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Datasheet

ISL71148M

Radiation Tolerant 8-Channel 14-Bit 900/480ksps SAR ADC

The ISL71148M is a radiation tolerant 8-channel high
precision 14-bit, 900/480ksps SAR Analog-to-Digital
Converter (ADC). The ADC core is preceded by eight
fully differential analog input channels, a buffered
8-to-1 multiplexer, and a PGA (Programmable Gain
Amplifier). The device features a peak SNR of
83.2dBFS when operating at 900ksps. With the PGA
enabled, sampling rates up to 480ksps are supported.
The PGA can be bypassed to increase the sample
rate to 900ksps.

The product features 900/480ksps throughput with no
data latency, excellent linearity, and dynamic
accuracy. The ISL71148M offers a high-speed
SPI-compatible serial interface that supports logic
ranging from 2.2V to 3.6V using a separate digital I/O
supply pin.

The ISL71148M offers a separate low-power mode
(LPM) pin that reduces power dissipation at lower
sample rates. An external reference with a supported
input range of 2.4V to 2.6V determines the analog
input signal range.

The ISL71148M is available in a 48-lead Thin Quad
Flat-Pack (TQFP) space plastic.

Applications

* Precision signal processing

* Propulsion, payload systems

* High-end industrial

* Engine control

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

Features

Amplitude (dBFS)

Qualified to Renesas Rad Tolerant Screening and
QCI Flow (R34TB0O004EU)

8 Buffered Differential Analog Input Channels with
Multiplexer

Bypassable PGA with selectable gain (1 < G < 16)
Fully Differential Bipolar Operation

Channel Scan Sequencer

Full throughput rate with no data latency
Excellent linearity: 0.2 LSB DNL, +0.4 LSB INL
Low noise: 83.2dBFS (PGA bypassed), 77dBFS
SNR (PGA Gain = 2)

5V AV supply and 2.5V/3.3V DV supply
Analog input impedance: >1GQ, <5pF

Wide 50MHz -3dB input bandwidth

Low power mode operation at lower sample rates
High speed SPI-compatible serial 1/0

Full military temperature range operation

Tp =-55°C to +125°C

TID Radiation Lot Acceptance Testing

(LDR: 0.01rad(Si)/s)

* ISL71148M30NZ: 30krad(Si)

* ISL71148M50NZ: 50krad(Si)

SEE Characterization

« No DSEE for AV¢c = 6.2V, DV = 4.6V, and
VRer = 3.6V at 46MeV-cm2/mg

+ SEFI <3.1uym?2 at 46MeV+-cm?2/mg

T T T
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Figure 2. FFT - 20.3kHz
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1. Overview

1.1  Typical Application Schematic

Bipolar

VREF = 2.5V ==------=

COM = VREF/2 = 1.25\.

Rs

Cp

VREF = 26V ====~r-====--
A Rs
COM = VREF/2 = 1.25V.

CHO+
CHo-

CH1+
CH1-

CH2+
CH2-

CH3+
CH3-

CH4+
CH4-

CH5+
CHs-

CHeé+
CHe-

CH7+
CH7-

14-Bit ADC

SDO

Figure 3. Typical Application Example Circuit
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1.2 Functional Block Diagram

AvVCC REF
| 1
L
CHO+ BUZF
CHO-
CH1+
BUFE
CH1-
CH2+ BUE a
CH2- —®
CH3+ Tri-state
BUFE 5 S
CH3- % + Driver
a 14-Bit SAR ADC ] SDO
=
>
CH4+ BUZF =
CH4-
CH5+
BUFE A
CH5- | BUSY
CH6+
BUFE e =
CHe- N cs
CH7+ Bui < SCK
CH7- Control |« s2
Logic S
< SO0
PGABP
< G2
LPM »
< G1
PD »> < GO
Sequencer [ SCAN
—
LI
GND
Figure 4. Block Diagram
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2. Pin Information

21 Pin Assignments

GND[————11°
CH3-C——— 2
CH3+[—_— 3
GNDL_——— 4
REFC___5
AVCC[——| 6
GNDL———— 7
CH4-—— 8
CH4+[——— 9
GNDL_———]10
CH5- [ 11
CH5+[ |12

S CH2+
R[——ICHe-

&[1GND
S ICHI+
N — o7 [
S JG6ND
& [ JCHo+
R[] CHo-
[ IGND
o — )

o E—Y

-,

36 1Go
3B/ 1G1

<7} —
33 1LPM
32 1PGABP
31[_____1DvCC
30 1GND
29 __1CS
28 1SCAN
27 ]SCK
26 ______1SDO

25 BUSY

2.2 Pin Descriptions

13 14 15 16 17 18 19 20 21 22 23 24
O & + O & + oo o n a o
z £ ¢ =z £ 5 =z z O g 2 O
5o 500 500 2 & =

Figure 5. Pin Assignments - Top View

Pin Number Pin Name I.ESD. Description
Circuit
1,4,7,10,
13, 16, 19, - o
20 23. 30 GND - Analog and digital supply ground. Tie directly to the PCB ground plane (GND).
40, 43, 46
6,21 AVCC 1 Analog supp_ly. The sypply range is 4.5V to 5.5V. Bypass this pin to GND with a
10uF ceramic capacitor.
Reference Input. The input range of REF is 2.4V to 2.6V. The voltage at the REF
5 REF 1 pin (Vrer) defines the input range of each Analog Input Channel as 0V to Vrgg.
Bypass REF to GND with a 10uF ceramic capacitor.
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Pin Number Pin Name I.ESD. Description
Circuit

2 CH3-

3 CH3+

8 CH4-

9 CH4+

11 CH5-

12 CH5+

14 CHe6-

15 CH6+ Analog Input Channel Pairs. CHO+ to CH7+ are eight fully differential input

2 channel pairs. Each Analog Input Channel pin can be driven within the voltage

17 CH7- range from OV to VRrgg.

18 CH7+

41 CHO-

42 CHO+

44 CH1-

45 CH1+

47 CH2-

48 CH2+
Power-Down Low Input. When this input is logic low, the chip is powered down. If

22 PD 2 this occurs during a conversion, the conversion is halted, and the SDO pin is
placed in Hi-Z. DV determines logic levels. This pin has an internal 500kOhm
pull-up resistor to DVCC.
Digital I/O supply. The voltage range on this pin is 2.2V to 3.6V. DV is nominally

24, 31 DvCC 1 set to the same supply voltage as the host interface (2.5V or 3.3V). Bypass DVCC

to GND with a 0.1uF capacitor.
Busy output. A logic high indicates a conversion is in progress. The BUSY

25 BUSY 3 indicator returns low following the completion of a conversion. DV determines
logic levels.
Serial data output. The current conversion result is serially shifted on this pin on

26 SDO 3 the rising edges of SCK, from MSB first to LSB last. The data stream comprises 14
bits of conversion data followed by the channel select and gain select bits
corresponding to the conversion result. DV determines logic levels.
Serial data clock input. When CSis low, and the BUSY indicator is low, the

27 SCK 2 conversion result is shifted out on SDO on the rising edges of SCK, with the Most
Significant Bit (MSB) first to the Least Significant Bit (LSB) last. Dycc determines
logic levels. SCK should be held low when it is not being asserted.
Channel scan input. When this input is logic-high, the internal sequencer controls

28 SCAN 2 the channel selected. CHO is the first channel selected following the rising edge of
SCAN. Each subsequent channel is selected on each new rising edge of CS.
DV determines logic levels.
Convert Start Low input. A falling edge on this input completes the sampling
process and starts a new conversion. The conversion is timed using an internal
oscillator. The device automatically powers down following the conversion

29 Cs 2 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 PDis low) and
allows data to be read out following a conversion. Hold this pin low at power-up
and when in power-down or when the device is inactive.
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-

27-29, 32-39, 41, 42,
44,45,47, 48

Pin Number Pin Name I.ESD. Description
Circuit

PGA bypass mode input. When this input is logic high, the PGA is bypassed, and

32 PGABP 2 the input buffer/multiplexer directly drives the ADC. The maximum throughput rate
is increased to 900ksps. DV determines logic levels.
Low power mode input. When this input is logic high, the acquisition time is directly
controlled by the CS pin logic state held high. The ADC is automatically powered

33 LPM 2 down between conversions to reduce power consumption for lower sample rates.
This pin is a device configuration pin and should not be switched dynamically
during operation.

34 G2 . . .
Logic Inputs. These three pins program the gain of the PGA. The G2, G1, and GO

35 G1 2 logic inputs are latched internally on the rising edge of CS. DV determines logic
levels.

36 GO

37 82 Channel selection logic inputs. These three pins select the input channel passed

38 s1 2 through the input multiplexer to the PGA (or ADC if the PGA is bypassed). The S2,
S1, and SO0 logic inputs are latched internally on the rising edge of CS. DV

39 S0 determines logic levels.

Equivalent Input Circuits
. Pins
Pins 600Q
0 2,3,8,9,11,12,
5 6’511’24’ 14,15, 17,18, 22, L A4 Ai B

Sen i | o m
-
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3.

31

Specifications

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 (AVCC to GND) -0.3 6.5
Supply Voltage (AVCC to GND)['] -0.3 6.2 \Y
Supply Voltage (DVCC to GND) -0.3 4.6 \%
Supply Voltage (DVCC to GND)!'] -0.3 4.6 \Y
Reference Input Voltage (REF to GND) -0.3 3.6 \%
Reference Input Voltage (REF to GND)I'] -0.3 3.6 Y
(CHO:7+, CHO:7- to GND) Voltage 0.3 (VRer + 0.3) v
gg:iylzgtli/tl,ng?BeP()PD, CS, SCK, 82, s1, S0, G2, G1, GO, 0.3 (DVge +0.3) Y
Maximum Junction Temperature - +150 °C
Storage Temperature Range -65 +150 °C
Human Body Model (Tested per MIL-STD-883 TM3015.7) - 25 kV
Charged Device Model (Tested per JS-002-2022) - 750 \%
1. Tested in a heavy ion (Ag) environment at LET = 46Mevecm?2/mg at 125°C.
3.2 Recommended Operating Conditions
Parameter Min Max Unit
Temperature -55 +125 °C
Analog Supply Voltage, Aycc 45 5.5 \Y,
Digital Supply Voltage, Dycc 2.2 3.6 \Y,
Reference Input Voltage, Vrer 24 26 \Y
Analog Input Differential Voltage, Ay 0 VREF \%
3.3 Thermal Information
Parameter Package Symbol Conditions T\)//:Ii:zl Unit
8" Junction to ambient 48 °C/W
Thermal Resistance 48 LD TQFP
8,cl Junction to case 1 °C/W
1. 0,4 is measured in free air with the component on high-effective thermal conductivity test board. See TB379.
2. For 8¢, the case temperature location is the center of package top.
R34DS0025EU0100 Rev.1.00 Page 9
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3.4
3.4.1

Electrical Specifications

Normal Operating Mode

AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgayp = 900.901ksps, F\y = 20.3kHz, Ay = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface limits apply across the operating temperature range, -55°C to +125°C by
characterization with production testing at +25°C; over a total ionizing dose of 30krad(Si) at +25°C with exposure at a low
dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with exposure at a low dose
rate of <10mrad(Si)/s (ISL71148M50NZ).

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit

Converter Characteristics
Resolution - - 14 - - bits
No Missing Codes - - 14 - - bits
Transition Noise - RMS noise, 14-bit LSB - 0.29 - LSBrms
Zero-Scale Error ZSE Measured with input set to Vggg/2. -4 0.1 4 LSB
Zero-Scale Error Drift ZSED | Measured with input set to Vrgg/2. - +0.001 - LSB/°C
Zero-Scale Error Match ZSEM | Measured with input set to VRgg/2. -4 0.5 4 LSB
Positive Full-Scale Error +FSE | Measured with input connected to Vggr -7 0.1 7 LSB
Positive Full-Scale Error Drift +FSED | Measured with input connected to Vrer - +0.003 - LSB/°C
Positive Full-Scale Error Match | +FSEM | Measured with input connected to Vggr -4 +1 4 LSB
Negative Full-Scale Error -FSE Measured with input connected to GND -7 +1 7 LSB
Negative Full-Scale Error Drift -FSED | Measured with input connected to GND - +0.014 - LSB/°C
,\NA‘Z?:&'VG Full-Scale Error -FSEM | Measured with input connected to GND 4 | 1 4 LSB
Integral Non-Linearityl2] INL Measured with full-scale input signal. -1 0.4 1 LSB
Differential Non-Linearity(2] DNL | Measured with full-scale input signal. 05| 202 | 05 LSB
Dynamic Accuracy

PGA Bypassed 82 83.2 -
Signal-to-Noise Ratio SNR | PCGAGain =2, fsavp = 483.092ksps [ " | dBFs

PGA Gain = 16, fgayp = 483.092ksps,

AlN = -3dBFS 59.5 62

PGA Bypassed 81 82.2 -
2|agtri1:l-to-N0|se + Distortion SINAD PGA Gain = 2, fgayp = 483.092ksps 75 76 - dBFS

PGA Gain = 16, fspayp = 483.092ksps,

AN = -3dBFS 585 61

PGA Bypassed 13.1 13.5 -
Effective Number of Bits ENOB PGA Gain = 2, fsaup = 483.092ksps 1214 125 i bits

PGA Gain = 16, fgamp = 483.092ksps,

A|N = -3dBFS 94 9.8

PGA Bypassed 85 95 -
Total Harmonic Distortion THD | DGAGaIN =2 fsavp = 483.092ksps 85| % " | dBFS

PGA Gain = 16, fgayp = 483.092ksps, 80 85 i

A = -3dBFS
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AVcc = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgamp = 900.901ksps, Fy = 20.3kHz, Ay = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface limits apply across the operating temperature range, -55°C to +125°C by
characterization with production testing at +25°C; over a total ionizing dose of 30krad(Si) at +25°C with exposure at a low
dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with exposure at a low dose
rate of <10mrad(Si)/s (ISL71148M50NZ). (Cont.)

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit

PGA Bypassed 90 100 -

PGA Gain = 2, fgayp = 483.092ksps 90 | 100 -

Spurious Free Dynamic Range SFDR dBFS

PGA Gain = 16, fgayp = 483.092ksps,

A = -3dBFS ) %0 i

Channel-to-Channel Isolation ) Full-scale signal applied to one channel, other ) -100 i 4B
channels connected to GND

Input Bandwidth - Source impedance = 50Q, -3dB point - 50 - MHz
Aperture Delay taD cs falling edge to sample edge - 25 - ns
Aperture Jitter tAJlTTER - - 500 - fSRMS

Power Supply Characteristics (AVCC, DVCC)

Analog Supply Voltage AVee | - 4.5 - 5.5 Y
Active, PGA enabled, fgpyp = 483.092ksps - 176 | 20.5 mA
Analog Supply Current - Active lavce
Active, PGA bypassed, fgayp = 900.901ksps - 20 23 mA
PGA enabled. CS held Low - 105 | 13 mA
Analog Supply Current - Static Istatic —
PGA bypassed. CS held Low - 6 9 mA
Analog Supply Current - Sleep IsLavee PD held Low - 20 - pA
Digital Supply Voltage DVee | - 2.2 - 3.6 \Y
PGA enabled. fgck = 50MHz - 346 600 pA
Digital Supply Current - Active Ipvee
PGA bypassed. fgck = 50MHz - 512 700 MA
PGA enabled. CS held Low. - 100 | 120 HA
Digital Supply Current - Static Istpvee —
PGA bypassed. CS held Low. - 70 90 MA
Digital Supply Current - Sleep | Ig pvce | PD held Low - 6 - WA
PACTIVE PGA enabled, fSAMF’ = 483092k$p3 - 89 104 mW
Pactive | PGA bypassed, fgap = 900.091ksps - 101 117 mW
Pp Pstatic | PGA enabled, CS held Low - 53 70 mw
Pstatic | PGA bypassed, CS held Low. - 30 50 mwW
PsLeep | PD held Low - 115 - uw

1. Typical values are not guaranteed.
2. Characterized on all channels, production tested on Channel 0 only.

R34DS0025EU0100 Rev.1.00
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3.4.2

Low Power Mode

AV =5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 2.5V, fgapmp = 684.932ksps, F|y = 20.3kHz, A\ = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface limits apply across the operating temperature range, -55°C to +125°C by
characterization with production testing at +25°C; over a total ionizing dose of 30krad(Si) at +25°C with exposure at a low
dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with exposure at a low dose
rate of <10mrad(Si)/s (ISL71148M50NZ).

Parameter Symbol Test Conditions Min | Typlll | Max Unit

Converter Characteristics
Resolution - - 14 - - bits
No Missing Codes - - 14 - - bits
Transition Noise - RMS noise, 14-bit LSB - 0.29 - LSBrms
Zero-Scale Error ZSE Measured with input set to VRgge/2. -4 +0.1 4 LSB
Zero-Scale Error Drift ZSED | Measured with input set to VRgg/2. - +0.001 - LSB/°C
Zero-Scale Error Match ZSEM | Measured with input set to Vrgp/2. -4 +0.5 4 LSB
Positive Full-Scale Error +FSE | Measured with input connected to Vrgp -7 0.1 7 LSB
Positive Full-Scale Error Drift +FSED | Measured with input connected to Vggg - +0.003 - LSB/°C
Positive Full-Scale Error Match +FSEM | Measured with input connected to Vrgp -4 +1 4 LSB
Negative Full-Scale Error -FSE Measured with input connected to GND -7 11 7 LSB
Negative Full-Scale Error Drift -FSED | Measured with input connected to GND - +0.014 - LSB/°C
Negative Full-Scale Error Match -FSEM | Measured with input connected to GND -4 11 4 LSB
Integral Non-Linearityl2] INL Measured with full scale input signal. -1 +0.4 1 LSB
Differential Non-Linearity[2] DNL | Measured with full scale input signal. 05| #0.2 | 0.5 LSB
Dynamic Accuracy

PGA Bypassed 82 83.2 -
Signal-to-Noise Ratio SNR | PGAGaIN =2, fsawp = 413.223ksps e "~ | dBFS

PGA Gain = 16, fgayp = 413.223ksps,

AN =-3dBFS 593 62

PGA Bypassed 81 82.2 -
Signal-to-Noise + Distortion Ratio | SINAD | = A Gain =2, fsawp = 413.223ksps v e " | dBFS

PGA Gain = 16, fgpayp = 413.223ksps,

A = -3dBFS 58.5 61

PGA Bypassed 13.1 13.5 -
Effective Number of Bits ENOB PGA Gain = 2, fspup = 413.223ksps 121 12.5 . bits

PGA Gain = 16, fgamp = 413.223ksps, i

A|N = -3dBFS 9.4 9.8

PGA Bypassed 85 95 -
Total Harmonic Distortion THD | PGAGaIN =2, fsamp = 413.223ksps 8 | % "~ | dBFS

PGA Gain = 16, fgayp = 413.223ksps, 80 85 i

A = -3dBFS
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AV =5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 2.5V, fgapmp = 684.932ksps, F|y = 20.3kHz, A|\ = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface limits apply across the operating temperature range, -55°C to +125°C by
characterization with production testing at +25°C; over a total ionizing dose of 30krad(Si) at +25°C with exposure at a low
dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with exposure at a low dose
rate of <10mrad(Si)/s (ISL71148M50NZ). (Cont.)

Parameter Symbol Test Conditions Min | Typ[!l | Max Unit
PGA Bypassed 90 100 -
Spurious Free Dynamic Range SFDR PGA Gain = 2, fsaup = 413.223ksps %0 100 - dBFS
PGA Gain = 16, fgayp = 413.223ksps, ) 9% i
AN = -3dBFS
Channel-to-Channel Isolation ) Full-scale signal applied to one channel, other ) -100 i 4B
channels connected to GND
Input Bandwidth - Source impedance = 50Q, -3dB point - 50 - MHz
Aperture Delay taD cs falling edge to sample edge - 25 - ns
Aper‘[ure Jitter tAJlTTER - - 500 - fSRMS
Power Supply Characteristics (AVCC, DVCC)
Analog Supply Voltage AVee - 4.5 - 5.5 \%
Active, PGA enabled, fgpayp = 413.223ksps - 13.9 | 16.9 mA
Analog Supply Current - Active lavce
Active, PGA bypassed, fgayp = 670ksps - 158 | 17.5 mA
PGA enabled. CS held Low - 6 7.5 mA
Analog Supply Current - Static Istatic —
PGA bypassed. CS held Low. - 6 7.5 mA
Analog Supply Current - Sleep IsLavee PD held Low - 20 - pA
Digital Supply Voltage DVee | - 2.2 - 3.6 \Y,
PGA enabled. fgck = 50MHz - 346 600 MA
Digital Supply Current - Active Ipvee
PGA bypassed. fgck = 50MHz - 512 700 MA
PGA enabled. CS held Low - 92 140 MA
Digital Supply Current - Static Istpvee —
PGA bypassed. CS held Low - 64 120 MA
Digital Supply Current - Sleep IsLovee | PD held Low - 6 - pA
PACT|VE PGA enabled, fSAMP = 413223kSpS - 70 86 mW
Pactive | PGA bypassed, fgayp = 684.932ksps - 80 89 mwW
PD PSTATlC PGA enabled, ﬁ held Low - 30 40 mwW
Pstatic | PGA bypassed, CS held Low - 30 40 mw
PsLeep | PD held Low - 115 - uw

1. Typical values are not guaranteed.
2. Characterized on all channels, production tested on Channel 0 only.
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3.4.3 Channel Input Specifications

AV =5.0V; DV = 2.5V, REF = 2.5V, GND =0V, Tp = 25°C, F|y = 20.3kHz, unless otherwise noted. Boldface limits apply across
the operating temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing
dose of 30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose
of 50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ).

Parameter Symbol Test Conditions Min Typl1] Max Unit
Channel Input Characteristics (CHO to CH7)
et Goe | rwomencsoreans | a0 | | veor |
GND) Condition
'('épl_li‘;ﬂﬁgﬁ:_t)'a' Range - - VRee/GAIN | - | VggelGAIN |V
?/zir("cﬂoni'\fogﬁr':;’”t Range - - Vrep/2-0.1 | Vrer/2 | Vrepl2 +0.1 |V
Input Common Mode Rejection Ratio - - - 90 - dB
Input Leakage Current IAN - -1 1 uA
Input Capacitance CiN - - 4 - pF
Input Resistance Rin - - 1 - GQ
Gain = 1, G2:G0 = 000 -0.45 -0.2 0.15 %
Gain = 2, G2:G0 = 001 -0.45 -0.2 0.15 %
Gain =3, G2:G0 =010 -0.45 -0.2 0.15 %
Gain =4, G2:G0 =011 -0.45 -0.2 0.15 %
PGA Gain Accuracy -
Gain =6, G2:G0 = 100 -0.8 -0.3 0.35 %
Gain =8, G2:G0 = 101 -0.8 -0.4 0.35 %
Gain = 12, G2:G0 = 110 -1 -0.5 0.2 %
Gain = 16, G2:G0 = 111 -1 -0.7 0.2 %

1. Typical values are not guaranteed.

3.44 1/0 Specifications

AV =5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, Tp = 25°C, unless otherwise noted. Boldface limits apply across the operating
temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ).

Parameter Symbol Test Conditions Min Typl!] Max Unit

Digital Inputs and Outputs (E, E, SCK, BUSY, SDO, LPM, PGABP, S2, $1, S0, G2, G1, G0)

High Level Input Viy - 0.8xDV¢c - -

Low Level Input VL - - - 0.2xDV¢e

Input Current (ﬁ, SCK,

PGABP, S2, S$1, S0, G2, G1, N V)N =0V to DV -1 - 1 pA
G0)

Input Capacitance Cin - - 5 - pF
High Level Output VoH DV - Output, 15 = -500pA DV¢c - 0.2 - -

Low Level Output VoL lo = 500pA - - 0.2
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ISL71148M Datasheet

AV =5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, Tp = 25°C, unless otherwise noted. Boldface limits apply across the operating
temperature range, -55°C to +125°C by characterization with production testing at +25°C; over a total ionizing dose of
30krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of
50krad(Si) at +25°C with exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ). (Cont.)

Parameter Symbol Test Conditions Min Typl'] Max Unit
Output Source Current Isrc Vout =0V to DV -10 mA
Output Sink Current IsnK Vourt =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 375 475 600 kQ
LPM Input Resistance RINLPM g:\?g”a' pull-down resistance to 375 475 600 kQ
Reference Input Characteristics (REF)
REF Input Voltage Range VREr 2.4 25 2.6 \Y
REF Input Current IREF 150 200 MA

1. Typical values are not guaranteed.

3.5 Timing Specifications

3.51 Normal Operating Mode

AV = 4.5V to 5.5V; DV = 2.2V to 3.6V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgpayp = 900.901ksps, Ay = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface specifications apply over a total ionizing dose of 30krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ).

Parameter Symbol Test Conditions Min Typl'] Max Unit

PGA Bypassed - - 900.901 kHz
Maximum Sampling Frequency fsamp

PGA Enabled - - 483.092 kHz

S;J;zszztput High Time, PGA ) i 660 ns
Conversion Time tcony : :

E;Jasgl(e(jutput High Time, PGA ) i 1550 ns
CS High Time tosh - 150 - - ns
SCK Held Low to CS| touieT - 150 - - ns
CS| to BUSY? tBUSYLH PGA enabled, C_ = 10pF - - 100 ns
CS| to BUSY? tausyLH PGA bypassed, C, = 10pF - - 30 ns
SCK Period tsck - 20 - - ns
SCK High Time tsckH - 8 - - ns
SCK Low Time tsckL - 8 - - ns
SDO Data Valid Delay from BUSY | tpsusyLspov | CL = 10pF - - 0 ns
SDO Data Valid Delay from SCK? tbsckspov C_ = 10pF - - 20 ns
zggTData Valid Hold Time from tspoV C_ = 10pF 7 i ) ns
SDO Bus Acquisition Time from CS| tbesLspoL C_ =10pF - - 25 ns
SDO Bus Relinquish Time after CS1 tbcsHsDoOzZ C_ =10pF - 25 ns
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AVcc =4.5V to 5.5V; DV = 2.2V to 3.6V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgapmp = 900.901ksps, Ay = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface specifications apply over a total ionizing dose of 30krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ). (Cont.)

Parameter Symbol Test Conditions Min Typl' Max Unit
) . = Setup time for gain and channel
G2:0, S2:0to CST tSUDIGCSH select bits. 5 ns
) . I~ Hold time for gain and channel
G2:0, S2:0 from CST tHDlGCSH select bits. 25 - - ns
SCAN to CS? tsCANCSH Setup time for SCAN input. 20 - - ns
Wake-Up time from Power-Down ¢ Time to wait after ﬁT to first ) 15 25 s
Mode WAKE sample H

1. Typical values are not guaranteed.

3.5.2

Low Power Mode

AV = 4.5V to 5.5V; DV = 2.2V to 3.6V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM =2.5V, fgpyp = 684.932ksps, A|\ = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface specifications apply over a total ionizing dose of 30krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ).

Parameter Symbol Test Conditions Min Typl1] Max Unit

PGA Bypassed - - 684.932 kHz
Maximum Sampling Frequency fsamp

PGA Enabled - - 413.223 kHz

v I N I
Conversion Time feonv BUSY Output High Time

PGA Enabled ’ ; ; 1550 ns
CS High Time tosy - 500 - - ns
SCK Held Low to CS| tquieT - 500 - - ns
_ C_ = 10pF, PGA enabled. - - 100 ns
CS| to BUSY? tsusyLH

C_ = 10pF, PGA bypassed. - - 30 ns
SCK Period tsck - 20 - - ns
SCK High Time tsckH - 8 - - ns
SCK Low Time tsckL - 8 - - ns
SDO Data Valid Delay from BUSY | tbeusyLspov | CL = 10pF - - 0 ns
SDO Data Valid Delay from SCKt tpsckspov | CL = 10pF - - 20 ns
gggTData Valid Hold Time from tHspOV C, = 10pF 7 ) i ns
SDO Bus Acquisition Time from CS| tocsLspoL | CL = 10pF - - 25 ns
SDO Bus Relinquish Time after CS1 tocsHspoz | CL = 10pF - - 25 ns
c20 5200055 woccsr | Seweirelrgmnad | ag | e
G2:0, 52:0 from CS1 tHDIGCSH g;i;jc:i?itesfor gainand channel | 4, - - ns
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AV = 4.5V to 5.5V; DV = 2.2V to 3.6V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM =2.5V, fgamp = 684.932ksps, A|\ = -1dBFS;
Ta = 25°C, unless otherwise noted. Boldface specifications apply over a total ionizing dose of 30krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M30NZ); or over a total ionizing dose of 50krad(Si) at +25°C with
exposure at a low dose rate of <10mrad(Si)/s (ISL71148M50NZ). (Cont.)

Parameter Symbol Test Conditions Min Typl'] Max Unit
SCAN to CS1 tscan Setup time for SCAN input. 20 - - ns
Wake-Up time from Power-Down ; Time to wait after ﬁT to first _ 15 25 s
Model?] WAKE sample H

1. Typical values are not guaranteed.
2. Production tested in normal mode.

3.6 Timing Diagrams

Acquire
Acquire <4—— Convert >« Nap and Readout
cs
Sample N —p;
BUSY
—» < tausywn
— tauer
SCK ¢ >
Serial Data Bits B[13:0], S[2:0] and ey i
SDO _hz __ 2 G[2:0] Correspond to Sample N m
- | toosisoo > tpgusvisoov tosckepov ™ € thspov tocsisods (€
tes i tcow i treapouT R
Cyde N teve CydeN i  Cyde N+
| S[2:0] | < Channel Select Input Pin Logic States S[2:0] are Latched on the Rising Edge of CS and Correspond to Cycle N+7 X
G[2:0] < Gain Select Input Pin Logic States G[2:0] are Latched on the Rising Edge of CS and Correspond to Cycle N+1 X
tsubicesH i
> thpicesH

Note: Bits S2, S1, S0, G2, G1, and GO0 are optional and not required. For maximum sample rate, do not provide additional clocks for
these bits.

Figure 6. Operational Timing Diagram - Normal Operation

LSCANCSH tSC/ANCSH
e B a
SCAN
Initialization Cycle Ignored Sample Sample Sample Sample
»:  Sample CHoO CH6 CHr CHO
Ts Iy i Ignored Conversion j CHO Conversion j  CH6 Conversion i  CH7 Conversion CHO Conversion &
and Readout and Readout ) and Readout l and Readout y and Readout
: H (8 H :
t
| G[2:0] | N
[
Latch Latch Latch Latch Latch
Gain-CHO Gain-CH1 Gain-CH7 Gain-CHO Gain-CH1

Gain Select Bits G[2:0] are Latched on the Rising Edge of CS in Cycle N and
Correspond to Conversion Cycle N+1

Figure 7. SCAN Timing Diagram - Normal Mode
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«— Acquire —» <«——— Convert > Nap and Readout
BUSY Sample N —P
—» € tausyin
_ tauer
Serial Data Bits B[13:0], S[2:0] and
SDO _Hez . L G[2:0] Correspond to Sample N
T i > i
—> et P i
—» | % tpcaspoL : DBUSYLSDOV tosckspov
tes CONV treADoUT
Cyde N teve CydeN i Cycle N+1
S[2:0] | /i = Channel Select Input Pin Logic States S[2:0] are Latched on the Rising Edge of CS and Correspond to Cycle N
| G[2:0] | Gain Select Input Pin Logic States G[2:0] are Latched on the Rising Edge of CS and Correspond to Cycle N
tsupicesH i
—» tHpicesH

Note: Bits S2, S1, S0, G2, G1, and GO0 are optional and not required. For maximum sample rate, do not provide additional clocks for

these bits.

Figure 8. Operational Timing Diagram - Low Power Mode
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CHO Conversion
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>

Latch
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Figure 9. SCAN Timing Diagram - Low Power Mode
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4,

4.1 Normal Operation

Typical Performance Curves

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgapmp = 900.901ksps,

Fn = 20.3kHz, Ay = -1dBFS; T = 25°C.
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0.2 0.50
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Z 0 Z 0.00
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(1,9 b‘g Q;\ q,:\ \Q(} 'O’(} ,\b::b \Q;:b v ™ © \Q '\(1’ '\b‘ '\Q’
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Figure 10. Differential Non-Linearity (DNL) Figure 11. Integral Non-Linearity (INL)
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Figure 12. DNL vs AVCC Figure 13. INL vs AVCC
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-0.75
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0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
Channel Channel
Figure 14. DNL vs Channel Figure 15. INL vs Channel
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,
Fin = 20.3kHz, A|\ = -1dBFS; Tp = 25°C.

0.5 1.00
0.4 [ 0.75 T—
e —
g'z T 0.50 = .
__o -INL
m o 0.25
? 0.1 s - DN L P +INL
= 0 +DNL = 0.00
= -
g o1 Z 025
-0.2
f—— - —
-0.3 —— e 0.50 \/ \\
-04 -0.75 \\
-0.5 -1.00
1 2 3 4 6 8 12 16 1 2 3 4 6 8 12 16
PGA Gain PGA Gain
Figure 16. DNL vs PGA Gain Figure 17. INL vs PGA Gain
0 T \ T 0 . . ‘
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i SNR = 83.2dBFS SNR = 81.0dBFS
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Figure 18. 32k FFT - 20.3kHz Figure 19. 32k FFT - 20.3kHz, PGA =1
0 I I 0 T T T
20 AIN = -1dBFS | 20 AIN = -1dBFS
SNR =77.0dBFS SNR = 77.0dBFS
@ 40 SINAD = 76.0dBFS | o 40 SINAD = 76.0dBFS
@ -60 SFDR =-100dBFS __| e 60 SFDR =-100dBFS
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-“g’ -80 § -80
£ 100 5 -100
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< -120 < -120
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Frequency (kHz) Frequency (kHz)
Figure 20. 32k FFT - 20.3kHz, PGA = 2 Figure 21. 32k FFT - 20.3kHz, PGA = 4
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,

Fin = 20.3kHz, Ay = -1dBFS; T4 = 25°C.
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@ 81 = SINAD |
80 13.00
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AVCC (V) AVCC (V)
Figure 22. SNR and SINAD vs AVCC Figure 23. ENOB vs AVCC
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Figure 24. THD and SFDR vs AVCC Figure 25. SNR and SINAD vs Frequency
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Figure 26. ENOB vs Frequency Figure 27. THD and SFDR vs Frequency
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,

Fin = 20.3kHz, Ajy = -1dBFS; T, = 25°C.
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& 65 Z 100 —
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PGA Gain PGA Gain
Figure 28. SNR and SINAD vs PGA Gain Figure 29. THD and SFDR vs PGA Gain
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Figure 30. ENOB vs PGA Gain Figure 31. SNR and SINAD vs Temperature
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Figure 32. ENOB vs Temperature Figure 33. THD and SFDR vs Temperature
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,

Fin = 20.3kHz, Ajy = -1dBFS; T, = 25°C.
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Figure 34. SNR and SINAD vs Sample Rate Figure 35. ENOB vs Sample Rate
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Figure 36. THD and SFDR vs Sample Rate Figure 37. SNR and SINAD vs VREF
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Figure 38. ENOB vs VREF Figure 39. THD and SFDR vs VREF
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,
Fin = 20.3kHz, A|\ = -1dBFS; Tp = 25°C.
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Figure 40. Power vs Sample Rate Figure 41. Power vs Temperature
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ISL71148M Datasheet

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,

Fin = 20.3kHz, Ay = -1dBFS; T, = 25°C.
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ISL71148M Datasheet

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,
Fin = 20.3kHz, A|\ = -1dBFS; Tp = 25°C.
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Figure 52. PSRR vs Frequency- DVCC

4.2 Low Power Mode

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, F|y

= 20.3kHz, A\ = -1dBFS; T, = 25°C.
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ISL71148M Datasheet

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj = -1dBFS; Tp = 25°C.

0.50 1.00 \ \
——DNL 0.75 —-INL
' +INL
0.25 +DNL 0.50
o o 0.25
7 &
< 0.00 = 0.00
| |
= Z 025
\,
-0.25 -0.50
-0.75
-0.50 -1.00
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Channel Channel
Figure 57. DNL vs Channel Figure 58. INL vs Channel
0.5 1.00
0.4 0.75 /\
0.3 = (—
0.50
0.2 //
o - o 0.25
3 o DNL 2 —-INL
2, +DNL < 0.00 +INL
= |
Z -01 Z 025
gi ~ -0.50
-0. P
04 -0.75 >
-0.5 -1.00
1 2 3 4 6 8 12 16 1 2 3 4 6 8 12 16
PGA Gain PGA Gain
Figure 59. DNL vs PGA Gain Figure 60. INL vs PGA Gain
0 \ \ \ 0 \ \ \ \
20 é:\rl\l;_-é %BZZSB s -20 AIN = -1dBFS
& 40 SINAD = 82.2dBFS — & -40 SNR = 81.0dBF'S
o SFDR = -100dBFS hrid SINAD = 80.0dBFS
@ -60 Q -60 SFDR = -100dBFS
é -80 é -80
£ -100 S -100
S S
< -120 < -120
-140 -140
-160 -160
0 38 76 114 152 190 228 266 304 342 0 23 46 69 92 115 138 161 184 207
Frequency (kHz) Frequency (kHz)
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj = -1dBFS; Tp = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj = -1dBFS; Tp = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy

= 20.3kHz, Ajy = -1dBFS; T = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj = -1dBFS; Tp = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy

= 20.3kHz, Ajy = -1dBFS; T = 25°C.

4
3
e— PGA1
o 2 PGABP |—
S5
0 1
N
0
-1
0 1 2 3 4 5 6 7
Channel
Figure 87. Zero-Scale Error vs Channel
4 | |
3 PGA1 |
2 e PGABP
% 1
= e ———
o O §«—l
24
rgp
-2
-3
-4
0 1 2 3 4 5 6 7
Channel
Figure 89. +Full-Scale Error vs Channel
10
9 S
8 S~
7
h 6
= 5 PGA1 ||
L
“w.- 4 PGABP —
3
2 S~
1 \\
0
4.50 4.75 5.00 5.25 5.50
AVCC (V)

Figure 91. -Full-Scale Error vs AVCC

+FSE (LSB)

+FSE (LSB)

-FSE (LSB)

e PGA1
e PGABP

0 /
=

N W s

-3
-4
4.50 4.75 5.00 5.25 5.50
AVCC (V)
Figure 88. +Full-Scale Error vs AVCC
4 —r—1 7T
3 | e PG A1
5 || ——PGABP
1 .
\\ P
0 >
1 —
Sl
-2
-3
-4

56 35 -15 5 256 45 65 85 105 125
Temperature (C)

Figure 90. +Full-Scale Error vs Temperature

8 P —
7
6
5
4 ————PGA1 | |
3 wePGABP | |
2
| —
0

0 1 2 3 4 5 6 7

Channel

Figure 92. -Full-Scale Error vs Channel

R34DS0025EU0100 Rev.1.00

Feb 15, 2024 intersil

Page 32



ISL71148M Datasheet

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj = -1dBFS; Tp = 25°C.
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Figure 95. PSRR vs Frequency- DVCC

4.3 Single Ended Operation - Normal Mode

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgayp = 684.932ksps,
Fin = 20.3kHz, A = -7dBFS; Tp = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgayp = 684.932ksps,
Fin = 20.3kHz, Ajy = -7dBFS; Tp = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgayp = 684.932ksps,

Fin = 20.3kHz, Ay = -7dBFS; T = 25°C.
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44 Single Ended Operation - Low Power Mode

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, F|y

= 20.3kHz, A\ = -7dBFS; T, = 25°C.

85 13.7
84 13.6
%) "
L 13.5
S 2 —
= 5 134 /
< @ /
Z g 0 133
° ——SNR il /
z 13.2 L
»n 81 SINAD
13.1
80 13.0
4.50 4.75 5.00 5.25 5.50 4.50 4.75 5.00 5.25 5.50
AVCC (V) AVCC (V)
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj\ = -7dBFS; Tp = 25°C.
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps, Fiy
= 20.3kHz, Aj\ = -7dBFS; Tp = 25°C.
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5. Applications Information

5.1 Overview

The ISL71148M is a high precision, low noise, 8-channel 14-bit Successive Approximation Register (SAR) ADC.
The ADC core is preceded by eight independently buffered differential analog input channels, an 8-to-1
multiplexer, and a Programmable Gain Amplifier (PGA). The PGA features a bypass mode and 8-pin selectable
gain settings: 1, 2, 3, 4, 6, 8, 12, and 16. Both channel and gain selection are controlled using pin-driven digital
inputs.

The device operates with a fully differential analog input. The ISL71148M has a supply voltage range of 4.5V to
5.5V, a digital supply voltage range of 2.2V to 3.6V, and a dedicated reference input (REF). Each analog input
ranges from 0V to Vrgg with @ common mode of VRgg/2.

The ISL71148M supports sample rates up to 900ksps with the PGA bypassed and up to approximately 480ksps
with the PGA enabled, allowing system optimization based on the type of analog signal sampled. The ISL71148M
with the PGA bypassed achieves excellent dynamic performance (83.2 dB SNR, 95dB THD) and linearity (INL
+0.4LSB, DNL 10.2 LSB) while still maintaining a low power consumption of 101mW. A low-power mode is
available that reduces the power consumption of the ISL71148M by approximately 20% at maximum sampling
rates. Additionally, the device offers a sleep mode that minimizes power consumption to <115uW during idle
operation.
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The ISL71148M offers a high-speed serial interface with an independent digital supply (DVc¢) range of 2.2V to

3.6V, making it ideal for interfacing with 2.5V or 3.3V systems. The conversion data is output on the SDO pin with
no latency. The ISL71148M supports up to a 50MHz serial data read clock on the SCK input.

The analog input voltage (A|y) is sampled from the selected input channel on the falling edge of CS. The REF pin

voltage and the PGA gain setting determine the input range of the ISL71148M. The ISL71148M supports excellent
THD and SFDR sampling input signal frequencies up to and beyond Nyquist (such as fj = 450kHz with fgamp =

900ksps).

5.2 Serial Interface and BUSY

The ISL71148M uses a 3-wire serial port interface to communicate with microcontrollers and external circuitry
devices. A falling edge on CS initiates conversion in the ISL71148M. Renesas requires holding cS high for at
least 150ns before initiating the conversion in normal operation and at least 500ns when operating in lower power
mode. An internal oscillator times the conversion. 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-

The MSB is immediately available on the SDO pin when BUSY is de-asserted. 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 results in MSB being 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 (B0) to SDO for readout. Optionally, the channel and gain selection for the current sample can be clocked out
on the SDO pin after the LSB of the ADC data, which requires up to six additional rising edges of SCK. The
channel and gain selection bits are clocked out in order from MSB to LSB, with the channel select bits output first
(S2, S1, S0) and the gain bits output last (G2, G1, G0). If less than six rising edges of SCK are provided after the
14 rising edges for the ADC data, the ISL71148M outputs only the amount of channel and gain bits equal to the
number of rising edges of SCK provided. For example, if three rising edges of SCK are provided after the 14 rising
edges for the ADC data, the ISL71148M only outputs the channel selection bits S2, S1, and SO; the gain selection
bits are not output on SDO in this case. The output voltage level of SDO is determined by the DV supply

voltage, which can operate across a range of 2.2V to 3.6V.

The ISL71148M can be configured to operate in normal operation or low power mode. The operational timing of
the device changes between these two modes. In both modes, the channel and gain selection bits can optionally
be clocked out with the ADC data after each sample word. If these bits are also clocked out, the sample period of
the ISL71148M must be extended to accommodate the clocking of the additional bits.

The following are the three operation phases in the ISL71148M that are shown in Figure 120 and Figure 121.

= 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 ISL71148M,

initiates a conversion, and enables the SDO output to a low state. The conversion cycle is internally timed through
an internal oscillator and takes a 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 ISL71148M stays in NAP mode until the next rising edge of CS, where the ISL71148M is fully powered up.
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The first sample output in normal mode immediately after supplying power to the device or exiting power-down
mode is invalid. This is due to power reduction methods that place portions of the internal circuitry of the
ISL71148M into sleep mode and the short duration of the CcS pulse in normal mode. When a CcS pulse is applied
to the device, these portions of the internal circuitry are powered up, and a valid sample can be acquired on the
falling edge of the next subsequent cS pulse. If it is important for the first sample after power-up to be valid,
operate the ISL71148M in low-power mode.

5.31 Normal Operation Mode Timing
Figure 120 shows the basic timing of the ISL71148M in a conversion cycle during normal operation.
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Figure 120. Timing Diagram - Normal Operation

When deriving timing, using the appropriate maximum and minimum specifications is imperative. The following is
an example of timing calculation in an application operating the ISL71148M at 483.092ksps for the case where the
channel and gain select bits are not clocked out on SDO with the ADC data and the ISL71148M is configured in
normal operation with the PGA enabled. The CcS input must be held high for 150ns (tcgp). The time between the
falling edge of CS and the rising edge of BUSY is a maximum of 100ns (tsusyLH) with the PGA enabled and 30ns
with the PGA bypassed. The conversion time (tcony) is @ maximum of 1550ns. There must be 14 rising edges of
SCK (treapour) to clock the data out of the ADC. The 14th SCK falling edge must coincide with the rising edge of
CS for the subsequent sample to achieve the maximum sample rate. Using the maximum SCK frequency of
50MHz yields a readout time of:

tREADOUT = 13x20ns+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.
Use Equation 1 to calculate the cycle time.

(EQ.1)  tcyc = tcsH T tsusyLH Ticony TlReADOUT

Using the timing parameters previously discussed, use Equation 2 to calculate the sampling period and
Equation 3 to calculate the sampling rate.

(EQ. 2) tcyc = 150ns +100ns + 1550ns + 270ns = 2070ns

(EQ. 3) fsamp = = 483.092ksps
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When the channel and gain selection bits are clocked out on SDO along with the data, additional time must be
allotted, reducing the sample rate of the ISL71148M. The six bits require an additional 6 SCK clock cycles read on
SDO. In this case, the 20th SCK falling edge must coincide with the rising edge of CS for the subsequent sample.
Using the maximum SCK frequency of 50MHz yields a readout time of:

tREADOUT = 19 x20ns+10ns = 390ns

Reduce the sample rate of the ISL71148M to accommodate the additional 120ns required to clock out the six
additional bits for channel and gain information. Increase the sample period to accommodate time for clocking out
these additional bits. The minimum sample period and corresponding maximum sample rate when clocking out
the channel and gain selection bits are shown in Equation 4 and Equation 5.

(EQ.4) toyc = 150ns+100ns+ 1550 +390ns = 2190ns

1
EQ.5 = e =
(EQ.5)  fsamp = 57g5mg = 456.621ksps

The PGA can be bypassed to achieve the maximum possible sample rate in normal mode. Note: In PGA bypass
mode, tgsy H = 30ns and tcony = 660ns. Use Equation 6 to calculate the timing and Equation 7 to calculate the
sample rate.

(EQ. 6) tcve = tesnttBusyLH T tcony T tREADOUT = 190ns +30ns +660ns +270ns = 1110ns

1
EQ.7 S
(EQ.7)  fsamp = Trigmg = 900-90Tksps

Table 1 provides the minimum sample period for various configurations of PGA state and bits read out on SDO.
Note: The channel and gain bits can consistently be clocked out with the data. If these bits are clocked out,
increase the sample period to accommodate the required clock cycles. Channel bits are clocked out first, from
MSB to LSB, followed by the gain bits from MSB to LSB.

Table 1. Minimum Sample Periods in Normal Mode

PGA Channel Bits Gain Bits Sample Period (ps)
Disabled No No 1.1
Disabled Yes No 1.17
Enabled No No 2.07
Enabled Yes Yes 219

5.3.2 Low Power Mode Timing

The ISL71148M can also be operated in low power mode to reduce total power dissipation or to allow an accurate
first sample following initial power-up or exiting power-down. When operating in lower power mode, the timing
requirements differ from normal operation. In low-power mode, the CS input directly controls the acquisition time.
The logic high pulse width on the [ input defines the acquisition time. The direct control of the acquisition time by
cS permits significant power savings, especially at lower sampling rates where power dissipation may be less
than 50% of that in normal mode. Because the pulse width of CS directly controls the acquisition time, the
minimum pulse width of CS in low power mode is 500ns, which is significantly higher than the 150ns required in
normal mode. Renesas recommends using the minimum CS width of 500ns for maximum power savings at low
sample rates.
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Figure 121. Timing Diagram - Low Power Mode

The following is an example of required timing calculation in an application where the ISL71148M is operated at its
maximum sample rate of 684.932ksps in low power mode. For this case, the channel and gain select bits are not
clocked out on SDO, and the ISL71148M is configured in low power mode with the PGA bypassed. The cSs input
must be held high for 500ns (tcgy) in low power mode. The time between the falling edge of CS and the rising
edge of BUSY is a maximum of 30ns (tgysyiH)- The conversion time (tcony) is @ maximum of 660ns in PGA
bypass mode. There must be 14 rising edges of SCK (treapouT) to clock the data out of the ADC. The 14th SCK
falling edge must coincide with the rising edge of CS for the subsequent sample to achieve the maximum sample
rate. Using the maximum SCK frequency of 50MHz yields the same readout period in low power mode as it is in
normal operation.

tREADOUT = 13 x20ns+10ns = 270ns

Note: The 14th SCK edge coincides with the rising edge of CS so there is only a 1/2 period for the 14th SCK. Use
Equation 8 to calculate the cycle time.

(EQ.8) toyc = tocsHteusyLH * tcony T IREADOUT

Using the previously discussed timing parameters, when in low power mode, use Equation 9 to calculate the
sampling period and Equation 10 to calculate the sampling rate.

(EQ.9) toyc = 500ns+30ns+660ns+270ns = 1460ns

1

EQ. 10 =
(EQ-10)  fsamp 1460ns

= 684.932ksps

With the PGA enabled in low power mode, use Equation 11 to calculate the timing and Equation 12 to calculate
the sample rate.

(EQ.11) toyc = 500ns +100ns + 1550ns +270ns = 2420ns

1
EQ. 12 = —— = 413.22ksps
( ) fSAMP 2420ns 13. p

When the ISL71148M has the PGA enabled, and the channel and gain selection bits are clocked out on SDO
along with the data, allot additional time, reducing the sample rate. The six additional bits require six clock cycles
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of SCK to clock out on SDO. In this case, to achieve the maximum sample rate, the 20th SCK falling edge must
coincide with the rising edge of CS for the subsequent sample. Using the maximum SCK frequency of 50MHz
yields:

tREADOUT = 19 x20ns+10ns = 390ns

Reduce the sample rate of the ISL71148M to accommodate the additional 180ns of readout time. With the PGA
enabled when clocking out the channel and the gain selection bits, the minimum sample period is:

tcyc = 500ns +100ns +1550ns +390ns = 2540ns
The longer sample period of 2540ns results in a maximum sample rate of:

1
SAMP ~ 2540ns

= 393.701ksps

Table 2 provides the minimum sample period for various configurations of PGA state and bits read out on SDO.
Note: The channel and gain bits can always be clocked out with the data. If these bits are clocked out, increase
the sample period to accommodate the required clock cycles. Channel bits are clocked out first, from MSB to LSB,
followed by the gain bits from MSB to LSB.

Table 2. Minimum Sample Periods in Low Power Mode

PGA Channel Bits Gain Bits Sample Period (ps)
Disabled No No 1.46
Disabled Yes No 1.52
Enabled No No 242
Enabled Yes Yes 2.54

5.3.3  Gain and Channel Select Bits Timing

The logic values on the channel select pins (S2, S1, and S0) and the gain select pins (G2, G1, GO0) are internally
latched on the rising edge of CS. In normal operation (shown in Figure 120), there is a one-sample cycle delay for
both the channel and gain settings to be applied. This means the channel and gain selection bits latched into the
ISL71148M on sample n are applied on sample n + 1. In low power mode (shown in Figure 121), the channel and
gain select bits are latched on the rising edge of CS and applied to the conversion initiated on the next falling edge
of CS. This means that the channel and gain selection bits latched into the ISL71148M on sample n are applied on
sample n. Although the user can update the channel and gain select signals before the setup time required before
the rising edge of CS, Renesas recommends not changing the signal state during the conversion process (for
example, when BUSY is a logic high).

5.3.4 PGA Gain and Analog Input Range

The ISL71148M can operate with either the PGA bypassed or the PGA gain setto 1, 2, 3, 4, 6, 8, 12, or 16. There
is a single PGA in the ISL71148M. Therefore, if a different gain is required for each channel, change the gain
select pins before sampling the channel analog inputs. Set the common-mode voltage on the analog input to
VRer/2. Proper setup and hold times must be met.

Table 3. Analog Input Range

PGA Gain Setting Common Mode Input Range Input Range
PGA Bypass 1.25V £ 100mV +2.5V
Gain =1 1.25V £ 100mV +2.5V
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Table 3. Analog Input Range

PGA Gain Setting Common Mode Input Range Input Range
Gain=2 1.25V + 100mV +1.25V
Gain=3 1.25V + 100mV +833mV
Gain=4 1.25V + 100mV +625mV
Gain=6 1.25V + 100mV +417mV
Gain=8 1.25V + 100mV £312mV
Gain = 12 1.25V + 100mV +208mV
Gain = 16 1.25V £ 100mV +156mV

5.3.5 Digital Clamping and Full Scale Range

The ISL71148M has a digital clamp that limits the output code range so that the output code values do not roll over
in either the positive (full scale) or negative (zero scale) directions. The output code range is limited to the range of
10 0000 0000 0000 (-8192) to 01 1111 1111 1111 (8191). It is impossible to see an output code greater than the
expected full-scale value or smaller than the zero-scale value.

5.3.6 Input Channel Sequencer (SCAN Mode)

The ISL71148M features an internal sequencer which, when enabled, cycles through all eight differential channel
pairs from CHO to CH7, repeating while SCAN is asserted. The SCAN input acts as a digital gating window for the
sequencing function. The initialization cycle is the first sample after SCAN is asserted in normal mode. The
second sample after SCAN is asserted should be ignored. The channel sequence begins with the sampling of
CHO. The sampling instant for CHO occurs on the 2nd falling edge of CS following the rising edge of SCAN, as
shown in Figure 122, which ensures a full acquisition period for the sample of the CHO analog input. Subsequent
rising edges of CS increment the sequencer to acquire the next channel (CH1, CH2,...CH7). Following CH7, the
sequencer returns to CHO. The SCAN pin should be asserted for the duration of the required sequence. The gain
selection (G2, G1, GO0) values are clocked in on the rising edge of CS on sample n and applied to sample n+1, as
shown in Figure 122. When the SCAN pin is de-asserted, the channel select inputs (S2, S1, S0) resume control of
the active channel. While SCAN is asserted, the channel select inputs (S2, S1, S0) are ignored.

tscancsH tscancsH
[ s
SCAN
Initialization Cycle Ignored Sample Sample Sample Sample
< Sample CHO CHe CH7 CHO
y — Ignored Conversion—j CHO Conversion i CH6 Conversion i CH7 Conversion CHO Conversion &
v and Readout l and Readout ) 1 and Readout l and Readout y and Readout
(
t
l Gl2:0] ‘ !
(¢
Latch Latch Latch Latch Latch
Gain-CHO Gain-CH1 Gain-CH7 Gain-CHO Gain-CH1

Gain Select Bits G[2:0] are Latched on the Rising Edge of CSin Cycle N and
Correspond to Conversion Cycle N+1

Figure 122. SCAN and Gain Select Timing Diagram - Normal Mode

When SCAN mode is selected while operating the ISL71148M in low power mode (LPM enabled), the sample
following the first rising edge of CS where SCAN is asserted should be ignored. The sampling instant for CHO
occurs on the 2nd falling edge of CS following the rising edge of SCAN as shown in Figure 123. This ensures a full
acquisition period for the sample of the CHO analog input. Subsequent rising edges of CS increment the
sequencer to acquire the next channel (such as CHO, CH1,...CH7) as shown in Figure 123. Following CH7, the
sequencer returns to CHO. The SCAN pin should be asserted for the duration of the required sequence. The gain
selection (G2, G1, G0) values are clocked in on the rising edge of CS on sample n and applied to sample n as
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shown in Figure 123. When the SCAN pin is de-asserted, the channel select inputs (S2, S1, S0) resume control of
the active channel. While SCAN is asserted, the channel select inputs (S2, S1, S0) are ignored.

tscancsH tscancsH
P P
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| cza | > > > ; > > >
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Gain-CHO Gain-CH1 Gain-CH6é Gain-CH7 Gain-CHO

Gain Select Bits G[2:0] are Latched on the Rising Edge of CSin Cycle N and
Correspond to Conversion Cycle N

Figure 123. SCAN and Gain Select Timing Diagram - Low Power Mode

In both normal operation and low power modes of operation, the ISL71148M data readout on SDO in SCAN mode
is performed with the same timing as given in Figure 120 and Figure 121. The active channel and gain settings for
the conversion can still be optionally read out following the LSB (adjusting the sample rate period accordingly). In
SCAN mode, the active channel bits correspond to the sequencer-selected channel and not the channel input pin
states (S2, S1, and S0). Gain can be adjusted when operating in SCAN mode as long as specified setup and hold
times are obeyed. Gain settings are applied to the current sample in lower power mode and are applied one cycle
later in normal operation mode as shown in Figure 122 and Figure 123. When SCAN is de-asserted, the sample
at the subsequent rising edge of CS is from the last channel selected by the sequencer. For example, if SCAN is
de-asserted when the sequencer selects CH1, the next sample is CH2. Following the CH2 sample, the channel
select pins (S2, S1, S0) drive the output channel selection.

5.4 Convert Start (@) Pin

The convert start input (@) initiates a conversion in the ISL71148M. 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. Renesas recommends using a low jitter (low phase noise) source to provide the input
to this pin. Exact jitter requirements depend highly on the acceptable noise in a given application. Hold this pin low
at power-up and when in power-down or the device is inactive.

5.5 Power-Down (ﬁ) Pin

The ISL71148M has a separate power-down pin that is active low (ﬁ). Anytime the ISL71148M is powered up
and operated statically without a required conversion (CSB held low), this pin should be asserted. When this pin is
asserted, the ISL71148M is powered down to <115uW 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 ISL71148M is
brought out of power-down mode by de-asserting PD. When operating the ISL71148M in normal mode (LPM =
0V), there is a one-sample delay before output data is valid and the channel and gain selections are applied (see
Figure 120). When operating the ISL71148M in low power mode (LPM = DV¢), the sample on the first rising
edge of CS is valid, and the channel and gain selections are applied to that sample (see Figure 121). The wake-
up time for the ISL71148M to come out of power-down and be ready to begin sampling is specified in the electrical
tables as Wake-Up time from Power-Down Mode. 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 DVCC on this pin.
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5.6 Reference Input (REF) Pin

The ISL71148M voltage reference input determines the full-scale input range. The input voltage range of this pin is
from 2.4V up to 2.6V. Decouple this pin to ground with a high-quality, low ESR 10uF ceramic capacitor. Renesas
recommends placing a capacitor with a voltage rating of 10V or greater 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
performance over temperature for the ISL71148M. Exact specifications for the noise and temperature drift
requirements depend heavily on the application. For example, the ISL71148M evaluation board uses a 2.5V
voltage reference with a typical output noise voltage of 1.9uVp_p and a maximum temperature coefficient of
7ppm/°C.

5.7 PGA Bypass (PGABP) Pin

The PGABP pin can be set high to enable the input coming from the buffer/multiplexer to drive the ADC directly.
This mode of operation allows the highest sample rate for the ISL71148M. The input logic level of PGABP is
determined by the DV supply voltage, which operates across a range of 2.2V up to 3.6V. When the PGABP pin
is de-asserted, the gain select inputs (G2, G1, GO) resume control of the active channel. While PGABP is
asserted, the gain select inputs (G2, G1, G0) are ignored.

5.8 +(CHO - CH7) Input Pins

The analog input pins are independently buffered and exhibit high input impedance (1GQ) and low input
capacitance (4pF) to ease input drive requirements. Any unused input pair pins should always be terminated using
a 50Q resistor to ground.

The ISL71148M is specified and tested with a differential analog input but also supports sampling single-ended
signals. Nofe: For single-ended inputs, apply a signal to the +CHXx input pins while connecting the -CHx input pins
to a low noise DC input voltage equal to VREF/2 or connected directly to GND. See Single-Ended Operation for
more details. The ISL71148M evaluation board can be used as a guide for proper circuit optimization. Due to the
high bandwidth (50MHz) of the analog input, Renesas recommends using an Anti-Alias Filter (AAF) appropriate
for the required application. Terminate any unused input channels using a 50Q resistor to ground. Operating the
ISL71148M with an input amplifier is not required because the device has an integrated PGA. Still, it can ease
input common mode biasing and/or provide additional gain in certain applications. An example topology is given in
Figure 124, which uses a driver amplifier and an RC input filter. Care must be taken when choosing an amplifier
with low noise and distortion because the ADC performance is directly impacted. IMPORTANT: 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 13, where k is the Boltzmann constant (1.38 x

1023 J/K), T is the temperature in Kelvin (room temperature = 27°C = 300K), and R is the resistance value (Q).

(EQ.13)  power Spectral Density (PSD) = 4kTR (V2/Hz)

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 Q) is recommended for low noise performance. Add
a high-quality shunt capacitor (Cp) as close as possible to each differential channel input pin to limit the input
bandwidth to the ISL71148M. This capacitor should have a low ESR value with a low temperature and voltage
coefficient. The exact requirements depend highly on the application and the sampled signal(s). The
recommended value for the Cp is 20-50pF. Larger values for Cp can be used for slower conversion rates.

Note: Large values of shunt capacitance are not required to squelch charge kickback from the multiplexer or the
ADC because each analog input is independently buffered.
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Figure 124. Analog Input Amplifier Example Circuit

Renesas 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 input bandwidth requirements. An example topology is given
in Figure 125, which converts a 0V input common-mode voltage to the ADC input common-mode voltage of
VRer/2. This circuit is employed on the ISL71148M evaluation board to allow the ADC to be driven from various
types of signal generators.
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Figure 125. Common-Mode Conversion Amplifier Example Circuit

59 Low Power Mode (LPM) Pin

The ISL71148M has a low power mode (LPM) pin that can be asserted high to enable the device to operate in a
mode with significantly lower power dissipation, especially at lower sample rates. Low power mode also offers
accurate sampling immediately following initial power-up or exiting from power-down mode. The input logic level
of LPM 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-down resistor connected to GND on this pin.

5.10 SCAN Pin

The ISL71148M has a SCAN pin that enables an internal sequencer to control the channel selection. When the
SCAN pin is asserted high, the sequencer is enabled, and the device sequences through the eight input channels
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beginning on the next rising edge of CS. The channel selection begins with CHO and consecutively selects
through all eight channels up to CH7 on each subsequent rising edge of CS. As long as SCAN is asserted high,
the ISL71148M continues to sequence through the eight input channel pairs consecutively from CHO to CH7 on
each rising edge of CS. While SCAN is asserted, the channel selection pins (S2, S1, and S0) are ignored. The
input logic level of LPM is determined by the DV supply voltage, which operates across a range of 2.2V up to

3.6V.

5.11 Channel Selection (S2, S1, and S0) Pins

The ISL71148M has three channel selection input pins: S2, S1, and S0O. These three pins determine which of the
analog input channels, +CHO to +CH7, are selected. If the SCAN pin is asserted, the channel selection input pins
are ignored. The channel selection is determined by the logic states of pins S2, S1, and S0 and is given in Table 4.
The input logic level of LPM is determined by the DV supply voltage, which operates across a range of 2.2V up

to 3.6V. These inputs are ignored when the SCAN pin is asserted.

Table 4. Channel Selection Logic (S2, S1, S0)

S2 S1 S0 Channel

0 0 0 CHO+,CHO-
0 0 1 CH1+,CH1-
0 1 0 CH2+,CH2-
0 1 1 CH3+,CH3-
1 0 0 CH4+,CH4-
1 0 1 CH5+,CH5-
1 1 0 CH6+,CH6-
1 1 1 CH7+,CH7-

5.12 Gain Selection (G2, G1, and GO0) Pins

The ISL71148M has three gain selection input pins: G2, G1, and GO0. These three pins determine the gain setting
of the PGA. The gain selection of the PGA is determined by the logic states of pins G2, G1, and GO0, which are
shown in Table 5. The PGABP pin is of higher priority than G2, G1, and G0. The gain can be adjusted dynamically
during operation so long as setup and hold times are met with or without the sequencer being enabled (sequencer
is enabled when SCAN is asserted to a logic high). The input logic level of these pins is determined by the DV
supply voltage, which operates across a range of 2.2V up to 3.6V.

Table 5. Gain Selection Logic (G2, G1, G0)

PGABP G2 G1 GO Gain
1 X X X 1
0 0 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0 6
0 1 0 1 8
0 1 1 0 12
0 1 1 1 16
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5.13 Transfer Function

Figure 126 gives the transfer function of the ISL71148M. Code transitions in the digital output 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-0.5LSB.

The output data is in two’s complement format. The device operates as a 14-bit ADC with an output code range in
two’s complement from -2N-1 to 2N-1-1 where N = 14, making the total code range -8192 to 8191 inclusive.

(+8191) 01 1111 1111 1111*
(+8190) 01 1111 1111 1110

(0) 00 0000 0000 0000

Digital Output Code

(-8191) 10 0000 0000 0001
(-8192) 10 0000 0000 0000*

1LSB
2LSB
0=GND

* = Digitally Clamped

-FS = -VREF
FS-1LSB
FS =VREF

ADC Input Voltage

Figure 126. Transfer Function

5.14 Power Supply Sequencing

The ISL71148M does not have any specific power sequencing requirements. Important: Follow the guidelines in
the recommended operating conditions and observe the maximum supply voltage conditions outlined in the
Absolute Maximum Ratings section.

5.15 Cold Sparing Operation

The ISL71148M can be used in applications requiring connections to multiple input devices with only one active at
a given time, commonly called cold sparing. The analog input of the ISL71148M connects to an 8-channel
multiplexer with high-impedance inputs. Select only one channel at a given time for sampling. In many
cold-sparing applications, the unused devices connected to the unused channels are completely powered down
with the supply voltage removed. However, for the ISL71148M, any device connected to one of the eight analog
inputs should be provided a supply voltage but can be placed into power-down mode using the PD pin of the
individual devices.
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PD1
CHO INPUT CHO
CH1 INPUT CH1
SCK
CH2 INPUT CH2 <
CH3 INPUT CH3 |, . 14-Bit SDO
ADC
CH4 INPUT CH4
CH5 INPUT CH5
CH6 INPUT CH6
CH7 INPUT CH7
From
ISL71148 (Device 1) FPGA
A To
e FPGA
PD2 ——
CSB —=o
A\ 4
CHO
CH1
CH2
CH3 |, . 14-Bit SDO
ADC
CH4
SCK
CH5 <
CH6
CH7
ISL71148 (Device 2)

Figure 127. Cold Sparing Example Circuit

5.16 Configuration Examples

The ISL71148M can be used in various applications that require the device to be set up in a particular
configuration. There are several ways to configure the ISL71148M to provide the best performance for a given
application. A key configuration parameter for the ISL71148M is the data format. Note: In the following examples
shown in sections Normal Mode, PGA Gain through Single-Ended Operation, an arbitrary channel is chosen.
However, any channel can be used, or the ISL71148M can be placed in SCAN mode, where all eight channels are
selected sequentially in a repeating mode. See Input Channel Sequencer (SCAN Mode) for more details on SCAN
mode.
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5.16.1 Normal Mode, PGA Gain

In applications that require amplification of an input and a higher sample rate from the ADC, the ISL71148M can
be configured into normal mode, setting the PGA gain to a value of any gain. This feature allows the user to
amplify the input signal to use the full input range of the ISL71148M for best signal-to-noise performance when a
small signal is sampled. For example, to select this operating with a PGA gain of 2 using Channel 1, the pin
configuration should be set as shown in Table 6.

Table 6. Pin Configuration - PGA Gain of 2 using Channel 1

S2 S1 S0 PGABP G2 G1 GO LPM

0 0 1 0 0 0 1 0

5.16.2 Normal Mode, PGA Bypassed

In applications that require the highest sample rate from the ADC, the user can configure the ISL71148M into
normal mode with the PGA bypassed. There is no input amplification in this case, but the ADC can operate at its
highest possible sample rate. An input signal can still be applied to one of the eight channels with a voltage up to
the full input range. For example, to select this operating mode with the PGA bypassed using Channel 4 of the
ISL71148M, set the pin configuration as shown in Table 7.

Table 7. Pin Configuration - PGA bypassed using Channel 4

S2 S1 S0 PGABP G2 G1 GO LPM

1 0 0 1 X X X 0

5.16.3 Low Power Mode, PGA Enabled

In applications that require lower power consumption and where a lower sample rate is sufficient, the ISL71148M
can be configured into low-power mode. This gives the user the ability to amplify the input signal to use the full
range of the ISL71148M for best signal-to-noise performance when a small signal is sampled. Although the
sample rate is only slightly reduced in low power mode, the power consumption is significantly reduced, especially
for lower sample rates. For example, to select this operating mode with a PGA gain of 4 using Channel 1 of the
ISL71148M, set the pin configuration as shown in Table 8.

Table 8. Pin Configuration - PGA Gain of 4 using Channel 1

S2 S$1 SO PGABP G2 G1 GO LPM

0 0 1 0 0 1 1 1

5.16.4 Low Power Mode, PGA Bypassed

In applications that require lower power consumption where a lower sample rate is sufficient and no input
amplification is necessary, the ISL71148M can be configured into low-power mode with the PGA bypassed. The
sample rate is only slightly reduced compared to normal mode with the PGA bypassed, and the power
consumption is significantly reduced. For example, to select this operating mode using Channel 5 of the
ISL71148M, set the pin configuration as shown in Table 9.

Table 9. Pin Configuration - PGA bypassed using Channel 5

S2 S1 S0 PGABP G2 G1 GO LPM

1 0 1 1 X X X 1
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5.16.5 Single-Ended Operation

The ISL71148M can be configured for applications that require single-ended inputs. To implement this operating
mode, apply the full input range (0V - 2.5V) to the positive channel input and apply Vrgg/2 or ground to the
negative channel input as shown in Figure 128.

The negative channel inputs should have a low-impedance connection to a Vggg/2 plane on the circuit board
layout to operate the device in bipolar mode. Vrgg/2 can be obtained from Vrgp using a precision resistor divider
network but should be buffered before driving the negative input channel. The output code range for a bipolar
mode configuration would be from -2N-2 to 2N-2.1, where N = 14, making the total code range from -4096 to 4095.

The negative channel inputs should have a ground connection to operate the device in unipolar mode. This

unipolar configuration exercises an output code range from 0 to 2N-1-1, where N = 14, making the total code range
from O to 8191.

Note: In the PGA Bypass Mode or unity gain setting, the output code range is limited to +4095/-4096 for a bipolar
connection and 8191/0 for a unipolar connection. The full output range of the ADC can be exercised by
configuring the PGA to a gain of 2 or more.

VREF =25V "1,
Bipolar
COM =VREF/2 = 1.25V >
\/ CHO+
CHO-
———————— CH1+

CH1-
CH2+
+ CH2- 4

CH3+ ;

CHa. 14-Bit ADC
CH4+

VREF Chd-

CH5+
CH5- -
%R CHe6+
CHe6-
VREF/2 % + COM oHT+

@]
o
<
1l
o
<
l
_'—

SDO

R CH7,

' -

Figure 128. Single-Ended Application Schematic

5.16.6 Dual Footprint ISL73148SEH/ISL71148M

The ISL71148M can be configured inside an ISL73148SEH footprint. Figure 129 shows a connection diagram to
configure the ISL71148M in a single-ended operation. The negative input channels can be connected to
low-impedance VREF/2 or ground planes (see Single-Ended Operation). Moreover, a PGA Bypass pin is added to
the footprint because it is a dual-purpose pin in the ISL73148SEH.
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via to AVCC Plane

I

via to DVCC Plane

25 €9 ¥ Q ¥ 8 BE

I

o O ©

via to VREF Plane

— s2 o via to VREF/2 Plane (bipolar)

or GND Plane (unipolar)
® via to GND Plane

| Jeo

@ via to Interlayer Routing
| ]G — Layer 1 Routing

= Layer 2 Routing

G2/PGABP

© *PGABP is separate pin on ISL71148

Top View

© ISL71148 4

LPM

CS

SCAN

SCK

SDO

ISL73148

BUSY

DVC!

I e 4
GND

*Routing not shown from ISL73148 pins to rest of circuit

Figure 129. Dual Footprint ISL73148/ISL71148
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6. Radiation Tolerance

6.1 Total lonizing Dose (TID) Testing

6.1.1 Introduction

The test was conducted to provide an assessment of the total dose hardness of the part and to provide an
estimate of the bias sensitivity. Total dose testing of the ISL71148M proceeded in accordance with the guidelines
of MIL-STD-883 Test Method 1019. The experimental matrix consisted of 12 samples irradiated under bias and 12
with all pins grounded (unbiased). The ISL71148M30NZ is rated at 30krad(Si) at LDR, and the ISL71148M50NZ is
rated at 50krad(Si). Three control units were used. Figure 130 shows the bias configuration. The wafers were
drawn from wafer lot F6W628. All samples were packaged in the TQFP plastic package.

‘ \
AIN Supply
48] [47] [46] [45] [4] [43] [42] [41] [ao] [se] [ae] [37
C2P C2M GND C1P C1M GND COP COM GND SO S1 S2
1] GND GOE
{2 cam I
e N G2 [34]
VREF
4 | RGND LPM (33
= 5 | REF ISL71148 PGBP 32—
LDR
1 6 | Avce 48 Lead 7x7 TQFP pvee 3] DvCce
AvCC 7] eND GND [0
8| C4M CSB |29
e SCANE
[10] GND scK [27]
e —————{11] csm Do (26—
L —————12] cep BUSY 25—
GND C6M C6P GND C7M C7P GND GNDAVCC PDB GNDDVCC
[ ] 1 s ] 1] 1] [s] s (2] [3] o

Power- Up Sequencing
1) VCC1/AVCC = 5.5V
2)VCC2/DVCC =3.6V
3) VCC3/VREF = 2.6V
4)VCCA4/AIN = 1.3V

Reverse above for Power-Down

Figure 130. LDR Bias Configuration

Samples were irradiated at a low dose rate (LDR) of 0.01rad(Si)/s using a Hopewell Designs N40 vault-type LDR
irradiator in the Palm Bay, Florida, Renesas facility. A PbAl box was used to shield the test fixture and devices
under test against low energy and secondary gamma radiation. All electrical testing was performed outside the
irradiator using the production Automated Test Equipment (ATE) with data logging at each downpoint. Downpoint
electrical testing was performed at room temperature. The planned irradiation downpoints were Okrad(Si),
10krad(Si), 30krad(Si), 50krad(Si), and 60krad(Si).
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6.1.2 Results
Table 10 summarizes the attributes data. Bin 1 indicates a device that passes all the datasheet specification limits.

Table 10. Total Dose Test Attributes Data

Dose Rate . . . . .

(mrad(Si)/s) Bias Sample Size Downpoint Bin 1 Rejects

Pre-Rad 12 0

10krad(Si) 12 0

10 Figure 130 12 30krad(Si) 12 0

50krad(Si) 12 0

60krad(Si) 12 0

Pre-Rad 12 0

10krad(Si) 12 0

10 Grounded 12 30krad(Si) 12 0

50krad(Si) 12 0

60krad(Si) 12 0

6.1.3 Data Plots

6.1.3.1 Normal Mode

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fgapmp = 900.901ksps,
Fin = 20.3kHz, A)\ = -1dBFS; Ty = 25°C.

1.5 [—8—Max INL, NM, CHO, PGA Bypassed, Biased 0.6 —@— Max DNL, NM, CHO, PGA Bypassed, Biased
=@ Max INL, NM, CHO, PGA Bypassed, Grounded —@— Max DNL, NM, CHO, PGA Bypassed, Grounded | ae ==
=& Min INL, NM, CHO, PGA Bypassed, Biased gy Min DNL, NM, CHO, PGA Bypassed, Biased
1.0 Min INIT, r_\lM, CHO, PGA Bypassed, Grounded 0.4 Min DNL, NM, CHO, PGA Bypassed, Grounded
= = Spec Limits ~ = = Spec Limits
‘ %
9,33 0.5 _:' 0.2 ‘ J— ‘
:; ® f i 4§ T £ B & —5 o
= [}
= C
= £
g o0 Z 00
5 o
< ‘ z
S & : o = S : — .
5 057 5 . 5027 . b — i
5 [}
2 b=
S a
1.0 -0.4
15 0.6
0 10 30 50 60 0 10 30 50 60
Total Dose (krad(Si)) Total Dose (krad(Si))
Figure 131. INL vs TID Figure 132. DNL vs TID
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,

Fin = 20.3kHz, Ay = -1dBFS; T4 = 25°C. (Cont.)
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Figure 135. - FSE vs TID Figure 136. SNR vs TID
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = 0V, fsamp = 900.901ksps,
Fin = 20.3kHz, Ay = -1dBFS; Tp = 25°C. (Cont.)
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Figure 139. Digital Supply Current vs TID
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6.1.3.2 Low Power Mode

Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps,

Fin = 20.3kHz, Ay = -1dBFS; T = 25°C.
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== Min INL, LPM, CHO, PGA Bypassed, Biased =& Min DNL, LPM, CHO, PGA Bypassed, Biased
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Figure 142. ZSE vs TID
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps,
Fin = 20.3kHz, Ay = -1dBFS; Tp = 25°C. (Cont.)
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Unless otherwise noted, AV = 5.0V; DV = 2.5V, REF = 2.5V, GND = 0V, PGA Bypassed, LPM = DV, fsamp = 684.932ksps,

Fin = 20.3kHz, Ay = -1dBFS; T4 = 25°C. (Cont.)
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Figure 148. Digital Supply Current vs TID

ATE characterization testing showed no rejects to the datasheet limits at all downpoints. Data for selected

parameters are presented in Figure 131 through Figure 148. Table 11 shows the average of other key parameters
with respect to total dose in tabular form. No differences between biased and unbiased irradiation were noted, and
the part is not considered bias sensitive.

Table 11. Total Dose Test Attributes Data

Irradiation Pre-Rad . . . . .
Parameter Condition Value 10krad(Si) 30krad(Si) 50krad(Si) 60krad(Si) Unit

Biased -0.421 -0.423 -0.429 -0.436 -0.425
Ground -0.431 -0.429 -0.454 -0.441 -0.451

INL MIN LSB
Limit - -1 -1 -1 -1 -1
Limit + - - - - -
Biased 0.373 0.366 0.369 0.373 0.371
Ground 0.373 0.382 0.372 0.378 0.374

INL MAX LSB
Limit - - - - - -
Limit + 1 1 1 1 1
Biased -0.164 -0.163 -0.163 -0.168 -0.169
Ground -0.163 -0.164 -0.167 -0.161 -0.166

DNL MIN LSB
Limit - -0.5 -0.5 -0.5 -0.5 -0.5
Limit + - - - - -
Biased 0.161 0.162 0.159 0.158 0.160
Ground 0.163 0.164 0.167 0.158 0.164

DNL MAX LSB
Limit - - - - - -
Limit + 0.5 0.5 0.5 0.5 0.5
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Table 11. Total Dose Test Attributes Data (Cont.)

Irradiation Pre-Rad . . . . .
Parameter Condition Value 10krad(Si) 30krad(Si) 50krad(Si) 60krad(Si) Unit
Biased 0.097 0.118 0.169 0.111 0.143
Ground 0.091 0.164 0.236 0.166 0.163
ZSE LSB
Limit - -3 -3 -3 -3 -3
Limit + 3 3 3 3 3
Biased 0.153 0.149 0.182 0.155 0.190
Ground 0.133 0.164 0.165 0.026 0.047
+FSE LSB
Limit - -7 -7 -7 -7 -7
Limit + 7 7 7 7 7
Biased 1.045 1.049 1.061 1.044 1.011
Ground 1.040 1.119 1.214 1.215 1.200
-FSE LSB
Limit - -7 -7 -7 -7 -7
Limit + 7 7 7 7 7
Biased 83.526 83.543 83.535 83.511 83.506
Ground 83.525 83.543 83.532 83.516 83.508
SNR dBFS
Limit - 82 82 82 82 82
Limit + - - - - -
Biased 107.917 108.402 108.428 108.257 108.116
Ground 107.817 108.323 108.264 108.003 107.699
SFDR dBFS
Limit - 90 90 90 90 90
Limit + - - - - -
Biased 17.321 17.304 17.267 17.237 17.207
Ground 17.310 17.297 17.264 17.229 17.199
lavee — mA
Limit - - - - - -
Limit + 23 23 23 23 23
Biased 408.293 406.599 415.100 410.184 411.893
Ground 408.077 406.194 414.243 410.206 411.352
Ipvee — UA
Limit - - - - - -
Limit + 700 700 700 700 700
Biased 587.92 588.58 589.50 589.84 589.65
Ground 584.07 585.04 586.41 587.12 587.29
tconvt™! ns
Limit - - - - - -
Limit + 660 660 660 660 660
Biased 16.11 16.11 16.18 16.18 16.11
Ground 16.11 16.11 16.18 16.11 16.03
tausyLH ns
Limit - - - - - -
Limit + 30 30 30 30 30
1. AVCC =4.5V,DVCC =2.2V
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6.2 Single-Event Effects Testing

6.2.1 Introduction

The intense proton and heavy-ion environment encountered in space can cause a variety of Single Event Effects
(SEE) in electronic circuitry, including Single Event Upset (SEU), Single Event Transient (SET), Single Event
Functional Interrupt (SEFI), Single Event Latch-Up (SEL), Single Event Gate Rupture (SEGR), and Single Event
Burnout (SEB). SEE can lead to system-level performance issues such as disruption, degradation, and
destruction. Individual electronic components should be characterized for predictable and reliable space system
operation to determine their SEE response. The following discusses the SEE testing results performed on the
ISL71148M product.

6.2.2 Test Facility

The SEE testing was performed at the Texas A&M University (TAMU) Radiation Effects Facility of the Cyclotron
Institute. The K500 Cyclotron was the particle accelerator used at this facility to supply the variety of heavy ion
beams used to test the ISL71148M. The SEE testing was performed in August 2023 with normal incidence Silver

(Ag) ions with a LET value at 46MeVscm2/mg, Argon (Ar) at 8.6MeVscm2/mg, and Neon (Ne) at 2.7MeVscm?/mg.

As part of our setup, the lid was removed from the DUT and placed at 40 mm from the end of the heavy ion beam
line to get direct exposure to the die. The equipment used for the experiments was managed from the K500
data/control room, located above the cyclotron room. Most of the instruments were connected through 20-foot
cables up to the control room; the rest were connected remotely through a local area network (LAN) cable.

6.2.3 Destructive Single Event Effects (DSEE) Testing Results

For DSEE testing, three different power supplies were provided externally to the ADC to monitor the currents of
each in real time; these were A¢, Dycc, and Vgge.

The die temperature was set to 125°C + 10°C. The failure criteria for testing were shifts of £ 10% from
pre-irradiation to post-irradiation measurements on any supply currents. The supply for D,cc was set to 4.6V, and
Vrer Was set to 3.6V, intending to run this test at the ADC’s recommended absolute maximum voltages. The Aycc
supply was swept in 0.10V steps. Results show that ISL71148M did not experience DSEEs up to Ay = 6.2V.

6.2.4 Single Event Transient Testing

During SET testing, the ADC input was set to approximately midscale using an amplifier circuit on the ISL71148M
engineering evaluation board driving the ADC analog input. Setting the ADC analog input to a mid-scale value
enables the observation of positive and negative excursions in the output codes. Before every run, the median
code for Channel 1 was used to set the +20 code threshold window, while the other seven channels were
recorded to be used when post-processing the SET data. If the output code of the ADC went beyond the +20 code
window during each run, it was counted as a SET.

Single-event transient testing was performed on the ISL71148M under the conditions listed in Table 12. The
sequence in which these conditions were implemented was in alternating style from one DUT to the next in the
order of 1-2, then 2-1 for normal mode tests and 3-4, then 4-3 for low power mode tests. The alternating order of
the tests in normal and low power modes was implemented to detect any potential dependency on cumulative
dose effects. To detect any potential Ay voltage-related or sample rate-related issues, the ISL71148M was
tested at the minimum analog supply voltage of Aycc = 4.5V. The ADC is more stressed at a lower Aycc supply
voltage.

Table 12. SET Test Conditions

Test Operating
Condition AVce DV¢e VREF Mode PGA Mode SCAN Sample Rate
1 4.5V 2.5V 3.6V Normal Enabled Disabled 456.621ksps
2 4.5V 2.5V 3.6V Normal Bypassed Disabled 900.901ksps
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Table 12. SET Test Conditions (Cont.)

Co::?ttion AV DVee VRer OPJ;‘:;"Q PGA Mode SCAN Sample Rate
3 4.5V 2.5V 3.6V Low Power Enabled Disabled 393.701ksps
4 4.5V 2.5V 3.6V Low Power Bypassed Disabled 684.932ksps
5 4.5V 2.5V 3.6V Normal Bypassed Enabled 900.901ksps

Table 13 summarizes all SET runs for conditions #1 through #4. Four DUTs were tested for each condition for a
total fluence of 8x108ion/cm?2. Only a small number of SETs lasted two consecutive samples. The data shows that
out of all SETs observed, more than 80% were less than 100 codes in magnitude for an LET of 46MeVscm?2/mg.
During all SET testing, the devices were exposed to a total fluence of 2x108ion/cm? per run.

Table 13. SET Results Summary

LET Condition Sample Rate 2 Sample % SET Average Average
(MeVecm2/mg) (ksps) SET <100 Codes # SET/ Run # Samples/Run
#1 456.621 3 86.42 625 25723641
#2 900.901 1 86.81 792 41190401
% #3 393.701 0 80.15 522 20425899
#4 684.932 0 86.85 584 34079673
#1 456.621 0 85.35 94 23004999
#2 900.901 0 93.95 83 42571504
&0 #3 393.701 0 85.15 80 19527151
#4 684.932 0 93.86 70 34253854
#1 456.621 0 93.54 34 18742611
#2 900.901 0 100.00 16 36200298
27 #3 393.701 0 95.95 24 15387306
#4 684.932 0 100 17 28640489

Test condition #5 was specifically implemented to test the channel sequencer of the ISL71148M, which is enabled
by asserting the SCAN pin. In SCAN mode, the ISL71148M sequences through all eight channels from 0 to 7 in
repeating order. Test condition #5 only monitors the information bits to verify the sequencer selects the correct
channel. These results are shown in Table 14.

Table 14. Test Condition #5 SET Runs

LET (MeVecm2/mg) Run Number Total Info Bits SET Total Samples/Run
1 0 31981568
2 1 31981568
46
3 1 31981568
4 2 31981568
1 0 31981568
2 0 31981568
8.6
3 0 31981568
4 0 31981568
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Table 14. Test Condition #5 SET Runs (Cont.)

LET (MeVecm2/mg) Run Number Total Info Bits SET Total Samples/Run
1 0 31981568
2 0 31981568
2.7
3 0 31981568
4 0 31981568

Weibull curve parameters were generated for all test conditions and are shown in Table 15. Conditions #1 through
#4 show a saturation cross section range from 4.75x10%um?2 to 1.48x10%um?2. Test Condition #5 shows a
saturation cross section of 3.97x102um?2.

Table 15. Weibull Curve Parameters

Test Condition Onset LET Saturation Cross Shape Parameter W Scale Parameter s
(MeV+cm2/mg) Section (um?2) (MeVecm?2/mg)
1 0.11 1.48x105 281.76 0.77
2 0.1 6.13x104 38.39 1.49
3 1.0 4.75x104 47.61 1.24
4 1.0 5.10x104 46.51 1.33
5 9.0 3.97x102 78.14 1.53
6.2.5 Conclusion

The DSEE test analysis for the ISL71148M showed that the device is resistant to DSEE at supply voltages up to
AVCC = 6.2V, Dy =4.6V, and VREF = 3.6V at a die temperature of 125°C £ 10°C.

The SET results show that most of these errors last a single sample and they clear without any user intervention.
Thus, no SEFIs were observed up to 46 MeV+.cm2/mg. Furthermore, the data shows that most of the SET’s
observed were less than 100 codes in magnitude.

7. Die and Assembly Characteristics

Table 16. Die and Assembly Related Information

Die Information

Dimensions

4495umx*4495um (177 milsx177 mils)
Thickness: 292um (11.5 mils)

Interface Materials

Passivation

Oxide/Nitride Total Thickness 24.5kA with 5um of Polyimide

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 142139

Weight of Packaged Device

0.178 grams (typical) - Q48.7x7package
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8. Package Outline Drawing

For the most recent package outline drawing, see Q48.7x7.
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Q48.7x7 (JEDEC MS-026ABC Issue B)
48 Lead Thin Plastic Quad Flatpack Package

SYMB INCHES MILLIMETERS | nNOTE
oL MIN MAX MIN MAX S
A ) 0.047 - 1.20 -

A1l 0.002 0.005 0.05 0.15 -

A2 0.038 0.041 0.95 1.05 -

b 0.007 0.010 0.17 0.27 6
b1 0.007 0.009 0.17 0.23 -
D 0.350 0.358 8.90 9.10 3

D1 0.272 0.280 6.90 7.10 4,5

E 0.350 0.358 8.90 9.10 3

E1 0.272 0.280 6.90 7.10 4,5

L 0.018 0.029 0.45 0.75 -
N 48 48 7
e 0.020 BSC 0.50 BSC -
Rev. 1 9/98
NOTES:

1. Controlling dimension: MILLIMETER. Converted inch

> b |= dimensions are not necessarily exact.
0.020 > J:i“"”" ";" 2. All dimensions and tolerances per ANSI Y14.5M-1982.
. —> —
0.008 MIN i -‘ ’- i 3. Dimensions D and E to be determined at seating plane .
0° MIN T 0.09/0.16 I_l 4. Dimensions D1 and E1 to be determined at datum plane
. -H-|.
AGE A2 pq 0.00410.006 T
PLANE + + / 5. Dimensions D1 and E1 do not include mold protrusion.
{ \ BASE METAL Allowable protrusion is 0.25mm (0.010 inch) per side.
’/r;‘ [ L/ WITH PLATING 0.09/0.20 6. Dimension b does not include dambar protrusion. Allowable
k 0.25 o 130 0.004/0.008 dambar protrusion shall not cause the lead width to exceed
0°-7° | 0.010 the maximum b dimension by more than 0.08mm (0.003
inch).
7. “N” is the number of terminal positions.
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9. Ordering Information

I Package .
Part Number(!I21 | PartMarking | (TSUWOnHSTIe®S | Description kg, | Carmer | 1omp. Range
9 (RoHS Compliant) 9 yp
ISL71148M30NZ LDR to 30krad(Si)
ISL71148MNZ 48 Ld TQFP Q48.7x7 Tray -55 to +125°C
ISL71148M50NZ LDR to 50krad(Si)
ISL71148MNZEV1Z Single IC Evaluation Board for ISL71148M

1. These Pb-free plastic packaged products employ special Pb-free material sets; molding compounds/die attach materials and NiPdAu-Ag

plate - e4 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering operations. Pb-free products
are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of IPC/JEDEC J-STD-020.

2. For Moisture Sensitivity Level (MSL), see the ISL71148M product page. For more information about MSL, see TB363.

10. Revision History

Revision Date Description

1.00 Feb 15, 2024 | Initial release.
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