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Rev
REVISIONS

Zone Date ApprovedDescription
00 Initial Revision J.M.

J.M.31.05.2005Minor changes01
J.M.02 23.09.2005Minor changes

Rev
REVISIONS

Zone Date ApprovedDescription
00 Initial Revision J.M.

J.M.31.05.2005Minor changes01
J.M.02 23.09.2005Minor changes

Rev
REVISIONS

Zone Date ApprovedDescription
00 Initial Revision J.M.

J.M.31.05.2005Minor changes01
J.M.02 23.09.2005Minor changes

Interrupted lines coded with the same letter or
letter combinations are electrically connected.

Device type number is for reference only. The
number cab vary with the manufacturer.

1.

2.

NOTES:

Date type format is - dd.mm.yyyy

3.

Unless otherwise specified:
Resistance values are in Ohms.
Resistors are 1/8 Watt, 5%
Capacitance values are in microfarads.

4.

Revision 00:
The 00220_00 used as base for this board.

Revision 01:
LED's D205, D206, D207 rotated, previously wrong oriented.
Q304, Q309 changed to TO220.
Fooprint change at C306.
C301, C302, C303 changed to 2200uF/50V.
Added heatsink H301.
R314, R318, R322 changed to 10R.
R311, R315, R319 changed to 3.3R.
Schematic part & footprint changed to newer version at J206.
R323, R324, R325, R326 removed - no need of them.
C307, C308, C309, C310 removed - no need of them.
R303, R312, R316, R320 changed to 10R.
R403, R406 changed to 4.7uF/25V, SM1206.
R401 changed to 100nF/50V, SM0805.
R411 changed to 33nF/50V, SM0805.

Revision 02:
Added C423, C424.
R401, R402, R403, R404, R411, R412, R413, R414, R415, R421 changed to 4.7k.
Added U404, U405 buffers in bettween UNI3 and drivers.
Fooprint change at C306 to pitch 3.5mm.
Fooprint change at C301, C302, C303 to pitch 18x35x7.5mm.
Added D310, D311, D312, D313 16V Zener diodes in between gate and source.
Added J217 - to be able to connect to DC/DC Inverter output.
Fooprint change at Q304, Q309 for DPAK and TO220.
Changed footprint for J206 with milling layer.
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GND

+15V

+1.65V_REF
+0.2V_REF

GND_PWR

V_PWR

GND_PWR
GND

GNDA

GND

+5V

GND

GND GND_PWR GNDA V_PWR V_DCDC +15V +5V

+15V

GND_PWR

GND_PWR

V_DCDC

GND_PWR

PHA_T

PHA_B

PHB_T

PHC_T

PHB_B

PHC_B

DCDC_T

DCDC_B
DRV_EN

S_VDCDC

BRAKE

S_BEMF_PHA
S_BEMF_PHB
S_BEMF_PHC

Phase_A
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Driver_EN_B
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S_I_DCBUS

Title

Size

Design Name:

Rev

Modify Date: Sheet of

Schematic Name:

Copyright Freescale POPI Status:

Author:

02

3-ph. Power Stage with DC/DC Inverter

Freescale Semiconductor RCSC
1. maje 1009
756 61 Roznov p.R., Czech Republic, Europe

A4
2 6Friday, September 23, 2005

Main

General Business Information

Jaroslav Musil

2005

X:\COMMON_VIEW_MAIN\MC\MC214T\PCB\00233\00233.DSN

Title

Size

Design Name:

Rev

Modify Date: Sheet of

Schematic Name:

Copyright Freescale POPI Status:

Author:

02

3-ph. Power Stage with DC/DC Inverter

Freescale Semiconductor RCSC
1. maje 1009
756 61 Roznov p.R., Czech Republic, Europe

A4
2 6Friday, September 23, 2005

Main

General Business Information

Jaroslav Musil

2005

X:\COMMON_VIEW_MAIN\MC\MC214T\PCB\00233\00233.DSN

Title

Size

Design Name:

Rev

Modify Date: Sheet of

Schematic Name:

Copyright Freescale POPI Status:

Author:

02

3-ph. Power Stage with DC/DC Inverter

Freescale Semiconductor RCSC
1. maje 1009
756 61 Roznov p.R., Czech Republic, Europe

A4
2 6Friday, September 23, 2005

Main

General Business Information

Jaroslav Musil

2005

X:\COMMON_VIEW_MAIN\MC\MC214T\PCB\00233\00233.DSN

Ctrl6/PWM_CB

Shielding_A

Ctrl4/PWM_BB

Ctrl3/PWM_BT

Ctrl2/PWM_AB

Brake_control

Zero_cross_C

BEMF_sense_A

Serial_Con

I_sense_A

V_sense_DCB_5

Shielding_A

I_sense_DCB

Ctrl5/PWM_CT

Shielding_D

PFC_PWM

Ctrl1/PWM_AT

BEMF_sense_C

I_sense_B

Shielding_D

I_sense_C

+15V_A/+12V_A

Shielding_D

Shielding_D

Shielding_D

Zero_cross_B
Zero_cross_A

BEMF_sense_B

PFC_enable
PFC_z_c

Reserved
Temp_sense

-15V_A/-12V_A

GNDA
GNDA
+5V_A
+5V_D
+5V_D
GND
GND

According to UNI-3 spec.

Green
Led

Yellow
LED

3-ph. Output

Power Input

Grounds' Connection

LED's

UNI-3 Connector

Test
Points

Green
Led

Route the capacitors as
close as possible to J201.

Route the ground connection as
close to C301 - C304 as possible.

DC/DC Inverter Output

R223 10R 1%R223 10R 1%

R221 10R 1%R221 10R 1%

R202 0RR202 0R

1 2 3

J202
3-ph. Output

J202
3-ph. Output

J213
V_PWR

J213
V_PWR

C221
33nF
6.3V

C221
33nF
6.3V

R222 10R 1%R222 10R 1%

1
2

J217

DC/DC Output

J217

DC/DC Output

D206
+5V
D206
+5V

R220 0RR220 0RR219 0RR219 0R

J214
V_DCDC

J214
V_DCDC

R218
1k
R218
1k

J215
+15V
J215
+15V

J210
GND_PWR

J210
GND_PWR

C222
33nF
6.3V

C222
33nF
6.3V

C223
33nF
6.3V

C223
33nF
6.3V

R216
3k
R216
3k

J216
+5V
J216
+5V

R203 0RR203 0R

J209
GND
J209
GND

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

J201

UNI-3

J201

UNI-3

D207
DRV_EN
D207
DRV_EN

D205
+15V
D205
+15V

R201 0RR201 0R

R217
1k
R217
1k

1

2
3

J206

Power 12-42V
12-42V

J206

Power 12-42V
12-42V

J212
GNDA
J212
GNDA
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Gate_PHAT

Gate_PHAB

Gate_PHBT
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Gate_DCDCT
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3-ph. Power Driver Circuit

Driver for Phase A Driver for Phase B Driver for Phase C

Route these
capacitors
according to their
positions in this
scematics as close
as possible to
Q304.

DC/DC Inverter

Create the junctions as close to the resistor
R301 as possible.

Route Q301, Q302, Q303, Q306, Q307, Q308 as close to the DC/DC inverter output, i.e. C306, as possible.

Route this output,
i.e. C306, as close
to the 3-ph.
MOSFET's as
possible.

Step-Down DC/DC Inverter

Route two separete current ways
one to L301 and the other to 323.
The bifurgation must be as close
to Q304, Q309 pins as possible.

Only one inductor will be populate
(dual footprint). PCV2-564-06 or
PCV1-394-05.

Route C311 as
close as possible
to Q301, Q302,
Q303, Q306, Q307
and Q308.

If PMA is used R329,
R330 won't be
populated, if TH they
will.

Route R327, R329, R303 as
close as possible
together.

Heatsink for
both Q304 and
Q309 MOSFET.

Q304, Q309 contain universal
footprint for either DPAK or
TO220.

R330
0R
R330
0R

D302

MBRM140T3G

D302

MBRM140T3G

R319 3.3RR319 3.3R

C
30

5
10

0n
F

50
V

C
30

5
10

0n
F

50
V

C
31

1
10

0n
F

50
V

C
31

1
10

0n
F

50
V

C
30

4
10

0n
F

50
V

C
30

4
10

0n
F

50
V

3

4

76 85

2 1

Q308
Si4470EY
Q308
Si4470EY

R318 10RR318 10R

R316 10RR316 10R

D308

MBRM140T3G

D308

MBRM140T3G

D312
1PMT5930BT1G

16V/1W

D312
1PMT5930BT1G

16V/1W

R306
10R
5W

R306
10R
5W

D313
1PMT5930BT1G

16V/1W

D313
1PMT5930BT1G

16V/1W

H301

TV101

H301

TV101

R317 6.8RR317 6.8R

R307
10R
5W

R307
10R
5W

R328 10RR328 10R

R315 3.3RR315 3.3RR311 3.3RR311 3.3R

3

4

76 85

2 1

Q303
Si4470EY
Q303
Si4470EY

3

4

76 85

2 1

Q305
Si4470EY

Q305
Si4470EY

R322 10RR322 10R

3

4

76 85

2 1

Q306
Si4470EY
Q306
Si4470EY

1 2

JP301
DCDC+Short

JP301
DCDC+Short

D307

MBRM140T3G

D307

MBRM140T3G

R303 10RR303 10R

+C
30

1
22

00
uF

50
V

+C
30

1
22

00
uF

50
V

3

4

76 85

2 1

Q301
Si4470EY
Q301
Si4470EY

D311
1PMT5930BT1G

16V/1W

D311
1PMT5930BT1G

16V/1W

R314 10RR314 10R

D306

MBRM140T3G

D306

MBRM140T3G

L301

250-500uH
3-10A

L301

250-500uH
3-10A

R312 10RR312 10R

R321 6.8RR321 6.8R

Q309
NTD3055-94/NTP75N06G

Q309
NTD3055-94/NTP75N06G

R302 6.8RR302 6.8R

+ C
30

6
47

uF
50

V

+ C
30

6
47

uF
50

V

R305 10RR305 10R

+C
30

2
22

00
uF

50
V

+C
30

2
22

00
uF

50
V

R313 6.8RR313 6.8R

3

4

76 85

2 1

Q302
Si4470EY
Q302
Si4470EY

Q304
NTD3055-94/NTP75N06G

Q304
NTD3055-94/NTP75N06G

D303
SS16T3
D303
SS16T3

D309

MBRM140T3G

D309

MBRM140T3G

3

4

76 85

2 1

Q307
Si4470EY
Q307
Si4470EY

R304 3.3RR304 3.3R

D305

MBRM140T3G

D305

MBRM140T3G

+C
30

3
22

00
uF

50
V

+C
30

3
22

00
uF

50
V

R320 10RR320 10R

s
e
n
s
e

s
e
n
s
e

R327
0.040R 1%

s
e
n
s
e

s
e
n
s
e

R327
0.040R 1%

D301

MBRM140T3G

D301

MBRM140T3G

D304

MBRM140T3G

D304

MBRM140T3G

R329
0R

R329
0R

D310
1PMT5930BT1G

16V/1W

D310
1PMT5930BT1G

16V/1W
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GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND GND

GND

+5V

+5V

SRC_DCDC
Gate_DCDCT
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DCDC_T_B
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SRC_PHA
Gate_PHAT
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PHC_B_B

SRC_PHB
Gate_PHBT

Gate_PHBB

PHB_T_B
PHB_B_B

SRC_PHC
Gate_PHCT

Gate_PHCB

Gate_BrakeBRAKE_B

DRV_EN

Driver_EN_BDriver_EN_B

GND_PWR

PHA_T

PHA_B

PHB_T

PHB_B

PHC_T

PHC_B

DCDC_T

DCDC_B

BRAKE

PHA_T_B
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Route all the capacitors
as close to the U401 pins
as possible. The ceramic
ones have priority to be
closer than the
electrolitical ones.

Route all the capacitors
as close to the U402 pins
as possible. The ceramic
ones have priority to be
closer than the
electrolitical ones.

Route all the capacitors
as close to the U403 pins
as possible. The ceramic
ones have priority to be
closer than the
electrolitical ones.

MOSFET Driver for DCDC Inv. & Phase A MOSFET Driver for Phase B & C

MOSFET Driver for Braking Resistor

Buffers to convert 3.3V to 5V.

Route the capacitor
as close to the
pins as possible.

Route the capacitor
as close to the
pins as possible.

R403
4.7k
R403
4.7k

R412
4.7k
R412
4.7k

+C421
10uF
16V

+C421
10uF
16V

C408
100nF

25V

C408
100nF

25V

C416
1uF
25V

C416
1uF
25V

C415
100nF
50V

C415
100nF
50V

C403
4.7uF
25V

C403
4.7uF
25V

1 2

14
7

GND

VCC
U404A

MC74VHCT50ADR2G
GND

VCC
U404A

MC74VHCT50ADR2G

+C404
22uF
50V

+C404
22uF
50V

+ C407
10uF
25V

+ C407
10uF
25V

VCC1
C22
CP_OUT3
SRC_HS14
GATE_HS15
IN_HS16
IN_LS17
GATE_LS18
GND19
LR_OUT10 VCC2 11GND_A 12C1 13GND2 14GATE_LS2 15IN_LS2 16IN_HS2 17GATE_HS2 18SRC_HS2 19G_EN 20

U402

MC33883

U402

MC33883

5 6

U405C

MC74VHCT50ADR2G

U405C

MC74VHCT50ADR2G

C411

33nF 50V

C411

33nF 50V

R411
4.7k
R411
4.7k

C401

100nF 50V

C401

100nF 50V

3 4

U404B

MC74VHCT50ADR2G

U404B

MC74VHCT50ADR2G

C422
100nF
25V

C422
100nF
25V

13 12

U404F

MC74VHCT50ADR2G

U404F

MC74VHCT50ADR2G

+C414
22uF
50V

+C414
22uF
50V

+ C417
10uF
25V

+ C417
10uF
25V

9 8

U405D

MC74VHCT50ADR2G

U405D

MC74VHCT50ADR2G

3 4

U405B

MC74VHCT50ADR2G

U405B

MC74VHCT50ADR2G

1 2

14
7

GND

VCC
U405A

MC74VHCT50ADR2G
GND

VCC
U405A

MC74VHCT50ADR2G

C406
4.7uF
25V

C406
4.7uF
25V

R404
4.7k
R404
4.7k

R402
4.7k
R402
4.7k

9 8

U404D

MC74VHCT50ADR2G

U404D

MC74VHCT50ADR2GR414
4.7k
R414
4.7k

11 10

U405E

MC74VHCT50ADR2G

U405E

MC74VHCT50ADR2G

C418
100nF

25V

C418
100nF

25V

2

3

5

6

7

4 OUTBINB

GND

INA OUTA

VDDU403

MAX628CSA

OUTBINB

GND

INA OUTA

VDDU403

MAX628CSA

C423
100nF
6.3V

C423
100nF
6.3V

C413
1uF
25V

C413
1uF
25V

C424
100nF
6.3V

C424
100nF
6.3V

R415
4.7k
R415
4.7k

VCC1
C22
CP_OUT3
SRC_HS14
GATE_HS15
IN_HS16
IN_LS17
GATE_LS18
GND19
LR_OUT10 VCC2 11GND_A 12C1 13GND2 14GATE_LS2 15IN_LS2 16IN_HS2 17GATE_HS2 18SRC_HS2 19G_EN 20

U401

MC33883

U401

MC33883

R421
4.7k
R421
4.7k

R413
4.7k
R413
4.7k

13 12

U405F

MC74VHCT50ADR2G

U405F

MC74VHCT50ADR2G

R401
4.7k
R401
4.7k

C405
100nF
50V

C405
100nF
50V

1
2
3

JP401

DRV_EN

JP401

DRV_EN

5 6

U404C

MC74VHCT50ADR2G

U404C

MC74VHCT50ADR2G

11 10

U404E

MC74VHCT50ADR2G

U404E

MC74VHCT50ADR2G
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+5V_OUT
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+15V_OUT

SHDN

SHDN

+15V_OUT

+5V_OUT

+15V_OUT

+15V_OUT

GND

V_PWR

GND

V_PWR

GND

GND

GND

GND

GND GND

GNDA
GND

+5V +3.3V_A

GNDA

+3.3V_A +2.5V_REF

+1.65V_REF

GNDA
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Route C509 and C510 as
close to U501 as
possible. C510 will be
closer to the pins than
C509.

R501 and R502 determines
the treshold of 7V. When
the input voltage will be
lower than 7V it'll be
turned off.

R503 and R504 determines the
reference for the 15V output.

R503 = R504 * (Vout - 1.25) / (1.25 + R504 * 50nA)

R501 = R502 * (Vshdn - 1.3) / (1.3 + R502 * 5uA)

Connect pin 8 GND to
the pin 17 Exposed
Pad GND.

Route D502 as close
to U501 as possible
and minimize the
D502, U501 and
C509/C510 loop.

5V/1.5A Power Supply

15V/100mA Power Supply

Route C515 and C516 as close
to U503 as possible.

3.3V/150mA Analog Power Supply 2.5V/20mA Analog Voltage Reference

1.65V/42uA
Analog Voltage
Reference 

0.2V/42uA
Analog Voltage
Reference 

Uout = (Uin + R1 * Iout) / (1 + R1 / R2)

R514 + R515 = R516 * (Vout - 1.231) / (1.231 + R516 * 35nA)

Connect pin 1, 8, 9,
16 SGND to the
Exposed Pad GND.

Route D506 as close to
U505 as possible.

Route D507 as close to
U505 as possible.

Minimize the
D506, U505 and
C521/C522 loop.

R518 and R517 determines
the treshold of 7.8V. When
the input voltage will be
lower than 7.8V it'll be
turned off.

R518 = R517 * (Vshdn - 0.75) / (0.75 + R517 * 50nA)
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Current sensing: Shunt 0.040R, Gain 2.941, Shift 1.65V, Scale -14.025A to +14.025A @ 0 to 3.3V

Voltage sensing: 0 to 47.53V @ 0.2 to 3.3V, Shift 0.2V, Gain 0.065

DC Bus Current & Voltage Sensing BEMF's Sensing

Voltage sensing: 0 to 31V @ 0.2 to 3.3V, Shift 0.2V, Gain 0.1 -> requires resistors R614, R604 to 27k 1%.

Route the inputs to the
op. amp. as short as
possible.

Route the outputs
from the op. amp.
as short as
possible to be
close to UNI-3.

Unconnected channel
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