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Rev E - Major CHANGES from Design review. 
        Precharge to use micro to control. 

                    Q26016-003
SIDE SWEEP BOARD CIRCUITRY

Rev F - References cleaned up for LAYOUT

Rev G - DIODE added to Pre charge.
        changed resistors from 0402 to 0603
        changed HIGH current FETs to LOW current FETs
        changed JTAG port to smaller version
        added a NON-POP cap for possible filtering for Vac Fan
        added 2 NON-POP resistors for possible increase in discharge time of BULK CAPS
Rev H - Changed Precharge flyback diode connection to Precharge in.
Rev J - Changed Op-Amps for Vac fan circuits from OPA2727 to LM358D. 
       OPA2727 were having latch-up issues due to ESD coming from FAN.
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RS-232 SERIAL PORT

CAN COMMUNICATIONS

JTAG

SWEEP BOARD MICRO AND COMMUNICATIONS

GREEN LED
HEARTBEAT

YELLOW LED
CAN

12V Going out the CAN J1-4 powers the User Interface Module

LIGHTNING

NARROW / WIDE 
footprints. NON-POP

FLASH
SPI0

CORE VOLTAGE
=1.2V+-10%

Decoupling Capacitors for the Micro. 

3.0V Reference for A/D

From Volga Wet

Keep FB3 close to *RST

Narrow Footprint

Wide Footprint

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     TBD BOARD
REV 3      0    1    1

DNIDNI

APP-NOTE
Thermal issues with clocking/pwm at hot

VBATT_REF
@52V 2.53V to micro
@36V 1.75V to micro
@31.5V 1.53V to micro
PRECHARGE_VALUE ~85% 
SOFTWARE SETTABLE

PLACE
NTC
CLOSE
TO TOP 
LEFT CORNER
OF BOARD

JTAG_TCK
JTAG_TMS

JTAG_TDI
JTAG_TDO

nRESET

HEARTBEAT_LED

CAN_LED

GND

GND

CAN_RX
CAN_TX

GND

GND

RS232_RX

RS232_TX

GND

GND

GND

nRESET

SPI0_FLASH_FRAM_TX

SPI0_FLASH_FRAM_CLK

FLASH_nWP

FLASH_nCS

nRESET GND

GND

GND

SPI0_FLASH_FRAM_TX

SPI0_FLASH_FRAM_CLK
SPI0_FLASH_FRAM_RX

FLASH_nWP

FLASH_nCS

GNDA

VDDA

VDDC

JTAG_TCK
JTAG_TMS
JTAG_TDI
JTAG_TDO

RS232_RX
RS232_TX
SPI0_FLASH_FRAM_CLK

SPI0_FLASH_FRAM_RX
SPI0_FLASH_FRAM_TX
FLASH_nWP

CAN_LED

CAN_RX
CAN_TX

nRESET_Micro

nRESET

nRESET_Micro

nRESET_Micro

BRD_REV_BIT0
BRD_REV_BIT1
BRD_REV_BIT2

HEARTBEAT_LED

FLASH_nCS

VDD_5p0V

VDD_3p3V

VDD_12V

VDD_5p0V

VDD_3p3V

VDD_3p3V VDD_3p3V VDD_3p3VVDD_3p3V

VDD_3p3V

VDD_3p3V

VDD_5p0V

VDD_3p3V

VDD_3p3V

VDD_3p3V

VDD_5p0V

VDD_5p0V 3,4,5,6,7,10,11,12,13,15

VDD_3p3V 13,15

VDD_12V 6,7,10,11,12,13

GND 3,4,5,6,7,10,11,12,13,15

nRESET 4,5,6,7

CAN_H 13
CAN_L 13

FIRE_INDICATOR_MICRO3

LEFT_BRUSH_CURRENT_SENSE4

LEFT_SWEEP_ACT_CURRENT_SENSE6
RIGHT_BRUSH_CURRENT_SENSE5

RIGHT_SWEEP_ACT_CURRENT_SENSE7

LEFT_BRUSH_PWM4

RIGHT_BRUSH_PWM5

LT_BRUSH_STATUS4

RT_BRUSH_STATUS5

LEFT_SWEEP_ACT_PWM6

LEFT_SWEEP_ACT_DISABLE6
LEFT_SWEEP_ACT_DIR6

LEFT_SWEEP_ACT_STATUS6

RIGHT_SWEEP_ACT_DISABLE7
RIGHT_SWEEP_ACT_DIR7

RIGHT_SWEEP_ACT_STATUS7

WRAP_ENGAGE_MICRO3

RIGHT_SWEEP_ACT_PWM 7

DUST1_VAC_FREQUENCY_SENSE 10

DUST2_VAC_FREQUENCY_SENSE 11

WRAP_VAC_FREQUENCY_SENSE 12

VBATT_REF 15

ENABLE_PRECHARGE 15

PRECHARGE_VALUE 15

CLOSE_RELAY 15

DUST1_VAC_ON_PWM 10
DUST2_VAC_ON_PWM 11
WRAP_VAC_ON_PWM 12

PRECHARGE_ERROR 15

NTC_AMBIENT 2

NTC_BUCK 15
NTC_AMBIENT 2
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C69 0.1uF

C70 0.1uF

C24
10nF

U4

TM4C123GH6PGEI

PA0/U0RX
37

PA1U0TX
38

PA2/SSI0CLK
39

PA3/SSI0FSS
40

PA4/SSI0RX
41

PA5/SSI0TX
42

PA6
45

PA7
46

PC3/TDO
115 PC2/TDI
116 PC1/TMS
117 PC0/TCK
118

PC7/GPIO1
33 PC6/GPIO0
34 PC5/U1TX/U1CTS
35 PC4/U1RX/U1RTS
36

PE0AIN3
15

PE1/AIN2
14

PE2/AIN1
13

PE3/AIN0
12

PE4/AIN9/I2C2SCL
139

PE5/AIN8/I2C2SDA
140

PE6/AIN21
133

PE7/AIN20
134

PG0
55

PG1
54

PG2/M1PWM0
53

PG3/M1PWM1
52

PG4/M1PWM2/U2RX
51

PG5/M1PWM3/U2TX
50

PG6
48

PG7
47

PJ0
120

PJ1
121

PJ2
122

PJ3
123

PJ4
127

PJ5
128

PJ6
129

PJ7
130

PL0
108

PL1
107

PL2
106

PL3
105

PL4
104

PL5
103

PL6/USB0DP
96

PL7/USB0DM
95

PN0/CAN0RX
81

PN1/CAN0TX
80

PN2
20

PN3
119

PN4
71

PN5
70

PN6
69

PN7
68

PB0/USB0ID/U1RX
97

PB1/USB0VBUS/U1TX
98

PB2/I2C0SCL
99

PB3/I2C0SDA
100

CAN0RX/PB4
136

CAN0TX/PB5
135

PD0/AIN15/SSI1CLK
1

PD1/AIN14/SSI1FSS
2

PD2/AIN13/SSI1RX
3

PD3/AIN12/SSI1TX
4

PD4/AIN7
141

PD5/AIN6
142

PD6/AIN5
143

PD7/AIN4
144

CAN0RX/PF0/M1PWM4
62

PF1/M1PWM5
63

PF2/M1PWM6
64

CAN0TX/PF3/M1PWM7
65

PF4
61

PF5
60

PF6
59

PF7
58

PH0/M0PWM0
32

PH1/M0PWM1
31

PH2/M0PWM2
28

PH3/M0PWM3
27

PH4/M0PWM4
26

PH5/M0PWM5
23

PH6/M0PWM6
22

PH7/M0PWM7
21

PK0/SSI3CLK
16

PK1/SSI3FSS
17

PK2/SSI3RX
18

PK3/SSI3TX
19

PK4
112

PK5
111

PK6
110

PK7
109

PM0
89

PM1
88

PM2
87

PM3
86

PM4
85

PM5
84

PM6
83

PM7
82

PP0
131

PP1
132

PP2
11

RST
90

OSC0
92

OSC1
93

XOSC1
76

XOSC0
74

GNDX
75

GND1
6

GND2
25

GND3
30

GND4
44

GND5
57

GND6
67

GND7
79

GND8
91

GND9
102

GND10
114

GND11
125

GND12
138

GNDA
10

VBAT
77

HIB
73

WAKE
72

VREFA+
8

VREFA-
9

VDDC1
49

VDDC2
126

VDD1
5

VDD2
24

VDD4
43VDD3
29

VDD5
56

VDD6
66

VDD7
78

VDD8
94

VDD9
101

VDD10
113

VDD11
124

VDD12
137

VDDA
7

RN1
10K

U3
AT45DB081E/SSUV

C
C

6

G
N

D
7

S
C

LK
2

S
I

1

S
O

8

R
S

T
3

W
P

5
C

S
4

R10 27.4

C37
10nF

C16
10nF

U9

LM4128
0.5%3.0V

NC
1

VIN
4

ENBL
3

G
N

D
2

VREF
5

R246
1K

C44
100pF

LED1_G2

LED

C31
0.1uF

X1
QZPCBRST-16MHZ

R8 27.4

C61
1uF

R14

10K

C28
0.1uF

C6
18pF

C202
47nF

C60
0.1uF

C71 0.1uF

R2
100K

R3

1K

R243
1.4K

FB2

300 Ohms

U1

DS1816R

RESET
1

G
N

D
3

V
C

C
2

R15 27.4

R4

1K_NP

FB1

300 Ohms

C35
1uF

R7
100K

J1

20021121-00010C4LF

1 2
3 4
5 6
7 8
9 10

R13

10K

R241
1.4K

C19

0.1uF

U46

SN65HVD1050D

TXD
1

G
N

D
2

V
C

C
3

RXD
4

VREF
5

CANL
6CANH
7

SILENT
8

R5

1K_NP

C49
1uF C67

1uF

C57 0.1uF

R33

10K

C7
18pF

R1
1K

C38
0.1uF

R238

0

J2

CON3

1
2
3

U8

MAX3232/SO_4

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

C66
10nF

R6 27.4

R26
162

C65
1uF

R11
100K

R34

10K

FB3
300 Ohms

R27
162

U2

AT45DB081E/SU

VCC
6

GND
7

SCLK
2

SI
1

SO
8

RST
3

WP
5

CS
4

C14
10nF

C59
0.1uFR9

100K

C5
0.1uF

LED2_Y1

LED

R12 27.4

C63
0.1uF
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BOARD INPUTS

LIGHTNING
SWEEP BOARD

GND

VDD_5p0V

VDD_3p3V

VDD_12V

VDD_5p0V
VDD_5p0V

VDD_5p0V 2,4,5,6,7,10,11,12,13,15

VDD_3p3V 2,13,15

VDD_12V 6,7,10,11,12,13

GND 2,4,5,6,7,10,11,12,13,15

FIRE_INDICATOR13 FIRE_INDICATOR_MICRO 2
WRAP_ENGAGE_SW13 WRAP_ENGAGE_MICRO 2
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R244 1K
RESC3216X70NE_A

C199
0.1uF

D23

S1MB

R239
20.5K

R245 1K
RESC3216X70NE_A

R240
20.5K

D22

S1MB

R23610K

C200
0.1uF

R23710K
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74V1G08STR 5A

5A

5A

KEEP AND and SWITCH CLOSE

LEFT BRUSH

LIGHTNING
SWEEP BOARD LSDPWM

SPARE

5A

5A

Keep sense 
wires on 
same layer. 

Connect to line 
before going to via!

A/D filtering

NOTES on Plan-B Resistors - 
Rf @ 28.7K
Ro @ 147K
0A = 0.502V to Micro
5.02A = 2.50V to Micro

PLACE CAP CLOSE TO MICRO

GND

GND

GND GND

GND

GND
GND

GNDGND

GND

GND

GND

GND

GND
GND

VREF_2P5

GAIN_A GAIN_B

Offset_A

GND

GND

GND

GND
GND

VDD_5p0V

VDD_3p3V

VDD_12V

VDD_5p0V

Secondary_Relay

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V 2,3,5,6,7,10,11,12,13,15

VDD_3p3V 2,13,15

VDD_12V 6,7,10,11,12,13

LEFT_BRUSH_PWM2

nRESET2,4,5,6,7

LT_BRUSH_STATUS 2

LEFT_BRUSH_LOAD 13

GND 2,3,5,6,7,10,11,12,13,15

Secondary_Relay 6,7,13,15

nRESET2,4,5,6,7

FLYBACK 5,13

LEFT_BRUSH_CURRENT_SENSE2
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C179

10uF

R188
10K

TP61

R186
10K

R221
10K

TP54

R225
27m

C190
22nF

TP66

C180

.01uF_COG_NP

R213
36.5K

R202
10K

RG4
1K

C167
2.2nF

R211

143K

R220
10K

R187

1K

VCC

GND

U39A

74HC08-HCT-TTL

1

2
3

14
7

C196
0.1uF

C181
6.8nF

R189
10K

R222
10K

U39C

74HC08-HCT-TTL

9

10
8

TP56

R234

121

R226
27m

U38B

74HCT423

nA
9

B
10

C
6

R/C
7

nCLR
11

Q
5

nQ
12

C184

0.1uF

U39D

74HC08-HCT-TTL

12

13
11

U37

LMV331

IN+
1

IN-
3

OUT
4

5
V

C
C

2
G

N
D

U39B

74HC08-HCT-TTL

4

5
6

R215
10K

TP55

C170

1uF

R210
10K_NP

D20

SK310A-TP

C162

.01uF_COG

R212
147K

R209

10K

-

+U44B

OPA2727

5

6
7

C178

0.1uF

R219

10K

TP68

-

+
U44A

OPA2727

3

2
1

8
4

R191

1K

R214
10K

R235

28.7K

R190
10K_NP

C169

0.1uF

R184

143K

R203
39.2K

R216

121

TP60C185
100uF
6.3V
20%

U38A

74HCT423

nA
1

B
2

nCLR
3

nQ
4Q
13

C
14

R/C
15

V
C

C
16

G
N

D
8

U41

TPS73101
IN

1

G
N

D
2

EN
3

FB
4

OUT
5

M2
IRLR2908pbf

R185
10K

R204
10K

R224

1K

C197 220pF
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74V1G08STR 5A

5A

5A

KEEP AND and SWITCH CLOSE

RIGHT BRUSH

LIGHTNING
SWEEP BOARD LSDPWM

SPARE

A/D filtering

Connect to line 
before going to via!

Connect to line 
before going to via!

5A

Keep sense 
wires on 
same layer. 

PLACE CAP CLOSE TO MICRO

NOTES on Plan-B Resistors - 
Rf @ 28.7K
Ro @ 147K
0A = 0.502V to Micro
5.02A = 2.50V to Micro

GND

GND

GND GND

GND

GND
GND

GNDGND

GND

GND

GND

GND

GND
GND

GND

GND

VREF_2P5

GAIN_A GAIN_B

Offset_A

GND

GND
GND

VDD_5p0V

VDD_3p3V

VDD_12V

VDD_5p0V

Secondary_Relay

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V

VDD_5p0V 2,3,4,6,7,10,11,12,13,15

VDD_3p3V 2,13,15

VDD_12V 6,7,10,11,12,13

RIGHT_BRUSH_PWM2

nRESET2,4,5,6,7

RT_BRUSH_STATUS 2

RIGHT_BRUSH_LOAD 13

GND 2,3,4,6,7,10,11,12,13,15

Secondary_Relay 6,7,13,15

nRESET2,4,5,6,7

FLYBACK 4,13

RIGHT_BRUSH_CURRENT_SENSE2
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R164
10K

C140
2.2nF

R166

1K

R106
10K

R172

121

TP33C108
100uF
6.3V
20%

C122

1uF

R173

28.7K

R144
10K_NP

C152 220pF

R143

10K

R150

121

R108
10K_NP

R102

143K

U23A

74HCT423

nA
1

B
2

nCLR
3

nQ
4Q
13

C
14

R/C
15

V
C

C
16

G
N

D
8

R161
10K

R149
10K

R147
36.5K

R126
39.2K

-

+U29B

OPA2727

5

6
7

R162
10K

R167
27m

U23B

74HCT423

nA
9

B
10

C
6

R/C
7

nCLR
11

Q
5

nQ
12

R103
10K

TP28

TP47
R168
27m

TP36

C123

0.1uF

R125
10K

C137

10uF

TP29

VCC

GND

U24A

74HC08-HCT-TTL

1

2
3

14
7

R146
147K

R127 10K

C147

0.1uF

U24C

74HC08-HCT-TTL

9

10
8

D15

SK310A-TP

R160

10K

R104
10K

M1
IRLR2908pbf

-

+
U29A

OPA2727

3

2
1

8
4

TP41

R105

1K

C145

0.1uF

U24D

74HC08-HCT-TTL

12

13
11

R145

143K

C138

.01uF_COG_NP

C109

.01uF_COG

C141
22nF

U24B

74HC08-HCT-TTL

4

5
6

RG3
1K

U27

TPS73101
IN

1

G
N

D
2

EN
3

FB
4

OUT
5

TP30
U22

LMV331

IN+
1

IN-
3

OUT
4

5
V

C
C

2
G

N
D

R109

1K

R107
10K

R148
10K

C118
6.8nF

C150
0.1uF



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

LIGHTNING

load is pulled high in case of 
overcurrent or timeout. - other 
side of load MUST be 
connected to V_36_Relay

2A

2A

2A

10A

5A

5A

5A

5A

5A

2A

HIP4082 and IRFS3206 Switches 
To be as close as possible. 

Copper width to handle 10A

Copper width to handle 10A

1.2V

2A

2A

2A

10A 10A
Copper width to handle 10A

Copper width to handle 10A

Copper width to handle 10A

10A

LEFT BRUSH ACT

Cgs of 33nF not Populated. This is used to
reduce miller effect and EMI during testing of the 
circuit. i=c dv/dt. 
So since capacitance increases, for a constant current, 
slew rate increases.

SWEEP BOARD H - BRIDGE

SPARE

A/D filtering

NOTES on Plan-B Resistors - 
Rf @ 14K
Ro @ 75K
0A = 0.493V to Micro
9.91A = 2.50V to Micro

10A

Keep sense 
wires on 
same layer. 

Connect to line 
before going to via!

Keep sense 
wires on 
same layer. 

Copper width to handle 10A

Copper width to handle 10A

PLACE CAP CLOSE TO MICRO

GND

GND

GND

GND

GND

GND

GND

GND GND

GND

GND

GND

Del-1

GND

GNDGND

GND

GND

GND

GND

Del-1

GND

GND

GND GND

GND

Offset_A

GND

GND

VREF_2P5

GAIN_A GAIN_B

VDD_5p0V

VDD_3p3V
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load is pulled high in case of 
overcurrent or timeout. - other 
side of load MUST be 
connected to V_36_Relay
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HIP4082 and IRFS3206 Switches 
To be as close as possible. 

Copper width to handle 10A

Copper width to handle 10A
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10A 10A
Copper width to handle 10A

Copper width to handle 10A

Copper width to handle 10A

10A

RIGHT BRUSH ACT
SWEEP BOARD H - BRIDGE

SPARE

NOTES 
Rf @ 14K
Ro @ 75K
0A = 0.493V to Micro
9.91A = 2.50V to Micro

A/D filtering

10A

Keep sense 
wires on 
same layer. 

Connect to line 
before going to via!

Connect to line 
before going to via!

Keep sense 
wires on 
same layer. 

Copper width to handle 10A

Copper width to handle 10A
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DUST 1 VAC CONTROL & CURRENT MONITOR

LIGHTNING

SPARE

SWEEP BOARD

To Motor From Motor

CHANGED FROM OPA2727 to LM358D 
Due to ESD weakness of OP2727
CAH 24 AUG 2016
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SWEEP BOARD
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Due to ESD weakness of OP2727
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Due to ESD weakness of OP2727
CAH 24 AUG 2016
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Place these decoupling capacitors near the Micro.

Place these decoupling capacitors near noisy lines. 7

11

11

6

LIGHTNING

12V 5V

3.3V

Need a bit more current than the linear can provide. Peaks of 2A. 

SWEEP BOARD: SUPPIES and CONNECTORS

Space these 100uF capacitors apart
for the 3.3V Boundary

3.3V
0.25 AMP CAPABILITY

THIS WIRE USES ~5A NORMAL WITH ~10A Peak SHORT DURATION

Changed connector references to help keep 
Machine schematic clean

Resistor to discharge
BULK Capacitors

DISCHARGE RESISTOR(S)

Place 1 at top of board, 1 in middle and 1 at bottom
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SIDE SWEEP BOARD PRE-CHARGE
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Setting Buck to 44V to charge to. 
Worse case senario is 52V
When Buck gets to within ~80% of VBATT
Micro will then turn off Buck

5A

5A

5A

5A

LIGHTNING
SIDE SWEEP BOARD PRE-CHARGE

FLYBACK DIODE

2X120 ohm 3Watt ~ 16V on Relay Coil at VBATT=52V (2.4WATTS) 0.150A
2X120 ohm 3Watt ~ 11V on Relay Coil at VBATT=36V (1.2WATTS) 0.104A

GREEN LED
PRECHARGE
DONE

Capacitor provides necessary inrush 
current to close the relay. Then 
charges up to force a MUCH lower 
current to reduce current through the coil.
Idea taken from Bob Pease.

RED LED
PRECHARGE
ERROR

POPULATE IF THERE ARE ISSUES

DE-POPULATE IF THERE ARE ISSUES

BUCK

LIGHTS IF PRECHARGE 
ERRORS OUT

@52.0V CURTIS_DONE=5V
@36.0V CURTIS_DONE=3.8V
@31.5V CURTIS_DONE=3.3V

COMES FROM MICRO

COMES FROM MICRO

COMES FROM MICROGOES TO MICRO

GOES TO MICRO

CLOSE_RELAY SHOULD BE LOW IF PRECHARGE ERRORS OUT

@52V 2.53V to micro
@36V 1.75V to micro
@31.5V 1.53V to micro

WHEN CURTIS HAS CLOSED FIRST RELAY: WE BEGIN

@52V 10Vgs
@36V 9.3Vgs
@31.5V 8.1Vgs

START TIMER: 
If PRECHARGE is NOT 
ready in 2 seconds. ERROR OUT

PLACE
NTC
CLOSE
TO BUCK

BLOCKING DIODE
TO PREVENT 
BULK CAPS FROM 
POWERING SYSTEM
AFTER POWER OFF.
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LAYOUT NOTES - GENERAL NOTES
1) Check Schematics for heavy RED wiring. There will be notes on current density.
Rule of thumbs:
10-15mil per Amp on top level. (increase to reduce power dissipation if there is room)
40mil per Amp for inner traces.
Stack as needed to handle currents. Try to keep same size parallel between stacks. 
LAYOUT NOTES - LSDPWM, HALF BRIDGES AND H-BRIDGES
1) Cu 250mils wide. ~ 10A capability. Need ~40A capability 2 oz Cu. 
2) All Resistors at 1% Except 1Meg ohm Resistors can be 5% if no 1% available. 
3) Current Sense resistors tied directly to 499 ohms on TOP LEVEL before via to ground. Connect Opamp 
Grounds to current sense Resistors on Top Level. USE MANY VIAS on node to ground after resistors 
and op-amps are connected. 
4) To minimize ringing in the bootstrap circuit, keep the PCB traces from the HIP4082 to the external 
bootstrap capacitor and MOSFETs as short as possible. The bypass capacitor should be located as close 
as possible to the IC. Ceramic dielectric is the best choice for bypass and bootstrap capacitors. 

Title

Size Document Number Rev

Date: Sheet o f

Q26016-003 J

LIGHTNING: SIDE SWEEP BOARD

Custom

16 16Wednesday, August 24, 2016

Title

Size Document Number Rev

Date: Sheet o f

Q26016-003 J

LIGHTNING: SIDE SWEEP BOARD

Custom

16 16Wednesday, August 24, 2016

Title

Size Document Number Rev

Date: Sheet o f

Q26016-003 J

LIGHTNING: SIDE SWEEP BOARD

Custom

16 16Wednesday, August 24, 2016


