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Water Recycling  Board

(REFERENCE ONLY) PCA :      1231424

Changelog:
REV A--Initial concept. PCB Q25076-001

(REFERENCE ONLY) BOM ITEMS:

LAYOUT FEATURES
MOUNTING HOLES

QUESTIONS TO ANSWER:

-2 VALVE DRIVERS. WANT A SPARE?
-2 PUMP DRIVERS. WANT A SPARE?
-CONFIRM VALVE CURRENTS 1A.

REV B--Change C120, C121 to 470pF.
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MH1 MH3

FIDUCIAL/A

PCB1 Q25076-001
MH2

SCHEMATIC1 Q26026-001

FIDUCIAL/A

MH4 MH5

FIRMWARE Q30098-001

FIDUCIAL/A
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CAN INTERFACE

JTAG

2 7  O h m  r e s i s t o r s  a r e  f r o m  t h e  e v a l u a t i o n  b o a r d  d e s i g n
h t t p : / / w w w . l u m i n a r y m i c r o . c o m / p r o d u c t s / d k - l m 3 s 9 b 9 6 . h t m l

Pin 7 - JTAG_RTCK
NO CONNECT

ELECTROSTATIC DISCHARGE PROTECTION
over operating free-air temperature range 
PARAMETER TEST CONDITIONS VALUE
IEC Contact Discharge IEC 61000-4-2 Bus terminals vs GND ±6 kV
Human Body Model JEDEC Standard 22,Test Method A114-C.01  Bus terminals vs GND ±8 kV 
                                                          All pins ±4 kV
Field-Induced-Charged Device Model JEDEC Standard 22,Test Method C101 All pins ±1.5 kV 
Machine Model ANSI/ESDS5.2-1996 ±200 V

DNI

GPIOS HAVE SCHMITT TRIGGER INPUTS
GPIO DEFAULT: PULLDOWN OFF, PULLUP OFF,
TRISTATED, INPUT.
ACCEPTABLE PRACTICE FOR UNUSED GPIOS IS NC.

MICROPROCESSOR

All GPIO pins are configured as GPIOs by
default with the exception of:
PA1:0 DEFAULTS TO UART0
PA5:2 DEFAULTS TO SSI0
PB3:2 DEFAULTS TO I2C0
PC3:0 DEFAULTS TO JTAG

MAXIM DS1816-10 3.3v RESET, 
OPEN DRAIN $.54
INTERNAL 5.5K PULLUP, 
SOT23 PACKAGE
produces a 150msec pulse.

NOT POPULATED

440uA max in

VREFA+ RANGE 2.4V to VDDA.

VREFA- RANGE 0V to 0.3V.

1 25

26

50

5175

76

100

TQFP100

BOARD REVISION BIT 0
BOARD REVISION BIT 1
BOARD REVISION BIT 2

BOARD REVISION BIT DECODER:
BIT        2    1    0
REV 0      0    0    0     GEN2 BOARD
REV 1      0    0    1     TBD BOARD
REV 2      0    1    0     TBD BOARD
REV 3      0    1    1

5V TOLERANT INPUTS EXCEPT PB0, PB1

A/D IS 12 BITS (MAX COUNT 4095)

CORE VOLTAGE
=1.2V+-10%

VDDA RANGE 2.97V to 3.63V.

GREEN
HEARTBEAT

YELLOW
CAN

FLASH 256KB
SRAM 32KB

$.37
+/-1% MAX

1.2V

3.0V

PULL DOWN TO ENABLE

PRODUCTION
DNI A JST PH SERIES SMT CONNECTOR

2MM PITCH STRAIGHT UP HEADER

RS-232 SERIAL PORT

DNIDNIDNI

PROTOTYPE
DNI

CAN1_P
CAN1_N

VDDC

HEARTBEAT_LED_TEL
CAN_LED_TEL

DEBUG_RX

DEBUG_TX

DEBUG_TX_OUT

DEBUG_RX_IN

FLASH_CS/

FLASH_WP/

FLASH_RX

FLASH_CLK

FLASH_TX

DEBUG_RX
DEBUG_TX

+5V

+3.3V

+3.3V +3.3V +3.3V

+3.3V

+3.3V

+3.3V

+5V

+5V

+3.3V

+3.3V

+3.3V

+3.3V

+3.3V

+3.3V

JTAG_RESET_IN 2

JTAG_TMS 2
JTAG_TCK 2

JTAG_TDI 2
JTAG_TDO 2

JTAG_TDO2

JTAG_TCK2
JTAG_TMS2
JTAG_TDI2

JTAG_RESET_IN 2

RECIRC_PUMP_CURRENT_FB5

RECIRC_PUMP_STATUS5

TANK_IN_TANK_FLOAT7
SOLUTION_TANK_FULL7

SPARE_LSIN 7

CAN_P 7
CAN_N 7

VALVE1_CURRENT_FB4

RESET_DRIVERS\ 4,5,6

PRIMING_PUMP_STATUS5

PRIMING_PUMP_CURRENT_FB5

PRIMING_PUMP_SPEED 5
CHEMPUMP_SPEED 5

CHEMPUMP_STATUS5
DETERGENT_LOW5

ACTUATOR_CURRENT_FEEDBACK6

ACTUATOR_STATUS6

ACT_CURRENT_SET 6

FILTER_LINE_PRESSURE_HIGH7

VALVE2_DRIVE 4

VALVE2_CURRENT_FB4 SPARE_LSIN_2 7

CHEMPUMP_CURRENT_FB5

ACTUATOR_MOTOR_SPEED 6
RECIRC_PUMP_SPEED 5

VALVE1_STATUS 4
VALVE2_STATUS 4

VALVE1_DRIVE 4
VALVE1_STROBE 4

VALVE2_STROBE 4

DUST_MOP_DOWN 7

CAPACITIVE_WATER_SWITCH7

VACUUM_SENSOR_ANALOG 7
ONBOARD_TANK_LEVEL_SENSOR 7
OFFBOARD_TANK_LEVEL_SENSOR 7

ACTUATOR_MOTOR_DIRECTION 6
ACTUATOR_ENABLE 6
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C176
0.047uF

X1 ABLS-16.000MHZ-B2-T

R59
15K
0.1%

C77

0.1uF

J2

JTAG
20021121-00010C4LF

1 2
3 4
5 6
7 8
9 10

C3 0.1uF

R11
100K

C30

0.1uF

FB1

300 Ohms

C11 0.1uF

R23

U2

AT45DB081D/SOIC_NARROWANDWIDE

VCC
6

GND
7

SCLK
2

SI
1

SO
8

RST
3

WP
5

CS
4

R208
62

TP1

R20

C85

0.1uF

C174 0.1uF

U1

DS1816R

RESET
1

G
N

D
3

V
C

C
2

U5

MAX3232

R1IN
13

R2OUT
9

GND
15

R1OUT
12

T1OUT
14C1+

1

C1-
3

C2+
4

C2-
5

V+
2

V-
6

VCC
16

T1IN
11

T2IN
10

T2OUT
7

R2IN
8

FB2
300 Ohms

C2 0.1uF

C16
0.01uF

C93
10uF
16V
CAPC2013X145NE_A

R12
1K

C20

0.022uF

C82

0.1uF

R4 121

C26
1uF

C21
0.1uF

D20GSOT05C
COM

3

2
A2

1
A1

C18 0.1uF

C49

2200pF

R207
62

FB3
300 Ohms

U3

AT45DB081E/SU

VCC
6

GND
7

SCLK
2

SI
1

SO
8

RST
3

WP
5

CS
4

C12

0.1uF

R15
10K

U36

SN65HVD1050D

TXD
1

G
N

D

2

V
C

C

3

RXD
4

VREF
5

CANL
6CANH
7

SILENT
8

R8 121

C78

0.1uF

R81
10K

C17 0.1uF

C79

6800pF

R24
100K

C69

0.1uF

C6

0.1uF

R16
10K

J1

DEBUG

1
2
3

4

5

R18
1K

R209
10K

C13

18pF

R6 27.4

C83
1uF

C32
1uF

U18

TPS73101
IN

1

G
N

D
2

EN
3

FB
4

OUT
5

R62

1K

C14

18pF

C33

0.1uF

R10 162

R17 121

R25

R13

1K

U4
74AHC1G125/SOT

OE
1

A
2

G
N

D
3

Y
4

V
C

C
5

R1 162

C4
0.1uF

R19
100K

R9

1K

U8

TM4C123BH6PZI

PA0/U0RX
26

PA1U0TX
27

PA2/SSI0CLK
28

PA3/SSI0FSS
29

PA4/SSI0RX
30

PA5/SSI0TX
31

PA6
34

PA7
35

PC3/TDO
82 PC2/TDI
83 PC1/TMS
84 PC0/TCK
85

PC7/U3TX
22 PC6/U3RX
23 PC5/U1TX/U1CTS/M0PWM7
24 PC4/U1RX/U1RTS/M0PWM6
25

PE0AIN3
15

PE1/AIN2
14

PE2/AIN1
13

PE3/AIN0
12

PE4/AIN9/I2C2SCL/M1PWM2
95

PE5/AIN8/I2C2SDA/M1PWM3
96

PE6/AIN21
89

PE7/AIN20
90

PG0
62

PG1
61

PG2/M1PWM0
60

PG3/M1PWM1
59

PG4/U2RX/M0PWM4
74

PG5/U2TX/M0PWM5
75

PG6/M0PWM6
87

PG7/M0PWM7
88

PJ0
68

PJ1
69

PJ2
11

PB0/U1RX
70

PB1/U1TX
71

PB2/I2C0SCL
72

PB3/I2C0SDA
73

CAN0RX/PB4/AIN10/M0PWM2
92

CAN0TX/PB5/AIN11/M0PWM3
91

PD0/AIN15/SSI1CLK
1

PD1/AIN14/SSI1FSS
2

PD2/AIN13/SSI1RX
3

PD3/AIN12/SSI1TX
4

PD4/AIN7
97

PD5/AIN6
98

PD6/AIN5
99

PD7/AIN4
100

CAN0RX/PF0/U1RTS/M1PWM4
40

PF1/U1CTS/M1PWM5
41

PF2/M1PWM6
42

CAN0TX/PF3/M1PWM7
43

PF4
39

PF5
37

PF6
36

PF7
58

PH0/AIN16/M0PWM0
16

PH1/AIN17/M0PWM1
17

PH2/AIN18/M0PWM2
18

PH3/AIN19/M0PWM3
19

PH4/SSI2CLK/M0PWM4
79

PH5/SSI2FSS/M0PWM5
78

PH6/SSI2RX/M0PWM6
77

PH7/SSI2TX/M0PWM7
76

PK0/SSI3CLK
49

PK1/SSI3FSS
48

PK2/SSI3RX
47

PK3/SSI3TX
46

RESET
63

OSC0
65

OSC1
66

XOSC1
54

XOSC0
52

GNDX
53

GND1
6

GND2
21

GND3
33

GND4
45

GND5
57

GND6
64

GND7
81

GND8
94

GNDA
10

VBAT
55

HIB
51

WAKE
50

VREFA+
8

VREFA-
9

VDDC1
38

VDD1
5

VDD2
20

VDD4
44VDD3
32

VDD5
56

VDD6
67

VDD7
80

VDD8
93

VDDA
7

VDDC2
86

LED2_Y1
LED

R14

R7 10k

R206 0 ohm

R65
10K
0.1%

R5
100K

LED1_G1
LED
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Power Supplies

+5V Supply

D2 PAK+3.3V Supply

0.25 AMP CAPABILITY

PART CURRENT LIMIT IS 600mA MIN
MAX DISSIPATION FOR 1 squinch 1OZ Cu AT 50C
is 2W per data sheet.
Results in 0.28 AMP CAPABILITY.

RECOMMENDED CRAMP = L x .00001

disable

+12V Supply

CALCULATED VALUE FOR 
Rfb1 IS ACTUALLY 8.8K
OHMS FOR EXACTLY 12V 
OUTPUT.

RT1 GIVES 299KHz
SWITCHING FREQUENCY

REVISED DESIGN 12-08-2016 WEBENCH
SPECIFICATIONS:
--INPUT VOLTAGE RANGE 18-42V
--MAXIMUM OUTPUT CURRENT 1.5A
--SWITCHING FREQUENCY 299KHzPOWER INPUT +24V

+5V +3.3V

+3.3V

+5V+12V

+12V

V_BATT4,5,6,7
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CBYP1
1uF

C98

1uF
25V

C5
0.1uF

C53

0.1uF

C156

0.1uF
100V

CBOOT1
0.022uF

RFB1
1K 1%

C87

0.1uF

RFB2
8.87K 1%

C168
1uF
100V

C97

0.1uF

C37

0.1uF

C1
10uF
16V
CAPC2013X145NE_A

C88
10uF
16V
CAPC2013X145NE_A

C52

0.1uF

C36

0.1uF

C7

1uF

C113
10uF
16V
CAPC2013X145NE_A

C80

0.1uF

C15
10uF
16V
CAPC2013X145NE_A

C25

0.1uF

RCOMP1 26.1K

C35

0.1uF

C50

0.1uF

D10

SCHOTTKY 2A 100V

B2100-13-F
A C

TP10

CSS1
0.01uF

C28
10uF
16V
CAPC2013X145NE_A

C150

0.1uF
100V

C81
10uF
16V
CAPC2013X145NE_A

C110
1uF
25V

C89
10uF
16V
CAPC2013X145NE_A

C114
10uF
16V
CAPC2013X145NE_A

C24

0.1uF

C151 2200pF
5% COG

TP3

TP23

L1

100uH 2.5A
C111

1uF

R191
100K

C145
1000pF

5% COG

C22

0.1uF

C167
1uF
100V

C108
1uF

C56

1uF
25V

C19

1uF

U10 LM2937ES-3.3/NOPB

INPUT
1

G
N

D
2

G
N

D
1

4

OUTPUT
3

RT1
20.5K

C109
1uF

U19 LM2937ESX-5.0/NOPB

INPUT
1

G
N

D
2

G
N

D
4

OUTPUT
3

U32

LM5575MH/NOPB

VCC
1

SD
2

Vin
3

SYNC
4

C
O

M
P

5
FB

6

R
T

7

RAMP
8

A
G

N
D

9
SS

10

OUT
11

P
G

N
D

12
IS

13

SW
14

PRE
15

BST
16

P
A

D
17

C23

0.1uF

C55

0.1uF
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NON-INVERTING
GAIN = 11.5
= 1 + R2/R1

20 mV
OFFSET

DESIGNED FOR
CONTINUOUS OPERATION
AT 1A CURRENT LIMIT.

THICK FILM
CURRENT SENSE
$.02 at DigikeyLMV321 INPUT OFFSET

VOLTAGE 9mV MAX.

CASSODAY CIRCUIT VALUES
R180 = 11.5K
R164 = 470
R185 = .04 OHMS 1 WATT.

RS1G
$.06 at Digikey

LOW SIDE DRIVERS
VALVES

NON-INVERTING
GAIN = 11.5
= 1 + R2/R1

20 mV
OFFSET

DESIGNED FOR
CONTINUOUS OPERATION
AT 1A CURRENT LIMIT.

THICK FILM
CURRENT SENSE
$.02 at DigikeyLMV321 INPUT OFFSET

VOLTAGE 9mV MAX.

CASSODAY CIRCUIT VALUES
R180 = 11.5K
R164 = 470
R185 = .04 OHMS 1 WATT.

RS1G
$.06 at Digikey

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

VALVE1_CURRENT_FB 2

V_BATT3,4,5,6,7

VALVE1_DRIVE2

VALVE1_STROBE2

VALVE1_LOW 7
VALVE1_STATUS 2

RESET_DRIVERS\2,4,5,6

VALVE2_CURRENT_FB 2

V_BATT3,4,5,6,7

VALVE2_DRIVE2

VALVE2_STROBE2

VALVE2_LOW 7
VALVE2_STATUS 2

RESET_DRIVERS\2,4,5,6

Title

Size Document Number Rev

Date: Sheet o f

Q26026-001 A

WATER RECYCLING BOARD

B

4 7Friday, January 06, 2017

Title

Size Document Number Rev

Date: Sheet o f

Q26026-001 A

WATER RECYCLING BOARD

B

4 7Friday, January 06, 2017

Title

Size Document Number Rev

Date: Sheet o f

Q26026-001 A

WATER RECYCLING BOARD

B

4 7Friday, January 06, 2017

R79
100K

R46
100K

-

+
U25

LMV331/SO

1
4

5

2

3
U12C

SN74HCT08D9

10
8

14

7

U13C

SN74HCT08D9

10
8

14

7

R80
100K

R157

0.2 ohms
0.5W
1%

R122 121

TP6

R124 121

R175 121

C41
0.01uF

TP16

D14

1A 400V
FR1G-13

R158

0.2 ohms
0.5W
1%

TP7

C118
0.01uF

D13

1A 400V
FR1G-13

-

+
U24

LMV331/SO

1
4

5

2

3

C119
0.01uF

R177 121

C47
100pF

TP17

R91 1M

C91
100pF

TP21

R36 10K

R39 10K

R92

10K

R94

10K

R93 1M

TP34

TP35

C61 0.1uF

C63

0.1uF

C73

0.1uF

C42 0.1uF

R121
10K

TP22

R40
121

C155
0.1uF
100V

R123
10K

C142
0.1uF
100V

U15B 74HCT74

CLK
11

C
LR

13

D
12 P

R
E

10

Q
9

V
C

C
14

G
N

D
7

Q
8

R78
121

R109
10K

C126 680pF

C101 0.1uF

U15A 74HCT74

CLK
3

C
LR

1

D
2 P

R
E

4

Q
5

V
C

C
14

G
N

D
7

Q
6

R56
10K

C128 680pF

R110
10K

C48
100pF

C102 0.1uF

R152
1K

1%

R153
1K

1%

R58
10K

C92
100pF

C125 0.1uF

R174
10K

R146

187

Q5

FDD24AN06L_F085

R147

187

C127 0.1uF

R132 10.5K
1%

R176
10K

Q4

FDD24AN06L_F085

C44
0.01uF

-

+
U31

LMV321/SO

1
4

5

2

3

R133 10.5K
1%

R142 47K

R45
100K

-

+
U30

LMV321/SO

1
4

5

2

3

R141 47K
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6.4A
CURRENT
LIMIT

A/ IS FALLING EDGE TRIGGER.
B IS RISING EDGE TRIGGER.

TIMEOUT IS 650uS

NON-INVERTING
GAIN = 11.5
= 1 + R2/R1

3A 100V
SCHOTTKY

ALTERNATES:
  INFINEON IRLS3036TRLPBF

2
0
0
 
M
I
L
 
W
I
D
T
H

A/ IS FALLING EDGE TRIGGER.
B IS RISING EDGE TRIGGER.

17 mV
OFFSET

TIMEOUT IS 650uS

NON-INVERTING
GAIN = 51
= 1 + R2/R1 2512 SIZE

60V  2.5mOHM @Vgs=5V
$1.19   logic level

PUMP IS EC WATER 
DIAPHRAGM PUMP.

LOW SIDE DRIVERS
PUMPS

"FLOAT SWITCH #5"

PUMP IS 1208721.

A/ IS FALLING EDGE TRIGGER.
B IS RISING EDGE TRIGGER.

20 mV
OFFSET

TIMEOUT IS 650uS

RS1G
$.06 at Digikey

NON-INVERTING
GAIN = 11.5
= 1 + R2/R1

DESIGNED FOR
CONTINUOUS OPERATION
AT 2A CURRENT LIMIT.

6.4A
CURRENT
LIMIT

2
0
0
 
M
I
L
 
W
I
D
T
H

2512 SIZE

PUMP IS EC WATER 
DIAPHRAGM PUMP.17 mV

OFFSET

3A 100V
SCHOTTKY

200 MIL WIDTH

200 MIL WIDTH

HC IS PREFERRED
OVER HCT.

PRIMING_PUMP_CURRENT LMT EXCEEDED/

RECIRC_PUMP CURRENT LMT EXCEEDED/

CHEM CURRENT LMT EXCEEDED

+5V

+5V

+5V
+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V
+5V

+5V

+5V

+5V

+5V

+5V

+3.3V

+5V

+5V
+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

RESET_DRIVERS\2,4,5,6

PRIMING_PUMP_STATUS 2

V_BATT3,4,5,6,7PRIMING_PUMP_SPEED2

PRIMING_PUMP_CURRENT_FB 2

RESET_DRIVERS\2,4,5,6

RECIRC_PUMP_STATUS 2

V_BATT3,4,5,6,7RECIRC_PUMP_SPEED2

RECIRC_PUMP_CURRENT_FB 2

PRIMING_PUMP_LOW 7

RECIRC_PUMP_LOW 7

DETERGENT_LOW 2

CHEMPUMP_CURRENT_FB 2

CHEMPUMP_STATUS 2

V_BATT3,4,5,6,7

CHEMPUMP_SPEED2

RESET_DRIVERS\2,4,5,6

CHEMPUMP_LOW 7

DETERG_LOW_SWITCH7
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TP25
R149 1K

1%

R33
10K

-

+
U28

LMV321/SO

1
4

5
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Bias circuitry lifts the 0A 
condition up to 0.35V, to  allow
us to read 0Amp conditions.

.35V OFFSET PLUS
250mV PER AMP.

Overcurrent Comparator

This circuit has about
25mV of hysteresis
(+-12.5mV) in it.

B e h a v i o r :
F I L T _ A C T U A T O R _ C U R _ R E F = 1 0 V * d u t y C y c l e

with dutyCycle between 0 a n d  1

2nd Order Low Pass
Filter w/ G=2 and 1kHz cutoff
(to be used w/ 33kHz PWM)

T h i s  i s  a  s e c o n d - o r d e r  L o w  P a s s  F i l t e r ,  w i t h  a  n o m i n a l  c u t o f f  f r e q u e n c y  o f  f c = 1 k H z .

T h e  t r a n s f e r  f u n c t i o n  o f  t h i s  c i r c u i t  i s :
H ( f ) = ( 2 * p i * f _ 0 ) ^ 2 / ( ( 2 * p i * i * f ) ^ 2 + ( 2 * p i * f _ 0 / q ) * ( 2 * p i * i * f ) + ( 2 * p i * f _ 0 ) ^ 2

w h e r e :
f _ 0  =  1 / ( 2 * p i * s q r t ( R a * R b * C a * C b ) )  =  1 0 0 0
q  =  s q r t ( R a * R b * C a * C b ) / ( C b * ( R a + R b ) )  =  1 / s q r t ( 2 )  ( f o r  a  B u t t e r w o r t h  F i l t e r )

S e e  p a g e  2  o f  A n d y  D o u c e t t e ' s  n o t e b o o k  D 4  f o r  t h e  c i r c u i t  a n a l y s i s  a n d  d e r r i v a t i o n .

I n p u t s :  v I n  -  t h e  i n p u t  v o l t a g e .   0 - v P o w e r  r a n g e  a c c e p t a b l e .   S h o u l d  b e  a  s o u r c e  o f  i m p e d a n c e  < <  1 1 . 3 k .

v P o w e r  -  a  3 - 1 5 . 5 V  i n p u t  v o l t a g e  t o  p o w e r  t h e  o p a m p .

O u t p u t s :
v O u t  -  t h e  o u t p u t  f i l t e r e d  v o l t a g e ,  w i t h  a n  a b s o l u t e  c u r r e n t  m a x i m u m  o f  + - 3 0 m A .   C a n  g o  u p  t o  8 5 %  o f  v P o w e r   u n d e r  a
h e a v i e r  l o a d  ( 1 . 2 k  t o  G N D )  a n d  u p  t o  9 6 %  o f  
v P o w e r  u n d e r  a  l i g h e r  l o a d  ( 4 k  t o  G N D ) .   M i n  v o l t a g e  i s  4 0 m V  o r  s o .

R e f e r e n c e :  h t t p : / / e n . w i k i p e d i a . o r g / w i k i / S a l l e n % E 2 % 8 0 % 9 3 K e y _ t o p o l o g y

Cb (both in parallel)

Ca

Changelog
(visible in digital form):

Rev B :
- Added Ground Tes t  P o i n t
- Powered Opamp w/ 12V instead of 5V to increase common mode input range.

- Added 200Ohm resistor and diode protection to output of peak detect circuits, to protect the micro fr o m  a  p o s s i b l e  1 2 V
s i g n a l .
- Added 100k pull down to desiredPWMActive to def a u l t  t o  o f f .
- Changed MOSFET driving structure to a simp l e  R - C  o n e .
-  R e n a m e d  c u r r e n t M e a s u r e 2 5 0 m V P e r A m p A  t o  c u r r e n t M e a s u r e 2 5 0 m V P e r A m p .
- Reversed Pin Numbers on Diodes used in the peak detect circuit and the voltage clamp on that circui t ' s  o u t p u t .
- Changed sharedEnable_ to enable5vLogic_ (to reflect that it's not share d  w i t h  e x t e r n a l  t h i n g s  l i k e  i n  t h e  h a l f  b r i d g e )
- Changed QPL Number (And MPN, Manufacturer, and Value) on all Q19024-005 part s  t o  Q 1 9 0 2 4 - 0 0 2 ,  t o  m a t c h  t h e  i n c o r r e c t
footprint that en d e d  u p  b e i n g  u s e d .

Rev C: N/A.
- We chose to skip Rev C of the H Bridge, so we can keep the board Rev's and Module Rev's matched up for now.

Rev D :
- Added bias circuitry to the current sense circuit to add a signal offset that allows us to read currents near 0 and set
l o w e r  o v e r c u r r e n t  t h r e s h o l d s ,  i f  d e s i r e d .
- Removed unused extra pads for an R-C filter after the current mea s u r e  b l o c k .
- Chang e d  n e t  n a m e s  t o  r e f l e c t  t h e  o f f s e t s .   O n e  e x a m p l e :  c u r r e n t M e a s u r e 2 . 8 V O f f s e t A n d 5 0 m V P e r A m p .
- Changed pullup on HI pin of HIP4082 from 100k to 10k to comply with an application note TB406.  See "Design Choices"
folder for the ful l  t e x t .
- Removed pull down on DIS pin of HIP4082, in favor of a pull down (external to the block) on the input to the gate that
d r i v e s  i t .
- Replaced .1uF bypass cap on the HIP4082 with a 1uF cap, as we are supplying 470nF with it.  10uF might make sense, but
to some degree we're relying on the bulk cap of the supply too.
- Replaced all 10uF caps with 25V versions.  The previous ones were only rated to 10V, which was ok when the opamps were
supplied with 5V, but not so good when supplied with 12V .
- Switched to a Homogeneous HIP4082 symbol to fix unintended pi n  n u m b e r  c h a n g i n g  b e h a v i o r  d u r i n g  a n  a n n o t a t i o n  ( n o t e :
don't copy and paste these symbols. Place the desird half (A or B) from the library for correct b e h a v i o r ) .
- Added "Partial Offset Subtraction" circuitry to remove the extra offset th a t  t h e  c o m p a r i t o r  n e e d s  t o  b r i n g  t h e  r a n g e
back into the micro's A / D  r a n g e .
- Made the value property of the 74HC423D oneshot chip visible (it should h a v e  b e e n  b e f o r e ) .
- Added filter RC to comparitor threshold input.  Paracitic capacitance from the input of the driving opam p  l e t s  u p  t o
50mV of some of the highest frequencies through the 2nd order filter that drives this.  2:  To short-ciruit any ad d i t i o n a l
noise picked up from the board and provide a smooth threshold. - Updated schematic database for use  w i t h  a n  a l l e g r o  l a y o u t
- Removed illegal characters ‘/’ a n d  ‘ . ’  F r o m  f o o t p r i n t s  n a m e s
- Added pin numbers to schematic capacit o r  a n d  r e s i s t o r  s y m b o l s  w h e n  m i s s i n g
- Added series 121 ohm resistors for i m p r o v e d  t e s t  c o v e r a g e
- Change one-shot timing resistor s  f r o m  1 4 k  t o  2 7 . 4 K  ( Q P L # :  Q 1 0 0 1 5 - 3 3 1 )
- Mark Shoemaker's Monte Carlo simulation found that we had on the order of 5A of slop in our overcurrent threshold on the
Half Bridge.  This is more than we'd like, so good catch Mark!  Moved the bias circuitry in the Current Sense block so it
uses the same supply as the threshold voltage is set with (12V) so we have one less source of variance (they can both go
up and down together now).  Required a change to Ra, Rb, and Rd (in Current Sense block) as well.  Changed the H bridge to
stay in sync with the Half Bridge.
- Changed current monitor output circuit from a peak detector to a buffer amplifier with a sma l l  R C  f i l t e r .
REV FREV F--COG capacitors were used i n  t i m e o u t  p r o t e c t i o n  c i r c u i t s  f o r  b e t t e r  a c c u r a c y  o v e r  t e m p e r a t u r e .
--Pulldowns adde d  t o  d i s a b l e  d r i v e  w h e n  m i c r o  i s  u n i n i t i a l i z e d .
--Clamps added to limit the possibl e  r a n g e  o f  s e t t a b l e  c u r r e n t  l i m i t s .
--5V precision referen c e  u s e d  t o  p r o d u c e  o f f s e t  v o l t a g e  a n d  r e f e r e n c e  v o l t a g e .
--Parts juggled to make design completely stand - a l o n e  a n d  u s e  a l l  p o s s i b l e  s p a r e  s e c t i o n s  i n s i d e  t h e  d e s i g n .
REV G--Reset inputs added to hold  e v e r y t h i n g  o f f  d u r i n g  r e s e t .
-Eliminate extra 2.5V offset. an d  s u b t r a c t o r   C h a n g e  L M 3 1 9  c o m p a r a t o r  t o  L M V 3 3 1 .  
-Populate current  a m p l i f i e r  c o m p e n s a t i o n  c a p a c i t o r  w i t h  6 8 0 p F  t o  s l o w  r e s p o n s e  t o  c a p a c i t i v e  l o a d s .

Note:  Two Driver
Blocks must be the
two halves of one
chip, otherwise
this second block
won't have a delay
set for it.

Current Sense 250mV/Amp

TIMEOUT IS
650uS

On time is 630us, nominal, >500us worst case.

Retriggerable One Shot w/ Reset

One Shot is powered by 5V instead of 3.3V to get a quicker response to the reset pin
- 54ns instead of 270ns.  This translates to improved short circuit protection.
This one-shot doesn't have a pspice model, so I use the block below for pspice to
simulate the same behavior.

For a 50kOhm Rdel
{minDeadtime, typDeadtime, maxDeadtime} = 
{1us , 2.5us, 4.25us} 
at Tj=25C.

Any pull up on the
inputs  must be <25k,
according to HIP4082
TB406.  See "Design
Choices" folder for the
full text.

Any pull up on the
inputs  must be <25k,
according to HIP4082
TB406.  See "Design
Choices" folder for the
full text.

ACTUATOR FULL BRIDGE DRIVE

Rb
Ra

FET RATINGS:
55V, 44A, 27mOHM max
DPAK $.46 @ Digikey
not logic level

enable5vLogic_

5vPrecisionRefACT
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CONNECTORS

Per the VeeThree rep:
Sensor has a variety of configurations.  This one has a somewhat 
non-linear Resistive output that mimics a Warner fuel gauge.
Other styles available that could give a voltage out, 4-20 mA or a “CAN”
configuration of some kind.
This one has resistive output:
250 ohms empty
103 ohms ½ full (presumably 12” of water on a 24” unit)
33 ohms full (presumably 24” of water on a 24” unit)
With +/- 1% accuracy on the pressure sensor itself
It is OK for use on 12 or 24 VDC, rated from 8-32VDC.

V3 rep Bryon Barton working on getting specs for voltage output type.

Hekman, Fred  

We want to know when vacuum in the tank is below ~ 14" and
above 40"=1.44PSI.

1 2

3

SOT23
PINOUT

Current limited 12V source
50mA max

"FLOAT SWITCH #2"

RECOVERY TANK FULL
SWITCH IS ON WATER PICKUP BD.
"FLOAT SWITCH #1"

"FLOAT SWITCH #3"

SOLUTION TANK EMPTY
SWITCH IS ON MAIN SCRUB BD.
"FLOAT SWITCH #4"

"RECOVERY TANK VACUUM SENSOR"
INPUT IS A VACUUM HOSE.

RESISTOR VALUES CHOSEN FOR
CURRENT SOURCE TANK LEVEL SENSOR.
VOLTAGE SOURCE TANK LEVEL SENSOR
MAY REQUIRE VOLTAGE DIVIDER.

"RECOVERY TANK LEVEL SENSOR"
DIFFERENTIAL PRESSURE SENSOR
INPUTS ARE PRESSURE HOSES.

CAPACITIVE WATER SWITCH #1.

EXTERNAL TANK LEVEL SENSOR INTERFACE

DNI

DNI DNI

DNI

DNI

DNI

SENSOR POWER RATED 
8V-32V 25mA max.

Q18 POWER DISSIPATION
600mW MAX WITH SHORTED LOAD.
SOT-223 RATED 1.5W MAX.

1 2

4

SOT223
PINOUT

3

MAIN_GND

CAN_GND

DUST MOP ACTUATOR

SPARE_LS_INPUT
TANK_IN_TANK_FLOAT_INPUT

FILTER_PRESSURE_SWITCH
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+5V +12V

V_BATT3,4,5,6,7

CAN_P2
CAN_N2

SPARE_LSIN 2

OFFBOARD_TANK_LEVEL_SENSOR 2

FILTER_LINE_PRESSURE_HIGH 2

SOLUTION_TANK_FULL 2

TANK_IN_TANK_FLOAT 2

DUST_MOP_DOWN 2

SPARE_LSIN_2 2

VACUUM_SENSOR_ANALOG 2

ONBOARD_TANK_LEVEL_SENSOR 2

CAPACITIVE_WATER_SWITCH 2
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