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REVISION HISTORY
REV DESCRIPTION DATE | APPROVAL
3 Tnitial design Jun23'07
+5V +5V +5V
+4.096VR
+5V  cg5
R86 R87 0.1uF R92  PP42
100K 100K 200K EXTCAL RL
12.0K 0.1% cs2 5.1V
U32A R2 0.1uF
R88 3 TLC393 12.0K 0.1% PP1
10K + 1 SEXTCAL THPOS u16
o2 |- vV LTC2484
R5 °
R93 100 3]
e R0 499 @ THPOS Thermistor drive is voltage from a resistor. There is less V/degC variation this way THPOS 6——AAN 4 Jne spo #SDOL o
than if drive is constant current or constant voltage. Choose a resistor value near the < sscrﬁ 9 : Z&Sllfg
cs4 4 THNEG thermistor resistance at midrange temp (12K for 10C-75C). Split the resistance so that ~ THNEG &—AAN S iN- Cs [-E—eCs1 5
6 1uF R3 noise pickup matches for common mode rejection. R6 (]
12,0 0.1% PICKIP J 100 100F A/D for
Thermistor
R91 PP2 1
100K THNEG c3 cq HHO9VR
R4 ——0.1uF ——0.1uF
12.0K 0.1%
J4 R84 +5.1V  cg
hi 0.0hm, not installed 0.1uF Two di - ENEG > c Sample time > 13RC -- to fully charge with a single sample LTC2484 A/D has easier drive requirements than LTC2400.
Latch is wo diff amps: (ST OS'SSINNE ) - (BRVPOS-DRVNEG) Sample time < 0.IRC -- to accumulate average of many samples RC filter ok on input. H
toward uan g_lﬁ’jF Conversion time 150ms. With 0.1nA leakage on 0.1uF, droop is ImV/sec.  Input common mode range includes both rails.
edge of TPL PP3
board. SIG ADVAP
cl4 us R13 u28 R14 Ccs8  +5.1V
0.1uF PP6 AD8221BRZ 100 ADG1234YRUZ 200 usB R15 0lF @
Molex 70543-0110 VAPPOS + 7 R oSIC 9 5 ADB642 12.0K 0.1%
J1 R7 u7 o8 A\d
0 ohm, not installed 74HC4053 sie = | cio _ 4
Latch is 51V 1w T E SMPSIG ¢—10 10uF
toward #VAPPOS SIGPOS co FO-¢y |4 cis P <002
edge of oV cis SIGNEG BL W 0.1uF L emoSI 5
9 0.1uF ueD Bt X0y 9 escko s
board. . ADG1234YRUZ DRVPOS 6 6CS2 5
% Lifyv
Molex 70543-0109 UBA v 18 DRVNEG 4 12 0 ro_AV 14 -5.1V A/D for
ADG1234YRUZ 1>1_JFC
2 ~J 20 c23 +5.1V +5.1V c24 long accum c
PP12 A 0.1uF 0.1uF
o 3 . Jero swe 2 AV g +4.096VRO
7] ACCUM el L7 g"\m gwi 1) 0.1uF PP4
D c21 c25 WA TS us ADVAP
c20 3300pF PP 0.1uF V- EN AD8221BRZ u2c R19 c61  +5.1V
0.1uF 1] ADG1234YRUZ R20 0lF @
V'V 1 P2 12.0K 0.1%
R82 R29 SIGPOS
Pe—13
0 ohm, not installed 0 ohm, not installed u4B -5.1v POLARITY 5 ¢ VA 34
RELAY2+ RELAY1+ -1ov 6 | \AD8642 - SMPVAPe—LL
r17 bl |1 bl |1 SIGPOS o o
5 |+ . F—e
12.1K 5ppm 'q‘_ ] 'q‘_ ] DRVPOS & 74HC4053 53'33 1 la%%? s
K2 K1 DRVNEG ¢——3{ c1 % ScK [F—esck3 s
ok R Nl GEJU-2FL-Y-DCAS 5V o6 ADB642 or LTC6241HV coF O cy |4 Qv Cs [6—ecCs3 5
6 [7 506 [7 E DiluF o prIres B1 W 5.1V A/D for
. . VAPNEG 15 +5. C33 .
RELAY2 RELAY1L |? VAPPOS B0 O~ gy CaoE volts applied ]
R83 32 U9A ™3
0 ohm, not installed 0 ohm, not installed AD8642 VAPNEG Al }o_ 14 VAP +4.096VRO
A0 AY
@] VAPNEG u12 R23 PP5
vV c3s  +5.1V AD8221BRZ 100 ADSIGZ s1v
PP13 c31 0.1uF a9 u2D R24 ce4  +5.
RCAL 0.1uF 16 SwWe 0 *VAR ADG1234YRUZ 200 U118 R25 0.1uF
ADG1234YRUZ éT\ID gw% 1 12.0K 0.1%
latching relay: 1 C39 v N Cs7 SIG ¢—18-| u24
v 13 0.1uF 100pF 34
Omron G6JU-2FL-Y-DC4.5 9 | cao 51V 1| & SMPSIGZ @20 R26
Panasohic AGN210S4H 1uF LuF 11 . 12.0k0.1%
IN+  SDO [-L——#SDO4
; :gglzumuz ZERO s SDI [-——eMOSl 5
€21 €38 capacitors for o cas Qv 9 ¢scka 5
5. s cs4 5
measurement should be 8 07; 3300pF PP =
polypropylene for minimum ol z I I P4 AD8221 diff amp A/D for
dielectric absorption. AccUM ¢ SIGNEG Gain = 1+(49.4K/Rg) = 1 short accum B
oB +10V c7
. 10V
€21 €38 capacitors for LD86a2 0.1uF * S e
SIGNEG g
measurement values should DRVNEG ¢— o
closely match for common " volts apph'?_di integrator t~im$ to ADG1234YRUZ U3A
i i ce constant to ce capacitor accumulate
mode rejection. N o RS 3500pF N 1% c83 +5.1V
. conductivi ty resistivity resistance current char‘ge rate acc time i— 0.1uF
Polypropylene capacitors are tolerance +0.005us 0.005uS/cm 00Mohmcm 60Mohm  16.66667nA  7.576V/sec 264msec o +4 g
. min conductivity 0.01us/cm 100Mohmem 30Mohm 33.33333nA 15.15Vv/sec 132msec
scarce in SMT. Use thru-hole. perfect water 0.0549us/cm  18.2Mohmcm 5.46Mohm  183.1502nA  83.25V/sec 24.02msec Ei.,- 4
3300pF PP 1% performance spec max 5us/cm 0.2Mohmem 60Kohm 16.66667uA 7.576V/msec 264usec Cc12
P © raw water thresh max 35us/cm  28.57Kohmcm  8.5714Kohm  116.6667uA  53.03v/msec  37.7lusec 0.1uF
Panasonic: ECQ-P1H332FZW raw water target max 150us/cm  6.67Kohmcm 2Kohm 500uA  227.3v/msec 8.8usec
. . +5.1V ca3
Vishay: KP1830-233-011 O1uF PP1L S EE
DRVPOS -10v 9 eSCK5 B
R30 |6 ecsss B
10K
A/D for
+5.1V ca7 C44 +4.096VR DRVPOS cap temp
M4 M3 0.1uF 0.1uF R33 : R34 C46
0O 0 10K 100K 100pF
R31 R28
U15A 90.9K 30.1K
ol AD8642 Place U31 near €21 C38
O u14 to measure temperature
S PPY 74HC4053
ol c48 DRVREF+ v
R [m] 0.1uF I? Co xO¢y
1 PP10
Ols B1L W
ls) =0 15 DRVNEG
Is) 51V BO BY R35
0| 1 10K
. 2] % ;_O'AY 14 5[ QD8642 ™ A
51y + DRVNEG THIS DOCUMENT CONTAINS PROPRIETARY
R37 1V cag - INFORMATION THAT IS THE SOLE PROPERTY
12.0K 0.1% PP8 DRVLVL_ 5 ¢—2 swe 0.1uF R38 C50 OF HACH ULTRA ANALYTICS. RECEIPT OR ULTH Y EXCELLENCE IN
R36 DRVREF- N Swe Vi 100K 100pF POSSESSION DOES NOT ALLOW ANY RIGHTS PROCESS ANALYTICS
12.0K0.1% POLARITY 5 SWA  GND TO REPRODUCE, MANUFACTURE, DISCLOSE
- N v C51 ITS CONTENTS, USE OR SELL ANYTHING IT MAY aliforni
DRVOFE 5 0.1uF DESCRIBE WITHOUT THE WRITTEN 481 California Avenue, Grants Pass, OR 97526
M1 M2 - PERMISSION OF HACH ULTRA ANALYTICS. TITLE
32 U158
O [ooooool ADB642
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PP14
+3.3V XTALCLK

cK

PP19
+1.8V

+3.3V

R39

R40

R44
R41
R46
R42

+3.3V 21
ASV-27.000MHZ-EJ-T
R43
C53 5.1V 433V csq EN VDD 290
0.1uF 0.1uF ? GND  OUT
u17
74LVX3245
SCKL 5e———211p) BF Ao H———SCKL
Csl5¢——20{p; 55 A [4—eCsL
SCK2_ 5 —-—19 1 > A2 |FA———escK2
e e v Sl & a— 40
 5e—1{py AL H——e
Cs3 5——16 { g5 A5 [F8———ecCs3
soka Se—1Sfp g [L—esCie vk e
CS4 5— 14 {57 A7 FO———ecCsa
GND B squarewave PLL feedback
GND  AB rE——— from UV lamp UVCO div-by-64
02? UVCLK_ 5 UVCLKFB_5
PP28 PP31
s1v 33y PLL u2s uvco
cs9  +5.1V +3.3V ceo CD74HC4046A
0.1uUF 0.1uF I? R61 b oy Zzg 8‘3"“*
2K
2 pC1
PC2 PCIN
u18 1
74LVX3245 i_,PSB, [
UVCLK 5 ¢———211 By B ap [Fi———eUVCLK Res VCIN V€O
o o | el e
56— 15 A2 —o C1A
DRVLVL_5 ¢——18{ g3 A3 |FE———e@DRVLVL o6 ciB
POLARITYS. ——1l1py A4 —7—o;%LSAI\RITv o F vce Rz
o—161ps5 As FB—e T GND Rl
- c67
SCK5_5 ¢——151 g A6 |F———eSCKs
G e [ S & m— o e > B
GND _ .
GND A [Z——O0+33V
GND OE oﬂ—i&
Ce2 5V +33V ce3
0.1uF 0.1uF PP34 PP35
RLIPOS  RL2NEG
u23 [l
74LVX3245
RELAY1+0—:% B0 @< a0 3 #RL1POS
00 4
RELAY1. R RLINEG
g ssts R v— *
B3 A3
. ié B4 Ad e o GND1 GND2 GND3 GND4
RELAY2+ B5 A5 RL2POS
GND GND GND GND
P v R o
RELAY2- B7 A7 HLO SRL2NEG
GND
S e I%I
GND OE
PP36 PP37
RL2POS  RL2NEG
Test points -- three types of test points, identified by the value field
PP32 PP33 TP (test point) -- 0.040" plated hole with silkscreen and clearance for Components Corp TP105-01-02
410 4.1V TPD (test pad) -- probe contact point, 0.038" square metal pad with 0.052" square silkscreen
R65 u26 TPH (test probe hole) -- same as above with 0.025" hole in the middle of the square pad
200 AD1584BRTZ
+10V( VN _out 4.096VR
C69 z c70
2.2uF © 1uF
PP15 PP16 PP17 PP20 PP18
+10V +5.1C +5.1V +5V R68 +1.8C
10
R69 u27 [ ] [] u28
10 LT1761ES5-BYP MIC5205YMS
+10V O N ouTt 3 O+5.1V +5VO VIN vouT
cr2 a 0.0LuF cr1 c74 a
2.2uF +15uF 2.2uF EN = BYP
ADJ G BYP R71 g
316K
% (RFB) g7
internal ref 1.242V from Vout
internal ref 1.22V from 6ND ?gg Vout = 1.242V x (1+RG/RFB)
Vout = 122V x (1+RFB/RG) (R) 453K/10K for 1.804V
31.6K/10K for 5.0752V
PP23 PP24 PP25 PP26
-10v -5.1C 5.1V R75 +3.3C
10
R76 U29 L] u30
10 LT1964ES5-BYP MIC5205YM5
-10Vo- -IN -ouT 78 0-5.1v +5VO VIN  VOuT
cr7 o 0.01uF C80 o
2.2uF z c79 2.2uF EN = BYP
ADJ O BYP ‘3_| F[ +15uF < R78 ©
316K
é7 (RFB) g7

R80
10K
(RG)

internal ref 1.242V from Vout
Vout = 1.242V x (1+RG/RFB)
16.9K/10K for 3.341V

+33V cs5 +1.8V cs6 +33V c57
Q  oaF 0.1uF Q  oaF
|
1
IS u19
193 XC2C384-TQ144
27 000 141
VCCIlOo1l VCCIO2
000
2| vccior S>> vccios (02
9 VCCIO3 VCClo4
+3.3V VCCIO3
o HA—x
GSR o H—x
1o F—x
XTALCLK &———301 Gcko 1o H0—
UVCLK64 ——32{ 5ok
GCK2 110 |FA-l———@DRVOFF
1/0 |F-2———@DRVLVL
GTS0 /0 |FA3———@POLARITY
GTs1 1o [-4———eACCUM A/D timing
GTS2
GTS4 /0 F8———ZERO BitsyX controls the CPLD function by writing a code word to its
/0 |6———esmPvAP SPI port. These functions are TOC timing sequences for each range,
=351 cpRrsT 110 |FAL———eSMPSIG or Tet BitsyX do A/D timing (such as during initialization).
391 pGe /0 |8 ———esmPsIGZ
%;c??]gonverzwn ?per‘atwﬂ bﬁgms ﬁt the r'1s1|;g edge of CS or
88 19 AANA o nd falling edge of SCK, whichever happens is first. To prevent
e} e} RLIPOS 1K R47 early start of conversion, the CPLD holds SCK Hi to the LTC2484
% [} e} \AS #RLINEG 1K R48 until the end of a TOC sequence.
<92 | 2l AAN—RL2POS 1K R49 n
110 110 At the end of a TOC sequence, conversion is started by SCK Lo.
*—24{ o 110 FR2——— ANN—@RL2NEG 1K RS0 Conversion takes about 150ms.
UVCLKFB ¢——951 |10 e —23—0E><TCAL Because the CPLD must hold CS Lo to all LTC2484s while waiting for
%96 | 110 I/O the end of a TOC sequence, each SDO needs a buffer that is enabled
SCLK & 71 10 10 |25 ANAN .MISO 100 RSL by Cs from BitsyX to prevent contention. This can be done in the
CS_CLPD o 98 EOC_INT 100 R52 CPLD with a Togical mux to a single tristate output for MISO to the
— 110 110 V'V * B'It;y)é The Togical mux passes the SPI clock only to the selected
LTC2484.
SDO1e——100 {5 o (28—
SCK1 ¢—-10L 1 /5 110 FBL——— AAN—@SPAREL 100 R53 From BitsyX
cs1e——102{ 5 110 33— AAN—@SPARE2 100 RS54 SCK s normaHy Lo. CS is normally Hi.
CS_ADC1 ¢——103 | 34 AAN—TRIG on interrupt
- Vo Vo 100 RSS As?er‘t oneg%s Lo to se1§ct a LTC2484 . "
R 104 Pulse SCK times, read SDO on positive edges of ScK.
Sokr o105 | 19 I§8 L4l —  AAA—eUVCLK 100 RS6 FESeca A
106 ) 4.
Cs2 o o UVCLKS4 100 Rev Repeat for each LTC248
Cs_ADC2 ——1071 ;5 /0 [ ———————@UV64PLL From LTC2484s:
SDO output is enabled when CS is asserted Lo
SDO3 ¢—-110f /5 /o 44— e@TESTL CPLD 41 -- UVCLKIN ng data 1§ vﬂ1dble]Z-OOEStggte;ttheffal11?gﬁdge og f < .
—111 | 145 o DO is initially bi i after first falling edge o K, etc.
Sggg 112 s} s} 46 ¥E§§ CPLD 42 -- UVCLKM Ignore bit31 and bit30.
Ccs ADC3 110 110 TEST4 Bit29 is sign/overflow. oOverflow is indicated by Bit29=Bit28.
> o 113 110 l[e] | 48— o Bit28-0 is A/D conversion_value, two's complement s1gned integer.
Bit4-0 is 'noise bits' below the last significant bit
SDO4e——L14 1 /0 o (42—
SCKa 6——115 {5 110 _SH—ED% From CPLD: . ] ,
CS4—116 | state_1 -- wait for CS assert -- (CONVSTART=1 CONVDONE=1
CS_ADC4 ¢—-117 | :;g :;g 152 Asser; EOC_INT wh:‘1e CONVST?R‘sr and CONVDONE flags are set.
- CS and SCK pass thru to LTC2484s.
o 118 53 PP38 If in direct control mode then
SDOS 110 110 TESTL Bitsyx does at least one read from each LTC2484.
SCK5 ——-119 1 5 110 24— LTC2484 begins conversion at the end of read.
cs5e—1201 0 110 25— when direct control mode ends,
Cs_ADC5 ¢——1211 |5 110 AL . clear SONVDQNE ﬂtag1-— go Eg State_4.
not in direct control mode then
x-124 | |58 TEST1L. when BitsyX asserts CS Lo to any LTC2484
125 :;g :;g 59 clear CONVSTART flag -- go to State_.
126 o 1o 60 State_2 -- Count SCK pulses -- (CONVSTART= O CONVDONE=1)
128 61 PP39 For each LTC2484:
110 110 TEST2 Bitsyx selects one Lgc2484fby holding that CS Lo to CPLD.
CPLD counts rising edges of ScK.
429 1 5 1o 84— cs z3md SCK pass shru Eo LTC2484 until . . .
*430 1 0 110 86— on 31st rising edge of SCK, CPLD asserts WAIT flag.
1311 5 1o 88—« IF WAIT, chD1ho1dlsj cs Lg and SCK Hi ﬁo LTC2484.
%132 69 5 TEST2 itsyx reads Tast bit, then SCK Lo, then CS Hi to CPLD.
o o whendzﬂ%LTcZ:M WAIT flags are asserted
133 70 and all cs from Bitsyx are Hi,
110 110 PP40 clear CONVDONE flag -- go to State_3.
*1341 0 1o FA—x TEST3 state_3 -- wait for conversion trigger -- (CONVSTART=0 CONVDONE=0)
o 13o 110 110 4 BitsyX continues to hold CS Hi and SCK Lo to CPLD.
*x136 1 0 110 FB8—x on next TOC conversion trigger,
assert CONVSTART ﬂag(-— go to State_: 0
=137 | 26 State_4 -- Conversion -- (CONVSTART=1 CONVDONE=
%138 I;O I;O 17 % TEST3 BitsyX continues to hold CS Hi and SCK Lo to CPLD.
110 110 Clear all WAIT flags.
* 110 110 x CPLD asserts SCK Lo to all LTC2484s. Conversion begins.
x1401 0 1o FE—x PP41 CPLE con%'igues to hold €S Lo to all LTC24ﬁ4s to enable S[_)osa
2 TEST4 Each LTC2484 asserts its SDO Lo to CPLD when conversion is done.
%1421 o 1o 89— when all LTC2484s are done,
BSHDR 2mmRA 110 81— ’F assert CONVDONE flag -- go to State_1.
F— 65 | 82
™S | 1 T™S /10
6. _m
TDI| 2 TDI 110
1
Too| 3 DO TEST4,
ek | 4 671 ek o (85—
ano| 5 VCCAUX 1o 88—
vec| 6 110 HBI—<
£88228258855¢5
[CYCRORONORONORONORORU]
SIRCRRGRGEE
3 Tres TP5 Scope Trigger ~ ZERO (happens each half-cycle)
N (cycle DRVOFF LONGSHORT & POLARITY (happens each 2 cycles)
to select) SYNC64 & EVENODD & LONGSHORT & POLARITY
TRIG .
TOOLATE (happens when CPU misses an output from A/D)
gﬁﬁuﬂ trigger assert beginint  end int
to A/D inferrupt service service
| | |
SPAREL convstart — .
SPARE2 convdone —————————1 D
J3 PP22
STMM-110-02-G-D SPARE2
+10V0 1 2 CS_CLPD
-10V( 3 4 |——eCs_ADCL
izE 5 6 |——CS_ADC2
UVCLK 7 gl——ecs_ADc3
RESET & 9 10 #CS_ADC4
EOC_INT & 1 12 #CS_ADC5
MOS|¢———] 13 14 [———@SPAREL
MISO 15 16 SPARE2
SCLK 17 18 +5V
.a: 19 20 f—|I ™
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