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Battery Watering  Board

(REFERENCE ONLY) PCA :    1220931

Changelog:
REV A--Initial concept. Q25067-001

REFERENCE ONLY BOM ITEMS:

LAYOUT FEATURES:
CENTER MOUNTING HOLE

REV B--Add relay driver, change J3 to 14 pins. Q25067-002 mule board.

REV C--Fix U2-2.  Q25067-003 P1.5 board
     --Eliminate chempump references.
     --Eliminate pot input.
     --Eliminate CAN connector, route CAN to main connector.
     --Change J3 from 14 to 12 pins.
     --Break out flow switch to J5.
     --Break out pump to J4.

REV D--Change connection of Vbat pin to Vdd. Change will occur on Q25067-004, not done yet.
     --Change R26,R29,R33,R34 to 0.1% tolerance.
     --Change C54 to 470uF, was 820uF.

REV E--Hardware revision bits 02.
     --Populate R47 with 0.062 Ohm 1206.
     --New firmware rev _002 to accomodate new current gain on pump.
     --Pump current limit now 5A.
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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     MULE BOARD
REV 1      0    0    1     P1.5 BOARD
REV 2      0    1    0     PROD BOARD
REV 3      0    1    1

DNIDNI

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 LED
HEARTBEAT

YELLOW LED
CAN

FLASH 256KB
SRAM 32KB

$.37
+/-1% MAX

1.2V

3.0V

PULL DOWN TO ENABLE

DNI
FOR
PRODUCTION

DEBUG PORT

A JST PH SERIES SMT CONNECTOR
2MM PITCH STRAIGHT UP HEADER

RS-232 SERIAL PORT

VDDC

CAN0n
CAN0p

HEARTBEAT_LED_TEL
CAN_LED_TEL

DEBUG_RX
DEBUG_TX

DEBUG_RX

DEBUG_TX

DEBUG_TX_OUT

DEBUG_RX_IN
+5V

+3.3V

+3.3V +3.3V +3.3V

+3.3V

+3.3V

+3.3V

+3.3V

+5V

+5V

+3.3V

+3.3V

JTAG_RESET_IN 2,3

JTAG_TMS 2
JTAG_TCK 2

JTAG_TDI 2
JTAG_TDO 2

JTAG_TDO2

JTAG_TCK2
JTAG_TMS2
JTAG_TDI2

RESET\ 2,3

JTAG_RESET_IN 2,3

BATTERY_VOLTAGE_SENSE3

H2OPUMP_SPEED 3

H2OPUMP_CURRENT_FB3

H2OPUMP_STATUS3

WATER_TANK_LOW_SWITCH3
BATTERY_WATER_FLOW_SWITCH3

CONFIGURE_BIT_03

~OFFBOARD_LED_ON 3
CONFIGURE_BIT_1 3

LSD_0_DRV 3

LSD_FAULT_0_1/3

LSD_1_DRV 3

LSD_ENBL 3
SPARE_INPUT_SHARED3

CAN_P 3
CAN_N 3
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C70
0.047uF

X1 ABLS-16.000MHZ-B2-T

R29
15K
0.1%

C42

0.1uF

J2

JTAG
20021121-00010C4LF

1 2
3 4
5 6
7 8
9 10

C5 0.1uF

R44
100K

R38

1K

C13

0.1uF

FB1

300 Ohms

C7 0.1uF

R56

R68
62

TP4

R37

1K

R48

C27

0.1uF

C72 0.1uF

U5

DS1816R

RESET
1

G
N

D
3

V
C

C
2

U1

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

C1 0.1uF

C26
0.01uF

C46
10uF
16V
CAPC2013X145NE_A

C28

0.022uF

C44

0.1uF

R8 121

C50
1uF

D5 GSOT05C
COM

3

2
A2

1
A1

R27

1K

C10 0.1uF

C16

2200pF

R67
62

C52

0.1uF

U13

SN65HVD1050D

TXD
1

G
N

D

2

V
C

C

3

RXD
4

VREF
5

CANL
6CANH
7

SILENT
8

R9 121

C45

0.1uF

R30
10K

C48

6800pF

R52
100K

C32

0.1uF

C12

0.1uF

J1

CON3

1
2
3

4

5

R73
10K

C41

18pF

R42 27.4

C43
1uF

C15

1uF
10V

U9

TPS73101
IN

1

G
N

D
2

EN
3

FB
4

OUT
5

C29

18pF

C49

0.1uF

R14 162

R11 121

R57

R15 162

C2
0.1uF

R50
100K

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

R46

R66 0 ohm

R26
10K
0.1%

R41
100K

LED1_G1
LED



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

Power Supplies

+3.3V Supply

0.1 AMP CAPABILITY

SOT223

BATTERY VOLTAGE MONITOR
3.0V OUT = FULL SCALE OCCURS AT 63V IN.
A/D CONVERSION FACTOR 15.48mV/COUNT.

LMV321 on Vcc=2.7V:
       input range 0-1.7V
       output swing 180mV to Vcc-100mV (worst)
       input offset 9mV max
LM321 on Vcc=5V:
       input range 0 to Vcc-1.5V
       output swing 20mV to Vcc-2V
       input offset 9mV max

+5V SUPPLY INPUT RANGE 12V-36V NOMINAL 60V MAX

1.0 AMP CAPABILITY

A/D IS MOST ACCURATE WITH
A CAP ON ITS INPUT.
RESISTOR IS TO KEEP THE
OP AMP STABLE.

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

TIMEOUT IS 650uS

POPULATE ONE OR BOTH RESISTORS.
IF MORE CURRENT IS NEEDED, USE VALUES:
.15 OHMS AT .5W GIVES 1.33A
.125 OHMS AT 1W GIVES 1.6A
.1 OHMS AT 1W GIVES 2A
.067 OHMS AT 1W GIVES 3A

PULSE RATE 30-1200Hz
RC=100uS1 2

3

SOT23
PINOUT

Current limited 5V source
50mA max

SENSOR POWER RATED 
5V-24V 8mA.

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

20 mV
OFFSET

TIMEOUT IS 650uS

SPARES

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

LOW SIDE DRIVERS

3A 100V
SCHOTTKY

0.765V

100 MIL WIDTH

100 MIL WIDTH

ADD REVERSE BATTERY VOLTAGE PROTECTION?

NOMINAL LOAD CURRENT 450mA MAX PER DRIVER
UNCLAMPED SINGLE PULSE INDUCTIVE ENERGY 800mJ
CURRENT LIMIT 1.5A +/-0.5A
THERMAL OVERLOAD PROTECTION
BREAKDOWN VOLTAGE 60V MIN
INPUT LEAKAGE CURRENT 100uA MAX.

DNI FOR PRODUCTION

C54 SAME LEAD 
SPACING AS OLD PART.

0.0383 OHMS EFFECTIVE
0.437 VOLTS PER AMP

FLOW_SENSOR_POWERFLOW_SENSOR_PWR

H2O CURRENT LMT EXCEEDED/

H2OPUMP_LOW

KEYSWITCH_PWR

CONFIG_0_IN
TANK_SWITCH

CONFIG_1_IN
CAN_GND

MAIN_GND

FLOW_SWITCH

H2OPUMP_HIGH

+3.3V+5V

+5V

+5V

+5V
+5V

+5V

+3.3V +3.3V

+5V

+5V

+5V

+3.3V

+5V
+5V

+5V

+5V

+5V

+5V

+5V

+3.3V

+5V
+5V

+3.3V

+5V

+5V

+VBAT

+VBAT

+3.3V

BATTERY_VOLTAGE_SENSE 3

KEYSWITCH_PWR3

WATER_TANK_LOW_SWITCH 3

BATTERY_WATER_FLOW_SWITCH 3

RESET\2,3

H2OPUMP_STATUS 3

KEYSWITCH_PWR3

H2OPUMP_SPEED3

H2OPUMP_CURRENT_FB 3

CONFIGURE_BIT_0 3

~OFFBOARD_LED_ON3

EXTERNAL_LED 3

CONFIGURE_BIT_1 3

LSD_FAULT_0_1/ 3

LSD_1_DRV3
LSD_0_DRV3

LSD_ENBL3

LSD_OUT_03
LSD_OUT_13

LSD_OUT_0 3
LSD_OUT_1 3

SPARE_INPUT_SHARED 3

CAN_P3
CAN_N3

EXTERNAL_LED3
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R34
200K

0.1%

C9

0.1uF

Q3
MMBT2907A/SOT

1

2
3

R80 10K

U3A

74HC423D

A
1 B
2

CLR
3

V
C

C
16

G
N

D
8

Q
13

Q
4

CX
14 RX/CX
15

R20
143K
1%

R71
20.5K

-

+
U7

LM321/SOT23

1
4

5

2

3

C3 0.1uF

R58
100K

R24 121

C6
10uF
16V

R62 1K
RESC3216X70NE_A

C21

0.1uF

R5
10K

C18
100pF

C31 100pF

C17

0.1uF

C39

0.1uF

R13
121

L1

68uH

C19 0.01uF
5% COG

R43

0.1 ohms
0.5W
1%

C25
0.01uF

R63
20.5K

C66
0.01uF

C37
0.033uF

U2C
SN74HCT08D

9

10
8

14

7

C58
10uF
16V

R45
14 ohm

TP1

TP9

R10 121
R25
10K

R17 100K

C57

1uF

D2
BAV199LT1G

A
1

C
2

3

C
O

M

J5

FLOW SENSOR

Right Angle
TIN

JST XH

1
2
3

R65
1K

D8 ES1D
A C

C67
0.1uF

Q2
MMBT2907A/SOT

1

2
3

U14

BTS3408G

1FAULT/

IN1
2

IN2
3

4 ENA

OUT2
5

6
GND

OUT1
7

8
VS

R40

187 R47

0.062 ohms
1W
5%

C69
0.1uF

R75
1K

D3
SK310A

TP7

C61
10uF
16V

U2D

SN74HCT08D12

13
11

14

7

J3

CON12

Right Angle
TIN
MOLEX
Mini Fit Jr

1
2
3
4
5
6
7
8
9

10
11
12

R35

47K

R5910K

C53
1uF

C63
0.1uF

TP8

R69
20.5K

R76
1K

R78 1K

R18 121

R22 1M

TP3

C51
10uF
16V

C56 0.1uF

C60
1uF

R4
143K
1%

D1
SCHOTTKY 2A 100V
B2100-13-F

A
C

R77
1K

R55

56K

R79
20.5K

C20

0.1uF

U2B

SN74HCT08D

4

5
6

14

7

TP5

C55

0.1uF

U2A

SN74HCT08D

1

2
3

14

7

CIN1
1uF
100V

D4
S1MB

C A

R12
10K

C68
1uF

J4

BATTERY WATER PUMP

TIN

Mini Fit Jr
Right Angle
MOLEX

1
2

C38
0.1uF
100V

C4 0.01uF
5% COG

R33
10K
0.1%

D7
S1MB

C A

+
C54

470UF
63V

1
2

R7
10K

C105
0.1uF

R1 121

R49
1K

R61 10K

C100 0.1uF

TP6

Q1

M
M

BT
29

07
A/

SO
T

1

2
3

R51
10KU3B

74HC423D

A
9 B

10

CLR
11

V
C

C
16

G
N

D
8

Q
5

Q
12

CX
6 RX/CX
7

-

+U10

LMV321/SO

1
4

5

2

3

D9 ES1D
A C

R54
10K
1%

C104
0.1uF
100V

R19
10K

R39
1K

1%

C24

0.1uF

C8

0.1uF

C30 0.1uF

R60
2.0K

1%

D6
S1MB

C A

C14

0.1uF

R70 10K

R
74

10
K

R3
332

U12 LM2937IMP-3.3

INPUT
1

G
N

D
2

G
N

D
4

OUTPUT
3

C65
0.1uF
100V

R28 121

C36

0.1uF

R36 10.5K
1%

TP2

R64 10K

U11

LMR16006XDDCR

CB
1

GND
2

FB
3

SHDN
4

VIN
5

SW
6C64

0.1uF
100V

R72
1K

-

+
U4

LMV331/SO

1
4

5

2

3

R2

10K

R16
100K

C11 0.1uF

C47

0.1uF

D10
S1MB

C A

C71
0.1uFR21

10K

C59
0.1uF
100V C40

0.1uF

Q4

FDD24AN06LA0_F085

R6
10K


