
Analog Supply Current - Static Istatic | CS held High 4.3 7 mA
Analog Supply Current - Sleep | Is avee PD held Low 4.8 12 pA
Digital Supply Voltage DV¢ce 2.2 3.6 Vv
Digital Supply Current - Active Ibvee | fsck = 50MHz 72 90 pA
Digital Supply Current - Static Istpvee CS held High 26.4 35 pA
Digital Supply Current - Sleep lstovee | PD held Low 6 8 [VIaN
R34DS0012EU0402 Rev.4.2 o om" Page 7 of 27
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ISL73141SEH

3. Specifications

AVec = 5.0V; DV = 2.5V, REF = 4.096V, GND = 0V, fgayp = TMsps, Ay = -1dBFS; T = -55°C to +125°C, unless otherwise noted. (Cont.)

Min Typ Max
Parameter Symbol Test Conditions (Notes 9, 10) | (Note 8) | (Notes 9, 10) Unit
Pp PacTive | Sample rate = 1Msps 60 72.8 mwW
Pstaic | CS held High 21.6 35.1 mw
PsLeep | PD held Low 39 80 uw
Digital Inputs and Outputs (PD, CS, SCK, BUSY, SDO)
High Level Input ViH 0.8*DV¢c
Low Level Input ViL 0.2*DV¢c
Input Current (CS, SCK) IIN VN =0V to DV -1 1 pA
Input Capacitance Cin 5 pF
High Level Output Von | DV¢c - Output, 1 = -500pA DVgc - 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 DV 10 mA
Hi-Z Output Leakage Current loz Vout = 0V to DV -1 1 pA
PD Input Resistance RinppL | Internal pull-up resistance to Dycc 400 500 600 kQ
3.4.2 ISL73141SEHMFN - 3.3V Operation
AV = 3.3V; DV = 2.5V, REF = 3.0V, GND = 0V, fgamp = 750ksps, Ajy = -1dBFS; T = -55°C to +125°C, unless otherwise noted.
Min Typ Max
Parameter Symbol Test Conditions (Notes 9, 10) | (Note 8) | (Notes 9, 10) Unit
Converter Characteristics
Resolution 14 bits
No Missing Codes 14 bits
Transition Noise RMS noise, 14-bit LSB 0.4 LSBrms
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
Zero Scale Error Drift, VOFFD | Measured with input grounded +0.01 LSB/°C
Full Scale Error FSE Measured with input connected to -7 +1 7 LSB
VREF
Full Scale Error Drift FSED | Measured with input connected to - +0.02 - LSB/°C
VREF
Dynamic Accuracy
Signal to Noise Ratio SNR | Fjy = 105kHz 77 80.3 dB
Signal to Noise + Distortion Ratio | SINAD |F;y = 105kHz 76 80.1 dB
Effective Number of Bits ENOB | Fy = 105kHz 12.3 12.8 bits
Total Harmonic Distortion THD | Fjn = 105kHz, first five harmonics 85 92 dB
Spurious Free Dynamic Range SFDR | Fjy = 105kHz, first five harmonics 90 108 dB
excluded
Input Bandwidth Source impedance = 25Q, -3dB point 50 MHz
Aperture Delay taD cs falling edge to sample edge 4 ns
Aperture Jitter tAITTER 1 PSRMS
R34DS0012EU0402 Rev.4.2 Page 8 of 27
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ISL73141SEH 3. Specifications

AV¢e = 3.3V; DV = 2.5V, REF = 3.0V, GND = 0V, fgayp = 750ksps, Ajy = -1dBFS; T, = -55°C to +125°C, unless otherwise noted. (Cont.)

Min Typ Max
Parameter Symbol Test Conditions (Notes 9, 10) | (Note 8) | (Notes 9, 10) Unit
Analog Input Characteristics (A|y)
Input Voltage Range, Ay AN Recommended operating condition 0 VREF
Absolute Input Range, Ay -0.1 AV + 0.1
Input Leakage Current IAN -1 1 uA
Input Capacitance Sample Mode 15 pF
Hold Mode 3 pF
Reference Input Characteristics (REF)
REF Input Voltage Range VREF 1.95 AVece \Y
REF Input Current IREF 82 150 pA
Power Supply Characteristics (AV¢c, DV¢c)
Analog Supply Voltage AVce 3 3.6 \Y
Analog Supply Current - Active lavec | 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 IsLavee | PD held Low 4.6 10 MA
Digital Supply Voltage DVce 2.2 3.6 \%
Digital Supply Current - Active Ipvee | fsck = 38MHz, 10pF load 70 90 pA
Digital Supply Current - Static Istovee | CS held High 27 35 MA
Digital Supply Current - Sleep IsLovee PD held Low 6 8 pA
Pp PacTive | Sample rate = 750ksps 28 33.9 mw
PsTatic | CS held High 12.3 21.6 mwW
PsLeep | PD held Low 30.2 53 uw
Digital Inputs and Outputs (PD, CS, SCK, BUSY, SDO)
High Level Input ViH 0.8"DVcc
Low Level Input ViL 0.2*DV¢c
Input Current (CS, SCK) IN | Vin=0VtoDVee -1 1 HA
Input Capacitance Cin 5 pF
High Level Output VoH DV¢c - Output, 1o = -500pA DVgc - 0.2
Low Level Output VoL lo = 500pA 0.2
Output Source Current Iskc | 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 MA
PD Input Resistance RinpoL | Internal pull-up resistance to Dycc 400 500 600 kQ

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

9. Parameters with MIN and/or MAX limits are 100% tested at -55°C, +25°C, and +125°C, unless otherwise specified.
10. Limits valid post radiation test with LDR [0.01rad(Si)/s] at 75krad(Si).
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ISL73141SEH 3. Specifications

3.43 ISL73141SEHMF7 - 5.0V Operation Burn-In Deltas

AV = 5.0V; DV = 2.5V, REF = 4.096V, GND = 0V, fgapmp = 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 Fn = 105kHz -1 1 dBFS
Effective Number of Bits ENOB | Fy = 105kHz -0.2 0.2 bits

3.44 ISL73141SEHMFN - 3.3V Operation Burn-In Deltas

AV = 3.3V; DV = 2.5V, REF = 3.0V, GND = 0V, fgamp = 750ksps, Ajy = -1dBFS; T = +25°C;unless otherwise noted.

Parameter Symbol Test Conditions Min e Unit
Integral Non-Linearity INL Measured with full scale input signal -0.5 0.5 LSB
Signal to Noise Ratio SNR F\n = 105kHz -1 1 dBFS
Effective Number of Bits ENOB | Fjy = 105kHz -0.2 0.2 bits

3.5 Timing Specifications

3.5.1 5V Operation

AVcc =4.5V 10 5.5V; DV = 2.2V to 3.6V, REF = 4.096V, GND = 0V, fgapmp = 1Msps, Ajy = -1dBFS; Tp = -55°C to +125°C, unless otherwise
noted.

Min Typ Max

Parameter Symbol Test Conditions (Notes 9, 10) | (Note 8) | (Notes 9, 10) Unit
Timing Characteristics
Maximum Sampling Frequency fsamp 1 MHz
Conversion Time tcony BUSY Output High Time 595 665 ns
CS High Time tosh 40 ns
SCK Held Low to CS| tQuieT 40 ns
CS Falling Edge to BUSY? tBUSYLH C_ = 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 BUSY| | tpgysyLspov | CL = 10pF -2.6 0 ns
SDO Data Valid Delay from SCK?t tosckspov | CL = 10pF 18.5 ns
SDO Data Valid Hold Time from thspov C_ = 10pF 8 13 ns
SCK1
SDO Bus Acquisition Time from tocstspoL | CL = 10pF 11 20 ns
CS|
SDO Bus Relinquish Time after tbcshspoz | CL = 10pF 12 20 ns
CSt
Wake-Up time from Power-Down twaAKE Time to wait after PD1 to first 20 us
Mode sample

R34DS0012EU0402 Rev.4.2
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ISL73141SEH

3. Specifications

3.5.2 3.3V Operation
AV = 3.0V to 3.6V; DV = 2.2V to 3.6V, REF = 3.0V, GND = 0V, fgapmp = 750ksps, Ay = -1dBFS; T = -55°C to +125°C, unless otherwise
noted.
Min Typ Max
Parameter Symbol Test Conditions (Notes 9, 10) | (Note 8) | (Notes 9, 10) | Unit
Timing Characteristics
Maximum Sampling Frequency fsamp 750 kHz
Conversion Time tcony BUSY Output High Time 760 850 ns
CS High Time tosy 50 ns
SCK Held Low to CS| tQuieT 50 ns
CS Falling Edge to BUSY? tsusytH | 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| | tpgusyLspov | CL = 10pF -5 0 ns
SDO Data Valid Delay from SCKt tpsckspov | CL = 10pF 25 ns
SDO Data Valid Hold Time from thspov C_ = 10pF 8 16 ns
SCK1?
SDO Bus Acquisition Time from CS| toesLspor | CL = 10pF 12 30 ns
SDO Bus Relinquish Time after CS1 | tpcsuspoz | CL = 10pF 14 30 ns
Wake-Up time from Power-Down twaAKE Time to wait after PD1 to first 20 us
Mode sample
3.6 Timing Diagrams
> < Acquire
Acquire « Convert >i< Nap and Readout —>___
cs e teey —
—> i< tgysyn I ¢ tock
M -
[ e—ter— P LT L L
1 2 ) : 12 E 13 14
_/- L — = B13>< B12 X i’t’i‘ >< B_3> X<_BZ >< B1 ><B0 th
—> % tpegispoL 7% tosusvisoov tDSCt;SDO_V> 4 tusoov
< tesn > e tcow e treaDOUT tDCSHSDOZ_: +
« teve >

Serial Data Bits B[13:0] Correspond to the Current Conversion

Figure 5. ISL73141SEH Operational Timing Diagram
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ISL73141SEH

4. Typical Performance Curves

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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ISL73141SEH 4. Typical Performance Curves

Unless otherwise noted, AV = 5.0V; DV = 2.5V; iy = 105.3kHz; fgamp = 1Msps; Tp = +25°C (Cont.)
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ISL73141SEH 4. Typical Performance Curves

Unless otherwise noted, AV = 5.0V; DV = 2.5V; iy = 105.3kHz; fgamp = 1Msps; Tp = +25°C (Cont.)
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ISL73141SEH

4. Typical Performance Curves

Unless otherwise noted, AV = 5.0V; DV = 2.5V; iy = 105.3kHz; fgamp = 1Msps; Tp = +25°C (Cont.)
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ISL73141SEH

4. Typical Performance Curves

4.2 3.3V Curves

Unless otherwise noted, AV = 3.3V; DV = 2.5V, fiy = 105.3kHz; fgamp = 750ksps; Tp = +25°C
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ISL73141SEH 4. Typical Performance Curves

Unless otherwise noted, AV = 3.3V; DV = 2.5V, fiy = 105.3kHz; fgapmp = 750ksps; T = +25°C (Cont.)
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ISL73141SEH 4. Typical Performance Curves

Unless otherwise noted, AV = 3.3V; DV = 2.5V, fiy = 105.3kHz; fgapmp = 750ksps; T = +25°C (Cont.)
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ISL73141SEH

4. Typical Performance Curves

Unless otherwise noted, AV = 3.3V; DV = 2.5V, fiy = 105.3kHz; fgapmp = 750ksps; T = +25°C (Cont.)
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ISL73141SEH 5. Applications Information

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 1IS73141SEH 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 (A;y) 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 fjy =2 500kHz with fgapp = 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 [ 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 54 shows the basic timing of the ISL73141SEH in a
conversion cycle.
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ISL73141SEH 5. Applications Information
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Figure 54. ISL73141SEH Timing Diagram

The following are the three phases of operation in the ISL73141SEH that are shown in Figure 54.
» 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 tcony 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 (tcsy). The time between the falling edge of CS and the rising edge of BUSY is a
maximum of 30ns (tgysyLH)- 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) teve = tesHt tBusyLH T tcony T tREADOUT

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

tCYC = 40ns +30ns +660ns + 270ns = 1000ns
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ISL73141SEH 5. Applications Information

54 Convert Start (CS) Pin

The convert start input (@) 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 <50pW 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 55 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, 1.5LSB, 2.5 LSB, 3.5LSB... 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.

11111111111111
111111 11111110

Digital Output Code

00 0000 0000 0001
00 0000 0000 0000

o [ J [ J [ ] [ J [ J [ J [ J

ADC Input Voltage

1LSB
21LSB
FS-1LSB
FS

Figure 55. ISL73141SEH Transfer Function

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.
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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 56, 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
Ce

GND

o——e

Figure 56. 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 57, which converts a
0V input common-mode voltage to the ADC input common-mode voltage of Vreg/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 5. Applications Information

ISL73141SEH

GND

Figure 57. 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:

2N

Simplifying this results in Equation 4:

EQ.4)  In@Y)=-

A+

Solving for t results in:

N
t = -txIn(2"), which can be written as t = N x tx 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) t = Al(tAMP)Z +(tRC)2

5.10 Package

The ISL73141SEH is available in a 14 Ld hermetically sealed Ceramic Dual Flatpack (CDFP) package (see
Package Outline Drawing). Pin 14 (GND) is connected to the package seal ring and the package lid.
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6. Die and Assembly Characteristics

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 +25um (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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ISL73141SEH 7. Revision History

7. Revision History

Rev. Date Description

4.2 Feb 23, 2023 Added Feature bullet.
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.

3.0 Dec 9, 2020 Corrected typo in the REF pin description by changing the capacitor value from 10F to 10pF.

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.

2.0 Oct 21, 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.

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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ISL73141SEH 8. Package Outline Drawing

8. Package Outline Drawing

For the most recent package outline drawing, see K14.A.

K14.A MIL-STD-1835 CDFP3-F14 (F-2A, Configuration B)

:4\ EE: A A 14 Lead Ceramic Metal Seal Flatpack Package (CDFP)
= A INCHES MILLIMETERS
= }—g PIN NO. 1 E SYMBOL | MIN MAX MIN MAX | NOTES
E :' A 0045 | 0.115 | 114 2.92 -
— - =] ° b 0.015 0.022 0.38 0.56 -
% E b1 0015 | 0019 | 038 0.48 ;
¢ — c 0.004 0.009 0.10 0.23 -
— :.:I i cl 0.004 0.006 0.10 0.15 -
"1 I Fi — ] ! D - 0.390 - 9.91 3
D] 0.004 W[ H[a-BE|0E)| [ 0.03 @]+ |A-B@| p(® E i 0.260 5.97 6.60 i}
E1 - 0.290 - 7.11 3
+ ? |‘— —> 15 _+_ E2 0.125 - 3.18 - -
=] E3 0.030 - 0.76 - 7
T- f |<— :‘ t j t +‘ * e 0.050 BSC 1.27 BSC -
SEATING AND k 0.008 0.015 0.20 0.38 2
BASE PLANE cl LEAD FINISH L 0.270 0.370 6.86 9.40 _
i_ Y i Q 0.026 0.045 0.66 114 8
oasE @ s1 0.005 - 0.13 - 6
{?-4—m—> T M - 0.0015 - 0.04 -
M M > [ N 14 14 -
— (o) —>] Rev. 0 5/18/94

SECTION A-A

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 manufacturer’s identification shall not
be used as a pin one identification mark. Alternately, a tab
(dimension k) may be used to identify pin one.

2. If a pin one identification mark is used in addition to a tab, the
limits of dimension k do not apply.

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

4. Dimensions b1 and c1 apply to lead base metal only. Dimension
M applies to lead plating and finish thickness. The maximum
limits of lead dimensions b and ¢ or M shall be measured at the
centroid of the finished lead surfaces, when solder dip or tin plate
lead finish is applied.

5. N is the maximum number of terminal positions.

6. Measure dimension S1 at all four corners.

7. For bottom-brazed lead packages, no organic or polymeric
materials shall be molded to the bottom of the package to cover
the leads.

8. Dimension Q shall be measured at the point of exit (beyond the
meniscus) of the lead from the body. Dimension Q minimum
shall be reduced by 0.0015 inch (0.038mm) maximum when
solder dip lead finish is applied.

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982.

10. Controlling dimension: INCH.
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