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ABSTRACT

Digital healthy weighting scales. This is weight and height measuring machine, specially
designed for human body, used Load Cell which convert the weight to be analog output voltage by
objects putting on Load Cell. MCS — 51 microcontroller family is used to calculate weight to show on
a liquid crystal display (LCD)

The height of the object, measured at the time of weight measurement, is based on the echo
of 40 KHz ultrasonic pulse from the head of the measuring object to the receiver placed closely the
transmitter .MCS — 51 microcontroller family is used to calculate health to show on a liquid crystal

display (LCD)
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2.2.6 UnimsAafa Strain Gage aavuiviaqan

Gage Method
Conection Application Circuit output Remark
system
c.,vf Kse.
1-aclive-gage / K o Gage fastar
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e e ; linezrity cos-
Hi. ol gage: 1 Konogxial stress N A : rection ealad
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,,,,,,,,, LR
Benging o $ E
) E G ConKs €4
1-active-gage K K ? 4
(2 in series) ol Reoo St e
2-wire ‘ “ Rgz - Stiain ;€3
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H G Ks £ E Temp
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Stiain- 0
f:u_z£ Ks-Ea
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2.1) N1sunInaan (Interference)
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2.2) Mg VU VDINAUTII (Diffraction)
A A & 3 & A Ao w A =2 7
adudsar@uruudeudfaviafilidnsazdhopmdedewauialsingnisa
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A13199 2.1 Ml sudeuanuuinau anuduazanusd wenauina ey

mmunﬂéu (A)
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mMs1and. 1 ihminmed lanfuivamno e 18a1n ADC (Unsigned Long)

frmﬁﬂ (Kg) ADC (filter)
0.0 20000
0.1 20100
1.0 21000
i1 21100
20 | 22000
2.1 ‘ 22100
3.0 23000
3.1 23100
4.0 24000
4.1 24100
5.0 25000
5.1 25100
6.0 26000
6.1 | 26100
7.0 27000
7.1 27100
8.0 28000
8.1 28100
B 9.0 29000
f 9.1 29100
| 10.0 30000
(0.1 ] 30100
11.0 31000
11.1 31100
12.0 32000
12.1 32100




ACD(filter)

45000
40000

35000

D000

25000 -

10000 -

5000 -

44

0

13.0 33000
13.1 33100 |
14.0 34000
U
14.1 34100
15.0 35000
15.1 35100
16.0 36000
6.1 36100
17.0 37000
-
17.1 37100
18.0 318000
}_
18.1 38100
19.0 39000
19.1 39100
20.0 40000
I
20.1 i 40100 ]
d-utin (kg.)

5
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13197 4.2 wamsnaneaiaus we iR Tnanag

s (Ke) | NI AR HHA (mV)
0 0.81
1 0.85
2 0.89
3 0.93
| 4 097
5 | 1.01
! 6 1.05
7 1.09
8 1.13
9 1.17
10 1.21
¥ 1.25
12 1.29
13 1.33
L 14 1.38
15 1.42
16 1.46
17 150
8 1.55
! 19 1.59
t 20 1.63
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;U 4.3 s muansnnuduiussernahminduus e vunan Inaswad

thwnln (Kg)

A15199 4.3 U5 IRUDIMWNLAZAIADC (filier) oone1n Tnaaivad

20

LTI WINN (mV) ADC(filter)
0.81 20000
ﬁ.w_v{
0.85 21000
0.89 22000
0.93 23000
0.97 24000
1.01 25000
1.05 26000
1.09 27000
1.13 28000
117 29000
1.21 30000
1.25 31000
1.2 32000 B
1.33 33000

22
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F 1.38 34000
1.42 35000
1.46 36000
1.50 37000
1.55 38000
1.59 39000
1.63 40000
1
18 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
17 |
16 -+
15 &
1.3 1|
‘E’ 12 |-
=
c 0.9
0.7 |
06
© 0.5
%024 |
0.3 -
0.2 -
011
0 - |
20000 25000 30000 35000 40000
ADC (filter)

U7 4.4 usafupynUBANADC (filter) HioaninTnanmsad

g« s = L= T Vv a oy v & v
iy mynheeninn Inaawase: Darsudhadudadu liteailud anpc
n$e i1 iuliadliad duiloimsnaassiiguugiinefl 11amsiananisnaaosdinainld

tninsnaasnnuazdealunsrvsansasrian'ly
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1RTBIMAN AT NUUDANUBZIDUA 100 NTUTFIVLHY 1A NN 4.2 Eﬂuﬂ'l‘j“lr'lﬂﬁﬂfl
4 o ° ulJ ar o o a : v & o o o 1
vounsota laemmibgndubvinndins dalaoiuhwinduassas 100 p3u vzt

aynniven Ianvazdoauazdauiudadu
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A171304.4 anhminuaainnuazdsava a5 15

ﬁ}HﬁMg) ADCl(filter)
0 20000
100 20100
j

200 20200
300 20300
400 20400
500 20500
600 20600
700 20700
800 20800
900 20900
1000 21000

v " El 1 @
#1919404.5 1AAIANIAYIY Repeatability TumIsnimiing 10 alansy $1uau 10 a5

7 Fahminasn I ﬁwﬁmﬁﬂﬁémtﬁu{g) AR IUARNWAIA(%)
] 10.0 0
2 10.0 ‘ 0
3 10.0 0
4 10.0 0
5 10.0 0
6 10.0 0
7 10.0 0
8 | 10.0 0
9 10.0 | 0

_ _

| 10 10.0 0
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Aniutinfd (g}
o

0 - —— . . e e .

a 1 2 3 4 5 6 7 8 9 10
drunfsddia

111 4.5 N3 1WLARIA21Y Repeatability ¥0anTos5a1imin

o 1 o ay @ L= [ : 1 : o A (= @
vnnTHszru T Tumsdaimidnandeinu 10 ade Idaniminfuaainas ua sy
& a v A v VoA
Aaee A9 10 1 1anTy (HoFI00 199010

» ) » »
R131904.6 LAAIA T Repeatability 1UMIFaimin 14 9 lansy $1u7u 10 ada

Fnhminafaf A KRR (Kg) MATURANAIA(%)
1 14.0 0
2 14.0 0
3 14.0 0
4 14.0 0
5 14.0 0
6 14.0 0
7 14.0 0
8 14.0 0
9 14.0 0
10 14.0 0
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dhutinstdwaiKg)
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Sruaunfafids

1 »
@ o ar

514 4.6 N5 MLAAIA713 Repeatability vounFaaFarimg

vinnsazunlumsdaiming udeadu 10 a5 laanhianuaainasudol iy
AaDA fio 14 7 landu ifedndaniiiny Seozmuiiisnnuiisenisganeaunis

A o : a P & a P :’ a a3 ar [~ =

Wannsnaasunaimiinasvwasesdidldnniminduus i i 1=
useauiddeuntlasdarwmnihminiioneaslyd Falumisnaaseil Tauaadddfiuitunies
o s g @ ¥ a @ a 2 1 '
Fegrsavuimin 1T aazuaaswmdudnay Taelmasiion 1 §1unus vuoiu
Alansy wamsnanaan 1duaamarioanu s ms1ah 4.7

A151974.7 e miniTandadun Mo 1d a1 nmseada

151“rfiim?q(Kg) | Mg 14Ke) AIATUHANAIN(SA)
1.0 1.0 0
1.1 11 0
12 12 0
13 ' 1.3 0
1.4 1.4 0
1.5 1.5 0
1.6 1.6 0
1.7 17 o 0 |
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1.8 1.8 0
1.9 1.9 0
2.0 2.0 0
3.0 30 0
4.0 4.0 0
5.0 5.0 0
6.0 6.0 0
7.0 7.0 0
8.0 80 0
9.0 9.0 0
10.0 10.0 0
10.1 10.1 0
10.2 10.2 0
10.3 10.3 0
104 10.4 0
10.5 10.5 0
10.6 10.6 0
10.7 10.7 0
10.8 10.8 0
10.9 10.9 0
1.0 11.0 0
12.0 12.0 0
13.0 13.0 0
14.0 14.0 0
£5.0 15.1 0.67
16.0 16.1 0.62
17.0 17.0 0
18.0 8.0 0
19.0 19.0 0
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a1513% 4.8 uanamauganiannunuFahminduilugedres 230 cm)

g aATald (em)
1 232
2 231
3 231
4 233
5 233
6 232
7 232
8 232
9 [ 232
10 232

y a3 =4 w = 9
msnaaeafiilumsadiugavesan 11 au Fanamsnaaeauiluiinisiai 4.9 Fuez
s nugaiew ldnnnssaialinnugndewazfinimg g

15199 4.9 LERIAUYNADIVBINIT IAT UGN INMATBA TR

T1uau 27U (cm) A Tald (em)
I 148 148
2 154 154
3 156 156
4 162 161
5 166 166
6 163 163
7 169 168
8 153 153
9 159 157
10 167 167
1 165 165

£
@

whunsnanesde lAaznaaauneait Repeatability vaunioaiadiugaylam

MIIAMIT NG eveany ANRLIE 7 fu S 1uau 10 ade ldnomanaashnisan4. 10
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713139 4.10 LLEA3 Repeatability VoUA3 0 TAT I

F1uaunss L | g1 148 cm AU | 79 169 cm

mfidmdnaniosriatm) Mg 8 nneioaiatem) g

1 147 169 i

2 147 167
3 148 168
4 148 168
5 148 168
6 146 169
7 148 169
8 147 169
9 147 167
10 148 167

175

170

165

@
o

Andugodauldem)
g

150

—e—aufl 139 148cm
o aufl 2 g3 189em

T e T

145 |

140~ - . .
6 8
duunis

0

31191 4.8 n319LEAL Repeatability vauninafaa 14
= 1 v 1 a: [ Ll @ = ar & o yc:\u = @
pIna1snaaeteniu maugaiam Idin lndmeadu e wldtiioudy

1 v E
Fruganaganiannunugaimin
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A1T19714.11 Han1sNaaedans 1 TeindserinTzsemafioufuna

TEHZ¥ITcm) time(ms}
45 268663
60 3.54167
75 442274
90 569948
105 6.16320
120 7.06597
135 7.95790
150 8.79991
165 9.64011
180 10.60330
195 11.42578
210 12.33290
225 1323154
240 14.09071
255 14.96962
270 15.852686
285 16.72092
300 17.63455
315 18.46570
330 19.33811
345 20.23655
360 21.12630
2260000
2200000
48.02000
460200
-4.0%090
E‘Q.OCEOC
.E *0.0060¢
300000
€.00000
400000
200000
000 ——— e - e e e .

3 15 30 45 &3 TS5 3 105 120 135 150 1ES 180 -95 M0 25 24C 255 270 285 3CO M3 330 345 36 375 360

TEUEWS (em]

3114 4.9 namsnaaasdan Tadindilo Saszeematem) Woudual (ms)
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4.3 A35%¥13a08 (Body Mass Index 138 BMI)

AT5¥HUIaMY (Body Mass Index H38 BMI) Ao 6a3 180 UMz eruuas ausa
szudrabmiauazdiugs vesiamsro - nijaniiewannat 20 J9uldhimningly
o 1 a : o = o roA o= U
augatun gy Taomwizedisiaimiinnmiuly awiduisfavesnnuautlely

DUIRA

W
qr A

ATTFNLIANTY 6T DAL 1Ae 3Tl

S e e oa o 2 3
BMI = thwidnd uilunlaniy ; (anwgailuwa) aums 4.1

Qs

FaashaumsthndouTlsunsudnnlani anhmidnuazaugania ldvewa
ATAUNIAIUIN LazUEAHa UUD LCD Taa A1 BMI Hidiutn1dszumaeen unily
Auaunatlon 1§10HUL YoniwwndIuAmMIzA Az Tga T 1Nl IALa AU

YoIARZAY A1 BMI uaadluaisieil 4.7

@15 149 4.12 s da1nn1si s wlseanzmalasuims

Futluranme (Body Mass Index ¥158 BMI)

Hod{Underweight) Hon1 18.5
TUFIU(Normal) 5EHIN (8.5 - 24.9
tndnAU(Overweight) 5LHI1925 - 29.9
&1 1 (Obese) 11NATT 30
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National Semiconductor

LM567/LM567C
Tone Decoder

General Description

The LM567 and LMS67C are general purpose tone decoders
designed to provide a saturated transistor switch to ground
when an input signal is present within the passband. The cir-
cuil consists of an | and Q detector driven by a voltage con-
trolled oscillater which determines the center frequency of
the decoder. Exiernal componenis are used to indepen-
dently set center frequency, bandwidth and oulput delay.

Features

m 20 to 1 frequency range with an external resistor
® | ogic compatibie output with 100 mA current sinking

capability

= Bandwidth adjustable from 0 to 14%

Applications

May 1994

High rejection of out of band signals and noise
Immunity te false signals

Highly stable center frequency

Center frequency adjustable from 0.01 Hz to 500 kMz

Touch tone decaoding

Precision oscillator

Frequenscy maonitoring and control
Wide band FSK demodulation
Ultrasonic controls

Carrier current remote contrels
Communications paging decoders

Connection Diagrams

Metal Can Package
OuTPUT

ouTPUT
FILTER o END
LooP TIMING
FILTER CAPACITER
TIMING
INPUT 0 RESISTOR

Top View
QOrder Number LM56TH or LM567CH
See NS Package Number HOBC

DE00B9TS-1

Dual-In-Line and Small Outline Packages

1
OFL\IIT?E'; ] b QUTPUT
Bile{i0R
Looe 2 !
e GN O
FILTER 0
| o é
INPUT ¢ phast |— TIMING
DETECTOR CAPACITOR
s |6 TIMING
RESISTOR

050069752

Top View
Order Number LM5S67CM
See NS Package Number MOBA
Drder Number LM56TCN
See NS Package Number NOBE

© 1999 National Semiconductor Corporation

DSa0BYTS

www rational.com

12p0oJaQg auol JL9SWT/L9SNT



LM567/LM567C
Tone Decoder

General Description

Features

capability

= Bandwidth adjustable from 0 to 14%

National Semiconductor

The LM567 and LM567C are general purpose tone decocders
designed to provide a saturated transistor switch to ground
when an input signal is present within the passband. The cir-
cuit consists of an | and & detector driven by a voltage con-
trolled oscillator which determines the center frequency of
the decoder. External components are used to :ndepen-
dently set center frequency, bandwidth and output delay.

B 20 {o 1 frequency range with an external resistor
B | ogic compatible output with 100 mA current sinking

May 1989

m High rejection of out of band signals and ncise

B Immunity to false signals

m Highly stable center frequency

m Center frequency adjustable fram 0.01 Hz to 500 kHz

Applications

® Touch tone decoding

B Precision oscillator

m Frequency menitaring and control
m Wide band FSK demodulation

® Ultrasonic controls

m Carrier current remote controls

& Communications paging decoders

Connection Diagrams

LODP
FILTER

Top View
Order Number LM567H or LM567CH
See NS Package Number HOBC

Metal Can Package
auTRyT

OuTPuUT
FILTER o GNO

TIMING

CAPACITOR

TIMING
RESISTOR

CSOsEE7b-1

Dual-In-Line and Small Outline Packages

autryt 1
FILTER

DETLCTOR
Loor 2
FILTER

3
INPLT Py

7
[ G&0

.E_ TIMING

CAPALITOR

5 TIMING
RESISTOR

DEQOETTST
Top View
Order Number LMS67CM
See NS Package Number MOSA
Order Number LM5GTCN
See NS Package Number NOBE

< 1989 Nalional Semiconduclor Corporalion

05006975

www.national.com

13p0233( duo] J/9GNT/L9SINT



Absolute Maximum Ratings inote 1)
If Military/Aerospace specified devices are reguired,

Operating Temperalure Range

LM567TH -55"C to +125°C

Storage Temperature Range

AC Test Circuit, Ty = 25°C, V* = &V

Electrical Characteristics

-65'C to +150°C

please contact the National Semiconductor Sales Office/ LM5E7CH, LM567CM, LMBB7CN 0°C to +70°C
Distributors for availability and specifications. Soldering Information

Supply Voltage Pin av Dualin-Line Package

Power DiSSipaﬁOﬂ {Note 2} 1100 mw Soldering {10 sec.) 260°C
Vy 15V Small Outline Package

V. —10v Vapor Phase (60 sec.) 215°C
v, W, + 0.5V Infrared (15 sec.) 220°C

See AN-450 “Surface Mgunting Methods and Their Effect
on Product Reliability” for other metheds of scldering
surface mount devices.

", LM567 LM567C/ILMS67CM N
Parameters Conditions - - Units
Min Typ Max | Min Typ Max
Power Supply Voltage Range 4.75 5.0 90 | 475 50 9.0 \
Power Supply Current Quiescent R =20k 6 8 7 10 mA
Fower Supply Current Activated R, =20k 11 13 12 15 mA
Input Resistance 18 20 15 . 20 k2
Smallest Detectable Input Voltage IL=100 mA, F =1, 20 25 20 25 | mVrms
Largest No Output Input Voltage le =100 mA, f =1, 10 15 10 15 mVrms
Largest Slmultanepus Cutband Signai to 6 6 4B
Inband Signal Ratio
Minimum Input Signal to Wideband Noise | B, = 140 kHz
Ratio -8 8 a8
Largest Detection Bandwidth 12 14 16 10 14 18 | % of f,
Largest Detection Bandwidth Skew 1 2 2 3 % of 1,
= an ion
:?t;g?e;tm[}c:?;tlﬁz Bandwidth Variatiol £04 +0.1 G C
:?tl;?ess:pz;e;i:;::;glzandwmh Variation 4.75-6.75V +1 +9 1 +5 oy
Highest Center Frequency 100 500 100 500 kHz
Center Frequency Slability (4.75-5.75V) [0 < T, <70 3560 35 + 60 .
-55 < T, < +125 35+ 36t ppm/C
140 149 ppm/ ¢
Cenfer Frequency Shifl with Supply 4.75V-6.75V 0.5 1.0 0.4 2.0 %V
Voilage 4.75V-9v 2.0 2.0 Yol
Fastest ON-OFF Cycling Rate 20 /20
Cutput Leakage Current Vg = 15V 0.01 25 0.01 25 pA
Qutput Saturation Vellage e =25mV, Iz =30 mA 0.2 G4 02 0.4 v
g = 25 mV, Ig = 100 mA 0.6 1.0 0.8 1.0
Output Fali Time 30 30 ns
Qutput Rise Time 150 150 ns

Note 3: Refer to RETS567X drawng for specificaliors of military LMSEYH version

Mate 1: Absclute Maximum Ratings indicate limits beyond whizh damage to the device may cecwr. Operating Ratings indicate conditions for which the deviée is fune-
ticnal, but do not guarantee specific parformance limits. Electrical Characteristics slate DC and AC electricat specifications urder particular test conditons which guar-
antee speacific performance limits. Tnis assumes that the devica is within the Operating Ratings. Specifications are nol guaranteed for parameters where ro limit is
given, however, e lypical value 13 a gawd indication of device performance
Note 2; The maximum junction lemperature of the LMS567 and LM567C is 150°C. For operating at elevated temperatures, dev:ces in Ihe TO-5 package mus! be de-
rated based on a thermal resistance of 150°CAV, junclion to ambient or 45°CA, junction to case. For the DIP the device must be derated based o & thermal resis-
tancs of 113°C/W. junction te ambient. For the Smalt Outline package, the device must be derated based on a thermat resistance of 60" C/W, junction lo ambient.

www_national.com




Absolute Maximum Ratings nots 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officef
Distributars for availability and specifications.

Operating Temperature Range
LM5E7H

-55°C to +125°C

Supply Voltage Pin
Power Dissipation {Note 2}

Storage Temperature Range

AC Test Circuit, T4 = 25°C, V* = 5V

Electrical Characteristics

av
1100 MW

15V

-0V

v, + 0.5V
-65°C o +150°C

LMSE7CH, LMEBTCM, LMSSTCN 0'Cio+70°C
Soldering Information
Dual-in-Line Package
Soldering (10 sec.) 260°C
Small Qutline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Praduct Reliability” for other methods of soldering
surface mount devices.

» LM567 LM567C/LMEETCM .
Parameters Caonditions - - Units
Min Typ Max | Min Tvp Max
Power Supply Voltage Range 4.75 5.0 90 | 475 5.0 9.0 v
Powar Supply Current Quisscent R, = 20k @ B 7 10 mh
Power Supply Current Activated R, = 20k 11 13 12 5 mA
Input Resistance 18 2Q 15 20 k2
Smallest Detectable Input Voltage IL=100mA f=F, 20 25 20 25 myrms
Largest No Qutput Input Voltage le = 100 mA, f;=1, 10 15 10 15 mVrms
! Largest Simultaneous Cutband Signal to 6 8 B
Inband Signal Ratio
Mimimum Input Signal to Wideband Neise | B, = 140 kHz
Ratio -8 6 48
Largest Detection Bandwidth 12 14 18 10 14 18 % of f,
Largest Detection Bandwidth Skew 1 2 %ol f,
:’.vfiitrr??rsein?pe:re:ttﬁz Bandwidth Variation +0.4 401 o
;?tfzsjpzsttzgzgzandmdlh Varation 4.75-6.75V +1 +2 +1 +5 oy
Highest Center Fraguency 100 500 100 500 kHz
Center Frequency Stability {4.75-5.75V) 0< Ty <70 35 + 50 35160 .
-55 < T, < +125 35 + 35 + PPWVC
140 140 ppm/ C
Center Frequency Shift with Supply 4.75V-6.75V 0.5 1.0 0.4 20 Yol
Voltage 4.75V -8V 20 2.0 YoV
Fastest ON-OFF Cycling Rate /20 1,420
Qutput Leakage Current Vg = 15V 0.01 25 0.01 25 V1%
Outpul Saluration Voellage g, =26 mV, Iz =30 mA 0.2 0.4 0.2 0.4 v
e, =25 mV, [, = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns

Mote 3: Refer to RETSS567X drawing for specifications of military LM367H versian.

Note 1: Absa:ute Maximum Ratings icdicate limits bayand which camages lo the device may acour. Operating Ratings indicate conditions for which the device s furc
tional, but dz net guarantee specific performance hmits. Electrical Characteristics stale DC ard AC slecirical specificalions under parucular lest condiliors wnich guar-
anles spedific parformance limils. This assumes that the device is within the Operating Ratirgs. Specifications are no! guarartgec for parameters where no limit s
given. however. lhe typical value is a good indication of device perfommance.
Nete 2: The maximum junction iemperalure of the LMSE7 and LMSG7C is 150°C. For operating at elevated lemperalures, devices in the TO-4 package must be de-
raled based on a thermal resislance of 150°C/W, junction to ambient or 45'CA¥, junction 1o case. For Ihe DIP the device must be dera‘ed based on a thermal resis-
Yange of 110°CAW, wunclian to ambienl. For tne Smal Jrutine package, tne device musl be derated based on a therma! resistance of 160°CAY, junclion to ambient.
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Typical Frequency Drift
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Typical Performance Characteristics (continued)
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CS5525
CS5526

16-Bit/20-Bit Multi-Range ADC with 4-Bit Latch

Features

¢ Delta-Sigma A/D Converter
- Linearity Error: 0.0015%FS
- Noise Free Resolution: 18-bits
e Bipolar/Unipolar Input Ranges
- 25mV,55mV,100mV, 1V, 25Vand5V
e Chopper Stabilized Instrumentation Amplifier
e On-Chip Charge Pump Drive Circuitry
¢ 4-Bit Output Latch
e Simple three-wire serial interface
- SPI™ and Microwire™ Compatible
- Schmitt Trigger on Serial Clock (SCLK)
e Programmable Qutput Word Rates
- 3.76 Hz to 202Hz (XIN = 32.768 kHz)
- 11.47 Hz to 616 Hz (XIN = 100 kHz)
o Output Settles in One Conversion Cycle
¢ Simultaneous 50/60 Hz Noise Rejection
e System and Self-Calibration with
Read/Write Registers
e Single +5 V Analog Supply
+3.0 V or +5 V Digital Supply
e Low Power Mode Consumption: 4.9 mW

General Description

The 16-bit C55525 and the 20-bit CS5526 are highly in-
tegrated AZ A/D converters which include an
instrumentation amplifier, a PGA (programmable gain
amplifier), eight digital filters, and seif and system cali-
bration circuitry,

The converters are designed to provide their own nega-
tive supply which enables their on-chip instrumentation
amplifiers to measure bipolar ground-referenced signals
<+100 mV. By directly supplying NBV with -2.5 V and
with VA+ at 5 V, £2.5 V signals (with respect to ground)
can be measured.

The digital filters provide programmable output update
rates between 3.76 Mz to 202 Hz (XIN = 32.768 kHz).
Output word rates can be increased by approximately 3X
by using XIN = 100 kHz. Each filter is designed to settle
to full accuracy for its output update rate in one conver-
sion cycle. The filters with word rates of 15 Hz or less
(XIN = 32,768 kMz) reject both 50 and 60 Hz (+3 Hz) line
interference simultaneously.

Low power, single conversion settling time, programma-
ble output rates, and the ability to handie negative input
signals make these single supply products ideal solu-
tions for isolated and non-isolated applications.

ORDERING INFORMATION

- 1.8mWin 1V, 2.5V, and 5V input Ranges See pagez6.
VA+ AGND VREF+ VREF- DGND VD+
AIN £+ p | Differantial Digital Filter Calibration | |, o
+ %20 FOQran't'mab g ath Qrder Register
AN A Gain .| Della-Sigma -
Modulater l— SCLK
i
Conirol
NBY i t Register le—& 5D
AQ I
Qutput —o SDO
Al Latch Register
A2 Calibration Calibration LIC Clock 9
A3 Memory ibration K Gen.
CPD XIN XOoUuT

Cirrus Logic, Inc.
WWW.Cirrus. com

Copyright © Cirrus Logic, Inc. 2003
(Al Rights Reserved)

Nov ‘03
DS202F3
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CIRRUS LOCGIC CS5525 CS5526
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ANALOG CHARACTERISTICS (T,=25°C; VA+, VD+ =5V +5%; VREF+ = 2.5V, VREF- = AGND,
NBV =-2.1 V, FCLK = 32.768 kHz, OWR (Qutput Word Rate) = 15 Hz, Bipolar Mode, Input Range = =100 mV;
See Notes 1 and 2.)

CS5525 CS5526

Parameter Min l Typ | Max Min \ Typ | Max Unit
Accuracy
Linearity Error - +0.0015| +0.003 - +0.0007|4£0.0015| %FS
No Missing Codes 16 - - 20 - - | Bits
Bipoiar Offset {Note 3) - +1 =2 - +16 +32 LSBE
Unipolar Offset (Note 3) - 12 4 - +32 +64 LSB
Offset Drift (Notes 3 and 4) - 20 - - 20 - nv/°C
Bipolar Gain Error - 8 +31 - +8 +31 ppm
Unipolar Gain Error - +16 +62 - 116 62 ppm
Gain Drift {Note 4) - 1 3 - 1 3 ppm/°C
Voltage Reference Input
Range {(VREF+) - (VREF-) 1 2.5 3.0 1 25 3.0 Vv
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 - HAN

Notes: 1. Applies after system calibration at any temperature within -40 °C ~ +85 °C.
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 = LSB for the CS5525, and LSBy for the C55526.

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, (Bipolar/Unipolar Mode)
(Hz) Frequency 25 mV 55 mv 100 mV 1V 25V 5V
3.76 3.27 a0 nv 90 nV 130 nVv 1.0uV 2.0uv 4.0 pv
7.51 6.55 110 nV 130 nV 190 nV 1.5 pv 3.0V 7 uv
15.0 12.7 170 nV 200 nV 250 nV 2.0pv 50V 10 pv
30.1 254 250 nV 300 nvV 500 nV 4.0 pv 10 uv 15 pv
60.0 50.4 500 nV 1.0 uv 1.5uv 15 pv 45 UV 85 uVv
123.2 (Note 8) 103.6 2.0 v 4.0 pv 8.0 v 72 v 190 v 350 pv
168.9 (Note 8) 141.3 10 v 20.0 pV 30 uv 340 pv 900 pV 2.0mv
i 202.3 (Note 8) 169.2 30 pv 55 uv 105 pv 1.imv 2.4 mV 5.3my

Notes: 6. Wideband noise aliased into the baseband. Referred to the input. Typical values shown for 25 °C.
7. For Peak-to-Peak Noise muttiply by 6.6 for all ranges and output rates.

8. Forinput ranges <100 mV and output word rates >60 Hz, 32.768 kHz chopping frequency is used.
Specifications are subject to change without notice.

2 DS202F3
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ANALOG CHARACTERIST'CS {Continued)
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Parameter | Min | Typ i Max \ Unit
Analog Input
Common Mode + Signal on AIN+ or AIN- Bipolar/Unipolar Mode
NBV =-1.81t0-25V Range =25 mV, 55 mV, or 100 mV -0.150 - 0.950 v
Range=1V,25V,or5V NBV - VA+ i
NBV = AGND Range = 25 mV, 55 mV, or 100 mV 1.85 - 2.65 v
Range=1V,25V,or5V 0.0 - VA+ v
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,or5 Vv - 1.2 - HA/NV
System Calibration Specifications
Full Scale Calibration Range Bipelar/Unipolar Mode (Note 8)
25 my 17.56 - 325 mV
55 mV 38.5 - 71.5 mV
100 mv 70 - 105 my
1V 0.70 - 1.30 v
25V 1.75 - 3.25 Vv
5V 3.50 - VA+ v
Offset Calibration Range Bipolar/Unipolar Mode
25 mv - - +12.5 mV
55 mV - - +27.5 mV
100 mV {Note 10) - - +50 mV
1V - - 0.5 v
25V - - +1.25 i
5V - - +2.50 A
Power Supplies
DC FPower Supply Currents {Normal Mode) las - 1.65 2.2 mA
o - 15 30 HA
Power Consumption Normal Mode (Note 11) - 94 12.7 mw
! ow Power Mode - 4.9 85 mw
Standby - 1.2 - mw
Sleep - 500 - . HW
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 AZ 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.

DS202F3 3
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5 V DIGITAL CHARACTERISTICS (T, = 25 °C; VA+, VD+ = 5 V £5%: GND = 0
See Notes 2 and 12.))

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage All Pins Except XIN and SCLK Vik 0.6 VD+ - - v
XIN 3.5 - VD+ v
SCLK (VD+} - 0.45 - - Y
Low-Level Input Voltage All Pins Except XIN and SCLK Vi - - 0.8 v
XIN 0.0 - 1.5 v
SCLK - - 0.6 v
High-Level Output Voltage Vo
All Pins Except CPD and SDO (Note 13) (VA+)-1.0 Y
CPD, Iy =-4.0 mA (VD+)-1.0 - - Vv
SDO, lgy = -5.0 mA (VD+)-1.0 - -
Low-Level Output Voltage VoL
All Pins Except CPD and SDO, I5,; = 1.6 mA - - 0.4 v
CPD, Iy =2 mA - - 0.4 Y
SDO, lgy = 5.0 MA - - 0.4 v
input Leakage Current lin - *1 10 HA
|3-State Leakage Current loz - - 10+ pA
‘[Digitaf Qutput Pin Capacitance Cout - 9 - pF

Notes: 12, All measurements performed under static conditions.
13. lout =-100 pA unless stated otherwise. (Vo =24V @ I, =-40 uA.)

3.0 V DIGITAL CHARACTERISTICS (T, = 25 °C; VA+ = 5V 25%; 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 Viy 0.6 VD+ - - A
XIN 0.54 VA+ - VD+ Y
SCLK (VD+)-0.45( - - v
Low-Level Input Voltage All Pins Except XIN and SCLK ViL - - 018VD+ V
XIN 0.0 - 1.5 Y
SCLK - - 0.6 v
High-Level Output Voltage Vou
All Pins Except CPD and SDO, |y, = -400 pA {(VA+) -0.3 - v
CPD, lgy = -4.0 mA (VD+)-1.0| - - v
SDO, Iy = -5.0 mA (VD+)-1.0 | - v
Low-Level Qutput Voltage VoL
All Pins Except CPD and SDO, I, = 400 nA - - 0.3 Vv
CPD, Ig; =2 mA - - 0.4 v
SDO, Igy; = 5.0 mA - - 0.4 v
Input Leakage Current bin - +1 +10 pA
13-Gtate Leakage Current oz - - +10 HA
Digitat Output Pin Capacitance Cout - 9 - pF

4 DS202F3
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CIRRUS LOGIC CS5525 CS5526
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DYNAMIC CHARACTERISTICS
Parameter Symbol Ratio Unit
:Modulator Sampling Frequency fg XIN/2 Hz
Filter Settling Time to 1/2 LSB (Fuil Scale Step) ts out 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-)| VRefy 1.0 2.5 3.0 v
Negative Bias Voltage NBY -1.8 -2.1 2.5 v
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 NBY +0.3 -3.0 Vv
Input Current, Any Pin Except Supplies  (Note 16 and 17) ™ - =10 mA
‘Output Current louT - +25 mA
Power Dissipation (Note 18) PDN - 500 mw
Anaiog Input Voltage VREF pins VinR -0.3 (VA+} + 0.3 vV
AIN Pins ViNa NBV - 0.3 (VA+) + 0.3 v
Digital Input Voltage VIND -0.3 {VD+) + 0.3 vV
Ambient Operating Temperature Ta -40 85 °C
Storage Temperature Tetg -65 150 °C

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.

DS202F3 5
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CIRRUS LOCGIC CS5525 CS5526

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

Parameter Symbol Min Typ Max Unit
Master Clock Frequency (Note 19) AN
Internal Clock 30 32.768 36 kHz
External Clock 30 32.768 100
Master Clock Duty Cycle 40 - 60 %
Rise Times {Note 20) tise
Any Digital Input Except SCLK - - 1.0 HS
SCLK - - 100 HS
Any Digital Output - 50 - ns
Fall Times {Note 20) tean
Any Digital Input Except SCLK - - 1.0 Vi
SCLK - - 100 VL
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 tg 100 - - ns
(Note 22)
Serial Clock Pulse Width High ty 250 - - ns
Pulse Width Low ty 250 - - ns
SDi Write Timing
CS Enable to Vaiid Latch Clock ty 50 - - ns
Data Set-up Time prior to SCLK rising 14 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, ciocks 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

The CS5525 and CS5526 are 16-bit and 20-bit pin
compatible converters which include a chopper-
stabilized instrumentation amplifier input, and an
on-chip programmable gain amplifier. They are
both optimized for measuring low-level unipolar or
bipolar signals in process control and medical ap-
plications.

The CS5525/26 also include a fourth order delta-
sigma modulator, a calibration microcontroller,
eight digital filters, a 4-bit analog latch, and a serial
port. The digital filters provide any one of eight
different output update rates.

The CS5525/26 include a CPD (Charge Pump
Drive) output (shown in Figure 1). CPD provides a
negative bias voltage to the on-chip instrumenta-
tion amplifier when used with a combination of ex-
ternal diodes and capacitors. This enables the
(CS5525/26 to measure negative voltages with re-

CS5525 CS5526

spect to ground, making the converters ideal for
thermocouple temperature measurements.

Theory of Operation

The CS5525/26 A/D converters are designed to op-
erate from a single +5 V analog supply and provide
several different input ranges. See the Analog
Characteristics section on page 3 for details.

Figure 1 illustrates the CS5525/26 connected to
generate their own negative bias supply using the
on-chip CPD (Charge Pump Drive). This enables
the €S5525/26 to measure ground referenced sig-
nals with magnitudes down to NBV (Negative Bias
Voltage, approximately -2.1 V in this example).
Figure 2 illustrates a charge pump circuit when the
converters are powered from a +3.0 V digital sup-
ply. Alteratively, the negative bias supply can be
generated from a negative supply voltage or a resis-
tive divider as illustrated in Figure 3.

+5V 10 4
A A
Analog © o AR —e
Supply .____0'1 nk J}H wF
< ; n <
VA+ VD+ 10*:5,001*9
! XOUT —WWi———
i 2.5V 20 VREF+ (AR +2DPF
B - vReF- = -
v e 3__2_,768_ = 100kHz
Upto = 1?0 mV Input cs5525 XIN 9 b4 Optienal
AT 10k Bavigg 3 CS5526 lack
/4{ S | \Jr\vpv___T______., e SR BN 4
A o = R PRL:
| ot wF — 78 &/ »
(‘C\{\‘ i—"‘ﬂn\f\-- T i 4 AlN- SCLK Serial
= e 1 Data
10 k2 ; AGND SDI‘1?
PLL:H Interface
Nale: Cold-juncti " 15 14
ate: Cald-junctian A2 5D0 _
measurement is performead 4,?,, A1 I —
by a.second A/D orvia a - 5,7,‘: AD
multiplexer. 'NBV CP.D DGND
Lagic Outputs: & Ig"*\"“‘f’k‘r*'nz * Qptional, see Charge
A0 - A3 Switch from VA+ to AGND. SMO Pump Drive section.
i - — 1
| 0.015 uF
1N4148 i Charge-pump netwark
= for VD+ = 5V only and
|10 uF _L N 1N4148 0 XIN = 32.768 kHz.
L+ .

A

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 to
measure ground referenced unipolar signals of a
positive polarity using the 1 V, 2.5V, and 5 V input
voltage ranges on the converter. For the 25 mV, 55
mV, and 100 mV ranges the signal must have a
common mode near +2.5 V (NBV = 0V,

Figure 2. Charge Pump Drive Circuit for VD+ =3V,

CS5525 CS5526

il s

il

The CS5525/26 are optimized for the measurement
of thermocouple outputs, but they are also well
suited for the measurement of ratiometric bridge
transducer outputs. Figure5 illustrates the
(CS5525/26 connected to measure the output of a
ratiometric differential bridge transducer while op-
erating from a single +5 V supply.

S :
INSCET L
or similar = 34.8K

i e

d ( =30.1K 21K =

-5V
Figure 3. Alternate NBV Circuits.

+5V 10 0
Analog + ﬁ‘v’ﬁ‘«"‘.*
Supply 4._0-1 uF \0.1 uF
j 2 13 1
7 7
— YA+ YD+ ’?Pokﬂ
XOUT [ A=
2.5y 20 VREF+ a +2ODF
: | i
: 1 NF
‘—19 VREF- [
| 132.768 - 100kHz
h =7 cssses  XIN LI Oéaltionka!
ccC
C55526 :
B AN _..Source |
R ——
010+5\7'Input 4 cs 8 ;
[ 1 AIN- 1 ! Serial
— | 16.AGND setx Dertla
T : ata
(] eee SDl e
| ) 15 Interface
o A2 14
. sSDO >
CM =0to VA A1
1 “— AD
; NBV CPD DGND
|
1 5 12
SN ~ v

Figure 4. CS5525/26 Configured for ground-referenced Unipolar Signals.
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+5V 10 Q
L
Analog ~ * W -
Supply _i 0.1 uF f‘:(,m v
~ B A <+
------------- -
= VA VD+ ‘o 5006
< 20 PEE. XOUT ——y T | 200F
‘\/ : E v
W é i <
G 19 | VREF- = v
30mv \,)r— AIN 32.768 ~ 100kHz
. 3 - Ll
%F.S. \\‘Q\/ cS5535 XIN 9 Qptional
N > § CS5526 Clock
T/ Source
— -y 68—
1 ﬁ'GNND SCLK o' Seial
41_@” A3 D|-q-1? B Data
15 S : Interface
Az "
DR 500 F—————
PLEYY

|
__NBV_CPD_DGND |

47‘75 8 12
<7

Figure 5. C85525/26 Configured for Single Supply Bridge Measurement.

System Initialization

When power to the CS85525/26 is applied, they are
held in a reset condition until their 32.768 kHz os-
cillators have started and their start-up counter-tim-
er elapses. Due to the high Q of a 32.768 kHz
crystal, the oscillators take 400-600 ms to start. The
converter’s counter-timer counts no more than
1024 oscillator clock cycles to make sure the oscil-
lator is fully stable. During this time-out period the
serial port logic is reset and the RV (Reset Valid)
bitin the configuration register is set. A reset can be
initiated at any time by writing a logic 1 to the RS
(Reset System) bit in the configuration register.
This automatically sets the RV bit until the RS bit
is written to logic 0, and the configuration register
isread. After areset, the on-chip registers are ini-
tialized to the following states and the converters
are ready to perform conversions.

configuration register:  000040(H)
offset register: 0000C0(H)
gain register: 800000(H)

Command Operation

The CS5525/26 include a microcontroller with five
registers used to control the converter. Each regis-
ter is 24-bits in length except the 8-bit command
register (command, configuration, offset, gain, and
conversion data). After a systeminitialization or re-
set, the serial port is initialized to the command
mode and the converter stays in this mode until a
valid 8-bit command is received (the first 8-bits
into the serial port). Table 1 lists all the valid com-
mands. Once a valid 8-bit command (a read or a
write command word) is received and interpreted
by the command register, the serial port enters the
data mode. In data mode the next 24 serial clock
pulses shift data either into or out of the serial port
(72 serial clock pulses are needed 1if set-up register
is selected). See Table 2 for configuring the
CS5525/26.

10
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Reading/Writing On-Chip Registers
The CS5525/26's offset, gain, and configuration

registers are read/writable while the conversion
data register is read only.

To perform a read from a specific register, the R/W
bit of the command word must be a logic 1. The SC,
CC, and PS/R bits must be logic 0 and the CB
(MSB) bit must be a logic 1. The register to be writ-
ten 1s selected with the RSB2-RSBO bits of the
command word.

To perform a write to a specific register, the R/W
bit of the command word must be a logic 0. The SC,

CS5525 CS5526

CC, and PS/R bits must be logic 0 and the CB (MSB)
bit must be a logic 1. The register to be written is se-
lected with the RSB2-RSBO bits of the command
word. Figure 6 illustrates the serial sequence neces-
sary to write to, or read from the serial port.

If the Set-up Registers are chosen with the RSB2-
RSB0 bits, the registers are read or written in the
following sequence: Offset, Gain and Configura-
tion. This is accomplished by following one 8-bit
command word with three 24-bit data words for a
total of 72 data bits,

Command Register
D7(MSB) D6 D5 D4 D3 D2 D1 Do
| CB | sc | cC RAW RSB2 RSB1 ] RSBO | PSR |
BIT NAME VALUE FUNCTION
D7 Command Bit, CB 0 Nuii command (no operation). All command bits, including
CB must be 0.
1 Logic 1 for executable commands.
Ds 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 seiected 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
DS202F3 11
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D23(MSB) D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12
| A3 |A2|A1|A0[NU[CF8|NUILPMfWFaz[wm[WRo[LJ/B‘
D11 D10 D9 Da D7 D6 D5 D4 D3 D2 D1 DO
LGQ]G1|GO|PD|RS|RV|PF|PSSIDF[CCQ|CC1|CCO|
BIT NAME VALUE FUNCTION
D23-D20 {Latch Qutputs, A3-A0 0000  R™|Latch Output Pins A3-A0 mimic the D23-D20 Register bits.
D19 Not Used, NU 0 R [Must always be logic 0.
D18 Cnop Freguency Select, 0 R (256 Hz Amplifier chop frequency
CFS 1 32768 Hz Amplifier chop frequency
D17 Not Used, NU 0 R [Must always be fogic 0.
D16 Low Power Mode, LPM 0 R [Normal Mode
1 Reduced Power mode
D15-D13 [Word Rate, WR2-0 000 R [15.0 Hz (2182 XIN cycles)
Note: For 001 30.1 Hz (1090 XIN cycles}
XIN = 32.768kHz 010 60.0 Hz (546 XIN cycles}
011 123.2 Hz (266 XIN cycles}
100 168.9 Hz (194 XIN cycles)
101 202.3 Hz {162 XIN cycles}
110 3.76 Hz (8722 XIN cycles)
111 7.51 Hz (4362 XIN cycles)
D12 Unipolar/Bipolar, UB 0 R |Bipolar Measurement mode
1 Unipolar Measurement mode
D11-D9  [Gain Bits, G2-G0 000 R [100 mV (assumes VREF = 2.5V)
001 55 mV
010 26 mvV
0N 1V
100 50V
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.
}D? Heset 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.)
Ds 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 (Csciilator inactive)
D3 Done Flag, DF 0 R |Done Flag bit is cleared (read only).
1 Calibration or Conversion cycle completed (read only).
D2-DO Calibration Contro! Bits, 000 R INomal Operation (no calibration)
CC2-CCo 001 Oftset -- Self-Calibration
010 Gain -- Self-Calibration
011 Offset Seli-Calibration followed by Gain Self-Calibration
100 Not used.
101 Offset -- Systern Calibration
110 Gain -- System Calibration
11 Not Used.

* R indicates the bit value after the part is reset

Table 2. Configuration Register

12
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Figure 6. Command and Data Word Timing.
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Analog Input

Figure 7 illustrates a block diagram of the anaiog in-
put signal path inside the CS$5525/26. The front end
consists of a chopper-stabilized instrumentation am-
plifier with 20X gain and a programmable gain sec-
tion. The instrumentation amplifier is powered from
VA+and from the NBV (Negative Bias Voltage) pin
allowing the CS5525/26 to be operated in either of
two analog input configurations. The NBV pin can
be biased to a negative voltage between -1.8 V and
-2.3 V, or tied to AGND. The choice of the operating
mode for the NBV voltage depends upon the input
signal and its common mode voltage.

Forthe 25 mV, 55 mV, and 100 mV input ranges, the
input signals to AIN+ and AIN- are amplified by the
20X instrumentation amplifier. For ground refer-
enced signals with magnitudes less then 100 mV, the
NBYV pin should be biased with-1.8 Vo -25V. If
NBV is tied between -1.8 V and -2.5 V, the (Com-
mon Mode + Signal) input on AIN+ and AIN- must
stay between -0.150 V and 0.950 V to ensure prop-
er operation. Alternatively, NBV can be tied to
AGND where the input (Common Mode + Signal)
on AIN+ and AIN- must stay between 1.85 V and
2.65 V to ensure that the amplifier operates prop-
erly.

For the 1 V, 2.5V, and 5 V input ranges, the instru-
mentation amplifier is bypassed and the input sig-
nals are directly connected to the Programmable
Gain block. With NBV tied between -1.8 V and
-2.5 V, the (Common Mode + Signal) input on
AIN+and AIN- must stay between NBV and VA+.

AIN+ !

AIN- ~

/—F | Differential 4th
Programmable

Gain

CS5525 CS5526

Eh

Alternatively, NBV can be tied to AGND where
the input (Common Mode + Signal) on AIN+ and

AIN- pins can span the entire range between
AGND and VA+.

The C85525/26 can accominodate full scale ranges
other than 25 mV, 55 mV, 100 mV, 1 V, 2.5 V and
5V by performing a systemn calibration within the
limits specified. See the Calibration section for
more details. Another way to change the full scale
range is {0 increase or to decrease the voltage refer-
ence (o other than 2.5 V. See the Voltage Refer-
ence section for more details.

Three factors set the operating limits for the input
span. They include: instrumentation amplifier satu-
ration, modulator 1’s density, and a lower reference
voltage. When the 25 mV, 55 mV or 100 mV range
is selected, the input signal (including the common
mode voltage and the amplifier offset voltage)
must not cause the 20X amplifier to saturate in ei-
ther its input stage or output stage. To prevent sat-
uration the absolute voltages on AIN+ and AIN-
must stay within the limits specified (refer to the
‘Analog Input’ table on page 3). Additionally, the
differential output voltage of the amplifier must not
exceed 2.8 V. The equation

ABS(VIN+ VOS)x20=28V
defines the differential output limit, where
VIN = (AIN+) - (AIN-)

is the differential input voltage and VOS is the ab-
solute maximum offset voltage for the instrumenta-
tion amplifier (VOS will not exceed 40 mV). If the

VREF+ VREF-

I ]

A
|

k ‘ Digital Filter W

order delta- [~ |

sigma modulator | ‘\““P‘F"‘fﬁ“{]’*f

NBV o -

Figure 7. Block Diagram of Analog Signal Path
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Input Range(") Max. g;f;e;i';il?:igmp ut VREF Gain Factor D’?f'fi:;ﬁ:?;:‘ﬁ:;:” Mai-.zl:::ut
+25 my 2gy@ 2.5V 5 0.5V +0.75V
+55 mV agy @ 2.5V 2.272727... 1.1V +1.65V
£ 100 mv ogy @ 2.5V 1.25 £2.0V 30V
+1.0V - 2.5V 2.5 1.0V 1.5V
35V - 25V 1.0 £25V 5.0V
50V - 2.5V 0.5 50V 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-
ceeds 2.8 V, the amplifier may saturate, which will
cause a measurement error.

The input voltage into the modulator must not
cause the modulator to exceed a low of 20 percent
or a high of 80 percent 1's density. The nominal full
scale input span of the modulator (from 30 percent
to 70 percent 1's density) is determined by the

Note: Residual noise appears in the converter’s baseband for
output word rates greater than 60 Hz if CFS is logic 0. By set-
ting CFS 1o logic 1, the amplifier’s chop frequency chops at
32768 Hz eliningting the residual nolse, but increasing the
current. Note that C=48pF is for input current modeling only.
For physical input capacitance see ‘Input Capacirance’ spec-
ification under ‘Analog Characteristics” on page 3.

25mV, 55mV, and 100mV Ranges

VREF voltage divided by the Gain Factor. See Ta- AIN ' S ‘{’\i
. . . o o = C - 48 F
ble 3 to determine if the CS5525/26 are being used Y >_._T T P

properly. For example, in the 55 mV range to de-
termine the nominal input voltage to the modulator,
divide VREF (2.5 V) by the Gain Factor (2.2727).

When a smaller voltage reference is used, the re-
sulting code widths are smaller causing the con-
verter output codes to exhibit more changing codes

- -

Vo.<asmy |

0S8 ‘

= 1V, C u
CFS=0,f=256Hz
CFS=1,%= 32768 kHz

1V, 2.5V, and 5V Ranges

for a fixed amount of noise. Table 3 is based upon AN+ = -,

a VREF =2.5 V_For other values of VREF, the val- AIN-< - i C = 32pF
i bl t be scal ingly. .

ues in Table 3 must be scaled accordingly = V) - Va1 1C

Figure’s 8 and 9 illustrate the input models for the f= 92 768 kHz

AIN and VREF pins. The dynamic input current for
each of the pins can be determined from the models
shown and is dependent upon the setting of the CFS

Figure 8. Input models for AIN+ and AIN- pins

VREF+o———

(Chop Frequency Select) bit. The effective input VREF-o— —:\’ (. 165’?

tmpedance for the AIN+ and AIN- pins remains _ ~

constant for the three low level measurement rang- n = [(VREF+) - (VREF-)JfC
f=32.768 kHz

es (25mV, 55 mV, and 100 mV). The input current
is lowest with the CFS bit cleared to logic 0.

Figure 9. Input model for VREF+ and VREF- pins.

DS202F3
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Charge Pump Drive

The CPD (Charge Pump Drive) pin of the convert-
ers can be used with external components (shown
in Figure 1) to develop an appropriate negative bias
voltage for the NBV pin. When CPD is used to gen-
erate the NBV, the NBV voltage is regulated with
an internal regulator loop referenced to VA+.
Therefore, any change on V A+ results in a propor-
tional change on NBV. With VA+ =5V, NBV’s
regulation is set proportional to VA+ at approxi-
mately -2.1 V.,

Figure 3 illustrates a means of supplying NBV volt-
age from a -5 V supply. For ground based signals
with the instrumentation amplifier engaged (when
in the 25mV, 55mV, or 100mV ranges), the voltage
on the NBV pin should at no time be less negative
than -1.8 V or more negative than -2.5 V. To pre-
vent excessive voltage stress to the chip the NBV
voltage should not be more negative than -3.0 V.

The components in Figure 1 are the preferred com-
ponents for the CPD filter. However, smaller ca-
pacitors can be used with acceptable results. The
10 uF ensures very low ripple on NBV. Intrinsic
safety requirements prohibit the use of electrolytic
capacitors. In this case, two 0.47 uF ceramic capac-
itors in parallel can be used.

The CPD pin itself is a tri-state output and enters
tri-state whenever the converters are placed into the
Sleep Mode, Standby Mode, or when the charge
pump is disabled (when the Pump Disable bit, bit
D8 in the configuration register, is set). Once in tri-
state, the digital current can increase if this CPD
output floats near 1/2 digital supply. To ensure the
CPD pin stays near ground and to minimize the
digital current, add a SM£Q resistor between it and
DGND (see Figure 1). if the resistor is left out, the
digital supply current may increase from 2 pA to 10
HA.

CS5525 CS5526

SRR R RS e R s R R R

Voltage Reference

The C85525/26 are specified for operation with a
2.5 V reference voltage between the VREF+ and
VREF- pins of the devices. For a single-ended ref-
erence voltage, such as the LT1019-2.5, the refer-
ence’s output is connected to the VREF+ pin of the
(CS§5525/26. The ground reference for the LT1019-
2.5 is connected to the VREF- pin.

The differential voltage between the VREF+ and
VREF- can be any voltage from 1.0 Vupto 3.0V,
however, the VREF- pin can not go below analog
ground.

Calibration

The CS5525/26 offer five different calibration
functions including self calibration and system cal-
ibration. However, after the CS5525/26 are reset,
they can perform measurements without being cal-
ibrated. In this case, the converters will utilize the
initialized values of the on-chip registers (Gain =
1.0, Offset = 0.0) to calculate output words for the
+100 mV range. Any initial offset and gain errors
in the internal circuitry of the chips will remain.

The gain and offset registers, which are used for
both self and system calibration, are used to set the
zero and full-scale points of the converter’s transfer
function. One LSB in the offset register is 2724 pro-
portion of the input span (bipolar span is 2 times the
unipolar span). The MSB in the offset register de-
termines if the offset to be trimmed is positive or
negative {0 positive, 1 negative). The converters
can typically trim %50 percent of the input span.
The gain register spans from 0 to (2 - 2723%). The
decimal equivalent meaning of the gain register is

2

N
R O R N
i=0

where the binary numbers have a value of either
zero or one (by corresponds to the MSB). Refer to
Table 4 for details.

16
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Offset Register
MSB LSB
Register ‘ Sign | 52 l 23 I o4 | 25 1 26 z 219 I 520 [ 521 | 922 | 223 | 224 |
Reset (R) D 0 0 0 0 o 0 0 0 0 D 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 \ LSB
Register l 50 ‘ o1 ‘ 52 I -3 ‘ o4 | o5 Iz 218 ‘ 5-19 [ 520 | 021 i 522 [ 523 ‘
Reset (R) 1 0 0 0 0 o 0 0 0 0 0 0

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

Table 4. Offset and Gain Registers

The offset and gain calibration steps each take one
conversion cycle to complete. At the end of the cal-
ibration step, the calibration control bits will be set
back to logic 0, and the DF (Done Flag) bit will be
set to a logic 1. For the combination self-calibra-
tion (CC2-CCO=011; offset followed by gain), the
calibration will take two conversion cycles to com-
plete and will set the DF bit after the gain calibra-
tion is completed. The DF bit will be cleared any
time the data register, the offset register, the gain
register, or the setup register is read. Reading the
configuration register alone will not clear the DF
bit.

Self Calibration

The CS5525/26 offer both self offset and self gain
calibrations. For the self-calibration of offset in the
25mV, 55 mV, and 100 mv ranges, the converter
internally ties the inputs of the instrumentation am-
plifier together and routes them to the AIN- pin as
shown in Figure 10. For proper self-calibration of
offset to occur in the 25 mV, 35 mV, and 100 mV
ranges, the AIN- pin must be at the proper com-
mon-mode-voltage (i.e. AIN- = 0V, NBV must be
between -1.8 V to -2.5 V). For self-calibration of
offsetinthe 1.0V, 2.5V, and 5 V ranges, the inputs

of the modulator are connected together and then
routed to the VREF- pin as shown in Figure 11.

For self-calibration of gain, the differential inputs
of the modulator are connected to VREF+ and

S

OPEN
AlNs §—eTe— N e 1| 5
§ x20 > !

2 :
CLOSED T

AIN-y— 7 - #

S

Figure 10. Self Calibration of Offset (Low Ranges).

 oPeN
AN+ < - - \\—\ i\“kfﬂf—*f +
A
¥20 P 8%‘
AIN- g e —i /‘oé S S
N N
wee | o N
B 54
A CLGSED

Figure 11. Self Calibration of Offset (High Ranges).
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Figure 12. Self Calibration of Gain (All Ranges).

VREF- as shown in Figure 12. 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
the lack of an accurate full scale voltage internal to
the chips. The 2.5 V range is an exception because
the external reference voltage is 2.5 V nominal and
is used as the full scale voltage. In addition, when
self-calibration of gain is performed in the 25 mV,
55 mV, and 100 mV input ranges, the instrumenta-
tion amplifier’s gain is not calibrated. These two
factors can leave the converters with a gain error of
up to +20% after self-calibration of gain. There-
fore, a system gain is required to get better accura-
cy, except for the 2.5 V range.

System Calibration

For the system calibration functions, the user must
supply the converters calibration signals which rep-
resent ground and full scale. When a system offset
calibration is performed, a ground reference signal
must be applied to the converter. See Figures 13
and 14. As shown in Figures 15 and 16, the user
must input a signal representing the positive full
scale point to perform a system gain calibration. In
either case, the calibration signals must be within
the specified calibration limits for each specific
calibration step (refer to the System Calibration
Specifications).

it T R L S e

CS5525 CS5526

Exteral -
Connections N i
ANy 5
’l M
ov (1) Coxe > |
AIN- P ;

CM "ftgl‘
i —

Figure 13. System Calibration of Offset (Low Ranges).

External
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o

—
AIN+

VL)

— —

i AIN-
cM (i\ L

A

Figure 14. System Calibration of Offset (High Ranges).
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Figure 15. System Calibration of Gain (Low Ranges)
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Figure 16. System Calibration of Gain (High Ranges).
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Assuming a system can provide two known voltag-
es, equations can allow the user to manually com-
pute the calibration register’s values based on two
uncalibrated conversions. The offset and gain cali-
bration registers are used to adjust a typical conver-
sion as follows:

Rc = (Ru + Co>>4) * Cg /223,
Calibration can be performed using the following
equations:

Co = (Rel/G - Ru0) << 4
Cg=28+G
where G = (Rc1 - Re0)/(Rul-Ru0).

Note: Uncalibrated conversions imply that the gain and offset
registers are at default {gain register = Ox800000 (Hex) and
offset register = 0xG00000 (Hex}].

The variables are detined below.

V0 = First calibration voliage

V1 = Second calibration voltage (greater than V0)

Ru = Result of any uncalibrated conversion

Rul = Result of uncalibrated conversion V0
(20-bit integer or 2’s complement)

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

Rc = Result of any conversion

Rc0 = Desired calibration result of converting V0
{20-kit integer or 2's complement)

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

Co = Offset calibration register value (24-biz 2’s
complement)

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

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

<< = The shift left operator (e.g. 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 calenlations shown. For the
C85525 all conversion resulis (Ru, Re...) are 16 bits instead

CS5525 CS5526
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of 20 bits. To get the equations to work correctly pad the [6
bit results with four zeros fon the right).

Calibration Tips

Calibration steps are performed at the output word
rate selected by the WR2-WRO bits of the configu-
ration register. 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 devices, the user should wait for each calibra-
tion step to be completed before reading or writing
to the serial port.

For maximum accuracy, calibrations should be per-
formed for offset and gain for each gain setting (se-
lected by changing the G2-GO bits of the
configuration register). And if factory calibration is
performed using the system calibration 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 uploaded into the offset and gain
registers of the converters when power is first ap-
plied to the system, or when the gain range is
changed.

Two final tips include two ways to determine when
calibration is complete: 1) wait for SDO to fall. It
falls to logic O if the PF (Port Flag) bit of the con-
figuration register is set to logic 1; or 2) poll the DF
(Done Flag) bit in the configuration register which
is set at completion of calibration. Whichever
method is used, the calibration control bits (CC2-
CC0) will return to logic 0 upon completion of any
calibration.

Limitations in Calibration Range

System calibration can be limited by signal head-
room in the analog signal path inside the chip as
discussed under the Analog Input section of this
data sheet. System calibration can also be limited
by the intrinsic gain errors of the instrumentation
amplifier and the modulator. For gain calibrations

DS202F3
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the input signal can be reduced to the point in
which the gain register reaches its upper limit of 2.0
{(decimal) [FFFFFF Hex] (this is most likely to oc-
cur with an input signal approximately 1/2 the
nominal range). Alternatively, the input signal can
be increased to a point in which the modulator
reaches its one’s density upper limit of 80% (this is
most likely to occur with an input signal approxi-
mately 1.5 times the nominal range). Also, for full
scale inputs larger than the nominal full scale value
of the range selected, there is some voltage at
which the various internal circuits may saturate due
to limited amplifier headroom (this is most likely to
occur on the 100 mV range setting when NBV = -
1.8 V).

Analog Output Latch Pins

The A3-A0 pins of the converters mimic the D23-
D20 bits of the configuration register. A3-A0 can
be used to control multiplexers and other logic
functions outside the converter. The outputs can
sink or source at least 1 mA, but it is recommended
to limit drive currents to less than 2 Q1A to reduce
self-heating of the chip. These outputs are powered
from VA+, hence, their output voltage for a logic 1
will be limited to the VA+ voltage.

Serial Port Interface

The CS5525/26 serial interface consist of four pins,
SCLK, SDO, SDI, and CS. The CS pin must be
held low (logic 0) before SCLK transitions can be
recognized by the port logic. The SDO output will
be held at high impedance any time CS is a logic 1.

If the CS pin is tied low, the port can function as a
three wire interface.

The SCLK input is designed with a Schmitt-trigger
input to allow an optoisolator with slower rise and
fall times to directly drive the pin.

The SDO output is capable of sinking or sourcing
up to 5 mA to directly drive an optoisolator LED.
SDO will have less than a 400 mV loss in the drive

voltage when sinking or sourcin g SmA.,

CS5525 CS5526
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Serial Port Initialization

The serial port is initialized to the command mode
whenever a power-on reset is performed inside the
converter, when the port initialization sequence is
completed, or whenever a command byte, data
word sequence is completed. The port initialization
sequence involves clocking 15 (or more} bytes of
all I's, followed by one byte with the following bit
contents (11111110). This sequence places the
chips in the command mode where it waits for a
valid command.

Performing Conversions (With PF bit = 0)

Setting the SC (Single Conversion) bit of the com-
mand word to a logic 1 with the CB bit= 1, all other
command bits = (), the CS5525/CS5526 will per-
form one conversion. Atthe completion of the con-
version the DF (Done Flag) bit of the configuration
register will be set to a logic 1. The user can read
the configuration register to determine if the DF bit
is set. If DF has been set, a command can be issued
to read the conversion data register to obtain the
conversion data word. The DF bit of the configu-
ration register will be cleared to logic 0 when the
data register, the gain register, the offset register, or
the set-up registers are read. Reading only the con-
figuration register will not clear the DF flag bit.

If an SC command is issued to the converters while
they are performing a conversion, the filter will re-
start a convolution cycle to perform a new conver-
sion.

Performing Conversions (With PF bit = 1)

Setting the PF bit of the configuration register to a
logic 1 enables the SDO output pin to behave as a
flag signal whenever conversions are completed.
This eliminates the need for the user to read the DF
flag bit of the configuration register to determine if
the conversion data word is available.

If the SC (Single Conversion) command is issued
(SC = I, CB= 1, all other comr_nand bits = 0) the
SDO pin will go low at the completion of a conver-

20
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sion. The user would then issue 8 SCLKs (with
SDI =logic 0) to clear the SDO flag. Upon the fall-
ing edge of the 8th SCLK, the SDO pin will present
the first bit (MSB) of the conversion word. 24
SCLKs (high, then low) are required to read the
conversion word from the port. The user must not
give an explicit command to read the conversion
data register when the PF bit is set to logic 1. The
data conversion word must be read before a new
command can be entered (if the SC command is
used with PF =1).

If the CC (Continuous Conversion) command is is-
sued (CC = 1, CB =1, all other command bits = ()
the SDO pin will go low at the completion of a con-
version, The user would then 1ssue 8 SCLKs (with
SDI = logic 0) to clear the SDO flag. Upon the fali-
ing edge of the 8th SCLK, the SDO pin will present
the first bit (MSB) of the conversion word. 24
SCLKs (high, then low) are required to read the
conversion word from the port. The user must not
give an explicit command to read the conversion
data register when the PF bitis set to logic 1. When
operating in the continuous conversion mode, the
user need not read every conversion. If the user
does nothing after SDO falls, SDO will rise one
XIN clock cycle before the next conversion word is
available and then fall again to signal that another
conversion word 1s available. If the user begins to
clear the SDO flag and read the conversion data,
this action must be finished before the conversion
cycle which is occurring in the background 1s com-
plete if the user wants to be able to read the new
conversion data.

To exit the continucus conversion mode, issue any
valid command to the SDI input when the SDO flag
fails. If a CC command is issued to the converter
while it is performing a conversion, the filter will
restart a convolution cycle to perform a new con-
Version.

A S R R A R
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Output Word Rate Selection

The WR2-WRO bits of the configuration register
set the output conversion word rate of the convert-
ers as shown in Table 2. The word rates indicated
in the table assume a master clock of 32.768 kHz.
Upon reset the converters are set to operate with an
output word rate of 15.0 Hz.

Clock Generator

The CS5525/26 include a gate which can be con-
nected with an external crystal to provide the master
clock for the chips. They are designed to operate us-
ing a low-cost 32.768 kHz “tuning fork” type crys-
tal. The 32.768 kHz crystal should be connected as
shown in Figure 18. Lead lengths should be mini-
mized to reduce stray capacitance.

The converters will operate with an external
{CMOS compatible) clock with frequencies up to
three times the typical crystal frequency of 32,768
kHz. Figure 17 details the converter’s performance
at increased clock rates.

Performance Vs Clock Rate

10
2 o - T
3 a0 e
a0 4 ‘ -
1 1.5 2 3

XIN {x 32.768 kHz)

Figure 17. High Speed Clock Performance

The 32.768 kHz crystal is normally specified as a
time-keeping crystal with tight specifications for
both initial frequency and for drift over temperature.
To maintain excellent frequency stability, these
crystals are specified only over limited operating
temperature ranges (i.e. -10 °C to +60 °C). However,
applications with the CS55525/26 don’t generally re-
quire such tight tolerances. When 32.768 kHz tuning
fork crystals are used, it is recommended that protec-
fion components, an external resistor and capacitor
as shown in Figure 18, be used.

DS202F3
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CS55525 .
= ;
C§5526 32.768 kHz
XIN

Figure 18, Tuning Fork Crystal Connection Diagram

Digital Filter

The CS85525/26 have eight different linear phase
digital filters which set the output word rates
(OWRs) as stated in Table 2. These rates assume
that XIN 1s 32.768 kHz. Each of the filters has a
magnitude response similar to that shown in Figure
15. 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 Hz.

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
1s increased to 64.536 kHz the OWR doubles and
the filter’s corner frequency moves to 25.4 Hz,

Output Coding

The C§5525/26 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

i far OWR = 15.0Hz .
. =475 Hz :

f,= 655 Hz

fia = XIN/

Attenuation (dB)

-120
-130

0%25;56.':'891D1(112131:415
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 O and the two flag bits.

The OF (Overrange Flag) bit is set to a logic 1 any
time the mput 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 | any
time that an oscillatory condition is detected in the
modulator. This does not occur under normal oper-
ating conditions, but may occur whenever the input

Output Conversion Data CS5525 (16 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[14[13112|11|10|9[3]7|6|5|4|3|2|1{LSB|1|1|1\1|0[0\ODEOF|

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

MsB[ 18 |17 (16 (161413 [12[11[ic][e[8[7[6[5]43][2][1]LSB] 00 [OD[OF]

Table 5, Data Conversion Word
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CS§5525 16-Bit Output Coding

CS5525 CS5526

CS5526 20-Bit Output Coding

| Unipolar Input | Offset Bipolar Input Two's Unipolar Input IOffset Bipoiar Input Two's
Voltage Binary Voltage Complement Voltage Binary Voltage Complement

>(VFS-1.5L8B)| FFFF | >(VFS-1.5 LSB) 7FFF >(VFS8-1.5 LSB) | FFFFF] >(VF5-1.5 L.SB) 7FFFF
i FFFF 7FFF FFFFF 7FFFF

VFS-1.5188B | - VFS1518B ) - VFS-15L8B | ----- VFS-151L8B | -
FFFE 7FFE FFFFE 7FFFE
: 8000 0000 BOOOO 00000

CVFS/2-05L8B | - 0588 | - VFS/2-05L8B | ---- -0.5 L8B
‘ 7FFF FFFF ' 7FFFF FFFFF
0001 BOO1 00001 i BOO0O1

+Q5L8B | - VFS+0.5L8B - +0.5L8B | - -VFS+05L8B | -
0000 i §000 00000 BQ0DOO
<(+0.5LSB) | 0000 | <(-VFS+0.5 LSB) 5000 <(+0.5LSB) | 00000 | <{-VF5+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.

to the converters is extremely overranged. If the OD
bit is set, the conversion data bits can be completely
erroneous. The OD flag bit will be cleared to logic
when the modulator becomes stable. Table 6 illus-
trates the output coding for the CS5525/26.

Power Consumption

The CS85525/26 accommodate four power con-
sumption modes: normal, low power, standby, and
sleep. The normal mode, the default mode, is en-
tered after a power-on-reset and typically con-
sumes 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 performance improves
with increased power consumption, slightly de-
graded noise or linearity performance should be ex-
pected in the low power mode. The final two modes
are referred to as the power save modes. They pow-
er 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 particular
power save mode entered depends on state of bit
D4 (the Power Save Select bit} in the configuration
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 oscillator, approximately a 500ms os-
cillator start-up delay period is required before re-
turning to the normal or low power mode.

PCB Layout

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

DS202F3
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PIN DESCRIPTIONS
. e
ANALOG GROUND AGND [11 20 | VREF+ VOLTAGE REFERENCE INPUT
POSITIVE ANALOG POWER VA+ [12 19 |1 VREF- VOLTAGE REFERENCE INPUT
DIFFERENT!AL ANALOG INPUT  AIN+ |3 18 €S  CHIP SELECT
DIFFERENTIAL ANALOG INPUT  AIN- j 4 17 E SDI  SERIAL DATA INPUT
NEGATIVE BIAS VOLTAGE NBV .5 16 T A3 LOGIC QUTPUT
LOGIC OUTPUT AD 6 15 A2 LOGIC QUTPUT
LOGIC OUTPUT A1 [7 14 1SDO  SERIAL DATA QUTPUT
CHARGE PUMPDRIVE  CPD [|8 13 /vD+ POSITIVE DIGITAL POWER
CRYSTAL IN XIN [|9 12 |' DGND DIGITAL GROUND

CRYSTALOUT Xout |10 1 1J: SCLK SERIAL CLOCKINPUT

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 Pins and Serial Data I/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.

A0, A1, A2, A3 - Logic Outputs, Pin 6, 7, 15, 16.

The logic states of A0-A3 mimic the states of the D20-D23 bits of the configuration register.
Logic Output 0 = AGND, and Logic Qutput 1 = VA+.
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Measurement and Reference Inputs

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.

NBYV - 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 tow 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 L.SBs.

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.

ORDERING GUIDE

Model Number Linearity Error (Max) Temperature Range Package
CS55525-AP +0.003% -40°C to +85°C 20-pin 0.3" Plastic DIP
CS55525-AS +0.003% -40°C to +85°C 20-pin 0.2" Plastic SSOP
CS5526-BP +0.0015% -40°C to +85°C 20-pin 0.3" Plastic DIP
CS55526-BS 10.0015% -40°C to +85°C 20-pin 0.2" Plastic SSOP

SPI™ is a trademark of Motorola Inc., Microwire™ is a trademark of National Semiconductor Corp.
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CS5525 CS5526

SEATING L 3A \‘7‘# o ke g
TOP VIEW PLANE am L il
} f 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
b1 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 0.280 6.10 6.60
e 0.085 0.105 2.41 2.67
eA 0.300 0.325 7.62 B.25
L 0.125 0.150 3.18 3.81
oo 0 15° o° 15°
Notes: 1. Positional tolerance of leads shall be within 0 .25mm (0. 010in.) at maximum material condition, in
relation to seating plane and each cther.
2. Dimension eA to center of leads when formed parallel.
3. Dimension E does not inciude mold flash.
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20 PIN SSOP PACKAGE DRAWING

DA T

1l
\\ h \o\_+ i \
%Dﬂﬂﬁ%ﬁﬂﬂf MI\ ﬁiﬁ ﬁL

e -J -+ END VIEW
SEATING

o 3 SIDE VIEW PLANE
TRt

m

TOP ViEW
INCHES MILLIMETERS NOTE
DIV MIN MAX MIN MAX
A -- 0.084 -- 213
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
E1 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
o 0° 8° 0° 8°

Notes: 1. “D”and “E1” are reference datums and do not included motd 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 0.0 7mm at least material condition.

3. These dimensions apply to the flat section of the lead between 0.10 a nd 0.25mm from lead tips.
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Contacting Cirrus Logic Support

For all praguct questiens and inquiries contacta Cirrus Lagic Sales Representative.
To find one nearest you go to www.cirrus.com

IMPORTANT NOTICE

Cirrus Logic, Inc. and fls subsidiaries ("Cirrus"} believe thal the information contained in this document is accurate and relizble, However, the information is subject
to change without natice and is provided "AS IS* without warranly of any kind {express or implied). Customers are advised lo obtain the latest version of relevant
informalticn to verity, belore placing orders, that information being relied on is current and complete. All products are sold siject 10 the terms and conditions of sale
supplied at the time of order acknowiedgment, incluging those perlaining to warranty, palen! infringement, and limitation of liability. No responsioility is assumed by
Cirrus for the use of thisinformation, 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 dozument is the property of Cirrus and by furnishing this information, Cirrus grants no license, express or implied under any patents, mask work
rights, copyrights, lrademarks, trade secrets or other intellectual property rights. Cirrus owns the copyrights associated wilh the inlormation conlained hergin and
gives consent for copiestobe made of the infosmation only for use within yaur organization with respect 1o Cirrus integrated circuits or other products of Cirrus. This
consent does not exlend to other copying such as copying for general distribution, advertising or promotional purposes, or for ceating any work for resala.

An exporl permit needs o ba obtained from the competent authorities of the Japanese Government if any of the products or techndogies described in this material
and controlled under the "Foreign Exchange and Foreign Trade Law" is lo be expored or taken out of Japan. An export license andier quota needs to be obtained
from the compelent authorities of the Chinese Govemment if any of the products or technologies described in this material is subject to the PAC Foreign Trade Law
and is fo be exported or taken oul of the PRC.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSCNAL 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, LIFE SUPPORT PRODUCTS OR OTHER
CRIT:CAL APPLICATIONS {INCLUDING MEDICAL DEVICES, AIRCRAFT SYSTEMS OR COMPONENTS AND PERSONAL OR AUTOMOTIVE SAFETY OR SE-
CURITY DEVICES). INCLUSION OF CIRRUS PRODUCTSIN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER'S RISK AND CIR-
RUS DISCLAIMS AND MAKES NO WARRANTY, EXPRESS, STATUTORY OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR PARTICULAR PURPOSE, WITH REGARD TC ANY CIRRUS PRODUCT THAT 15 USED IN SUGH A MANNER. IF THE CUSTOMER OR
CUSTOMER'S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUGTS IN CRITICAL APPLICATIONS, CUSTOMER AGREES, BY SUCH USE, TO
FULLY INDEMMNIFY CIRRUS. ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUD-
ING ATTORNEYS' FEES AND COSTS, THAT MAY RESULT FROM OR ARISE IN CONNECTION WITH THESE USES.

Cirus Logic, Cirrus, and the Cirrus Logic loge designs aretrademarks of Girrus Logic, Inc. All other brand and product namesin this document may be trademarks
or service marks of their respeclive owners.
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