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POWER

POWER

ANALOG_FRONT_END

ANALOG_FRONT_END

RX_DATA_A[0-11]

AUX_DAC_A

AFE_CNTRL[0-9]

RX_I_P
RX_I_N

RX_Q_N
RX_Q_P

TX_DATA[0-13]

TX_I_P
TX_I_N

TX_Q_N
TX_Q_P

RX_DATA_B[0-11]

AUX_ADC_A1

RxSYNC

AUX_DAC_C

AUX_ADC_B1

AUX_DAC_B
TxSYNC

AUX_ADC_A2

AUX_ADC_B2

AUX_SPI[0-2]

CONNECTOR_TRANSCEIVER

CONNECTOR_TRANSCEIVER

AUX_DAC_A

RX_I_P
RX_I_N

RX_Q_P
RX_Q_N

TX_I_N
TX_I_P

TX_Q_N
TX_Q_P

CLK_REF_EXT

AUX_DAC_B

AUX_ADC_A1
AUX_ADC_A2

AUX_DAC_C

AUX_ADC_B2
AUX_ADC_B1

D_CNTRL[1-6]

M&C[0-1]

USB

USB

USB[1-33]

CONNECTOR_DIGITAL

CONNECTOR_DIGITAL

M&C[2-5]

INPUT_[0-30]

OUTPUT_[0-30]

JTAG[1-4]

MICRO

MICRO

uC_AD[0-7]

uC_CNTRL[1-4]

FPGA_CNTRL[1-3]

uC_PROG[1-4]

COM_[1-2]

FPGA

FPGA

RX_DATA_A[0-11]

RX_DATA_B[0-11]

AUX_SPI[0-2]

AFE_CNTRL[0-9]

TX_DATA[0-13]

M&C[0-5]

uC_CNTRL[1-4]

D_CNTRL[1-6]

INPUT_[0-30]

CLK_REF_EXT

uC_AD[0-7]

JTAG[1-4]

OUTPUT_[0-30]

USB[1-33]

TxSYNC

RxSYNC

FPGA_CNTRL[1-3]

COM_[1-2]

uC_PROG[1-4]

USB[1-33]

uC_AD[0-7]

uC_CNTRL[1-4]

FPGA_CNTRL[1-3]

TX_I_P
TX_I_N

TX_Q_P
TX_Q_N

INPUT_[0-30]

OUTPUT_[0-30]

JTAG[1-4]

D_CNTRL[1-6]

AUX_SPI[0-2]

CLK_REF_EXT

RX_Q_P

AUX_DAC_C

AUX_ADC_A1

AUX_DAC_B

RX_Q_N

RX_I_N
RX_I_P

AUX_ADC_B1

AUX_DAC_A

M&C[0-5]

AUX_ADC_A2

AUX_ADC_B2

M&C[2-5]

M&C[0-1]

RX_DATA_A[0-11]

Rx_SYNC

AFE_CNTRL[0-9]

TxSYNC

RX_DATA_B[0-11]

TX_DATA[0-13]

COM_[1-2]

uC_PROG[1-4]
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Include traces between ADCs and FPGA for both
10-bit and 12-bit version. D0A and D0B are undefined
in AD9860.

Minimize the number of IO pins at the FPGA.
Time multiplex the I and Q samples over the
RX_DATA bus
However, for better throughput, connect both I
& Q samples to FPGA

Power consumption estimate:
Tx 128 Msamples, 20mA output: 70mA
Rx 64Msamples/s w/ input buffer enabled: 275 mA
DLL: 12mA
Digital: 92mA
digital tx 4x interpolation, no modulation 90mA
digital rx processing disabled 9mA
Total: 548mA

Range 0 - 3V,
8-bit resolution

200 Ohm input impedance
2Vpp, 2V approximately
common-mode voltage

ADC reference voltages decoupling

Indicates which ADC channel data is on the RX_DATA bus.

Prevent over/under-voltage
damage of AD9860 at analog
inputs. 3.6V Zener

Clock: Comes
from FPGA

20mA total output
current set by this
resistor.

Layout Note: analog and digital ground planes
should be connected by a path 1/8" or 1/4"
wide underneath
(see AD9760 clear description for details)

Current to voltage conversion

Note: 2 V p-p differential 
         1 V p-p each

Caps for noise
suppression when
measuring
temperature
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REFB

VREF

AUX_ADC_B2_1

TX_Q_N

TX_I_P

TX_I_N

AF
E_

C
N

TR
L4

TX_DATA1

TX_DATA4

VREF

AF
E_

C
N

TR
L0

AF
E_

C
N

TR
L8

TX_DATA9

TX_DATA11

REFB

RX_DATA_B1

RX_DATA_A11

AUX_SPI0

TX_DATA0

TX_DATA6

TX_DATA8

RX_DATA_B0

RX_DATA_A4

AUX_ADC_B2_1

AF
E_

C
N

TR
L2

RX_DATA_B2

RX_DATA_A7

TX_I_N

RX_DATA_B11

RX_DATA_B5

RX_DATA_B[0-11]

A
U

X
_S

P
I0

AFE_CNTRL9

TX_DATA3

RX_DATA_B9

RX_DATA_B7

A
U

X
_S

P
I2

AUX_ADC_A1

TX_Q_P

RX_DATA_A6

RX_DATA_B3

RX_DATA_A9

RX_DATA_A5

TX_Q_P

A
U

X
_S

P
I1

AUX_ADC_A2

AF
E_

C
N

TR
L3

TX_DATA2

TX_DATA5

RX_I_N_1

RX_DATA_B8

RX_DATA_B4

RX_I_P_1
RX_DATA_A10

RX_DATA_A0

RX_DATA_A[0-11]

AUX_ADC_B1

TX_DATA10

TX_DATA12

RX_DATA_B6

RX_DATA_A3

TX_DATA7

TX_Q_N

RX_Q_P_1

AUX_DAC_A

TX_I_P

RX_DATA_A8

RX_DATA_A1
AUX_SPI2

REFB
REFT

TX_DATA[0-13]

AUX_SPI1

AUX_DAC_C

AF
E_

C
N

TR
L7

AF
E_

C
N

TR
L6

RX_DATA_B10

RX_DATA_A2

AUX_ADC_B2_1

REFT

AF
E_

C
N

TR
L1

AUX_DAC_B

TX_DATA13

REFT

RX_Q_N_1

RX_I_P_1
RX_I_N_1

RX_Q_N_1
RX_Q_P_1

RX_I_P_1

RX_I_N_1

RX_Q_N_1

RX_Q_P_1

AF
E_

C
N

TR
L5

AFE_CNTRL8

AFE_CNTRL2

AFE_CNTRL4

AFE_CNTRL9

AFE_CNTRL5

AFE_CNTRL1

AFE_CNTRL3

AFE_CNTRL7
AFE_CNTRL6

AFE_CNTRL0

GND

A_+3.3VD_+3.3V

GND

D_GND

GND

D_+3.3V

D_GND

A_+3.3V

GND

GND

D_GND

GND

GND

GND

GND

A_+3.3V

A_+3.3V

A_+3.3V

GND

GND

GND

GND GND

GND

GND

GND

GND

GND

GND

{S
E

N
}

{R
E

S
E

TB
}

{C
LK

S
E

L}

{CSB}

{S
D

O
}

{C
S

B
}

{MODE/TxBLANK}

{D
O

}
{C

LK
}

{S
D

IO
}

{DO}
{CLK}

{C
LK

O
U

T2
}

{C
LK

O
U

T1
}

{S
C

LK
}

{O
SC

1}

{CLKSEL}

{SDO}

{SEN}

{MODE/TxBLANK}

{OSC1}

{SCLK}

{SDIO}

{CLKOUT2}
{CLKOUT1}

{RESETB}

C194 100nF;0603

C40
C-OPEN;0603

D2 TZM5227B

CA CA

C35
22pF;0603

C39
C-OPEN;0603

D1 TZM5227B

CA CA

C178 100nF;0603

TP3

DLL_LOCK

1

C159 100nF;0603

C187 100nF;0603

C169 100nF;0603
R23

R-OPEN;0603

C190
C-OPEN;0603

C182 100nF;0603

R20 1K;0603;1%

C179 100nF;0603

C158 100nF;0603

C192 100nF;0603

C170
100nF;0603

D3 TZM5227B

CA CA

R21 1K;0603;1%

C168
10uF;10V;T;3216

D4 TZM5227B

CA CA

R55
100R;0603;1%

C191
C-OPEN;0603

C161
C-OPEN;0603

C177
10uF;10V;T;3216

R22 0R;0603

C175
C-OPEN;0603

C41

100nF;0603

Receive ReceiveTransmit Transmit
MSB

MSB

MSB

CLK/MiscCLK

AD9860BST or
AD9862BST

U3

AD9860BSTZ

68
69
70
71
72
73
74
75
76
77
78
79

80
81
82
83
84
85
86
87
88
89
90
91

989910
4

10
5

11
7

11
8

12
3

12
4

10
0

10
3

10
6

10
9

11
0

11
2

11
3

11
6

11
9

12
2

107
108

115
114

111

101
102

121
120

18 20 23 321924272831

92

21
22

26
25

29
30

37
38
39
40
41
42
43
44
45
46
47
48
49
50

51

62

1116

10
12

14 15 65 64 17

6
7
8

3 4 1329

5

33 36 53 59 61 66 93 34 35 52 58 60 67 94

54 55 56 5763

1
128
126

127

95 96 97
125

D0A
D1A
D2A
D3A
D4A
D5A
D6A
D7A
D8A
D9A

D10A
D11A

D0B
D1B
D2B
D3B
D4B
D5B
D6B
D7B
D8B
D9B

D10B
D11B

A
V

D
D

A
V

D
D

A
V

D
D

A
V

D
D

A
V

D
D

A
V

D
D

A
V

D
D

A
V

D
D

AG
N

D
AG

N
D

AG
N

D
AG

N
D

AG
N

D
AG

N
D

AG
N

D
AG

N
D

AG
N

D
AG

N
D

VIN+B
VIN-B

VIN+A
VIN-A

VREF

REFT_B
REFB_B

REFT_A
REFB_A

A
V

D
D

A
V

D
D

A
V

D
D

A
V

D
D

AG
N

D
AG

N
D

AG
N

D
AG

N
D

AG
N

D

RxSYNC

REFIO
FSADJ

IOUT+A
IOUT-A

IOUT+B
IOUT-B

Tx13
Tx12
Tx11
Tx10

Tx9
Tx8
Tx7
Tx6
Tx5
Tx4
Tx3
Tx2
Tx1
Tx0

TxSYNC

MODE/TxBLANK

AG
N

D
AG

N
D

D
LL

_L
oc

k
N

C

O
SC

1
O

SC
2

C
LK

O
U

T1
C

LK
O

U
T2

C
LK

S
E

L

AUX_DAC_A
AUX_DAC_B
AUX_DAC_C

A
V

D
D

A
V

D
D

A
V

D
D

AG
N

D
AG

N
D

SIGDEL

D
VD

D
D

VD
D

D
VD

D
D

VD
D

D
VD

D
D

VD
D

D
VD

D

D
G

N
D

D
G

N
D

D
G

N
D

D
G

N
D

D
G

N
D

D
G

N
D

D
G

N
D

S
C

LK
S

D
O

S
D

IO
S

E
N

R
E

S
E

TB

AUX_ADC_A1
AUX_ADC_A2
AUX_ADC_B1

AUX_ADC_REF

A
U

X
_S

P
I_

D
O

A
U

X
_S

P
I_

C
LK

A
U

X
_S

P
I_

C
S

B
AUX_ADC_B2

C162 100nF;0603

C154 100nF;0603

C176 100nF;0603

C180 100nF;0603

C193 100nF;0603

C195 100nF;0603

Temperature
Sensor

U5

TMP36FSZ

12
3

48

6
7

5

VOUTNC
NC

G
N

DV
S

NC
NC

SHUTDOWN

C184
100nF;0603

R56
100R;0603;1%

C183
100nF;0603

R54 100R;0603;1%

R25 4.02K;0603;1%

R17 1K;0603;1%

C160
100nF;0603

R57 100R;0603;1%

C167 100nF;0603

C173 100nF;0603

C37
22pF;0603

C155 100nF;0603

R19 1K;0603;1%

C163 100nF;0603

C174 100nF;0603

C186 100nF;0603

C181 100nF;0603

RX_DATA_A[0-11]

TX_DATA[0-13]

TX_I_P
TX_I_N

TX_Q_N
TX_Q_P

RX_DATA_B[0-11]

RxSYNC

TxSYNC 5

AUX_SPI[0-2]

AUX_ADC_A2
AUX_ADC_A1

AUX_DAC_C
AUX_DAC_B
AUX_DAC_A

AUX_ADC_B1

AFE_CNTRL[0-9]

RX_Q_N
RX_Q_P

RX_I_P
RX_I_N

AUX_ADC_B2
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DIGITAL INPUT
LEFT
CONNECTOR

DIGITAL OUTPUT
RIGHT CONNECTOR
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M&C2
M&C3 M&C5

INPUT_0
INPUT_1
INPUT_2
INPUT_3
INPUT_4

INPUT_7
INPUT_6
INPUT_5

INPUT_8

INPUT_16

INPUT_14

INPUT_9

INPUT_12
INPUT_11

INPUT_13

INPUT_10

INPUT_17

INPUT_15

INPUT_21

INPUT_25

INPUT_20

INPUT_24

INPUT_22
INPUT_23

INPUT_18
INPUT_19

INPUT_26

INPUT_27
INPUT_28
INPUT_29

OUTPUT_0
OUTPUT_1

OUTPUT_3
OUTPUT_2

OUTPUT_28
OUTPUT_27

OUTPUT_29

OUTPUT_5
OUTPUT_4

OUTPUT_7
OUTPUT_6

OUTPUT_8

OUTPUT_10

OUTPUT_16

OUTPUT_9

OUTPUT_15

OUTPUT_12
OUTPUT_13

OUTPUT_11

OUTPUT_14

OUTPUT_17

OUTPUT_19

OUTPUT_25

OUTPUT_18

OUTPUT_24

OUTPUT_21
OUTPUT_22

OUTPUT_20

OUTPUT_23

OUTPUT_26

JTAG4

JTAG1

JTAG3
JTAG2

JTAG1

INPUT_30 OUTPUT_30
M&C4

JTAG2

D_GND

D_GND

D_GND D_GND

D_GND

D_GND

D_GND D_GND

{SERIAL RX LEFT}
{SERIAL TX LEFT} {SERIAL RX RIGHT}

{FPGA_TDO}

{FPGA_TCK}

{FPGA_TDI}
{FPGA_TMS}

{FPGA_TCK}

{SERIAL TX RIGHT}

{FPGA_TMS}

J4

SQT-120-01-L-D-RA

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

1
2
3
4
5
6
7
8
9

10
11
12
13
14

A8
B8
A9
B9
A10
B10
A11
B11
A12
B12
A13
B13
A14
B14
A15
B15
A16
B16
A17
B17
A18
B18
A19
B19
A20
B20

A1
B1
A2
B2
A3
B3
A4
B4
A5
B5
A6
B6
A7
B7

J5

TMMH-120-01-L-D-RA

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

1
2
3
4
5
6
7
8
9

10
11
12
13
14

A8
B8
A9
B9
A10
B10
A11
B11
A12
B12
A13
B13
A14
B14
A15
B15
A16
B16
A17
B17
A18
B18
A19
B19
A20
B20

A1
B1
A2
B2
A3
B3
A4
B4
A5
B5
A6
B6
A7
B7

M&C[2-5]5INPUT_[0-30]4,5 OUTPUT_[0-30]5

JTAG[1-4]5
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BOTTOM

Transmitter interface

Receiver interface
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D_CNTRL1
D_CNTRL2

D_CNTRL3
D_CNTRL4

D_CNTRL5
D_CNTRL6

M&C0
M&C1

M&C1
M&C0

GND
GND

GND
GND

GND
GND

GND
GND

GND
GND

GND
GND

GND
GND

GND

GND

{SERIAL TX BOTTOM}
{SERIAL RX BOTTOM}

{SERIAL RX BOTTOM}
{SERIAL TX BOTTOM}

J7

TMMH-120-01-L-D-RA

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

1
2
3
4
5
6
7
8
9

10
11
12
13
14

A8
B8
A9
B9
A10
B10
A11
B11
A12
B12
A13
B13
A14
B14
A15
B15
A16
B16
A17
B17
A18
B18
A19
B19
A20
B20

A1
B1
A2
B2
A3
B3
A4
B4
A5
B5
A6
B6
A7
B7

AUX_DAC_A

RX_I_P
RX_I_N

RX_Q_P
RX_Q_N

TX_I_N
TX_I_P

TX_Q_N
TX_Q_P

CLK_REF_EXT

AUX_DAC_B

AUX_ADC_A1
AUX_ADC_A2

AUX_DAC_C

AUX_ADC_B2
AUX_ADC_B1

D_CNTRL[1-6]3,5

M&C[0-1]5
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40 PIN DIGITAL
OUTPUT - RIGHT
CONNECTOR

FPGA
CONFIGURATION

40 PIN DIGITAL INPUT -
LEFT CONNECTOR

USB INTERFACE

Option to ground TCK
for noise-immunity
if not using JTAG

uC INTERFACE

TEST
POINTS

D0 is MSb, D7 is LSb

Slave Parallel

Please note: Serial link is LVTTL,
NOT RS232.

JTAG header for 
Xilinx Parallel Cable IV
Model DLC7

Constraints:
Pins                 Voltage                        Bank

Input              2.5V LVDS                      0
USB               3.3V                                1
Output           2.5V LVDS                      2
Din/Dout       3.3V                              4 & 5
JTAG             2.5V VCCAUX               N/A
PROG#         2.5V VCCAUX               N/A
CCLK             2.5V VCCAUX               N/A
DONE           2.5V VCCAUX                N/A
MODE           2.5V VCCAUX                N/A

Output pins are connected to
low voltage differential signal
pins on the FPGA at 2.5V.
Designated by N or P on the 
FPGA pin numbers.
USE: Impedance controlled
traces.

FOR LVDS CHANGE VOLTAGE OF:
INPUT BANK 7        to    2.5V
OUTPUT BANK 2    to    2.5V

Pin F22 not connected on XC3S1500

Pin AA5 not connected on XC3S1500

When Configured for LVDS:
Pin VRP tied to ground through a 100 ohm resistor
Pin VRN tied to VCC_0 (D_+2.5V) through a 100 ohm resistor

When Configured for LVDS:
Pin VRP tied to ground through a 100 ohm resistor
Pin VRN tied to VCC_2 (D_+2.5V) through a 100 ohm resistor

Input pins are connected to
low voltage differential signal
pins on the FPGA at 2.5V.
Designated by N or P on the 
FPGA pin numbers.
USE: Impedance controlled traces.
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FPGA_TP1

FPGA_TP4
FPGA_TP3
FPGA_TP2 FPGA_TP9

FPGA_TP5

FPGA_TP8
FPGA_TP7
FPGA_TP6

FPGA_TP10

CLK_REF_EXT

uC_PROG3uC_PROG1
uC_PROG2

FPGA_TP11
FPGA_TP13
FPGA_TP15

FPGA_TP12
FPGA_TP14
FPGA_TP16

uC_PROG1
uC_PROG2

uC_PROG4

uC_PROG4

uC_PROG3

JTAG3
JTAG4
JTAG1
JTAG2

FPGA_CNTRL3

COM_1
COM_2

COM_1 COM_2

uC_AD2

RX_DATA_B10

RX_DATA_A7

AUX_SPI2

A
FE

_C
N

TR
L0

M
&

C
5

OUTPUT_30

USB29

uC_AD6
uC_AD5

D
_C

N
TR

L1

M&C2

RX_DATA_B2

RX_DATA_B11

M
&

C
4

OUTPUT_15

USB7

uC_AD7

RX_DATA_A1

TX
_D

A
TA

1

TX
_D

A
TA

7

uC
_C

N
TR

L1

USB8

uC_AD5
uC_AD6

RX_DATA_A4

RX_DATA_A0

TX
_D

A
TA

5

OUTPUT_12

OUTPUT_13

RX_DATA_A8

A
FE

_C
N

TR
L8

TX
_D

A
TA

3
TX

_D
A

TA
2

uC
_C

N
TR

L2

OUTPUT_18

OUTPUT_8

OUTPUT_14

USB14

USB9

uC_AD1

RX_DATA_B5

RX_DATA_B7

A
FE

_C
N

TR
L3

OUTPUT_22

USB21

USB2

uC_AD2

uC_AD0

D
_C

N
TR

L2

RX_DATA_A3

A
FE

_C
N

TR
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Built-in brownout detection

Select either Flash or FPGA data bus

Byte configuration. LSB only

Pull up the 3 LSb's, otherwise a
problem programming the FPGA may
result in complete lock (cannot talk
over serial). Is this true? FPGA pins
are pulled up when not programmed?

Header useful to manually
force an I/O to logic '0' or '1'
Pin 3 is boot sector, pull low
to load FPGA with boot code100 mil Programming Header
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{FPGA_PROG#}

{RX}
{TX}

{uC_RST#}

{uC_SCLK}

{uC_MOSI}

{FPGA_R/W#_CS#}
{FPGA_PROG#}

{uC_ALE}

{FPGA_DONE}

{uC_RD#}
{uC_WR#}

{uC_FLASH_CS#}

{uC_RD#}

{uC_ALE}

{uC_WR#}

{uC_FLASH_CS#}

{uC_ALE}

{uC_FLASH_CS#}

{uC_MISO}

{FPGA_DONE}

{uC_SCLK}
{uC_MISO}

{uC_MOSI}
{uC_RST#}

{uC_RST#}
{uC_SCLK}
{uC_MISO}

{uC_MOSI}

{RX}
{TX}

J8

TSW-105-07-T-D

12
34
56
78
910

GNDMISO
GNDSCK
GNDRST
GNDLED
VCCMOSI

C196
100nF;0603

8 Bit uC

U4

ATMEGA8515L-8AU

38 16

37
36
35
34
33
32
31
30

18
19
20
21
22
23
24
25

6
17
28
39

40
41
42
43
44

1
2
3

5
7
8
9

10
11
12
13

27
26

4

15
14

29

VC
C

G
N

D

PA0 (AD0)
PA1 (AD1)
PA2 (AD2)
PA3 (AD3)
PA4 (AD4)
PA5 (AD5)
PA6 (AD6)
PA7 (AD7)

PC0 (A8)
PC1 (A9)

PC2 (A10)
PC3 (A11)
PC4 (A12)
PC5 (A13)
PC6 (A14)
PC7 (A15)

NC
NC
NC
NC

PB0 (T0)
PB1 (T1)
PB2 (AIN0)
PB3 (AIN1)
PB4 (SS)
PB5 (MOSI)
PB6 (MISO)
PB7 (SCK)

PD0 (RXD)
PD1 (TXD)
PD2 (INT0)
PD3 (INT1)
PD4
PD5 (OC1A)
PD6 (WR)
PD7 (RD)

ALE
OC1B
RESET

XTAL1
XTAL2

ICP

R49
10K;0603

Octal
D-Type
Latch
5V
Tolerant

Height:
1.2 mm
47.24 mils

U11

TC74LCX373FT (EL)

1

23
4 5

67
8 9

10

11

1213
14 15

1617
18 19

20

OE

Q0D0
D1 Q1

Q2D2
D3 Q3

G
N

D

LE

Q4D4
D5 Q5

Q6D6
D7 Q7

VC
C

R50
10K;0603

R18
10K;0603

R26 10K;0603

C165
100nF;0603

R48 10K;0603

C15
100nF;0603

J6

TSW-103-06-T-S

1

3
2

C36

100pF;0603

C156 22pF;0603

C171 22pF;0603

8M x 8 bits 
Flash Memory

Top boot sector
48-pin TSOP

U10

M29W640DT90N6E

18
19
20
21
22
23
24
25

29
31
33

46

35
38
40
42
44

26

6

28

5

7
8

3
2

17

11

37

16

48
1

4

9
10

12

13

14
15
47

45
43
41
39
36
34
32
30

27

A7
A6
A5
A4
A3
A2
A1
A0

DQ0
DQ1
DQ2

VS
S

DQ3
DQ4
DQ5
DQ6
DQ7

E#

A10

G#

A11

A9
A8

A13
A14

A17

W#

VC
C

A18

A16
A15

A12

A19
A20

RP#

A21

Vpp/WP#
R/B#

BYTE#

DQ15/A-1
DQ14
DQ13
DQ12
DQ11
DQ10

DQ9
DQ8

VS
S

Y2
XTAL_8.5MHz/HC49S

C38
100nF;0603 uC_AD[0-7]

uC_CNTRL[1-4]

FPGA_CNTRL[1-3]

uC_PROG[1-4]

COM_[1-2]
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Title

Size Document Number Rev

Date: Sheet of

GND GND GNDGND GND

D_GND

FV9

FREE_VIA

1 1

FV25

FREE_VIA

1 1

FV42

FREE_VIA

1 1

FV37

FREE_VIA

1 1

FV28

FREE_VIA

1 1

FV18

FREE_VIA

1 1

FV15

FREE_VIA

1 1

FV27

FREE_VIA

1 1

FV8

FREE_VIA

1 1

FV29

FREE_VIA

1 1

FV23

FREE_VIA

1 1

FV24

FREE_VIA

1 1

FV33

FREE_VIA

1 1

FV36

FREE_VIA

1 1

FV12

FREE_VIA

1 1

FV20

FREE_VIA

1 1

FV43

FREE_VIA

1 1

FV39

FREE_VIA

1 1

FV35

FREE_VIA

1 1

FV11

FREE_VIA

1 1

FV16

FREE_VIA

1 1

FV34

FREE_VIA

1 1

FV22

FREE_VIA

1 1

FV19

FREE_VIA

1 1

FV40

FREE_VIA

1 1

FV4

FREE_VIA

1 1

FV41

FREE_VIA

1 1

FV32

FREE_VIA

1 1

FV21

FREE_VIA

1 1

FV6

FREE_VIA

1 1

FV2

FREE_VIA

1 1

FV26

FREE_VIA

1 1

FV17

FREE_VIA

1 1

FV14

FREE_VIA

1 1

FV31

FREE_VIA

1 1

FV1

FREE_VIA

1 1

FV10

FREE_VIA

1 1

FV3

FREE_VIA

1 1

FV7

FREE_VIA

1 1

FV38

FREE_VIA

1 1

FV13

FREE_VIA

1 1

FV30

FREE_VIA

1 1

FV5

FREE_VIA

1 1



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

+5 V Supply

INPUT VOLTAGE RANGE 4.5 -
5.5V

High frequency decoupling

Imax = 600mA

Imax = 600mA

VREF = 1.25V

VREF = 1.25V

Imax = 300mA

Imax = 300mA

skip pulse mode for minimum noise
1A max peak output current
VREF = 0.6V
fixed 1.5 MHz switching

VREF = 1.25V

Imax = 300mA

Imax = 1.2A

skip pulse mode for minimum noise
1.6A max peak output current
VREF = 0.8V
1.6 MHz switching

USB3250 max power consumption: 185mW (HS mode)
Thus linear regulators are sufficient

TRANSIENT VOLTAGE
SUPPRESSOR

Y03009 4

COM-1200 / POWER

Mobile Satellite Services

Michael J. Yoha

18221A Flower Hill Way
Gaithersburg, MD 20879
USA

B
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Title

Size Document Number Rev

Date: Sheet of

USB_+1.8V

USBA_+1.8V

A_+3.3V

D_GND

D_GND

D_+2.5V

D_GND

GND

D_+3.3V

D_GND

USB_+3.3V

D_GND

D_GND

D_+1.2V GND

GND
GND

GND

GND

D_GND

USB_GND

USB_GND

USB_GND

USBA_+3.3V

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND

D_GND
D_GND

D_GND

USB_GNDGND

D_GND

USB_GNDGND

D_GND

C69
22pF;0603

C108
10uF;10V;T;3216

C123
100nF;0603

J2

1757475

1

2

BATT+

BATT-

L1

3.3uH;1.65A

R31
100K;0603;1%

C55
100nF;0603

LDO
Adj
300mA

U6

LP3982IMM-ADJ NOPB

12

3

4

5
6

7

8

OUTIN

G
N

D

OUT

SET
CC

SHDN#

FAULT#

C43
100nF;0603

C94
1nF;0603

R11
100K;0603;1%

C114
100nF;0603

C72
100nF;0603

R36
165K;0603;1% C61

10uF;10V;T;3216

LTC3411
Single 1.25A 
step-down
DC/DC
converter

U9

LTC3411EMS#PBF

9

3

10

2

4

5

8

1

6
7

VFB

SG
N

D
3

ITH

SYNC/MODE

SW

PG
N

D

PGOOD

SHDN/RT

PVIN
SVIN

C76
10uF;10V;T;3216

FR2
EXCML32A680U

1 2

C172
10uF;10V;T;3216

FR1
EXCML32A680U

1 2

C65
10uF;10V;T;3216

R24

0R;0603

LTC3407
Dual 600mA 
step-down
DC/DC
converter

U8

LTC3407EMSE#PBF

2

110

5

7

3

6

4

9

8

11

R
U

N
1

VFB1VFB2 G
N

D

SW2

VI
N

MODE/SYNC

SW1

R
U

N
2

POR#

G
N

D

C42
10uF;10V;T;3216

R16

0R;0603

R42 13K;0603

LDO
Adj
300mA

U12

LP3982IMM-ADJ NOPB

12

3

4

5
6

7

8

OUTIN

G
N

D

OUT

SET
CC

SHDN#

FAULT#

R53
165K;0603;1%

L3

3.3uH;1.65A
C85

10uF;10V;T;3216

R3

0R;0603

C46
10uF;10V;T;3216

R29

0R;0603

LDO
Adj
300mA

U7

LP3982IMM-ADJ NOPB

12

3

4

5
6

7

8

OUTIN

G
N

D

OUT

SET
CC

SHDN#

FAULT#

R30
44.2K;0603;1%

C107
22pF;0603

R43

49.9K;0603;1%

D6

5.0V TVS

A C

R38

316K;0603;1%

C106
10uF;10V;T;3216

R45
220K;0603;1%

C57
10uF;10V;T;3216

C73
22pF;0603

R37 453K;0603; 1%

R51

0R;0603

R41
100K;0603;1%

C70
100nF;0603

R35
100K;0603;1%

C52
100nF;0603

R39
100K;0603;1%

C66
100nF;0603

C185
100nF;0603C189

100nF;0603

FR3

EXCML32A680U

1 2

C197
100nF;0603

C60
100nF;0603

C78
10uF;10V;T;3216

C84
100nF;0603

D5

S3G

L2

3.3uH;1.65A

R52
100K;0603;1%

C105
100nF;0603

R27

0R;0603

C124
4.7uF; 10V; X5R



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

SUSPEND is disabled since we require
the 60MHz clkout at all times.

RESET pulled high until
FPGA pulls low

Data is byte
configuration
only.
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Title

Size Document Number Rev

Date: Sheet of

USB_POSITIVE_DATA

USB_NEGATIVE_DATA

USB_XI

USB32
USB31

USB26

USB17

USB22
USB23

USB11

USB16

USB27

USB21
USB20

USB29

USB13

USB24

USB30

USB15

USB25

USB28

USB18
USB19

USB14

USB12

USB33

USB10

USB8

USB2

USB6

USB9

USB4

USB7

USB3

USB5

USB_X0

USB15

USB2

USB26

USB19

USB5

USB14

USB9

USB4

USB29

USB8

USB10

USB22
USB21

USB31

USB27

USB3

USB18

USB6

USB12

USB1

USB11

USB32

USB17

USB24

USB20

USB25

USB23

USB7

USB30

USB16

USB13

USB28

USB1

USB33

USB_+3.3V

USB_+1.8V

USB_GND

USBA_+1.8V

USBA_+3.3V

USB_GND

D_GND

D_GND

D_GND

USB_GND

USBA_+3.3V

USBA_+1.8V

D_GND

D_GND

USB_GND

USB_+1.8V

USB_GND

USB_GND

USB_GND

D_GND

D_GND

USB_+3.3V

USB_+3.3V

{DATA[15]}
{DATA[14]}

{DATA[9]}

{DATA[0]}

{DATA[5]}
{DATA[6]}

{TXVALID}

{RXERROR}

{DATA[10]}

{DATA[4]}
{DATA[3]}

{DATA[12]}

{VALIDH}

{DATA[7]}

{DATA[13]}

{RXACTIVE}

{DATA[8]}

{DATA[11]}

{DATA[1]}
{DATA[2]}

{RXVALID}

{TXREADY}

{VBUS_SENSE}

{CLKOUT}

{LINESTATE[0]}

{DATABUS16_8}

{OPMODE[0]}

{LINESTATE[1]}

{XCVRSELECT}

{OPMODE[1]}

{SUSPENDN}

{TERMSELECT}

{RXACTIVE}

{DATABUS16_8}

{DATA[9]}

{DATA[2]}

{TERMSELECT}

{RXVALID}

{LINESTATE[1]}

{XCVRSELECT}

{DATA[12]}

{LINESTATE[0]}

{CLKOUT}

{DATA[5]}
{DATA[4]}

{DATA[14]}

{DATA[10]}

{SUSPENDN}

{DATA[1]}

{OPMODE[0]}

{TXREADY}

{RESET}

{TXVALID}

{DATA[15]}

{DATA[0]}

{DATA[7]}

{DATA[3]}

{DATA[8]}

{DATA[6]}

{OPMODE[1]}

{DATA[13]}

{RXERROR}

{VALIDH}

{DATA[11]}

{RESET}

{VBUS_SENSE}

R32 12K;0603;1%

R1
4.7K;0603

C63 100nF;0603

C47 100nF;0603

FV67

FREE VIA

1

C59 100nF;0603

FV69

FREE VIA

1

R2
4.7K;0603

FV68

FREE VIA
1

FV62

FREE VIA

1

C67 100nF;0603

Y1

XTAL_12MHZ/HC49S/20pF

FV61

FREE VIA

1

FV66

FREE VIA

1

C49 10nF;0603

FV64

FREE VIA

1

FV63

FREE VIA

1

C45 22pF;0603

R28
1M;0603

C68 100nF;0603

C51 10nF;0603

C54 100nF;0603
C44 22pF;0603

C64 100nF;0603

J1

USB-B

1

2

3

4

5
6

VCC

D-

D+

GND

SHLD1
SHLD2

C50 100nF;0603

FV65

FREE VIA

1

R33 10K;0603

C62 100nF;0603

C48
100nF;0603

U1

USB3250-ABZJ

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
2728
29
30
31
32

33

34
35
36
37

38

39
40
41
42

43

44

45

46

47

48

49

50

51

52

53

54

55
56

57

VSSA

DM

DP

VDDA33

VSSA

RBIAS

VDDA33

VSSA
VSSA

XI

XO

VDDA18

SUSPN

VSS

VDD33

VDD18

XCVR

TERM

OPMODE[1]
OPMODE[0]

LINESTATE[1]
LINESTATE[0]

VDD18

RESET

DATA[15]
DATA[14]
DATA[13]VDD33
DATA[12]
DATA[11]
DATA[10]

DATA[9]

VSS

DATA[8]
DATA[7]
DATA[6]
DATA[5]

VDD18

DATA[4]
DATA[3]
DATA[2]
DATA[1]

VDD33

DATA[0]

TXVALID

RXVALID

VALIDH

VSS

CLKOUT

RXACTIVE

TXREADY

RXERROR

VDD18

DATA16_8

VSS
VSS

PAD

C53

100nF;0603

USB[1-33]5


