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LYCHTMNING

026016-003
SIDE SWEEP BOARD CIRCUITRY

- Maj or CHANCES from Design review.
Precharge to use micro to control.

- References cleaned up for LAYQUT

- DI ODE added to Pre charge.
changed resistors from 0402 to 0603
changed H GH current FETs to LOWcurrent FETs
changed JTAG port to snaller version
added a NON-POP cap for possible filtering for Vac Fan
added 2 NON-PCP resistors for possible increase in discharge time of BULK CAPS

- Changed Precharge flyback di ode connection to Precharge in.

- 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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VDD_12v

VDD_5pov
VDD_3p3v >> VDD_5p0V 3,4,5,6,7,10,11,12,13,15

>> vDD_3pav 13,15

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

%; GND 3,45,6,7,10,11,12,13,15

LIGHTNING

SWEEP BOARD MICRO AND COMMUNICATIONS

VDD_3p3Vv
_3p SPI 0 VDD_3p3v
13 VDD_5pov c28
. < T FLASH o1uF
12V CGoing out the CAN J1-4 powers the User Interface Mdul e Sok 2 Rss o
SPI0_FLASH_FRAM_TX 1 6
VDD_5p0V J_ AP NOTE ua E; E; B Emmm— ] vee
Thermal issues with clocking/ pwn at hot RS232_RX 97 SPI0_FLASH_FRAM_CLK 2
S Rl = Ras €202 - 55| PAO/UORX PBO/USBOID/UIRX |—gg Lok fLok ———————PSCLK 8 SPI0_FLASH_FRAM_RX
J ¥ 7 4 47nF PO FLASFPRANTCIR 35| PALUOTX PBL/USBOVBUS/ULTX [gg FLASH nCS _ so o
RS J0| PA2ISSIOCLK PB2/12COSCL [~100 cs
caNTX 8 7 PO FCASHFRAWRX 27| P’ PB3/I2COSDA (35 CAN_RX FLASH_nWP 5|
a 71 TXD > CANH |5 gg CAN_H 13 can PO FASHFRAVTX 77| PA4/SSIORX CANORX/PBA4 [—j3e——CANTX" wp of w ~
RXD CANL R238 CAN_L 13 100pF: FLASH_ WP 2 X CANOTX/PBS == VBATT_REF nRESET 3) === 7 ew o o o|us
R238 SORESET 3 &
. s 7 46| PAS @2V 2.53V to nmicro RST GND g 9 = | ATaspBOS1E/SSU
suLENT5 VREF [ MWAV—— PA7 @6V 1.75V to nicro AT45DBOS1E/SU ©
JTAG_TCK 8 1 ? @1.5V 1.53V to nicro
TTRGT PCOITCK PDO/AIN5/SSIICLK [~5 S VBATT_REF 15 PRECHARGE_VALUE ~85% /
R4 «| SNESHVD1050D oK — L pcuTs PDLAINL4/SSILFSS |5 1S PRECHARGE_VALUE 15 Srecianceg it o NARROW / WIDE
® ITAG 100 5| PC2/TDI PD2/AINL3/SSIIRX [ X NTC_AMBIENT 2 . v
. 35| PC3ITDO PD3/AINL2/SSILTX |77 K NTC_BUCK 15 fOOtpl‘IntS _ 2 |a s ‘B NON- POP
35| PC4/IUIRX/UIRTS PDA/AINT (=175 18 1= @
o 33| PCSIULTXIUICTS PDS/AING [25
33| PCB/GPIO0 PDB/AINS [24 = | e e
PC7/GPIO1 PD7/AIN4
CAN COMMUNICATIONS 15 52
4 LEFT_BRUSH_CURRENT_SENSE 14 PEOAIN3 CANORX/PFO/M1PWM4 63 RIGHT_SWEEP_ACT_PWM 7
5 RIGHT_BRUSH_CURRENT_SENSE, 13 PE1/AIN2 PF1/M1PWM5 73 DUST1_VAC_ON_PWM 10
6 LEFT_SWEEP_ACT_CURRENT_SENSE 12| PE2/AINL PF2/M1PWMS6 [—5= DUST2_VAC_ON_PWM 11
7 RIGHT_SWEEP_ACT_CURRENT_SENSE T36-| PEJ/AINO CANOTX/PF3/M1PWM7 57 WRAP_VAC_ON_PWM 12
Tio| PE4/AINO/I2C2SCL PF4 55—
133| PES/AINS/I2C2SDA PF5 [F5g———39 ENABLE_PRECHARGE 15 SPI0_FLASH_FRAM_TX
34| PES/AIN2L PF6 [~55———0 CLOSE RELAY 15 E—
s PE7/AIN20 PF7 [ —————)) PRECHARGE_ERROR 15 SPI0_FLASH_FRAM_CLK
s V-':I’P—3P3V 3 FIRE_INDICATOR_MICRO g 5 1 pco PHOIMOPWMO o2  DUST1_VAC_FREQUENCY_SENSE 10 FLAsH ncs
C69,0.1uF vCcC 3 WRAP_ENGAGE_MICRO 53 PH1/MOPWM1 28 ) c CY SENS
| ci+ " 2 25| PG2/MLPWMO PH2IMOPWM2 [—5=———K DUST2_VAC_FREQUENCY_SENSE 11 FLASH_nwP
C70 0.1uF 2] C1- TioUT 7 - 4 LEFT_BRUSH_PWI 51 PG3/M1PWM1 PH3/MOPWM3 26
49‘. - Co+ T20UT H—x . 6 LEFT_SWEEP_ACT_PWM 59| PG4/MIPWM2/U2RX PH4/MOPWM4 —(23 K WRAP_VAC_FREQUENCY_SENSE 12 NRESET
C57,0.10F c2- 3 5 RIGHT_BRUSH_PWM 78| PG5MIPWM3/U2TX PHS/MOPWMS |55
inn v+ PG6 PHE/MOPWMS |51
BT V- 13 2 471 b7 PH7/MOPWM7
= RS232_TX 11 RI1N (g R27 20 16 Nar row Foot pri nt
Rz a1y MR R27 120 |
oND. 10 T1IN R2IN CON3 162 21 PJO PKO/SSI3CLK 17
T2IN —i55] PIL PK1/SSI3FSS [g
RS232_RX 12 —T55] P32 PK2ISSI3RX g
o 9| RiouT —I57] P33 PK3/SSI3TX [~175
R20UT 178 | PI4 PK4 7 YD 4
GND - —1507] PI6 PK6 [~10g
Sy EEINLON LED 5 RT_BRUSH_STATUS ~ pp————— 1301 o357 PK7 DNI DNI VDD_3p3v E Z HZ “" KX
MAX3232/SO_4 _a08 |0 oo |82 T Aub'ed
07 88
RS-232 SERIAL PORT 6 LEFT Sweep ACT DiswBLE 10 piy e 22 s s s
6 LEFT_SWEEP_ACT DIR {5 PL2 PM2 |55 = = == BOARD REVISION BIT DECCDER
6 LEFT_SWEEP_ACT_STATUS —% PL3 PM3 g2 1K 1K NP 1K NPBIT 1 0
o it i [ oo ey oo : e 3 f b e
7 RIGHT_SWEEP_ACT_DISABLE {{—————— PL5 PM5 [—g3 BRD_REV_BITT REV 2 o 1 0 TED B W de Foot print
7 RIGHT_SWEEP_ACT DIR  {{———————————¢2— PL6/USBODP PM6 |55 BRU-REV-BIT REV 3 o 1 1
Weep FB3 close to 'RST 7 RIGHT_SWEEP_ACT_STATUS <& PL7/USBODM PM7
NRESET_Micro 131 HEARTBEAT_LED
5 S| PNOICANORX PPO (135
5> NTC_AMBIENT 2 300 ohms L 28 55| PNLICANOTX PP1 |17
10n0F 2 oy
RNL RLACE A 5“3 VBAT i
é 70
10K g Gse 55| PN5 73
IgFTrQaR\ER nn;ssr 68 | PN6 HIB 3—72
LT R NRESET 4,5,6,7 PN7 WAKE P=—
% NRESET_Micro
QZPCBRST-16MHZ RST VREFAL
m
=1l 1o o
18p 18pH
9
XOsC1 VREFA- CORE VOLTAGE
X0SCO N o Love-10%
1261
e vonez Decoupling Caoacitors for the Micr VoD-3p3V
VDD_3p3V VDD_3p3V VDD_3p3V VDD_3p3V oL vob1 |2 T c3s
p 124 | 1uF
] gmgg xggg 29 J_ ce1 csc J_ c59 J_ c3s J_ J_ coa | cia
J TAG <SR <R R2 (43 | 1F T 0.1UF T 0.1uF = 0.1uF T 0. 1 10nF = 10nF
S S GND4 VDD4 56
S 100k S 100K 100K e vbDs |22
R6 _p\p 27.4 TTAC.THS enoG VD06 75—}
2 R8_pan/27.4 JTACTCK CNDS VoD |24 EB3 5p0v 3. 0V Reference for AD
= c5 l 5| R10 \\A27.4 JTAGTDO GNDS vbDo o 300 Ohms
0.1uF 7 R12 W27 JTAGTDI 13 30V 0.5%
b 10 R15 AN 2T RESET 25 gmgﬂ 24 _Lma1zs
38 37 1
20021T21-00010C4LF | 37 GND12 . NG VREF
< RZ 10nF 10 a
N 3 100k GNDA TM4C123GHEPGEI 3 ‘E",\"“BL z
65 c66
1uF 0.1uF w 1uF  10nF ==
YV Y\__GNDA
300 Ohms
\ From Vol ga Vet
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VDD_5pOv
> VDD_5p0V 2,4,5,6,7,10,11,12,13,15

VDD_3p3V
VDD 12V > VDD_3p3V 2,13,15

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

%@ GND 2,4,567,10,11,12,1315

13 FIRE_INDICATOR  (¢B242 A 321&70,\"5 =

VDD_5povV

205K
23 R237, ¢

|U

S1MB _L

C200
0.1uF

>> FIRE_INDICATOR_MICRO

LIGHTNING

SWEEP BOARD
BOARD INPUTS

2

VDD_5p0vV

R239
20.5K
R236, ¢

S1MB

D22
13 WRAP_ENGAGE_swkR244 A 321%5701\15 =
c199
0.1uF

5> WRAP_ENGAGE_MICRO 2

[Title
LIGHTNING: SIDE SWEEP BOARD

ize Document Number
CustpmQ26016-003

Date: Wednesday, August 24, 2016
1

heet

3




5

VDD_5p0v

> VDD_5p0V 2,356,7,10,11,12,13,15

VDD_3p3V
VDD 12V >> VDD_3p3V 213,15
Secondary_Relay >> VDD_12V 6,7,10,11,12,13
> _Relay  6,7,13,15
2 o s SWEEP BOARD LSDPWM
VDD_5p0V
VDD_Spov >> LT_BRUSH_STATUS 2
R204 TP54 D20 5A
10K - U3gA  TP61 Hi» FLYBACK 513
1
SK310A-TP
2 LEFT_BRUSH_PWM 2 VW<LEFT78RUSH7LOAD 13
R214 L U39
10K \_,
U38A 6 R216 /; w2
GND é nA 8 ia 5 NN {H IRLR2908pbf
162 B> QX 74HCOB-HCT-TTL k’j
R184 14 1 R222
F——c R191 TELE
R202 R215 WA EEN N KEEP AND and SW TCH CLOSE 10K
10K 10K 01uF_COG o b ANN———
143K z
GND GND nCLR [C}
usac s T4HCTAZB K
9 74V1 R GND
K 5A
10
Uaas® R224
74HCO8-HCT-TTL 1.3 v
1
2
2,456,7 NRESET OPA2727 1K 5A
<«
K_eep sense
wires on
GNP 1peg P66 same |ayer.
o o R225 R226
27m 27m
€197y 220pF
VDD_5p0V it
VREF_2P5
5A
cis. Ci7: TPgo
0.1u 0.1u
GND GND
ual L
1 5 < R203
7 7 7 N ouT 202K
TPS73101
VDD_5p0V e 2 e
o R235
1 3 R213 GAIN_A W CANE
05627F 36.5K
r oo 28.7K
< Ro4
GND < 1K
_ GND Connect to line
NOTES on Plan-B Resistors - before going to vial
Rf @ 28.7K
Ro @ 147K
0OA = 0.502V to Mcro
SPARE 5.02A = 2.50V to Mcro
R234 %
Uass 2 LEFT_BRUSH_CURRENT_SENSE << M
9 5 PLACE CAP CLCSE TO M CRO
KT cis,,
R186 ro1L C180 B nQ = :
10K R185 = 54 c GND
10K 7
GND GND 01uF_coc_np'| RIC AD filtering
ND 11
Gl 143K hCLR
[74HCT423
24567 NRESET )
VDD_5p0V
U39D
R221
10K
R219
Uass 5 74HCO8-HCT-TTL
7 " R190
6 10K 10K_NP
OPA2727 R220 GND
R209 10K
GND
10K R210
10K_NP
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VDD_5p0v

.
VDD_3p3v >> VDD_5pOV 2,34,6,7,10,11,12,13,15
—
VDD_12v > VDD_3p3V 2,13,15

- @
SecgrdavyﬁRelay > VDD_12V 6,7,10,11,12,13

= o s SWEEP BOARD LSDPWM
RIGHT BRUSH

VDD_5p0V VDD_5p0V
T
>> RT_BRUSH_STATUS 2
R127 10K 1028 5A D15
< Hi
- U24A P36 >> FLYBACK 4,13
1[7vee
s SK310A-TP
2 RIGHT_BRUSH_PWMS 2 ¢ <RIGHT_BRUSH_LOAD 13
U248
R148 | 7AHCO8-HCT-TTL 5A
10K g R150
GND U23A [ R150 /,: ML
S é 8 Q ia = N {H IRLR2908pbf
R102 C109 B > QX 74HCOB-HCT-TTL \t
L—H—“» R109 . s
R125 R149 WA 1) S — 10K
106 e oEeos o L KEEP AND and SW TCH CLOSE L 1)
GND GND nelR_©
u24c 74HCTAZE o K
9 E‘!AVI@BSFR GND 5A
10
) R166
U29A
74HCO8-HCT-TTL ‘? 73 WA
1
2
24567 nRESET ) OPA2727 w
< Keep sense
wires on
sanme |ayer.
CND 1paz TP41 4
o1 o S o
m m
C152.220pF
VDD_5p0v f
SRV VREF_2P5
5A
c14: c1a e
. T . 0.1u 0.1u
GND GND
u27 L
1 5 < RI26
<~ 7 7 N ouT 202K
TPS73101
3
VDD_5p0V EN 2 FB
[ R173
" R147 GAIN_A o GAIN_B
36.5K v
28.7K
GND
< RG3
% \V \V 1K
. GND Connect to line
I&PTE@Szgn7EI an-B Resistors - before going to via!
u23 .
. s RO @ 147K
10 gA ng [12 OA = 0.502V to Mcro
R104 R145 C138 5.02A = 2.50V to Mcro R172
10K R103 R LIS
7
. 10K oiuF coa e RIC 2 RIGHT_BRUSH_CURRENT_SENSE <& M
- = PLACE CAP CLOSE TO M CRO
GND EEIN U c150
0.1uF
[74HCT423
GND
AD fil
24567 nRESET ) iltering
VDD_5p0v .
Connect to line
before going to vial
R162
10K U24D
U208 |7
7
. 74HCO8-HCT-TTL
R108
OPA2727 R161 10K_NP
R143 10K
GND
GND
10K

10K_NP
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VDD_5p0v
D> VDD_5pOv 2:345,7.1011,12,13.15
> vop_:

> vDD_12v 7,1011,1213

VDD_3pav

VDD_12v p3V 21315

‘Secondary_Relay

Secondary_Relay 7,13

@ GND 2345710,1112,1315

o
T om lom Jow b od o
100uF
6.3V 10uF 1ok 1uF 0.1uf 0.1ul
VDD_5p0V

€139 c127 €155
220F l 6.80F 2.20F

LIGHTNING
SWEEP BOARD H - BRIDGE

LEFT BRUSH ACT

woo12v 2 O .
Copper width to handle 10A Secglgdaryj'e\ay Copper width to handle 10A
Tour S of 33nF not Populated. This is used to
since capacitance increases, for a constant current 100v, _loov
slew rate increases. GND IGND
oad is pulled high in case of
overcurrent or timeout. - ot her
. Bizz . A o 815 bl
Riss 100K wea® o fi= 4) merasosont Sommected T 36 Rl ay
. VDD_5p0v Sfos g 0 oA l cmsH Co dth to handle 10A
)_5p 4 Clds pper w o handl e
2 LEFT_SWEEP_ACT_DISABLE HB
2 3| uaa . LA e T 0F_N 10A 10A
[ Hs > LEFT_SWEEP_ACT_LOADL 13
GND 4 13 5A
u Lo 5A
VDD_Spov 5 8 HI P4082 and | RFS3206 Switches R183 DI VDD_5pov VDD_12V2 A
Del-1 DEL > SMAJ45A
Tids2 To be as close as possible ou 18
w  um ) R1%0 ono RIL7 AL IRLR29089b1 c107 b2 SK310ATP
vee 499K " 5A _leno
4 2A R115 100F gl
GND 100K N
33F_N o\ 08
VDD_5pov R174 [GND o
RITT 10K 10K 1G08_HCT 2A u2e8 cue 1 3 RiRasoepet
VDD_5pov. 8 os T N 4700F, % Copper width to handle 10A
_5p( s L£1034
18 2y fo e RI01 AL T Fr 10A 10A
318 g R129 ﬁf HS > LEFT_SWEEP_ACT_LOAD2 13
4 R179 0. 2 = Lo
s —4m 8 Q D> LEFT_SWEEP_ACT_STATUS 1 11 2
5 B> e NOTES on Plan-B Resistors - >
2 LEFT_SWEEP_ACT_PWM SN74HCTOOD
- ACTS o 121 VDD_Spov CL35).0uF Co6 14 SNTAHCTOOD R @ 14K ol Q10
b Tancos HCTTTL Clage [ F a0, P Ro @ 75K Fraes RuRasoepbt
LN N O0A = 0.493V to Mcro
T Ri%6 r1189. 91A = 2.50V to Mcro
10K
— oo T > LEFT_SWEEP_ACT_CURRENT_SENSE 2
R138 10K 1y 1257 PLACE O CLGSE TO M GO
paic mss T ouF )
= Copper width to handle 10A
8 VDD_Spov GND
2 LEFT_SWEEP_ACT_ DIR S w20 WO filieng
74HCOB-HCT-TTL ﬁl " 1 e e Keep sense
2 Keep sense wires on
R34 €
i u31D12 137 OPA2727 wires on sane |ayer.
2457 nRESET)) Y \ 1 [ same |ayer.
13 R112 Ru1L
21 27m 27m
74HCOB-HCT-TTL VREF_bps
P31
C126 | 220pF R116
" 75K Copper width to handle 10A
VDD_5pov u2s Offset_A VDD_5pov
R120
N ouT By
Tes7son Te27 100
EN 2 B AV o VDD_5p0v 10K
R128 ] 5
h 35K can A B s 108 o 3 R141
i —— " 10K_NP
| R135 ¢ -
GND 14K RG2 10K RIC
s . opaz721 a0
Taz3 R
)
GND Connect to line
before going to vial
£
i,
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VDD_5p0v
VDD_3pav
VDD_12v

‘Secondary_Relay

D> VDD_5p0V 2.345,61011,12,13.15
> vop_:

> VDD_12v 610111213

p3V 21315

DSecondary_Relay 6,13

@ GND 2345610,1112,1315

1000F
" 100F R F
2
VDD_5pov
co1 cor ca1
220F

2 RIGHT_SWEEP_ACT_DISABLE

LIGHTNING
SWEEP BOARD H - BRIDGE
RIGHT BRUSH ACT

vop12v 2A P10

T*T

VDD_Sp0v
©  use
vee

oD

VDD_5pov.

2 RIGHT_SWEEP_ACT_PWM

2 RIGHT_SWEEP_ACT_DIR

ReL
121
TAHCOBHCT-TTL
oND
R
121
)
10K 74HCO8-HCT-TTL
VDD_5pov
u16C
5 RE0

VDD_5p0v

E
1
Q
24 g o
B > nQ[—
%5 || .OWF COG 14,
REB 443K K
)
3 z
nclR O
74HCT423

oo

D> RIGHT_SWEEP_ACT_STATUS

2456 NRESET,

8
10
121

74HCOB-HCT-TTL

uteo
v, &73
u
13

74HCOBHCT-TTL

VDD_5pov

L’EI—ITI"IIWE

5

=

Copper width to handle 10A Sechdaly,Relay Copper width to handle 10A
SK310ATP
[=:1] c83
TR [
100v | 100v
GND D
oad is pulled high in case of
78 overcurrent or timeout. - ot her
BE 508 side of Ioad be
100K v1aa ™ cos RBI9 il }H} IRLR2908pbI Zonnected (o \.36_Rel ay
o 3 e 1\4
VDD_5p0V S s 2A o8 Copper width to handle 10A
3| L - LA e T 330 vp 10A 10A
RO —T HS t t > RIGHT_SWEEP_ACT_LOAD1 13
=M o 5A SA
121 5 b g HI P4082 and | RFS3206 Switches R9L DL VDD_5pov/ VDD 12V2 A
Del- e To be as close as possible - 18 SMAJSA F
[
Re7 ono R8D ppnLL [fi = — o 0 SK3L0ATP
49.9K 1] 5A _leho »
2A R59 100F gl
GND 100K N
330F NP I o5
2A 18 Y cos I %) IRLR2908pbf
— ces —
8 os T N 470nF 2A o5 Copper width to handle 10A
s c19
o EN fo [ R54 j\ALL T 330F_vp 10A 10A
R66 HS D> RIGHT_SWEEP_ACT_LOAD2 13
8 14
Lo
121 >2
SN74HCTOOD R(’\DTE@SMK @
SN74HCTOOD ©
HIP40B2
RO @7 e IRLR2908pbf
OA = 0.493V to Mcro
rez 9.91A = 2.50V to Mcro
T > RIGHT_SWEEP_ACT_CURRENT_SENSE 2
cey PLACE CAP CLGSE TO M CRO
21
Keep sense Copper width to handle 10A
VDD_5p0v onD wires on
u128”| AD filtering same |ayer.
713 RSB NI
W 1 5 Keep sense
opa2727 wres on
sane |ayer.
Sleno
VREF_2P5
RS6 RS7
90 122008 R6L 2im 27m
N 75K
| — VDD_Spov
Uiz Offset A st
5 R64 E] Le R
wour e wl» b T
TPS73101
o R7L
En 2 FB R c
5 1.2v P10 10K RIC
SN74HCTO0D
R63 B75
GAIN_A GAIN_B T423 10K OPA2727
GND
~ 14K Re1
K
GND Connect to line
before going to via!

Copper

wi dth to handle 10A

Connect to~ ne
before going to vial
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VDD _spov
VDD_3p3v 5> VDD_5pOV 2.345,67.10,11,1213,15
voD_12v D> vop_3pav 21315

Secondary_Relay >> VDD_12V 67,10,11,1213

S>secondary_Relay 67,1315

ﬁg GND 23456710,11,12,13,15

LIGHTNING
SWEEP BOARD H - BRIDGE

WRAP FLAPPER ACT
REMOVED

I_7IEI—I_I_I—III—IIE
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VoD Sp0v
[P > VDD_5p0v 2.3.4567.1011121315
oo 12v > voo_spav 21315

Secondary_Relay >> VDD_12V 67,10,11,1213

S>Secondary_Relay  6.7,13.15

@ GND 23456

11011,12,13.15

| L’EI—ITWII"IE

LIGHTNING
SWEEP BOARD H - BRIDGE

WRAP ACT
REMOVED

LIGHTNING: SIDE SWEEP BOARD
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>

VDD_5pov
VDD 3pav 2 VDD_SpOV 2.34567.111213.15
—
VDD_12v D> VDD_3p3V 2,13,15
T

>> VDD_12V 6,7,11,12,13
Secondary_Relay

S lary_Relay  6,7,13,15

R SWEEP BOARD |
DUST 1 VAC CONTROL & CURRENT MONITOR

VDD_5p0v

ci76

it

o CHANGED FROM OPA2727 to LMB58D o~ S

<~ [t Due to ESD weakness of OP2727 VDD_5p0v
! VDD_12v | CAH 24 AUG 2016 b14 R131
. bi4 VDD_5p0v
eSS o w205 Pg3 | BAV199LTIG " x
! P65
i TN e To Motor From Mot or .
2 DUSTL_VAC_ON_PWM ) } N i -
cizs L t > DUST1_VAC_VOLTAGE_CONTROL 13 13 DUST1_VAC_VOLT_CNTRL_S})
10K 10K = I (M358D . > DUST1_VAC_FREQUENCY_SENSE 2
F ! o | LMv331
GND .
| I w7 I
P64 VDD_5p0v
I ° Reo7,301K
W
R206
10K VDD_5p0v

] oy
|

! R231
I LM358D | 10K
— " —R280= ——-

10K R232

LIGHTNING: SIDE SWEEP BOARD
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>

VDD_5pov
VDD 3pav 2 VDD_SpOV 2.34.567.10.1213,15
—
VDD_12v D> VDD_3p3V 2,13,15
T

>> VDD_12V 6,7,10,12,13
Secondary_Relay

S lary_Relay  6,7,13,15

S SWEEP BOARD
DUST 2 VAC CONTROL & CURRENT MONITOR

VDD_5p0v

cl.
it
0.10F CHANGED FROM OPA2727 to LMB58D — R
N vem eem . .— . Due to ESD weakness of 0OP2727 VDD_5p0v
! wo1v | CAH 24 AUG 2016 -
P38 TPa3 | BAVIQQL% o R193 VDD_5p0v 2K
R151 R157 ! P45 To Motor
From Mot or Tpag
2 DUST2_VAC_ON_PWM A A i ~ > R201 1K
H DUST2_VAC_VOLTAGE_CONTROL 13 13 DUST2_VAC_VOLT_CNTRL_SIGNAI
10K 10K J‘CIAB I o - MHEWDNE’A >> DUST2_VAC_FREQUENCY_SENSE 2
1uF
P44
R159,30\1K
W
VDD_5p0V
R194
10K

I R195

N 10K

I LM358D |

e e 97— ——-

10K R196
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>

VDD_5p0v
VDD_3p3V ¥>> VDD_SpOV 2,3,4,5,6,7,10,11,13,15
.
VDD_12v D> VDD_3p3V 2,135
i

>> VDD_12V 6,7,10,11,13
Secondary_Relay

y_Relay 6,7,13,15

S SWEEP BOARD

VDD_5p0V
cuz  |cun [c129
—— 100uF
eav | P 1uF
20%
VDD_5p0V
c105
ci21 c120 cl2g i
= aF 6.8nF == 2.20F 0.1uF CHANGED FROM OPA2727 to LM358D
—m .em .— .— | Due to ESD weakness of 0OP2727 VDD_5p0v VoD S0y VDD_5p0v
< - CAH 24 AUG 2016 5o
R208
P23 o3 TP24 R218 VDD_5p0V 2K
B93 T P26 To Mot or BAVIOOLTIG © 2K
2 WRAP_VAC_ON_PWM ) —AN From Mot or Lz P62 °
lmm >> WRAP_VAC_VOLTAGE_CONTROL 13 R229 1K 3
10K 10K clod 13 WRAP_VAC_VOLT_CNTRL_SIGNAL ~ Y>—BE& oo itore— ot
1uF ! @ > WRAP_VAC_FREQUENCY_SENSE 2

1
(o]
o
g
<o!"
z B
g =

VDD_5p0v

R217 301K
MV

VDD_5p0v
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SWEEP BOARD:

LIGHTNING
SUPPIES and CONNECTORS

V

Need a bit nore current than the |linear can provide. Peaks of 2A
GND GND
~ ~
u40 = uas =
2 - 16 CBOOT1 2 - 16 CBOOT2
Secglgdary_Relay < sb < BST 22nF o2 VDD_12V < sb < BST 22nF o2 V_Ii_D_SpO\/
3 14 AN 3 14 Y
Vin | \mss7smimops SW P VDD_12V 6,7,10,11,12 13,15 PRECHARGE_IN Vin | wmss7smamops SW o >> VDD_5p0V 2,34,5,6,7,10,11,12,15
CIN1 CIN2 10 | oo u ci73 CIN4 CIN3 10 | oo u c201
=R = L [CSSI 220uF Twr ar [CSS2 ~ 220uF
100V 100V == 10nF 1 50V 100V 100V == 10nF 1 50V
vee GND | vee GND
= CBYPL, 4 =cBYP2,_ 4
GND GND 1uF SYNC 2 2 g our GND GND 1uF SYNC 2 2 g our
8 E 0 O O 6 8 E 0 O O 6
GND RAMP x < a4 O FB REB GND RAMP x < a4 O FB RFBA
_|: CRAMPL ~| of o 0 8.87K 1% _|: CRAMP2 | of o 0 3.09K 1%
470pF CCOMP1 ;1 1.2nF _RCOMPIA s p 24.3K VDD_12V VDD_12V 470pF CCOMP2 ;1 1.2nF _RCOMP2 A s p 24.3K VDD_5pOV DD_5p0V
GND < RTL REBY T GND < RT2 REBS
S 107K K 1% S 107K K 1%
c160 | ci66 | ci87 | c130 | c119 | cies c133 | c1e8 | cirz | cis7 | cise | ci48
GND 1ul 1ul 1ul 1ul 1ul 1ul GND 1ul 1ul 1ul 1ul 1ul 1ul
o LTI o LTI
GND GND
GND GND .
Pace 1t 109 of bowrd, 1in mdsle and 1 at bottom
1P, P21 P69 V
V VDD_3p3V .
. GND VDD_3p3V
VDD_5p0V TP TP VDD_3p3V VDD_3p3V
UL | M2937ES-3.3INOPB ot i aditiad 11
1 3 0.2 me cwRBLITY
c7 INPUT  OUTPUT T ez e > VDD_3p3V 215 QJ_ 047_]_ QJ_ czzJ_ CASJ_ csz_ CASJ_ c30 _SJ_ CAOJ_
c7s a o c78 cu ca8 c21 55 [C36 56 1uF
1uF 0.1uF z =z ouF 01uF |01uF |01uF 100uF ouF A GRM188R61E105KA12 T T T T T T T T
© _© 6.3V 6.3V 6.3V \1UF 0.1uF 0.1uF
4 < 20% 20% 20% " - ” -
GND GND _IGND _|GND Pl ace these decoupling capacitors near noisy lines.
GND GND GND_|GND 7
ol e o a al ]
220F
C1005X7R1E223K T T T T T T T
Secondary_Relay 6
]— J3 Secondary_Relay C39J_ CIZJ_ CISJ_ C34J_ CSZJ_ CSBJ_
- 6.8nF
FIDUCIAL/A o C1005X7R1HB82K T T T T
- - o o o 2 CAN_H gé MTL 3 b y_Relay 6,715
FIDUCIAL/A |+ cim _|+ coos |+ c12 |+ an  _|+ cr 2 CANL 3 Pl ace these_ decoupling capacitors near the Mcro
-~ ~ ~ ~ ~ 4| MT2 4 11
820UF 63V | 820UF 63V 820uF 63V | B20uF63V | 820uF 63V < J_ J_ J_ J_ J_ J_ J_
FIDUCIAL/A c33| co25| ci7| cor| caz| csi| cis| c1 | ces| czo
CON4 MOLEX_MINI_FIT_SR_42820-2213 P2 GND 2,34,567,1011,1215 2nF
C1005X7R1H222K T T T T T T T T T T
GND
Secondary_Relay GND
R248
Changed connector references to help keep Resistor to discharge 499K NP
3 h ; 6
Machi ne schenatic clean BULK  Capaci tors
N
DI SCHARGE RESI STOR( S)
4
7 RIGHT_SWEEP_ACT_LOADL, igA
7 RIGHT_SWEEP_ACT_LOAD2 = MTL
12 WRAP_VAC_VOLT_CNTRL_SIGNAL A v s
11 DUSTZ_VAC_VOLT_CNTRL_SIGNAL STy
10 DUST1_VAC_VOLT_CNTRL_SIGNAL STy
3 WRAP_ENGAGE_SW FIRE_INDICATOR <IA
3 FIRE_INDICATOR WRAP_VAC_VOLTAGE_CONTROL 1A 8
12 WRAP_VAC_VOLTAGE_CONTROL  »>505T5 VAC VOLTAGE CONTROL <IA 9
10 DUST1 VAC VOLTAGE CONTROL SOioer e TOLACE CoMRoL <1 0
- . ' LEFT_SWEEP_ACT_LOAD1
6 LEFT_SWEEP_ACT_LOAD]L memsmmeemmerams DA
6 LEFT_SWEEP_ACT_LOAD2 —_— =
13,15 PRECHARGE_IN vy
15 SECONDARY_RELAY_COIL TR 5
15 Curtis_Pull_Down RIGHT BRUSHTORD A 3
5 RIGHT_BRUSH_LOAD  <<reer=smoer=rors TR 7
4 LEFT_BRUSH_LOAD Ty
4,5 FLYBACK g | M2,
<1A 20|

TH S W RE USES ~5A NCRL/AL W TH ~10A Peik SHORT DURATI ON
GND

39-29-1207 Mini Fit Jr. RA connector
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LIGHTNING

SIDE SWEEP BOARD PRE-CHARGE
LINEAR REMOVED
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VDD_5p0V

>> VDD_S5pOV 2,3,4,5,6,7,10,11,12,13

VDD_3p3V

>> VDD_3p3v 2,13

‘CPGND > GND 2,34,5,6,7,10,11,12,13

13,15 PRECHARGE_IN >

é R18 ¥ SMAZ10 1W 10V ZENEI
10K QN

o1
NDS0605 1

2

b1
simMB

N7
13 Curtis_Pull_Down

@2V 10Vgs
@6V 9.3Vgs )
@1.5V 8.1Vgs

R20
g

CURTIS_DONE

VDD_3p3V
Rr22
29.9K o D2
BAV199LT1G
—_——
| R23 l
I 3 Ot >> VBATT_REF 2
mo b | GOES TO M CRO

o
a
=

1

GND

LIGHT

NING

SIDE SWEEP BOARD PRE-CHARGE
BUCK

@2V 2.53V to micro

@6V 1.75V to mcro
@1.5V 1.53V to nmicro

@2. 0V CURTI S_DONE=5V

@6. 0V CURTI S_DONE=3. 8V

@1.5V CURTI S_DONE=3. 3V
VDD_5pov

D5
BAVIOILTIG ©

VDD_5pov

D4

R25
10K

3
o
2
WAAO 1w 10V ZENER 2
@
GND
P

1G08_HCT
GND

2 ENABLE_PRECHARGE

COMES FROM M CRO

START TI MER
I f PRECHARGE is NOT
ready in 2 seconds. ERROR OUT

i =

& Ruceinimanded Ling peattam; e

Q4
BSS123-7-F

Ra4
10K

vl
=
IS

121

{ PRECHARGE_ERROR 2
COMES FROM M CRO

VDD_5p0V

DE- POPULATE | F THERE ARE | SSUES

ca3
It
0.1uF | '
LR
i
= 3 > PRECHARGE_IN 13,15
>» NTC_BUCK 2 ] BE
= i
PLACE RN2 OCKI ODE
NTC 101 -BI-I(') PRIE\'\iGEN'II?' 13 SECONDARY_RELAY_COIL
%OSBLEDK - X/ Capacitor provides necessary inrush
BULK CAPS FROM D8 cwrem to clo?e the relay. lThen
charges up to force a MJCH | ower
IP5 PONERI NG SYSTEM current to reduce current through the coil.
— — — AFTER PONER OFF. FLYBACK DU I'dea taken from Bob Pease.
D24 SK310A-TP
2 T |
BOOT sw -2 = P ndary Relay 6,713
r | 7__5A 5A 8.2uH I I Ra6
vin I Yeno D6 L_B360C-13-F 20 s
N 5‘0!\/\9 6 BS60C-13-F _ = | 2X120 ohm 3Vatt ~ 16V on Relay Coil at VBATT=52V (2.4WATTS) 0.150A
820UF 63V
5 2X120 ohm 3vatt ~ 11V on Relay Coil at VBATT=36V (1.2WATTS) 0.104A ~ POPULATE | F THERE ARE | SSLES
RT/CLKE ~ FB R o VDD, 5pov
o] TPS54360 5A R38 120 -
383K VDD_3p3V
R28
R39 VDD_5p0v
162K 1pp e o7 i 187_NP TP4
FB_0p8v, —_—— | BAV199LT1G
%tllng Buck to 4 |05<2:Carge to. I s - 03
rse case senariolis
<68 Vhen Buck gets to within ~80% of VBATT l 3 R32 IRLML20GOTRPBF
6800pF| Mcro will then turn off Buck i Ot >> PRECHARGE_VALUE 2 162
Rag | GOES TO M CRO
R37 255K | 1K .
7.15K - LED1 G1
R35
13K GND S GREEN LED
u PRECHARGE
VDD_5p0V DONE
©
Ra1 Q2
162 BSS123-7-F 1
~
LED1 R1 GND
» RED LED
WHEN CURTI S HAS CLOSED FI RST RELAY: WE BEG N L PRECHARGE VDD_5pov
LI GHTS | F PRECHARGE 10K Rd5
ERRORS QUT ERROR voD_5p0v
1 P8

CURTIS_DONE

R24
10K

el
]
N

< CLOSE_RELAY 2
I 121 COVES FROM M CRO

CLOSE_RELAY SHOULD BE LOW | F PRECHARGE ERRORS OUT
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LAYQUT NOTES - GENERAL NOTES

1) Check Schematics for heavy RED wiring. There will be notes on current density.
Rul e of thunbs:

10-15m | per Anp on top level. (increase to reduce power dissipation if there is room
40m | per Amp for inner traces.

Stack as needed to handle currents. Try to keep sane size parallel between stacks.

LAYQUT NOTES - LSDPWM HALF BRI DGES AND H- BRI DGES

1) Cu 250mls wide. ~ 10A capability. Need ~40A capability 2 oz Cu.

2) Al Resistors at 1% Except 1Meg ohm Resistors can be 5% if no 1% avail able.

3) Current Sense resistors tied directly to 499 ohms on TOP LEVEL before via to ground. Connect Opanp
Grounds to current sense Resistors on Top Level. USE MANY VIAS on node to ground after resistors

and op-anps are connected.

4) To minimze ringing in the bootstrap circuit, keep the PCB traces from the H P4082 to the external
bootstrap capacitor and MOSFETs as short as possible. The bypass capacitor should be |ocated as close
as possible to the IC. Ceramic dielectric is the best choice for bypass and bootstrap capacitors.
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