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CS5531/32/33/34

16-Bit and 24-Bit ADCs with Ultra Low Noise PGIA

Features

e Chopper Stabilized PGIA (Programmable
Gain Instrumentation Amplifier, 1x to 64x)
—6 nV/VHz @ 0.1 Hz (No 1/f noise)

—500 pA Input Current with Gains >1

e Delta-Sigma Analog-to-Digital Converter
— Linearity Error: 0.0007% FS
— Noise Free Resolution: Up to 23 bits

e Two or Four Channel Differential MUX

e Scalable Input Span via Calibration
—5mVto5V

e Scalable Vrgg Input: Up to Analog Supply

e On-chip Guard Drive Output Buffer

e Simple three-wire serial interface
— SPI1Yand Microwire™ Compatible
— Schmitt Trigger on Serial Clock (SCLK)

e R/W Calibration Registers Per Channel

® Selectable Word Rates: 7.5 Hz to 3,840 Hz

e Power Supply Configurations
—VA+=+45V;VA-=0V;VD+=+4+3Vto+5V
—VA+=+25V;VA-=-25V;VD+=+3Vto+5V
—VA+=43V;VA-=-3V;VD+=+43V

General Description

The CS5531/32/33/34 are highly integrated A~ Analog-
to-Digital Converters (ADCs) which use charge-balance
techniques to achieve 16-bit (CS5531/33) and 24-bit
(CS5532/34) performance. The ADCs are optimized for
measuring low-level unipolar or bipolar signals in weigh
scale, process control, scientific, and medical
applications.

To accommodate these applications, the ADCs come as
either two-channel (CS5531/32) or four-channel
(CS5533/34) devices and include a very low noise chop-
per-stabilized instrumentation amplifier (6 nVAVHz @ 0.1
Hz) with selectable gains of 1%, 2x, 4x, 8%, 16x, 32x, and
64x%. These ADCs also include a fourth order A~ modu-
lator followed by a digital filter which provides ten
selectable output word rates of 7.5 Hz, 15 Hz, 30 Hz, 60
Hz, 120 Hz, 240 Hz, 480 Hz, 960 Hz, 1.92 kHz, and
3.84 kHz (MCLK = 4.9152 MHz).

To ease communication between the ADCs and a micro-
controller, the converters include a simple three-wire se-
rial interface which is SPI and Microwire compatible with
a Schmitt Trigger input on the serial clock (SCLK).

High dynamic range, programmable output rates, and flex-
ible power supply options makes these ADCs ideal
solutions for weigh scale and process control applications.

ORDERING INFORMATION

See page 43
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1. CHARACTERISTICSAND SPECIFICATIONS

ANALOG CHARACTERISTICS (T4 =25 °C; VA+, VD+ =5V #5%; VREF+ = 5 V; VA-, VREF-,

DGND =0 V; MCLK =4.9152 MHz; OWR (Output Word Rate) = 60 Hz; Bipolar Mode; Gain = 32;
(See Notes 1 and 2.)

CS5531-AS/CS5533-AS
Parameter Min Typ Max Unit
Accuracy
Linearity Error - +0.0015 | +0.003 | %FS
No Missing Codes 16 - - Bits
Bipolar Offset (Note 3) - +1 +2 LSB16
Unipolar Offset (Note 3) - +2 +4 LSB1g
Offset Drift Gain=1 (Notes 3 and 4) - TBD - nv/°C
Gain=2,4,8, 16, 32, 64 - DRIFT - nv/°C
Offset Drift /1000 Hours. - TBD - ppm
Bipolar Full Scale Error - +8 +31 ppm
Unipolar Full Scale Error - +16 162 ppm
Full Scale Drift (Note 4) - 1 3 ppm/°C
Full Scale Drift /1000 Hours. - TBD - ppm
CS5532-AS/CS5534-AS CS5532-BS/CS5534-BS
Parameter Min Typ ‘ Max Min Typ Max Unit
Accuracy
Linearity Error - +0.0015 | +0.003 - +0.0007 | £0.0015 | %FS
No Missing Codes 24 - - 24 - - Bits
Bipolar Offset (Note 3) - +16 32 - +16 +32 LSBy,
Unipolar Offset (Note 3) - +32 164 - +32 +64 LSB,,
Offset Drift Gain=1 (Notes 3 and 4) - TBD - - TBD - nVv/°C
Gain=2,4,8, 16, 32, 64 - DRIFT - - DRIFT - nV/°C
Offset Drift /1000 Hours. - TBD - - TBD - ppm
Bipolar Full Scale Error - +8 +31 - +8 +31 ppm
Unipolar Full Scale Error - +16 162 - +16 +62 ppm
Full Scale Drift (Note 4) - 1 3 - 1 3 ppm/°C
Full Scale Drift /1000 Hours. - TBD - - TBD - ppm

Notes: 1. Applies after system calibration at any temperature within -40 °C ~ +85 °C.

2. Specifications guaranteed by design, characterization, and/or test. LSB is 16 bits for the CS5531/33 and
LSB is 24 bits for the CS5532/34.

3. The offset drift is dictated by the gain setting. The offset drift, DRIFT, is (TBD nV/°C)/G, where G is the
gain of the amplifier. Further note, the specification applies to the device only and does not include any
effects by external parasitic thermocouples.

4. Drift over specified temperature range after calibration at power-up at 25 °C.

4 DS289PP3
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ANALOG CHARACTERISTICS (cContinued) (See Notes 1 and 2.)

Parameter ‘ Min ‘ Typ Max Unit
Analog Input
Common Mode + Signal on AIN+ or AIN-Bipolar/Unipolar Mode
Gain=1 VA- - VA+ Y
Gain =2, 4, 8, 16, 32, 64 VA- + 0.7 - VA+-17| V
CVF Current on AIN+ or AIN- Gain=1 (Note 5) - 100 - nA
Gain =2, 4, 8, 16, 32, 64 - 500 - pA
Input Current Drift - TBD - pA/°C
Input Leakage for Mux when Off - TBD - pA
Open Circuit Detect Current 100 300 - nA
Common Mode Rejection dc - 120 - dB
50, 60 Hz - 120 - dB
Input Capacitance - 60 - pF
Guard Drive Output - TBD - MA
Voltage Reference Input
Range (VREF+) - (VREF-) 1 25 (VA+)- \%
(VA)
CVF Current (Note 5) - 100 - nA
Common Mode Rejection dc - 120 - dB
50, 60 Hz - 120 - dB
Input Capacitance 11 - 22 pF
System Calibration Specifications
Full Scale Calibration Range Bipolar/Unipolar Mode - TBD - %FS
Offset Calibration Range Bipolar/Unipolar Mode - TBD - %FS
CS5531/32/33/34-AS CS5532/34-BS
Parameter Min ‘ Typ ‘ Max | Min ‘ Typ ‘ Max | Unit
Power Supplies
DC Power Supply Currents (Normal Mode) la+ - TBD | TBD - TBD | 6.5 mA
Ip+ - TBD | TBD - TBD | 1.5 mA
Power Consumption Normal Mode (Note 6) - TBD 30 - TBD 40 mwW
Standby - TBD - - TBD - mw
Sleep - TBD - - TBD - pw
Power Supply Rejection  dc Positive Supplies - 120 - - 120 - dB
dc Negative Supply - 120 - - 120 - dB

Notes: 5. See the section of the data sheet which discusses input models.
6. All outputs unloaded. All input CMOS levels.

DS289PP3 5
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TYPICAL RMS NOISE (nV), CS5531/32/33/34-AS (See notes 7 and 8)

Output Word -3 dB Filter Instrumentation Amplifier Gain

Rate (Hz) Frequency (Hz) x64 x32 x16 x8 x4 X2 x1

7.5 1.94 17 17 19 26 42 79 155

15 3.88 24 25 27 36 59 111 218

30 7.75 34 35 39 51 84 157 308

60 15.5 48 49 54 72 118 222 436

120 31 68 70 77 102 167 314 616
240 62 115 160 276 527 1040 2070 4150
480 122 163 230 392 748 1480 2950 5890
960 230 229 321 554 1060 2090 4170 8340
1,920 390 344 523 946 1840 3650 7290 14600
3,840 780 1390 2710 5390 10800 21500 43000 86100

Notes: 7. Wideband noise aliased into the baseband. Referred to the input. Typical values shown for 25 °C.
8. For Peak-to-Peak Noise multiply by 6.6 for all ranges and output rates.

TYPICAL NOISE FREE RESOLUTION(BITS), CS5532/34-AS (See Note 9)

Output Word -3 dB Filter Instrumentation Amplifier Gain

Rate (Hz) Frequency (Hz) x64 x32 x16 x8 x4 X2 x1
7.5 1.94 19 20 21 22 22 22 22

15 3.88 19 20 21 21 21 22 22

30 7.75 18 19 20 21 21 21 21

60 15.5 18 19 20 20 20 21 21
120 31 17 18 19 20 20 20 20
240 62 16 17 17 17 17 17 17
480 122 16 17 17 17 17 17 17
960 230 15 16 16 16 16 16 16
1,920 390 15 15 15 15 15 15 15
3,840 780 13 13 13 13 13 13 13

9. Noise Free Resolution is LOG((2xInput Span)/(6.6xRMS Noise))/LOG(2) rounded to the nearest bit.
The input span is calculated in the analog input span section of the data sheet.

Specifications are subject to change without notice.
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TYPICAL RMS NOISE (nV), CS5532/34-BS (see notes 10 and 11)

Output Word -3 dB Filter Instrumentation Amplifier Gain

Rate (Hz) Frequency (Hz) x64 x32 x16 x8 x4 X2 x1

7.5 1.94 8.5 9 10 15 26 50 99

15 3.88 12 13 15 21 37 70 139

30 7.75 17 18 21 30 52 99 196

60 15.5 24 25 29 42 73 140 277

120 31 34 36 42 59 103 198 392
240 62 80 136 260 514 1020 2050 4090
480 122 113 194 369 730 1450 2900 5810
960 230 159 274 523 1030 2060 4110 8230
1,920 390 260 470 912 1810 3620 7230 14500
3,840 780 1360 2690 5380 10800 21500 43000 86000

Notes: 10. Wideband noise aliased into the baseband. Referred to the input. Typical values shown for 25 °C.
11. For Peak-to-Peak Noise multiply by 6.6 for all ranges and output rates.

TYPICAL NOISE FREE RESOLUTION(BITS), CS5532/34-BS (See Notes 12 and 13)

Output Word -3 dB Filter Instrumentation Amplifier Gain

Rate (Hz) Frequency (Hz) x64 x32 x16 x8 x4 X2 x1
7.5 1.94 20 21 22 23 23 23 23

15 3.88 20 21 22 22 22 22 22

30 7.75 19 20 21 22 22 22 22

60 15.5 19 20 21 21 21 21 21
120 31 18 19 20 21 21 21 21
240 62 17 17 18 18 18 18 18
480 122 17 17 17 17 17 17 17
960 230 16 16 17 17 17 17 17
1,920 390 16 16 16 16 16 16 16
3,840 780 13 13 13 13 13 13 13

12. Noise Free Resolution is LOG((2xInput Span)/(6.6XxRMS Noise))/LOG(2) rounded to the nearest bit.
The input span is calculated in the analog input span section of the data sheet.

13. Note that the -B devices provide the best noise specifications.

Specifications are subject to change without notice.
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5V DIGITAL CHARACTERISTICS (T, = 25 °C; VA+, VD+ =5V #5%; VA-, DGND = 0 V;
See Notes 2 and 14.)

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage \m 0.6 VD+ - VD+ \%
Low-Level Input Voltage Vi 0.0 - 0.8 \Y,
High-Level Output Voltage lout = -5.0 mA VoH (vD+)-1.0 - - \Y,
Low-Level Output Voltage lout = 5.0 MA VoL - - 0.4 \Y,
Input Leakage Current lin - *1 10 HA
3-State Leakage Current loz - - +10 HA
Digital Output Pin Capacitance Cout - 9 - pF

3V DIGITAL CHARACTERISTICS (T, = 25 °C; VA+ = 5V #5%; VD+ = 3.0V+10%; VA-, DGND =
0V; See Notes 2 and 14.)

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage ViH 0.6 VD+ - VD+ \%
Low-Level Input Voltage Vi 0.0 - 0.8 \Y,
High-Level Output Voltage lout = -5.0 mA VoH (vD+)-1.0 - - \Y,
Low-Level Output Voltage lout = 5.0 MA VoL - - 0.4 \Y,
Input Leakage Current lin - +1 10 MA
3-State Leakage Current loz - - 10 HA
Digital Output Pin Capacitance Cout - 9 - pF

14. All measurements performed under static conditions.

DYNAMIC CHARACTERISTICS

Parameter Symbol Ratio Unit
Modulator Sampling Frequency fs MCLK/16 Hz
Filter Settling Time to 1/2 LSB (Full Scale Step Input)
Single conversion mode (See notes 15, 16, 17) ts 1/OWR S
Multiple conversions mode, OWR < 3840 Hz tg 3/O0WR S
Multiple conversions mode, OWR = 3840 Hz tg 5/0WR S

15. The ADCs use a Sinc® filter for the 3840 Hz output word rate (OWR) and a Sinc? filter for the other
OWRs. This implies that the filter's settling time with a full scale step input is dictated by the OWR.

16. The single conversion mode only outputs fully settled output conversions. This implies that the effective
throughput in the single conversion mode is reduced by 3 times with an OWR of less than 3840 Hz and
it is reduced by 5 times with an OWR of 3840 Hz.

17. The multiple conversions mode outputs every conversion. This implies that the filter’s settling time with
a full scale step input in the multiple conversions mode is dictated by the OWR.

8 DS289PP3
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ABSOLUTE MAXIMUM RATINGS (DGND =0V; See Note 18.)

Parameter Symbol Min Typ Max Unit
DC Power Supplies (Notes 19 and 20)
Positive Digital VD+ -0.3 - +6.0 Vv
Positive Analog VA+ -0.3 - +6.0 \%
Negative Analog VA- +0.3 - -3.75 Y
Input Current, Any Pin Except Supplies  (Notes 21 and 22) N - - 10 mA
Output Current louT - - 25 mA
Power Dissipation (Note 23) PDN - - 500 mw
Analog Input Voltage VREF pins VINR -0.3 - | (VAH)+03| V
AIN Pins Vina -0.3 - (VA+) +03| V
Digital Input Voltage VIND -0.3 - (vD+) +0.3
Ambient Operating Temperature Ta -40 - 85 °C
Storage Temperature Tstg -65 - 150 °C

Notes: 18. All voltages with respect to ground.
19. VA+ and VA- must satisfy {(VA+) - (VA-)} < +6.6 V.
20. VD+ and VA- must satisfy {(VD+) - (VA-)} <+7.5V.
21. Applies to all pins including continuous overvoltage conditions at the analog input (AIN) pins.

22. Transient current of up to 100 mA will not cause SCR latch-up. Maximum input current for a power
supply pin is 50 mA.

23. Total power dissipation, including all input currents and output currents.

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

DS289PP3 9
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SWITCHING CHARACTERISTICS (T, =25°C; VA+ = 2.5V or 5 V #5%; VA- = -2.5V+5% or 0 V;
VD+ =3.0V £10% or 5 V #5%;DGND = 0 V; Levels: Logic 0 =0 V, Logic 1 = VD+; C| =50 pF;
See Figures 1 and 2.)

Parameter Symbol Min Typ Max Unit
Master Clock Frequency (Note 24)| MCLK
External Clock or Internal Oscillator 1 49152 5 MHz
Master Clock Duty Cycle 40 - 60 %
Rise Times (Note 25) trise
Any Digital Input Except SCLK - - 1.0 VES
SCLK - - 100 Us
Any Digital Output - 50 - ns
Fall Times (Note 25) teanl
Any Digital Input Except SCLK - - 1.0 VIS
SCLK - - 100 VES
Any Digital Output - 50 - ns
Start-up
Oscillator Start-up Time XTAL = 4.9152MHz  (Note 26) tost - 20 - ms
Serial Port Timing
Serial Clock Frequency SCLK 0 - 2 MHz
Serial Clock Pulse Width High tq 250 - - ns
Pulse Width Low t, 250 - - ns
SDI Write Timing
CS Enable to Valid Latch Clock ts 50 - - ns
Data Set-up Time prior to SCLK rising ty 50 - - ns
Data Hold Time After SCLK Rising ts 100 - - ns
SCLK Falling Prior to CS Disable tg 100 - - ns
SDO Read Timing
CS to Data Valid t; - - 150 ns
SCLK Falling to New Data Bit tg - - 150 ns
CS Rising to SDO Hi-Z tg - - 150 ns

Notes: 24. Device parameters are specified with a 4.9125 MHz clock.
25. Specified using 10% and 90% points on waveform of interest. Output loaded with 50 pF.

26. Oscillator start-up time varies with crystal parameters. This specification does not apply when using an
external clock source.

10 DS289PP3
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CS5531/32/33/34

2. GENERAL DESCRIPTION

The CS5531/32/33/34 are highly integrated A> An-
alog-to-Digital Converters (ADCs) which use
charge-balance techniques to achieve 16-bit
(CS5531/33) and 24-bit (CS5532/34) performance.
The ADCs are optimized for measuring low-level
unipolar or bipolar signals in weigh scale, process
control, scientific, and medical applications.

To accommodate these applications, the ADCs
come as either two-channel (CS5531/32) or four-
channel (CS5533/34) devices and include a very
low noise chopper-stabilized programmable gain
instrumentation amplifier (PGIA, 6 nV/VHz @ 0.1

Hz) with selectable gains of 1x, 2x, 4x, 8%, 16x%
32x%, and 64x. These ADCs also include a fourth o

derAZ modulator followed by a digital filtewhich
provides ten selectable output word rates of 7.5 Hz,
15 Hz, 30 Hz, 60 Hz, 120 Hz, 240 Hz, 480 Hz,
960 Hz, 1.92 kHz, and 3.84 kHz
(MCLK =4.9152 MHz).

To ease communication between the ADCs and
micro-controller, the converters include a simple
three-wire serial interface which is SPI and Mi-

AIN2+
AIN2- M
AIN1+ u
AIN1- X

AIN4+
AlNa. | |CS5533/34

* M
* U
AINl* X
+
AIN1- t

crowire compatible with a Schmitt Trigger input on
the serial clock (SCLK).

2.1. Analog Input

Figure 3 Illustrates a block diagram of the
CS5531/32/33/34. The front end consists of a multi-
plexer, a unity gain coarse/fine charge input buffer,
and a programmable gain chopper-stabilized instru-
mentation amplifier. The unity gain buffer is activat-
ed any time conversions are performed with a gain
of one and the instrumentation amplifier is activated
any time conversions are performed with gain set-
tings greater than one.

The unity gain buffer is designed to accommodate
rail to rail input signals. The common-mode plus

r-.

signal range for the unity gain buffer amplifier is
VA- to VA+. Typical CVF (sampling) current for
the unity gain buffer amplifier is about 100 nA
(MCLK =4.9152 MHz, see Figure 4).

The instrumentation amplifier is chopper-stabi-
lized and operates with a chop clock frequency of
CLK/128. The CVF (sampling) current into the

Instrumentation amplifier is less than TBD pA over

VREF+ VREF-

Differential 5

4th Order | | Sinc Programmable Seria
As [ | Digital Sinc3 | o 4o Seria

Modulator | | Filter Digital Filter Port

Figure 3. Multiplexer Configuration.
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-40°C to +85°C (MCLK=4.9152 MHz). The com- tation amplifier (i.e. agan setting other than 1) and

mon-mode plus signal range of the instrumentationsing a gain setting of 32, the full scale input range
amplifier is (VA-) + 0.7 Vto (VA+) - 1.7 V. can quickly be set to 2.5/32 or about 78mV. Note

Figure 4illustrates the input models for the ampli- thét these input ranges assume the cdlibration regis-

fiers. The dynamic input current for each of thetersare_settotheirdefaultvalues(i.e. Gain=10and
pins can be determined from the models shown. Offset = 0.0).

2.1.2. Multiplexed Settling Limitations
The settling performance of the CS5531/32/33/34

Gain=2,4,8, 16,32, 64 in multiplexed applications is affected by the sin-

AlNo_L '\5?—' gle-pole low-pass filter which follows the instru-

/.% =25pPFT mentation amplifier (see Figure 3). To achieve data

Vos=1mV sheet settling and linearity specifications, it isrec-

'n=MNos T MOLK ommended that a 22 nF COG capacitor be used.

T 128 Capacitors as low as 10 nF can be used with some

Gain=1 oF noise degradation.
Ine
= 2.1.3. Voltage Noise Density Performance

AIN 0—— (plcf e Figure5illustratesthe voltage noise density versus

v <20 mv/' C=16pF | g frequency from 0.01 Hz to 10 Hz of a CS5532-BS.
2 Vg, C The device was powered with 2.5 V supplies, 120
_ MCLK Hz OWR, the 64x gain range, bipolar mode, and

16 with the input short bits enabled.

Figure4. Input modelsfor AIN+ and AIN- pins.
100

N
T
Note: The C=2.5pF and C = 16pF capacitors are ; 10 =
for input current modeling only. For physical <
input capacitance see ‘Input Capacitance’ 1
specification under Analog Characteristics. 0.01 0.1 1 10

Frequency (Hz)

2.1.1. Analog I nput Span

Thefull scaleinput signa that the converter can dig-
itize is a function of the gain setting and the refer-
ence voltage connected between the VREF+ and
VREF- pins. The full scale input span of the con- 2 1.4. No Offsat DAC

verter is ((VREF+) - (VREF-))/(GxA), where G is
the gain of the amplifier and A is2 for VRS=0, or  An offset DAC was not included in the CS553x

Ais1for VRS= 1. family because the high dynamic range of the con-
verter eliminates the need for one. The offset reg-
ister can be manipulated by the user to mimic the
function of a DAC if desired.

Figure5. Measured Voltage Noise Density.

After reset, the unity gain buffer is engaged. With a
2.5V reference this would make the full scale input
range default to 2.5 V. By activating the instrumen-

DS289PP3 13
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2.2. Overview of ADC Register Structure of these registers to modify the offset or the gain
and Operating Modes slope of the converter.

The CS5531/32/33/34 ADCs have an on-chip con-  The converters include a 32-bit configuration reg-
troller, which includes a number of user-accessible  ister of which 10 of the bits are used for setting op-
registers. The registers are used to hold offset and  tions such as the operating power options, resetting
gain calibration results, configurethechip'soperat-  the converter, shorting the analog inputs, and en-
ing modes, hold conversion instructions, and to  abling diagnostic test bits like the guard signal.

store conversion data words. Figure 6 depicts & A group of registers, called Channel Setup Regis-
block diagram of the on-chip controller’s interalye s 4re also included in the converters. These reg-
registers. isters can be used to hold pre-loaded conversion
Each of the converters has 32-bit registers to funaastructions. Each channel setup register is 32 bits
tion as offset and gain calibration registers for eaclong but holds two 16-bit conversion instructions
channel. The converters with two channels haveeferred to as Setups. Upon power up, these regis-
two offset and two gain calibration registers, thders can be initialized by the users' microcontroller
converters with four channels have four offset anaith conversion instructions. The user can then in-
four gain calibration registers. These register holdtruct the converter to perform single or multiple
calibration results. The contents of these registernversions or calibrations with the converter in
can be read or written by the user. This allows cathe mode defined by the Setup referenced.

ibration data to be off-loaded into an external EEUsing the single conversion mode, an 8-bit com-

PROM. The user can also manipulate the contenfiang word can be written into the serial port. The

. . ) Channel Setup I ;
Offset Registers (4 x 32 Gain Registers (4 x 32 ; onversion Data
g (¢ ) 9 ( ) Registers (4 x 32) Register (1 x 32)
Offset 1 (1 x 32) Gain 1 (1x32) Setupl | Setup 2 g
(1x16) | (1x16) Data (1x 32)
Offset 2 (1x32) 1 Gain2(1x32) Setup 3 | Setup 4 —p
oz x| sruns | e "
7777777777777777777777777777777 o
> | k]
S | Offset3 (1x32) Gain 3 (1 x 32) Setup 5 | Setup 6 | — e
g | (1x16) | (1x16)
S |
B | Setup 7 | Setup 8
o )
10| Offset4 (1x32) Gain 4 (1x 32) ‘ (1x16) | (1x16) r— _
O | —cs
”””””””””””””””” Serial | — SDI
\ 4 4 \ A 4 Interface  —— SDO
t L IscLk
>
Configuration Register (1 x 32) ‘ S
]
2
Power Save Select Channel Select
Reset System Gain Command
Input Short Word Rate Register (1 x 8)
Guard Signal Unipolar/Bipolar
Voltage Reference Select Output Latch
Output Latch Delay Time
Output Latch Select Open Circuit Detect

Figure6. CSb531/32/33/34 Register Diagram.
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command includes pointer bits which ‘point’ to a2.2.1. System Initialization

_16'b't commgnd in one of the Channel Se.tup ReSrhe CS5531/32/33/34 provide no power-on-reset
Isters which is to be executed. The 16'?” SetuF’I‘?ﬁmction. To initialize the ADCs, the user must per-
can be_programmed to perform a conversion on af¥rm a software reset by resetting the ADC'’s serial
of the input cha_nnels of the converter. More tha?yort with the Serial Port Initialization sequence.
one of the 16-bit Setups can be used for the SaMis sequence resets the serial port to the command

analog input channel. This allows the user to COMode and is accomplished by transmitting 15

vert on the same signal with either a different congy\c1 command bytes (OXFF hexadecimal), fol-

version speed, a different gain range, or any of thl%wed by one SYNCO command (OXFE hexadeci-

other options, which are in the channel setup regi?ﬁal). Note that this sequence can be initiated at

ters. Alternapvely, the user can set up the reg'Steﬁﬁﬁytime to reinitialize the serial port. To complete
to perform different conversion conditions on eaclfhe system initialization sequence, the user must

of the input channels. also perform a system reset by setting the Reset
The ADCs also include multiple conversions capaSystem (RS) bit in the configuration register. A
bility. User bits in the configuration register of thesystem reset can also be initiated at any time by
ADCs can be configured to continuously converyriting a logic 1 to the RS bit in the configuration
one 16-bit command Setup, performing a converegister. After a system reset cycle is complete, the
sion according to the content of each 16-bit SetugRS bit is automatically returned to logic 0, and the
In the multiple conversions mode, the conversiomn-chip registers are initialized to the following
data words are loaded into a the data conversiGhnates:

register. The converter issues a flag on the SDO pin

when a conversion cycle is completed so the user Configuration Register:  00000000(H)
can read the conversion register. More details will ©ffset Registers: 00000000(H)
Gain Registers: 01000000(H)

follow. ,
Channel Setup Registers: 00000000(H)

The following pages document how to initialize the

converter, perform offset and gain calibrations, and

how to configure the converter for the various conAfter a system initialization or reset, the on-chip

version modes. Each of the bits of the configuratiogontroller is initialized into command mode where

register and of the Channel Setup Registers is d.é_WaitS for a valid command (the first 8-bits trans-

scribed. A list of examples follows the descriptionmitted into the serial port are transmitted into the
section. Also th&Command Register Quick Refer- ~ command register). Once a valid command is re-

ence can be used to decode all valid commands (tHeeived and decoded, the byte instructs the converter
first 8-bits into the serial port). to either acquire data from or transfer data to an in-

ternal register(s), or perform a conversion or a cal-
ibration. The Command Register Descriptions
section can be used to decode all valid commands.

DS289PP3 15
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2.2.2. Command Register Quick Reference

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| o | Aara | cs1 | cso RIW RSB2 RSB1 RSBO
BIT NAME VALUE FUNCTION
D7 Command Bit, C 0 Must be logic 0 for these commands.

1 These commands are invalid if this bit is logic 1.

D6 Access Registers as 0 Ignore this function.

Arrays, ARA 1 Access the respective registers, offset, gain, or channel-setup, as an array of regis-
ters. The particular registers accessed are determined by the RS bits. The registers
are accessed MSB first with physical channel 0 accessed first followed by physical
channel 1 next and so forth.

D5-D4 Channel Select Bits, 00 CS1-CS0 provide the address of one of the two (four for CS5533/34) physical input
CS1-CSso 01 channels. These bits are also used to access the calibration registers associated
10  with the respective physical input channel. Note that these bits are ignored when
11 reading data register.

D3 Read/Write, R/W 0 Write to selected register.
1 Read from selected register.

D2-D0O Register Select Bit, 000 Reserved
RSB3-RSBO 001 Offset Register

010 Gain Register
011  Configuration Register
100 Conversion Data Register (Read Only)
101 Channel-Setup Registers
110 Reserved
111  Reserved

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 1 | wmc CSRP2 CSRP1 CSRPO cc2 cc1 cco
BIT NAME VALUE FUNCTION
D7 Command Bit, C 0 These commands are invalid if this bit is logic 0.

1 Must be logic 1 for these commands.

D6 Multiple Conver- 0 Perform fully settled single conversions.
sions, MC 1 Perform conversions continuously.

D5-D3 Channel-Setup Reg- 000 These bits are used as pointers to the Channel-Setup registers. Either a single con-
ister Pointer Bits, version or continuous conversions are performed on the channel setup register
CSRP 111  pointed to by these bits.

D2-DO  Conversion/Calibra- 000 Normal Conversion
tion Bits, CC2-CCO 001 Self-Offset Calibration

010 Self-Gain Calibration

011 Reserved

100 Reserved

101  System-Offset Calibration
110  System-Gain Calibration
111 Reserved

16 DS289PP3
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2.2.3. Command Register Descriptions

READ/WRITE ALL OFFSET CALIBRATION REGISTERS

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 1 | 0 | 0 | RW | 0 | 0 1
Function: These commands are used to access the offset registers as arrays.
R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.

READ/WRITE ALL GAIN CALIBRATION REGISTERS

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 1 | 0 | 0 | RW | 0 | 1 0
Function: These commands are used to access the gain registers as arrays.
R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.

READ/WRITE ALL CHANNEL-SETUP REGISTERS

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 1 | 0 | 0 | RW | 1 | 0 | 1
Function: These commands are used to access the channel-setup registers as arrays.
R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.

READ/WRITE INDIVIDUAL OFFSET REGISTER

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 0 | Cs1 | CS0 | RW | 0 | 0 | 1 |
Function: These commands are used to access each offset register separately. CS1 - CS0 decode the
registers accessed.

R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.

CS[1:0] (Channel Select Bits)
00 Offset Register 1 (All devices)
01 Offset Register 2 (All devices)
10 Offset Register 3 (CS5533/34 only)
11 Offset Register 4 (CS5533/34 only)

DS289PP3 17



Yy 4 YI17 J J I B
., 5 ) ¥y /= CS5531/32/33/34

READ/WRITE INDIVIDUAL GAIN REGISTER

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 0 | Cs1 | CS0 | RW | 0 | 1 | 0 |
Function: These commands are used to access each gain register separately. CS1 - CS0 decode the reg-
isters accessed.

R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.

CS[1:0] (Channel Select Bits)
00 Gain Register 1 (All devices)
01 Gain Register 2 (All devices)
10 Gain Register 3 (CS5533/34 only)
11 Gain Register 4 (CS5533/34 only)

READ/WRITE INDIVIDUAL CHANNEL-SETUP REGISTER

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 0 | cs1 | cso ] RW | 1 | 0 | 1 |
Function: These commands are used to access each channel-setup register separately. CS1 - CSO de-
code the registers accessed.

R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.

CS[1:0] (Channel Select Bits)
00 Channel-Setup Register 1 (All devices)
01 Channel-Setup Register 2 (All devices)
10 Channel-Setup Register 3 (All devices)
11 Channel-Setup Register 4 (All devices)

READ/WRITE CONFIGURATION REGISTER

D7(MSB) D6 D5 D4 D3_ D2 D1 DO
| 0 | 0 | 0 | 0 | RW | 0 | 1 | 1
Function: These commands are used to read from or write to the configuration register.
R/W (Read/Write)
0 Write to selected register.
1 Read from selected register.
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PERFORM CONVERSION

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 1 | MC | CSRP2 | CSRP1 | CSRPO | 0 | 0 | 0 |
Function: These commands instruct the ADC to perform either a single conversion or continuous conver-

sions on the physical input channel pointed to by the pointer bits (CSRP2 - CRSPO) in the chan-
nel-setup register.

MC (Multiple Conversions)

0 Perform fully settled single conversions.

1 Perform conversions continuously.
CSRP [2:0] (Channel Setup Register Pointer Bits)

000 Setup 1 (All devices)

001 Setup 2 (All devices)

010 Setup 3 (All devices)

011 Setup 4 (All devices)

100 Setup 5 (All devices)

101 Setup 6 (All devices)

110 Setup 7 (All devices)

111 Setup 8 (All devices)

READ CONVERSION DATA REGISTER

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 0 | 0 | 0 | 0 | 1 | 1 | 0 0
Function: This command is used to read from the conversion data register.

DS289PP3 19
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PERFORM CALIBRATION

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 1 | 0 | CSRP2 | CSRP1 | CSRPO | cc2 | cct | cco |
Function: These commands instruct the ADC to perform a calibration on the physical input channel se-
lected by the setup register which is chosen by the command byte pointer bits (CSRP2 -
CSRPO).
CSRP [2:0] (Channel Setup Register Pointer Bits)
000 Setup 1 (All devices)
001 Setup 2 (All devices)
010 Setup 3 (All devices)
011 Setup 4 (All devices)
100 Setup 5 (All devices)
101 Setup 6 (All devices)
110 Setup 7 (All devices)
111 Setup 8 (All devices)
CC [2:0] (Calibration Control Bits)
000 Reserved
001 Self-Offset Calibration
010 Self-Gain Calibration
011 Reserved
100 Reserved
101 System-Offset Calibration
110 System-Gain Calibration
111 Reserved
SYNC1
D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 1 | 1 | 1 | 1 | 1 1 1 1
Function: Part of the serial port re-initialization sequence.
SYNCO
D7(MSB) D6 D5 D4 D3 D2 D1 DO
| 1 | 1 | 1 | 1 | 1 1 1 0
Function: End of the serial port re-initialization sequence.
NULL
D7(MSB) D6 D5 D4 D3 D2 D1 DO
| o | o | o [ o [ o [ o [ o o |
Function: This command is used to clear a port flag and keep the converter in the continuous conversion mode.
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2.2.4. Serial Port I nterface SCLK, Serial Clock, is the serial bit-clock which

The CS5531/32/33/34’s serial interface consists Oqontrols the shifting of data to or from the ADC’s

four control lines” CSSDI. SDO, SCLK. Figure 7 serial port. The C®in must be held low (logic 0)
details the command anci data \’/vord timing before SCLK transitions can be recognized by the

_ port logic. To accommodate optoisolators SCLK is
CS Chip Select, is the control line which enablegjesigned with a Schmitt-trigger input to allow an
access to the serial port. If the @i is tied low, gptoisolator with slower rise and fall times to di-
the port can function as a three wire interface. rectly drive the pin. Additionally, SDO is capable
SDI, Serial Data In, is the data signal used to tranef sinking or sourcing up to 5 mA to directly drive
fer data to the converters. an optoisolator LED. SDO will have less than a 400

SDO, Serial Data Out, is the data signal used {@V loss in the drive voltage when sinking or sourc-

transfer output data from the converters. TFESD@Q S mA.
output will be held at high impedance any time CS
is at logic 1.

CS

SCLK

SDI

% %
=

= Command Time i Data Time 32 SCLKs
8 SCLKs Write Cycle

SCLK

|

SDI

Command Time
8 SCLKs

500 st OO0 Z OO0

<

AR

ANN

Data Time 32 SCLKs

Read Cycle
cs ) /
7 /,
%
Z Z 7
se  [ITUTUUUUULZ  THUUUUUUUUUUZU LT 2
7 /-
7 v 7
7 v 7
7
SDI Z Z 7
i 7 MCLK/OWR
Command Time Jtd 7 7
8 SCLKs gﬂL /__ Clock Cycles 7
2
Sbo 7 8 SCLKs Clear SDO Fla M 7
a : : ASECE

. Data Time 32 SCLKs
Data Conversion Cycle

* td = MCLK/OWR clock cycles for each conversion except the
first conversion which will take MCLK/OWR + 7 clock cycles

Figure7. Command and Data Word Timing.
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2.2.5. Reading/Writing On-Chip Registers 2.2.6. Setting up the CSRsfor a Measure-

The CS5531/32/33/34's offset, gain, configurationMent
and channel-setup registers are readable and wrfthe CS5531/32/33/34 have four Channel-Setup
able while the conversion data register is read onlyRegisters (CSRs). Each CSR contains two 16-bit

As shown in Figure 7, to write to a particular regis-S€tUPS which are programmed by the user to contain
ter the user must transmit the appropriate writdata conversion information such as: 1) which phys-
command and then follow that command by 32 bit&al channel will be converted, 2) at what gain will
of data. For example, to write 080000000 (hexat-he channel be converted, 3) at what word rate will
decimal) to physical channel one’s gain registetN® channel be converted, 4) will the output conver-
the user would first transmit the command bytésion be unipolar or bipolar, 5) what will be the state
0x02 (hexadecimal) followed by the data©f the output latch during the conversion, 6) will the
0x80000000 (hexadecimal). Similarly, to read &£onverter delay the start of a conversion to allow
particular register the user must transmit the apprdime for the output latch to settle before the conver-
priate read command and then acquire the 32 bits 9" IS begun, and 7) will the open circuit detect cur-

data. Once a register is written to or read from, thgnt source be activated for that Setup. Note that a
serial port returns to the command mode. particular physical input channel can be represent-
ed in more than one Setup with different output

In addition to accessing the internal registers one Ates gain ranges, etc. (i.e. each Setup is indepen-

a time, the gain and offset registers as well as th{fently defined). Refer to thghannel-Setup Regis-
channel-setup registers, can be accessed as arr?éﬁ)escriptions.section for more details
(i.e. the entire register set can be accessed with one '

command). For example, to write 0x8000000d=ach 32-bit CSR is individually accessible and
(hexadecimal) to all four gain registers, the usefontains two 16'_b't Setups. As an example,_to con-
would transmit the command 0x42 (hexadecimaljigureé Setup 1 in the CS5531/32/33/34 with the
followed by four iterations of 080000000 (hexa-Write |nd|V|duaI_ chann(_el-setup register command
decimal), (i.e. 0x42 followed by Ox80000000,(0X05 hexadecimal), bits 31 to 16 of CSR 1 con-
0x80000000, 0x80000000, 0x80000000). The regtains the information for Setup 1 and bits 15 to 0
isters are written to or read from in sequential ordgf@ntain the information for Setup 2. Note that while
(i.e, 1, followed by 2, then 3, then 4). Once the red_eadmg/wrltlng CSRs, two Setups are accessed in

isters are written to or read from, the serial port rgRirs as a single 32-bit CSR register. Even if one of
turns to the command mode. the Setups isn’t used, it must be written to or read.

Examples detailing the power of the CSRs are pro-
vided in theUse of Pointers in the Command Byte
section.
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2.2.7. Channel-Setup Register Descriptions

CSR
#1 Setup 1 Setup 2
Bits <127:112> Bits <111:96>
|
= | =
#4 Setup 7 Setup 8
Bits <31:16> Bits <15:0>

D31(MSB) D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16
| cs1 |[cso] G2 [ G1 ] Go [WR3|[WR2 [WR1|WR0| uB [oL1 ] oo | DT [ocD | NU [ NU ]
DI5 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
| cs1 |[cso] G2 [ G1 | Go [WR3|[WR2 [WR1|WR0| uB [oL1 ] oo | DT [ocD | NU [ NU ]

CS1-CSO0 (Channel Select Bits) [31:30] [15:14]

00 Select physical channel 1 (All devices)
01 Select physical channel 2 (All devices)
10 Select physical channel 3 (CS5533/34 only)
11 Select physical channel 4 (CS5533/34 only)

G2-GO (Gain Bits) [29:27] [13:11]
000 Gain =1, (Input Span = [(VREF+)-(VREF-)]/1 for unipolar).
001 Gain = 2, (Input Span = [(VREF+)-(VREF-)]/2 for unipolar).
010 Gain =4, (Input Span = [(VREF+)-(VREF-)]/4 for unipolar).
011 Gain = 8, (Input Span = [(VREF+)-(VREF-)]/8 for unipolar).
100 Gain = 16, (Input Span = [(VREF+)-(VREF-)]/16 for unipolar).
101 Gain = 32, (Input Span = [(VREF+)-(VREF-)]/32 for unipolar).
110 Gain = 64, (Input Span = [(VREF+)-(VREF-)]/64 for unipolar).

WR3-WRO0 (Word Rate) [26:23] [10:7]

Word Rates apply to continuous conversion mode. In single conversion mode, an output will take three conversions
to settle. Only the third output will be provided to the serial port.

Bit WR (4.9152 MHz)  WR (4.096 MHz) Clock Cycles

0000 120 Hz 100 Hz (40960 MCLK cycles)
0001 60 Hz 50 Hz (81920 MCLK cycles)
0010 30 Hz 25 Hz (163840 MCLK cycles)
0011 15 Hz 12.5 Hz (327680 MCLK cycles)
0100 7.5 Hz 6.25 Hz (655360 MCLK cycles)
1000 3840 Hz 3200 Hz (1280 MCLK cycles)
1001 1920 Hz 1600 Hz (2560 MCLK cycles)
1010 960 Hz 800 Hz (5120 MCLK cycles)
1011 480 Hz 400 Hz (10240 MCLK cycles)
1100 240 Hz 200 Hz (20480 MCLK cycles)

All other combinations are not used.
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U/B (Unipolar / Bipolar) [22] [6]
0 Select Bipolar mode.
1 Select Unipolar mode.
OL1-OLO (Output Latch Bits) [21:20] [5:4]

The latch bits will be set to the logic state of these bits upon command word execution when the output
latch select bit (OLS) in the configuration register is logic 0. Note that the logic outputs on the chip are
powered from VA+ and VA-.

00 A0=0,A1=0
01 A0=0,A1=1
10 A0=1,A1=0
11 A0O=1,A1=1

DT (Delay Time Bit) [19] [3]

When set, the converter will wait for a delay time before starting a conversion. This allows settling time for
A0 and Aloutputs before a conversion begins. The delay time will be 1280 MCLK cycles.

0 Normal mode.
1 Wait 1280 MCLK cycles before starting conversion.

OCD (Open Circuit Detect Bit) [18] [2]

When set, this bit activates a 300 nA current source on the input channel (AIN+) selected by the channel
select bits. Note that the 300nA current source is rated at 25°C. At -55°C, the current source doubles to
approximately 600nA. This feature is particularly useful in thermocouple applications when the user wants
to drive a suspected open thermocouple lead to a supply rail.

0 Normal mode.
1 Activate current source.
NU (Not Used) [17:16] [1:0]
These bits are reserved for future upgrade.
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2.3. Configuration Register

To ease the architectural design, the configuration
register isthirty-two bitslong, however, only ten of
the thirty two bits are used. The following sections
detail the bitsin the configuration register.

2.3.1. Power Consumption

The CS5531/32/33/34 accommodate three power
consumption modes: normal, standby, and sleep.
Thenormal mode, the default mode, isentered after
power is applied. In this mode, the
CS5531/32/33/34-AS versions typicaly consume
30 mW. The CS5532/34-BS versions typically
consume 40 mW. The last two modes are referred
to as the power save modes. They power down
maost of the anal og portion of the chip and stop filter
convolutions. The power save modes are entered
whenever the power down (PDW) bit of the config-
uration register isset tologic 1. The particular pow-
er save mode entered depends on state of the PSS
(Power Save Select) hit. If PSSislogic 0, the con-
verter enters the standby mode reducing the power
consumption to TBD mW. The standby mode
leaves the oscillator and the on-chip bias generator
for the analog portion of the chip active. This al-
lows the converter to quickly return to the normal
mode once PDW is set back to alogic 1. If PSS and
PDW are both set to logic 1, the Sleep mode is en-
tered reducing the consumed power to around TBD
UW. Since this sleep mode disables the oscillator,
approximately a 20 ms oscillator start-up delay pe-
riod is required before returning to the normal
mode. If an external clock is used no delay is nec-
essary. Further note that when the chipsareused in

the Gain = 1 mode, the PGIA is powered down. In
this mode, the power consumed in the normal pow-
er mode is reduced to TBD mW. The deep and
standby modes are not affected.

2.3.2. Reset System

The reset system (RS) bit permits the user to per-
form asystem reset. A system reset can beinitiated
at any time by writing alogic 1 to the RS bit in the
configuration register. After asystem reset cycleis
complete, the reset valid (RV) bit is set indicating
that the internal logic was properly reset. The RV
bit iscleared after the configuration register isread.
Note that the on-chip registers areinitialized to the
following states.

Configuration Register: 00000000(H)
Offset Registers: 00000000(H)
Gain Registers: 01000000(H)
Channel Setup Registers: 00000000(H)

Further note that after reset the RS bit automatical-
ly returns to logic O and the ADCs return to the
command mode where they wait for a valid com-
mand. Also, the RS bit isthe only bit in the config-
uration register that can be set when initiating a
reset.

2.3.3. Input Short

The input short bit allows the user to internally
ground all the inputs of the multiplexer. Thisis a
useful function because it allows the user to easily
test the grounded input performance of the ADC
and eliminate the noise effects due to the externa
system.

DS289PP3
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2.3.4. Guard Signal

The guard signal bit is a bit that modifies the func-
tion of AO. When set, this bit outputs the common
mode voltage of the instrumentation amplifier on
AO. This feature is useful when the user wants to
connect an external shield to the common mode po-
tential of the instrumentation amplifier to protect
against leakage. Figure 8 illustrates a typical con-
nection diagram for the guard signal.

CS5531/32/33/34
40 MA typical

AO/GUARD

VIN+
Commor{Mode :)2.5 \%

I3

Figure 8. Guard Signal Shielding Scheme.

VREF

Vos 15 mV

in=VosC

f= '\@-K
16

VRS=1;1V<Vger <25V

Figure9. Input Reference Model when VRS = 1.

2.3.5. Voltage Reference Select

The voltage reference select (VRS) bit selects the

size of the sampling capacitor used to sample the
voltage reference. The bit should be set based upon

the magnitude of the reference voltage to achieve
optimal performance. Figures 9 and 10 model the
effects on the reference’s input impedance and in-
put current for each VRS setting. As the models
show, the reference includes a coarse/fine charge
buffer which reduces the dynamic current demand
of the external reference.

The reference’s input buffer is designed to accom-
modate rail-to-rail (common-mode plus signal) in-
put voltages. The differential voltage between the
VREF+ and VREF- can be any voltage from 1.0 V
up to the analog supply (depending on how VRS is
configured), however, the VREF+ cannot go above
VA+ and the VREF- pin can not go below VA-. For

a single-ended reference voltage, the reference
voltage is input into the VREF+ pin of the convert-
er and the VREF- pin is grounded. Note that if +3
V supplies are used, the supplies must be estab-
lished before the reference voltage.

(plFine
e
@ Coarse
VREF 0—— e
/ —_ — o>
Ve <30 mV C=1lpFT
in=MgC
{ = MCLK

16
VRS = 0; 2.5 V < Vger < VA+

Figure 10. Input Reference M odel when VRS = 0.
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2.3.6. Output Latch Pins

The A1-A0 pins of the ADCs mimic the D21-
D20/D5-D4 hits of the channel-setup registers if
the output latch select bit islogic O (default). If the
output latch select bit islogic 1 then A1-AO0 mimic
the output latch bit setting in the configuration reg-
ister. These two options give the user achoice of al-
lowing the latch outputs to change anytime a
different CSR is selected for a conversion; or to al-
low the latch bits to remain latched to afixed state

(determined by the configuration register bit) for
all CSR selections. In either case, A1-AO can be
used to control external multiplexers and other log-
ic functions outside the converter. The A1-A0 out-
puts can sink or source at least 1 mA, but it is
recommended to limit drive currents to less than
20 YA to reduce self-heating of the chip. These out-
puts are powered from VA+ and VA-. Their output
voltage will be limited to the VA+ voltage for a
logic 1 and VA- for alogic O.

DS289PP3
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2.3.7. Configuration Register Descriptions

D31(MSB) D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16
| Ppss |[PDW] RS | RV ]| IS | GB |[VRS]| AL | A0 [oLs| NU | NU | NU [ NU | NU | NU |
DI5 D14 D13 D12 D11 D0 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
| NU [ NUJNUJNUJNU]JNU]NU[NU]NU]NU]NU]NU]NU]NU]NU ] NU |

PSS (Power Save Select)[31]

0 Standby Mode (Oscillator active, allows quick power-up).
1 Sleep Mode (Oscillator inactive).
PDW (Power Down Mode)[30]
0 Normal Mode
1 Activate the power save select mode.
RS (Reset System)[29]
0 Normal Operation.
1 Activate a Reset cycle. Bit automatically returns to logic O after reset.
RV (Reset Valid)[28]
0 Normal Operation
1 System got reset. This bit is read only. Bit is cleared to logic zero after the configuration register is read.
IS (Input Short)[27]
0 Normal Input
1 All signal input pairs for each channel are shorted internally.
GB (Guard Signal Bit)[26]
0 Normal Operation of AO as an output latch.
1 AO0’s output is modified to output the common mode output voltage of the instrumentation amplifier (typically

2.5V). The output latch select bit is ignored when the guard buffer is activated.
VRS (Voltage Reference Select)[25]
0 2.5V < VRgg < VA+
1 1V < Vggr 2.5V
A1-A0 (Output Latch bits)[24:23]

The latch bits (AO and A1) will be set to the logic state of these bits upon command word execution if the output
latch select bit (OLS) is set. Note that these logic outputs are powered from VA+ and VA-.

00 A0=0,A1=0

01 A0=0,Al=1

10 A0O=1,A1=0

11 A0=1,Al1=1
Output Latch Select, OLS[22]

0 When low, uses the Channel-Setup Register as the source of A1 and AO.

1 When set, uses the Configuration Register as the source of A1 and AO.
NU (Not Used)[21:0]

0 Must always be logic 0. Reserved for future upgrades.
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2.4. Calibration
Calibration is used to set the zero and gain slope of

2.4.1. Calibration Registers
The CS5531/32/33/34 converters have an individu-

the ADC'’s transfer function. The CS5531/32/33/34al offset and gain register for each channel input.
offer both self calibration and system calibration. The gain and offset registers, which are used during

Note: 1) After the ADCs are reset, they are
functional and can perform measurements
without being calibrated (remember that the
VRS bit in the configuration register must be
configured). In this case, the converter will
utilize the initialized values of the on-chip
registers (Gain = 1.0, Offset = 0.0) to
calculate output words. Any initial offset and
gain errors in the internal circuitry of the chip
will remain. 2) Calibrations steps each take
one conversion cycle to complete. At the end
of the calibration step, SDO falls low to
indicate that a calibration is complete. 3)
Offset calibration must be performed before
gain calibration because the gain slope is
referenced from the offset calibrations.

both self and system calibration, are used to set the
zero and gain slope of the converter’s transfer func-
tion. As shown irOffset Register section, one LSB

in the offset register is % proportion of the input
span (bipolar span is 2 times the unipolar span).
The MSB in the offset register determines if the
offset to be trimmed is positive or negative (0 pos-
itive, 1 negative). Note that the magnitude of the
offset that is trimmed from the input is mapped
through the gain register. The converter can typi-
cally trim £100 percent of the input span. As shown
in theGain Register section, the gain register spans
from O to (32 - 2?). The decimal equivalent mean-
ing of the gain register is

N

_ 4 3 2 N, _ 4 —i

D = bpyg2 +(bpyy2 +bpyg2 .. b2 ) = b2+ z b;2
i=0

where the binary numbers have a value of either
zero or one (f,g corresponds to bit D28).

DS289PP3
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2.4.2. Gain Register

MSB D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16
NU | NU | 25 24 23 22 2! 20 | 2t | 22 | 28 | 2% | 25 | 26 | 27 | 2%
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 LSB
2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 222 2-23 2-24
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The gain register span is from 0 to (32-2724). After Reset D24 is 1, all other bits are ‘0.
2.4.3. Offset Register

MSB D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 Di8 D17 D16
S|gn 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D15 D14 D13 D12 Dl1 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 LSB
2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 NU NU NU NU NU NU NU NU
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

One LSB represents 224 proportion of the input span (bipolar span is 2 times unipolar span).
Offset and data word bits align by MSB. After reset, all bits are ‘0’
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2.4.4. Performing Calibrations

To perform acalibration the user must send acom-
mand byte with its MSB=1, its pointer bits
(CSRP2-CSRPO) set to addressthe desired Setup to
calibrate, and the appropriate calibration bits (CC2-
CCO) set to choose thetype of calibration to be per-
formed. Note that calibration assumes that the
CSRs have been previoudly initialized because the
information concerning the physical channdl, its
filter rate, gain range, and polarity, comes from the
channel-setup register being addressed by the
pointer bits in the command byte. Once the CSRs
areinitialized, a calibration can be performed with
one command byte.

Onceacalibration cycleiscomplete, SDOfallsand
theresultsare stored in either the gain or offset reg-
ister for the physical channel being calibrated. Note
that if additional calibrations are performed on the
same physical channel referenced by a different
Setups with different filter rates, gain ranges, or
conversion modes, the last calibration results will
replace the effects from the previous calibration as
only one offset and gain register is available per
physical channel. Further note that only one cali-

AIN+ o o + +

S2
CLOSED
AIN-

XGAIN

Figure 11. Self Calibration of Offset.

bration is performed with each command byte. To
calibrate al the channels additional calibration
commands are necessary.

2.4.5. Self Calibration

The CS5531/32/33/34 offer both self offset and self
gain calibrations. For the self-calibration of offset,
the convertersinternally tie the inputs of the ampli-
fier together and routes them to the AIN- pin as
shown in Figure 11. For proper self-calibration of
offset to occur, the AIN pins must be at the proper
common-mode-voltage as specified in the Analog
Characteristics section.

For self-calibration of gain, the differential inputs
of the modulator are connected to VREF+ and
VREF- as shown in Figure 12. Self-calibration of
gainis performed in the GAIN = 1x mode without

regard to the setup register’s gain setting. Gain er-
rors in the PGIA gain steps 2x to 64x are not cali-
brated as this would require an accurate low
voltage source other than the reference voltage. A
system calibration of gain should be performed if
accurate gains are to be achieved on the 2x and up

ranges.

AIN+

AIN-

VREF+

Reference CLOSED

VREF-

CLOSED

Figure 12. Self Calibration of Gain.
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2.4.6. System Calibration

For the system cdlibration functions, the user must
supply the converterscalibration signa swhich repre-
sent ground and full scale. When a system offset cal-
ibration is performed, aground reference signal must
be applied to the converters. Figure 13 illustrates sys-
tem offset calibration.

Asshownin Figure 14, the user must input asignal
representing the positive full scale point to perform
a system gain calibration. In ether case, the cali-
bration signals must be within the specified calibra-
tion limits for each specific calibration step (refer
to the System Calibration Specifications).

2.4.7. Calibration Tips

Calibration steps are performed at the output word
rate selected by the WR2-WRO bits of the channel
setup registers. Since higher word rates result in
conversion words with more peak-to-peak noise,
calibration should be performed at lower output
word rates. Also, to minimize digital noise near the
device, the user should wait for each calibration
step to be completed before reading or writing to
the serial port.

External
Connections

o + +

AIN+

ov ()

XGAIN

.—(
AIN-

cm ()
A4

Figure 13. System Calibration of Offset.

For maximum accuracy, calibrations should be per-
formed for both offset and gain (selected by chang-

ing the G2-GO bits of the channel-setup registers).

Note that only one gain range can be calibrated per
physical channel. And if factory calibration of the
user’'s system is performed using the system cali-
bration capabilities of the CS5531/32/33/34, the
offset and gain register contents can be read by the
system microcontroller and recorded in EEPROM.
These same calibration words can then be uploaded
into the offset and gain registers of the converter
when power is first applied to the system, or when
the gain range is changed.

Note that if a user wants to use uncalibrated con-
versions, the uncalibrated gain accuracy is +1 per-
cent. Further note that the gain tracking from range
to range is not affected by calibration. Gain track-
ing from range to range is 0.1 percent.

Note that the gain from the offset register to the
output is approximately 1.8 decimal, not 1. If a user
wants to calculate the calibration coefficients exter-
nally, they will need to divide the content of the off-

set register by the scale factor 01D5C315
hexadecimal while in the bipolar mode (for unipo-

lar mode divide by two).

External —
Connections
= + +
AIN+
Full Scale e XGAIN
.—(

AIN-
oM (3
Y%

Figure 14. System Calibration of Gain.
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2.4.8. Limitationsin Calibration Range to clear the SDO flag. During the first 8 SCLKs,

SDI must be logic 0. The last 32 SCLKs are needed
to read the conversion result. Note that the user is
forced to read the conversion in single conversion
mode as SDO will remain low (i.e. the serial port is
in data mode) until SCLK transitions 40 times. Af-
ter reading the data, the serial port returns to the
command mode, where it waits for a new command
to be issued.

System calibration can be limited by signal head-
room in the analog signa path inside the chip as
discussed under the Analog Input section of this
data sheet. For gain calibration, the full scale input
signal can be reduced to the point in which thegain
register reachesitsupper limit of (32—2'64 decimal).
Under nominal conditions, this occurs with a full
scale input signal equal to about 1/32 the nominal

full scale. With the converter’s intrinsic gain error,Note:  In single conversion mode only fully settled
data conversions are output to the data

this full scale input signal may be higher or lower. . : .

.. L. . A conversion reglster. Since the converter uses
In defining the minimum Full Scale Calibration a Sinc? filter for the 3840 Hz word rate, the
Range (FSCR) undémnalog Characteristics, mar- effective word rate in the single conversion

i i IR ; mode will be 1/5 the normal rate (3840/5

gin is retalneq to accommodate the |ntr|nS|c gain which is 768 Hz, MCLK = 4.9152 MHz). Since
error. Alternatively the_ input fuII_ scale signal can the converter uses a Sinc? filter for all other
be increased to a point in which the modulator rates, their effective rates will be cut by 1/3 as
reaches its 1's density limit of 90 percent, which three conversion are required to fully settle

. _. the Sinc? filter.
under nominal condition occurs when the full scale

input signal is 1.1 times the nominal full scale2.5.2. Multiple Conversions Mode (MC = 1)

With the chip’s intrinsic gain error, this input full gased on the information provided in the channel-
scale input signal maybe higher or lower. In defingetyp registers (CSRs), continuous conversions are
ing the maximum FSCR, margin is again incorporepeatedly performed using the Setup register con-
rated to accommodate the intrinsic gain error.  {ants pointed to by the conversion command. The
2.5. Performing Conversions command_byte includes a poir_1ter address to _the
The CS5531/32/33/34 off q ¢ Setup register to be used during the conversion.
€ ) offers two MOodes O PeIynce transmitted, the serial port enters data mode
forming conversions. The three sections that fOIIOV\\5vhere it waits until a conversion is complete. After

detail the differences and provide examples i”ust'he conversion is done, SDO falls to logic 0. Forty

trﬁlting TOW to use the conversion modes with th%CLKs are then needed to read the conversion. The
channel-setup registers. first 8 SCLKs are used to clear the SDO flag. The
2.5.1. Single Conversion Mode (MC = 0) last 32 SCLKs are needed to read the conversion

result. If ‘00000000’ is provided to SDI during the

Based on the information provided in the Channeﬁrst 8 SCLKs when the SDO flag is cleared, the

setup registers (CSRS), a single conversion is per- . . ) )
preg ( ) 9 P converter remains in this conversion mode and

formed after the user transmits the single conver-_ . .
sion command. The command bvie includes gontlnues to convert the selected channel using the
' y Same CSR Setup. While in this mode, not every

pointer address to the Setup register to be used dur- :
: . : - conversion word needs to be read. The user needs
ing the conversion. Once transmitted, the serig

) . : only to read the conversion words required for the
port enters data mode where it waits until a conver-_~.. . . L

o . application as SDO rises and falls to indicate the
sion is complete. After the conversion is done

) ilability of ion. Note that if -
SDO falls to logic 0. Forty SCLKs are then neede&Vala ity O1 & nNew conversion. TRote fhat Ia con

) i version is not read it will be lost and replaced by a
to read the conversion. The first 8 SCLKs are usede . o i P y
new conversion. To exit this conversion mode the
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user must provide ‘11111111’ to the SDI pin dur- Example 1: single conversion with Setup 1. The
ing the first 8 SCLKs. If the user decides to exit, 3Zommand issued is ‘10000000’. These settings in-
SCLKs are required to clock out the last conversiostruct the converter to perform a single conversion
before the converter will return to the commandvith Setup 1's settings as CSRP2 - CSRPO = ‘000’

mode.

Note: If a calibration or a single conversion is
performed before a multiple conversions
command is given, the user must ignore the
first three (for OWRs less than 3840 Hz,
MCLK = 4.9152 MHz) or first five (for OWR
equal to 3840 Hz) conversions in multiple
conversions mode as residual filter
coefficients must be flushed from the filter
before accurate conversion are performed.

2.5.3. Examples of Using CSRsto Perform
Conversions and Calibrations

(which happens to be physical channel 4 in this ex-
ample). After the command is received and decod-
ed the ADC performs a conversion on physical

channel 4 and then SDO falls to indicate that the
conversion is complete. To read the conversion, 40
SCLKs are then required. Once acquired, the serial
port returns to the command mode.

Example 2: continuous conversion with Setup 3.
The command issued is ‘11010000’. These settings
instruct the converter to perform continuous con-
versions with Setup 3’s settings as CSRP2 - CSRPO

Any time a calibration or conversion command is= ‘010’ (which happens to be physical channel 1 in

issued (C, MC, and CC2-CCO bits must be properlyhis example). After the command is received and
set), the CSRP2-CSRPO bits in the command bytgcoded the ADC performs a conversion on physi-
are used as pointers to address one of the Setupg#l channel 1 and then SDO falls to indicate that the
the channel-setup registers (CSRs). Table 1 detaig®nversion is complete. The user now has three op-

the address decoding of the pointer the bits.

(CSRP2-CSRPO0) |CSR Location Setup
000 CSR #1 1
001 CSR #1 2
010 CSR #2 3
o1l CSR #2 4
100 CSR #3 S
101 CSR #3 6
110 CSR#4 7
111 CSR #4 8

Table 1. Command Byte Pointer Table.

tions. The user can acquire the conversion and re-
main in this mode, acquire the conversion and exit
this mode, or ignore the conversion and wait for a
new conversion at the next update interval.

Example 3: calibration with Setup 4. The command
issued is ‘10011001'. These settings instruct the
converter to perform a self offset calibration with

Setup 4’s settings as CSRP2 - CSRPO = ‘0171’
(which happens to be physical channel 2 in this ex-
ample). After the command is received and decod-
ed the ADC performs a self offset calibration on

physical channel 2 and then SDO falls to indicate

The examples that follow detail situations that dhat the calibration is complete. To perform addi-
user might encounter when acquiring a conversiotional calibrations, more commands have to be is-
or calibrating the converter. These examples asued.

sume that the CSRs are programmed with the fokiote: ~ The CSRs need not be written. If they are not
|owing physica| channelorder: 4,1,1, 2,4, 3,4, 4. initialized, all the Setups point to their default

settings irrespective of the single conversion,

A physical channel is defined as the actual input multiple single conversion, or calibration

channel (AIN1 to AIN4) to which an external sig-
nal is connected.

mode (i.e conversion can be performed, but
only physical channel 1 will be converted).
Further note that filter convolutions are reset
(i.e. flushed) if consecutive conversions are

34
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performed on two different physical channels.  contains data monitoring flags. The channel indica-
If consecutive conversions are performed on ; ; ;

the same physical channel, the filter is not tor (Cl) bits keep track of which physica Chann.el
reset. This allows the ADCs to more quickly was converted and the overrange flag (OF) moni-
settle full scale step inputs. tors to determine if a valid conversion was per-
formed. Refer to the Conversion Data Register

2.6. Conversion Output Coding - _ :
Descriptions section for more details.

The CS5531/32/33/34 output 16-bit (CS5531/33) L
and 24-bit (CS5532/34) data conversion words. To The CS5531/32/33/34 output data conversions in

read a conversion word the user must read the con- binary format when operating in unipolar mode and

version data register. The conversion data register in two's complement when qperati ng in bipolar
is 32 bits long and outputs the conversions MSB mode. Refer to the Output Coding section for more

first. The last byte of the conversion data register detalls.

2.6.1. Conversion Data Register Descriptions

CS5531/33 (16-BIT CONVERSIONS)

D31(MSB) D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16

| MmsB | 14 [ 13 | 122 | 1 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 |LsB]
DI5 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
| o | o] o] o] o] o] o] o] o] o] o] o] o]orF]cu]|co]

CS5532/34 (24-BIT CONVERSIONS)

D31(MSB) D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16

| MsB | 22 [ 22 | 20 | 19 | 18 | 17 | 16 | 15 | 14 | 13 [ 12 | 11 | 10 | 9 | 8 |
DI5 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
| 7 | 6 | 5] 4| 3] 2 ] 1 |wtsB] o] o] o[ o | o] oF]|cun|cio]

Conversion Data Bits [31:16 for CS5531/33; 31:8 for C§5532/34]

These bits depict the latest output conversion.

NU (Not Used) [15:3 for CS5531/33; 7.3 for CS5532/34]
These bits are masked logic zero.
OF (Over-range Flag Bit) [2]
0 Bit is clear when over-range condition has not occurred (read only).

1 Bit is set when input signal is more positive than the positive full scale, more negative than zero (unipolar
mode) or when the input is more negative than the negative full scale (bipolar mode).

ClI (Channel Indicator Bits) [1:0]

These bits indicate which physical input channel was converted.

00 Physical Channel 1
01 Physical Channel 2
10 Physical Channel 3
11 Physical Channel 4
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2.6.2. Output Coding

CS5531/33 16-Bit Output Coding CS5532/34 24-Bit Output Coding
Unipolar Input | Offset Bipolar Input Two's Unipolar Input | Offset Bipolar Input Two’s
Voltage Binary Voltage Complement Voltage Binary Voltage Complement
>(VFS-1.5LSB)| FFFF >(VFS-1.5 LSB) TFFF >(VFS-1.5 LSB) | FFFFFF| >(VFS-1.5 LSB) TFFFFF
VFS-1.5LSB FFFF TFFF VFS-1.5LSB |FFFFFF TFFFFF
------ VFS-1.5LSB VFS-1.5 LSB
FFFE 7FFE FFFFFE 7TFFFFE
VFS/2-0.5LSB | 8000 0000 VFS/2-0.5 LSB | 800000 000000
------ -0.5LSB -0.5LSB
TFFF FFFF TFFFFF FFFFFF
+0.5LSB 0001 8001 +0.5 LSB 000001 800001
------ -VFS+0.5 LSB -VFS+0.5 LSB
0000 8000 000000 800000
<(+0.5 LSB) 0000 | <(-VFS+0.5LSB) 8000 <(+0.5LSB) | 000000 | <(-VFS+0.5 LSB) 800000

Note: VFS in the table equals the voltage between ground and full scale for any of the unipolar gain ranges, or the
voltage between + full scale for any of the bipolar gain ranges. See text about error flags under overrange

conditions.
Table 2. Output Coding for 16-bit CS5531/33 and 24-bit CS5532/34.

2.7. Digital Filter 0
The CS5531/32/33/34 have linear phase digital fil-
ters which are programmed to achieve a range of - 40T
output word rates (OWRYs) as stated in the Channel - 2
Setup Register Descriptions section. The ADCsuse £ 807
asinc® digital filter to output word rates at 3840 Hz ©
(MCLK = 4.9152 MHz). Other output word rates -1207
areachieved by usingaSi nc3 filter with aprogram- I | [ I T
mable decimation (see Figure 15). The Sinc®is ac- 0 60 120 180 240 300
tivefor all output word rates except for the 3840 Hz Frequency (Hz)
(MCLK =4.9152 MH2) rate. Figure 15. Digital Filter Response (Word Rate = 60 Hz).
The converter’s digital filters scale with MCLK.
For example, with an output word rate of 120 Hz Frequency Notch Frequency Minimum
the filter's corner frequency is typically 31 Hz. If (H2) Depth (H2) Attenuation
MCLK is increased to 5.0 MHz, the OWR increas (dB) (dB)

: 50 (MCLK = TBD TBD TBD
es by 1.0175 percent and the filter's corner frer 4 096MH2)
guency moves to 31.54 Hz. Note that the converter 60 (MCLK = TBD TBD TBD
isn’t specified to run at MCLK clock frequencies|__4-9152MHz)
greater than 5 MHz. Table 3. Filter Notch Attenuation.
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2.8. Clock Generator

The CS5531/32/33/34 include an on-chip inverting
amplifier which can be connected with an external
crystal to provide the master clock for the chip. The
chips are designed to operate using a 4.9152 MHz
crystal; however, other crystal with frequencies be-
tween 1 MHz to 5 MHz can be used. One lead of
the crystal should be connected to OSC1 and the
other to OSC2. Lead lengths should be minimized
to reduce stray capacitance. Note that while using
the on chip oscillator, neither OSC1 or OSC2 is ca-
pable of directly driving any off chip logic. When
the on chip oscillator is used, the voltage on OSC2
Istypically 1/2 V peak-to-peak. This signal is not
compatible with external logic unless additional
external circuitry is added. The OSC2 output
should be used if the crystal output isused to drive
other logic.

The designer can use an externa CMOS compati-
ble oscillator to drive OSC2 with a1 MHz to 5
MHz clock for the ADC. In this scheme, OSC1 is
left unconnected.

2.9. Power Supply Arrangements

The CS5531/32/33/34 are designed to operate from
single or dual analog supplies and a single digital
supply. The following power supply connections
are possible:

VA+=+45V;VA-=0V;VD+=+3V to+5V
VA+=+25V;VA-=-25V,;VD+=+3Vto+5V
VA+=+3V;VA-=-3V;VD+=+3V

Figure 16 illustrates the CS5532 connected with a
single +5.0 V supply to measure differential inputs
relative to a common mode of 2.5 V. Figure 17 il-
lustrates the CS5532 connected with £2.5 V bipolar
analog supplies and a +3 V to +5 V digital supply
to measure ground referenced bipolar signals. Fig-
ure 18 illustrates the CS5532 connected with £3 V
analog supplies and a +3 V digital supply to mea-
sure ground referenced bipolar signals.

Figure 19 illustrates alternate bridge configurations
which can be measured with the converter. Voltage
V1 can be measured with the PGIA gain set to 1x
as the input amplifier on this gain setting can go
rail-to-rail. Voltage V2 should be measured with
the PGIA gain set at 2x or higher as the instrumen-
tation amplifier used on these gain ranges achieves
lower noise.

DS289PP3
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+5V
Analog
Supply Jo1pF JoapF
g 5 15 <
VA vD+ 9 Optional
18 VREF+ 0sc2 i Clock
17 = Source
VREF- 10j 4.9152 MHz
3lc1 osci1
- 22 nF
L CS5532
4
Cc2 csl 14
1
AIN1+ 13 .
Serial
2% AIN1- SDI P riulie
19 AINZ+ SDO 11 Interface
7 7 AIN2- SCLK
« A0
RPN
VA - DGND
6 |16
7
Figure 16. CS5532 Configured with a Single +5V Supply.
+2.5V +3V~+5V
Analog Digital
Supply Lo-l HF 0.1KF sypply
g 5 15 g
VA+ VD+ ° Optional
15 VREF+ osez :L S(é)lﬁfcke
17 )
VREF-
5 osc1£4'9152 MHz
- 22 nF
+ L CS5532
4
1 iI2N1+ cs =
2 SDI 13 Serial
50 | AINL- 1 Data
19 AINZ+ SDo 11 Interface
= AIN2- SCLK
o vg A0
<« Al
VA - DGND
25V 6 %716
Analog
Supply

Figure 17. CS5532 Configured with +2.5 V Analog Supplies.
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Figure 18. CS5532 Configured with £3 VV Analog Supplies.
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Figure 19. Bridge with Series Resistors.
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2.10. Getting Started After this, initidize the channel-setup registers

Thispart has several features. From asoftwarepro-  (CSRS) @s these registers determine how calibre-
ons and conversions will be performed. Once the

grammer’s prospective, what should be done first® IV _ _
To begin, a 4.9152 MHz or 4.096 MHz Crysta|CSRs are initialized, the user has three options in

takes approximately 20 ms to start. To accomm

S2librating the ADC: 1) don’t calibrate and use the

date for this, it is recommended that a software déléfault settings; 2) perform self or system calibra-
lay of approximately 20 ms start the Iorocessor,gons; or 3) upload previously saved calibration re-

ADC initialization code. Next, since ) )

CS5531/32/33/34 do not provide a power-on-reséidliPrated, the ADC is ready to perform conver-

function, the user must first initialize the ADC to a>'°"s:

known state. This is accomplished by resetting thg 11 PCB L ayout

,SAECsserlal port with the Serial Port Inlt_lallzatlon 'Ehe CS5531/32/33/34 should be placed entirely
guence. This sequence resets the serial port to the :

command mode and is accomplished by transmif o 2! analqg ground_plane. P!acethe analog_—d_lg-

ting 15 SYNC1 command bytes (OxFF hexadeci'—tal plane split |mmed|atdy adjacent to the digital

mal), followed by one SYNCO command (OxFEportIon of the chip.

hexadecimal). Once the ADC is in a known stat@ote:  See the CDB5531/32/33/34 data sheet for

. . suggested layout details and Applications

(in this case the command mode), the user must re- Note 18 for more detailed layout guidelines.

set all the internal logic by performing a system re- Before layout, please call for our Free

set. This is accomplished by setting the Reset Schematic Review Service.

System (RS) bit in the configuration register. After

a system reset cycle is complete, the RS bit is auto

matically returned to logic 0, all on-chip logic is

initialized to its proper state, and the ADC is re-

turned to the command mode where it waits for the Confirm Optimum

next valid command to execute. The next action is [§| Schematic & Layout

to initialize the voltage reference mode. The volt- Before Building Your Board.

age reference select (VRS) bit in the configuration For Our Free Review Service

register must be set based upon the magnitude offj] Call Applications Engineering.

the reference voltage between the VREF+ and the [l ir-aarmrs (512)445-7222

VREF- pins.

Schematic & Layout Review Service
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3. PIN DESCRIPTIONS

DIFFERENTIAL ANALOG INPUT  AIN1+[|1e 20| | AIN2+  DIFFERENTIAL ANALOG INPUT
DIFFERENTIAL ANALOG INPUT  AIN1-[ |2 cessann” | |AIN2-  DIFFERENTIAL ANALOG INPUT
AMPLIFIER CAPACITOR CONNECT C1[]s 18| | VREF+  VOLTAGE REFERENCE INPUT
AMPLIFIER CAPACITOR CONNECT Cc2[]a 17| | VREF-  VOLTAGE REFERENCE INPUT
POSITIVE ANALOG POWER VA+[]s 16[|DGND  DIGITAL GROUND
NEGATIVE ANALOG POWER VA-[]6 15| ] vD+ POSITIVE DIGITAL POWER
LOGIC OUTPUT (ANALOG)/GUARD AO[]7 14[]CS CHIP SELECT
LOGIC OUTPUT (ANALOG) Al[]s 13[] SDI SERIAL DATA INPUT
MASTER CLOCK ~ OSC2[ |9 12[] SDO SERIAL DATA OUT
MASTER CLOCK 0Ssci[ | w0 1||SCLK  SERIAL CLOCK INPUT

DIFFERENTIAL ANALOG INPUT AINL+ [|1e - 24| AIN2+  DIFFERENTIAL ANALOG INPUT
DIFFERENTIAL ANALOG INPUT  AIN1- [] 23 | | AIN2- DIFFERENTIAL ANALOG INPUT

N

CS5533/4

DIFFERENTIAL ANALOG INPUT  AIN4+ [ |3 22[] AIN3+  DIFFERENTIAL ANALOG INPUT
DIFFERENTIAL ANALOG INPUT  AIN4- [ |4 21[] AIN3-  DIFFERENTIAL ANALOG INPUT
AMPLIFIER CAPACITOR CONNECT C1[]s 20| | VREF+ VOLTAGE REFERENCE INPUT
AMPLIFIER CAPACITOR CONNECT c2 s 19[] VREF-  VOLTAGE REFERENCE INPUT
POSITIVE ANALOG POWER  VA+ [|7 18[]DGND  DIGITAL GROUND
NEGATIVE ANALOG POWER  VA- []s 17 || VD+ POSITIVE DIGITAL POWER
LOGIC OUTPUT (ANALOG)/GUARD A0 [|o 6] CS CHIP SELECT
LOGIC OUTPUT (ANALOG) Al [ 10 15| ] SDI SERIAL DATA INPUT
MASTER CLOCK  osc2[|u 14 ] SDO SERIAL DATA OUT
MASTER CLOCK ~ OSC1[] 12 13]] SCLK  SERIAL CLOCK INPUT

Clock Generator

OSC1; OSC2 - Master Clock.

An inverting amplifier inside the chip is connected between these pins and can be used with a
crystal to provide the master clock for the device. Alternatively, an external (CMOS
compatible) clock (powered relative to VD+) can be supplied into the OSC2 pin to provide the
master clock for the device.

Control Pinsand Serial Data |/O

CS- Chip Select.
When active low, the port will recognize SCLK. When high the SDO pin will output a high
impedance state. CS should be changed when SCLK = 0.
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SDI - Serial Data Input.
SDI is the input pin of the serial input port. Data will be input at a rate determined by SCLK.

SDO - Serial Data Output.
SDO is the serial data output. It will output a high impedance state if CS = 1.

SCLK - Serial Clock Input.

A clock signal on this pin determines the input/output rate of the data for the SDI/SDO pins
respectively. This input is a Schmitt trigger to allow for slow rise time signals. The SCLK pin
will recognize clocks only when CSis low.

AO - Logic Output (Analog)/Guard, Al - Logic Output (Analog).

The logic states of AO-A1 mimic the states of the D22/D10-D23/D11 hits of the channel-setup
register. Logic Output 0 = VA-, and Logic Output 1 = VA+. AO can be used as a guard drive
for the instrumentation amplifier with proper setting of the GB bit in the Configuration
Register.

Measur ement and Reference I nputs

AIN1+, AIN1-, AIN2+, AIN2- AIN3+, AIN3-, AIN4+, AIN4- - Differential Analog I nput.
Differential input pins into the CS5531.

VREF+, VREF- - Voltage Reference I nput.
Fully differential inputs which establish the voltage reference for the on-chip modulator.

C1, C2 - Amplifier Capacitor Inputs.
Connections for the instrumentation amplifier’s capacitor.

Power Supply Connections

VA+ - Positive Analog Power.
Positive analog supply voltage.

VD+ - Positive Digital Power.
Positive digital supply voltage (nominally +3.0 V or +5 V).

VA- - Negative Analog Power.
Negative analog supply voltage.

DGND - Digital Ground.
Digital Ground.
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4. SPECIFICATION DEFINITIONS

Linearity Error

The deviation of a code from a straight line which connects the two endpoints of the ADC
transfer function. One endpoint is located 1/2 LSB below the first code transition and the other
endpoint is located 1/2 LSB beyond the code transition to all ones. Units in percent of full-
scale.

Differential Nonlinearity
The deviation of a code's width from the ideal width. Units in LSBs.

Full Scale Error

The deviation of the last code transition from the ideal [{(VREF+) - (VREF-)} - 3/2 LSB].
Units are in LSBs.

Unipolar Offset

The deviation of the first code transition from the ideal (1/2 LSB above the voltage on the
AIN- pin.). When in unipolar mode (U/B bit = 1). Units are in LSBs.

Bipolar Offset

The deviation of the mid-scale transition (111...111 to 000...000) from the ideal (1/2 LSB below
the voltage on the AIN- pin). When in bipolar mode (U/B bit = 0). Units are in LSBs.

5. ORDERING GUIDE

Model Number Bits Channels |Linearity Error (Max)| Temperature Range Package
CS5531-AS 16 2 +0.003% -40°C to +85°C 20-pin 0.2" Plastic SSOP
CS5533-AS 16 4 +0.003% -40°C to +85°C 24-pin 0.2" Plastic SSOP
CS5532-AS 24 2 +0.003% -40°C to +85°C 20-pin 0.2" Plastic SSOP
CS5532-BS 24 2 +0.0015% -40°C to +85°C 20-pin 0.2" Plastic SSOP
CS5534-AS 24 4 +0.003% -40°C to +85°C 24-pin 0.2" Plastic SSOP
CS5534-BS 24 4 +0.0015% -40°C to +85°C 24-pin 0.2" Plastic SSOP
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6. PACKAGE DRAWINGS
20 PIN SSOP PACKAGE DRAWING

i ——1
L

=1

13000
\

- [=
O e
SEATING
\\ SIDE VIEW PLANE
JTRQUIT__+
1 2 3
TOP VIEW
INCHES MILLIMETERS NOTE
DIM MIN MAX MIN MAX
A -- 0.084 -- 2.13
Al 0.002 0.010 0.05 0.25
A2 0.064 0.074 1.62 1.88
b 0.009 0.015 0.22 0.38 2,3
D 0.272 0.295 6.90 7.50 1
E 0.291 0.323 7.40 8.20
E1l 0.197 0.220 5.00 5.60 1
e 0.024 0.027 0.61 0.69
L 0.025 0.040 0.63 1.03
0 0° 8° 0° 8°

Notes: 1. “D” and “E1” are reference datums and do not included mold flash or protrusions, but do include mold
mismatch and are measured at the parting line, mold flash or protrusions shall not exceed 0.20 mm per
side.

2. Dimension “b” does not include dambar protrusion/intrusion. Allowable dambar protrusion shall be
0.13 mm total in excess of “b” dimension at maximum material condition. Dambar intrusion shall not
reduce dimension “b” by more than 0.07 mm at least material condition.

3. These dimensions apply to the flat section of the lead between 0.10 and 0.25 mm from lead tips.
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24 PIN SSOP PACKAGE DRAWING

=
| \ -
+
+H<— Alj \ *‘ END VIEW

- [=
O e
SEATING
\\ SIDE VIEW PLANE
JTRQUIT__+
1 2 3
TOP VIEW
INCHES MILLIMETERS NOTE
DIM MIN MAX MIN MAX
A -- 0.084 -- 2.13
Al 0.002 0.010 0.05 0.25
A2 0.064 0.074 1.62 1.88
b 0.009 0.015 0.22 0.38 2,3
D 0.311 0.335 7.90 8.50 1
E 0.291 0.323 7.40 8.20
E1l 0.197 0.220 5.00 5.60 1
e 0.024 0.027 0.61 0.69
L 0.025 0.040 0.63 1.03
0 0° 8° 0° 8°

Notes: 1. “D” and “E1” are reference datums and do not included mold flash or protrusions, but do include mold
mismatch and are measured at the parting line, mold flash or protrusions shall not exceed 0.20 mm per
side.

2. Dimension “b” does not include dambar protrusion/intrusion. Allowable dambar protrusion shall be
0.13 mm total in excess of “b” dimension at maximum material condition. Dambar intrusion shall not
reduce dimension “b” by more than 0.07 mm at least material condition.

3. These dimensions apply to the flat section of the lead between 0.10 and 0.25 mm from lead tips.
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