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nFAULT IS ASSERTED
WHEN OVERCURRENT
CONDITION IS
DETECTED.

LED 15:8

LED 31:24

LED 23:16

LED 7:0

INPUTS 23:16

INPUTS 7:0

INPUTS 15:8

INPUTS 31:24

PLACE R110 OR R111, NOT BOTH

VREF = 3.3 x 4.64k / (2.05k + 4.64k) = 2.289V
I(trip) = (2.289V - 2.048V)/0.22 ohms = 1.1A
sense rises 220mV per amp

520-5322-00 H

switch/lamp -- i/o
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Title

Size Document Number Rev

Date: Sheet of

LED0

LED2

LED10

nLED17

nLED19
nLED18

LED26

LED24

nLED22
nLED23

I_SENSE

LED28

nLED1

LED3

nLED3
nLED2

nLED6

nFAULT

LED31

LED27

nLED21
nLED20

nLED24

LED1

LED25

nLED8

CPUOK

MOSI

LED5

LED15

LED9

LED29

LED19

nLED7

nLED5

LED7

LED11

LED22

LED20

nLED25

LED13
LED12

LED16

nLED9

nLED27
nLED26

nLED30
nLED31

LED14

LED17

nLED10
nLED11
nLED12
nLED13

nLED29
nLED28

nLED0

LED8

LED18

nLED15
nLED14

nLED16

LED6

LED21

LED30

8VI

5VI

nEXTIN25
nEXTIN26

nEXTIN4
nEXTIN3

nEXTIN9

nEXTIN28

nEXTIN2

nEXTIN11

nEXTIN21

MISO

nEXTIN17

nEXTIN23

nEXTIN19

nEXTIN24

nEXTIN27

nEXTIN29

nEXTIN22

nEXTIN5

nEXTIN12

nEXTIN18

nEXTIN10

nEXTIN0

nEXTIN8

nEXTIN16

nEXTIN1

nEXTIN6

nEXTIN20

nEXTIN7 MISO

nEXTIN13

nEXTIN31

nEXTIN15
nEXTIN14

nEXTIN30

VREF

5VI

D_OUT

RCK

nLED4

LED4

LED23

I_SENSE2

D_IN

D_IN

SCK

SCK

LDIN

LDIN

LDIN

SCK

LDIN

LDIN

SCK

SCK

SCK

VCC

VNB

VCC

VDD

VCC

VCC

VCC

VCC

VDD

VCC

VCC

VCC

VCC
VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC
VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

C18
0.1µF

CN4

22-23-2121
Molex

ORANGE

1
2
3
4
5
6
7
8
9
10
11
12

Q20
2N7002P

Q25
2N7002P

Q30
2N7002P

CN6

22-23-2121
Molex
BLACK

1
2
3
4
5
6
7
8
9
10
11
12

Q19
2N7002P

D8
DFLS160-7

R22
330

CN8

22-23-2121
Molex

1
2
3
4
5
6
7
8
9
10
11
12

CN2

22-23-2121
Molex
GREEN

1
2
3
4
5
6
7
8
9
10
11
12

Q16
2N7002P

Q8
2N7002P

R16 10k

R83 10k

R20 10k

Q21
2N7002P

R85 10k

R
48

10
k

CN1

22-23-2101
Molex

1
2
3
4
5
6
7
8
9

10

R37 10k

R11 10k

R34 10k

CN5

22-23-2101
Molex

ORANGE

1
2
3
4
5
6
7
8
9

10

R12 10k

R
66

10
k

Q14
2N7002P

Q6
2N7002P

R14 10k

R33 10k

Q2
2N7002P

R40 10k

R18 10k

R39 10k

R84 10k

Q1
2N7002P

Q3
2N7002P

R86 10k

CN7

22-23-2101
Molex

GREEN

1
2
3
4
5
6
7
8
9

10

R88 10k

R79 10k
R81 10k

R87 10k

Q12
2N7002P

CN3

22-23-2101
Molex
BLACK

1
2
3
4
5
6
7
8
9

10

R
25

10
k

Q17
2N7002P

R
1

10
k

Q18
2N7002P

R35 10k
R36 10k

R10 10k

Q27
2N7002P

R38 10k

R9 10k

U4
74HCT594D

SER14

SRCLK11

SRCLR10

RCLK12

RCLR13

QA 15

QB 1

QC 2

QD 3

QE 4

QF 5

QG 6

QH 7

QH 9

VC
C

16
G

N
D

8

D9
DFLS160-7

U1
74HCT594D

SER14

SRCLK11

SRCLR10

RCLK12

RCLR13

QA 15

QB 1

QC 2

QD 3

QE 4

QF 5

QG 6

QH 7

QH 9

VC
C

16
G

N
D

8

R74 220

R76 220

Q11
2N7002P

Q26
2N7002P

Q13
2N7002P

Q9
2N7002P

Q7
2N7002P

Q31
2N7002P

Q28
2N7002P

Q15
2N7002P

Q23
2N7002P

Q10
2N7002P

Q22
2N7002P

Q4
2N7002P

Q32
2N7002P

Q29
2N7002P

Q5
2N7002P

Q24
2N7002P

U6
74HCT594D

SER14

SRCLK11

SRCLR10

RCLK12

RCLR13

QA 15

QB 1

QC 2

QD 3

QE 4

QF 5

QG 6

QH 7

QH 9

VC
C

16
G

N
D

8

C23
0.1µF

CN12

22-23-2061
Molex

1
2
3
4
5
6

U17A

74HCT86D

1

2
3

U17C

74HCT86D

9

10
8

R109 10k

C4
0.1µF

C7
0.1µF

C2
0.1µF

D10
LM4040D20IDBZR

2 1

D11
LM4040D20IDBZR

2 1

R13
2.05k, 0.100W, 1%

C25
47pF

R75 220

C20
0.1µF, 25V

C5
0.1µF, 25V

C1
0.1µF, 25V

R19
0.22, 1/2 W, 1%

+

- U14B
LM393D

5

6
7

8
4

U17B

74HCT86D

4

5
6

C19
0.1µF

C3
0.1µF, 25V

+

- U14A
LM393D

3

2
1

8
4

C8
0.1µF, 25V

R
2

10
k

R63 10k

R
30

10
k

R
6

10
k

R
71

10
k

R
53

10
k

R
70

10
k

R
7

10
k

R
68

10
k

R
55

10
k

R61 10k
R62 10k

R
31

10
k

R
8

10
k

R
27

10
k

R
50

10
k

R
67

10
k

R
51

10
k

R
5

10
k

R
10

8
10

k

R
72

10
k

R64 10k

R
54

10
k

R
29

10
k

R
69

10
k

R
73

10
k

R
3

10
k

R
52

10
k

R
49

10
k

R
26

10
k

R
28

10
k

R
32

10
k

R57 10k

R
4

10
k

U17D

74HCT86D

12

13
11

R58 10k
R59 10k
R60 10k C6

0.1µF

C24
0.1µF

R15
4.64k, 0.100W, 1%

R107
0.22, 1/2 W, 1%

U8
74HCT594D

SER14

SRCLK11

SRCLR10

RCLK12

RCLR13

QA 15

QB 1

QC 2

QD 3

QE 4

QF 5

QG 6

QH 7

QH 9

VC
C

16
G

N
D

8

R110
2.2k

U15
SN74AHCT1G14DBVR
TI

A2 Y 4

V
5

G
3

U7
"74HCT165D,653"

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

VC
C

16
G

N
D

8

R106
2.2k

R21
2.2k

U3
"74HCT165D,653"

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

VC
C

16
G

N
D

8

R111
2.2k

U5
"74HCT165D,653"

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

VC
C

16
G

N
D

8

C17
0.1µF

U2
"74HCT165D,653"

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

VC
C

16
G

N
D

8

MOSI

nFAULT

SCK

RCK

nCPUOK

LDIN

MISO



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

520-5322-00 H
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Title

Size Document Number Rev

Date: Sheet of

RS485_TXEN

D+ D+

D- D-

RXD

TXD

VCC

VNB

VNB

VCC

VCC

VCC

D2

D1

SMAJ6.5CA
Bourns

U9
SN65HVD485ED
TI

DI4

RO1

RE2

DE3 DO/RI 7

DO/RI 6

G
N

D
5

V
C

C
8

C9
0.1µF

CN9

A-2014-2S-4-N-R
Assmann

1
2
3
4
5
6
7
8

D3

CN10

A-2014-2S-4-N-R
Assmann

1
2
3
4
5
6
7
8

VCC

GND

U16

SN74AHCT1G00DBVR
TI

1
4

5
3

2

C21
0.1µF

nTXEN

RXD

TXD



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

VBB=48V
VNB=8V
VLED=6V
VCC=5V
VDD=3.3V

CONFIGURE PIO0.4
AS FAST MODE PLUS
TO GET 20mA I(OL)

LPC1112
inputs are
5V tolerant
when not
configured
as ADC

PIO1.10/AD6 TIED LOW
INDICATES TXEN AND COIL
OUTPUTS SHOULD BE ACTIVE
LOW (WERE ACTIVE HIGH ON
EARLIER VERSIONS)

FIDUCIALS MOUNTING HOLES
NODE ADDRESS CODING:
  PIO1.11: b3 (0=HARD WIRED, 1=SWITCHABLE)
  PIO3.2: b2
  PIO3.3: b1
  PIO3.5: b0

PIO1.4/AD5 IS USED TO
MEASURE THE COIL
CURRENT.  SINCE THIS
BOARD HAS NO COILS THIS
PIN IS GROUNDED.

520-5322-00 H

node CPU (switchable address)

A
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Title

Size Document Number Rev

Date: Sheet of

nCOIL[7:0]

nSTATUS

nCOIL4

nCOIL2

nCOIL7

nCOIL1

nCOIL6
nCOIL5

nCOIL0

nCOIL3

nTXEN

nTXEN

TXD

RCK

SCK

LDIN

MISO
MOSI

nFAULT

TXD

nCPUOK

RXD

ADR2

ADR2
ADR1

ADR1

ADR0

ADR0

RXD

nRESET

nRESET

nTXEN

TXD
RXD

nRESET
nTXEN

RXD

VDD
VDDVDD

VDD

VDD VDD

VPROG
VPROG

R105
100, 0.100W, 5%

D7
SML-LXT0805YW-TR
Lumex

1
2

R104
10k

C14
0.1µF

C16
0.1µF

C15
0.1µF

CN11

HFW8R-2STE1
Amphenol FCI

1
2
3
4
5
6

M1
M2

7
8

1 11 11 11

SW1

219-3MST
CTS Electrocomponents

1
2
3

6
5
4

R103
1k

U12
"LPC1313FHN33,551"
NXP

XTALIN4

XTALOUT5

V
S

S
P

A
D

V
D

D
1

6
V

D
D

2
29

nRESET/PIO0.0 2

PIO0.1/CLKOUT/CT32B0_MAT2 3

PIO0.2/SSEL0/CT16B0_CAP0 8

PIO0.3 9

PIO0.4/SCL 10

PIO0.5/SDA 11

PIO0.6/SCK0 15

PIO0.7/nCTS 16

PIO0.8/MISO0/CT16B0_MAT0 17

PIO0.9/MOSI0/CT16B0_MAT1 18

SWCLK/PIO0.10/SCK0/CT16B0_MAT2 19

R/PIO0_11/AD0/CT32B0_MAT3 21

R/PIO1.0/AD1/CT32B1_CAP0 22

R/PIO1.1/AD2/CT32B1_MAT0 23

R/PIO1.2/AD3/CT32B1_MAT1 24

SWDIO/PIO1.3/AD4/CT32B1_MAT2 25

PIO1.4/AD5/CT32B1_MAT3/WAKEUP 26

PIO1.5/nRTS/CT32B0_CAP0 30

PIO1.6/RXD/CT32B0_MAT0 31

PIO1.7/TXD/CT32B0_MAT1 32

PIO1.8/CT16B1_CAP0 7

PIO1.9/CT16B1_MAT0 12

PIO1.10/AD6/CT16B1_MAT1 20

PIO1.11/AD7 27

PIO2.0/nDTR 1

PIO3.2 28

PIO3.4 13

PIO3.5 14

CN1A

1
2
3
4
5
6

nCOIL[7:0]

nCPUOK

nFAULT

TXD

RXD

RCK
LDIN

MISO
MOSI

SCK

nTXEN



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

3.3VDC @ 250mA

5.0VDC @ 1000mA

STATUS LED (D7, YELLOW)
10Hz 50%    power okay, processor in boot mode waiting for runtime update: check node cable, ensure other nodes are communicating, check communication interface
1Hz 90%     power okay, processor in runtime mode but not receiving from CPU: check node cable, ensure other nodes are communicating, check communication interface
flickering   power okay, processor communicating and operating correctly

520-5322-00 H

switch/lamp -- power supply

A
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Title

Size Document Number Rev

Date: Sheet of

VDD

VCC

VNB

VCC

VPROG

U11
AP7333-33SRG-7
"Diodes, Inc."

IN3 OUT 2

G
N

D
1

C10
22µF, 16V

D4
DFLS160-7

C12
10µF, 16V

C11
22µF, 16V

C13
10µF, 16V

D6

PMBD914
NXP

D5
"PMBD914, 235"

Nexperia USA Inc

U10
LD29150DT50R
ST

IN1 OUT 3

G
N

D
2

GND1



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

FIDUCIALSMOUNTING HOLES

POWER IN

24VDC @ 2A

N/C

+48V

GND
KEY

N/C

520-5338-00 D

Motor Drive

B
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Title

Size Document Number Rev

Date: Sheet of

SW

FB

PHA_0

PHB_1 PHB_1
PHB_0
PHA_1
PHA_0
V+

PHA_1

V+

PHB_0

DRIVEA_1

DRIVEA_0

DRIVEA_1

DRIVEA_0

DRIVEB_0

DRIVEB_0

DRIVEB_1

DRIVEB_1

VM

VM

VBB
VBBVBB

VM

VBB

VM

VM

VM

VM

VM

VM

VM

V+

VBB

VBB

VBB

1 11

C6
0.1µF, 50V

C2
0.1µF, 50V

R5
100 C7

0.01µF

C12
0.1µF, 50V

R23
100

C10
0.1µF, 50V

RV2

VC080526A580DP

C11
0.01µF

C13
0.01µF

111 1

R21
10k, 0.100W, 5%

C5
0.01µF

RV1

VC080526A580DP

C16
0.1µF

C15
2.2µF

D1
CDBB280-G
Comchip

R27
10.5k, 0.100W, 1%

+C14
220µF, 63V, low ESR

TPAD21

TPAD11

C19
0.1µF

D2
SMAJ48CA
Bournes

F1

0239001.MXP
Littlefuse
5x20mm 1A Slow

1
1

U1

NXP
MC33926PNB

IN21

A
G

N
D

1
5

EN10

IN12

SLEW3

V
P

W
R

1
4

A
G

N
D

2
33

CCP 32

FB8

nSF21
INV7

V
P

W
R

2
6

V
P

W
R

3
11

V
P

W
R

4
31

OUT1_1 12

OUT1_2 13

OUT1_3 14

OUT1_4 15

OUT2_1 27

OUT2_2 28

OUT2_3 29

OUT2_4 30nD216

D126

P
G

N
D

1
18

P
G

N
D

2
19

P
G

N
D

3
20

P
G

N
D

4
22

P
G

N
D

5
23

P
G

N
D

6
24

+ C17
470µF, 35V, low ESR

R25
301k, 0.100W, 1%

U4

NXP
MC33926PNB

IN21

A
G

N
D

1
5

EN10
IN12

SLEW3

V
P

W
R

1
4

A
G

N
D

2
33

CCP 32

FB8
nSF21
INV7

V
P

W
R

2
6

V
P

W
R

3
11

V
P

W
R

4
31

OUT1_1 12

OUT1_2 13

OUT1_3 14

OUT1_4 15

OUT2_1 27

OUT2_2 28

OUT2_3 29

OUT2_4 30nD216

D126

P
G

N
D

1
18

P
G

N
D

2
19

P
G

N
D

3
20

P
G

N
D

4
22

P
G

N
D

5
23

P
G

N
D

6
24

C4
0.1µF, 50V

C8
0.1µF, 50V

+24V1L1
47µH, 2.5A

ISO4
LTV-356T

ISO3
LTV-356T

R20 390

R19 390

ISO2
LTV-356T

ISO1
LTV-356T

R33 390

R32 390

D4
LM4040D50IDBZR

2
1

D6
SML-LXT0805GW-TR
Lumex

1
2

R36
2.2k, 0.5W, 5%

R35
4.7k, 0.5W, 5%

D5
SML-LXT0805IW-TR
Lumex

1
2

R34
390

U5
MP2494DN

V
IN

1
G

N
D

2

EN3

FB 4

SS5 GS 6

BST 7

SW 8

P
A

D
P

A
D

ISO5
LTV-356T

R1
470k

D3
S1G-13-F

CN1

22-23-2061
Molex

1
2
3
4
5
6

CN3

26-60-4060
Molex

1
2
3
4
5
6

R37
47k

CN2

26-63-4051
Molex

1
2
3
4
5



1
2
3
4
5
6
7

11
22
33
44

1

2 3

4

11
22
33
44
55
66
77
88
99
1010
1111
1212

11
22
33
44
55
66

IN2

OUT 1*2IS4

VBB 3*2

IN2

OUT 1*2IS4

VBB 3*2

C A

C A

EN3

SS5

SW 8

BST 7

VO 6

FB 4

VI
N

1
G
N
D

2*
2

C
A 1

2
3

12

1
2

A

B

C

D

E

F

A

B

C

D

E

F

1 2 3 4 5 6 7 8 9





G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

G 1
S2

D 3

QB 1
QC 2
QD 3
QE 4
QF 5
QG 6
QH 7

G
N
D

8

QH 9

SRCLR10

SRCLK11

RCLK12

OE13

SER14

QA 15

VC
C

16

QB 1
QC 2
QD 3
QE 4
QF 5
QG 6
QH 7

G
N
D

8

QH 9

SRCLR10

SRCLK11

RCLK12

OE13

SER14

QA 15

VC
C

16

G 1
S2

D 3

G 1
S2

D 3

1
2
3
4
5
6
7
8
9
10
11
12

1
2
3
4
5
6
7
8
9

11 22 33 44 55 66

1
2
3
4
5
6
7

1 6 3 4

2
5

VC
C

5

WDI4

EN3 WDO 1

G
N
D

2

A

B

C

D

E

F

A

B

C

D

E

F

1 2 3 4 5 6 7 8 9



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

NODE ADDRESS CODING:
  PIO1.11: b3 (0=HARD WIRED, 1=SWITCHABLE)
  PIO3.2: b2
  PIO3.4: b1
  PIO3.5: b0

VBB=48V
VNB=8V
VLED=6V
VCC=5V
VDD=3.3V

CONFIGURE PIO0.4
AS FAST MODE PLUS
TO GET 20mA I(OL)

PIO1.10/AD6 TIED LOW
INDICATES TXEN AND COIL
OUTPUTS SHOULD BE ACTIVE
LOW (WERE ACTIVE HIGH ON
EARLIER VERSIONS)

FIDUCIALS MOUNTING HOLES
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Title

Size Document Number Rev

Date: Sheet of

nSTATUS

nCOIL4

nCOIL2

nCOIL7

nCOIL1

nCOIL6
nCOIL5

nCOIL0

nCOIL3

nRESET

nRESET
nTXEN

nTXEN

TXD

RCK

SCK

LDIN

MISO
MOSI

I_SENSE
nTXEN

nFAULT

TXD

nCPUOK

ADR2

ADR2
ADR1

ADR1

ADR0

ADR0
nCOIL[7:0]

RXDRXD

ADR3

ADR3

RXD

TXD
RXD

nRESET
nTXEN

VPROG

VDDVDD

VDD
VDD

VDDVDD

VDD

VPROG

R4
120, 0.100W, 5%

C1
0.1µF

C3
0.1µF

1 11 SRS6-4-01
Richco

11 11

R38
330

CN1

0528080871
Molex

1
2
3
4
5
6
7
8

SW1

219-4MST
CTS

1
2
3
4

8
7
6
5

R3
10k

U1
LPC1112FHN33/201
NXP

XTALIN4

XTALOUT5

V
S

S
P

A
D

V
D

D
1

6
V

D
D

2
29

nRESET/PIO0.0 2

PIO0.1/CLKOUT/CT32B0_MAT2 3

PIO0.2/SSEL0/CT16B0_CAP0 8

PIO0.3 9

PIO0.4/SCL 10

PIO0.5/SDA 11

PIO0.6/SCK0 15

PIO0.7/nCTS 16

PIO0.8/MISO0/CT16B0_MAT0 17

PIO0.9/MOSI0/CT16B0_MAT1 18

SWCLK/PIO0.10/SCK0/CT16B0_MAT2 19

R/PIO0_11/AD0/CT32B0_MAT3 21

R/PIO1.0/AD1/CT32B1_CAP0 22

R/PIO1.1/AD2/CT32B1_MAT0 23

R/PIO1.2/AD3/CT32B1_MAT1 24

SWDIO/PIO1.3/AD4/CT32B1_MAT2 25

PIO1.4/AD5/CT32B1_MAT3/WAKEUP 26

PIO1.5/nRTS/CT32B0_CAP0 30

PIO1.6/RXD/CT32B0_MAT0 31

PIO1.7/TXD/CT32B0_MAT1 32

PIO1.8/CT16B1_CAP0 7

PIO1.9/CT16B1_MAT0 12

PIO1.10/AD6/CT16B1_MAT1 20

PIO1.11/AD7 27

PIO2.0/nDTR 1

PIO3.2 28

PIO3.4 13

PIO3.5 14

R2
1k

C2
0.1µF

D1
SML-LXT0805YW-TR
Lumex

1
2

CN1A

1
2
3
4
5
6

nCOIL[7:0]

nCPUOK

nFAULT

TXD
RXD

nTXEN

RCK
LDIN

MISO
MOSI

SCK

I_SENSE



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

GI OUT
(UP TO
1A)

VREF = 2.289V
I(trip) = (2.289V - 2.048V)/0.22 ohms = 1.1A
sense rises 220mV per amp
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nSW5

nSW3

nSW1
nSW2

SCK

nSW4

nSW6 MISO
nSW7

nSW0

nLED0

nLED2

nLED3

nLED1

5VI
RCKB
SCKB
D_OUTB

nSWITCH7

nSWITCH2

nSWITCH4
nSWITCH5

nSWITCH3

nSWITCH0

nSWITCH6

nSWITCH1

COIL_GND

MOSI
LED1

RCK

D_OUT

GI
LED3

D_OUT

RCK

LED0

LED2

DIN

DIN

CPUOK

SCK

LDINRCK

SCK

VREF

VCC

VCC

VLED

VCC

V6I

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

VCC

CN13

22-23-2031
Molex

1
2
3

C37
0.1µF

U23
74HCT594D

SER14

SRCLK11

SRCLR10

RCLK12

RCLR13

QA 15

QB 1

QC 2

QD 3

QE 4

QF 5

QG 6

QH 7

QH 9

V
C

C
16

G
N

D
8

Q18
2N7002P

C34
0.1µF

CN14

22-23-2061
Molex

1
2
3
4
5
6

R84 220

Q14
STP16NF06L
ST

R64
2.2k

R60
10k, 0.100W, 5%

R61 220

R
44

10
k

R53 10k
R52 10k

R58 10k

R55 10k
R54 10k

R56 10k
R57 10k

R59 10k

C48
47pF

R63 220
R62 220

C50
47pF

R65
0.22, 1/2 W, 1%

Q23
2N7002P

+

- U12A
LM393D

3

2
1

8
4

C38
0.1µF R95 220

C51
1000pF

U21E

74HCT14

11 10
U21D

74HCT14

9 8

U21F

74HCT14

13 12
R

51
10

k
R

50
10

k

R
48

10
k

R
46

10
k

R
45

10
k

R
47

10
k

R
83

10
k

R
49

10
k

U21A

74HCT14

1 2

C49
47pF

C40
0.1µF

U30
STWD100NPWY3F

WDI4

EN3

G
N

D
2

V
C

C
5

WDO 1

C47
47pF U19

74HCT165D

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

V
C

C
16

G
N

D
8

D39
SK56A-LTP
Micro Commercial

D40
SK56A-LTP
Micro Commercial

D41
LM4040D20IDBZR

2 1

Q15
2N7002P

Q17
2N7002P

Q16
2N7002P

R96
10k, 0.100W, 5%

U21C

74HCT14

5 6

U21B

74HCT14

3 4

+

- U12B
LM393D

5

6
7

8
4

R33
4.64k, 0.100W, 1%

C33
0.1µF

R32
5.49k, 0.100W, 1%

MISO

SCK

SCK

RCK

nSWITCH[7:0]

nLED[3:0]

COIL_GND

nFAULT

MOSI

nCPUOK



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

Vf(max) = 1.8V, If(on)(max) = 5.0mA
(3.3V - 1.8V) / 5.0mA = 300
(5.0V - 1.8V) / 5.0mA = 640

ISOLATION
SECTION
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TXD

RXD

RS485_TXEN

D-

D+

D-

D+

VCCI

VCCI

VBBA

VDD

VDD

VCCI

VCCI
VDD

VCCI

VDD

VCCI

VCCI

VCCI

VDD

VCCI

VCCI

VNB

VNB

VNB

ISO4

LTV-356T
LITE-ON

R14

470k

R9
300

R12

300

R8 300

R10

620

C36
0.1µF

VCC

GND
U5
SN74AHCT1G00DBVR
TI

1
4

5
3

2

D2

PMBD914,215
NXP

R11
300

IGND1

VCC

GND
U24
SN74AHCT1G00DBVR
TI

1
4

5
3

2

D5D4

C5
22µF, 16V

C7
0.1µF

R7
300

ISO2
6N137S
Lite-On

7

6
2

3

8
5

U4
SN65HVD485ED
TI

DI4

RO1

RE2

DE3 DO/RI 7

DO/RI 6

G
N

D
5

V
C

C
8

U3
L78L05ACD13TR
ST

OUT 1

C
O

M
M

1
2

C
O

M
M

2
3

C
O

M
M

3
6

C
O

M
M

4
7

IN8

D3

SMAJ6.5CA
Bournes

R13
1k

ISO1
6N137S
Lite-On

7

6
2

3

8
5

C6
22µF, 16V

C30
0.1µF

ISO3
6N137S
Lite-On

7

6
2

3

8
5

CN3
A-2014-2S-4-N-R
Assmann

1
2
3
4
5
6
7
8 S

H
IE

LD
_1

S
H

IE
LD

_2
S

H
IE

LD
_3

S
H

IE
LD

_4

CN2
A-2014-2S-4-N-R
Assmann

1
2
3
4
5
6
7
8 S

H
IE

LD
_1

S
H

IE
LD

_2
S

H
IE

LD
_3

S
H

IE
LD

_4

nTXEN

TXD

VLEDEN

RXD



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

I_SENSE rises 33mV/A from its idle voltage of 1.225V.  ADC
should idle at about 380 (10-bit) and will rise by 10.24 per
amp as coil current increases (e.g, 10A coil current should
read 380 + 10 x 10.24 = 482).

I_SENSE = 1.225V + I(coil) x 0.033 ohms
VREF= 5.00V x 4.64k / (5.49k + 4.64k) = 2.290V
I(trip) = (2.290V - 1.225V) / 0.033 ohms = 32A
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COIL3

COIL2

COIL1

COIL0

nCOIL1

nCOIL3

nCOIL0

nCOIL2

COIL7

COIL5

nCOIL5

nCOIL7

nCOIL4

nCOIL6

COIL4

nSWITCH1

nSWITCH0 nSWITCH4

nLED1

nSWITCH7

nLED0

nSWITCH6

nLED3

nSWITCH5

nLED2

COIL_GND

nSWITCH2

nSWITCH3

COIL6

VBBC

VBBC

VBBC

VBBC

VG

VG

VG

VG

VG

VG

VG

VG

VBBC

VBBC

VBBC

VBBC

VG

VG

VG

VG

VG

VG

VG

VG

V6I

VG

VG

VG

VGVG

VG

VG

VG

VBBC

VDD

Q1
PSMN027-100PS
NXP

R22
100

CN7

26-60-4040 (BLACK)
Molex

1
2
3
4

R30
100

CN9

26-60-4040 (ORANGE)
Molex

1
2
3
4

CN11

26-60-4040 (GREEN)
Molex

1
2
3
4

R26
100

R34
100k

R20
100k

R24
100k

R28
100k

C27
1µF

CN5

26-60-4040
Molex

1
2
3
4

Q2
PSMN027-100PS
NXP

D13
SK210-LTP

Micro Commercial

D19
SK210-LTP

Micro Commercial

D25
SK210-LTP

Micro Commercial

D31
SK210-LTP

Micro Commercial

Q19
PSMN027-100PS
NXP

R88
100

R92
100

R94
100

R90
100

R93
100k

R87
100k

C42
1µF

R89
100k

R91
100k

C44
1µF

Q20
PSMN027-100PS
NXP

Q21
PSMN027-100PS
NXP

Q22
PSMN027-100PS
NXP

D42
SK210-LTP

Micro Commercial

D43
SK210-LTP

Micro Commercial

D44
SK210-LTP

Micro Commercial

D45
SK210-LTP

Micro Commercial

CN6

26-60-4060
Molex

1
2
3
4
5
6

CN8

26-60-4060 (BLACK)
Molex

1
2
3
4
5
6

CN12

26-60-4060 (GREEN)
Molex

1
2
3
4
5
6

Q4
PSMN027-100PS
NXP

Q3
PSMN027-100PS
NXP

R36
100

U26
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U13
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U10
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U27
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U28
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U17
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U15
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

U25
MCP1401

G
N

D
1

1
V

D
D

2

IN3

G
N

D
2

4

OUT 5

C29
1µF

C25
1µF

C45
1µF

CN10

26-60-4060 (ORANGE)
Molex

1
2
3
4
5
6

R40
4.7k, 0.5W, 5%

C43
1µF

D37
SML-LXT0805IW-TR
Lumex

1
2

C23
1µF

U31
ACS711EEXLT-31AB-T
Allegro

IP+1-2

IP-3-4

V
C

C
12

G
N

D
5

VIOUT 11

FAULT 6

Q24
PMV48XP,215
NXP

1

3
2

nCOIL[7:0]

nSWITCH[7:0]

nLED[3:0]

COIL_GND

I_SENSE

nCPUOK

nFAULT



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

3.3VDC @ 250mA

6.0V @ 2A

5.0VDC @ 1000mA

USE VLED (6V) FOR FET GATE VOLTAGE

N/C

+48V

GND
KEY

N/C

LED STATUS TABLE
48V  6V    MCU STATUS
D37  D10   D1
RED  GREEN YELLOW
OFF  OFF  OFF         48V not present: check that system is connected and powered
 ON  OFF  OFF         48V present, no 6V: node bus is powered off by CPU, node bus cable is unplugged, or 6V supply is overloaded (shorted) or damaged
 ON   ON  OFF         48V present, 6V present, processor not running: check 5V and 3.3V supplies
 ON   ON  10Hz 50%    power okay, processor in boot mode waiting for runtime update: check node cable, ensure other nodes are communicating, check communication interface
 ON   ON  1Hz 90%     power okay, processor in runtime mode but not receiving from CPU: check node cable, ensure other nodes are communicating, check communication interface
 ON   ON  flickering  power okay, processor communicating and operating correctly
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VBBA

VDD

VLED VCC

VPROG

VGVLED

VDD

VCC

VBBA

VLED

VLED

VLED

VLED

VBBC

VBBC

C21
10µF, 16V

C15
22µF, 16V

R15
301k, 0.100W, 1%

TPAD21

TPAD11

GND1

D12

PMBD914,215
NXP

3V31

R16
46.4k, 0.100W, 1%

5V1

R17
330, 0.100W, 5%

6V1

D11

PMBD914,215
NXP

C10
0.1µF

L1
47µH, 2.0A
NR10050T470M
Taiyo Yuden

C13
0.1µF

+C8
220µF, 63V, low ESR

C22
10µF, 16V

C9
2.2µF

R82
46.4k, 0.100W, 1%

U9
AP7333-33SRG-7
Diodes, Inc.

IN3 OUT 2

G
N

D
1

D10
SML-LXT0805GW-TR
Lumex

1
2

D9
SK56A-LTP
Micro Commercial

C16
22µF, 16V

+ C11
470µF, 16V, low ESR

D6
SK210-LTP
Micro Commercial

U7
LD29150DT50R
ST

IN1 OUT 3

G
N

D
2

CN4

26-63-4051
Molex

1
2
3
4
5 D7

SMAJ51CA
Bournes

U6
MP24943DN

V
IN

1
G

N
D

2

EN3

FB 4
SS5 VO 6

BST 7

SW 8

P
A

D
P

A
D

C41
0.01µF

VLEDEN



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

b16: nDIP7
b15: nDIP6
b14: nDIP5
b13: nDIP4
b12: nDIP3
b11: nDIP2
b10: nDIP1
b9: nDIP0
b8: nRFLIP2
b7: nRFLIP1
b6: nLFLIP2
b5: nLFLIP1
b4: nBACK
b3: nDOWN
b2: nUP
b1: nSELECT
b0:
nVBBGOOD
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nDIP5
nDIP4

nDIP0

nDIP7

nDIP3

nDIP1

nDIP6

nDIP2

SPI1_MISO

nSELECT
nUP
nDOWN
nBACK
nLFLIP1
nLFLIP2
nRFLIP1
nRFLIP2
nVBBGOOD

SPI1_MISO

SPI1_SPCK

SPI1_NPCS0

nVBBGOOD

VDD

VDD

VDD

VDD

VDD

VDD

VDD

VDD

C193
0.1µF

R
17

9
10

k
R

17
8

10
k

R
17

6
10

k

R
17

2
10

k

R
17

7
10

k

R
17

4
10

k

U47
74HC165D

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

V
C

C
16

G
N

D
8

R
17

5
10

k

S2

219-8MST
CTS Electrocomponents

1
2
3
4
5
6
7
8

16
15
14
13
12
11
10
9

R
17

3
10

k

U46
74HC165D

SER10

A11

B12

C13

D14

E3

F4

G5

H6

CLK2

INH15

SH/LD1

QH 9

QH 7

V
C

C
16

G
N

D
8

C192
0.1µF

R
86

10
k

R98 10k
R97 10k

R95 10k
R94 10k

R96 10k

CN25

22-23-2121
Molex

1
2
3
4
5
6
7
8
9

10
11
12

R99 10k

R
88

10
k

R
90

10
k

R
89

10
k

R
87

10
k

R
92

10
k

R
16

8
10

k
R

16
9

10
k

R170 10k
R171 10k
R181 10k

R
18

0
10

k

VCC

GND
U49
74LVC1G00GV
Nexperia USA Inc

1
4

5
3

2

C199
0.1µF



A

A

B

B

C

C

D

D

E

E

4 4

3 3

2 2

1 1

MOUNTING HOLES FIDUCIALS

SDRAM is 133 MHz or faster, 1.8V, 84 pin FBGA,
lead-free. 

SD CARD INTERFACE MCI0

ICE INTERFACE

EIA-232D USART1 COM PORT

USB HOST PORTS

EIA-232D USART2 COM PORT

RESET

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

use PIOs to
pull up
flags

Use CR2032 20 mm
3V coin cell

~250mA

NODE BUS BRIDGE AND INTERFACE

hardware    R130      ADC center
version  ohms (1%)  value (10 bit)
   C                     0
   E        150.0k     0x3bc
   F         69.8k     0x37c
   G         43.2k     0x33c
   H         29.4k     0x2f8
   I         21.5k     0x2b8
   J         16.5k     0x27c
   K         12.7k     0x23c
   L         10.0k     0x200
   M         7.68k     0x1bc
   N         5.90k     0x17c
   O         4.53k     0x140
   P         3.32k     0x100
   Q         2.32k     0x0c0

DEBUG PORT

3.3V

I2C ADDRESSES:
  0101000x (50/51): main volume control
  0101001x (52/53): center volume control
  0101010x (54/55): headphone volume control
  0110001x (62/63): EEP1 (software write protect register)
  1010001x (A2/A3): EEP1 (normal read/write)
  10110011 (B3): EEP1 (serial number read)
  1010000x (A0/A1): EEP2

EEP1
256B

EEP2
32kB

SEE HARDWARE
VERSION
TABLE

In 10-bit acquisition mode:
  VBB = ADC(VBBSENSE) / 15.875
  VNB = ADC(VNBSENSE) / 115.15
  VA = ADC(VASENSE) / 25.817

VDDIOM0[3:0] - DDR2 SDRAM I/O, should be 1.8VDC
VDDIOM1[3:0] - EBI I/O, port C (set to 3.3V)
VDDIOP0 - peripherals I/O (3.3V)
VDDIOP1 - LCD I/O (3.3V)
VDDIOP2 - ISI I/O (not used for ISI, set to 3.3V)
VDDBU - backup I/O (3.3V)
VDDANA - analog power supply (3.3V)
VDDPLLA - PLLA (1.0V)
VDDPLLUTMI - PLLUTMI (1.0V)
VDDOSC - oscillator (3.3V)
VDDCORE - core voltage (1.0V)
VDDUTMIC - UDPHS and UHPHS UTMI+ core supply (1.0V)
VDDUTMII - UDPHS and UHPHS UTMI+ interface supply
(3.3V)

VBB = 48VDC (input)
VA = 24VDC (audio amps)
VNB = 9.0VDC (node bus)
VCC = 5.0VDC (HDMI pin 18)
VDD = 3.3VDC
VDD1_8 = 1.8VDC
VDD1_0 = 1.0VDC

PIO0.12 is ISP
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HDMB

DDR_DQM1

DDR_BA1

MCI0_DA3

DDR_BA1

XIN

DDR_nCS

DDR_DQS0

DDR_CK

XOUT

DDR_CKE

HDMB

DDR_nCAS

DDR_DQS0

NRST

NTRST

XIN32

DDR_DQS1

DDR_DQM1

TDI

USB_ENB

TCK

TDO
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DRXD
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TDO
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DDR_CKE
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RTCK
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HDPB

TDI
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DDR_nCK

TCK

DDR_CK

DDR_BA0
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TMS
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LCDD0

LCDD8

LCDD2

LCDD13
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LCDD7

LCDD15
LCDD16
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LCDD20
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LCDDEN
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LCDD6
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LCDD4

LCDHSYNC

LCDD21
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RS232_TXD1

MCI0_DA2

MCI0_DA2

TXD1

TXD1

ETX2
ETX3
ERX2
ERX3
ETX0
ETX1
ERX0
ERX1
ETXEN
ERXDV
ERXER
ETXCK
EMDC

ERXCK
ETXER

ECOL
ECRS

EMDINTR

EMDIO

I2S_SD0
I2S_WS0
I2S_SCK0
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nCSHDN

CGAIN0
CGAIN1

LRMUTE
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SPI0_MOSI

SPI0_NPCS0

nDMRDY

SPI0_MOSI

SPI0_NPCS0
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nVNB_EN
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HDPA
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USB_FLGA
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USB_FLGB

AVR_CLK
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USB_ENA
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ERX0
ERX1
ERX2
ERX3
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EBI0_DDR_CKE
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EBI0_DDR_DQS0
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DDR_A7
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DQ1 G2

DQ2 H7

DQ3 H3
DQ4 H1
DQ5 H9

DQ6 F1

DQ7 F9

DQ8 C8
DQ9 C2

DQ10 D7

DQ11 D3

DQ12 D1

DQ13 D9
DQ14 B1
DQ15 B9

nCSL8

nRASK7 nCASL7

nWEK3

UDMB3

LDMF3

UDQSB7

LDQSF7

BA1L3 BA0L2

nCKK8 CKJ8

CKEK2

VREF J2

VDDQ A9

VDDQ C1

VDDQ C3

VDDQ C7
VDDQ C9

VSSQ A7
VSSQ B2

VSSQ B8

VSSQ D2

VSSQ D8

VDD A1

VDD E1
VDD J9

VSS A3
VSS E3
VSS J3

VSSQ E7

VDDQ E9

VSSQ F2

VSSQ F8

VDDQ G1

VDDQ G3

VDDQ G7
VDDQ G9

VSSQ H2

VSSQ H8

VDDL J1

VSSDL J7

ODTK9 VDD M9

VDD R1

VSS N1

VSS P9

nUDQS/NUA8

A13R8

nLDQS/NUE8

C151

U42

AT24MAC402-SSHM
Atmel

A01 A12 A23

G
N

D
4

SDA5

SCL6

WP7

V
C

C
8

U8
ATtiny2313A-SU
Atmel

PA2/nRESET/dW1

PD0/RXD2

PD1/TXD3

PA1/XTAL24 PA0/XTAL15

PD2/CKOUT/INT06
PD3/INT17

PD4/T08

PD5/OC0B/T19

G
N

D
10

PD6/ICP11

PB0/AIN0/PCINT0 12

PB1/AIN1/PCINT1 13

PB2/OC0A/PCINT2 14

PB3/OC1A/PCINT3 15
PB4/OC1B/PCINT4 16

PB5/MOSI/DI/SDA/PCINT5 17

PB6/MISO/DO/PCINT6 18

PB7/UCSK/SCL/PCINT7 19

V
C

C
20

R141
1k

R91
10k, 0.100W, 1%

C82

C146

C81

C142 C157

C85

R142
1k

R20
10k

C84 C87

0.1µF, 16V

C127
10pF, 50V

C156

C91

0.1µF, 16V
BT1
1065
Keystone

C90

C149

R78
6.8k

+ C124
33µF, 6.3V

C1+

C1-
C2+

C2-

V+

V-

FORCEOFF
INVALID

FORCEON

U14
MAX3243CDB
TI

19

18

17

16

5

6

25
26

14

12

13

20

10

9

4

11

15

23

7

8

22
21

28

24
1

2

3

27

C53
0.1µF

C145

0.1µF, 16V

C123
0.1µF, 25V

R105
1.5k

C143 C155

R130
43.2k, 0.100W, 1%

C153

0.1µF, 16V

C52
0.1µF

C131
0.1µF

C88

C69

C92

0.1µF, 16V

+ C126
33µF, 6.3V

C147

R48
0
DO NOT PLACE

D33

U19
MIC2026-2YM

ENA 1
FLGA 2

FLGB 3ENB 4

V
IN

7
G

N
D

6

OUTA8

OUTB5

U43

AT24C256C-SSHL
Atmel

A01 A12 A23

G
N

D
4

SDA5

SCL6

WP7

V
C

C
8

C184
0.1µF

C125
0.1µF, 25V

CN3

A-2004-2-4-LPS-N-R
Assmann

1
2
3
4
5
6
7
8

CN22

A-2004-2-4-LPS-N-R
Assmann

1
2
3
4
5
6
7
8

D+

1

D-

1

VDDIOP2

VDDIOP2

VDDIOP1

VDDIOP0

VDDIOP0
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Atmel

PA0/MCI0_CK/TCLK3 L1

PA1/MCI0_CDA/TIOA3 M1

PA2/MCI0_DA0/TIOB3 L5
PA3/MCI0_DA1/TCKL4 N1
PA4/MCI0_DA2/TIOA4 L6

PA5/MCI0_DA3/TIOB4 M2

PA6/MCI0_DA4/ETX2 M3

PA7/MCI0_DA5/ETX3 M4
PA8/MCI0_DA6/ERX2 L7
PA9/MCI0_DA7/ERX3 N2

PA10/ETX0 M5

PA11/ETX1 P1

PA12/ERX0 N3
PA13/ERX1 P2

PA14/ETXEN M6

PA15/ERXDV N4

PA16/ERXER N5

PA17/ETXCK N6
PA18/EMDC R1
PA19/EMDIO P3

PA20/TWD0 R2

PA21/TWCK0 P4

PA22/MCI1_CDA/SCK3 T1
PA23/MCI1_DA0/RTS3 P5
PA24/MCI1_DA1/CTS3 R3

PA25/MCI1_DA2/PWM3 T2

PA26/MCI1_DA3/TIOB2 T3

PA27/MCI1_DA4/ETXER U1
PA28/MCI1_DA5/ERXCK U3

PA29/MCI1_DA6/ECRS U2

PA30/MCI1_DA7/ECOL R4

PA31/MCI1_CK/PCK0 V1

PB0/SPI0_MISO T4
PB1/SPI0_MOSI V2

PB2/SPI0_SPCK V3

PB3/SPI0_NPCS0 U4

PB4/TXD1 R5
PB5/RXD1 V4
PB6/TXD2 T5

PB7/RXD2 U5

PB8/TXD3/ISI_D8 T12

PB9/RXD3/ISI_D9 N11
PB10/TWD1/ISI_D10 U13

PB11/TWCK1/ISI_D11 M11

PB12/DRXD P6

PB13/DTXD R6

PB14/SPI1_MISO M7
PB15/SPI1_MOSI/CTS0 V5

PB16/SPI1_SPCK/SCK0 T6

PB17/SPI1_NPCS0/RTS0 U6

PB18/RXD0/SPI0_NPCS1 N7

PB19/TXD0/SPI0_NPCS2 P7
PB20/ISI_D0 P12
PB21/ISI_D1 T15

PB22/ISI_D2 R12

PB23/ISI_D3 T16

PB24/ISI_D4 N12
PB25/ISI_D5 M12
PB26/ISI_D6 U14

PB27/ISI_D7 M13

PB28/ISI_PCK N13

PB29/ISI_VSYNC R13
PB30_ISI_HSYNC T13

PB31/ISI_MCK/PCK1 P13

PC0/DQM2 A8

PC1/DQM3 E9
PC2/A19 B8
PC3/A20 C8

PC4/A21/NANDALE F9

PC5/A22/NANDCLE A7

PC6/A23 D8
PC7/A24 A6

PC8/CFCE1 E8

PC9/CFCE2/RTS2 C7

PC10/NCS4/CFCS0/TCLK2 B6

PC11/NCS5/CFCS1/CTS2 B7
PC12/A25/CFRNW A5

PC13/NCS2 D7

PC14/NCS3/NANDCS F8

PC15/NWAIT C6

PC16/D16 E7
PC17/D17 B5
PC18/D18 D6

PC19/D19 F7

PC20/D20 A4

PC21/D21 C5
PC22/D22 B4
PC23/D23 E6

PC24/D24 D5

PC25/D25 A3

PC26/D26 C4
PC27/D27 A1
PC28/D28 A2

PC29/D29 B2

PC30/D30 B3

PC31/D31 B1

PD0/TK0/PWM3 R7

PD1/TF0 T7

PD2/TD0 L8

PD3/RD0 V6
PD4/RK0 M8
PD5/RF0 V7

PD6/AC97RX N8

PD7/AC97TX/TIOA5 U7

PD8/AC97FS/TIOB5 P8
PD9/AC97CK/TCLK5 R8

PD10/TD1 U8

PD11/RD1 T8

PD12/TK1/PCK0 V8

PD13/RK1 L9
PD14/TF1 U9
PD15/RF1 M9

PD16/RTS1 N9

PD17/CTS1 V9

PD18/SPI1_NPCS2/IRQ R9
PD19/SPI1_NPCS3/FIQ T9

PD20/TIOA0 D2

PD21/TIOA1 E1

PD22/TIOA2 F1

PD23/TCLK0 G2
PD24/SPI0_NPCS1/PWM0 F2
PD25/SPI0_NPCS2/PWM1 G1

PD26/PCK0/PWM2 H1

PD27/PCK1/SPI0_NPCS3 H2

PD28/TSADTRG/SPI1_NPCS1 P9
PD29/TCLK1/SCK1 L10
PD30/TIOB0/SCK2 T10

PD31/TIOB1/PWM1 L11

PE0/LCDPWR/PCK0 G4
PE1/LCDMOD F4

PE2/LCDCC G5

PE3/LCDVSYNC F5

PE4/LCDHSYNC G7

PE5/LCDDOTCK H5
PE6/LCDDEN G3

PE7/LCDD0/LCDD2 H6

PE8/LCDD1/LCDD3 G6

PE9/LCDD2/LCDD4 H7

PE10/LCDD3/LCDD5 H8
PE11/LCDD4/LCDD6 G8
PE12/LCDD5/LCDD7 J5

PE13/LCDD6/LCDD10 H4

PE14/LCDD7/LCDD11 J3

PE15/LCDD8/LCDD12 J4
PE16/LCDD9/LCDD13 J2

PE17/LCDD10/LCDD14 J6

PE18/LCDD11/LCDD15 J7

PE19/LCDD12/LCDD18 J1

PE20/LCDD13/LCDD19 J8
PE21/LCDD14/LCDD20 K1
PE22/LCDD15/LCDD21 K4

PE23/LCDD16/LCDD22 K2

PE24/LCDD17/LCDD23 K5

PE25/LCDD18 K6
PE26/LCDD19 K3
PE27/LCDD20 K7

PE28/LCDD21 K8

PE29/LCDD22 L3

PE30/LCDD23 L2
PE31/PWM2/PCK1 L4

V
D

D
IO

P
00

K
9

V
D

D
IO

P
1

H
3

V
D

D
IO

P
2

V
14

V
D

D
B

U
D

4
V

D
D

A
N

A
E

3
V

D
D

P
LL

A
P

11

V
D

D
P

LL
U

TM
I

V
13

V
D

D
O

S
C

U
11

V
D

D
C

O
R

E
0

E
18

V
D

D
U

TM
IC

U
18

V
D

D
U

TM
II

V
17

G
N

D
O

S
C

U
12

G
N

D
B

U
D

3
G

N
D

U
TM

I
U

17
G

N
D

A
N

A
C

2

XINV12

XOUTV11

XIN32C1
XOUT32D1

VBGV18

SHDNF3
WKUPC3

TCKU10

TDIR10
TDOV10
TMSP10

JTAGSELE4

RTCKR11

NRSTM10

TS
T

E
5

NTRSTN10

BMST11

DDR_D0R16
DDR_D1R15

DDR_D2T14

DDR_D3P15

DDR_D4P16
DDR_D5P17
DDR_D6R14

DDR_D7P14

DDR_D8N15

DDR_D9N16
DDR_D10P18
DDR_D11N17

DDR_D12N18

DDR_D13N14

DDR_D14M15
DDR_D15M16

DDR_A0M17

DDR_A1L14

DDR_A2M18
DDR_A3L15
DDR_A4L16

DDR_A5L18

DDR_A6L17

DDR_A7K14
DDR_A8K15
DDR_A9K16

DDR_A10K18

DDR_A11K17

DDR_A12J14
DDR_A13J15

DDR_CLKJ18

#DDR_CLKH18

DDR_CKEJ16
DDR_CSH14
DDR_WEH15

DDR_RASJ17

DDR_CASH17

DDR_DQM0G14
DDR_DQM1H16

DDR_DQS0G18

DDR_DQS1G15

DDR_BA0G17

DDR_BA1G16

DDR_VREFA16

D0A17

D1D15

D2C15
D3B16
D4B15

D5D14

D6C14

D7A15
D8B14
D9D13

D10C13

D11E13

D12B13
D13E12
D14D12

D15C12

A0/NBS0F13

A1/NBS2/NWR2F14

A2F18

A3F15
A4E14
A5F17

A6F16

A7E17

A8E15
A9E16
A10D18

A11D17

A12C18

A13B18
A14A18
A15B17

A16/B10C10

A17/BA1B10

A18C17

NCS0A10
NCS1/SDCSF10

NWR0/NWEC9

NWR1/NBS1D9

NWR3/NBS3A9

NRDF11

V
D

D
IO

P
01

K
10

V
D

D
C

O
R

E
1

G
12

V
D

D
C

O
R

E
2

G
13

V
D

D
C

O
R

E
3

H
11

V
D

D
IO

M
00

K
13

V
D

D
IO

M
10

F6

V
D

D
IO

M
01

L1
2

V
D

D
IO

M
02

L1
3

V
D

D
IO

M
11

G
10

V
D

D
IO

M
12

G
11

V
D

D
IO

M
03

M
14

V
D

D
IO

M
13

D
16

G
N

D
C

O
R

E
0

H
9

G
N

D
C

O
R

E
1

J9

G
N

D
C

O
R

E
2

J1
0

G
N

D
C

O
R

E
3

G
9

G
N

D
IO

P
0

H
10

G
N

D
IO

P
1

J1
1

G
N

D
IO

M
5

K
11

G
N

D
IO

M
6

K
12

G
N

D
IO

M
0

C
16

G
N

D
IO

M
1

H
12

G
N

D
IO

M
2

H
13

G
N

D
IO

M
3

J1
2

G
N

D
IO

M
4

J1
3

DQS0A11

RASA12

SDCKA13

NSDCKA14

SDA10B9

DQM0B11

SDCKEB12

CASC11

NANDWEE10

DQS1E11

SDWEF12

HHSDMAR17

HFSDMAR18

HHSDPAT17

HFSDPAT18

NANDOED10

DQM1D11

TSADVREFE2

HHSDPB/DHSDPU15
HHSDMB/DHSDMU16

HFSDPB/DFSDPV15

HFSDMB/DFSDMV16

VCC

GND

U48

74LVC1G08GV
NXP

1
4

5
3

2

U7
SN65HVD485ED
TI

DI4

RO1

RE2
DE3 DO/RI 7

DO/RI 6

G
N

D
5

V
C

C
8

C198
0.1µF

U8B
LPC811M001JDH16
NXP

PIO0.13 1
PIO0.12 2nRESET/PIO0.53

PIO0.4/WAKEUP/nTRST4

SWCLK/PIO0.3/TCK5

SWDIO/PIO0.2/TMS6

PIO0.11 7

PIO0.10 8

PIO0.1/ACMP_I2/CLKIN/TDI9 PIO0.9/XTALOUT 10

PIO0.8/XTALIN 11
PIO0.7 14

PIO0.6/VDDCMP15

PIO0.0/ACMP_I1/TDO16

V
S

S
13

V
D

D
12

C201
0.1µF

VCC

GND

U50

74LVC1G08GV
NXP

1
4

5
3

2

CN13

DM1AA-SF-PEJ(21)
Hirose

1
2
3
4
5
6
7
8
9
CD
WP
GND

MT3 MT3

MT4 MT4

MT5 MT5

MT6 MT6

MT31

MT11

CN28

1
2
3
4

D8
ZHCS500TA

R195 10k

R196 10k

SD1

4GB Class 4 SD Card
SD4/4GB
Kingston
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Vthd = 200 mV
Vref = 1.25V
Iled = Vctrl/Vref x Vthd/Rset
Vctrl = 3.3 x 1k / (330 + 1k) = 2.48V
Iled (target) = 350 mA
Rset = Vctrl/Vref x Vthd/Iled=2.48V/1.25V x 200mV/350mA=1.13 ohms
Rset = 1.1 ohms
Iled = 2.48/1.25 x 200mV/1.1 ohms = 360 mA
Power across Rset is (I^2)R = (360mA)^2 x 1.1 ohms = 143mW

520-6936-01 B
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BL_PWMBL_PWM

VBB

R114
1.1, 1/2W, 1%

U33
AP8801SG-13
"Diodes, Inc."

G
N

D
1

2

G
N

D
2

7
V

IN
4

SET 1

SW1 5

SW2 6

CTRL8 L12
470µH, 450mA

D23

CDBC560-G
Comchip

R115
1k

TPAD71

TPAD81

R161
330

D39
S1G-13-F

TPAD111

TPAD101

C164
2.2µF

TPAD141

TPAD91

TPAD121

TPAD131

D40 D41 D42 D43 D44 D45 D46 D47 D49
XQDAWT-00-0000-00000HDE5
CREE

D48
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~53mA max

9: left anode
10: left cathode
11: right cathode
12: right anode
left is green (link/activity)
right is yellow (100Mb/s)

At reset:
  PHYAD[2:0] should be driven low
  MODE[2:0] should be driven high
  RMIISEL should be driven low

From the boot loader drive nERST low, set the various
configuration pins, drive nERST high, then set the pins
back to inputs pulled high.  nERST is PA31.

520-6936-01 B
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ETX0
ETX1
ETX2
ETX3
ETXEN

EMDC

RXP
TXN
TXP

nERST

EMDINTR

AVDD

VDDCR

LEDG+

LEDY+

RXN

EMDIO

ETXCK

ERX0
ERX1
ERX2

ERXCK
ERXDV

ERXER

ECRS
ECOL

ERX3

nERST

ETX0
ETX1
ETX2
ETX3

ETXEN

EMDC
EMDIO

EMDINTR

ETXCK

ERX0
ERX1
ERX2

ERXCK
ERXDV

ERXER

ECOL
ECRS

ERX3

VDD

VDD

VDD

VDD

Y4
25.000 MHz

C113
27pF

R
62

49.9

R
65

49.9

R
63

49.9

R
64

49.9

R71 300, 0.100W, 5%

C110
27pF

R69 300, 0.100W, 5%

FB1
BLM21PG600SN1D
Murata

R72
12.1k, 0.063W, 1%

CN17

J00-0065NL
Pulse

1
2
3
4
5
6
7
8
9
10
11
12
SHELL_0
SHELL_1
SHELL_2
SHELL_3

C97
0.1µF

FB18

BLM21PG600SN1D
Murata

C195
1.0µF, 25V

C108
0.1µFC109

0.1µF

C115
0.022µF

C119
10pF

C120
10pF

C96
470pF

C197
10pF

C196
10pF

R182
1.5k

R184 100

R185 100

R183A 116
R183B 215

R183C 314

R183D 413

R183F 611

R183H 89

U15
LAN8710A-EZC
SMSC

XTAL1/CLKIN5

XTAL24

TXP 29

TXN 28

RXP 31

RXN 30

V
D

D
1A

27

RBIAS 32

V
D

D
2A

1

nRST19

LED2/nINTSEL 2
LED1/REGOFF 3

MDIO16 MDC17

RXD3/PHYAD28 RXD2/RMIISEL9 RXD1/MODE110 RXD0/MODE011

RXDV26 RXCLK/PHYAD17

RXER/RXD4/PHYAD013

V
D

D
IO

12

TXCLK20 TXEN21

TXD022

TXD123

TXD224

TXD325

COL/CRS_DV/MODE215

CRS14

V
D

D
C

R
6

G
N

D
P

A
D

INT/TXER/TXD418

R183G 710

R183E 512
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1.8V @ 500mA

1.0V @ 500mA

3.3VDC @ 500mA

NODE BUS POWER SUPPLY

9VDC @ 3A

AUDIO AMP POWER SUPPLY

30VDC @ 3A

5.0V @ 3A

R150 and R151 can be
tuned to adjust the
VDDCORE turn-on
threshold.

-5.0V @ 60mA

LSENSE

+48V

GND

POWER IN

KEY

VBBS

48V / (42.2k + 2.26k) = 1.08 mA
48V x 1.08 mA = 52 mW
VBBsense = VBB x 2.26k / (42.2k + 2.26k) = VBB x 0.051
VBBsense(48V) = 48V*0.051 = 2.44V
BOREF(low)=1.18V
BOREF(high)=1.29V
INT should assert (low) when VBB falls below 23.31V
and should stay asserted until VBB rises above 25.36V

BROWN OUT DETECT

VNBsense = VNB x 0.371

ONLY USED BY
CENTER AUDIO
CHANNEL

VAsense = VA x 0.0832

520-6936-01 B

STERN Pinball CPU -- power supply
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VCN

nVA_EN

nVNB_EN

INT

VBBSENSE

VNBSENSE

BO

TP2

TP1

TP3

BOREF

nVBBGOOD

VASENSE

nVNB_EN

nVA_EN

LSENSE

INT

VBBSENSE

VNBSENSE

nVBBGOOD

VASENSEVAVNB

VDD1_8VCC

VDD1_0VCC

VCC

VNB

VCC

VNB

VA

VA

VCC

VCC

VCC VCN

VBB

VBB

VBB

VBB

VBB

VBB

VNB

VCC

VCC

VDD

VDD

VDD

VDD

VDD

VDD

VDD

VDD

VBB

VDD

VBB

VA

+48V1

R109
4.7k, 0.5W, 5%

R135
2.2k, 0.250W, 5%

R134
680, 0.100W, 5%

+1.8V1

+1.0V1

D14
DB3Y501KEL

D15
DB3Y501KEL

+9V1

C59
0.01µF

R23
6.34k, 0.100W, 1%

U10
A8498SLJTR-T
"Allegro MicroSystems, LLC"

BOOT 1

ENB2

TSET3

G
N

D
4

FB 5

VBIAS 6
LX 7

V
IN

8

P
A

D
P

A
D

TPAD31

TPAD41

L6
68µH, 3A

+30V1

L5
68µH, 3A

R16
6.34k, 0.100W, 1%

TPAD61

L8
68µH, 3A

C134
0.01µF

TPAD11

TPAD21

R150
1.20k, 0.100W, 1%

C173
3.3µF, 6.3WVDC, X5R

R125
63.4k, 0.100W, 1%

C139
1µF, 6.3V

TPAD51

D1
CDBC560-G
Comchip

CN7

26-63-4051
Molex

1
2
3
4
5

+C55
470µF, 63V

U30
A8498SLJTR-T
"Allegro MicroSystems, LLC"

BOOT 1

ENB2

TSET3

G
N

D
4

FB 5

VBIAS 6
LX 7

V
IN

8

P
A

D
P

A
D

C174

3.3µF, 6.3WVDC, X5R

R162
42.2k, 0.100W, 1%

R167
2.26k, 0.100W, 1%

R165
3.83k, 0.100W, 1%

D37
CDBC560-G
Comchip

D36
S1G-13-F

D38
S1G-13-F

R190
10k

C49
0.01µF

U6
A8498SLJTR-T
"Allegro MicroSystems, LLC"

BOOT 1

ENB2

TSET3

G
N

D
4

FB 5

VBIAS 6
LX 7

V
IN

8

P
A

D
P

A
D

+ C60
470µF, 16V, low ESR

D12
CDBC560-G
Comchip

C56
0.22µF

+C132
470µF, 63V

+

- U45B
LM393D

5

6
7

8
4

C138
1µF, 6.3V

C133
0.22µF

R108
1.20k, 0.100W, 1%

R25
619, 0.100W, 1%

U32
BD10KA5WFP
Rohm

CTL1

VIN2 OUT 4

G
N

D
6

D4
CDBC560-G
Comchip

R151
1.20k, 0.100W, 1%

R106
63.4k, 0.100W, 1%

+C47
470µF, 63V

R122
82

D13

1
2

C136
1µF, 6.3V

R163
2.26k, 0.100W, 1%

U41
TPS60402DBVT

OUT 1IN2

C
1-

3

C
1+

5
G

N
D

4

D30

1
2

D29

1
2

+ C50
470µF, 35V, low ESR

R24
63.4k, 0.100W, 1%

C175

3.3µF, 6.3WVDC, X5R

C48
0.22µF

R18
174, 0.100W, 1%

C137
1µF, 6.3V

D28

1
2

R192
42.2k, 0.100W, 1%

R166
2.26k, 0.100W, 1%

R107
6.34k, 0.100W, 1%

+ C135
470µF, 16V, low ESR

C57
1µF, 6.3V

U31
BD18KA5WFP
Rohm

CTL1

VIN2 OUT 4

G
N

D
6

+5.0V1

R133
300, 0.100W, 5%

R164
3.83k, 0.100W, 1%

R191
42.2k, 0.100W, 1%U9

BD33KA5WFP
Rohm

CTL1

VIN2 OUT 4

G
N

D
6

+3.3V1

D20
DB3Y501KEL

C58
1µF, 6.3V

+

- U45A
LM393D

3

2
1

8
4C194

0.1µF, 16V

C185
0.1µF, 16V

C200
0.022µF

D50
DB3Y501KEL

D51
DB3Y501KEL

R193
42.2k, 0.100W, 1%

R194
3.83k, 0.100W, 1%

R197 10k

R198 10k
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Vout from UDA1334ATS is 0.9Vrms.  Want to
set gain such that full scale from DAC
yields full swing on output (approx. 24V
p-p or 8.5Vrms).
 gain=20log(Vout/Vin)=20log(8.5/0.9)=19.5

Input capacitor is calculated as
1/(2*PI*Z*fc) where Z is the amplifier's
input impedance and fc is the -3dB cutoff
frequency (20Hz).
 gain=20: Cin=0.13 µF
 gain=26: Cin=0.26 µF

TPA3123D2 gain input strapping:
 GAIN1 GAIN0 Gain   Zinput -3 dB Cutoff
  1     1    36 dB    9k     3Hz
  1     0    32 dB    15k    5Hz
  0     1    26 dB    30k    11 Hz
  0     0    20 dB    60k    18 Hz

MAIN AUDIO DAC

LINE OUT

ADDR: 0101000x

ADDR: 0101010x

HEADPHONE AMPLIFIER

ADDR: 0101001x

520-6936-01 B
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I2S_SD0

I2S_SCK0
I2S_WS0

LRGAIN1

LRMUTE
nLRSHDN

LRGAIN0

SPKRL+

SPKRR+

SPKRC-

SPKRC+

CSCL LEFT

CMUTE

CGAIN0

nCSHDN

RIGHT

CSCL

LEFT

HP_LEFT

CSDA

HP_RIGHT

CSDA

RIGHT

CGAIN1

HPSHDN

CSDA

CSCL

I2S_SCK0
I2S_WS0
I2S_SD0

LRGAIN1
LRGAIN0

LRMUTE
nLRSHDN

CSDA
CSCL

nCSHDN

CGAIN0

CMUTE

CGAIN1

HPSHDN

VA

VDD

VA

VA

VA

VDD

VDD

VDD

VCC
VA

VCC

VDD

VA

VCC

VA

VA

VA

VA

VCNVCC

VDD

VA

VCN

VDD

VA

VDD

VDD

VDD

VA

VDD

VA

VA

VA

VCC

VA

VA

VCN

VCNVCC

C15
0.22µF

C19
0.22µF

L1 47uH, 2.9A

L2 47uH, 2.9A

C13
1.0µF, 25V

R30
0, 0.100W, 5%

+

C14
470µF, 50V

C2
0.1µF

+
C1
47µF

C18
1.0µF, 25V

C179
1.0µF, 25V

C180
1.0µF, 25V

CN27

22-23-2031
Molex

1
2
3

+C11
47µF

R136
10k

U1
UDA1334ATS

V
D

D
D

4

V
D

D
A

13

V
S

S
D

5

V
S

S
A

15

BCK1

WS2

DATAI3

SCLK/PLL16

MUTE8

DEEM/CLKOUT9

SFOR17 SFOR011

VOUTL 14

VOUTR 16

VREF(DAC) 12

PLL010

+ C9
470µF

+

C17
470µF, 50V

CN1
26-62-4056

Molex

1
2
3
4
5

C5
0.1µF

C24
1.0µF, 25V

+C21

47µF

C23
0.1µF

C28
0.1µF

C16
0.39µF

C3
0.1µF

U2
TPA3123D2

SD2

LIN5

RIN6

GAIN018 GAIN117
MUTE4

BSL 21

P
V

C
C

L1
1

P
V

C
C

L2
3

LOUT 22

P
G

N
D

L1
23

P
G

N
D

L2
24

VCLAMP 11

BSR 16

ROUT 15

P
G

N
D

R
1

13

P
G

N
D

R
2

14
P

V
C

C
R

1
10

P
V

C
C

R
2

12

A
G

N
D

1
8

A
G

N
D

2
9

BYPASS 7

A
V

C
C

1
19

A
V

C
C

2
20

G
N

D
P

A
D

+ C112

R138
10k

C41
0.39µF

C98
0.1µF

C20
0.39µF

R1
1, 0.100W, 5%

+

-

U37A
LM833DR3

2
1

8
4

R7
20k

U18

TI
LM4881MX/NOPB

BYPASS3

G
N

D
4

SHDN5

INB6 OUTB 7

V
D

D
8

OUTA 1INA2

U4
TPA3123D2

SD2

LIN5

RIN6

GAIN018 GAIN117
MUTE4

BSL 21

P
V

C
C

L1
1

P
V

C
C

L2
3

LOUT 22

P
G

N
D

L1
23

P
G

N
D

L2
24

VCLAMP 11

BSR 16

ROUT 15

P
G

N
D

R
1

13

P
G

N
D

R
2
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POWER FOR
DOT MATRIX

TO BOOT IN ISP MODE HOLD
nDMISP LOW AND CYCLE nDMRST
LOW THEN HIGH.  TO BOOT
NORMALLY HOLD nDMISP HIGH AND
CYCLE nDMRST LOW THEN HIGH.

TO DOT MATRIX
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LCDD7:0 = RED
LCDD15:8 = GREEN
LCDD23:16 = BLUE

COLOR DATA IS ALWAYS TOP-JUSTIFIED
(e.g., IF ONLY FIVE BITS OF RED ARE
USED THEY ARE MAPPED TO LCDD7:3)

USE KEYSTONE 24390 5.0mm M3
SPACER OR EQUIVALENT
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