LY EHTMING

026015-005
MAIN SWEEP

REV- - INITIAL RELEASE

001 - Inital Release

002 - Added filtering for A/D and for Slew rate for hot temps.
Changed 5A actuator FETs to smaller FET types.
Multiple changes in references to help Layout (A-G)

003 - Added 2 NON-POP DISCHARGE RESISTORS TO DECREASE DISCHARGE TIME.
Changed JTAG CLOCK RESISTOR TO PULL DOWN. (H)

004 - Changed Roll Actuator to be 6.93A Limit (J)
005 - Changed Roll Actuator to be 9.91A Limit (K)
006 - Changed Shaker to be 10.05A limit (L)

007 - Updated rev bits to "1". (M)
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MAIN SWEEP BOARD MICRO AND COMMUNICATIONS

>> VDD_12V 56,7,8,9,11 NARROW / WIDE
% GND 345678911 fOOtp r| nts.

VDD_5pov

VDD_3p3v > VDD_S5pOV 3,4,56,7,8,9,11

VDD_12V >> VDD_3p3v 3,11

R17
162 SPIO0 VDD_3p3v
Wide Footprint
12V Going out the CAN J1-4 powers the User Interface Module omectas FLASH 0
VDD_5pov CNDA and VREF- LED1_G1 0.1UF
LED2_Y1 12 July 13 U4 ND.
R58 RS] cu3 N YELLOW LED N GREEN LED SPOFLASHFRAMTX 140 o vee 2
Uiz @ LK 4 A7nF . CAN HEARTBEAT SPI0_FLASH_FRAM_CLK 2
| SR 2 bseik 8 SPI0_FLASH_FRAM_RX
CAN_TX 1 o 7 FLASH_nCS 4] SO GND
TaRe 4| TXD > CANH [ T : ;g CAN_H 11 ————)CS
————RXD  CANL RS CAN_L 11 FLASH P 5|
R59 e I of ® ~
8 o 5 A
SILENTZ VREF ‘SV\/ nRESET 3) et oD |7 o o o u2
© VDD_5pov [RST __ GND]J g @ Z | AT45DBOBLE/SSU_NP
RS6 | SNE5HVD1050D ATA5DBOBIE/SU o
1K
< Ru
)
APP-NOTE 1ok U6 ¥
. Thermal issues with clocking/pum at hot RS232_RX 37 o7 3 o e ‘; NON-POP
Res T38| PAO/UORX PBO/USBOID/UIRX [—gg @ ERE
S ST FRATER PALUOTX PB1/USBOVBUS/ULTX [—gg
CAN COMMUNICATIONS REEE
SPI0_FLASH_FRAM_RX PA! |0F: PB3/I2COSDA 736~ can_Rrx
c36 SPI0_FLASH_FRAM_TX PA4/SSIORX CANORX/PB4 [—736—Can_7x SPIO_FLASH_FRAM_TX
100pF: RS PA5/SSIOTX CANOTX/PBS =P FOASTFRAT G
Us RIL —= pa7
JTAG_TCK S
16 VTDDJ“V 10K R Z 8 | peorrek PDO/AINIS/SSIICLK [—5—— APP-NOTE e
€23 |,0.1uF vee TG o1 116 ] PCLTMS PDI1/AIN14/SSIIFSS [5— Thermal issues with clocking/pwm at hot
= ci+ 14 2 A To0 15| PC2/TDI PD2/AIN13/SSIIRX NTC_AMBIF
€22 | 10.AuF e TouT = PC3/TDO PD3/AINI2ISSILTX 77 NTC_BRL -
[l C2+  T20UT H—X i —32| PC4/IUIRX/UIRTS PDA/AIN? (75 NTC_BR2 45
co- —3a- PCSIULTXIUICTS PDS/AING NTC_HYP1| 45 l
el C32 ) /0.1uF Vi § PC6/GPIO0 PDG/AINS 3 NTC_HYP2) 15 10%L 10% 10% m%g
Rl V- J PC7/GPIOL PD7/AINA NTC_WIRE] 15
== RILIN
Rs232.TX
SN Wy R2IN 2—x Jcowa 4 SHAKER_CURRENT_SENSE PEOAIN3 CANORXIPFOIM1PWIA {22 SHAKER_PWM 4
T2IN 5 MID_BRUSH1_CURRENT_SENSE PE/AIN2 PFLMPWMS [—&7 HyPUMP_A_PWM 9
RS232_RX 12 6 MID_BRUSH2_CURRENT_SENSE PE2/AINL PF2/M1PWM6 g5 HyPUMP_B_PWM 9
oD 9 | R1OUT 9 HyPUMP_CURRENT_SENSE PE3/AINO CANOTX/PF3/MIPWM? (67 HOPPER_ROLL_ACT PWM 8
1 R20UT 7 MID_BRUSH_ACT_CURRENT_SENSE P 2c25CL PF4 (5 APP-NOTE
. 5 8 HOPPER_ROLL_ACT_CURRENT_SENSE o 2C25DA PF5 (25 Thermal issues with clocking/pim at hot
GND 3 ROLL_POS_SENSE_MICRO T34| PE/AIN21 PF6 (25
—=3 PE7/AIN20 PF7 I
MAX3232/S0_4 55 32 I cm| cm| cm
e promoouno (% TR wosmsmom s ok o i
RS-232 SERIAL PORT 53 2 e
25| PG2IM1IPWMO PH 2 5 MID_BRUSH_ACT_PWM 7
21| PG3IMIPWML PH3/MOPWMS |5
25| PGA/MIPWM2/UZRX PHA/MOPWMA4 (=53
78| PGS/MIPWM3/U2TX PHS/MOPWMS [—55 VDD_3p3v
G PG6 PHB/MOPWMS [—57 .
— 1 pe7 PH7/MOPWM7
16
4 SHAKER_STATUS P —51| PO PKO/SSIBCLK RO RY Ra BIT 1 Set for 1218382-02
¢ 5 PJ1 PK1/SSI3FSS DN 1 oNt
5 MID_BRUSH1_DISABLE PJ2 PK2/SSI3RX
VDD_3p3v VDD_3p3v 5 MID_BRUSH1 STATUS PJ3 PK3/SSI3TX BRD_REV_BITO KNP S 1K KNP
Changed to 0603 128 | P4 PK4 BRD_REV _BITL
J TAG RS LAYOUT Footprint is 0603 6 MID_BRUSH2 DISABLE K50 PJ5 PK5 BRO-REV-ETT
Tk OPL was 0402. FIXED 6 MID_BRUSH2 STATUS ) 25 P6 PK6 —
JREETN p p7 209 % SHAKER LED_MICRO 3
2 7.4 JTAG_THS s
: W s s o Hee BB L e s o ogoe
L > yPUMP B _UP_SW !
T %F l — 8 te AW 9 HyPUMP_A_STATUS g o pi HOPPER_DWN_SW_MICRO 3 REV 0 9 9 9 e sowo
. A N .
i Wl VoD 393 9 HIPUMP__STATUS s _ROLL FD_SW NICRO 3 I ST S o
3 = = -~ REV 3 0 1 1
] RPN P 103 | o5 HOPPER_LMT_SW_MICRO 3
20021121-0 010C4LFI | 411[)"; 17 . gg PL6/USBODP CLOGGED_FILTER_MICRO 3
A4 = 8 Keep FB3 close to “RST — | PL7IUSBODM
0.1uF > RESET_Micro 81 131 HEARTBEAT_LED
RESET o 7 MID_BRUSH_ACT_DISABLE 2480 PNO/CANORX PPO [-135 AN TE5—
5] = 7 MID_BRUSH_ACT DIR {{—55-| PNI/CANOTX [ —
G 10nF 7 MID_BRUSH_ACT_STATUS), 119 PN2 PP2
—=21 PN3
8 HOPPER_ROLL_ACT DISABLE él;é PN4 veat 11—
8 HOPPER ROLL_ACT DIR —————————5| PN\5 73
- 8 HOPPER_ROLL_ACT_STATUS ), 88| PN6 HIB 75—
55T nRESET 45,6,7.8p e WAKE PHE—
RESET_M
TRESET_icro 9 ot .
>> NTC_AMBIENZ >> NTC_WIRE 2 92 VREFA+
l X1/ ]| QZPCBRST-16MHZ 93 | 0SCO
RN1 PLACE RN6 PLACE c 1 lf c3 osci
10k W Ese 10k Nf6se 18p 18pF ;2 x0sC1 VREFA- 2 SOREVOTTRGE
O ToP VAIN POWER X0SCo 10 STove-10
6 Bosp e 75 | Gnox xgggé 126 vooe
: A H VDD_3p3V
B s Decoupling Capacitors for the Micro. 97— l ca
2| GND1 N e r
{ 0| SNDs ca lwlg lwl@l@ cas
4] ZNoa 1WF T 0uF T 0.1uF T 0.1uF 7= 0.1uF = 10nF = 10nF
7
? chibe é é i i é é é
GND6
9
S Ghbs £B3 vop_spov 3.0V Reference for A/D
02 | S\p9 300 Ohms
14 30V 05%
36| GND10 LM4128
Za| GND11 i
GND12 %——{NC VREF
10 4 o
GNDA TM4C123GHEPGEL 3| VN =
ez ENBL O 74 crs
= 0.1uF c16 I F  100F
WF =
FB2
A~_coa
300 Ohms
% From Volga Wet
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VDD_5p0V
VDD_3p3V > VDD_5p0V 2,4,5,6,7,8,9,11

VDD_12V >> VDD_3p3v 2,11
T

>> VDD_12V 56,7,8,9,11

LK? GND 2,45,6,7,8,9,11

MAIN S

R95
D1020-5K R96 10
11 HOPPER_UP_Sw (KR4 1K K

>> HOPPER_UP_SW_MICRO 2

> HOPPER_DWN_SW_MICRO 2

SimB J_
c121
0.1uF
VDD_5p0v
R98
205K
pur R99 ;o
11 ROLL_FWD_sw (KREL 1K ¢
SIMB

>> ROLL_FWD_SW_MICRO 2

LIGHTNING

WEEP BO

ARD INPUTS

11 ROLL_BKWD_SW(CREBE A A

11 SHAKER SW ((—RZ8

VDD_5poV
R87
20.5K
D8 R88 4
S1MB J_
cli24
0.1uF
VDD_5p0V

> ROLL_BKWD_SW_MICRO 2

> HOPPER_LMT_SW_MICRO 2

>> SHAKER_SW_MICRO 2

11 CLOGGED_FILTER ((—R&%

SiMB J_
c123
0.1uF
VDD_5p0V
R79
205K
D6 R80 14
S1MB J_
c120
0.1uF
VDD_5p0V
R65
205K
D5 R66 o
S1MB

> CLOGGED_FILTER_MICRO 2

VDD_5p0V

2

MMBT2907A/SOT
3

0V, 60OTA, 22!
in’Hfe=100 8 10mA
T23

sl

2 SHAKER_LED_MICRO))

SHAKER_LED_MICRO

cirz
1uF
VDD_5
= _5p0V
o
2
<
S D17
& BAVIOOLTIG
2 10mA Himit
s
3 i > ROLL_POS_5V 11
-
GND

L SHAKER_LED 11

05
MMBTAO6LT3G

~0V TO 3V @ R184
U34A R2Q5\43.9K OLL_POS_SENSE 11
2 ROLL_POS_SENSE_MICRO((— RESE32I6X7ONESA ™~ 7~
R191
75k o= C183
33nF_NP
VDD_3p3V
SPARE Birz
VDD_5p0V 10K
R171
5
6 10K
loPA2727 R173
10K
R185
10K R174
10K_NP
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5

VDD_5p0V
>> VDD_5p0V 2,35,67,8,9,11

VDD_3p3V
VDD 12V > VDD_3p3V 2,3,11
S5
Secondary_Relay >> VDD_12V 56,7,8,9,11
>>Secondary_ReIay 5,6,7,8,9,11
VDD_5p0V
T >> SHAKER_STATUS 2
R190
VDD_5p0V P37 5Ab1s
3 Usea  TP35 ” FLYBACK % FLYBACK 11
10K 1,[vce 9
3 SK310A-TP
2 SHAKER_PWM > 2 b < SHAKER_LOAD 11
u36B
R189 | 74HCO8-HCT-TTL R180 5A
10K 39 4 N\ = f,: M1
GND UssA 6 WA - | < ) IRLR2908pbf
AV 1 o 13 5 |
SNMA 8 Qfz [
R177 176 B > nmQ 74HCO8-HCT-TTL 121
o S el ——c 107 KEEP AND and SWITCH CLOSE s
10K 10K MWV .01uF_COG Ric o ANV
143K z |
GND GND nClR ©
u3sc 74HCTAZ3 K
9 74V1GO8STR GND
. 5A
10
R138
74HCO8-HCT-TTL E‘ig M
2,45,6,7,8,9 NRESET ) 4 1K 5A
ngp sense
wires on
same layer.
TP28 R152 R142
o0—4¢ 27m 27m
C1531 220pF
LAl
VDD_5p0V VREF_2P5
BA
Poa 2.49V
c204 J_c175 J_c197 EBG cis 13
100uF
6.3V 10uF uF 1uF 0.1u 0.1u
20% GND GND u24
Sl —— § R137
39.2K
AV TPS73101
3 o 4
VDD_5p0V EN g FB R134
GAIN_A GAIN_B
~ § R140 Wy
36.5K 14K
§ RG3
1K
GND
% GND )
_ i Connect to line
NOTES on Gain and Offset Resistprs - before going to vial
Rf @ 14K
SPARES Ro @ 75K
OA = 0.491V to Micro
U%SB s 10.02A = 2.50V to Micro VDD_5p0v SPARES
101 A Q12 SPARES
R179 C203 B Q= R119 <
10K R178 Rz30 6 R111
10K [—“—’7 c 2 SHAKER_CURRENT_SENSE < o VWA o
GND oND VW 01uF_coc NP'| RIC PLACE CAP CLOSE TO MICRO == 114 U36D
GND 143K 11 01uF 121 Rild
nCLR 5 M
4HCT423
6
ilteri 10K
A/D Filtering R204 TAHCOBHCT-TTL R231
2,45,6,7,89 NRESET me mess
OPA2727 R110 10K 10K 10K_NP
R108 10K GND
GND GND
VW GND
10K § R109
10K_NP
E I S [Title
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LIGHTNING

Secondary_Relay
I

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

connected to V_36_Relay

Copper width to handle 40A

D> MID_BRUSH1_LOAD 11

D> MID_BRUSH1_STATUS 2

Connect to
before going

e
to V¥al

VDD_5p0v
VDD_3p3v 2> VDD_Spov 234678911 De-coupling caps for possi ection due to Mid Sweep.
VDD 12V D> VDD_3p3V 2,311 Spread these caps out in area close to MID SWEEP 1 and MID SWEEP
> VDD_12V 678911 Secondary._| y_| y_| y_Relay _Relay y_Relay
Secondary_Relay
y_Relay 6,7,8,9,11 200 C234 C161 €256 C162 163
0.1uF 0.1uF 0.1uF 0.1uF 0.1uF 0.1uF ~
100v 100v 100v 100v 100V 100v
GND E) GND 234678911 GND GND GND GND GND GND
2A
VDD_12v
T
~
uaB=
8 ]
c223 bis g . :%
10uF
VDD_5p0vV VDD_5p0V i HO
GND
RI169 10K 2A 3y
5
VDD_5p0v R208 DEL Copper width to handle 40A
100K
RI1S6 10K U30A TP52 D20 HIP4082
3 g c246 c242
2 MID_BRUSH1_DISABLE )) SK310A-TP ﬁgv gblxyF
~
GND GND
7aRG08-HCT-TTL Q13
GND IPBO20NE7N3
o R279 \aaLL 1 120A
YA - ca3 75V
8 k=] 470nF
—¢7 os g 2 2A = c253”
U308 Tp3g HI fo (2 33nF_N 40A 40A
4 ﬁ ‘Eﬁ HS 7 7
6 R175 ap121 4 13 5A
R154 u Lo o 5A
5 8 R29( D2:
74HCOB-HCT-TTL DEL > Q17 18  SMAJMGA
HIP4082 e IPBO20NE7N3
GND R292 1.1 1 120A 5A
1 75v 5A _lono
R209 2A - c260
49.9K ~ o= C258 2.2nF
HIP4082 and IRFS3206 Switches 33nF_Ni 5A _IGnD
VDD_5pOV <7GND To be as close as poss > NTC_BRL 2
R192 10K
RN2 PLACE
2A 10k BEeen
aoc TP33 FETS
2I0C IP38
9 T
8 R183 121 —_
2 MID_BRUSH1_PWM ) 10.‘ / VDD_5pov NOTES N
GND U30D TP42 R157143K RF @ 1+ 39.2K/806) = PLACE CAP CLOSE TO MICRO
74HCOB-HCT-TTL 12 o VDD_5povV R SaoK T 12 0.1uF
\ 11 R194, 1121 3 on 2 o @ B
L Oy L w10 0A = 0.496V to Micro oo
ol 40.6A = 2.50V to Micro e
74HCO8-HCT-TTL 10K A/D filtering
246,789 nRESET) GND
VDD_5p0v
VDD_5p0V VDD_5p0V ~
164 | C186 cizs  fciss 0134 c20 [prAzrer R262 Copper width to handle 40A
== 100UF o T C165 TP45 uazA | 7], 3 MID_BRUSH1_LOAD_RTN
S o b 9P oo e R211 \p121 W + 2 Kegp sense Keep sense
~ VSV; gs Ig;]/er ™ stallr;gslgl;er sense resistors connected to 499
A4 A4 < N = and MUX system without using vias.
GND
VDD_5p0V R280 R276 R271
VD%_ 12v Tbss am 3m am
‘ ‘ SPARE va0_sp0v -
c171 c235 c229 c222
1uF 22nF .2nF u3il
2 VReF o5 Copper width to handle 40A
100 A ng :gz R216
10K c220
.01uF_COG_ NP, c R234 VDD_5p0vV uas R255
N N 7 RIC u42B — 1 N ouT 5 R250 1t 249K
R160 R159 L 39.2K P53
10K 10K 1y R TPS73101 2000F
4
[=}
74HCT423 oPA2727 BNz B 1.2V °o— Offset A
R158
10K R217 N R254 40A
10K 36.5K
R258
B2l GND GAIN_A GAIN_B
\ GND
v 39.2K
10K
RG4
R215 806
10K_NP
GND Connect to line
before going to vial!
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Secondary_Relay
I

overcurrent or timeout.

Toad is pulled high in case of

- other

side of load MUST be
connected to V_36_Relay

Copper width to handle 40A

D> MID_BRUSH2_LOAD 11

D> MID_BRUSH2_STATUS 2

>> MID_BRUSH2_CURRENT_SENSE 2

VDD_3p3v >> VDD_5p0V 2,3,4,5,7,8,9,11
VDD 12V >> VDD_3p3V 2,311
>> VDD_12V 57,89,11
Secondary_Relay
y_Relay 5,7.89,11
% GND 2,345,7,89,11
2A
VDDT_ 12v
VDD_5p0v
~
ua3B =
8 ]
€190 c225 bis g . :%
0.1uF 100F
GND VDD_5p0V i HO
GND
VDD_5p0v 2A
R168 10K A
5
VDD_5p0v R218 DEL Copper width to handle 40A
s 100K
VDD_5p0V | us2a R162 TP49 b21 HIP4082
R163 10K 1, vce R182 T
g c247 c241
2 MID_BRUSH2_DISABLE ) 2 SK310A-TP ﬁgv gi)l;\f
74HCO8-HCT-TTL 121 o GND GND
Q14
GND IPBO2ONE7N3
o R281 A aaLL 1 120A
UdsA - coa T 75V
8 470nF
—Hos 3 s L9 2A = coss 7
7 10 33nF_NP 40A 40A
Place up the board edge. us28 R176 Ef Hl Ho L .
\ 6 4 o2 5A
Secondary_Relay R161 Al21 . o 5A
5 8 R29 D2,
74HCO8-HCT-TTL 121 DEL > Q18 18  SMAJM5A
HIP4082 |- IPBO20NE7N3
GND R293 ALl 1 120A 5A
cont L 75v 5A _lono
0.1UF R219 2A - c261
100v 49.9K ) - c259 2.2nF
. HIP4082 and IRFS3206 Switches 33nF_NP 5A _IGnD
GND 4 To be as close as poss 3> NTCBR2 2
VDD_5p0v RN3 PLACE
VDD_5pov R200 GND 2A 10K cen
R197 10K 10K paa FEve
<
P36 uss,
R181 0 5 13
A 8 Qg R223
B > nQ[X
2 MID_BRUSH2_PWM ) VDD_5pov T
121 U320 R1%9 TP43 R164143K NOTES 121 = PLACE CAP NEAR MICRO
74HCO8-HCT-TTL 12 ~N u R . g RF @ 1+ 39.2K/806) 0.1uF
13 nCLR O Ro @ 249K GND
13 / -
74HCTA23 OA = 0.496V to Micro
24,5789 NRESET)) 121 - r - /
74HCO8-HCT-TTL . 40.6A = 2.50V to Micro A/D filtering
VDD_5p0v VDD_5p0v
VDD_5pov VDD_5pov R
168 % aan® R263 Copper width to handle 40A
—= ToouF P47 o2t s MID_BRUSH2_LOAD_RTN
gbzwv s 2225 AIK. 1 , Keep sense Keep sense
" < <
OPA2727 vsvz:m gs Ig;]/er ™ stallr;gslgl;er sense resistors connected to 499
~ 121 ~|ono and MUX system without using vias.
VDD_5p0V P62 R282 R277 R272
Lz VDD_5p0v — am 3m am
: ; 0y "A Q :&
C206 l l c218 c224 8 nQ TP44
220F 1uF 0.1uF 22nF 6.8nF 20F OLUF_COG_NP)[ R226 e ks Copper width to handle 40A
R167 R166 o rie 10K
10K 10K 11
nCLR VDD_5pov u46 c221 R257
A4 A4 74HCTAZ3 1 5 R251 m 249K
R165 N out 39.0K 1r
10K TPS73101 IpSS
Ava o 220pF
OPA2727 R227 BNz B 1.2V o Offset A
10K
R224 N R256 40A
36.5K
SND R259
10K GAIN_A GAIN_B
R225 GND _
10K_NP \V 30.2K Connect to line
- i ial
RGS before going to via!
V 806
GND Connect to line
before going to vial!
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VDD_5p0v

VDD_3p3v
VDD_12v

Secondary_Relay

> vDD_5p0v 2,34,

> VDD_3p3v 23,11

> VDD_12v 568911

Relay 568911

@ GND 234568911

2 MID_BRUSH_ACT

2 MID_BRUSH_ACT_f

2 MID_BRUSH_ACT_DIR;

245689

LIGHTNING
MAIN SWEEP BOARD H-BRIDGE

MID BRUSH ACT ~10A

voD_12v
T
cua9 lcm l ci3s l c139
2.20F lm: 220F 2.2nF
13
vop 12v 27 BB
Copper width to handle 10A Secglﬂdawje\av Copper width to handle 10A
Cgs of 33nF not Populated. This is used to
SK310A-TP reduce miller effect and EVI during testing of the
circuit. i=c dv/dt.
So since capacitance increases, for a constant current, Cl29 Cl28
Slew rate increases. 10F 0.1uF
VDD_5pov 100v 100v
VDD_5pov GND GND
RI39 10K 1oad in case of
VDD_5pov R123 ﬁ; 00 Qere gmeout. - other
100K RISZ AAALL connected to V_36_Relay
RL6 10K . laz cuas l | ) 3 RuRasoseol el Place up the board edge.
4700F
DISABLE 2 G o 7 fo |22 T 330F_N Copper width to handle 10A Secgndary_Relay
e O TIL RIS ‘?’ HS 4 0 0 MID_BRUSH_ACT_LOADI 11
GND 3 4, o b2 A 5A
VDD_5pov o1 el1sf . 8 HIP4082 and IRFS3206 Switches R143 DL VDD_5p0v VDD 12V2A
SN74HCTOOD To be as close as possibl o 8 SMAJSA
v _ us (<I\la} 121 HIP4082 R112 \\ ALl IRLR2908pb 5A c12: D12 SK310A-TP
1 vee 49.9K oND 5A _leno )
4 2A cis8 RI105 100F GND
GND 20F 100K
. )\
Ridd GND
GND 8 470nF _
VDD_5pov VDD_5pov e L T 2A clz2]  Copper width to handle 10A
T - 2 e RI7 papLL T 3anF NP
B148 10K A R118 —T Hs 2 { 5> MID_BRUSH_ACT_LOAD2 1
P, 7
Ris0 v 1 . NOTES nk o[
i 8 ngJ MID_BRUSH_ACT_STATUS RF @ 14K 121 Dek15 e 4
SN74HCT00D Ro @ 75K
Cl47)) OLUF COG 14 o . !
GND TAHCOBHCT-TTL 121 R122 A43K 15 g/c SN74HCTO0D rus OA = 0.491V to Micro 'DGH\PAosz R91 ppall ‘:}%LRZEDBphI
. VoD, spov B 10.05A = 2.50V to Micro - an |\
nclR & T MID_BRUSH_ACT_CURRENT_SENSE 2 Copper width to handle 10A oot
VDD_5p0v 74HCTA23 R127 12 C18L PLACE CAP NEAR MICRO 3anF NP
10K 0.1uF
RI35 10K enD
GND
25
R133 ‘? AD filtering
VDD_5pov VDD_5pov
1 . ® ﬂi U18A”|
o 3 R104y y 0 1K
74HCOB-HCT-TTL 7
. S e 116 A 1 B Keep sense
u26D P23 T i S Keep sense wires on
1 R128 LMV33L 1+ wires on same layer.
NRESET 1 3 Sleno same layer. th to handle 10A
13 N
121
74HCO8-HCT-TTL
P17
TR R101 R102
P21 2. 40V ot 21m 21m
VREF pps <"
VDD_5pov u19 R113
1 5 R117 75K Copper width to handle 10A
Nt 39.2K C134)220pF PP
TPS73101 i Offset A
uzgs s 3y en S r8 P15 =
nA Q3 G 1.2v
0 [12
n o R120 ©
R136 OLUF COG @) 36.5K
10K 7y ric OPA2727 OFFSET
R126 R103 f
10K 1y noir . R106 10A
TAHCT423 % GAINA GAIN_B Connect to lfne
e 10K 100 before going [to via!
10K_NP 14K RG2
K
GND Connect to line
before going to via!
Connect to line
before going to via!

TN 1=
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VDD_5pov

L» VDD

VDD_3pav 5p0V 2,3,456.7.9,11
VDD_12v >> vop_3p3v 2311
> VDD_12v 567,911
Secondary_Relay

/_Relay 56,7.9,11

@ GND 2,3.4567.9,11

VDD75ETV

VDD_5pov
VDD_12v
o
cos coo c105
6.8nF

—t
8
H
12

£l

LIGHTNING
MAIN SWEEP BOARD H-BRIDGE

HOPPER ROLL

HOPPER

ROLL ACT ~10A

Copper width to handle 10A

lace up the board edge.

Secondary_Relay
- ca7 l Cc268
0.1uF 0.1uF
100v 100v
SK310A-TP
GND

o1
IRLR2908pbf

Copper width to handle 10A

HOPPER_ROLL_ACT_LOAD2 11

Q2
IRLR2908pbf

D3
Copper width to handle 10A SEE%daryje\ay
SK310ATP
c82 ca1
I 01uF
VDD_5pov 1o0v | 100v
GND ND
load is putled nigh in case of
overcurrent or tineout. - other
P14 R4S o N1 Side of foad MUST be
R71 100K u10A S } IRLR2908pbf connected to V_36_Relay
— -
3
2 HOPPER_ROLL_ACT_DISABLE
? Copper width to handle 10A
U15A = TP13 ) N
74HCO8-HCT-TTL R76 T HOPPER_ROLL_ACT_LOAD1 11
GND 5A
- 5A
VDD_Spov 121 HIP4082 and IRFS3206 Switches R60 D4, VDD_12V2A
SN74HCTOOD To be as close as possible. - 18 SMAJSA
w vz
ur R36 11 5A c80
i IRLR2908pbf 5A_lowo |
4 2A ciis R34 100F
2 2.2nF 100K GND
5A _|enD
RET GND o
10k 1G08_HCT 2A
GND 8
VDD_5pov VDD_5pov
2
P4
@’—‘ P12 RaL
TPl U14s | 8 3
R74 3
. 7 o g ol NOTES e
B > Q[ + Rf @ 14K 121
2 HOPPER_ROLL_ACT_PWM ) . cos | 0w coc 14| oo SN74HCTO0D Ro @ 75K . -
RT3 TARCOHCT-TTL [IIYSYETS s L— on v 0A = 0.491V to Micro oz
-] -5 ras ,,, 10-05A = 2.50V to Micro
—HAncr & > HOPPER_ROLL_ACT_CURRENT_SENSE 2
[74HCT423 R48 121598 PLACE CAP NEAR MICRO Copper width to handle 10A
10K 0.10F
oND
GND
hiz
RS54 A/D Filtering
VDD_5pov VDD_5pov
2 HOPPER_ROLL_ACT_DIR - . E R uea
o i R33 pap 1K
S
“? . T 39 7RIS 1 Keep sense
. T . opazraT Keep sense wires on
o St Lmvast o wires on same layer.
245679 NRESET & b same layer.
o P3 RS2 R3L
= 27m 27m
7AHCOBHCT-TTL wrer bes 2.49v o
7
88 | 2200F Ra7 R
r 75K Copper width to handle 10A
VDD_5pov uo Offset A
VDD_5pov 1 5 R40 P2
N ouT T o
s TPs73101
N pva— R52 o © e CHANGED FROM 6.93A back to 10.05A
10 [[12 VDD_Spov z 1.2V
8 nQ G -
RS5 o B4z R35
10K 365K B2
SN74HCTOOD R19 cam A GAIN_B
s 10K
RS0 14K
10K N
Y RGL Connect to lfne
I before going|to via!
OPA2727 R20 (GND Connect to ne
10K before going to via!
ono
10K Ro1
10K_NP

1=

Connect to line
lbefore going to v
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74HCOB-HCT-TTL

LIGHTNING
MAIN SWEEP BOARD SPECIAL HIGH SIDE DRIVER

HOPPER LIFT PUMP

vopiv 24
T P~
vDD_Spov
cou3 2
01F 100
oo
ono
2A
vDD_Sp0v
Copper width to handle 40A Secondary Relay
T VoD_Sp0v R2ss 10
ois HIP4082 and FET Switches s | o
N To be as close as possiblle. s | cu
14 000 T s00v 2
p— I e 2 HyPUMP_B_OIR 3
Rea1 10K SKa10ATP toag is putted nigh i case or
™5 o i of toad WAT bo
R244 T uage S| connected to V_36_Relay
s =
os 3 5
o5 R S ik 40 COPPET Width to handle 40A VoD _Sp0v
R20T 121 ™y 2 HO (¢ R206 10K
Rod9 ‘T’ i - . HyPUMP_LOADL 11
= o4 5A
121 N 5A
2 o voD_Spov . sloe 2 Ro98 025
1o 18 SMAZISA 2 HyPUMP_B_PW)
©|cmpacs2
5A _lgyo
1
)
nd
uagn®]
o N 3 NTC_HYPL
5 Lefos N
Tz [ 18 o RS PLACE
cno R240 He 10K ey
49.9K 4 1 FETS
oo | Hu ot
4 Slon

S HyPUMP_A_STATUS 2

SIDE

HIGH SIDE-0

7aHCOB HCT-TT|

vop12v  2A
o

74HCOB HCT-TTL

to handle 4

2
100F
oo
2A
Copper_width to handle 40A Secawiay Ry
£ 19
»
»t
vOD_Spov scware | HIPAOBZ and FET switches
R242 10K © be as close as possible. ot6 Toad is pulled high in case of
Tos IPBOZONETNG EEACA
e cn s, o il o
s a7one B th
opper widt]
i
R187 121 P59 = 40A 40A
1 28 HyPUMP_LOAD? 11
13 5A
5A
121 R294 022
i} s 12 o0 5 SMAJSA
106 1PBO2ONETNG
2 1208
75V 5A _loyo
wan 2A
o s
nA Q » N
VDD _5p0v b L v
8R R PLACE
143K Wihveen
ve g
Yo 3
T4HCTaZE Ho s
o

—d
g

voD_Spov
Jy— > voo_spov 2345
o~ 3% voo_spav 2311
3> vop_12v 567811
Secondary_Relay
S)Secondary_Relay
@ D 234567811
VoD Spov
R236 10
voD_Sp0v
2 HyPUMP_
R2a7 10K
2 HyPUMP_A_PWM )
rosd sno
245678 MRESET )
vun,s?
21 [cao o o i c134
To0ur
3V 1007 F 1uF 0.1ul 0.1uf
20 ono ano
voD_Sp0v
voo_12v
o
Tane lsan: 2ane g

R265
3> HyPUMP_CURRENT_SENSE 2
Loy G221 T PLCE 0P 1R Wk
o1 OTE!
RF @ 1+ 39.2K/806)
voo_ 7 @ 249K Copper width to handle 40A
> spov e w
vDD_Sp0v = 0.496V to Micro 11 HYPUMP_CURRENT 3}
r YPUMP >
s 0.6A = 2.50V to Micro
vaz 10K
VoD Spov voD_Sp0v
vl st ‘? Usas® =
1 n
R260
% . S e ) mesa g 1 Keep sgnse Keep_sense
N opzrar wires pn ® wires on
1 Lvaar Tl same lpyer. same layer.
& Copper
o6 e g s
VREF [2p5 o—
o8
cas52)| 2200F Rosa
N P65 249K
VDDJWVI Z 5 R278 ©
N our a2 onset A
usoc uson TPs7a101 “
EN 2 FB
g 5 1.2v 285 40A
Ros3 [GANA cam_e
35K
l SN7ancTO0D SN7AHCTO0D oprorar o
29 Ro61 S R2S3 206
o 0K 3 10K R0 2 20 s RG6 Connect to
06 3 10K oo 806 before goi
o

TN

Connect to line
before going to vi

and MUX system

idth to handle 40A

sense resistors connected to 499
ithout using vias.

| wipaos2
ono

B SIDE
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MAIN SWEEP BOARD PRE-CHARGE
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VDD_3p3V
VDD_12v

Secondary_Relay

VDD_5pov

>> VDD_5pOv 2,3,4,5,6,7,89,11
>> VDD_3p3V 23,11

>> VDD_12v 56,7,89,11

> ndary_Relay 56.7,89,11

% GND 2,3,4,56,7,8,9,11

12V

LIGHTNING
MAIN SWEEP BOARD: SUPPIES and CONNECTORS

oV

Need a bit more current than the linear can

provide. Peaks of 2A.

u29 P20
2 5 16 || CBOOT2 ?
Sec$daryje\ay * Sb < BST 1220k ol2 v%nispov
31 14 AV
Vin | uss7sMimops SW P >> VDD_5p0V 2,34,56,7,89,11
CciNg 10| oo orE |15 c152
= F 6552 D16 =< 220uF
100V == 10nF 1 13 Ay C 50V
vee 1S Whsov GND
cBYP2, 4 11
GND GND 1uF SYNC g g g our
8 - & 0 © 6
GND RAMP & < & O FB REB.
crRAMP2 | of o w® s.32
470pF CCOMP?2 |1 1.20F _RCOMP2 s 243K VDD_5p0v VDD_5p0V
GND s B12 RFB3
10.7K 1.07)
GND
GND GND
GND
GND 0 .
VDD_3p3V VDD_3p3Vv
BT e e VDD_3p3v
! ! ! 11
Cc72 C5 €70 C6 C56 57 53 C68
100uF 100uF 1000F =00 . ce4| cos| c3s c8
6.3V 6.3V 6.3V u u 1WF 0.1uF 0.1uF 1F
20% 20% 20% I I I

u3 1PL
2 ?
Sec%gdaryiRelay * sb VDD_12V
3
Vin | mss7smHnope SW » VDD_12V 5,6,7.89,11
CIN2 10
F gsst ss
100v 100V == 10nF 1 vee
CBYPL, 4
GND GND R SYNC ]
8 <]
SND r RAMP & & 3 &ep
CRAMP1 ™~ o of ) < 887K 1%
470pF CCOMP1 | 1.2nF_RCOMPLA pp 243K VDD_12v
GND > RTL RFB!
S 0k g 1K fi9%
GND =
GND GND
GND
GND 0 .
x V VDD_3p3V
VDD_5p0V VDD_5p0V TP
UIS | M2937ES-3.3NOPB
3 0.25 aw cismaILITY
INPUT  OUTPUT Toms o loE >> VDD_3p3v 23,11
clo8 o o c102
ci12 | ci1 | cioe 1uF 0.1uF E- L0uF 01uF |0uF |o0.auF
1u 1u 1ul © _© !
N
GND GND _|eND _|eND
GND GND GND_[GND
Secondary_Relay
FIDUCIAL/A
B FIDUCIAL/A
_|x cas |+ coss |+ coes [+ caa0 |+ cas |+ c2ss |+ ci
A A A A -~ FIDUCIAL/A
820UF 63V | B20uF 63V 820uF 63V | B20uF63V | B20UF63V | 820uF 63V | 820uF 63V
GND
J5 MOLEX_EXT_Guardian_3_Connect 151035-0003 Secondary_Relay
| 50A
1 > HyPUMP_LOAD1 9 60A ey 5678011
_ elay 56,789,
é Copper width to handle 50A e
2 ﬂ Copper width to handle 60A
. Resistor to discharge Bl L[ f Positive
MTL = E b
———{MT1 7 BULK Capacitors H12 2
8 |m———————- Hio  20HB
9o | R30L 7 1816
10 4 1 49.9K_N 15 164
11 1% - 106 13 14 [
12 ! ) 1 2
) 1 — 11 12 [fy
| 1 9 10
w2 13 S L7 8 -
——{mr2 14 H s 6 H
15 DISCHARGE RESISTOR(S) Hp 2 H
16 H 1 2
1 GND
i I
19 60A
20 36 GND 2,3,4,56,7,89,11
2 50A
z GND  MOLEX_EXT_Guardian_2_Connect_151035-0002
24 > HyPUMP_LOAD2 9
25
26
27
28
29
30
31
32
» Copper width to handle 50A
35
36 > HyPUMP_CURRENT 9

k4

MT1

MT2

Place the7se decoup ors near n
c39| c14| ces c19
22nF == I =
C1005X7R1E223K
6
c11 @l ml @l @l ml

6.8nF
C1005X7R1H682K I I I I I T

Place theseudecoupling capacitors near the Micro.

cs1| c3a| c2s| c15| cas| cio| ci2| ceo| ces| cas| ce2
22nF == = = = 3 = =
C1005X7R1H222K
MOLEX_EXT_uardian_3_Connect_151035-0003
60A
s econdar _Relay 56,7,89,11 .
35 Copper width to handle 50A N4
4
5 [f PATH FOR BRUSHES
6 H
MTL 7
L0
9
10 (4 2
11,
12 [
1 3
13 ROLL_POS_5V 1
13 [ 3 ROLL_POS_5V Y>oorrs=crsr 2 CAN_H ggj
MT2 14 3 ROLL_POS_SENSE Korrws ow 2 CAN_L £
15 o 3 ROLL_FWD_SW o rorrer tor 57 *—a
16 7 3 HOPPER_LMT_SWoorerom s 4
17 Hg 3 HOPPER DWN_SWpo-Zroeer e
18 Hy 3 CLOGGED_FILTER - cona
1913 SHAKER_LED B
20 1 3 SHAKER_LED HOPPER_ROLL_ACT _LOADZ _ 10A 9
21 i, 30A 8 HOPPER_ROLL_ACT_LOAD2 {Sammrae=are 5
2 2 2345678911 ROLL POS_GND  Ksmenrons L3
23 4 SHAKER_LOAD {(emmmmmns
24 => MID_BRUSH1_LOAD 5 s ﬁio%;géctfp sw z_HoPpF[uP ™
2552 3 ROLL_BKWD_SW 9ol St
26 g7 3 SHAKER_SW WMID_BRUSH_ACT LOADL TOA
27 Hg 7 MID_BRUSH_ACT_LOADI (et
28 [§g 7 MID_BRUSH_ACT_LOAD2 {(ermmmrersmmesmmmppree—
29 o 8 HOPPER_ROLL_ACT_LOAD1
30§
g; 2 MOLEX_MINI_FIT_JR_39-29-1187
3
33 =
%H copper width to handle 30 P RO pos o0 234507
: T
6
36 > MID_BRUSH2_LOAD 6
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LAYOUT NOTES - GENERAL NOTES

1) All nets to have vias to connect to for in circuit testing.

2) 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 @ 1 oz Cu. May change for 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.

5) Decoupling Caps added for 5V supply on each schematic that uses 5V & PWM and can add noise to it.
Please keep these caps close to the circuitry in the page they are in.

>
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