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




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




Thunderbolt Board
3-Phase Gate Drive

NOTE: GROUND RETURN PATHS ON AvVDD,GVDD,DVDD

IMPORTANT. SEE Tl APP NOTE: SLVA552
AVDD el
GVDD =
DVDD 23 _DVDD
C170 C158 C164
1uF 2.2uF 1uF
25V 25V 25V
10% 10% 10%
DGND

CP1

CcP2

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

ARE VERY
DC_BUS ussc
High Current 5A
2 | pvbD1
GAIN: (DIFF-AVMP GAIN) _1_5195 l
LOW = 10V/V sz(;'\f
HIGH = 40v/V 10% VDD_3p3V c177
+ vl 49 1 vop_spiBias
M_OC: (OVER-CURRENT PROTECTION) _L C169 R242 R236 10%
LOW = CYCLE-BY-CYLCE DeND gbl\;": ino/: ino/:
HIGH = LATCHED FAULT 10% viow $ 110w DGND
M PWM: (PWM MODE) DGND 15 3] MOTOR_1_OCTWn ) oCTW
T Low = 6 - [2,3] MOTOR_1_DC_FAULTn ) FAULT
HIGH = 3 -
DVDD = 3.3V [2] MOTOR_1_EN 16 | eN GATE
M_OC = (3.3V ( 19.6k / (100k+19.6k))) / Rds-on 2] MOTOR_1 DC_CAL) 124 b ca
VDD_3p3v
ovbD 11 scLkioc_aAps
No R259 R208 R256 10 | SpoicaiN
Populate < 1% 10k 100k
. iow SDIM_OC
P. SCS/M_PWM
57| PPADIGND
R222 R225 R228 28
10k 10k 10k AGND
1% 1% 1%
/10w /10w /10w DRV8302_DCAR
DGND

DTC 7}

DGND

1
10%
15

C191
0.022uF
50V

R250
31.6k
1%
1/10W

31.6k Resistor changed

from 1 ohm

7-25-13 CAH

1A possible on each BOLD line

Changed from 6.81k to 8.87k as per D3 US58
st A |48 €200 |__0.1uF
OPTIONAL FAULT INDICATION LEDS 2] MOTOR_1_PWM_AH i; INH_A T 50V 10%
[2] MOTOR_1_PWM_AL INL_A GH_A K MOTOR_1_GH_A [5]
VDD_3p3Vv sHA 28 { MOTOR_1_SH_A [5]
GL_A 45 CMOTOR_1_GL_A [5]
v SLA 4 CMOTOR_1_SL_A [5]
[2,3] MOTOR_1_DC_FAULTn >)——|
1A possible on each BOLD line
—
BSS223PW 43 C173||__0.1uF
19 BST_B 50V || 10%
[2,3] MOTOR_1_OCTWn > [2] MOTOR_1_PWM_BH 507 INH_B 4
[2] MOTOR_1_PWM_BL 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]
D20 SLB 39—(( MOTOR_1_SL_B [5]
RED
20mA 1A possible on each BOLD line
Vi=2v
38 C196||__0.1uF
BST_C '“»—
R263 21 B 50V 10%
86.6 Ohms may increase to 2 MOTOR—l—PWM—CHg INH_C
reduce inten)s/i(y of LEDs ?%6 [2] MOTOR_1_PWM_CL ;::22 INL_C GH_C 37 K MOTOR_1_GH_C [5]
1/10W sH.c |28 K MOTOR_1_SH_C [5]
GL_C 35—(( MOTOR_1_GL_C [5]
DGND stc MOTOR_1_SL_C [5]
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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 . uasc
High Current 5A
2 | pvbD1 AvoD 2L
GAIN: (DIFF-AVMP GAIN) _1_5149 l
LOW = 10V/V 220 cvop (2
HIGH = 40v/V 10% VDD_3p3V C130
e 9k L4291 ypp_spiias pvop [-22—LVDD
M_OC: (OVER-CURRENT PROTECTION) _L gllzf: ?0155 ?01139 10% ci23 cit ci7
LOW = CYCLE-BY-CYLCE Sl
G :
HIGH = LATCHED FAULT pene S0% Viow < iow  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 cras
0.022uF
VDD_3p3V SOV
b L] scikioc_Apy 15 10%
Ko #3503 Ri51 R199 10 | cooean cP2
Populate < 1% 10k 100k
K Thow SDIM_oC
P. SCS/M_PWM ore [
R193
31.6k
57| PPADIGND Teow
R165 R168 R171 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

u48B
48 C153|| _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 CMOTOR_1_GL_A [5]
SLA 4 CMOTOR_1_SL_A [5]
1A possible on each BOLD line
43 C126||__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 C148|| _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]
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-
3-Phase Motor H-Bridge
DC_BUS DC_BUS DC_BUS
50A path 50A path 50A path
1A path 1A path
1A path o p p
IPBO20NE7N3 | IPBO20NE7N3 | IPBO20NE7N3
[3] MOTORiliGH7A> R2128 }{)ﬁhOW 1 %g\O/A 3] MOTORiliGHiB> R2]2-17 %%)DW 1 %é?/A [3] MOTORiliGH7C> szl 1&0\1\/ 1 %g\O/A
[3] MOTOR 1_SH A 50A path [3] MOTOR 1_SH B 50A path (3] MOTOR 1 SH C S0A path
1A path 1A path
1A path Q20 P Q18 P
IPBO20NE7N3 IPBO20NE7N3 IPBO20NE7N3
R23 110w 120A S—R223 vigw 1 120A S R207 viow 1 120A
[3] MOTOR_1_GL_A), > o 75v [3] MOTOR_1_GL_B)) - o 75v [3] MOTOR_1_GL_C ) 0 o 75v
[3] MOTOR_1_SL_A (3] MOTOR_1_SL_B ) 50A path [3] MOTOR_1_SL_C 50A path
50A path ' P ' p
R212 R240 R230
C17 0.002 1! 0.002 19 0.002
[ NoTOR LA SEE S R . =ounr % [ NOTSRH A SEEE R——— . =or e HREE o T P
: % 50A path : 50A path : 50A path
PWR_GND PWR_GND PWR_GND
DC_BUS
3 MOTORﬁAD MOTOR_PHASE_A
(3] MOTOR B[ > MOTOR_PHASE B
3] MOTOR_C MOTOR PHASE C
R231 R243 R261 R221
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]
< MOTOR_1_V-B [2]
DC_BUS < MOTOR_1_V-A [2]
DC_BUS { MOTOR_1_V-D@2]
GND_POWE C157 fl\,f):é?( C166 ?29?!1( C179 Faon C192
0.1uF 1% —— O0.IuF 1% —— 0.uF 0.1uF
50V 1/10W 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_2
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-
3-Phase Motor H-Bridge
DC_BUS DC_BUS DC_BUS
50A path 50A path 50A path
1A path 1A path
1A path Q13 p p Q9
IPBO20NE7N3 | IPBO20NE7N3 | IPBO20NE7N3
(3] MOTOR_1_GH_A Yl w1 120n (3] MOTOR_1_GH_B a0 oW1 1208 (3] MOTOR_1_GH_C Y% oW 1 1208
[3] MOTOR_1_SH_A 50A path [3] MOTOR_1_SH B S0A path [3] MOTOR_1_SH_C S0A path
1A path 1A path
1A path o1 P o12 P
IPBO20NE7N3 IPBO20NE7N3 IPBO20NE7N3
3] MOTOR_1_GL_AD)mmil?S ow Tzon [3] MOTOR_1_GL_B YymmllO6n, /\/\-lif,/luow L 12om &) M0T0R7176L7c>)—/\/\/-|mf° ow 1 12om
[3] MOTOR_1_SL_A (3] MOTOR_1_SL_B ) 50A path [3] MOTOR_1_SL_C 50A path
50A path ' P ' p
- R155 - R183 - R173
7 ciz 0.002 7 Cio 0.002 ! ci5 0.002
[ NoTOR LA SEE S R . o i [ NOTSRH A SR R . ot i HhEE g camm T PO
: - 50A path - 50A path
4 50A path P P
PWR_GND PWR_GND PWR_GND
DC_BUS
(8] MOTOR A[——>—MOTOR_PHASE A
(8] MOTOR B[ >—MOTOR PHASE B
(3] MOTOR_C MOTOR PHASE C
R174 R186 R204 R164
95.3k 95.3k 95.3k 95.3k
1% 19% 19% 1%
110w 110w /10w /10w
< MOTOR_1_V-C [2]
< MOTOR_1_V-B [2]
DC_BUS < MOTOR_1_V-A [2]
DC_BUS < MOTOR_1_V-D(2]
GND_POWE c110 o0k c119 ook c132 M c14s
OF S 1%  —= O0lF > 1%  —— OluF 0.1uF
50V 110w 50V 110w 50V 50V
PWR_GND 10% 10% 10% 10%
PWR_GND PWR_GND PWR_GND PWR_GND
3_MOTOR_DRIVE Schematic Path = /3P_MD_L
ENNANT
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D
VDD_3p3V
REF_1p66
c199
VDD_3p3V 0.1uF
| 50V
10%
) c183 R258
0.1uF C189 & 49.9k [
50V 1% DGND
10% 10w
Us9 TP51
bGeKD [5] MOTOR_1_I-C_SENSE_N ) o Lo MOTOR 11 2]
R238 4.99k - ’
[5] MOTOR_1_I-C_SENSE_P ) 5 T
These pins switched as per D3.
R249, 110w REF_1p66 Both resistors to be 4.99k as per D3.
ci61 10 1%
2.20F c186 2-25-13
16V 1% «| OPA36s 2.20F c
10% 10w 16V
10%
DGND DGND N TP49
DGND
GAIN = 10 V/V el
VDD_3p3V VDD_3p3V
NEAR PIN 24 )
c197 C159
B S :
e 10% 10%
24
REF REF_1p66
p52 DGND DGND
R235, 4.99%
33 [2.4] MOTOR 1 1A 1% 1/10W 2l us7 TPS0
[5] MOTOR_1_I-A_SENSE_P Y)>————————"-5N1 25 R239, 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)———————— =< f gp1. — < MOTOR_1_I-TOTAL [2]
[2.4] MOTOR 1. 1-C 3 R246, 4.99% 4, [
72 § — 1% 1/10W
OPA365
TP48
[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
R253 4.99%
DRV8302_DCAR 06 Triow
A
c167 0.001uF 3_MOTOR_DRIVE _Schematic Path = /3P_MD_2
50V 10%
ENNANT
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D
VDD_3p3V
REF_1p66
ci152
VDD_3p3V 0.1uF
| 50V
10%
) C136 R201
0.1uF C142 § 49.9k [
50V 1% DGND
10% 10w
us2 TP46
R177, X
bGeKD [5] MOTOR_1_I-C_SENSE_N ) é“{“s i’ég‘k” MOTOR 11 2]
[5] MOTOR_1_I-C_SENSE_P ) 5 T
Theﬁe pins switcheg as pe& D3.
R19: 110w REF_1p66 Both resistors to be 4.99k as per D3.
ci13 BT
2.20F c139 2-25-13
16V 1% «| OPA36s 2.20F c
10% 10w 16V
10%
DGND DGND N TP44
DGND
GAIN = 10 V/V el
VDD_3p3V VDD_3p3V
NEAR PIN 24 )
C150 c112
B S :
e 10% 10%
24
REF REF_1p66
pa7 DGND DGND
R178 4.99%
38 24] MOTOR 1A 3> 1% 110w @l Uso TP4S
[5] MOTOR_1_I-A_SENSE P Y))——————>- SNl 25 R182 299K 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)———————— =< f gp1. — < MOTOR_1_I-TOTAL [2]
[2,4] MOTOR_1_I-C R189 499K 4y H
72 § — 1% 1/10W
OPA365
TP43
[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
R196, 4.99%
DRV8302_DCAR % Triow
A
c120 0.001uF 3_MOTOR_DRIVE _Schematic Path = /3P_MD_1
50V 10%
ENNANT
itle
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heet 0
1

VDD_3p3v
Uss
R227_56; .
R { MOTOR_1_V-DC [5]
ApC-A0 2 Leiolt ] R233 % MOTOR_1_I-TOTAL [4]
35 1 vd_io_33 ADC-AL ApC A ! RIS AN < MOTOR 1 I-A [4]
_10_ - ADC A2 A | R24L_SEAN S —
CMP1A/ADC-A2 1 ADC A3 I K MOTOR_1 I-C [4]
ADC-A3
11 5
VA ADC_33  CMP2A/ADG-AZ [—r
ADC-A6 |-e———————< MOTOR 1 DC_CAL [3]
2 ADC-A7 [
5 Vdd_18_1
vdd_18_2 o -
18 ADC B1 R247 56, .
c201 ci62 ci71 c180 ADC-BL 774 ADC_B2 Rotr A mggﬁ—i—‘\;i%
2.20F 2.2uF 2.2uF 2.2uF 34 CMP1B/ADC-B2 ADC B3 R254 5%;\/\6’." 9 MOTORIVeE [o]
6V == 16V 16V 16V VREGENZ ADC-B3 ADC B7 R213 852N X MOTOR-1-v-G [2]
T 10% 0% T 0% T 10% CMP2B/ADC-B4 10
DGND 31 xrsn ADC-B6 g =377 —<K MOTOR_1_EN [3]
€7 VBD_3p3v ADCBT L < Ji2c_ADDRESS 1K
DGND R245, 221k - 1%
1% 1/10W 30 | eor P00 122 MOTOR_1_PWM_AH (3] 110w
GPIO-01 MOTOR_1_PWM_AL [3]
GPIO-02 MOTOR_1_PWM_BH [3]
GPIO-03 MOTOR_1_PWM_BL [3]
RSTn 2 _L_PWM | DGND
TRSTn GPIO-04 MOTOR_1 PWM_CH [3]
VDD_3p3v CcK 23
3P s 53 TCK GPIO-05 OTOR_1_PWM_CL [3] Tl 14-PIN JTAG
R21S = S5 VS GPIO-06 HALL_A_MOTOR
C194 A= ) 22| 1o GPIO-07 HALL_B_MOTOR
0.1uF 1%
47 HALL C MOT.
A oW 45 GpI0-12 [FH—HALL C MOTOR™,4011 ¢ moTOR
X1
6] 51 P10 127 SPI_MOS| VDD_3p3v 8
DGND * 26 —
DGKID DGKID GPIO-17 =57 SPILMISO ™S 2 TRSTn
a3 GPIO-18 [5 SPI_CLK it
34| DGND_1 GPIO-19 SPI_nCS
DGND_2 55 o
12 4 TCK
ADC_GND Gpio-28 (2 12C_SDA c 2 9
GPIO-29 :<< 12C_SCL [%13 =
DGND * .
VDD_3p3v 31 =
= GPIO-32 MOTOR_1_OCTWn [3] R
VDD_3p3v Ghio3s [ 28 gé MOTOR15C. FAULIN (2] HEADER7x2 SMT RECT 147424
GPIO-34 S
GPIO 34
GND_ANALOG TMS320F28027
NOTE: IT IS SUGGESTED THAT EACH F28027
DGKD HAVE 1TS OWN JTAG PORT
D18
VP33V VDD_3p3V D21
5 1 ADC A0
vee c1 5 1 ADC Bl
c187 3 ADC AL vee c1
0.1uF ﬁ c2 c182 % oy |3 ADC B2
50V s l4_ADC A2 A4 0.1uF N
H 10% 50V 4 ADC B3
Boot-mode Selection © 6 ADC A3 0% cs
GND c4 6 ADC B7
VDD_3p3v GND ca
DGND Urh:824014
DGND Urth:824014
R260 ADC A0 ADC Al ADC A2 A4  ADC A3
10k ci78 C185 ciss c193 ADC B ~ ADC B2 ~ ADC B3  ADC B7
1% 3300pF 3300pF 3300pF 3300pF ci63 ci68 ci76 c181
110w 100V 100V 100V 100V 3300pF 3300pF 3300pF 3300pF
Ts% Ts% Ts% Ts% 100V 100V 100V 100V
TDO Ts% Ts% Ts% Ts%
GPIO 34 %
DGND
R211 R220 DGND
10k 10k
6P1037/TD0| GP1034
T
DGND T 0 3_MOTOR_DRIVE Schematic Path = /3P_MD_2
0 T
0 0 ENNANT
itle
NOTE: WAIT STATE IS USED IF DEBUGGING WITH CODE SECURITY TURNED ON IS NEEDED Thunderbolt: D3 - MOTOR CONTROL DSP
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heet 0
1

VDD_3p3v
Us1
R170_56, 2
o ADC A0 [ RIS AN § MOTOR 1 v.DC [5]
ADC-AO R MOTOR_1_I-TOTAL [4]
35 1 vd_io_33 ADC-AL ApC A ! R180 AN < MOTOR 1 I-A [4]
1o : ADC A2 Ak ] R84 SBAN 9 1|
CMP1A/ADC-A2 1 ADC A3 I K MOTOR_1 I-C [4]
ADC-A3
1 5
V4_ADC 33 CMP2AIADC-AS [T
ADC-A6 |-e———————< MOTOR 1 DC_CAL [3]
2 ADC-A7 [-——
5 Vdd_18_1
Vdd_18_2 5 -
_18_; ADC B1 R190 56, .
cis4 c11s c124 c133 ADC-BL 774 ADC_B2 R205 % S mggﬁ—i—‘\;i%
2.2uF 2.2uF 2.20F 2.2uF 34 CMP1B/ADC-B2 ADC B3 R197 58, % MOTOR 1 VoR [2]
6V == 16V 16V 16V VREGENZ ADC-B3 ADC B7 RI56 532 X MOTOR-1-v-G [2]
T 10% 0% 0% T 10% CMP2B/ADC-B4 ¢ 17
DGND 3 | xrsn ADC-B6 g =375—<K MOTOR_1_EN [3]
€7 VBD_3p3v ADCBT L < Ji2c_ADDRESS 1K
DGND R188 2.21k & 1%
1% 1/10W 30 | eor P00 122 MOTOR_1_PWM_AH (3] 110w
GPIO-01 MOTOR_1_PWM_AL [3]
GPIO-02 MOTOR_1_PWM_BH [3]
GPIO-03 MOTOR_1_PWM_BL [3]
RSTn 2 1P| DGND
TRSTn GPIO-04 MOTOR_1 PWM_CH [3]
VDD_3p3v CK 23
3P s 53 TCK GPIO-05 OTOR_1_PWM_CL [3] Tl 14-PIN JTAG
R1S8 = S5 VS GPIO-06 HALL_A_MOTOR
c1a7 D2k ) 22| 1o GPIO-07 HALL_B_MOTOR
0.1uF 1%
47__HALL C MOT!
20 viow 45 GPIo-12 [FA—HALL C MOTOR™ 1y, c_moToR
X1
6] 51 P10 127 SPI_MOS| VDD_3p3v a7
DGND * OPI0-18 726 SPMISo =
DGND DGND 17 24 RO ™S 2 __TRSTn
33 GPIO-18 755 - TDI 2
34| DGND_1 GPIO-19 SPI_nCS
DGND_2 55 e
12 4 TCK
ADC_GND Gpio-28 (2 12C_SDA c 2 9
GPIO-29 :<< 12C_SCL -1 =
DGND * .
VDD_3p3v 31 =
= GPIO-32 MOTOR_1_OCTWn [3] R
VDD_3p3v Ghio3s [ 28 éé MOTOR15C. FAULIN (2] HEADER7x2 SMT RECT 147424
GPIO-34 S
GPIO 34
GND_ANALOG TNMS320F28027
NOTE: IT IS SUGGESTED THAT EACH F28027
DGND HAVE ITS OWN JTAG PORT
VDD_3p3V D14 s 17
VDD_3p3v
5 1___ADC AO
vee c1 5 1 ADC B1
c140 3 ADC Al vee c1
0.1uF ﬁ c2 c13s x [N |3 _AncE2
50V s l4_ADC A2 A4 0.1uF N
H 10% 50v 4___ADC B3
Boot-mode Selection * 6 AbC A3 200 c3
GND c4 2 6 ADC B7
VDD_3p3v GND ca
DGND rth:824014
DGND Urth:824014
R203 ADC A0 ADC Al ADC_A2 A4 ADC A3
10k cia1 C13s cial c146 ADC Bl ADC B2  ADC B3 ADC BT
1% 3300pF 3300pF 3300pF 3300pF cile cizl cizo c134
110w 100V 100V 100V 100V 3300pF 3300pF 3300pF 3300pF
Ts% Ts% Ts% Ts% 100V 100V 100V 100V
DO Ts% Ts% Ts% Ts%
GPIO 34 %
DGND
R154 R163 DGND
10k 10k
6P1037/TD0| GP1034
T
DGND T 0 3_MOTOR_DRIVE Schemalic Path = /3P_MD_1
0 T
0 0 ENNANT
itle
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Thunderbolt Board
3-Phase Motor OPTIONAL BUCK

US5A

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 >———5 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_2
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Thunderbolt Board
3-Phase Motor OPTIONAL BUCK

U48A

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 >———5 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

[TENNANT

[Title
Thunderbolt: D3 - POWER BUCK - OPTIONAL

[Size Document Number
Custpm<Doc>

Rev

24

Date: Monday, July 22, 2013 [heet 0
2 T




5V_Supply >
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REV_B: Changes

1) Changed Schottkey to 3A (80A non-repetitive

peak) Diode

> Current_Sense

SD Schematic Path = /LSDO
ow Side Driver Circuit
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heet 0 of 24




5V_Supply >
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REV_B: Changes
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peak) Diode
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5V_Supply >
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D22
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REV_B: Changes

1) Changed Schottkey to 3A (80A non-repetitive

peak) Diode

> Current_Sense

SD Schematic Path = /LSD1
ow Side Driver Circuit
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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.

5v_supply >

STATUS connected to AND PIN2.

Fix as of 29 May 2013

> STATUS
D23
TPEO
——N——:>FLYBACK
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gA SK310A-TP 3A 100V Shokkey
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AL 9 \’j
w8 g2 o[ &0 KEEP AND and SWITQH CLOSE L .
R299 14 55 | 1G08_HCT ok
R308 R295 15 c/ i) R298 R292 1)
10k 10k 01UF_COG RIC GND
143k = Z
GND CLR O
1k 1Meg 5A
74V1GOBSTR -
4 u72
- veel R303
ve| urd R307 i
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ND IN- ur 499 R300
nRESET > 4t 1 OPASTS - 2om
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LMV331 I+ ¢ N 5A
o 3) ono
o
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39.2k 3 o @l
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z o o
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NT o 237k 475K 121k 237k
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o l < m
h R310 R291
10k 10k
5V_Supply GND TP5031
u71B [GND GND
a
— 5 {__>Current_Sense
AL orrx
B gZQf~—x
92
c29
rC %
o
CLR g’)
REV_B: Changes -
“leno 1) Changed Schottkey to 3A (80A non-repetitive peak) Diode

SD_PWM

ow Side Driver with PWM Circuit

“Schematic Path = /LSDPO

5 Document Number
Custpm<Doc>




LAYOUT NOTES
1) Cu 250

s wide. ~ 10A capab

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

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

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.

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.

12v_Supply >

BridgeDisable

Heenabie >
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This module may require nRESET pull down in some
instances. But it is a Do NOT populate by default.
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L e —
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as per Mark S. 5/6/13
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> current_Sense

opper width to handle 40A

2m Ohm resistors connected to 499
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After DISABLE, the SPI DAC NEEDS to be
re-programmed or the PWM will be held off:
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LAYOUT NOTES
1) Cu 250

s wide. ~ 10A capab

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

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

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.

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.

12v_Supply >

BridgeDisable
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APP NOTES

H-Bridge Application

Update: BridgeDisable Pull up to 5V
to solve Startup issues. 9-19-13

> Micro

2 Half Bridge Application

NC
NC

Half-Bridge Application

>- Micro




APP NOTES

H-Bridge Application

Update: BridgeDisable Pull up to 5V
to solve Startup issues. 9-19-13

> Micro

2 Half Bridge Application

NC
NC

Half-Bridge Application

>- Micro




Rev B - Changes :

1) added 2 OR chips and 1 NOR chip for SPI chip select of the D3 Motor Drivers, added on the 2 - TOP LEVEL MAIN
SCRUB SCHEMATIC

2) added Footprint for J9

3) changed 80A Reference to 100A Reference to 4 - POWER SUPPLIES SCHEMATIC

Rev C - Changes :

1) An issue was found with the off page reference connectors. They were all adjusted to fix this issue
2) Half Bridge Resistor and Capacitor changed for better thermal stability.

3) COIL GND PIN REMOVED.

Rev D - Changes :
1) Changed Diodes in Low Side Driver (LSD) circuits to make for better room and routing in layout.
2) Switched A and C on Motor 2 for 3 phase to help with Layout Placement.

Rev E - Changes :
1) Changed U90 Top level to U93 due to duplicate part number.
2) Corrected Footprints on J1,J4, U9, (U69/U70 from LSDPO)

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

Rev G - Changes :

1) SPI pull up resistors changed from 10k to 1k. SPl connections on 3-Phase TX/RX switched.
Changed Capacitors for BUS to 820uF through hole parts.

2) Added 4th pin for N-Channel devices for layout help in HB.

Rev H - Changes to facilitate layout.
1) Buck circuit components switched on 3- Drivers D3 and Tennant. This will help with where components are placed.

Rev J - Changes :
1) Changed a few of Micro pins.
2) Added 12C and pull up resistors to Micro and D3 Motors

Rev K - Changes :

1) A few of the QPLnumbers/footprints were wrong. Fixed.

2) 2 pins switched on micro.

3) Precharge has been modified to allow Curtis to control the Relay.

Rev L - Changes :
1) Fixed a mis-wired circuit in precharge.

Rev M - Changes :
1) De-pop"d pre-charge

Rev N - Changes :
1) Fixed power supply diode, D3, sheet 3

NNANT

Thunderbolt: Main Scrub Board




ALL NON POPULATED

Wire to handle 4A Current.
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Thunderbolt Board
MAIN SCRUB: DRIVERS AND SWITCHES
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PreCharge Circuit
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Thunderbolt Board
MAIN SCRUB: SUPPLIES
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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.
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