CS5525
CS5526

16-bit/20-bit, Multi-range ADC with 4-bit Latch

Features General Description
e Delta-sigma A/D Converter The 16-bit CS5525 and the 20-bit CS5526 are highly in-
- Linearity Error: 0.0015%FS tegrated AX A/D converters which include an

. . . instrumentation amplifier, a PGA (programmable gain
] _Nmse-freg Resolution: 18-bits amplifier), eight digital filters, and self and system cali-
e Bipolar/Unipolar Input Ranges bration circuitry.

- 25mV, 55 mV 100 mv, 1V, 2'5_\/ and 5 V The converters are designed to provide their own nega-
® Chopper Stabilized Instrumentation Amplifier | tive supply which enables their on-chip instrumentation

e On-chip Charge Pump Drive Circuitry amplifiers to measure bipolar ground-referenced signals
; <+100 mV. By directly supplying NBV with -2.5 V and
@ 4-
4_b|t Output LaFCh Lo with VA+ at 5V, +2.5 V signals (with respect to ground)
e Simple three-wire serial interface can be measured.

- SPI™ and Microwire™ Compatible
P The digital filters provide programmable output update

- Schmitt Trigger on Serial Clock (SCLK) rates between 3.76 Sps to 202 Sps (XIN = 32.768 kHz).
e Programmable Output Word Rates Output word rates can be increased by approximately 3X
- 3.76 Sps to 202 Sps (XIN = 32.768 kHz) by using XIN = 100 kHz. Each filter is designed to settle
— to full accuracy for its output update rate in one conver-
- 11.47 Sps to 616 Sps (XIN = 100 kHz X ) :
Sp : ps ( . ) sion cycle. The filters with word rates of 15 Sps or less
e Output Settles in One Conversion Cycle (XIN = 32.768 kHz) reject both 50 and 60 Hz (+3 Hz) line
e Simultaneous 50/60 Hz Noise Rejection interference simultaneously.
® System a.nd Self-calibration with Low power, single conversion settling time, programma-
Read/Write Registers ble output rates, and the ability to handle negative input
e Single +5 V Analog Supply signals make these single supply products ideal solu-
+3.0 V or +5 V Digital Supply tions for isolated and non-isolated applications.
e Low-power Mode Consumption: 4.9 mW ORDERING INFORMATION
-1.8mwin1V, 25V, and 5V Input Ranges See page 29.
VA+ AGND VREF+ VREF- DGND VD+
.| Differential Digital Filter Calibration
AIN+ + Z Programmable " 4th Order Reai <~ CS
X20 : ) > egister
AN ) Gain .| Delta-Sigma I
Modulator —0 SCLK
Control
NBV i t Register l«—43DI
A0 i
Al Latch Oquut —¢ SDO
A2 Calibration |, . Clock Register
A3 Memory alibration pt Gen.
CPD XIN XOUT
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CIRRUS LOGIC

CS5525 CS5526

ANALOG CHARACTERISTICS (T4 =25 <T;VA+, VD+ =5V #5%; VREF+ = 2.5 V, VREF- = AGND,
NBV =-2.1V, FCLK = 32.768 kHz, OWR (Output Word Rate) = 15 Sps, Bipolar Mode, Input Range = +100 mV;

See Notes 1 and 2.)

CS5525 CS5526
Parameter Min | Typ ‘ Max Min ‘ Typ | Max Unit
Accuracy
Linearity Error - +0.0015| £0.003 - +0.0007{+0.0015| %FS
No Missing Codes 16 - - 20 - - Bits
Bipolar Offset (Note 3) - +1 +2 - +16 +32 LSB
Unipolar Offset (Note 3) - +2 +4 - +32 +64 LSB
Offset Drift (Notes 3 and 4) - 20 - - 20 - nVvV/C
Bipolar Gain Error - +8 +31 - +8 +31 ppm
Unipolar Gain Error - +16 +62 - +16 +62 ppm
Gain Drift (Note 4) - 1 3 - 1 3 ppm/T
Voltage Reference Input
Range (VREF+) - (VREF-) 1 25 3.0 1 25 3.0 Y
Common Mode Rejection dc - 110 - - 110 - dB
50, 60 Hz - 130 - - 130 - dB
Input Capacitance - 16 - - 16 - pF
CVF Current (Note 5) - 0.6 - - 0.6 - HAV
Notes: 1. Applies after system calibration at any temperature within -40 € ~ +85 .
2. Specifications guaranteed by design, characterization, and/or test.
3. Specification applies to the device only and does not include any effects by external parasitic
thermocouples. LSB = LSBg4 for the CS5525, and LSB, for the CS5526.
4. Drift over specified temperature range after calibration at power-up at 25 C.
5. See the section of the data sheet which discusses input models on page 15.
RMS NOISE (Notes 6 and 7)
Output Rate | -3 dB Filter Input Range, (Bipol ar/Unipolar Mode)
(Sps) Frequency 25 mv 55 mv 100 mV 1V 25V 5V
3.76 3.27 90 nV 90 nV 130 nVv 1.0 pv 2.0 pv 4.0 pv
7.51 6.55 110 nVv 130 nVv 190 nV 1.5puv 3.0 v 7 v
15.0 12.7 170 nV 200 nVv 250 nv 2.0 pv 5.0 pv 10 pv
30.1 254 250 nv 300 nv 500 nV 4.0 pv 10 pv 15 pv
60.0 50.4 500 nV 1.0 pv 1.5pv 15 pv 45 pv 85 pv
123.2 (Note 8) 103.6 2.0 pv 4.0 pv 8.0 v 72 pv 190 pv 350 pv
168.9 (Note 8) 141.3 10 pv 20.0 pv 30 pv 340 pv 900 pv 2.0mv
202.3 (Note 8) 169.2 30 pv 55 uv 105 pv 1.1 mV 2.4 mV 5.3mVv

Notes: 6. Wideband noise aliased into the baseband. Referred to the input. Typical values shown for 25 <C.

7. For Peak-to-Peak Noise multiply by 6.6 for all ranges and output rates.

8. For input ranges <100 mV and output word rates >60 Sps, 32.768 kHz chopping frequency is used.
Specifications are subject to change without notice.
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CIRRUS LOGIC
ANALOG CHARACTERISTICS (continued)
Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Analog Input
Common Mode + Signal on AIN+ or AIN- Bipolar/Unipolar Mode
NBV =-18t0-2.5V Range = 25 mV, 55 mV, or 100 mV -0.150 - 0.950 Y
Range=1V,25V,or5V NBV - VA+ \
NBV = AGND Range = 25 mV, 55 mV, or 100 mV 1.85 - 2.65 Y
Range=1V,25V,or5V 0.0 - VA+ \
Common Mode Rejection dc - 120 - dB
50, 60 Hz - 120 - dB
Input Capacitance - 10 - pF
CVF Current on AIN+ or AIN- (Note 5)
Range = 25 mV, 55 mV, or 100 mV - 100 300 pA
Range=1V,25V,or5V - 1.2 - HA/NV
System Calibration Specifications
Full-scale Calibration Range Bipolar/Unipolar Mode (Note 9)
25 mVv 17.5 - 325 mV
55 mV 38.5 - 715 mV
100 mV 70 - 105 mV
1v 0.70 - 1.30 Y
25V 1.75 - 3.25 Y
5V 3.50 - VA+ Y
Offset Calibration Range Bipolar/Unipolar Mode
25 mVv - - +12.5 mV
55 mV - - +27.5 mV
100 mV (Note 10) - - +50 mV
1V - - +0.5 Vv
25V - - +1.25 Vv
5V - - 1+2.50 Vv
Power Supplies
DC Power Supply Currents (Normal Mode) Ia+ - 1.65 2.2 mA
Ip+ - 15 30 HA
INBY - 475 700 HA
Power Consumption Normal Mode (Note 11) - 9.4 12.7 mw
Low Power Mode - 4.9 8.5 mw
Standby - 1.2 - mw
Sleep - 500 - pw
Power Supply Rejection dc Positive Supplies - 95 - dB
dc NBV - 110 - dB

Notes: 9. The minimum Full-scale Calibration Range (FSCR) is limited by the maximum allowed gain register
value (with margin). The maximum FSCR is limited by the AX modulator’s 1's density range.

10. The maximum full-scale signal can be limited by saturation of circuitry within the internal signal path.
11. All outputs unloaded. All input CMOS levels.
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CS5525 CS5526

5V DIGITAL CHARACTERISTICS (T, =25 T; VA+, VD+ =5V +5%; GND = 0;

See Notes 2 and 12.))

Parameter Symbol Min Typ Max Unit

High-level Input Voltage All Pins Except XIN and SCLK V4 0.6 VD+ - - \%
XIN 35 - VD+ Y,
SCLK (VD+) - 0.45 - - Y,
Low-level Input Voltage All Pins Except XIN and SCLK Vi - - 0.8 \%
XIN 0.0 - 15 \Y,
SCLK - - 0.6 \Y,

High-level Output Voltage Von
All Pins Except CPD and SDO (Note 13) (VA+)-1.0 - - \%
CPD, lgyt = -4.0 mA (VvD+) - 1.0 - - vV
SDO, lgyt = -5.0 mA (VD+)-1.0 - - \

Low-level Output Voltage VoL
All Pins Except CPD and SDO, I, = 1.6 mA - - 0.4 \Y,
CPD, lgyt =2 mA - - 0.4 Y,
SDO, gy = 5.0 MA - - 0.4 v
Input Leakage Current lin - +1 +10 HA
3-state Leakage Current loz - - *+10 HA
Digital Output Pin Capacitance Cout - 9 - pF

Notes: 12. All measurements performed under static conditions.

13.

lout = -100 pA unless stated otherwise. (Vg = 2.4V @ lgt = -40 pA.)

3.0 V DIGITAL CHARACTERISTICS (T, =25 T; VA+ =5V £5%; VD+ = 3.0 V +10%; GND = 0;

See Notes 2 and 12.))

Parameter Symbol Min Typ Max Unit

High-level Input Voltage All Pins Except XIN and SCLK \m 0.6 VD+ - - \%
XIN 0.54 VA+ - VD+ \Y
SCLK (vD+)-0.45| - - \Y
Low-level Input Voltage All Pins Except XIN and SCLK VL - - 0.16 VD+| V
XIN 0.0 - 15 Vv
SCLK - - 0.6 Vv

High-level Output Voltage VoH
All Pins Except CPD and SDO, |y, = -400 pA (VA+) - 0.3 - - \%
CPD, lgy; = -4.0 mA (VD+)-10 | - - \Y
SDO, Iy = -5.0 MA (VD+)-1.0 | - - v

Low-level Output Voltage VoL
All Pins Except CPD and SDO, Iy, = 400 pA - - 0.3 \Y,
CPD, Iyt = 2 mA - - 0.4 \
SDO, gy = 5.0 MA - - 0.4 v
Input Leakage Current lin - +1 +10 HA
3-state Leakage Current loz - - *10 MA
Digital Output Pin Capacitance Cout - 9 - pF
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CIRRUS LOGIC

DYNAMIC CHARACTERISTICS

CS5525 CS5526

Parameter Symbol Ratio Unit
Modulator Sampling Frequency fs XIN/2 Hz
Filter Settling Time to 1/2 LSB (Full Scale Step) ts Uout S
RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0 V; See Note 14.))
Parameter Symbol Min Typ Max Unit
DC Power Supplies Positive Digital VD+ 2.7 5.0 5.25 V
Positive Analog VA+ 4.75 5.0 5.25 V
Analog Reference Voltage (VREF+) - (VREF-)| VRefyix 1.0 2.5 3.0 \
Negative Bias Voltage NBV -1.8 2.1 -2.5 \
Notes: 14. All voltages with respect to ground.
ABSOLUTE MAXIMUM RATINGS (AGND, DGND =0 V; See Note 14.)
Parameter Symbol Min Max Unit
DC Power Supplies (Note 15)
Positive Digital VD+ -0.3 +6.0 V
Positive Analog VA+ -0.3 +6.0 V
Negative Bias Voltage Negative Potential NBV +0.3 -3.0 \%
Input Current, Any Pin Except Supplies (Note 16 and 17) N - +10 mA
Output Current louT - +25 mA
Power Dissipation (Note 18) PDN - 500 mw
Analog Input Voltage VREF pins VINR -0.3 (VA+) + 0.3 \%
AIN Pins VinA NBV - 0.3 (VA+) + 0.3 Y
Digital Input Voltage VIND -0.3 (vD+) +0.3 \%
Ambient Operating Temperature Ta -40 85 T
Storage Temperature Tstg -65 150 T

Notes: 15.

No pin should go more negative than NBV - 0.3 V.
16. Applies to all pins including continuous overvoltage conditions at the analog input (AIN) pins.

17. Transient current of up to 100 mA will not cause SCR latch-up. Maximum input current for a power

supply pin is £50 mA.

18. 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.
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CIRRUS LOGIC CS5525 CS55526

SWITCHING CHARACTERISTICS (T, =25 T; VA+ =5V +5%; VD+ = 3.0 V #10% or 5 V +5%;
Input Levels: Logic 0 = 0 V, Logic 1 = VD+; C = 50 pF.))

Parameter Symbol Min Typ Max Unit
Master Clock Frequency (Note 19) XIN
Internal Clock 30 32.768 36 kHz
External Clock 30 32.768 100
Master Clock Duty Cycle 40 - 60 %
Rise Times (Note 20) trise
Any Digital Input Except SCLK - - 1.0 ps
SCLK - - 100 us
Any Digital Output - 50 - ns
Fall Times (Note 20) trall
Any Digital Input Except SCLK - - 1.0 us
SCLK - - 100 us
Any Digital Output - 50 - ns
Start-up
Oscillator Start-up Time XTAL = 32.768 kHz  (Note 21) tost - 500 - ms
Power-on Reset Period toor - 1003 - XIN
cycles
Serial Port Timing
Serial Clock Frequency SCLK 0 - 2 MHz
SCLK Falling to CS Falling for continuous running SCLK to 100 - - ns
(Note 22)
Serial Clock Pulse Width High ty 250 - - ns
Pulse Width Low t, 250 - - ns
SDI Write Timing
CS Enable to Valid Latch Clock t3 50 - - ns
Data Set-up Time prior to SCLK rising ty 50 - - ns
Data Hold Time After SCLK Rising tg 100 - - ns
SCLK Falling Prior to CS Disable tg 100 - - ns
SDO Read Timing
CS to Data Valid t7 - - 150 ns
SCLK Falling to New Data Bit tg - - 150 ns
CS Rising to SDO Hi-Z tg - - 150 ns

Notes: 19. Device parameters are specified with a 32.768 kHz clock; however, clocks up to 100 kHz can be used
for increased throughput.

20. Specified using 10% and 90% points on waveform of interest. Output loaded with 50 pF.

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

22. Applicable when SCLK is continuously running.
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DETAILED DESCRIPTION spect to ground, making éhconverters ideal for

The CS5525 and CS5526 are 16-bit and 20-bit piff€rmocouple temperae measurements.
compatible convertershich include a chopper- Theory of Operation

stabilized instrumentaih amplifier input, and an
on-chip programmable gaiamplifier. They are

both optimized for measing low-level unipolar or

bipolar signals in procescontrol and medical ap-
plications.

The CS5525/26 also inclugefourth order delta-
sigma modulator, a caliition microcontroller,

eight digital filtess, a 4-bit analotatch, and a serial
port. The digital filtes provide any one of eight
different output update rates.

The CS5525/26 A/D converters are designed to op-
erate from a single +5 ¥nalog supply and provide
several different nput ranges. See thanalog
Characteristics section on page 3 for details.

Figure 1 illustrates #n CS5525/26 connected to
generate their own nega#i bias supply using the
on-chip CPD (Charge Pump Drive). This enables
the CS5525/26 to measuground referenced sig-
nals with magnitudes dowto NBV (Negative Bias
Voltage, approximately2-1 V in this example).
The CS5525/26 includea CPD (Charge Pump Figure 2 illustrates a charge pump circuit when the
Drive) output (shown iffrigure 1). CPD provides a converters are powerecbm a +3.0 V digital sup-
negative bias voltage to the on-chip instrumentamy_ Alternatively, the negive bias supply can be

tion amplifier when used wh a combination of ex- generated from a negative supply voltage or a resis-
ternal diodes and capacitors. This enables thge divider as illustrated in Figure 3.

CS5525/26 to measure negative voltages with re-

Analog A
Supply JoauF JoawF
g 2 13
2.5V 20| VREF+ XouT 15pF
z 19 VREF- = v
% 32.768 ~ 100kHz
Up to;(_r) :((()20 mV Input css5525 XIN 9 i ngionkal
BAV199 CS5526 oc
==y L 3 | AIN+ e Source
S AIN- SCLK Serial
AGND spi 17 Data
A3 Interface
Note: Cold-junction 15] A5 spol 14
measurement is performed ! Al
by a second A/D or via a 6 AO
multiplexer. NBV CPD DGND
Logic Outputs: 5 .ﬁwm * Optional, see Charge
A0 - A3 Switch from VA+ to AGND. *5MQO Pump Drive section.
— 0.015 pF
1N4148 H Charge-pump network
— for VD+ = 5V only and
10 uF :VE’ 1N4148 | XIN = 32.768 kHz.

Figure 1. CS5525/26 Configured to use on-chip charge pump to supply NBV.
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Figure 4 illustrates the CS5525/26 connected tdhe CS5525/26 are optimized for the measurement

measure ground referenced unipolar signals of af thermocouple outputdyut they are also well

positive polarity using the 1V, 2.5V, and 5 V inputsuited for the measurement of ratiometric bridge

voltage ranges on thewrverter. For the 25 mV, 55 transducer outputs. Figure 5 illustrates the

mV, and 100 mV ranges the signal must have @S5525/26 connected toeasure the output of a

common mode nea2.5 V (NBV = 0V). ratiometric diffeential bridge ansducer while op-
erating from a single +5 V supply.

CPD

C1=68an i:C3=68nF
- —ki— T e
’—'QT or similar ;34-8K 2.0K § 10 uF
C,=10pF NBV T
\/ ~Lc,=1F g+ TmuF -
/ ; -
=30.1K 21K =
XIN = 32.768 kHz —
-5V -5V
Figure 2. Charge Pump Drive Circuit for VD+=3V. Figure 3. Alternate NBV Circuits.
+5V 10Q
Analog © M
Supply lotyF oy
uE 2 13
VA+ VD+ I 680kQ
2.5V 20 | \REF+ xout 15pF

9 | VREF- =4
JT 32.768 ~ 100kHz
9 : Optional

css5525 XIN fion:
o BNy CSS526 Source
0to +5V Input 4 cS 18
AIN- _
AGND SCLK Serial
Data
A3 17
SO Interface
A2 14
CM =0to VA+ Al SDO

A0
NBV CPD DGND

%;8%}2
<~

Figure 4. CS5525/26 Configured for ground-referenced Unipolar Signals.
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+5V 10Q
Analog °
9 o1y W oA pF
Supply -
| ~ 2 13
VA+ VD+ 680kQ

10
?VREH XOUT ==y 15pF
\% 19 | VREF- = v
30mV

32.768 ~ 100kHz

+ AIN -
F.S. 817 cosmas xiNWd 2 Ogtional
CS5526 Source
: oART
AIN- LK Serial
! AGND sC 0
16 17 ata
15 A3 SDI Interface
A2 SDO 14
Ny A1
<+— A0
NBV CPD DGND
ek
N

Figure 5. CS5525/26 Configured for Single Supply Bridge M easurement.

System Initialization Command Oper ation

When power to the CS552% is applied, they are The CS5525/26 include a microcontroller with five
held in a reset condan until their 32.768 kHz os- registers used to contrtfle converter. Each regis-
cillators have started arldeir start-up counter-tim- ter is 24-bits in lengtlexcept the 8-bit command
er elapses. Due to the high Q of a 32.768 kHeegister (command, configation, offset, gain, and
crystal, the oscillators k& 400-600 ms to start. The conversion data). After astem initialiation or re-
converter's counter-timecounts no more than set, the serial port is initialized to the command
1024 oscillator clock cycles to make sure the osciimode and the converter stay this mode until a
lator is fully stable. Durig this time-out period the valid 8-bit command is oeived (the first 8-bits
serial port logic is resetnd the RV (Reset Valid) into the serial port). Tabl1 lists all the valid com-
bit in the configuration regter is set. A reset can be mands. Once a valid 8tbtommand (a read or a
initiated at any time by \iting a logic 1 to the RS write command word) is received and interpreted
(Reset System) bit in ¢hconfiguration register. by the command register elserial port enters the
This automatically sets the RV bit until the RS bitdata mode. In data mode the next 24 serial clock
is written to logic 0, anthe configuration register pulses shift data either into or out of the serial port
is read. After a resdhe on-chip registers are ini- (72 serial clockpulses are needddset-up register
tialized to the followingstates and the convertersis selected). See Table 2 for configuring the

are ready to perform conversions. CS5525/26.
configuration register:  000040(H)
offset register: 000000(H)
gain register: 800000(H)
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Reading/Writing On-Chip Registers CC, and PS/R bits must lgjic 0 and the CB (MSB)
The CS5525/26's offset, g and configuration bit must pe a logic 1. The resger jco be written is se-
registers are read/wrhite while the conversion 'ected with the RSB2-RSBO bits of the command
data register is read only. word. Figure 6 illustratethe serial sequence neces-

. ) _____sary to write to, or & from the serial port.
To perform a read from a specific register, the R/W

bit of the command word nstibe a logic 1. The SC If the Set-up Registers are chosen with the RSB2-
CC, and PS/Rbits must be logic 0 and the Cé RSBO bits, the registersearead or written in the

(MSB) bit must be a logic 1. The register to be writfollowing sequence: Ofés, Gain and Configura-

ten is selected with the RSB2-RSBO bits of thélon. This is accomplished by following one 8-bit
command word. command word with three 24-bit data words for a

. " _ __ total of 72 data bits.
To perform a write to apecific register, the R/W

bit of the command word nstibe a logic 0. The SC,

Command Register

D7(MSB) D6 D5 D4 D3 D2 D1 DO
| c8 | sc | cc RIW RSB2 RSBL | RSBO | PSR |
BIT NAME VALUE FUNCTION
D7 Command Bit, CB 0 Null command (no operation). All command bits, including
CB must be 0.
1 Logic 1 for executable commands.
D6 Single Conversion, SC 0 Single Conversion not active.
1 Perform a conversion.
D5 Continuous Conversions, 0 Continuous Conversions not active.
CC 1 Perform conversions continuously.
D4 Read/Write, R/W 0 Write to selected register.
1 Read from selected register.
D3-D1 Register Select Bit, 000 Offset Register
RSB2-RSBO 001 Gain Register
010 Configuration Register
011 Conversion Data Register (read only)
100 Set-up Registers (Offset, Gain, Configuration)
101 Reserved
110 Reserved
111 Reserved
DO Power Save/Run, PS/R 0 Run
1 Power Save

Table 1. Command Set

DS202F5 11


http://www.cirrus.com

CS5525 CS5526

Configuration Register

D23(MSB) D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12
| A3 | A2 [ AL | A0 | NU | CFS | NU [ LPM | WR2 | WRL | WRO | UB |
D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
| 6 | 61 [ o | D | RS | RV | PF [ Pss | DF | cc2 | cc1 | cco |

BIT NAME VALUE FUNCTION
D23-D20 |Latch Outputs, A3-A0 0000 R* [Latch Output Pins A3-AO0 mimic the D23-D20 Register bits.
D19 Not Used, NU 0 R |Must always be logic 0.
D18 Chop Frequency Select, 0 R 256 Hz Amplifier chop frequency
CFS 1 32768 Hz Amplifier chop frequency
D17 Not Used, NU 0 R |Must always be logic 0.
D16 Low Power Mode, LPM 0 R |Normal Mode
1 Reduced Power mode
D15-D13 |Word Rate, WR2-0 000 R [15.0 Sps (2182 XIN cycles)
Note: For 001 30.1 Sps (1090 XIN cycles)
XIN = 32.768kHz 010 60.0 Sps (546 XIN cycles)
011 123.2 Sps (266 XIN cycles)
100 168.9 Sps (194 XIN cycles)
101 202.3 Sps (162 XIN cycles)
110 3.76 Sps (8722 XIN cycles)
111 7.51 Sps (4362 XIN cycles)
D12 Unipolar/Bipolar, U/B 0 R |Bipolar Measurement mode
1 Unipolar Measurement mode
D11-D9 |Gain Bits, G2-GO 000 R 100 mV (assumes VREF = 2.5V)
001 55 mV
010 25 mVv
011 1v
100 5.0V
101 25V
110/111 Not Used.
D8 Pump Disable, PD 0 R |Charge Pump Enabled
1 For PD = 1, the CPD pin goes to a Hi-Z output state.
D7 Reset System, RS 0 R |Normal Operation
1 Activate a Reset cycle. To return to Normal Operation write bit to zero.
D6 Reset Valid , RV 0 No reset has occurred or bit has been cleared (read only).
1 R |Valid Reset has occurred. (Cleared when read.)
D5 Port Flag, PF 0 R |Port Flag mode inactive
1 Port Flag mode active
D4 Power Save Select, PSS 0 R |Standby Mode (Oscillator active, allows quick power-up)
1 Sleep Mode (Oscillator inactive)
D3 Done Flag, DF 0 R |Done Flag bit is cleared (read only).
1 Calibration or Conversion cycle completed (read only).
D2-D0O Calibration Control Bits, 000 R |Normal Operation (no calibration)
CC2-CCoO 001 Offset -- Self-Calibration
010 Gain -- Self-Calibration
011 Offset Self-Calibration followed by Gain Self-Calibration
100 Not used.
101 Offset -- System Calibration
110 Gain -- System Calibration
111 Not Used.

* R indicates the bit value after the part is reset

Table 2. Configuration Register

12
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JTUUuUL
2885

THUUUL
LSB N

XIN/OWR

Clock Cycles

Data Time |

Data Time 24 SCLKs
(or 72 SCLKs for Set-up Registers)

Write Cycle

Ay
AR Rl il lnnnnn sy

o
w
=

Y
AMARmnmRnliRtllntnny

Data Time 24 SCLKs

(or 72 SCLKs for Set-up Registers)
Read Cycle
tg*
—
8 SCLKs Clear SDO Flag JMSB

SCLK
SDI
Command Time
8 SCLKs
CS
SCLK
SDI
Command Time
8 SCLKs
SDO
SCLK
Command Time
8 SCLKs <
XIN/OWR clock cycles for each conversion except the

Sbo
*td =

wn
o

24 SCLKs
SDO Continuous Conversion Read (PF bit = 1)
13

Figure 6. Command and Data Word Timing.

first conversion which will take XIN/OWR + 7 clock cycles
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Analog I nput Alternatively, NBV can beied to AGND where

Figure 7 illustrates a blaiagram of the analog in- the input (Common Mode Signal) on AIN+ and
put signal path inside ¢hCS5525/26. The front end AIN- Pins can span the entire range between
consists of a chopper-stabéd instrumentation am- AGND and VA*+.

plifier with 20X gain &d a programmable gain sec- The CS5525/26 can accommodfiiscale ranges
tion. The instrumentation amplifier is powered fromother than 25 mV, 55 mVv, 100 mV, 1V, 2.5V and
VA+ and from the NBV (Negtive Bias Voltage) pin 5 V by performing a systemralibration within the
allowing the CS5525/26 to be operated in either dfmits specified. See th€alibration section for
two analog input configations. The NBV pin can more details. Another wag change the full scale
be biased to a negativeltage between -1.8 V and range is to increase or decrease the voltage refer-
-2.5V, or tied to AGNDThe choice of the operating ence to other than 2.5 V. See thaltage Refer-
mode for the NBV voltge depends upon the input ence section for more details.

signal and its common mode voltage. Three factors set the opéng limits for the input

For the 25 mV, 55 mV, and 100 mV input ranges, thepan. They include: instmentation amplifier satu-
input signals to AIN+ and AIN- are amplified by theration, modulator 1's dengitand a lower reference
20X instrumentation amplifier. For ground refer-voltage. When the 25 m\65 mV or 100 mV range
enced signals with magnitudes less then 100 mV, the selected, the inputgnal (including the common
NBYV pin should be biased thi-1.8 Vto -2.5 V. If mode voltage and the atifier offset voltage)
NBV is tied between -1.8 V and -2.5 V, the (Com-must not cause the 20X amplifier to saturate in ei-
mon Mode + Signal) inpudn AIN+ and AIN- must ther its input stage or output stage. To prevent sat-
stay between -0.150 V and 0.950 V to ensure propration the absolute vialges on AIN+ and AIN-

er operation. Alternativg] NBV can be tied to must stay within the limits specified (refer to the
AGND where the input (@nmon Mode + Signal) ‘Analog Input’ table on page 3). Additionally, the
on AIN+ and AIN- musstay between 1.85 V and differential output voltage of the amplifier must not
2.65 V to ensure that tremplifier operates prop- exceed 2.8 V. The equation

erly. ABS(VIN + VOS) x 20 = 2.8 V

Forthe 1V, 2.5V, and 5V inputranges, the instiUgefines the differentiadutput limit, where
mentation amplifier is bygsed and the input sig-

nals are directly connected to the Programmable VIN = (AIN+) - (AIN-)

Gain block. With NBVtied between -1.8 V and is the differential input voltage and VOS is the ab-
-2.5 V, the (Common Mde + Signal) input on solute maximum offset vtage for the instrumenta-
AIN+ and AIN- must say between NBV and VA+. tion amplifier (VOS will na exceed 40 mV). If the

VREF+ VREF-
HD Di i Digital Filter
+ A — Differential 4th igital Filte
AIN+ © H:/W X20 E Progr(;a;nirr]nable order delta- [ |
A ey |_|sigma modulator
AIN- 1 ha—

Figure 7. Block Diagram of Analog Signal Path
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+25mV 28y @ 2.5V 5 +05V +0.75V
+55 mV 28V 2 2.5V 2.272727... +1.1V +1.65V
+100 mV 28V ®@ 2.5V 1.25 +2.0V +3.0V
+10V - 2.5V 25 +10V +15V
+25V - 2.5V 1.0 +25V +50V
+50V - 2.5V 0.5 +5.0V oV, VA+

Note: 1. The converter's actual input range, the delta-sigma's nominal full scale input, and the delta-sigma's
maximum full scale input all scale directly with the value of the voltage reference. The values in the
table assume a 2.5 V VREF voltage.

Table 3. Relationship between Full Scale Input, Gain Factors, and Internal Analog Signal Limitations

differential output voltage from the amplifier ex- Note: Residual noise appears in the converter's baseband for

ceeds 2.8 V, the amplifier may saturate, which Wimutput word ratgs greater tharl_tsﬁ)s if CFS is logic 0. By set-
cause a measurement error. ting CFS to I.og.lc 1 the ampllflers chgp frequgncy chops at
32768 Hz eliminating the residual noise, but increasing the

The input voltage intahe modulator must not current. Note that C=48pF is for input current modeling only.
cause the modulatdo exceed a low of 20 percent For physical input capacitase see ‘Input Capacitance’ spec-
or a high of 80 percentsltiensity. The nominal full ification under ‘Analog Characteristics’ on page 3.

scale input span of thrmodulator (from 30 percent

. . 25mV, 55mV, and 100mV Ranges
to 70 percent 1's densityis determined by the ¢

———————0 oPp

VREF voltage divided by #nGain Factor. See Ta- b

ble 3 to determine if 81CS5525/26 are being used AIN & j T C=48pF
properly. For example, in the 55 mV range to de- £25mv/'

termine the nominal inpwbltage to the modulator, in°§ ¥, C

divide VREF (2.5 V) by ta Gain Factor (2.2727).

When a smaller voltage fexence is used, the re-
sulting code widths aremaller causing the con-
verter output codes txhibit more changing codes
for a fixed amount of nogs Table 3 is based upon
aVREF = 2.5 V. For other values of VREF, the val-
ues in Table 3 must sxaled accordingly.

CFS=0,f=256 Hz
CFS=1,f=232.768 kHz

1V, 2.5V, and 5V Ranges
AIN+ 0————o

AN-O— S
<

C = 32pF

in=[(Vaing) - (Van-)1fC

f=232.768 kHz
Figure 8. Input modelsfor AIN+ and AIN- pins

Figure’s 8 and 9 illustratthe input nedels for the
AIN and VREF pins. The dyamic input current for
each of the pins can be determined from the models
shown and is dependergan the setting of the CFS
(Chop Frequency Select) bit. The effective input

VREF+ 0——o

VREF-0—— S >

impedance for the AIN4and AIN- pins remains _ ~
constant for the three low level measurement rang- In = [(VREfF‘“;z: %zir_“” fc
= . z

es (25 mV, 55 mV, and 100 mV). The input current

is lowest with the CFS bit cleared to logic O. Figure9. Input model for VREF+and VREF- pins.
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Charge Pump Drive Voltage Reference

The CPD (Charge Pump Drive) pin of the convertThe CS5525/26 are specified for operation with a
ers can be used with external components (showh5 V reference voltage between the VREF+ and
in Figure 1) to develop aappropriate negative bias VREF- pins of the device§or a single-ended ref-
voltage for the NBV pin. When CPD is used to generence voltage, such #s LT1019-2.5, the refer-
erate the NBV, the NBV vtdge is regulated with ence’s output is connectéalthe VREF+ pin of the
an internal regulatodoop referenced to VA+. CS5525/26. The ground reference for the LT1019-
Therefore, any change &A+ results in a propor- 2.5 is connected to the VREF- pin.

tional change on NBV. W VA+ =5V, NBV'S  hg gitferential voltagebetween the VREF+ and
regulation is set propodnal to VA+ at approxi- y\/Reg- can be any voltageom 1.0 V up t0 3.0 V,
mately -2.1 V. however, the VREF- pin can not go below analog
Figure 3 illustrates a means of supplying NBV volt-ground.

age from a -5 V suppl For ground based signals
with the instrumentatioamplifier engaged (when
in the 25mV, 55mV, or 100mV ranges), the voltagelhe CS5525/26 offer fivedifferent calibration

on the NBV pin should ato time be less negative functions including self dération and system cal-
than -1.8 VV or more nega# than -2.5 V. To pre- ibration. However, after the CS5525/26 are reset,
vent excessive voltage stress to the chip the NBthey can perform measurents without being cal-

voltage should not be moregative than -3.0 V.  ibrated. In this case, tteonverters will utilize the
initialized values of then-chip registers (Gain =

The components in Figure 1 are the preferred COM-" 5 "Offset = 0 0) to calcuia output words for the

ponents for the CPD filterHowever, smaller ca- 1100 mV range. Anv initial offset and ain errors
pacitors can be used wititceptable results. The ge. Any g

10 4F ensures very low ripple on NBV. Intrinsic in the internal circuitry of the chips will remain.
safety requirements prohilihe use of electrolytic The gain and offset registers, which are used for
capacitors. In this case, two 047ceramic capac- both self and system calilti@n, are used to set the
itors in parallel can be used. zero and full-scale points tie converter’s transfer
function. One LSB in theffset register is 2% pro-

The CPD pin itself is aitstate output and enters . . : . :
tri-state whenever the convers are placed into the portion of the input span (olar span is 2 times the
unipolar span). The MSB in the offset register de-

Sleep Mode, Standby Mode, or when the charge ™. : . . "
pump is disabled (when the Pump Disable bit, bi ermines if the offset tbe trimmed is positive or
D8 in the configuration regier, is set). Once in tri- negattlvg ((I)I pt(:'sr: '\165'01 gatrll\:e);c ;I;]he_rc]:ontverte;ls
state, the digital currertan increase if this CPD 'Cl'ie y;)ilrfarey is'lter; anze?reomoo toe(I2'53L;2 _T_Ez '
output floats near 1/2 digil supply. To ensure the 9 g P . . . .

CPD pin stays near grourahd to minimize the decimal equivalent meaniraf the gain register is
digital current, add a 5M resistor between it and
DGND (see Figure 1). If theesistor is left out, the

digital supply current may increase fromA&to 10
HA. where the binary numbefsave a value of either

zero or one (pcorresponds to hMSB). Refer to
Table4 for details.

Calibration

N
D= b2’ + b2 45,27+ 4b 27 = b2

i=0
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Offset Register

MSB S\ LSB
Register ‘ Sign ‘ 2-2 | -3 ‘ -4 ‘ 25 | -6 )( 519 ‘ 520 ‘ 521 ‘ 522 ‘ 523 ‘ 524 ‘
Reset (R) 0 0 0 0 0 0 -~ 0 0 0 0 0 0

One LSB represents 2724 proportion of the input span (bipolar span is 2 times unipolar span)
Offset and data word bits align by MSB (bit MSB-4 of offset register changes bit MSB-4 of data)

Gain Register

MSB S LSB
Register | 20 [ 21| 22 | 23 [ 24 | 25 I( 218 | 10 | p20 [ g2t [ g2 | o3 |
Reset (R) 1 0 0 0 0 o0 °-% 0 0 0 0 0 0

The gain register span is from 0 to (2-2‘23). After Reset the MSB = 1, all other bits are 0.

Table 4. Offset and Gain Registers

The offset and gain caliéition steps each take oneof the modulator are connected together and then
conversion cycle to completét the end of the cal- routed to the VREF- pin as shown in Figure 11.
ibration step, the calibratiarontrol bits will be set £ <alf-calibration of ga, the diffeential inputs
back to logic 0, and the DfPone Flag) bit will be
set to a logic 1. For theombination self-calibra-
tion (CC2-CCO0= 011, offset followed by gain), the
calibration will take two conversion cycles to com-

of the modulator areonnected to VREF+ and

plete and will set the DF bit after the gain calibra- oL T
tion is completed. The DBit will be cleared any AN+ e N +
time the data register, dhoffset register, the gain s2 ! %20

register, or the setup regestis read. Reading the AN- CLOSED\I

configuration register ahe will not clear the DF

bit.

Self Calibration

The CS5525/26 offer both sadffset and self gain
calibrations. For the self-aghration of offset in the
25 mV, 55 mV, and 100 mvanges, the converter st T
internally ties the inputsf the instrumentation am- AN l@ﬂh .
plifier together and routehem to the AIN- pin as
shown in Figure 10. For pper self-calibration of AN .
offset to occur in the 25 mV, 55 mV, and 100 mV N Jor
ranges, the AIN- pin mudte at the proper com- w

mon-mode-voltage (i.éAIN- = 0V, NBV must be CLOSED
between -1.8 V to -2.5 V)For self-calibration of

offsetinthe 1.0V, 2.5\gnd 5 V ranges, the inputs

Figure 10. Self Calibration of Offset (L ow Ranges).

S3
CLOSED

Figure 11. Self Calibration of Offset (High Ranges).
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+ External —
Connections
- + +
. AIN+
) ’ ov X20
Reference(*) \ me. CLOSED o AIN- ) ’
CLOSED T A
Figure 12. Self Calibration of Gain (All Ranges). Figure 13. System Calibration of Offset (L ow Ranges).

VREF- as shown in Figerl2. For any input range
other than the 2.5 V range, the modulator gain error
can not be completely calibrated out. This is due to External

Connections
the lack of an accuratelfscale voltage internal to J \— +
ov
CM

the chips. The 2.5 V range an exception because A
the external reference vabge is 2.5 V nominal and ) ) .
is used as the full s@boltage. In addition, when Al

self-calibration of gain is performed in the 25 mV,
55 mV, and 100 mV input reges, the instrumenta-
tion amplifier's gain isnot calibrated. These two
factors can leave the contens with a gain error of
up to +20% after self-cddration of gain. There-

Figure 14. System Calibration of Offset (High Ranges).

fore, a system gain is reiged to get better accura-
cy, except for the 2.5 V range. Connections
System Calibration Ful Seale AT 20
For the system calibration functions, the user mus K -
supply the converters calddron signals which rep- cMm

V

resent ground and full sealWhen a system offset
calibration is performd, a ground reference signal Figure 15. System Calibration of Gain (L ow Ranges)
must be applied to theonverter. Se Figures 13
and 14. As shown in Figures 15 and 16, the user
must input a signal representing the positive full
scale point to performsystem gain calibration. In External —

either case, the calibration signals must be withir Connections \—+

Full Scale

the specified calibration limits for each specific AN+
calibration step (refeto the System Calibration |

Specifications). .y || s 7

Figure 16. System Calibration of Gain (High Ranges).
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Assuming a system camovide two known voltag-
es, equations can allowetluser to manually com-
pute the calibration registsrvalues based on two
uncalibrated conversions. &loffset and gain cali-
bration registers are ustmadjust a typical conver-
sion as follows:

Rc = (Ru + Co>>4) * Cg /%,
Calibration can be perfored using the following
equations:

Co = (Rc0/G - Ru0) << 4
Cg=23*G
where G = (Rcl - Rc0)/(Rul-Ru0).

Note: Uncalibrated conversions imply that the gain and offset
registers are at default {gain register = 0x800000 (Hex) and
offset register = 0x000000 (Hex)}.

The variables are defined below.

VO = First calibration voltage

V1 = Second calibration voltaggreater than VO0)

Ru = Result of any uncalibrated conversion

Ru0 = Result of uncalibrated conversion VO
(20-bit integer or 2's complement)

Rul = Result of uncalibrated conversion of V1
(20-bit integer or 2's complement)

Rc = Result of any conversion

RcO0 =
(20-bit integer or 2's complement)

Rcl = Desired calibration result of converting V1
(20-bit integer or 2's complement)

Co = Offset calibration register value (24-bit 2's
complement)

Cg = Gain calibration register value
(24-bit integer)

>> = The shiftright operator (e.g. x >>2 is x shift-
ed right 2 bits)

<< = The shift left operator (@ x<<2 is x

shifted left 2 bits)

Note: The shift operators are used here to align the decimal
points of words of various lengths. Data to the right of the
decimal point may be used in the calculations shown. For the
CS5525 all conversion results (Ru, Rc...) are 16 bits instead

of 20 bits. To get the equations to work correctly pad the 16
bit results with four zeros (on the right).

Calibration Tips

Calibration steps are perimed at the output word
rate selected by the WR&RO bits of the configu-
ration register. Since high word rates result in
conversion words with more peak-to-peak noise,
calibration should be p®rmed at lower output
word rates. Also, to minimize digital noise near
the devices, the usehauld wait for each calibra-
tion step to be completdmbfore reading or writing
to the serial port.

For maximum accuracy, calibrations should be per-
formed for offset and gaifor each gain setting (se-
lected by changing the G2-GO bits of the
configuration register). Ad if factory calibration is
performed using the systeralibration capabilities

of the CS5525/26, the offset and gain register con-
tents can be read by the system microcontroller and
recorded in EEPROM. These same calibration
words can then be uploadiedo the offset and gain
registers of theonverters when power is first ap-
plied to the system, owhen the gain range is
changed.

Two final tips include tw ways to determine when
calibration is complete: 1) wait for SDO to fall. It

Desired calibration result of converting VO falls to logic O if the PKPort Flag) bit of the con-

figuration register is set togic 1; or 2) poll the DF
(Done Flag) bit in the coitfuration register which
is set at completion o€alibration. Whichever
method is used, the calithi@n control bits (CC2-
CCO0) will return to logic 0 upon completion of any
calibration.

Limitationsin Calibration Range

System calibration can Henited by signal head-
room in the analog signglath inside the chip as
discussed under th&nalog Input section of this
data sheet. System calibom can also be limited
by the intrinsic gain errors of the instrumentation
amplifier and the modulatoFor gain calibrations

DS202F5
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the input signal can beeduced to the point in Serial Port Initialization

Whic_h the gain register reach.es its upper limit of 2.8he serial port is initialized to the command mode
(demmal) [FF_FFFF I-!ex] (thiis most likely to oc- whenever a power-on reset is performed inside the
cur \_N'th an input S|g_r1aapprOX|_mater_ 1/2 the converter, when the potitialization sequence is
nomlnal range). Alterrtg{ely, the input signal can completed, or whenever a command byte, data
be mcregsed tf) a po_mm Wh_'ch the modul_at_or word sequence is completed. The port initialization
reaches its one’s densitpper limit of 80% (this is  gequence involves clocking 15 (or more) bytes of
most likely to occur with an input signal approxi- 5| 15, followed by one bgtwith the following bit

mately 1.5 times the nominednge). Also, for full - contents (11111110). Thisequence places the
scale inputs larger thangmominal full scale value chips in the command mode where it waits for a
of the range selected, efe is some voltage at , 5id command.

which the various internalrcuits may saturate due
to limited amplifier headroom (this is most likely to Performing Conversions (With PF bit = 0)

occur on the 100 mV rangetting when NBV = - getting the SC (Singled@version) bit of the com-
1.8V). mand word to a logic 1 with the CB bit = 1, all other
command bits = 0, }hCS5525/CS5526 will per-
form one conversion. Atthe completion of the con-
version the DF (Done Flag)t of the configuration
register will be set to bbgic 1. The user can read
the configuration rgister to determine if the DF bit

is set. If DF has been set, a command can be issued
to read the conversion dategister to obtain the

Analog Output Latch Pins

The A3-A0 pins of theonverters mimic the D23-
D20 bits of the configation register. A3-A0 can
be used to control migtiexers and other logic
functions outside theonverter. The outputs can
sink or source at least 1Anbut it is recommended

to limit drive currents. to less than @@ to reduce  .,nversion data word. The DE bit of the configu-
self-heating of the chi These outputs are powered, g, register will be eared to logic 0 when the
from VA+, hence, their oput voltage for alogic 1y register, the gain ratgr, the offset register, or
will be limited to the VA+ voltage. the set-up registers are read. Reading only the con-
Serial Port Interface figuration register will notlear the DF flag bit.

The CS5525/26 serial interfacensist of four pins, |fan SC command is issued to the converters while
SCLK, SDO, SDI, and CS The CSpin must be they are performing a convéss, the filter will re-
held low (logic 0) beforéSCLK transitions can be Start a convolution cycl® perform a new conver-
recognized by the port logi The SDO output will Ston.

be held at high ipedance any time GS a logic 1. Performing Conversions (With PF bit = 1)

If the CSpin is tied low, tle port can function as a getting the PF bit of theoafiguration register to a
three wire interface. logic 1 enables the SDO output pin to behave as a
The SCLK input is desigmewith a Schmitt-trigger flag signal whenever conversions are completed.
input to allow an optoisotar with slower rise and This eliminates the need for the user to read the DF
fall times to directly drive the pin. flag bit of the configuratin register to determine if

The SDO output is capabbf sinking or sourcing 1€ conversion data wais available.

up to 5 mA to directlydrive an optoisolator LED. If the SC (Single Convei@) command is issued
SDO will have less than400 mV loss in the drive (SC = 1, CB= 1, all othecommand bits = 0) the
voltage when sinking or sourcing 5 mA. SDO pin will go low at te completion of a conver-
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sion. The user would then issue 8 SCLKs (wittOutput Word Rate Selection

SDI = logic 0) to clear #SDO flag. Uponthe fall- e \wr2-WRO0 bits of t configuration register
ing edge of the 8th SCLKhe SDO pinwill present o the output conversion word rate of the convert-
the first bit (MSB) of the conversion word. 24 ¢.¢ a5 shown in Table Zhe word rates indicated
SCLKs (high, then low) are required to read th§, yhe taple assumeraaster clock of 32.768 kHz.

conversion word from thport. The user must not 54, reset the convertersaset to operate with an
give an explicit commantb read the conversion output word rate of 15.8ps.

data register when the P# is set to logic 1. The
data conversion word mube read before a new Clock Generator

command can be entered (if the SC command ithe CS5525/26 include a gate which can be con-
used with PF = 1). nected with an external crystal to provide the master

If the CC (Continuous Conversion) command is isclock for the chips. Thegre designed to operate us-
sued (CC = 1, CB =1, all other command bits = 0jg & low-cost 32.768 kHz tihing fork” type crys-
the SDO pin will go low athe completion of a con- tal. The 32.768 kHz crystahould be connected as
version. The user wouldeh issue 8 SCLKs (with shown in Figure 18. Leakngths should be mini-
SDI = logic 0) to clear # SDO flag. Upon the fall- mized to reduce stray capacitance.

ing edge of the 8th SCLKhe SDO pin will present The converters will opeta with an external
the first bit (MSB) ofthe conversion word. 24 (CMOS compatible) clochith frequencies up to
SCLKs (high, then low) are required to read thenree times the typical crystal frequency of 32.768

conversion word from thport. The user must not kHz. Figure 17 details theonverter’s performance
give an explicit commantb read the conversion at increased clock rates.

data register when the BE is set to logic 1. When
operating in the continuous conversion mode, the
user need not read eyeconversion. If the user 110
does nothing after SDO fall SDO will rise one o //x
XIN clock cycle before th next conversion word is 9 ; :
available and then fall agn to signal that another o O 2 i
conversion word is availadl If the user begins to XIN (x 32.768 kHz)

clear the SDO flag and read the conversion data,
this action must be finigld before the conversion

cycle whichis occurring the background is com- o 35 768 kHz crystal is normally specified as a
plete if t_he user wants to be able to read the neWne-keeping crystal with tight specifications for
conversion data. both initial frequency anfbr drift over temperature.
To exit the continuousonversion mode, issue any To maintain excellent frequency stability, these
valid command to the Shiput when the SDO flag crystals are specified only over limited operating
falls. If a CC command issued to the converter temperature ranges (i.e. -¥0to +60 °C). However,
while it is performing aconversion, the filter will applications with th€S5525/26 don’t generally re-
restart a convolution cyelto perform a new con- quire such tight toleraes. When 3268 kHz tuning
version. fork crystals are used,i#recommended that protec-
tion components, an extedrresistor and capacitor
as shown in Figure 18, be used.

Performance Vs Clock Rate

SI(N+D} dB

Figure 17. High Speed Clock Performance
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680kQ  15pF

XOUT %T{
CS5525 o
32.768 kHz
XN

or
100 kHz

Figure 18. Tuning Fork Crystal Connection Diagram

Digital Filter

The CS5525/26 have eight different linear phase
digital filters which set the output word rates
(OWRs) as stated in Table 2. These rates assume
that XIN is 32.768 kHz. Each of the filters has a
magnitude response similar to that shown in Figure
19. The filters are optimized to settle to full accura-
cy every conversion and yield better than 80 dB re-
jection for both 50 and 60 Hz with output word
rates at or below 15.0 Sps.

The converter’s digital filters scale with XIN. For
example with an output word rate of 15 Hz, the fil-
ter’s corner frequency is typically 12.7 Hz. If XIN
is increased to 64.536 kHz the OWR doubles and
the filter’s corner frequency moves to 25.4 Hz.

Output Coding

The CS5525/26 output data in binary format when
operating in unipolar mode and in two's comple-
ment when operating in bipolar mode.

The output conversion word is 24 bits, or three
bytes long, as shown in Table 5. The MSB is output

0
10 L1

20 for OWR = 15.0Sps  __|
fl=47.5 Hz

f2 =655 Hz A+

fS/2 = XIN/4

Attenuation (dB)

~N o

o o
=1 |

~

© @
o o
=
—
—

9 10 11 12 13 14 15

Figure 19. Filter Response
(Normalized to Output Word Rate=1)

first followed by the rest of the data bits in descend-
ing order. For the CS5525 the last byte is composed
of bits D7-D4, which are always logic 1; D3-D2,
which are always logic 0; and bits D1-D0 which are
the two flag bits. For the CS5526 the last byte in-
cludes data bits D7-D4, D3-D2 which are always
logic 0 and the two flag bits.

The OF (Overrange Flag) bit is set to a logic 1 any
time the input signal is: 1) more positive than posi-
tive full scale, 2) more negative than zero (unipolar
mode), 3) more negative than negative full scale
(bipolar mode). It is cleared back to logic 0 when-
ever a conversion word occurs which is not over-
ranged.

The OD (Oscillation Detect) bit is set to a logic 1 any
time that an oscillatory condition is detected in the
modulator. This does not occur under normal operating
conditions, but may occur whenever the input to the
converters is extremely overranged. If the OD bit is set,

Output Conversion Data CS5525 (16 bits + flags)
D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 b9 D8 D7 D6 D5 D4 D3 D2 D1 DO

‘MSB‘14‘13|12|11|10|9‘8‘7‘6|5|4|3|2‘1‘LSB‘1‘1|1|1‘0‘0|OD|OF‘

Output Conversion Data CS5526 (20 bits + flags)
D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

\MSB\18|17\16\15\14\13]12\11\10]9\8\7]6\5]4\3[2\1\58\0]0\OD]OF\

Table 5. Data Conversion Word

22
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CS5525 16-Bit Output Coding

CS5525 CS5526

CS5526 20-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) 7FFF >(VFS-1.5 LSB) | FFFFF] >(VFS-1.5 LSB) 7FFFF
FFFF 7FFF FFFFF 7FFFF

VFS-15LSB | ----- VFS-15LsB | - VFS-15LSB | ----- VFS-15LSB | -
FFFE 7FFE FFFFE 7FFFE
8000 0000 80000 00000

VFS/2-05LSB | ----- -o5LsB | - VFS/2-05LSB | ----- -05LsB | -
7FFF FFFF 7TFFFF FFFFF
0001 8001 00001 80001

+05LSB | --—--- -VFS+0.5LSB | = ---- +05LSB | ---- -VFS+0.5LSB |  -—---
0000 8000 00000 80000
<(+0.5LSB) | 0000 | <(-VFS+0.5LSB) 8000 <(+0.5LSB) | 00000 | <(-VFS+0.5 LSB) 80000

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

Table 6. 5525/26 Output Coding

conditions.

the conversion data bits can be completely erroneous.
The OD flag bit will be cleared to logic 0 when the
modulator becomes stable. Table 6 illustrates the out-
put coding for the CS5525/26.

Power Consumption

The CS5525/26 accommodate four power consump-
tion modes: normal, low power, standby, and sleep.
The normal mode, the default mode, is entered after a
power-on-reset and typically consumes 9.4 mW. The
low power mode is an alternate mode that reduces the
consumed power to 4.9 mW. It is entered by setting
bit D16 (the low power mode bit) in the configuration
register to logic 1. Since the converter’s noise perfor-
mance improves with increased power consumption,
slightly degraded noise or linearity performance
should be expected in the low power mode. The final
two modes are referred to as the power save modes.
They power down most of the analog portion of the
chips and stop filter convolutions. The power save
modes are entered whenever the PS/R bit and the CB
bit of the command word are set to logic 1. The par-
ticular power save mode entered depends on state of
bit D4 (the Power Save Select bit) in the configura-
tion register. If D4 is logic 0, the converters enters the
standby mode reducing the power consumption to

1.2mW. The standby mode leaves the oscillator and
the on-chip bias generator running. This allows the
converters to quickly return to the normal or low
power mode once the PS/R bit is set back to a logic 1.
If D4 in the configuration register and CB and PS/R
in the command word are set to logic 1, the sleep
mode is entered reducing the consumed power to less
than 500 uW. Since the sleep mode disables the oscil-
lator, approximately a 500ms oscillator start-up delay
period is required before returning to the normal or
low power mode.

PCB L ayout

The CS5525/26 should be placed entirely over an an-
alog ground plane with both the AGND and DGND
pins of the device connected to the analog plane.
Place the analog-digital plane split immediately adja-
cent to the digital portion of the chip.

The XIN pin represents a very high impedance when
used with a crystal, so care should be taken in routing
the trace from the crystal to the XIN pin to keep it as
short as possible. Stray capacitance between the CPD
pin and the XIN pin should be minimizedby keeping
the CPD pin trace away from XIN.

DS202F5
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PIN DESCRIPTIONS

\_/
ANALOG GROUND AGND [|1°® 20 |J VREF+ VOLTAGE REFERENCE INPUT
POSITIVE ANALOG POWER  VA+ [|2 19 |J VREF- VOLTAGE REFERENCE INPUT
DIFFERENTIAL ANALOG INPUT  AIN+ [/3 18JCS  CHIP SELECT
DIFFERENTIAL ANALOG INPUT  AIN- [|4 17|]SDI  SERIAL DATA INPUT
NEGATIVE BIAS VOLTAGE  NBV [|5 16 [JA3  LOGIC OUTPUT
LOGIC OUTPUT A0 |6 15 /A2 LOGIC OUTPUT
LOGIC OUTPUT Al []7 14 []SDO  SERIAL DATA OUTPUT
CHARGE PUMP DRIVE ~ CPD [|8 13[JvD+ POSITIVE DIGITAL POWER
CRYSTAL IN XIN []9 12 | DGND DIGITAL GROUND
CRYSTALOUT XxouT [[10 11 [] SCLK SERIAL CLOCK INPUT

Clock Generator

XIN; XOUT - Crystal In; Crystal Out, Pins 9, 10.

A gate inside the chip is connected to these pins and can be used with a crystal to provide the
master clock for the device. Alternatively, an external (CMOS compatible) clock can be
supplied into the XIN pin to provide the master clock for the device.

Control Pinsand Serial Data 1/0

CS - Chip Select, Pin 18.

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.

SDI - Serial Data Input, Pin 17.
SDI is the input pin of the serial input port. Data will be input at a rate determined by SCLK.

SDO - Serial Data Output, Pin 14.
SDO is the serial data output. It will output a high impedance state if CS = 1.

SCLK - Serial Clock Input, Pin 11.

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 CS is low.

AOQ, Al, A2, A3 - Logic Outputs, Pin 6, 7, 15, 16.

The logic states of AO-A3 mimic the states of the D20-D23 bits of the configuration register.
Logic Output 0 = AGND, and Logic Output 1 = VA+.
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Measurement and Reference I nputs

AIN+, AIN- - Differential Analog Input, Pins 3, 4.
Differential input pins into the device.

VREF+, VREF- - Voltage Reference Input, Pins 20, 19.
Fully differential inputs which establish the voltage reference for the on-chip modulator.

NBV - Negative Bias Voltage, Pin 5.

Input pin to supply the negative supply voltage for the 20X gain instrumentation amplifier.
May be tied to AGND if AIN+ and AIN- inputs are centered around +2.5 V; or it may be tied
to a negative supply voltage (-2.1 V typical) to allow the amplifier to handle low level signals
more negative than ground.

CPD - Charge Pump Drive, Pin 8.
Square wave output used to provide energy for the charge pump.

Power Supply Connections

VA+ - Positive Analog Power, Pin 2.
Positive analog supply voltage. Nominally +5 V.

VD+ - Positive Digital Power, Pin 13.
Positive digital supply voltage. Nominally +3.0 V or +5 V.

AGND - Analog Ground, Pin 1.
Analog Ground.

DGND - Digital Ground, Pin 12.
Digital Ground.
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SPECIFICATION DEFINITIONS

Linearity Error

The deviation of a code from a straight line which connects the two endpoints of the A/D
Converter 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.
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CIRRUS LOGIC
20 PIN PLASTIC (PDIP) PACKAGE DRAWING
N\ e ]
A SEATING L A l \/ - ~lec
TOP VIEW PLANE Fla op—
L SIDE VIEW
BOTTOM VIEW
INCHES MILLIMETERS
DIM MIN MAX MIN MAX
A 0.155 0.180 3.94 4.57
Al 0.020 0.040 0.51 1.02
b 0.015 0.022 0.38 0.56
bl 0.050 0.065 1.27 1.65
c 0.008 0.015 0.20 0.38
D 0.960 1.040 24.38 26.42
E 0.240 0.260 6.10 6.60
e 0.095 0.105 2.41 2.67
eA 0.300 0.325 7.62 8.25
L 0.125 0.150 3.18 3.81
oc 0° 15° 0° 15°
Notes: 1. Positional tolerance of leads shall be within 0.25 mm (0.010 in.) at maximum material condition, in
relation to seating plane and each other.
2. Dimension eA to center of leads when formed parallel.
3. Dimension E does not include mold flash.
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20 PIN SSOP PACKAGE DRAWING

=

| \M | D——™ 1
r\\ N /ri ﬂ
Uy ‘4( \ A

S

m

O SEATING
\’\’ SIDE VIEW PLANE
TR
123
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
El 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
oc 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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ORDERING INFORMATION

Model Package Linearity Error (Max) Temperature
CS5525-AS )
20-pin SSOP +0.003%
CS5525-ASZ (Lead Free)
CS5526-BP 20-pin Plastic Dip (0.3007) -40to +85 C
CS5526-BS ) +0.0015%
20-pin SSOP
CS5526-BSZ (Lead Free)

ENVIRONMENTAL, MANUFACTURI NG, & HANDLING INFORMATION

Model Number Peak Reflow Temp MSL Rating* Max Floor Life
CS5525-AS 240 C 2 365 Days
CS5525-ASZ (Lead Free) 260 C 3 7 Days
CS5526-BP 260 T 1 No Limit
CS5526-BS 240 T 2 365 Days
CS5526-BSZ (Lead Free) 260 T 3 7 Days

* MSL (Moisture Sensitivity Level) as specified by IPC/JEDEC J-STD-020.
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REVISION HISTORY

Revision Date Changes
F4 JUN 2005 Added Lead-free device ordering information.
F5 AUG 2005 Revised Lead-free device ordering information. Added MSL data.

Contacting Cirrus Logic Support
For all product questions and inquiries contact a Cirrus Logic Sales Representative.

To find the one nearest to you go to www.cirrus.com

IMPORTANT NOTICE

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 AIRCRAFT SYSTEMS, MILITARY APPLICATIONS, PRODUCTS SURGICALLY IMPLANTED INTO THE BODY, AUTOMOTIVE SAFETY OR SECURITY DE-
VICES, LIFE SUPPORT PRODUCTS OR OTHER CRITICAL APPLICATIONS. INCLUSION OF CIRRUS PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD
TO BE FULLY AT THE CUSTOMER'S RISK AND CIRRUS 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 CUSTOMER'S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUCTS IN CRITICAL APPLICA-
TIONS, CUSTOMER AGREES, BY SUCH USE, TO FULLY INDEMNIFY CIRRUS, ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND OTHER
AGEIS\ITS gRSOM ANY AND ALL LIABILITY, INCLUDING ATTORNEYS' 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.

SPl is a trademark of Motorola, Inc.
Microwire is a trademark of National Semiconductor Corporation.
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