LAYOUT NOTES
1) Cu 250

s wide. ~ 10A capab

12v_Supply >

ty. Need ~40A capabi
2) All Resistors at 1% Except 1Meg ohm Resistors can be 5% if no 1% ava

ab
3) 2m Ohm resistors tied directly to 499 ohms on TOP LEVEL before via to ground USE MANY VIAS to
ground out this node.

ty @ 1 oz Cu. May change for 2 oz Cu.

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.
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H-Bridge Application
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Rev B - Changes :

1) added GND pin to 4 - Power Supplies Page.

2) Changed VDD_3V3 to VDD_3p3V on 3Phase Motor Control Page.

Rev C - Changes :

1) An issue was found with the off page reference connectors. They were all adjusted to fix this issue

2) ACTUATOR_HBO_HBENABLE and ACTUATOR_HB1_HBENABLE replace former ACTUATOR_DIRECTION_A and ACTUATOR_DIRECTION_B pins for Half Bridge

3) Populate the CAN O Ohm RESISTOR AND 47nF CAPACITOR.

4) Changed the Half Bridge Pin nClear A from Bidirectional to Output only.

Rev D - Changes :

1) Changed Diodes in Low Side Driver (LSD) circuits to make for better room and routing in layout.

Rev E - Changes :
1) JTAG for the 3 Phase Motor Circuit Female PCB connector is compatible with our current tools.

Rev F - Changes :
1) JTAG footprints added.
2) Resistor duplicate fixed.

Rev G - Changes :
1) Correct Reference to the D3 Motor. REV_B

Rev H - Changes :
1) Correct pins on Micro

Rev J - Changes :

1) Correct pins on Micro

2) Corrected Footprints

3) Added missing 3.3 to JTAG

Rev K - 4/1/14 Changes :
1) fixed diode on sheet 3 D3

NNANT

‘Thunderbolt: Side Scrub Board




REV_B: Changes -

Removed 12C tie to 3p3V supply. Placed on top levels.

Switched 2 pins on Current Sense Circuit as per D3 review.

Changed 10k resistor to 4.99k resistor on Current Sense Circuit as per D3 review.
Added 1k ohm pull down resistor to Motor Control Circuit as per D3 review.
Removed the Bulk Capacitors from this design. They are added to the top level.
Changed Current limit resistor to 6.81k
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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.
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LAYOUT NOTES
1) Cu 250mils wide. ~ 10A capability

2) All Resistors at 1% Except 1Meg and 10k ohm Re:

tors can be 5%
3) R5-R8 tied directly to R3 on TOP LEVEL before via to ground. USE MANY VIAS to ground out this node.
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Fix as of 29 May 2013
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Thunderbolt Board
3-Phase Gate Drive

NOTE: GROUND RETURN PATHS ON AvVDD,GVDD,DVDD

High Current 5A

DGND Note: Resistor will change due to tuning.
Changed from 19.5k to 845 as per D3
Changed from 845 to 3.5k as per D3
Changed from 3.5k to 6.81k as per D3
Changed from 6.81k to 8.87k as per D3

OPTIONAL FAULT INDICATION LEDS

[2] MOTOR_1_PWM_AH

[2,3] MOTOR_1_DC_FAULTn >)——|
—

VDD_3p3V

BSS223PW

[23] MOTOR_1_OCTWn

86.6 Ohms may increase to
reduce intensity of LEDs

DGND

[2] MOTOR_1_PWM_AL

[2] MOTOR_1_PWM_BH
[2] MOTOR_1_PWM_BL

[2] MOTOR_1_PWM_CH
[2] MOTOR_1_PWM_CL

from 1 ohm

ARE VERY IMPORTANT. SEE TI APP NOTE: SLVA552
DC_BUS . uaoc
High Current 5A
2 | pvbD1 AvoD 2L
GAIN: (DIFF-AVMP GAIN) _1_5113 l
LOW = 10V/V 220 cvop (2
HIGH = 40v/V 10% VDD_3p3V cl115
e 9k L4291 ypp_spiias pvop [-22—LVDD
M_OC: (OVER-CURRENT PROTECTION) _L 5111?: ?0134 ?0135 10% ci7 cus ci19
LOW = CYCLE-BY-CYLCE Sl
G :
HIGH = LATCHED FAULT pene S0% Viow < Liow  poko v g 2ey
10% 10% 10%
W PWM- (PWM MODE) DGND 15 3] MOTOR_1_OCTWn ) ocTw
T LOW = 6 - [2,3] MOTOR_1_DC_FAULTn ) FAULT DGND
HIGH = 3 -
DVDD = 3.3V [2] MOTOR_1_EN 3 16 | en_caTE
M_OC = (3.3V ( 19.6k / (100k+19.6k))) 7/ Rds-on [2] MOTOR_1_DC_CALY 121 bc_ca cp1 (4 ci20
0.022uF
VDD_3p3V SOV
b L] scikioc_Apy 15 10%
Ko Bi36 Bi37 R139 10 | cooean cP2
Populate < 1% 10k 100k
K Thow SDIM_oC
P. SCS/M_PWM ore [
R140
31.6k
57| PPADIGND Teow
R141 R142 R143 28
10k 10k 10k AGND
19 19 19
110w 110w 110w DRV8302_DCAR DGND
DGND 31.6k Resistor changed

7-25-13 CAH

1A possible on each BOLD line

U408
48 c122|| _0.1uF
17 BSTA 50V I’W
187 INH_A 47
INL_A GH_A K MOTOR_1_GH_A [5]
SH_A 46 CMOTOR_1_SH_A [5]
GL_A 45 C{MOTOR_1_GL_A [5]
SLA 4 CMOTOR_1_SL_A [5]
1A possible on each BOLD line
43 C123|| 0.1uF
19 BST_B 50V || 10%
20| INH_B 42
INL_B GH_B K MOTOR_1_GH_B [5]
SH_B 4L CMOTOR_1_SH_B [5]
GL B 40 {MOTOR_1_GL_B [5]
SL_B |2} — e MOTOR_1_SL_B [5]
1A possible on each BOLD line
38 c124|| _0.1uF
21 BST.C 50V | [ 10%
22| INH.C 37
INL_C GH_C K MOTOR_1_GH_C [5]
SH_C 36 K MOTOR_1_SH_C [5]
GL_C |- e MOTOR_1_GL_C [5]
stc MOTOR_1_SL_C [5]

DRV8302_DCAR
3_MOTOR_DRIVE
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Thunderbolt Board
SIDE SCRUB: SUPPLIES

w
w
<

5V i
11
NOTE: 5V RAIL NOT NEEDED BY WOTOR CONTORLLER csz_I_ css_I_ 034_1_ css_I_ cssl 037_[_ cssl csgl cao_I_ 041_1_ caz_!_
ul
GRMlBBRGlElOSKAlzq— T T T T T T T T T T
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GND_[GND GND 6
cezl cesl CG4_I_ cesl ce6| co7
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1 2 OV C1005X7R1H682K T T T T T T
[ ]
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-
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8 L & 0 O 6
&ND RAMP & & & O FB RFB VDD 12V >> VDD_3p3v
CRAMPL ~| of of w1 8.661 > vbD_12v
470pF CCOMP1 |1 1.2nF_RCOMPL A p 243K RELAY
LA ﬁ%} GND
GND RT1 RFB
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GND ENNANT
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D
VDD_3p3V
REF_1p66
c125
VDD_3p3V 0.1uF
| 50V
10%
) C126 R147
0.1uF C127 § 49.9k [
50V 1% DGND
10% 10w
u43 TP28
bGeKD [5] MOTOR_1_I-C_SENSE_N ) élsg Jég‘k” MOTOR 11 2]
[5] MOTOR_1_I-C_SENSE_P ) % T
These pins switched as per D3.
RIS1, \ AU1OW REF_1p66 Both resistors to be 4.99k as per D3.
ci128 10 1%
2.20F c129 2-25-13
16V 1% «| OPA36s 2.20F c
10% 10w 16V
10%
DGND DGND N P29
DGND
GAIN = 10 V/V el
VDD_3p3V VDD_3p3V
NEAR PIN 24 )
c131 c132
B S :
e 10% 10%
24
REF REF_1p66
P30 DGND DGND
R154, 4.99%
I [2,4] MOTOR_1_I-A >>—'\/\/M TiTowW © Uas TP31
[5] MOTOR_1_I-A_SENSE_P Y)>——————">-5N1 25 R155, 4.99 3
2 s01 K MOTOR_1_I-A [2,4] [2.4] MOTOR_1I-B ), 1% T10W + 1
[5] MOTOR_1_I-A_ SENSE N Yp—————— =< gp1. — < MOTOR_1_I-TOTAL [2]
[2,4] MOTOR_1_I-C ) R156 499K 4y H
72 § — 1% 1/10W
OPA365
TP32
[5] MOTOR_1_I-B_SENSE_P >%31 SN2 2 DG:;ND
30 S02 < MOTOR_1_I-B [2,4]
[5] MOTOR_1_I-B_SENSE N Y)—————————— 5p2
R157, 4.99%
DRV8302_DCAR 0% Triow
A
c133 0.001uF 3_MOTOR_DRIVE _Schematic Path = /3P_MD_1
50V 10%
ENNANT
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Thunderbolt Board
3-Phase Motor H-Bridge

DC_BUS

DC_BUS DC_BUS
50A path 50A path 50A path
1A path " 1A path o 1A path N
IPBO20NE7N3 | IPBO20NE7N3 | IPBO20NE7N3
[3] MOTOR_1_GH_A > R1158 i{,:how 1 %g\O/A [3] MOTOR_1 GH_B > R]_fg i/oi‘l)DW 1 %é?/A [3] MOTOR_1_GH_C > R1160 19(.]0W 1 %g?/A

50A path 50A path

[3] MOTOR_1_SH_AY

50A path

[3] MOTOR_1_SH_B ) [3] MOTOR_1_SH_C

1A path 1A path

1A path

6 7 8
I?’BOZDNE?NB I?’BOZONE7N3 I?’BDZONE7N3
[3] MOTOR_1_GL_A Yl ow Tzon [3] MOTOR_1_GL_B YmmmllE2 /\/\-lif,/luow L 12om &) M0T0R7176L7c>)—/\/\/-|mf3 ow 1 12om
[3] MOTOR 1 SL A 50A path (3] MOTOR 1 SL B ) 50A path (3] MOTOR 1. SL C 50A path
B L > B
oTO ‘A SENS C134 0.002 oTo B SENS WS‘ 0.002 oTo -C SENS| C13| 0.002
EH MJOEﬁ::,ﬁjsEﬁsEﬁ gS:‘l N. TD'OD"“F é'\)fl E} MO%S:}::—E:SENSE:E §§:‘er TO‘OO uF é\“ﬁ E} MO%S:}::—C:SENSE::J g - TD‘OO uF ém
$750A path 50A path 50A path
PWR_GND PWR_GND PWR_GND
DC_BUS
(3] MOTOR_A[>—MOTOR PHASE A
[3] MOTOR B[ > MOTOR PHASE &
3] MOTOR_C MOTOR _PHASE C
R167 R168 R169 R170
95.3k 95.3k 95.3k 95.3k
1% 1% 1% 1%
1/10W 1/10W 1/10W 1/10W
< MOTOR_1_V-C [2]
K MOTOR_1_V-B [2]
DC_BUS K MOTOR_1 V-A [2]
DC_BUS < MOTOR_1_V-DE2]
GND_POWE c141 igi c142 Elggi C143 Fook c144
0.1uF 1% —— O.uF 1% —— O.1uF 0.1uF
50V 110w 50V 1/10W 50V 50V
PWR_GND 10% 10% 10% 10%
PWR_GND PWR_GND PWR_GND PWR_GND

3_MOTOR_DRIVE _Schematic Path = /3P_MD_L
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Thunderbolt Board
3-Phase Motor OPTIONAL BUCK

U40A

3A 1A
12V Supply V_SUPPLY_BUCK gi PVDD2 BST_BK 152 e |BOOTSTRAP_CAP_BUCK
PVDD2
s 3A
PH :TGSWITCH_OUT_BUCK
Can Be turned off ENABLE_BUCK [ > 55 { En_BUCK R
56
SOFT_START_BUCK[ ___>——>-ss TR
P VSENSE |F2———<]V_FEEDBACK_BUCK
COMP_BUCK >———= compP
3A
RT_cLK_BUCK [_>——11RT ciK PWRGD |4 |PWRGD

DRV8302_DCAR

NOTE: DRV8302 HAS THE SAME BUCK
CONVERTER AS THE TPS54160

INFO TAKEN FROM DATA SHEET

RT_CLK 1 1 Resistor timing and external clock for buck regulator. Resistor should connect to GND (power pad) with
very short trace to reduce the potential clock jitter due to noise.

COMP 2 O Buck error amplifier output and input to the output switch current comparator.
VSENSE 3 1 Buck output voltage sense pin. Inverting node of error amplifier.

PWRGD 4 1 An open drain output with external pull-up resistor required. Asserts low if buck output voltage is low
due to thermal shutdown, dropout, over-voltage, or EN_BUCK shut down

BST_BK 52 P Bootstrap cap pin for buck converter
PVDD2 53,54 P Power supply pin for buck converter, PVDD2 cap should connect to GND.

EN_BUCK 55 1 Enable buck converter. Internal pull-up current source. Pull below 1.2V to disable. Float to enable.
Adjust the input undervoltage lockout with two resistors

SS_TR 56 1 Buck soft-start and tracking. An external capacitor connected to this pin sets the output rise time. Since
the voltage on this pin overrides the internal reference, it can be used for tracking and sequencing. Cap
should connect to GND

GND 57 P GND pin. The exposed power pad must be electrically connected to ground plane through soldering to
(POWER PCB for proper operation and connected to bottom side of PCB through vias for better thermal
PAD) spreading.

D3_MOTOR_DRIVE _Schematic Path = /3P_MD_1
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Hall Sensors Removed and placed on the Top Level
Schematic due to the fact that we have part of the
design needing 2 and part needing 1.




