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Thunderbolt ECH2O Board
Changelog:

Rev A:
- Copied from Cassoday Rev F
- Changed Pump current divider R49 to 5.6K
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LM3S5R31 SYMBOL IS A MODIFIED LM3S3768 SYMBOL
5V TOLERANT INPUTS

CORE VOLTAGE
=1.2V+-10%

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

JTAG

Pinout as
seen from
the top

27 Ohm resistors are from the evaluation board design
http://www.luminarymicro.com/products/dk-lm3s9b96.html

JTAG_RTCK
NO CONNECT

GREEN LED
HEARTBEATYELLOW LED

CAN

TTL LEVEL INPUTS

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

N.C.

N.C.

NOT POPULATED

Note:

CAN
RS-232 SERIAL PORT

PB0 AND PB1 HAVE AN INTERNAL PULLDOWN
RESISTANCE ON C5 AND EARLIER PARTS.

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

To make a tranceiver endpoint,
simply populate the 62 Ohm
resistors

CAN_RX

FLASH_CS/

CAN_TX

FLASH_RX

FLASH_CLK

FLASH_TX

UART_RX

UART_TX

RS232_TX

RS232_RX

CAN-
CAN+

+3.3V

+3.3V
+3.3V

+3.3V +3.3V +3.3V

+5V

+5V

+3.3V

+3.3V

+5V
+3.3V

RESET/ 2,3,4,5

RESET/ 2,3,4,5

JTAG_TMS 2
JTAG_TCK 2

JTAG_TDI 2
JTAG_TDO 2

FLUSH_SWITCH

4

PRESSURE_SWITCH

4 PRESSURE_SW 2

FLUSH_SW 2

ECELL_ALI 5
ECELL_BLI 5

FLASH_WP/ 2

ECELL_CURRENT_FEEDBACK 5

SPARGER_ALI5
SPARGER_BLI5

SPARGER_CURRENT_FEEDBACK 5

SPARGER_STATUS 5

PRESSURE_SW 2
FLUSH_SW 2

PUMP_MOTOR_PWM3

PUMP_MOTOR_CURRENT_CAPTURE 3

CAN+ 4
CAN- 4

ECELL_STATUS5

JTAG_TDO2

JTAG_TCK2

VALVE3_CURRENT_FEEDBACK 3

JTAG_TMS2
JTAG_TDI2

VALVE3_STROBE 3

VALVE3_STATUS3

RESET/2,3,4,5

FLASH_WP/2

VALVE1 3
VALVE2 3

VALVE2_STATUS3
VALVE1_STATUS3

VALVE2_CURRENT_FEEDBACK 3

PUMP_MOTOR_CURRENT_FEEDBACK3

VALVE1_CURRENT_FEEDBACK 3

VALVE2_STROBE 3
VALVE1_STROBE 3
VALVE3 3
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R35
100k

C24
0.1uF

R3 121

C8
.1uF

R150 ohm

C11

.1uF

U3

AT45DB081D/SOIC

VCC
6

GND
7

SCLK
2

SI
1

SO
8

RST
3

WP
5

CS
4

FB1
300 Ohms

R230 ohm

R27
100k

R7 121

J3

J3
2213S-10G

1 2
3 4
5 6
7 8
9 10

LED2_Y1

D2

S1MB

C19

.1uF

C16
.1uF

R22 162

C22
.01uF

C20
1uF

R9
10k

C23
1uF

R190 ohm

R26
100k

R11 0 ohm

TP4

1

U1

SN65HVD1050D

TXD
1

G
N

D
2

V
C

C
3

RXD
4

VREF
5

CANL
6CANH
7

SILENT
8

C5 .1uF

C10

18pF

TP8

1

R13 0 ohm

TP3

1

R1
62

R160 ohm

R38
1k

C7 .1uF

R33

R140 ohm

R12
10k

R170 ohm

C25
0.1uF

C15
1uF

C17
.1uF

C18
.01uF

TP10

1

TP11

1

U4

PA0/U0Rx
26

PA1/U0Tx
27

PA2/SSI0Clk
28

PA3/SSI0Fss
29

PA4/SSI0Rx
30

PA5/SSI0Tx
31

PC0/TCK/SWCLK
80

PC1/TMS/SWDIO
79

PC2/TDI
78

PC3/TDO/SWO
77

PC4/CCP4
25

PC5/C1+
24

PC6/U1Rx
23

PC7/U1Tx
22

PD0/IDX0
10

PD1/PhA0
11

PD2/CCP5
12

PD3/CCP0
13

PE2/SSI1Rx
95

PE3/SSI1Tx
96

PD6/ADC5
99

PD7/ADC4
100

GND
9

PH7
15

GND
21

GND
33

RSTn
64

LDO
7

OSC0
48

OSC1
49

PB0/USB0ID
66

PB1/USB0VBUS
67

USB0DM
70

USB0DP
71

PB4/C0-
92

PB5/C1-
91

PB6/C0+
90

PB7/NMI
89

PB2/I2C0SCL
72

USB0RBIAS
73

PE0/SSI1Clk
74

PE1/SSI1Fss
75

PE4/ADC3
6

PE5/ADC2
5

PA6/I2C1SCL
34

PA7/I2C1SDA
35

PE6/ADC1
2

PE7/ADC0
1

PF0/PWM0
47

PF1/PWM1
61

PF2/PWM2
60

PF3/PWM3
59

PF4/Fault0
58

PF5/CCP2
46

PF6/CCP1
43

PF7/PhB0
42

PG0/PWM4
19

PG1/PWM5
18

PG2
17

PG3/Fault2
16

PG4/CCP3
41

PG5/Fault1
40

PG6/PWM6
37

PG7/PWM7
36

PH0/CCP6
86

PH1/CCP7
85

PH2/Fault3
84

PH3/USB0EPEN
83

VDDA
3

PD5/ADC6
98PD4/ADC7
97

GNDA
4

VDD
8

VDD
20

VDD
32

VDD
44

VDD
56

VDD
68

VDD
81

VDD
93

PJ2
39

GND
45

GND
54

GND
57

PH5
63

GND
69

GND
82

PJ1
87

GND
94

PJ0
14

VDDC
38

PH6
62

VDDC
88

WAKEn
50

HIBn
51

XOSC0
52

XOSC1
53

VBAT
55

PB3/I2C0SDA
65

PH4/USB0PFLT
76

R37

10k

R2
62U2

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

R5 0 ohm

U5

DS1816R

RESET
1

G
N

D
3

V
C

C
2

R30

TP41

1

LED1_G1

R6 121

J1

CON3

1
2
3

C1
.1uF

FB3

300 Ohms

C3
47nF

FB2

300 Ohms

R32

R39

10k

R8
1k

R21 162

C21
.1uF

R250 ohm

C2 .1uF

C9

18pF

R180 ohm

R36
1k

R29 27.4

TP9

1

TP1

1

R240 ohm

X1 ABLS-16.000MHZ-B2-T

C14
.01uF

C4 .1uF

R31

R10 0 ohm

TP5

1

C6 .1uF

TP12

1

C13
.1uF

D1

S1MB

R20
10k

C12
.1uF

R28
100k
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DRIVERS

2512-SIZE
1 WATT

2512-SIZE
1 WATT

RS
1G

RS
1G

RS
1G

2512-SIZE
1 WATT

MU
RS

32
0

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

AS SHOWN = 5A CURRENT LIMIT.
CHANGING FEEDBACK RESISTOR TO
20K RESULTS IN A 3A CURRENT
LIMIT.

2512-SIZE
1 WATT

WAS 10K IN CASSODAY

2.5V_ref

RESET/

2.5V_REF

2.5V_ref
CURRENT LIMIT EXCEEDED/

GND

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V

+5V
+5V

+5V

+5V

+5V
+5V

+5V

+5V

V_BATT

V_BATT
V_BATT

+5V

VALVE22

VALVE2_STROBE2

VALVE2_LO 4

VALVE12 VALVE32
VALVE3_LO 4

VALVE1_LO 4

RESET/2,3,4,5

VALVE1_STROBE
2

VALVE3_STROBE2

2.5V_REF 4

VALVE3_CURRENT_FEEDBACK 2VALVE1_CURRENT_FEEDBACK 2

VALVE2_CURRENT_FEEDBACK 2

FLYBACK 4

VALVE2_STATUS 2

VALVE1_STATUS 2 VALVE3_STATUS 2

RESET/2,3,4,5

PUMP_LO 4

PUMP_MOTOR_CURRENT_FEEDBACK 2

PUMP_MOTOR_PWM2

PUMP_MOTOR_CURRENT_CAPTURE 2

V_BATT4
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C28 .1uF

TP22 1U10C
lmv339/NS

+
9

-
8

V
+

3
V

-
12

OUT
14

TP19 1

M4
IRLR2908pbf

U6B 74HCT74

CLK
11

C
LR

13

D
12

P
R

E
10

Q
9

V
C

C
14

G
N

D
7

Q
8

R54 11.5k

R62 11.5k

R60
475

R98
121

R157
10k

C33

.1uF
TP23 1

R52 1M

R82 11.5k

R51
475

R43
10k

TP15 1

D3

1A 400V

R186

187

C26

.1uF

R68
10k

U6A 74HCT74

CLK
3

C
LR

1

D
2

P
R

E
4

Q
5

V
C

C
14

G
N

D
7

Q
6

TP40 1

R169 121

R71
10k

TP31 1

R163
10k

U12A 74HCT74

CLK
3

C
LR

1

D
2

P
R

E
4

Q
5

V
C

C
14

G
N

D
7

Q
6

U10A
lmv339/NS

+
5

-
4

V
+

3
V

-
12

OUT
2

R181

47k

R80 11.5k

+C34 100pF

R72
10k

R48
.04 ohms (SHUNT)

R58

.04 ohms (SHUNT)

TP18 1

R75
10k

R61
10k

R41 121

R180

187

R49
5.6k

U13B
lmv358/NS

+
5

-
6

V
+

8
V

-
4

OUT
7

R56
10k

R184

47k

R59 1k

R78
475

R34
56k

U14A
lmv339/NS

+
5

-
4

V
+

3
V

-
12

OUT
2

+C35 100pF

U9A
lmv358/NS

+
3

-
2

V
+

8
V

-
4

OUT
1

R40
10k

+C31 100pF

C30

.1uF

R158
10k

C114

.01uF

R160
10k

R165
121

R44 1M

TP27 1

R66 121

TP21
1

R57
10k

M1
IRLR2908pbf

R168
121

TP20 1

TP25 1

TP30 1

R159
10k

U7B

74HCT08

4

5
6

14
7

R47
10k

D6

1A 400V

TP16 1
U7A

74HCT08

1

2
3

14
7

C32

.1uF

R164
10k

D4

R
EC

T 
3A

 2
00

V

A
C

R79 1k

R156
10k

U8A
74HCT423

A
1

B
2

CLR
3

+5
V

O
LT

S
16

G
N

D
_S

IG
N

A
L

8

Q
13

Q
4

C
14

R/C
15

R100
10k

U10D
lmv339/NS

+
11

-
10

V
+

3
V

-
12

OUT
13

R69 1M

R77
475

R50 121

R74
10k

TP26 1

R67
10k

R167 121

M2

IRLR2908pbf
R55
10k+C29 100pF

R183

47k
R70 1M

R182

187

R73
.04 ohms (SHUNT)

R185

187

R81 1k

R65 121

R179

47k

R64
10k

D5

1A 400V

R162
10k

C27

.1uF

TP17
1

U14C
lmv339/NS

+
9

-
8

V
+

3
V

-
12

OUT
14

TP14 1

U14B
lmv339/NS

+
7

-
6

V
+

3
V

-
12

OUT
1

U13A
lmv358/NS

+
3

-
2

V
+

8
V

-
4

OUT
1 R76

.04 ohms (SHUNT)

R99
10k

TP28 1

R63
10k

U9B
lmv358/NS

+
5

-
6

V
+

8
V

-
4

OUT
7

R46
10k

TP24 1

R166
121

R53 1k

U10B
lmv339/NS

+
7

-
6

V
+

3
V

-
12

OUT
1

M3
IRLR2908pbf

TP29 1

R42
10k R161

10k
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Power Supplies

SPARES

+3.3V Supply

0.25 AMP CAPABILITY

RECOMMENDED CRAMP = L x .00001

disable

+12V Supply

1 AMP CAPABILITY

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

RT2 GIVES 494KHz
SWITCHING FREQUENCY

SPECIFICATIONS:
--INPUT VOLTAGE RANGE 20-55V
--MAXIMUM OUTPUT CURRENT 1.0A
--SWITCHING FREQUENCY 500KHz

+5V Supply

0.25 AMP CAPABILITY

7

11

11

6

BYPASSING

D2 PAK

D2 PAK

AMP MINI UNIVERSAL
MATE-N-LOC

AMP MINI UNIVERSAL
MATE-N-LOC

change to 1.07k .1%

change to 9.42k .1%

CONSIDER ADDING BUFFERING OR 
RESISTORS TO PRESSURE SW AND
FLUSH SW

+5V

+5V

+5V

+3.3V
+3.3V

V_BATT

+5V
+5V

+12V
V_BATT

+12V

+5V

+12V

+3.3V

+5V+5V

+12V

+5V

+5V

RESET/2,3,4,5

2.5V_REF3,4

FLUSH_SWITCH2

CELL_A5

VALVE1_LO3

PRESSURE_SWITCH2

VALVE2_LO3

PUMP_LO3

FLYBACK3

CAN+2
CAN-2

VALVE3_LO3

RESET/2,3,4,5

2.5V_REF3,4

RESET/2,3,4,5

2.5V_REF3,4

CELL_B5

SPARGER_B5

SPARGER_A5

V_BATT 3
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C63

.1uF

C89

R89 0.08

C58

C40

.1uF

C69

C94

C64

.1uF

CIN1
1uF
100V

C51

C81

C87

R97
10k

C50
1uF

C1608X5R1E105K

J5

CON6

1
2
3
4
5
6

R103
10k

C46
470uF

63V

C56

R102
10k

C67

U7C

74HCT08

9

10
8

14
7

C92

C41
1uF

C66
22nF

C1005X7R1E223K

C38
10ufd

16V

RCOMP1 24.3k

C72

J4

CON14

1
2
3
4
5
6
7
8
9

10
11
12
13
14

R101
10k

RFB2
1k

C112
1uF

R87 0.08RFB1
8.66k

R85 0.08

CRAMP1
470pF

TP33 1

R176

121

U15

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

C62

.1uF

C54

R86 0.08

CBYP1
1uF

C73

.1uF

C43

.1uF

C84

C59

C77

.1uF

R93 0.08

C90

R88 0.08

C79
6.8nF

C1005X7R1H682K

C75
10ufd

16V
C61
1uF

RT1
10.7k

R104
10k

C44

.1uF

C78

.1uF

R92 0.08

TP34 1

CSS1
.01uF

C70

D12
SMAJ48A

C45

.1uF

C95

U25C
lmv339/NS

+
9

-
8

V
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3
V

-
12
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C47
470uF

63V
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10k
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9
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Q
5

Q
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C
6
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7

C52

C48
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C82

C88

R94 0.08

U16 LM2937ESX-5.0/NOPB

INPUT
1

G
N

D
2

G
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D
4
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3

C39

.1uF

C111
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R96
10k

C57
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50V

R84 0.08

D7
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1 2

TP35 1

U7D
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11
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C55

C113
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C86

C60

CCOMP1 1.2nF

C91

C76

1uF

R83 0.08

CBOOT1
22nF

TP32 1

CIN2
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100V

R91 0.08

U17 LM2937ES-3.3/NOPB

INPUT
1

G
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D
2

G
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D
4

OUTPUT
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C85
2.2nF

C1005X7R1H222K

C71
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0.1uF

L1

47uH
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3
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C65
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16V
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A/ IS FALLING EDGE TRIGGER.
B IS RISING EDGE TRIGGER.

adjust for threshold 3.66v

adjust for threshold 3.66v

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

H-BRIDGES

H- BRIDGES

+12V

+12V +5V

+12V

+12V +5V

SPARGER_OC

CELL_OC

+5V

+12V

+12V

+12V

+5V

+5V

+5V

+5V

+5V
+5V

+5V

+12V

+12V

+12V

+5V

+5V

+5V

+5V

+5V
+5V

+5V

+5V

+5V

+5V

+5V

+5V

ECELL_BLI2

ECELL_ALI2

CELL_A
4

CELL_B
4

V_BATT5
RESET/2,3,4,5

SPARGER_BLI 2

SPARGER_ALI2

SPARGER_A
4

SPARGER_B
4

V_BATT5
RESET/2,3,4,5

ECELL_STATUS 2

SPARGER_STATUS 2

SPARGER_CURRENT_FEEDBACK2

ECELL_CURRENT_FEEDBACK 2
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