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MOSFET Inverter and Gate Drivers

Inverter Power Stage

3x Half H-Bridge Gate Drivers

Gate driver VDD UVLO thresholds:

Rising = 7.1V typ.
Falling = 6.52V typ.
Dead-time insertion implemented in SW

TP50
DNI
0.75mm

©Qus

UHO R108 0

RMS current over this limit may cause excessive heating and capacitor failure.

Max 3A RMS ripple current per input bulk capacitor.

TP57  TP56  TP61 R114
DNI DNI DNI @ 4.02
0.75mm 0.75mm 0.75mm =] 0805
UVDD  UHI ULl u27
Je7 NCP81075 | co3
61300211121  VDD_GD ? O O T
; L R116, A 0 uvbp | 11 .
2 C99 5 UHO
— TOuF UHIY HI HO
= uLy 510 Hs y
7 ULO
= R119S Ri2s [ | VSS Lo
10K S 10K =
. TP51
DNI
0.75mm
([« JO3E
L
TP58  TP55  TP62
DNI DNI DNI R113
0.75mm 0.75mm 0.75mm 4.02
VVDD  VHI VLI @ 0805
Uzs =
o O NCP81075 | ce
_1uF
R118 \ A0 VVDD 1 vop .
c98 5 VHO
Toor VHID HI HO
VLI D 510 Hs v
7 VLO
= R117S R127 [ | VSS Lo
10K S 10K =
. TP49
DNI
0.75mm
Qs
L
TP59  TP60  TP63 R112
DNI DNI DNI ° 4.02
0.75mm 0.75mm 0.75mm T 0805
WVDD WHI WL uzs z
NCP81075 _| cot
? o O —
R115 A0 JWVDD 1 voo .
co7 5 WHO
1our VD HI HO
WL, 510 HS W
7 WLO
— R120S Ri26 [ | VSS Lo
10K S 10K =

J45
613 002 111 21

Avoid using low winding inductance motors that would violate this ripple current specification. TP40
Place ceramic capacitors near FET drains, 2x per phase. 5016
J30 VIN
613 002 111 21 VIN
J29
_ [::I 74651194
1
2 —| C36 —| C33 —-| C35 —| C34
_| €87 | C38 C40 _| C39 _| C41 _| C42 +| 470uF +| 470uF +| 470uF +| 470uF
= __22uF __22uF 22uF __ 22uF ___ 22uF ___ 22uF ~1—Radial 16x7.5mm Radial 16x7.5mm —~Radial 16x7.5mm Radial 16x7.5mm
2220 2220 2220 2220 2220 2220 «f 100V «~f 100V «~f 100V «f 100V
100V 100V 100V 100V 100V 100V J28
) ) - 74651194
) TP32
5016
TP48 GND
TP45 DNI TP44 TP46
DNI TP41 63mil DNI TP42 DNI
0.75mm DNI GND 0.75mm DNI 0.75mm TP43
UHG O 5o VHG 9 0.75mm WHG 0 o
5 VIN = 5 VIN 5 0.75mm
R Q3 i Q4 R Q5 VIN
| NTMFS6H800N | NTMFS6H800N | NTMFS6H800N
UHG 4 SO8-FL DFN-5 VHO R106 0 VHG 4 SO8-FL DFN-5 WHO R107 0 WHG 4 SO8-FL DFN-5
VA vV
80V 80V 80V
C94
2[1 TP52 TP71 2[1 TP53 TP72 R109 DNl 3|2[1 TP54 TP73
DNI DNI DNI DNI 0603 DNI DNI
0.75mm 63mil 0.75mm 63mil v 0.75mm 63mil
| u GND | Y GND | w GND
1 PV = 1 PV = 1 W =
J33 J34 J35
TP64 p 74651194 TP66 | 74651194 TP65 | 74651194
DNI DNI DNI
0.75mm 0.75mm 0.75mm
ULG VLG WLG
5 5
Q6 R35 Q7 R36 Q8 R37
NTMFS6H800N 500m = 1 |NTMFS6H800N 500m = 1 INTMFS6H800N 500m
SO8-FL DFN-5 1206 VLO R123 SO8-FL DFN-5 1206 WLO R122 SO8-FL DFN-5 1206
80V 80V 80V
C44 C45 C46
4.7nF 4.7nF 4.7nF
1206 1206 1206
100V 100V 100V
T Z T
@) TP67 ) TP68 () TP69
IU_PLL >—° DNI IV_PLL 0—° DNI IW_PL(- >—° DNI
1 of— 0.75mm J44 1 || 0.75mm J43 1 o|—| R40 0.75mm
2 R38 SHU 613 002 111 21 2 R39 SHV 613 002 111 21 2 0.002 SHW
0.002 0.002 3637
<|of 3637 <o 3637 <o
IU_N <<——| IV_N ({4 IW_N<C—
Input/Output Parameters
VARIANT | MAX ELECTRICAL OUTPUT POWER [W] VIN RANGE [V] MAX AVG IOUT @ MIN VIN/MAX VIN [A]
10-16V 600 10-16 60/37.5
16-30V 960 16-30 60/37.5
30-60V 1200 30-60 40/20
/
60-100V 1200 60-100 20/12 Onsel I I‘
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5 4 3 2 1
C t S .
VCC
VCC
u19 C76
D C74 NCS20166 1uF
1uF u17B
IV7P> R86 MSS.Z u21 NCS20062
NCS21911 VBIAS 5’Jr
U Phase = VBIAS DIV_3,f 1 7 SHIV_ADC_P
Vce C80 R88 A A 10K 3 1 R64 A 10K 6 ==
Vce 22nF _| 11V_STG1, R77 s A 10K 40
vee | - R8T s 10K 4]
R65 M10K
| C60 R84 o o >
u1s Cc73 1uF IV N3>—R0 A 332 40.2K 0 o 2 )
Differential RC filter cutoff = ~IMHz c75 NCS20166 1uF U17A - Ce7 TP77 L 1 1 J7
1uF NCS20062 VEE 1uF DNI C78 D6 2 613 002 111 21
R85 33.2 u20 @ = VEE 1uF NSRO5F30NX
P>, M NCS21911 VBIAS DIV VBIAS 3N = IV_STG1
= 3 1 =
- = ’ - —_—
C79 R87 M10K 37 + 1 R45 10K 2 >>|U*ADC*P = 2
22nF _| 11U_STG1_ R76 10K 4] R79 40.2K c71| p.7oF =
—_R80 ,A 10K 4. <« 0402 OV
R83 o o - = R71 33.2K
U N> R89 MSS.Z 40.2K o 2 4 0603 >>|V*ADC*N
- C77 TP76 w 1 R53 M10K 1 J8
VEE 1uF DNI C66 D5 2 613002 111 21
VEE 1uF NSRO5F30NX
= IU_STG1
. = = 2
R78 A 40-2K c70]| k.7pF — Local VBIAS/VBIAS_DIV filtering
0403 BOV Place near op-amps
A70 an33.2K SHIU_ADC_N VBIASY
C52 C49 C59
W Phase 10nF 10nF 10nF
vce R51 150K
vce = = = 0603
VCC
T 1 3Vv3IOo
. J ) cs8 3VsIo T
ut4 Cce62 U16A 1uF p 3V3I0
Ce1 NCS20166 1uF NCS20062
1uF 5 I VBIAS DIV I I TP7 C50
W F> R58 MSS.Z ut5 @ = C54 C68 C65 DNI R56 1uF TP2
- NCS21911 N = VBIAS 3l h 10nF 10nF 10nF 0.75mm 16.5K DNI
10 = VBIAS_DIV 3, + 1 SSIW_ADG_P OCP_REF 0603 0 R44 0.75mm
C56 R54 M10K 37 1 R46 10K 2, _ - - L N = 10K FAULT_OCP#
22nF | 11W_STG1 R48 10K 4 = = = OCP_REF 3 4+
_ R61 10K 4, _ < » 1
VA%AY |1 e c55 4 * +—>>FAULT_OCP#
R49 o = = 1nF R60 u13
W_Ny>—BS7 A 332 40.2K —0 o 2 15.4K a NCS22528Q2
- TP75 w 1 R50 M10K 1 0603 % o
C57 DNI A1 C51 D4 2 613002 111 21 o
VEE 1uF EE 1uF NSRO5F30NX = = l i
= IU_STG1 o ==
P17 =
= = 2 DNI U168 TP14
C63| k.7pF = 0.75mm NCS20062 DNI
R55 40.2K 0407 BOV IMOT 0.75mm
IMOT_COMP H
R59 , A 33.2K SSIW_ADG_N IU_STG __R68 10K __IMOT 5> Overcurrent Protection
0603 - - ] 7
6 Peak motor current OCP
IV_STG1 R67 10K [ C69 Trip tgresgoi?g peizg;riant:
Oar
100pF CG4| | Board C = 80A
W STG1 Board D = 40A
Current sensing is bi-directional = R66 M10K —L_ 22pF| |
Total bandwidth = ~500kHz -
First stage gain fixed at ~4V/V RG\;\/\/13K
Approximate FS phase current sense voltage range (Ix_ADC_P-Ix_ADC_N):
-3.2V -> 3.2V (Xilinx UCB)
-1.7V => 1.7V (MOAB UCB) R63
2K
Current Sense Parameters
CURRENT SENSE VOLTAGE GAIN [V/V] APPROX. FULL-SCALE (+/-) PHASE CURRENT [A] APPROXIMATE CURRENT RESOLUTION [mA] _?_
VARIANT VARIANT VARIANT
UCB 10-16V 16-30V 30-60V 60-100vV | 10-16V 16-30V 30-60V 60-100V 10-16V 16-30V 30-60V 60-100V A
Xilinx 19.993 19.993 13.302 9.977
T
80 80 60 40 40 40 20 20 Onsel I “
MOAB 10.697 10.697 7.132 5.329 Title Orderable Part Number
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3.3V Digital Supply

Power

3-Phase BLDC Motor Driver MDK Power Board

See Table

5VAUX
Jo1
613002 111 21
Us TP24  3V3IO TP34
NCP705 DNI T DNI PWR_EN signal used to prevent voltages on I/O pins during
5V_MDK 0.75mm 1 0.75mm R52 startup and during UVLO/OV conditions on the MDK 5V rail.
3V3I0 2 VCC_1034 D2 21.5K
1 S115FA 5VAUX 5V_MDK
IN out = VCC_1034 5VAUX TP11
VIN T Place caps close to DRVCC pin D1 DNI C47| |[1uE
e e aoumc 2 —t T 1 . o o000 P, DK = < oo
C29 c32 VIN 0.75mm R42 N © 100K
) TP30 R25 R94 1uF 1uF Place caps close to HS FET drain PG_5V# 100K PG_5V 2 VC TP8
= EN < GND = DNI 205K 10 o N PG_MDKi, A 4 PWREN DNI
& u 0.75mm R24 |4 PG_5V# 1 0.75mm
o] UVLO_1034 = = 0 c20 c21 ut1 PWR_EN
g ™ VCCA — 2.2uF DNI MC74VHC1G03
a I Q _| cos 1210 2220 R47
= c86 U9 > ~04uF 100V v DNl =
1uF NCP1034 o o 0603
' 5 = —
(@) o = =
Positive Analog Supply = g8 8 & L MDK 5V Supply MDK 5V Under-/
= R29 A 10K SYNC 5 z > W & FDMC86116LZ TP22 .
vCC = 3.3V (Xilinx UCB), 1.8V (MOAB UCB) SYNC o 10 R82 0 VGH 4, MLP-8 3.3x3.3mm DNI Main 5V supply for MDK controller board Over-VOItage ProteCtlon
HDRV 'A% v |_ 100V 63mil IOUT max = 1A
U4 TP74 Jo2 UVLO 1034 16 1 2 GND
NCP705 DNI 613002 111 21 uvLo .] = U2 TP25
5V_MDK 0.75mm VCC P23 TP21 DNI
vcC R23 11.8K__ RT 15 11 DNI L1 DNI 5V FPF3380 0.75mm 5V_MDK
1 o . . 1 ' vV V402 RT VSWN 0.75mm 47uH 0.75mm T
IN out 2 SWN 7.3x6.6mm 5V _ B3N vour 1A
c6 1 c31 |g.22uF SSISD 4| (oo SWN e Yo . . . . u
1uF C72 = ) ) R6 T
SiNe ADJINC DNI SS time = ~15ms oo |30 R22 , 5 10K c1 co c2 c10 c3 35.7K OVLO  ACOK c5
0603 cs R27 \AB57K OCSET 1 | - R16 22uF 22uF 22UF 22uF 22uF = anD 124 10uF
= a 100V 4.7uF 0402 set 5 DNI 1210 1210 1210 1210 1210
EN < GND I_ocP = 102 L a 0603-1206 25V 25V 25V 25V 25V
z o 6 | pan FDMC86116LZ
o = LR - R26 A0 VGL 4, MLP-8 3.3x3.3mm C22 = — —
= ™ i 100V DNI R12
o 14 0603-1210 10K PG_5V# goes high when 5V rail
—_ GND % 2V is < UVLO threshold or > OV threshold
- = e} - OV threshold = 5.5V
— - (] . — UVLO rising threshold = 2.55V
. . — - — UVLO falling threshold = 2.45V
Negative Analog Supply o - i
NTH
VEE = -1.2V (Xilinx UCB), -2.4V (MOAB UCB) 5V_COMP Q@ R32 10.7K 5V_SNS N 1 J15
Ji2 - 0402 2 613002 111 21
613002 111 21 3
ue TP31 VEE R30 =
MIC5270 DNI 3.65K
-5V 0.75mm 1 _| ces 0402 co7| p.7nF_ R3t AAATE
VEE 2 T 470pF 50V | [0402 0402
5 4 0402
AN -ouTE— = NCP1034 Parameters sov | c30
co3 3 0.022uff
ToF Lne I\E/ADJ R73 _| ci2 VARIANT FSW UVLO RISE | UVLO FALL 0402 V S I TP28 vce ADC Offset VOItage
= 0 10uF 50V -5 upply DNI vGe
[0 0603 10-16V 440kHz 9.8V 9.0V 0.75mm TP36
= ) -5V ' DNI
N —_ 16-30V 440kHz 15.4v 14.1v U7z R99 C83 0.75mm
= R33 5V_MDK NCP1729 -5V 10K U23A 1uF VBIAS
R75 30-60V 200kHz 26.9V 24.7V 3.57K NCS20062
DNI 0402 2 1 0| VBIAS = 1.65V (Xilinx UCB)
0603 60-100V | 100kHz 54v 49.7v VIN- vouT s = ? VBIAS = 0.9V (MOAB UCB)
—_ C25 5 | a0=c 4 C24 1 97 A A 100 VBIAS_DIV is adjusted for
= 2.2uF SHDN GND 2.2uF I 2. _ >>VB|AS mid-supply offset on ADC
- 6 3 Cc88 R100 c85 current sense inputs
. z C+ ¢ 0.1uF S 10K < DNI R98 U23B TP38
NCP1034 VCC SUpply 15V Gate Driver SUppIy o s 0402 33.2K NCS20062 DNI
10-16VIN: VIN shorted to VCC = = Cl6| p.2uF = = _L 50V 0603 0.75mm
P Other variants: VCC = 12V Max oungEGgu;riiélz 150mA & l l e —L_ = VBIAS_DIV
ou L = = SHVBIAS_DIV
0603 5V_MDK 10uH c81
55 P26 DNI
~~~~_BST_SWN DNI 0402
U24 0.75mm 50V
NCP781BMNADJ J23 c82 u22 D7 BST_SWN  TP27 =
VIN VCC_1034 613 002 111 21 10uF FAN5331 BAT54 DNI O =
T 075mm VDD GD 5V Auxiliary Supply
1 5 VDD_GD
IN ouTt _ 1 = 5n sw ! P10 J13
C90 2 U2 500 DNI 613 002 111 21
2.2uF 2 3 c84 svAUX @ 0.75mm
1210 EN  ADJSEN R102 = FB Ro3 | cs7 10uF VCC_1034 ? 5VAUX
100V y 93.1K cso GD_ENS 4 | 558 anp |2 53.6K "~ 330pF 1 ; ;
— >§— NC o GND 10uF — IN ouT
. W TP33 R96 = . c53 3 cag = Onsem'
— I Tor or EN Ng/ADJ/PG& 1o ‘
L R104 0.75mm R95 z
1 10.7K — : 475K (5} Title Orderable Part Number
= GDEN = = o =
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Connectors/Mechanical/Misc. 1/0O

MDK Controller Board Connectors

Connector pinouts compatible with both the Xilinx UCB and MOAB UCB

J17 mates with JP1 on controller board
J23 mates with JP2 on controllter board

J18
10139781-123402LF

5V_MDK 5V_MDK 10139781-123402LF
J9
613003 111 21 1 1 1 61
2 2 2 62
: S I
TscL E &5 r 65
2_1SpA 2 = 2
5 6 5] 6
_|_—3— GND 2+ % 7 7
= = %t 68 %: 8
9 9
3v310 o] :ﬁ 1 70 PG_MDK
1 1 1
5] ia 2
3 1 73
: j 2 SHGD_EN
R2 R1 5 15 ] _%s FET_TEMP#
4.75K 475K 1§f 1 76 AW#QE 73
1 1 77
12C_SCL 1%_ 1 78 HV#/QE_B#
T2C_SDA 1 1 79
2
TP3 % TP5 % 81 HU#/QE_A#
DNI DNI 2
0.75mm 0.75mm 23 | 3 MOTOR_EN
DBGO DBG2 4 84
| 85
7
DBGO 28 38 DBG1 88
FAULT_OCP#> 29 89 DBG2 5
% fé TP4 91
DNI §
0.75mm 94
DBG2 95
_gs
E &
% - ) % jg?
4 2 4] 02
43 3 43 03
44 04 WE§§ 44 04 §§¥E'
45 05 45 05
IU_ADC_P . 3 857 IV_ADC_P ‘g— 83 UHI
IU_ADC_N za o IV_ADC_N }é— v ol
VIN_BUF P ﬁg og IW_ADC_P 9 a\’ig
5 IW_ADC_N K
51 1 5 11
P9 2 12
DNI %: 3 KW_BUF_P %: KE
0.75mm 4 14
MISC_ADC MISC_ADC 55 5 5 15
(. 56 6 KU_BUF_P 2%6: 116
57 7 5 17
NEUTRAL_BUF_P > gg g {V_BUF_P 5%— qu
60 20 2 [f20

Board Standoffs/Nuts

MDK Mounting Standoffs/Screws

J17 J16 J42 J40
970130365 97790503211 97790503211 971150365
J25 J26 Ja1 J39
970130365 97790503211 97790503211 971150365

m

[j 1

F [

J10
709940300

T

J38
709940300

[2]1*

J47
971150365

[:]17
J46
971150365

[2]17

External supply input for EXT VDD 5V
hall sensor or encoder

3.3V - 12V range

J20
613002 111 21

Hall Sensor/Quadrature

3V3I0
Encoder Connections
Default supply voltage = 5V R103
Can change to external supply with SW
Current limit for 5V = 100mA recommended 4.75K
Current limit for external supply = 500mA absolute max R105
Pullup resistors on inputs can be removed for push/pull sensor outputs 4.75K
HW#/QE_Z# R101
D8 4.75K
MBR130 TP70 TP29 HV#/QE_B#
VDD_H/QE Qo DNI
0.75mm 0.75mm TP35 HU#/QE_A#
2 N 1 - - VDD_H/QE 3 HW#/QE_Z# DNI
1 o —e Qi 0.75mm TP37
2 ) c107 Fisd 2N7002L 3 HV#/QE_B# DNI
SWi1 10uF 1 Q12 0.75mm
= 450301014042 47.5K R132 R128 R121 — 2N7002L 3 HU#/QE_A#
10K 10K 10K 2 1 — Q10
= 2N7002L
= = 2 1
5
J36 4 HW/QE _. — 2
282834-5 3 HV/QE_B
2 HUQE_A _ =
1
C105 Cc101 C100
- TP20 TP12 TP18 470pF _ | 470pF 470pF
DNI DNI DNI
0.75mm 0.75mm 0.75mm
HW/QE_Z HV/QE_B HU/QE_A
5VAUX
OCP Fault Indicator MDK Power Manual Motor Enable
ocp Good R43
100K TP39
3V3Io DNI
Power good signal from 0.75mm
R28 MDK controller board. >>PG—MDK# MOTOR EN
5.11K Pulled up to 3.3V on 3 R133 , A 10K __MOTOR_EN a
controller board. Q9
2N7002L C106
D3 PG_MDK — Sw2 0.1uF
W 150060RS75000 450301014042
\\: 2 =
OoCP -
1 0603
H-Bridge Temperature Monitor GND Headers
Monitors inverter H-bridge FET temperature J32 J19
12C slave address = 0x48 613002 111 21 613002 111 21
TP47 3V3I0 u10
DNI NCT375 3V3I0 1 1
0.75mm 2 l 2 l
12C_SDA
FET_TEMP# R34 12C_SDA 1 | SDA VDD L L
10K 12C SCL o . B
Cer e SCL A0 c43 J31 J14
# _
_ 3 OS/ALERT Al 1uF 613 002 111 21 613002 111 21
[as]
GND £ A2
O —_

J37
709940300

[:]17
J11
709940300

[:]17

mij

=1
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4$_%

ci7 ; R17

10nF

TP6
DNI
0.75mm
U_DIV

{c

R15
274K
0603

U DIV

10K

Voltage Sensing

Phase/Bus Voltage ADC Dividers

All voltage dividers scaled to produce 3.2V

C4 R4

1

(Xilinx UCB) or 1.7V

\
NA

R7
274K
0603

vV DIV

10nF 10K

(MOAB UCB) at 150% of max

DC bus voltage

TP13
DNI
0.75mm
V_DIV

w TP16 VIN TP19
N/ DNI DNI
0.75mm 0.75mm
W_DIV VIN_DIV
R13 R10
274K ; 274K
0603 0603
W_DIV

al

Cl4 ; R11
10nF 10K 0.1uF

C18

VIN_DIV

R14
10K

1

4$_{

Divider parameters

DIVIDER SCALING FACTOR FILTER CUTOFF FREQUENCY [Hz]
VARIANT Xilinx UCB__| MOAB UCB Xilinx UCB | MOAB UCB
10-16V 0.1335 0.0714 1836 1713
16-30V 0.0714 0.0377 1713 1653
30-60V 0.0352 0.0188 1649 1621
60-100V 0.0211 0.0111 1625 1609

Virtual Motor Neutral Recreation for Zero-Crossing Detection

U_BUF_P R20 \/V\,1 0K

V_BUF P _R18 VLS

W_BUF_P R19 ALK

U3A
NCS20062
@

V DIV _R3 10K 3

S NS AN Oy,

U DIV_R8 M10K

0__|_c11
L

J1
613002 111 21

vee
L
c15
us 1uF
NCS20061SQ3
o =
JNEUTRAL 13
K 4
3l -4 o SONEUTRAL BUF P
TP15 A ;
DNI e N
0.75mm = =
NEUTRAL

ADC Divider Buffers

1uF

SV BUF_P

J2

u3B
NCS20062

1
2
+

1
e

613 002 111

U BUF_P

J3

613002 111 21

vee
<
c7
1uF
U1A
NCS20062
o =
WDV _R5 . 10K 33
S PN
2l SHYW_BUF_P
<« 1
21 1 2
= L
uiB
NCS20062

VIN DIV Rg

7

1
N

SPVIN_BUF_P

613002 111 21

613 002 111 21
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