CIRRUS LOGIC”

| CS5374

Dual High-performance Amplifier & 43 Modulator

Features

@ High Input Impedance Differential Amplifier
¢ Ultra-low input bias: < 1 pA
* Max signal amplitude: 5 Vpp differential

® Fourth Order Delta-Sigma (AX) Modulator
« Signal Bandwidth: DC to 2 kHz

« Common mode rejection: 110 dB CMRR

e Differential Analog Input, Digital AX Output
* Multiplexed inputs: INA, INB, 800Q2 termination
* Selectable Gain: 1x, 2x, 4x, 8x, 16x, 32X, 64x

® Excellent Amplifier Noise Performance
e 1.5 uVpp between 0.1 Hz and 10 Hz
« 11 nV /+Hz from 200 Hz to 2 kHz

e High Modulator Dynamic Range
e 126 dB SNR @ 215 Hz BW (2 ms sampling)
e 123 dB SNR @ 430 Hz BW (1 ms sampling)

® Low Total Harmonic Distortion
e —118 dB THD typical (0.000126%)
e —108 dB THD maximum (0.0004%)

® Low Power Consumption
* Normal operation: 6.5 mA per channel
* Power down: 15 pA per channel max

® Dual Power Supply Configuration

e VA+=+25V;VA-=-25V;VD=+3.3V

Description

The CS5374 combines two marine seismic analog mea-
surement channels into one 7mm x 7mm QFN
package. Each measurement channel consists of a high
input impedance programmable gain differential amplifi-
er that buffers analog signals into a high-performance,
fourth-order AX modulator. The low-noise AX modulator
converts the analog signal into a one-bit serial bit stream
suitable for the CS5376A digital filter.

Each amplifier has two sets of external inputs, INA and
INB, to simplify system design as inputs from a hydro-
phone sensor or the CS4373A test DAC. An internal
800CQ termination can also be selected for noise tests.
Gain settings are binary weighted (1x, 2x, 4x, 8%, 16X,
32x, 64x) and match the CS4373A test DAC output at-
tenuation settings for full-scale testing at all gain ranges.
Both the input multiplexer and gain are set by registers
accessed through a standard SPI™ port.

Each fourth-order AX modulator has very high dynamic
range combined with low total harmonic distortion and
low power consumption. It converts differential analog
signals from the amplifier to an oversampled AX serial bit
stream which is decimated by the CS5376A digital filter
to a 24-bit output at the final output word rate.

ORDERING INFORMATION
See page 43.
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CS5374

CHARACTERISTICS AND SPECIFICATIONS

Min/Max characteristics and specifications are guaranteed over the Specified Operating Conditions.

Typical performance characteristics and specifications are derived from measurements taken at nom-
inal supply voltages and T, = 25°C.

GND =0V, all voltages with respectto 0 V.
Device connected as shown in Figure 11 and Figure 12 unless otherwise noted.

SPECIFIED OPERATING CONDITIONS

1.

Parameter \ Symbol Min Nom Max Unit
Bipolar Power Supplies
Positive Analog +2% VA+ 2.45 2.50 2.55 V
Negative Analog (Note 1) +2% VA- -2.45 -2.50 -2.55 V
Positive Digital +3% VD 3.20 3.30 3.40 \Y
Voltage Reference
[VREF+] - [VREF-] (Note 2, 3)| VREF - 2.500 - \Y,
VREF- (Note 4)| VREF- - VA - - \Y
Thermal
Ambient Operating Temperature -CNZ‘ Ta -10 25 70 °C

Notes: 1.
2. By design, a 2.500 V voltage reference input results in the best signal-to-noise performance.
3. Channel-to-channel gain accuracy is directly proportional to the voltage reference absolute accuracy.
4. VREF inputs must satisfy: VA- < VREF- < VREF+ < VA+.

ABSOLUTE MAXIMUM RATINGS

VA- must always be the most-negative input voltage to avoid potential SCR latch-up conditions.

Parameter Symbol Min Max Unit
DC Power Supplies Positive Analog VA+ -0.3 6.8 \%
Negative Analog VA- -6.8 0.3 \%
Digital VD -0.3 6.8 Y,
Analog Supply Differential [(VA+) - (VAI)]| VADEe - 6.8 \%
Digital Supply Differential [(VD) - (VA-)]| VDpee - 6.8 \%
Input Current, Any Pin Except Supplies (Note 5, 6) N - +10 mA
Input Current, Power Supplies (Note 5) lpwR - +50 mA
Output Current (Note 5) louT - +25 mA
Power Dissipation PD - 500 mw
Analog Input Voltages VINA (VA-)-0.5 (VA+)+0.5 \%
Digital Input Voltages VIND -0.5 (VD)+0.5 \Y
Storage Temperature Range Tste -65 150 °C
WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
Notes: 5. Transient currents up to 200mA will not cause SCR latch-up.
6. Includes continuous over-voltage conditions on the analog input pins.
4 DS862F1
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CIRRUS LOGIC CS5374
THERMAL CHARACTERISTICS
Parameter Symbol Min Typ Max Unit
Ambient Operating Temperature Ta -10 - 70 °C
Storage Temperature Range TstR -65 - 150 °C
Allowable Junction Temperature Ticr - - 125 °C
Junction to Ambient Thermal Impedance (4-layer PCB) CRTN - 26 - °CIW

ANALOG CHARACTERISTICS

Parameter | Symbol Min Typ Max Unit
Amplifier Inputs
Signal Frequencies BW DC - 2000 Hz
Differential Gain GAIN x1 - x64
Common Mode Gain (Note 7)| GAINgpm - x1 -
Common Mode Voltage Vem - (VA-)+2.5 - Vv
Voltage Range (Signal + Vcm) x1 VN (VA-)+0.7 - (VA+)-1.25 \Y
X2 - x64 (VA-)+0.7 . (VAH)-1.75
Full Scale Differential Input x1 - - 5 Vop
X2 - - 2.5 Vop
x4 - - 1.25 Vop
x8 V|NFS - - 625 mVpp
x16 - - 3125 mVp,
x32 - - 156.25 mVp,
x64 - - 78.125 mVp,
Differential Input Impedance ZINDIFF - 1,20 - TQ, pF
Common Mode Input Impedance Z\NCM - 0.5, 40 - TQ, pF
Input Bias Current I - 1 40 pA
Amplifier Outputs
Full Scale Output, Differential Vout - - 5 Vop
Output Voltage Range (Signal + Vcm) VRNG (VA-)+0.5 - (VA+)-0.5 \%
Output Impedance (Note 8) ZouT - 40 - Q
Output Impedance Drift (Note 8) Z1c - 0.38 - Q/°C
Output Current louT - - +25 mA
Load Capacitance CL - - 100 nF
Guard Outputs
Guard Output Voltage VGUARD - Vem - Y
Guard Output Impedance (Note 8)| ZGourt - 500 - Q
Guard Output Current IGouT - - 40 A
Guard Load Capacitance CG_ - - 100 pF
Notes: 7. Common mode signals pass through the differential amplifier architecture and are rejected by the
modulator CMRR.
8. Output impedance characteristics are approximate and can vary up to +30% depending on process
parameters.
DS862F1 5
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CIRRUS LOGIC" CS5374
ANALOG CHARACTERISTICS (CONT.)
Parameter | Symbol Min Typ Max | Unit
Modulator Inputs
Input Signal Frequencies (Note 9) Vew DC - 2000 Hz
Full-scale Differential AC Input Vac - - 5 Vop
Full-scale Differential DC Input Vpe -2.5 - 25 Vpe
Input Common Mode Voltage Vem - (VA)+2.5 - Y
Input Voltage Range (V.y, = Signal ) VeNG (VA-)+0.7 - (VA+)-1.25 \Y,
Differential Input Impedance INRt| ZDIF|NR - 20 - kQ
INF+| ZDIF N - 1 - MQ
Single-ended Input Impedance INR:| ZSENR - 40 - kQ
INF£| ZSE\Ne - 2 - MQ
External Anti-alias Filter Series Resistance Raa - 680 - Q
(Note 10) Differential Capacitance Coire - 20 - nF
VREF Inputs
[VREF+] - [VREF-] (Note 2, 3)| VREF - 2.500 - v
VREF- (Note 4)| VREF- - VA - - Y,
VREF Input Current VREF, - 120 - HA
VREF Input Noise (Note 11)| VREFy - - 1 MVims

Notes: 9. The upper bandwidth limit is determined by the selected digital filter cut-off frequency.

10. Anti-alias capacitors are discrete external components and must be of good quality (COG, NPO, poly).
Poor-quality capacitors will degrade total harmonic distortion (THD) performance. See Figure 1 for

external anti-alias filter connections.

11. Maximum integrated noise over the measurement bandwidth for the voltage reference device attached

to the VREF inputs.

CS5374
680 N
——I:Qxxt INR+
ouT+
INF+
68001 20nF 20nF
AMPLIFIER o0 oo 20"
ouT-
INR-
680 N

MODULATOR

Figure 1. External Anti-alias Filter Components
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CIRRUS LOGIC CS5374
PERFORMANCE SPECIFICATIONS
Parameter ‘ Symbol ‘ Min ‘ Typ Max ‘ Unit
Amplifier Noise
Voltage Noise fp=0.1Hzto 10 Hz| VNpp - 15 3 UVpp
Voltage Noise Density fo=200 Hzto 2 kHz|  VNp - 11 14 nVv/JHz
Current Noise Density INp - 20 - fA//Hz
Channel Dynamic Range
Dynamic Range (1/4 ms) DC to 1720 Hz SNR - 105 - dB
(1x Gain, Multiple OWRs) (1/2 ms) DCto 860 Hz - 120 - dB
(Note 9, 12) (1 ms) DCto 430 Hz 121 123 - dB
(2ms) DCto 215Hz - 126 - dB
(4 ms) DCto 108 Hz - 129 - dB
(8ms)DCto 54 Hz - 131 - dB
(16 ms)DCto 27 Hz - 135 - dB
Dynamic Range 1x SNR 121 123 - dB
(Multiple Gains, 1 ms OWR) 2X - 122 - dB
(Note 9, 12) 3x - 120 - dB
8x - 116 - dB
16x - 111 - dB
32x - 105 - dB
64x - 98 - dB
Channel Distortion
Total Harmonic Distortion 1x - -118 -108 dB
(Note 13) 2X - -119 - dB
4x - -119 - dB
8x THD - -119 - dB
16x - -118 - dB
32x - -115 - dB
64x - -112 - dB

Notes: 12. Dynamic Range defined as 20 log [(RMS full scale) / (RMS idle noise)] where idle noise is measured
with the amplifier input terminated. Dynamic Range is dominated by high-frequency quantization noise

at the 1/4 ms rate and amplifier noise at high gain.
13. Tested with a 31.25 Hz sine wave at 1 ms sampling rate and -1 dB amplitude.

CS5374 Amplifier In-Band Noise

154

10

Noise Density (nV/rtHz)

Frequency (Hz)

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Noise Density (nV/rtHz)

400

CS5374 Amplifier Wide Band Noise

300

200+

100+

0.1

10

1k
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Figure 2. CS5374 Amplifier Noise Performance
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CIRRUS LOGIC CS5374
PERFORMANCE SPECIFICATIONS (CONT.)
CS5374
Parameter Symbol Min Typ Max Unit
Channel Gain Accuracy
Channel Gain, Offset Corrected (Note 3, 14)| GAIN gg | -6101194 - 6101194 LSB
OxA2E736 - 0x5D18CA LSB
Absolute Gain Accuracy (Note 3, 15)| GAINpgs - +1 +2 %
Relative Gain Accuracy 2X -0.3 -0.1 0.1 %
(Note 16) 4x - -0.1 - %
8X| GAINRgL - 0.1 - %
16x - 0.4 - %
32x - 0.4 - %
64x - 0.3 - %
Gain Dirift (Note 17)| GAINtc - 25 - ppm/°C
Channel Offset Accuracy
Amplifier Offset Voltage, Input Referred (Note 18)| OFSTamp - +250 +750 Y
Amplifier Offset Drift, Input Referred (Note 17)| OFSTatc - 0.3 - puv/e°Cc
Modulator Offset Voltage, Differential (OFST =1)| OFSTpmoDp - 1 - mV
Modulator Offset Voltage, Channel 1 (OFST =0)| OFSTy0Dp1 - -60 - mvV
Modulator Offset Voltage, Channel 2 (OFST =0)| OFSTmoDp2 - -35 - mv
Modulator Offset Drift (Note 17)| OFSTytc - 1 - pv/°C
Offset After Calibration (Note 19)| OFSTcaL - *1 - uv
Offset Calibration Range (Note 20)| OFSTgrnG - 100 - %FS
Channel CMRR and Crosstalk
Common Mode Rejection Ratio CMRR - 110 - dB
Crosstalk, Amplifier Multiplexed Inputs CXT - -130 - dB
Crosstalk, Channel-to-Channel CXT¢cc - -130 - dB

Notes: 14.

differential signal into the CS5374 analog inputs at 1x gain. Value is offset corrected.

Channel Gain is the nominal full-scale 24-bit output code from the CS5376A digital filter for a 5 Vpp

15. Absolute gain accuracy tests the matching of 1x gain across multiple CS5374 channels in a system.

16. Relative gain accuracy tests the tracking of 2x, 4x, 8x, 16x, 32x, 64x gain relative to 1x gain on a single
CS5374 channel.

17. Specification is for the parameter over the specified temperature range and is for the CS5374 device
only. It does not include the effects of external components.

18. Offset voltage is tested with the amplifier inputs connected to the internal 800 Q termination.

19. The offset after calibration specification is measured from the digitally calibrated output codes of the
CS5376A digital filter.

20. Offset calibration is performed in the CS5376A digital filter and includes the full-scale signal range.

8 DS862F1
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CHANNEL PERFORMANCE PLOTS
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Figure 3. CS5374 Noise Performance (1x Gain)
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Figure 4. CS5374 + CS4373A Test DAC Dynamic Performance
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DIGITAL CHARACTERISTICS

Parameter | Symbol Min Typ Max | Unit
Digital Inputs
High-level Input Voltage (Note 21) A\ 0.6*VD - VD \
Low-level Input Voltage (Note 21) VL 0.0 - 0.8 \%
Input Leakage Current N - *1 10 pA
Digital Input Capacitance Cin - 9 - pF
Input Rise Times Except MCLK trise - - 100 ns
Input Fall Times Except MCLK teaLL - - 100 ns
Digital Outputs
High-level Output Voltage, 1y, = -40 uA VoH VD-0.3 - - \Y,
Low-level Output Voltage, Iy, = 40 pA VoL - - 0.3 \Y
High-Z Leakage Current loz - *1 10 pA
Digital Output Capacitance CouT - 9 - pF
Output Rise Times (Note 22) tRISE - - 100 ns
Output Fall Times (Note 22) trALL - - 100 ns

Notes: 21. Device is intended to be driven with CMOS logic levels.
22. Guaranteed by design and/or characterization.

trise tfall
—x—F+——— 0.9 *VD

4—0.1*VD

Figure 5. Digital Rise and Fall Times SYNC from external system.

SYNC ///////

;
?
?
é

MCLK |/ )

MSYNC

-
o

MDATA

MFLAG

TDATA

- o —— e ——— P ——

Figure 6. System Synchronization Diagram
SYNC from External. MCLK, MSYNC, TDATA from CS5376A. MDATA, MFLAG from CS5374.
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DIGITAL CHARACTERISTICS (CONT.)

Parameter | Symbol Min Typ Max Unit
Master Clock Input
MCLK Frequency (Note 23) fvcLk - 2.048 - MHz
MCLK Duty Cycle MCLKp1c 40 - 60 %
MCLK Rise Time triSE - - 50 ns
MCLK Fall Time teALL - - 50 ns
MCLK Jitter (in-band or aliased in-band) MCLK|g; - - 300 ps
MCLK Jitter (out-of-band) MCLKogj - - 1 ns
Master Sync Input
MSYNC Setup Time to MCLK Falling (Note 24) tvss 20 366 - ns
MSYNC Period (Note 24)| tysync 40 976 - ns
MSYNC Hold Time after MCLK Falling (Note 24) tmsH 20 610 - ns
MDATA Output
MDATA Output Bit Rate fVMDATA - 512 - kbits/s
MDATA Output One’s Density Range (Note 22)| MDATp 14 - 86 %
Full-scale Output Code, Offset Corrected (Note 25)| MDATEg |OxA2E736 - 0x5D18CA

Notes: 23. MCLK is generated by the CS5376A digital filter. If MCLK is disabled, the CS5374 device automatically
enters a power-down state. See Power Supply Characteristics for typical power-down timing.
24. MSYNC is generated by the CS5376A digital filter and is latched by CS5374 on MCLK falling edge,
synchronization instant (tg) is on the next MCLK rising edge.
25. Decimated, filtered, and offset-corrected 24-bit output word from the CS5376A digital filter.
|
wou [T L -
tvss tvsH 1/ fuck
< >i< f > i< >
|
MSYNC ty—
P tusyne I R
I
MDATA
L. 1/ fvpata R
I
MFLAG |
|
|
Figure 7. MCLK / MSYNC Timing Detail
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SPI™ INTERFACE TIMING (EXTERNAL MASTER)
Parameter | Symbol | Min Typ Max | Unit
SDI Write Timing
CS Enable to Valid Latch Clock t 60 - - ns
Data Set-up Time Prior to SCK Rising ty 60 - - ns
Data Hold Time After SCK Rising t3 60 - - ns
SCK High Time ty 120 - - ns
SCK Low Time ts 120 - - ns
SCK Falling Prior to CS Disable tg 60 - - ns
SDO Read Timing
SCK Falling to New Data Bit t7 - - 90 ns
SCK High Time tg 120 - - ns
SCK Low Time tg 120 - - ns
SCK Falling Hold Time Prior to CS Disable t1o 60 - - ns
cs '
]
SDI MSB | MSB-1 | \ X ix LSB
D
ty t, t; ty 5 tg
i s
Figure 8. SDI Write Timing in SPI Slave Mode
cs 3
C
Sbo MSB |MSB-1| \ [ | LsB
t7 t8 1:9 tl
SCK / ' [\ } 4 L fg %\
Figure 9. SDO Read Timing in SPI Slave Mode
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POWER SUPPLY CHARACTERISTICS

Parameter ‘ Symbol Min Typ Max ‘ Unit
Power Supply Current, chl + ch2 combined
Analog Power Supply Current (Note 26) Ia - 13 16 mA
Digital Power Supply Current (Note 26) Ip - 50 100 A
Power Supply Current, chl or ch2 only
Analog Power Supply Current (Note 26) A - 6.5 8 mA
Digital Power Supply Current (Note 26) Ib - 25 50 A
Power Down Current, MCLK enabled
Analog Power Supply Current (Note 26) Ia - 150 250 A
Digital Power Supply Current (Note 26) Ip - 10 75 LA
Power Down Current, MCLK disabled
Analog Power Supply Current (Note 26) A - 2 15 A
Digital Power Supply Current (Note 26) Ib - 1 15 A
Power Down Timing (after MCLK disabled) (Note 22) PDtc - 40 - us
Power Supply Rejection
Power Supply Rejection Ratio (Note 22)‘ PSRR - 100 - dB

Notes: 26. All outputs unloaded. Digital inputs forced to VD or GND respectively. Amplifier inputs connected to the
800 Q internal termination.

DS862F1 13
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Figure 10. CS5374 System Block Diagram

2. GENERAL DESCRIPTION

The CS5374 combines two marine seismic analog
measurement channelsinto one 7 mmx 7 mm QFN
package. Each measurement channel consists of a
high input impedance programmable gain differen-
tial amplifier that buffers analog signals into a
high-performance, fourth-order AX modulator. The
low-noise AX modulator convertsthe analog signal
into a one-bit serial bit stream suitable for the
CS5376A digitd filter.

Each amplifier hastwo sets of external inputs, INA
and INB, to simplify system design as inputs from
ahydrophone sensor or the CS4373A test DAC. An
internal 800 Q termination can also be selected for
noise tests. Gain settings are binary weighted (1x,
2X, 4x, 8X, 16x, 32X, 64x) and match the CS4373A
test DAC output attenuation settings for full-scale
testing at all gain ranges. Both the input multiplex-

er and gain are set by registers accessed through a
standard SPI™ port.

Each fourth-order AX modulator has very high dy-
namic range combined with low total harmonic dis-
tortion and low power consumption. It converts
differential analog signals from the amplifier to an
oversampled AX serial bit stream which is decimat-
ed by the CS5376A digital filter to a 24-bit output
at the final output word rate.

Figure 10 shows the system-level architecture of a
4-channel acquisition system using two CS5374,
one CS5376A digital filter and one CHA373A test
DAC.

Figure 11 and Figure 12 shows connection dia-
grams for the CS5374 device when connected to
the CS5376A digital filter.

14
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Figure 11. CS5374 Connection Diagram
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Figure 12. CS5374 to CS5376A Digital Interface
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Figure 13. CS5374 Amplifier Block Diagram

3. AMPLIFIER OPERATION

The CS5374 high-impedance, low-noise CMOS
differential input, differential output amplifiers are
optimized for precision analog signals between DC
and 2 kHz. They have multiplexed inputs and pro-
grammable gains of 1x, 2x, 4x, 8x, 16x, 32x, and
64x. The performance of this amplifier makes it
ideal for low-frequency, high-dynamic-range ap-
plications requiring low distortion and minimal
power consumption.

3.1 Amplifier Inputs — INA, INB

The amplifier analog inputs are designed for high-
impedance differential hydrophone sensors and so
have very low input bias below 1 pA.

3.1.1 Multiplexer Settings — MUX

Input multiplexing simplifies system connections
by providing separate inputs for a sensor and test
DAC (INA, INB) aswell asan internal termination
for noise tests. The multiplexer determines which
input is connected to the amplifier, and is set
through internal configuration registers accessed
through the SPI port, seethe“ SPI ™ Register Sum-
mary” on page 34 for more information.

Although amux selection is provided to enable the
INA and INB switches simultaneousdly, significant
current should not be driven through them in this

mode. The CS5374 mux switches will maintain
good linearity only with minimal signal current.

3.1.2 Gain Settings — GAIN

The CS5374 supports gain ranges of 1x, 2x, 4,x 8x,
16x, 32x, and 64x. Amplifier gain is selected using
internal configuration registers accessed through
the SPI port, see the “SPI™ Register Summary”
on page 34 for more information.

3.2 Amplifier Outputs — OUTR, OUTF

The amplifier analog outputs are externally sepa-
rated into rough/ fine charge signals to connect
into the modulator inputs. Each differential output
requires two series resistors and a differential ca-
pacitor to create the modulator anti-alias RC filter.

3.2.1 Guard Output — GUARD

The GUARD pin outputs the common mode volt-
age of the selected analog signal input. It can be
used to drive the cable shield between a high-im-
pedance sensor and the amplifier inputs. Driving
the cable shield with the analog signal common
mode voltage minimizesleakage and improves sig-
nal integrity from high-impedance sensors.

The GUARD output is defined as the midpoint
voltage between the + and — halves of the currently

16
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selected differential input signal, and will vary as
the signal common mode varies. The GUARD out-
put will not drive a significant load, as it can only
provide a shielding voltage.

3.3 Differential Signals

Analog signals into and out of the amplifiers are
differential, consisting of two halveswith equal but
opposite magnitude varying about acommon mode
voltage.

A full-scale 5V, differential signal centered on a
—0.15 V common mode can have:

SIG+=-015V +125V =11V
SIG-=-015V-125V =-14V
SIG+is+2.5V relativeto SIG-
For the reverse case:
SIG+=-015V-125V =-14V
SIG-=-0.15V +125V =11V
SIG+is-25V relativeto SIG-

The total swing for SIG+ relative to SIG- is
(+2.5V) = (-2.5V) =5V, A similar calculation
can be done for SIG-relative to SIG+. Note that a
5V, differential signal centered on a -0.15V
common mode voltage never exceeds 1.1V and
never drops below —1.4 V on either half of the sig-
nal.

By definition, differential voltages are to be mea-
sured with respect to the opposite half, not relative
to ground. A multi-meter differentially measuring
between SIG+ and SIG- in the above example
would properly read 1.767 Vg, OF 5V,

DS862F1
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Figure 14. CS5374 Modulator Block Diagram

4. MODULATOR OPERATION

The CS5374 modulators are fourth-order AX type
optimized for extremely high-resolution measure-
ment of signals between DC and 2000 Hz. When
combined with the internal differential amplifiers,
the CS4373A test DAC and CS5376A digital filter,
a small, low-power, self-testing, high-accuracy,
multi-channel measurement system results.

The modulators have high dynamic range and low
total harmonic distortion with very low power con-
sumption. They are optimized for extremely high-
resolution measurement of 5V, , or smaller differ-
ential signals. They convert analog input signals
from the differential amplifiers to an oversampled
serial bit stream which is then passed to the digital
filter.

The companion CS5376A digital filter generates
the clock and synchronization inputs for the modu-
lators while receiving the one-bit data and over-
range flag outputs. The digital filter decimates the
modulator’s oversampled output bit stream to a
high-resolution, 24-bit output at the final selected
output word rate.

4.1 Modulator Anti-Alias Filter

The modulator inputs are required to be bandwidth
limited to ensure modulator |oop stability and pre-

vent high-frequency signals from aiasing into the
measurement bandwidth. The use of simple, sin-
gle-pole, differential, low-pass RC filters across
the INR+ and INFz inputs ensures high-frequency
signals are rejected before they can alias into the
measurement bandwidth.

The approximate —3 dB corner of the input anti-
alias filter is nominally set to the internal analog
sampling rate divided by 64, which itself isadivi-
sion by 4 of the MCLK rate.

* MCLK Frequency = 2.048 MHz

e Sampling Frequency = MCLK / 4 =512 kHz

» -3 dB Filter Corner = Sampling Freq/ 64 = 8 kHz
* RCfilter=1/[2r X (2 X Rggries) X Cgitf ] ~ 8 kHz

Figure 1 on page 6 illustrates the CS5374 amplifi-
er-to-modulator analog connections with input
anti-alias filter components. Filter components on
the rough and fine pins should be identical values
for optimum performance, with the capacitor val-
uesaminimum of 0.02 uF. Therough input can use
either X7R or COG-type capacitors, while the fine
input requires COG-type capacitorsfor optimal lin-
earity. Using X 7R-type capacitors on the fine ana-
log inputswill significantly degrade total harmonic
distortion performance.

18
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4.2 Modulator Inputs — INR, INF

The modulator analog inputs are separated into dif-
ferential rough and fine signals (INRz, INF%) to
maximize sampling accuracy. The positive half of
the differential input signal is connected to INR+
and INF+, while the negative half is attached to
INF— and INR-. The INRt pins are switched-ca-
pacitor ‘rough charge’ inputs that pre-charge the
internal analog sampling capacitor beforeit is con-
nected to the INF+ fine input pins.

4.2.1 Modulator Input Impedance

The modulator inputs have a dynamic switched-ca-
pacitor architecture and so have arough charge in-
put impedance that is inversely proportiona to the
input master clock frequency and the input capaci-
torsize, [1/ (f - C)].

e MCLK =2.048 MHz
¢ INRz Internal Input Capacitor = 20 pF
¢ Impedance =[1/(2.048 MHz * 20 pF)] = 24 kQ

Internal to the modulator, the rough inputs (INR+)
pre-charge the sampling capacitor used by the fine
inputs (INFz), therefore the input current to the
fine inputs is typically very low and the effective
input impedance is an order of magnitude above
the impedance of the rough inputs.

4.2.2 Modulator Idle Tones — OFST

The modulators are delta-sigma-type and so can
produce “idle tones’ in the measurement band-
width when the differential input signal isasteady-
state DC signal near mid-scale. Idle tones result
from low-frequency patterns in the output data
stream and appear in the measurement spectrum as
small tones about -135 dB down from full scale.

By default the OFST bit inthe ADCCFG register is
low and idle tones are eliminated within the modu-
lator by adding .60 mV (channel 1) and —35 mV

(channel 2) of internal differential voffset'during
conversion to push idle tones out of the measure-
ment bandwidth. Care should be taken to ensure
external offset voltages do not negate the internally
added differential offset, or idle tones will reap-
pear.

4.3 Modulator Output — MDATA

The CS5374 modulators are designed to operate
with the CS5376A digital filter. The digital filter
generates the modulator clock and synchronization
signals (MCLK and MSYNC) while receiving
back the modulator one-bit AX conversion data and
over-range flag (MDATA and MFLAG).

4.3.1 Modulator One’s Density

During normal operation the CS5374 modulators
output a A serial bit stream to the MDATA pin,
with aone' sdensity proportional to the differential
amplitude of the analog input signal. The output bit
rate from the MDATA output isadivide-by-four of
the input MCLK, and so is nominally 512 kHz.

The MDATA output has a50% one' s density for a
mid-scale analog input, approximately 86% one’s
density for a positive full-scale analog input, and
approximately 14% one's density for a negative
full-scale analog input. One’ s density of the MDA-
TA output is defined astheratio of ‘1’ bits to total
bitsinthe serial bit stream output; i.e. an 86% one’s
density has, on average, a‘1’ valuein 86 of every
100 output data bits.

4.3.2 Decimated 24-bit Output

When the CS5374 modulators operate with the
CSbh376A digital filter, the final decimated, 24-bit,
full-scale output code range depends if digital off-
set correction isenabled. With digital offset correc-
tion enabled within the digital filter, amplifier

DS862F1
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offset and the modulator internal offset are re-
moved from the final conversion result.

Modulator CS5376A Digital Filter
Differential 24-Bit Output Code
Analog Input CH1 CH2
Signal Offset -60mV | -35mV
Corrected | Offset Offset
> + (VREF+5%) Error Flag Possible
+ VREF 5D18CA | 5ADCCE | 5BCB22
oV 000000 FDC404 | FEB258
- VREF A2E736 | AOAB3A | A1998E
> — (VREF+5%) Error Flag Possible

Table 1. 24-bit Output Coding
for the CS5374 Modulator and
CS5376A Digital Filter Combination

4.4 Modulator Stability — MFLAG

The CS5374 AX modulators have afourth-order ar-
chitecture which is conditionally stable and may go
into an oscillatory condition if theanalog inputsare
over-ranged more than 5% past either positive or
negative full scale.

If an unstable condition is detected, the modulator
collapses to a first-order system to regain stability
and transitions the MFLAG output low-to-high to
signal an error condition to the CS5376A digital
filter. The MFLAG output connects to a dedicated
input on the digital filter, causing an error flag to be
set in the status byte of the next output data word.

The analog input signal must be reduced to within
thefull-scalerangefor at least 32 MCLK cyclesfor
the modulator to recover from an oscillatory condi-
tion. If the analog input remains over-ranged for an
extended period, the modulator will cycle between
fourth-order and first- order operation and the
MFLAG output will be seen to pulse.

4.5 Modulator Clock Input —~'MCLK

The CS5376A digital filter generates the master
clock for the CS5374, typically 2.048 MHz, from a
synchronous clock input from the external system.
If MCLK isdisabled during operation, the CS5374
will enter a power down state after approximately
40 US. By default, MCLK is disabled at reset and
isenabled by writing thedigital filter CONFIG reg-
ister.

MCLK must have low jitter to guarantee full ana-
log performance, requiring a crystal- or VCXO-
based system clock input to the digital filter. Clock
jitter on the digital filter CLK input directly trans-
lates to jitter on MCLK.

4.6 Modulator Synchronization —
MSYNC

The CS5374 modulators are designed to operate
synchronously with other modulatorsin adistribut-
ed measurement network, so a rising edge on the
MSY NC input resets the internal conversion state
machine to synchronize analog sample timing.
MSYNC is automatically generated by the
CS5376A digital filter after receiving a synchroni-
zation signal from the external system, and is chip-
to-chip accurate within £ 1 MCLK period. The in-
put SYNC signal to the CS5376A digital filter sets
a common reference time ty for measurement
events, thereby synchronizing analog sampling
across a measurement network. By default,
MSYNC generation is disabled at reset and is en-
abled by writing the digital filter CONFIG register.

The CS5374 MSYNC input is rising-edge trig-
gered and resets the internal MCLK counter/divid-
er to guarantee synchronous operation with other
system devices. While the MSYNC signal syn-
chronizes the internal operation of the modulators,
by default, it does not synchronize the phase of the
sine wave from the CS4373A test DAC unless en-
abled in the digital filter TBSCFG register.
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Figure 15. SPI Interface Block Diagram

5. SPIT™M SERIAL PORT

The CS5374 SPI interface is adlave seria port de-
signed to interface with the CS5376A SPI 2 port.
SPI commands from the CS5376A write and read
the CS5374 configuration registersto control hard-
ware operation.

A block diagram of the CS5374 SPI serial interface
is shown in Figure 15, and connections to the
CS5376A SPI 2 port are shown in Figure 12 on

page 15.

5.1 SPI Pin Descriptions
RST — Pin 37

Hardware reset input pin, active low. Defaults the
configuration registers and SPI state machine.

CS—Pin25

Chip select input pin, active low.

SCLK — Pin 26

Serial clock input pin. Maximum 4.096 MHz.
SDI — Pin 27

Serial datainput pin. Data expected valid on rising
edge of SCLK, transition on falling edge.

SDO — Pin 28

Serial data output pin. Data valid on rising edge of
SCLK, transition on falling edge.

5.2 SPI Serial Transactions

Following reset, master mode serial transactions to
CS5374 assert CS and write serial clocksto SCLK
while writing serial datainto SDI or reading seria
data out from SDO.

The CS5374 seria port operates in SPI mode 0
(0,0) and reads or writes configuration registers us-
ing standard 8-bit SPI opcodes. Each individua se-
rial transaction is 24-bits long and is generated by
concatenating an 8-bit SPI command opcode, an 8-
bit register address, and an 8-bit data byte as shown
in Figure 16 on page 22.

The CS5374 SPI state machine requires 24 clocks
with CS asserted to fully shift out the SPI data or
else SPI clock synchronization can be lost. The
CSbh376A SPI 2 hardware generates 24 clocks per
transaction and will keep the CS5374 serial port
synchronized at all times. However, if another SPI
master is used and clock synchronization is lost,
two methods are available to recover:

1. Hold CS high (inactive) and apply 24 clocks to
shift out any cached SPI data bits. This method re-
tains the existing CS5374 register configuration.

SN0 g

2. Apply a hardware reset (toggle RST) and then
rewrite all CS5374 register configuration values.

DS862F1
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Instruction Opcode Address Definition
Write 0x02 ADDRJ[7:0] Write SPI register specified by the address in ADDR.
Read 0x03 ADDR[7:0] Read SPI register specified by the address in ADDR.

CS5374 SPI Write from CS5376A SPI2

s ) /

SDI >< 0x02 ><ADDR >< DATA ><

SPI2CMD[15:8] SPI2CMD[7:0] SPI2DAT[23:16]

sDo AR AR AR AAARRAAR

CS5374 SPI Read from CS5376A SPI2

=\ /
N A A A

SPI2CMD[15:8] SPI2CMDI[7:0]

SDO >< DATA ><

SPI2DAT[23:16]

SPI Mode 0 Transaction Details

Cycle 1 2 3 4 5 6 7 8

SDI (msef 6 f s ) a ) 3} 2 ) 1 | issf
spo — Mmse f 6 ) 5 ) 4 f 3 | 2 | 1 JisB) x}—
= -

Figure 16. CS5374 (Slave) Serial Transactionswith CS5376A (Master)
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Name Addr. Type # Bits Description
VERSION 0x00 R 8 Device Version ID
AMP1CFG 0x01 R/W 8 Amplifier 1 configuration
AMP2CFG 0x02 R/W 8 Amplifier 2 configuration
ADCCFG 0x03 R/W 8 Modulator 1 & 2 configuration
PWRCFG 0x04 R/W 8 Power configuration

Table 2. SPI Configuration Registers

5.3 SPI Registers

The CS5374 SPI registers are 8-bit registers that
control the CS5374 hardware configuration. See
“SPI™ Register Summary” on page 34 for de-
tailed bit definitions of the SPI registers listed in
Table 2.

5.3.1 VERSION — 0x00

The VERSION register indicates the hardware re-
vision of the CS5374 device. Read only.

® Reset Condition : 0000_0001

® Normal Operation : 0000_0001

® Power Down Operation : 0000_0001

5.3.2 AMP1CFG — 0x01

The AMPLCFG register controls the amplifier
MUX and GAIN settings for channel 1. It also en-
ablesPWDN mode for the channel 1 amplifier plus
enables the GUARD output for channels 1 & 2.

® Reset Condition : 0000_0000

® Normal Operation : 0OMM_0GGG

® Power Down Operation : 1000_0000

5.3.3 AMP2CFG — 0x02

The AMP2CFG register controls the amplifier
MUX and GAIN settings for channel 2. It aso en-
ables PWDN mode for the channel 2 amplifier.

® Reset Condition : 0000_0000

® Normal Operation : 0OMM_0GGG

® Power Down Operation : 1000_0000

Input Selection MUX1 MUXO0 Gain Selection GAIN2 GAIN1 GAINO
800 Q termination 0 0 1x 0 0 0
INA only 1 0 2% 0 0 1
INB only 0 1 4x 0 1 0
INA + INB 1 1 8x 0 1 1
16x 1 0 0
32x 1 0 1
64x 1 1 0
reserved 1 1 1

Table 3. Digital Selections for Gain and Input Mux Control
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5.3.4 ADCCFG — 0x03

The ADCCFG register can disable modulator
OFST and enable HP mode. It also enables PWDN
mode for the channel 1 & 2 modulators.

® Reset Condition : 0000_0000

® Normal Operation : 0100_0000

® Power Down Operation : 0011_0000

5.3.5 PWRCFG — 0x04
The PWRCFG register can vary bias currents for
the amplifier and modulator to minimize power
consumption.

® Reset Condition : 0000_0000

® Normal Operation : 1000_1111

® Power Down Operation : 0000_0000

CS5374

5.4 Example: CS5374 Configuration by an External SPI Master

Any SPI master that supports mode 0 (0,0) commu-
nication can write and read the configuration regis-
ters and control CS5374.

Thefollowing example SPI read and write transac-
tions show how to configure the CS5374 for nor-
mal operation.

SPI Write Transactions

Transaction CS5374 SPI Write Description

01 Sl: 020120 Write AMP1CFG register (0x01).
SO: --mmmmmmmemeeee- CHL1 INA enabled, 1x gain (0x20).

02 SI: 020220 Write AMP2CFG register (0x02).
SO: ---mmmmmee e CH2 INA enabled, 1x gain (0x20).

03 Sl: 02| 03| 40 Write ADCCFG register (0x03).
SO: ---mmmmmmeeeee- Normal operation (0x40).

04 Sl: 02 |04 | 8F Write PWRCFG register (0x04).
SO: ~--mmmmmmmnnoo- Normal operation (Ox8F).

SPI Read Transactions

Description

Read VERSION register (0x00).
Returned data byte on the SO pin.

Read AMP1CFG register (0x01).
Returned data byte on the SO pin.

Read AMP2CFG register (0x02).
Returned data byte on the SO pin.

Read ADCCFG register (0x03).
Returned data byte on the SO pin.

Transaction CS5374 SPI Read
01 Sl: 03 | 00 | 0O
SO: ---mmmmem | 01

02 Sl: 03|01 ]| 00
SO:; ---------- | 20

03 Sl: 03| 02 | 00
SO:; ---------- | 20

04 Sl: 03 | 03 | 00O
SO: ~=-mmmmen | 40

05 Sl: 03|04 | 00
SO:; ---------- | 8F

Read PWRCFG register (0x04).
Returned data byte on the SO pin.

Table 4. Example SPI Transactions to Write and Read the CS5374 Configuration Registers
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5.5 Example: CS5374 Configuration by the CS5376A SPI 2 Port

The CS5374 SPI port was designed to connect to
the CS5376A secondary SPI 2 port as shown in
Figure 12 on page 15.

The CS5376A SPI 2 hardware is controlled by
writing internal digital filter registers SPI2CTRL,
SPI2CMD, and SPI2DAT through a primary SPI 1
port. Chip selects are enabled by writing the
GPCFGO digital filter register prior to initiating
SPI 2 transactions.

Configuring CS5374 using SPI 2 is more complex
than using an external SPI master, but has the ad-
vantage of asingle standardized hardware interface
(the primary SPI 1 port on CS5376A) to control
the entire chipset.

5.5.1 CS5376A SPI 1 Transactions

The CS5376A primary SPI 1 port is controlled by
an external SPI master writing commands and data
into the SPI 1 registers (SPICMD, SPIDAT1, and
SPIDAT?2). Seria transactions into the CS5376A
primary SPI 1 port start with an SPI opcode, fol-
lowed by an SPI address, and then data bytes writ-
ten starting at that SPI address. These data bytes

contain internal commands to write the CS5376A
digital filter registers that control the SPI 2 hard-
ware and enabl e the chip selects.

A full description of how to write the CS5376A in-
ternal digital filter registersusing the primary SPI 1
port is described in the CS5376A data sheet.

GPIO Register

Certain GPIO pins on the CS5376A have dual-use
as chip selects for the SPI 2 port. The GPIO0:CS0
and GPIO1:CS1 pins are recommended as dedi cat-
ed chip selects when connecting two CS5374 de-
vices to the CS5376A SPI 2 port. To operate the
CS0 and CS1 pins as SPI 2 chip selects they must
be programmed as outputs in the GPCFGO digital
filter register, as shown in Table 5.

SPI2 Registers

Three digital filter registers control the CS5376A
SPI 2 hardware. The SPI2CMD register is 16-bits
wide and contains the first two bytes of the SPI 2
transaction, the SPI opcode and SPI address, in the
lower two bytes (i.e. 0x000204).

Transaction CS5376A Primary SPI 1 Write

Description

01
MISO:

MOSI: 02 | 03 | 000001 | 00 00 OE | O3 FF FF

SPI Command : 0x02 : Write

SPI Address : 0x03 : SPICMD
SPICMD : 0x000001 : Write Register
SPIDAT1 : 0x00000E : GPCFGO
SPIDAT2 : OXxO3FFFF : CS as Output

02

Delay 1ms, monitor SINT, or poll E2DREQ

See the CS5376A data sheet.

MISO:

MOSI: 02 | 03 | 000002 | 00 00 OE | 00 00 00

SPI Command : 0x02 : Write

SPI Address : 0x03 : SPICMD
SPICMD : 0x000002: Read Register
SPIDAT1 : 0X00000E : GPCFGO
SPIDAT2 : 0x000000 : Dummy

04

Delay 1ms, monitor SINT, or poll E2DREQ

See the CS5376A data sheet.

05 MOSI: 03 | 06 [----m-mememenor |

MISO: ----somenoee | 03 FF FF |

SPI Command : 0x03 : Read
SPI Address : 0x06 : SPIDAT1
SPIDAT1 : OXO3FFFF : GPCFGO

Table 5. Example CS5376A SPI 1 Transactions to Write and Read the GPCFGO Register
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The SPI2DAT register is 24-bits wide and can con-
tain up to three bytes of datato follow the SPI op-
code and address. For configuring the CS5374,
however, only one data byte per register addressis
required and is written aligned with the upper byte
(i.e. OX8F0000).

The SPI2CTRL register is 24-bitswide and config-
ures/controls the SPI 2 hardware, with bit assign-
ments detailed in the CS5376A data sheet. If the

GPIO:CS0 and GPIO1:CS1 pins are'used-as 'chip
selects, separate SPI2CTRL values can initiate se-
rial transactions to each device (i.e. Ox3F0161,
0x3F4162).

Tables 6, 7, and 8 show the CS5376A primary
SPI 1 transactions required to write the SPI 2 digi-
tal filter registersand configure two CS5374 devic-
es for normal operation using the CS0 and CS1
chip selects.

Transaction CS5376A Primary SPI 1 Write Description
01 MOSI: 02 | 03 | 000001 | 000011 | 000201 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001 : Write Register
SPIDAT1 : 0x000011 : SPI2CMD
SPIDAT2 : 0x000201 : Write AMP1CFG
02 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
03 MOSI: 02 | 03 | 000001 | 000012 | 200000 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000012 : SPI2DAT
SPIDAT2 : 0x200000 : INA, x1 Gain
04 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
05 MOSI: 02 | 03 | 000001 | 000010 | 3F0161 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F0161 : CSO Transaction
06 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
07 MOSI: 02 | 03 | 000001 | 000010 | 3F 4162 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F4162 : CS1 Transaction

Table 6. Example CS5376A SPI 1 Transactions to Write the CS5374 AMP1CFG Register
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Transaction

CS5376A Primary SPI 1 Write

Description

01 MOSI: 02 | 03 | 000001 | 000011 | 000202 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001 : Write Register
SPIDAT1 : 0x000011 : SPI2CMD
SPIDAT2 : 0x000202 : Write AMP2CFG
02 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
03 MOSI: 02 | 03 | 000001 | 000012 | 200000 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000012 : SPI2DAT
SPIDAT2 : 0x200000 : INA, x1 Gain
04 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
05 MOSI: 02 | 03 | 000001 | 000010 | 3F0161 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F0161 : CSO Transaction
06 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
07 MOSI: 02 | 03 | 000001 | 000010 | 3F 4162 | SPI Command : 0x02 : Write

MISO:

SPI Address : 0x03 : SPICMD

SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F4162 : CS1 Transaction

Transaction

CS5376A Primary SPI 1 Write

Description

01 MOSI: 02 | 03 | 000001 | 000011 | 000203 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001 : Write Register
SPIDAT1 : 0x000011 : SPI2CMD
SPIDAT2 : 0x000203 : Write ADCCFG
02 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
03 MOSI: 02 | 03 | 000001 | 000012 | 400000 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000012 : SPI2DAT
SPIDAT2 : 0x400000 : Normal Operation
04 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
05 MOSI: 02 | 03 | 000001 | 000010 | 3F0161 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F0161 : CSO Transaction
06 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
07 MOSI: 02 | 03 | 000001 | 000010 | 3F 4162 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F4162 : CS1 Transaction
Table 7. Example CS5376A SPI 1 Transactions to Write AMP2CFG and ADCCFG
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Transaction

CS5376A Primary SPI 1 Write

Description

01 MOSI: 02 | 03 | 000001 | 000011 | 000204 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001 : Write Register
SPIDAT1 : 0x000011 : SPI2CMD
SPIDAT2 : 0x000204 : Write PWRCFG
02 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
03 MOSI: 02 | 03 | 000001 | 000012 | 8F0000 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000012 : SPI2DAT
SPIDAT2 : 0x8F0000 : Normal Operation
04 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
05 MOSI: 02 | 03 | 000001 | 000010 | 3F0161 | SPI Command : 0x02 : Write
MISO: SPI Address : 0x03 : SPICMD
SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F0161 : CSO Transaction
06 Delay 1ms, monitor SINT, or poll E2DREQ See the CS5376A data sheet.
07 MOSI: 02 | 03 | 000001 | 000010 | 3F 4162 | SPI Command : 0x02 : Write

MISO:

SPI Address : 0x03 : SPICMD

SPICMD : 0x000001: Write Register
SPIDAT1 : 0x000010 : SPI2CTRL
SPIDAT2 : 0x3F4162 : CS1 Transaction

Table 8. Example CS5376A SPI 1 Transactions to Write the CS5374 PWRCFG Register
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NORMAL OPERATION
MCLK = ON
PWDN registers = disabled

POWER DOWN MODE
MCLK = OFF
PWDN registers = X

POWER DOWN MODE
MCLK = ON
PWDN registers = enabled

Figure 17. Power Mode Diagram

6. POWER MODES

The CS5374 amplifiers and modulators have three
power modes. Normal operation, power down with
MCLK enabled, and power down with MCLK dis-
abled.

Power down mode is controlled by PWDN bitsin
the SPI registers, and are active high. When PWDN
is enabled, internal circuitry is disabled, the analog
inputs and outputs go high-impedance, and the de-
vice enters a micro-power state.

6.1 Normal Operation

With MCLK active and the amplifiers and modula-
tors enabled (PWDN =0) the CS5374 performs
normal dataacquisition. A differential analog input
signal is converted to an oversampled 1-bit AX bit
stream at 512 kHz. This AX bit stream is then digi-
tally filtered and decimated by the CS5376A de-
vice to a high-precision 24-bit output.

6.2 Power Down, MCLK Enabled

With MCLK active and all amplifiers and modula-
tors disabled (PWDN = 1) the CS5374 is placed
into a power-down state. During this power-down
state the amplifiers and modulators are disabled

and al outputs are high impedance. In this mode
power consumption is reduced, but not reduced as
low aswith MCLK inactive, as sections of the dig-
ital state machine are kept awake to support SPI
communications. Any unused amplifier/modulator
channels can be turned off individually through the
configuration registers.

6.3 Power Down, MCLK Disabled

If MCLK is stopped, an internal loss-of-clock de-
tection circuit automatically places the CS5374
into a power-down state. This power-down state is
independent of the amplifier and modulator inter-
nal configuration registers, and isautomaticaly in-
voked after approximately 40 us without receiving
an incoming MCLK edge.

During this power-down state, the amplifiers and
modulators are disabled and all outputs are high
impedance. The entire digital state machine goes
inactive but configuration register values are re-
tained, with a reset required to clear them. When
used with the CS5376A digital filter, the CS5374 is
in this lowest power-down state immediately after
reset since MCLK is disabled by default.
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Figure 18. Voltage Reference Circuit

7. VOLTAGE REFERENCE

The CS5374 modulators require a 2.500 V preci-
sion voltage reference to be supplied to the VREFE
pins.

7.1 VREF Power Supply

To guarantee proper regulation headroom for the
voltage reference device, the voltage reference
GND pin should be connected to VA— instead of
system ground, as shown in Figure 18. This con-
nection results in a VREF- voltage equal to VA—
and a VREF+ voltage very near ground potential
[(VA-) + 2.500 VREF].

Power supply inputsto the voltage reference device
should be bypassed to system ground with 0.1 uF
capacitors placed as close as possible to the power
and ground pins. In addition to 0.1 uF local bypass
capacitors, at least 100 uF of bulk capacitance to
system ground should be placed on each power
supply near the voltage regulator outputs. Bypass
capacitors should be X 7R, COG, tantalum, or other
high-quality dielectric type.

7.2 VREF RC Filter

A primary concern in selecting a precision voltage
reference device is noise performance in the mea-
surement bandwidth. The Linear Technology
LT1019A1S8-2.5 voltage reference yields accept-
able noise levelsif the output isfiltered with alow-
pass RC filter.

A separate RC filter is required for each device
connected to the voltage reference output. Signal-
dependent sampling of the voltage reference by one
system device could cause unwanted tones to ap-
pear in the measurement bandwidth of another sys-
tem device if asingle VREF RC filter is common
to both.

7.3 VREF PCB Routing

To minimize the possibility of outside noise cou-
pling into the CS5374 voltage reference input, the
VREF+ traces should be routed as a differentia
pair from the large capacitor of the voltage refer-
ence RC filter. Careful control of the voltage refer-
ence source and return currents by routing VREF+
asadifferential pair will significantly improveim-
munity from external noise.

To further improve noise rgection of the VREF:
differential route, include 0.1 uF bypass capaci-
tors to system ground as close as possible to the
VREF+ and VREF- pins of the CS5374.

7.4 VREF Input Impedance

The switched-capacitor input architecture of the
VREFz inputs results in an input impedance that
depends on the internal capacitor size and the
MCLK frequency. With a 15 pF internal capacitor
and a 2.048 MHz MCLK, the VREF input imped-
ance is approximately
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1/[(2.048 MH2z) x (15 pF)] = 32kQ. While the
size of the internal capacitor is fixed, the voltage
reference input impedance can vary with MCLK.

The voltage reference external RC filter series re-
sistor creates a voltage divider with the VREF in-
put impedance to reduce the effective applied input
voltage. To minimize gain error resulting from this
voltage divider effect, the RC filter series resistor
should be the minimum size recommended in the
voltage reference device data sheet.

7.5 VREF Accuracy

The nominal voltage reference input is specified as
2.500V across the VREF+ pins, and all CS5374
gain accuracy specifications are measured using a
nomina voltage reference input. Any variation
from a nominal VREF input will proportionally
vary the analog full-scale gain accuracy.

Since temperature drift of the voltage reference re-
sultsin gain drift of the anal og full-scale amplitude,
care should be taken to minimize temperature drift
effects through careful selection of passive compo-
nents and the voltage reference device itself. Gain
drift specifications of the CS5374 do not include
the temperature drift effects of external passive
components or of the voltage reference device it-
slf.
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Figure 19. Power Supply Diagram

8. POWER SUPPLIES

The CS5374 has two positive analog power supply
pins (VA+), two negative analog power supply
pins (VA-), adigital power supply pin (VD+), and
aground pin (GND).

For proper operation, power must be supplied to all
power supply pins, and the ground pin must be con-
nected to system ground. The CS5374 digital pow-
er supply (VD+) and the CS5376A digital power
supply (VD) must share a common voltage.

8.1 Analog Power Supplies

The analog power pinsof the CS5374 areto be sup-
plied with a total of 5V between VA+ and VA—
from abipolar £2.5 V supply. When using bipolar
supplies the analog signa common mode voltage
should be biased to 0 V. The analog power supplies
are recommended to be bypassed to system ground
using 0.1 uF X 7R type capacitors.

The VA- supply is connected to the CMOS sub-
strate and as such must remain the most negative
applied voltage to prevent potential latch-up condi-
tions. It is recommended to clamp the VA— supply
to system ground using a reverse biased Schottky
diode to prevent possible latch-up conditions rel at-
ed to mismatched supply rail initiaization.

Care should be taken to connect the CS5374 ther-
mal pad on the bottom of the package to VA—, not
system ground (GND), since it internally connects
to VA-and is expected to be the most negative ap-
plied voltage.

8.2 Digital Power Supply

The digital power supply across the VD and GND
pins is specified for a +3.3 V power supply. The
digital power supply should be bypassed to system
ground using a 0.01 uF X7R type capacitor. The
digital power supply acrosstheV D+ and GND pins
isspecifiedto be +3.3 V.

8.3 Power Supply Bypassing

The VA+ and VA-— power supplies should be by-
passed to system ground with 0.1 uF capacitors
placed as close as possible to the power pins of the
device. The VD+ power supply should be bypassed
to system ground with 0.1 puF capacitors placed as
close as possible to the power pins of the device.
Bypass capacitors should be X7R, COG, tantalum,
or other high-quality dielectric type.

In addition to the local bypass capacitors, at least
100 uF bulk capacitance to system ground should
be placed on each power supply near the voltage
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regulator output, with additional power supply
bulk capacitance placed among the analog compo-
nent route if space permits.

8.4 PCB Layers and Routing

The CS5374 is a high-performance device, and
special care must be taken to ensure power and
ground routing is correct. Power can be supplied ei-
ther through dedicated power planes or routed trac-
es. When routing power traces, it is recommended
tousea*“star” routing schemewith the star point ei-
ther at the voltage regulator output or at a local
power supply bulk capacitor.

It isalso recommended to dedicate afull PCB layer
to a solid ground plane, without splits or routing.
All bypass capacitors should connect between the
power supply circuit and the solid ground plane as
near as possible to the device power supply pins.

The CS5374 anadog signals are differentialy rout-
ed and do not normally require connection to a sep-
arate analog ground. However, if a separate analog
ground is required, it should be routed using a
“star” routing scheme on a separate layer from the
solid ground plane and connected to the ground
plane only at a single point. Be sure all active de-
vices and passive components connected to the
separate analog ground are included in the “star”
route to ensure sensitive analog currents do not re-
turn through the ground plane.

8.5 Power Supply Rejection

Power supply rejection of the CS5374 is frequency
dependent. The CS5376A digital filter fully rejects
power supply noise for frequencies above the se-
lected digital filter corner frequency. Power supply
noise frequencies between DC and the digital filter
corner frequency are rejected as specified in the
“Power Supply Characteristics’ on page 13.

8.6 SCR Latch-up Considerations

It is recommended to connect the VA— power sup-
ply to system ground (GND) through a reverse-bi-
ased Schottky diode. At power up, if the VA+
power supply ramps up before the VA— supply is
established, the VA- pin voltage could be pulled
above ground potential through the CS5374 de-
vice. If the VA— supply is pulled 0.7V or more
above GND, SCR latch-up can occur. A reverse-bi-
ased Schottky diode will clamp the VA—- voltage a
maximum of 0.3V above ground to ensure SCR
latch-up does not occur at power up.

For similar reasons, care should be taken to connect
the CS5374 thermal pad on the bottom of the pack-
age to VA—, not system ground (GND), sinceit in-
ternally connectsto VA—and is expected to be the
most negative applied voltage.

8.7 DC-DC Converters

Many low-frequency measurement systems are
battery powered and utilize DC-DC converters to
efficiently generate power supply voltages. To
minimize interference effects, operate the DC-DC
converter at a frequency which is rejected by the
digital filter, or operate it synchronous to the
MCLK rate.

A synchronous DC-DC converter whose operating
frequency isderived from MCLK will theoretically
minimizethe potential for “ beat frequencies’ to ap-
pear in the measurement bandwidth. However this
requires the source clock to remain jitter free with-
inthe DC-DC converter circuitry. If clock jitter can
occur within the DC-DC converter (asin a PLL-
based architecture), it's better to use a non-syn-
chronous DC-DC converter whose switching fre-
guency is rejected by the digital filter.

During PCB layout, do not place high-current DC-
DC converters near sensitive analog components.
Carefully routing a separate DC-DC “star” ground
will help isolate noisy switching currents away
from the sensitive analog components.
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9. SPI™ REGISTER SUMMARY
The CS5374 Configuration Registers contain
the hardware configuration settings.
Name Addr. Type # Bits Description

VERSION 0x00 R 8 Device Version ID

AMP1CFG 0x01 R/W 8 Amplifier 1 configuration

AMP2CFG 0x02 R/W 8 Amplifier 2 configuration

ADCCFG 0x03 R/W 8 Modulator 1 & 2 configuration

PWRCFG 0x04 R/W 8 Power configuration
34 DS862F1
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9.1 VERSION: 0x00

Figure 20. Hardware Version ID Register VERSION

(MSB)7 6 5 4 3 2 1 (LSB)0
VER? VER6 VER5 VER4 VER3 VER2 VER1 VERO
R R R R R R R R
0 0 0 0 0 0 0 1

Reset Condition : 0000 0001 (0x01) : Default value

Normal Operation : 0000_0001 (0x01) : Default value
Power Down Operation : 0000_0001 (0x01) : Default value

Bit definitions:

7.0 VERS Hardware revision ID register
0x01: Revision A

Address: 0x00

-- Not defined

(read as 0)
R Readable
W Writable
R/W Readable
and Writable

Bits in bottom rows
are reset condition

DS862F1
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9.2 AMP1CFG: 0x01

Figure 21. Amplifier 1 Configuration Register AMP1CFG

(MSB)7 6 5 4 3 2 1 (LSB)0
PWDN1 HP1 MUX1 1 | MUXLO | GUARD | GAINL 2 | GAINL 1 | GAINL O
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Reset Condition : 0000_0000 (0x00) : Default value
Normal Operation : 0OMM_GGGG : MUX, GUARD and GAIN select

Power Down Operation : 1000_0000 (0x80) : PWDN enabled

Bit definitions:

7 PWDN1  Amplifier 1 Power Down
1: enable
0: disable

6 HP1 Amplifier 1 High Precision

3 GUARD

1: enable
0: disable

5:4  MUX1[1:0] Input Multiplexer

11: INA1 + INB1

10: INA1 only

01: INB1 only

00: 800 ohm termination

GUARD Output
1: disable
0: enable

2:0  GAIN1[2:0] Amplifier 1 Gain

111: reserved
110: 64x
101: 32x
100: 16x
011: 8x

010: 4x

001: 2x

000: 1x

Address: 0x01

-- Not defined

(read as 0)
R Readable
W Writable
R/W Readable
and Writable

Bits in bottom rows
are reset condition
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9.3 AMP2CFG: 0x02

Figure 22. Amplifier 2 Configuration Register AMP2CFG

(MSB)7 6 5 4 3 2 1 (LSB)0
PWDN2 HP2 MUX2 1 | MUX2_0 GAIN2_2 | GAIN2_1 | GAIN2.0
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Reset Condition : 0000 _0000 (0x00) : Default value
Normal Operation : 0OMM_0GGG : MUX and GAIN select

Power Down Operation : 1000_0000 (0x80) : PWDN enabled

Bit definitions:

7 PWDN2  Amplifier 2 Power Down
1: enable
0: disable

6 HP2 Amplifier 2 High Precision

1: enable
0: disable

5:4  MUX2[1:0] Input Multiplexer

11: INA2 + INB2

10: INA2 only

01: INB2 only

00: 800 ohm termination

Reserved

2:0  GAIN2[2:0] Amplifier 2 Gain

111: reserved
110: 64x
101: 32x
100: 16x
011: 8x

010: 4x

001: 2x

000: 1x

Address: 0x02

-- Not defined

(read as 0)
R Readable
W Writable
R/W Readable
and Writable

Bits in bottom rows
are reset condition

DS862F1
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9.4 ADCCFG: 0x03

Figure 23. Modulator 1 & 2 Configuration Register ADCCFG

(MSB)7 6 5 4 3 2 1 (LSB)0
OFST HP PWDN2 PWDN1
R/W R/W R/W R/W RIW R/W R/W R/W
0 0 0 0 0 0 0 0

Reset Condition : 0000_0000 (0x00) : Default value
Normal Operation : 0100_0000 (0x40) : HP mode enabled
Power Down Operation : 0011 0000 (0x30) : PWDN enabled

Bit definitions:

7 OFST Modulator Offset
(add -60mV to Channel 1,
add -35mV to Channel 2)
1. disable
0: enable

6 HP Modulator High Precision
1: enable
0: disable

5 PWDN2 Modulator 2 Power Down
1. enable
0: disable

4 PWDN1 Modulator 1 Power Down
1. enable
0: disable

30 -- Reserved

9.5 PWRCFG: 0x04

Address: 0x03

-- Not defined

(read as 0)
R Readable
W Writable
R/W Readable
and Writable

Bits in bottom rows
are reset condition
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Figure 24. Power Configuration Register PWRCFG

(MSB)7 6 5 4 3 2 1 (LSB)o Address: 0x04
adc_lpwr -- amp_il 1 | amp_il1 O rough i1_tail amp_i5_1 amp_i5_0
RIW RIW RIW RIW RIW RIW RIW RIW --- Not defined
0 0 0 0 0 0 0 0 (read as 0)
R Readable
L . . W Writable
Reset Condition : 0000_0000 (0x00) : Default value RW  Readable
Normal Operation : 1000_1111 (Ox8F) : Reduced power and Writable
Power Down Operation : 0000_0000 (0x00) : Default value Bits in bottom rows
are reset condition.

Bit definitions:

7 adc_lpwr Modulator Bias
1: reduced current
0: nominal current

6 - reserved

5:4 amp_il Amplifier i1 Bias
11: 2/3
10: 1/3
01: 4/3
00: nominal current

3 rough Modulator Rough Phase
1: reduced current
0: nominal current

2 i1_tail Amplifier i1 Tail Current
1: reduced current
0: nominal current

1.0 amp_i5 Amplifier i5 Bias
11: 7/11
10: 9/13
01: 15/13
00: nominal current

DS862F1 39
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10. PIN DESCRIPTIONS
-
Q +
o 1, + *+
O I e R B By
. . 5 5O O X WwWw XX
Pin 1 Location 0Oo0oo0Z2zZ2zZ2Z2
Indicators e —
| NS
INAL+ MCLK
INA1- MSYNC
INBL- [3> MDATAL
INB1+ | MFLAGL1
DNC | THERMAL | VD+
VA+ : PAD GND
| MDATA2
| CONNECT |
MFLAG2
o | SDO
SDI
SCLK
25| CS
EaHEH HHEEHEHHNH
N+ O+
NN NN NN LL
eE5ZE0E°D
5 O - >
O
Top-Down
(Though Package)
View
Pin Pin Pin Pin
Name Number Type Description
Power Supplies
VA+ 6, 39 | Analog power supply.
VA— 7,40 Refer to the Specified Operating Conditions.
VD+, 32, | Digital power supply.
GND 31 Refer to the Specified Operating Conditions.
Differential Amplifier Analog Inputs
INA1+ 1 | Channel 1 differential analog input A.
INA1— 2 Selected via Serial Communications Interface.
INB1-, 3 | Channel 1 differential analog input B.
INB1+ 4 Selected via Serial Communications Interface.
INB2+, 9 | Channel 2 differential analog input B.
INB2— 10 Selected via Serial Communications Interface.
INA2—, 11 | Channel 2 differential analog input A.
INA2+ 12 Selected via Serial Communications Interface.
40 DS862F1
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Differential Amplifier Analog Outputs
OuUT1-, 46 (@] Channel 1 differential analog output.
OuUT1+ 47
GUARD1 48 (@] Guard output voltage for analog input Channel 1.
GUARD?2 13 (0] Guard output voltage for analog input Channel 2.
OouT2+, 14 O Channel 2 differential analog output.
ouT2- 15
Modulator Analog Inputs
INR1+, 42 | Channel 1 analog differential rough and fine inputs.
INF1+, 43 From the Channel 1 differential anti-alias filter.
INF1-, 44
INR1- 45
INR2—, 16 I Channel 2 analog differential rough and fine inputs.
INF2—, 17 From the Channel 2 differential anti-alias filter.
INF2+, 18
INR2+ 19
Voltage Reference
VREF+, 21 | Voltage reference input.
VREF- 22 Refer to the Specified Operating Conditions.
Serial Interface
[ S 25 I Chip select. Active low.
SCLK 26 | Serial clock.
SDI 27 | Serial data in to device.
SDO 28 @) Serial data out of device.
Modulator Interface
MCLK 36 | Modulator clock input.
MSYNC 35 I Modulator sync input.
MFLAG1 33 (@] Channel 1 modulator flag output.
MDATA1 34 (@] Channel 1 modulator data output.
MFLAG2 29 (@] Channel 2 modulator flag output.
MDATA2 30 (@] Channel 2 modulator data output.
Device Reset
RST 37 I Reset. Active low.
Other
NC 20, 23, 24, - No connect.
38, 41
DNC 5,8 Do Not Connect.
Thermal Pad 49 I Connect to VA—. Do not connect to GND.
DS862F1 41
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11. PACKAGE DIMENSIONS

48-PIN QFN (7MM X 7MM)
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12. ORDERING INFORMATION

Model Number

Temperature

Package

CS5374-CNZ, lead (Pb) free

-10to +70 °C

48-Pin QFN

13. ENVIRONMENTAL, MANUFACTURING, & HANDLING INFORMATION

Model Number

Peak Reflow Temp

MSL Rating*

Max Floor Life

CS5374-CNZ, lead (Pb) free

260 °C

3

7 Days

* MSL (Moisture Sensitivity Level) as specified by

IPC/JEDEC J-STD-020.
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14. REVISION HISTORY

Revision Date Changes
T1 AUG 2008 Initial release of Target data sheet.
Al DEC 2008 Initial release of Advanced data sheet.
A2 JAN 2009 Update to include more complete characterization data.
PP1 APR 2009 Specify operation for 2.048 MHz MCLK and HP mode. Add PWRCFG register.
Update to include more complete characterization data.
F1 OCT 2009 Update to include final characterization data.

Contacting Cirrus Logic Support
For all product questions and inquiries contact a Cirrus Logic Sales Representative.
To find one nearest you go to www.cirrus.com

IMPORTANT NOTICE
"Preliminary" product information describes products that are in production, but for which full characterization data is not yet available.

Cirrus Logic, Inc. and its subsidiaries (“Cirrus”) believe that the information contained in this document is accurate and reliable. However, the information is subject
to change without notice and is provided “AS IS” without warranty of any kind (express or implied). Customers are advised to obtain the latest version of relevant
information to verify, before placing orders, that information being relied on is current and complete. All products are sold subject to the terms and conditions of sale
supplied at the time of order acknowledgment, including those pertaining to warranty, indemnification, and limitation of liability. No responsibility is assumed by Cirrus
for the use of this information, including use of this information as the basis for manufacture or sale of any items, or for infringement of patents or other rights of third
parties. This document is the property of Cirrus and by furnishing this information, Cirrus grants no license, express or implied under any patents, mask work rights,
copyrights, trademarks, trade secrets or other intellectual property rights. Cirrus owns the copyrights associated with the information contained herein and gives con-
sent for copies to be made of the information only for use within your organization with respect to Cirrus integrated circuits or other products of Cirrus. This consent
does not extend to other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROP-
ERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS”). CIRRUS PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE
IN PRODUCTS SURGICALLY IMPLANTED INTO THE BODY, AUTOMOTIVE SAFETY, SECURITY DEVICES, LIFE SUPPORT PRODUCTS OR OTHER CRITI-
CAL APPLICATIONS. INCLUSION OF CIRRUS PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER'S RISK AND CIR-
RUS DISCLAIMS AND MAKES NO WARRANTY, EXPRESS, STATUTORY OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR PARTICULAR PURPOSE, WITH REGARD TO ANY CIRRUS PRODUCT THAT IS USED IN SUCH A MANNER. IF THE CUSTOMER OR CUSTOM-
ER'S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUCTS IN CRITICAL APPLICATIONS, CUSTOMER AGREES, BY SUCH USE, TO FULLY
INDEMNIFY CIRRUS, ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUDING AT-
TORNEYS' FEES AND COSTS, THAT MAY RESULT FROM OR ARISE IN CONNECTION WITH THESE USES.

Cirrus Logic, Cirrus, and the Cirrus Logic logo designs are trademarks of Cirrus Logic, Inc. All other brand and product names in this document may be trademarks
or service marks of their respective owners.

SPI is a trademark of Motorola, Inc.
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