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REFERENCE DESIGN

National Semiconductor reserves the right to make changes to this product.

Since this product is in development, the user of this document is
strongly advised to check for the latest revision.

ADC12D1X00 Reference Board

THIS DOCUMENT CONTAINS INFORMATION PROPRIETARY TO
NATIONAL SEMICONDUCTOR CORPORATION.  USE OR
DISCLOSURE      WITHOUT     WRITTEN    PERMISSION    IS
EXPRESSLY    FORBIDDEN.                      COPYRIGHT  2007.

SPECIAL NOTES

CONFIDENTIAL

PRELIMINARY

These schematics reflect the current state of product development. This design
had NOT yet been fully tested at the time these schematics were generated.

Print Instructions:
 - To create a readable printout, we recommend to use A3 or 11x17" paper size.
 - When printing from this PDF file, make sure to check the "Shrink to fit" box.
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IO_L16P_10P3
IO_L16N_10P2

IO_L22P_10R2
IO_L22N_10R1

IO_L9P_CC_LC_10M8
IO_L9N_CC_LC_10L8

C241
10u
C241
10u

C76 100pC76 100p

J15
CONN 10 PIN

J15
CONN 10 PIN

1 2
3 4
5 6
7 8
9 10

R84
NA
R84
NA

A

B
R40
10K

A

B
R40
10K

C136
100n

C136
100n

R33
10k
R33
10k

R30
100

R30
100

R32
10k
R32
10k

R85
3.3K
R85
3.3K

R54
330
R54
330

U8

LM95233

U8

LM95233

NC11

NC23
NC34

VDD2

D-5
D2+6
D1+7 GND 8A0 9TCRIT1 10TCRIT2 11SMBDAT 12SMBCLK 13TCRIT3 14

P
A

D
15

U5E
XC4VLX25-11FFG668

U5E
XC4VLX25-11FFG668

IO_L8N_GC_CC_LC_4AD11

IO_L1P_GC_LC_4AF12
IO_L1N_GC_LC_4AE12
IO_L2P_GC_LC_4AC10
IO_L2N_GC_LC_4AB10
IO_L3P_GC_LC_4AB17
IO_L3N_GC_LC_4AC17
IO_L4P_GC_LC_4AF11
IO_L4N_GC_VREF_LC_4AF10
IO_L5P_GC_LC_4AE14
IO_L5N_GC_LC_4AE13
IO_L6P_GC_LC_4AE10
IO_L6N_GC_LC_4AD10
IO_L7P_GC_VRN_LC_4AD17
IO_L7N_GC_VRP_LC_4AD16
IO_L8P_GC_CC_LC_4AD12

A

B
R38

0

A

B
R38

0

C162
100n
C162
100n

C166
100n
C166
100n

R51
330
R51
330

R47
330
R47
330

R31
0

R31
0

R42
100

R42
100

R52
330
R52
330

C173
100n
C173
100n

C172
100n
C172
100n

R48
330
R48
330

U5B

XC4VLX25-11FFG668

U5B

XC4VLX25-11FFG668

IO_L1P_D31_LC_1F14 IO_L1N_D30_LC_1F13 IO_L2P_D29_LC_1F12 IO_L2N_D28_LC_1F11 IO_L3P_D27_LC_1F16 IO_L3N_D26_LC_1F15 IO_L4P_D25_LC_1D14 IO_L4N_D24_VREF_LC_1D13 IO_L5P_D23_LC_1D15 IO_L5N_D22_LC_1E14 IO_L6P_D21_LC_1C11 IO_L6N_D20_LC_1D11 IO_L7P_D19_LC_1D16 IO_L7N_D18_LC_1C16 IO_L8P_D17_CC_LC_1E13 IO_L8N_D16_CC_LC_1D12

R126 0R126 0

R87
10k
R87
10k

C74
100n
C74
100n

R53
33
R53
33

LD5

GREEN

LD5

GREEN

1
2

R115
330
R115
330

LD3

GREEN

LD3

GREEN

1
2

U5C
XC4VLX25-11FFG668

U5C
XC4VLX25-11FFG668

IO_L8N_D0_LC_2 AD13

IO_L1N_D14_CC_LC_2 AB14
IO_L2P_D13_LC_2 AC12
IO_L2N_D12_LC_2 AC11
IO_L3P_D11_LC_2 AA16
IO_L3N_D10_LC_2 AA15

IO_L4P_D9_LC_2 AB13
IO_L4N_D8_VREF_LC_2 AA13

IO_L5P_D7_LC_2 AC14
IO_L5N_D6_LC_2 AD14
IO_L6P_D5_LC_2 AA12
IO_L6N_D4_LC_2 AA11
IO_L7P_D3_LC_2 AC16
IO_L7N_D2_LC_2 AC15
IO_L8P_D1_LC_2 AC13

IO_L1P_D15_CC_LC_2 AA14

J6J6

1
2
3
4
5
6

R29
330
R29
330



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

2V5IO2V5IO

2V5IO 2V5IO

3V3IO
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1V8IO
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3V3IO

2V5IO

2V5IO

2V5IO

3V3IO
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2V5IO

2V5IO

3V3IO
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BANK7

BANK8

BANK9

BANK10

BANK1

BANK3

BANK0

BANK4

BANK5

BANK2

BANK6

BANK # BANK SUPPLY INTERFACE
1
2
3
4
5
6
7
8
9
10

2V5IO
2V5IO
2V5IO
3V3IO
2V5IO
3V3IO
1V8IO
3V3IO
2V5IO
2V5IO

Clock Generator
Test Headers, Temp. Sensor
Cypress, LEDs, 100MHz Oscillator
ADC DCLK (LVDS)
ADC Q-Channel (LVDS)
USI-1 Header
ADC Control
Cypress, LEDs
ADC I-Channel (LVDS)
Logic Analyzer Header

C99
100n
C99
100n

C100
100n
C100
100n

C101
100n
C101
100n

C120
100n
C120
100n

C111
100n
C111
100n

C104
100n
C104
100n

C108
100n
C108
100n

C98
100n
C98
100n

C89
100n
C89
100n

C83
100n
C83
100n

U5L
XC4VLX25-11FFG668

U5L
XC4VLX25-11FFG668

VREFP_SMAE16 VREFN_SMAE15

AVDD_SMAF17

VP_SMAF16 VN_SMAF15

AVSS_SMAE17

VCCAUX1 M9
VCCAUX2 N9
VCCAUX3 P9
VCCAUX4 W10
VCCAUX5 H11
VCCAUX6 W11
VCCAUX7 J12
VCCAUX8 V15
VCCAUX9 H16

VCCAUX10 W16
VCCAUX11 H17
VCCAUX12 N18
VCCAUX13 P18
VCCAUX14 R18

GND1 B1
GND2 P1
GND3 AE1
GND4 A2
GND5 B2
GND6 AE2
GND7 AF2
GND8 C3
GND9 J3

GND10 V3
GND11 F6
GND12 N6
GND13 AA6
GND14 C9
GND15 AD9
GND16 M10
GND17 N10
GND18 P10
GND19 R10
GND20 K11
GND21 M11
GND22 N11
GND23 P11
GND24 R11
GND25 U11
GND26 E12
GND27 K12
GND28 L12
GND29 N12
GND30 P12
GND31 T12
GND32 U12
GND33 AB12
GND34 A13
GND35 J13
GND36 K13
GND37 L13
GND38 M13
GND39 N13
GND40 P13
GND41 R13
GND42 T13
GND43 U13
GND44 V13
GND45 AF13
GND46 A14
GND47 J14
GND48 K14
GND49 L14
GND50 M14
GND51 N14
GND52 P14
GND53 R14
GND54 T14
GND55 U14
GND56 V14
GND57 AF14
GND58 E15
GND59 K15
GND60 L15
GND61 N15
GND62 P15
GND63 T15
GND64 U15
GND65 AB15
GND66 K16
GND67 M16
GND68 N16
GND69 P16
GND70 R16
GND71 U16
GND72 M17
GND73 N17
GND74 P17
GND75 R17
GND76 C18
GND77 AD18
GND78 F21
GND79 P21
GND80 AA21
GND81 J24
GND82 V24
GND83 AD24
GND84 A25
GND85 B25
GND86 AE25
GND87 AF25
GND88 B26
GND89 N26
GND90 AE26

VCCINT1K9
VCCINT2L9
VCCINT3T9
VCCINT4U9
VCCINT5J10
VCCINT6K10
VCCINT7L10
VCCINT8T10
VCCINT9U10
VCCINT10V10
VCCINT11J11
VCCINT12L11
VCCINT13T11
VCCINT14V11
VCCINT15M12
VCCINT16R12
VCCINT17M15
VCCINT18R15
VCCINT19J16
VCCINT20L16
VCCINT21T16
VCCINT22V16
VCCINT23J17
VCCINT24K17
VCCINT25L17
VCCINT26T17
VCCINT27U17
VCCINT28V17
VCCINT29K18
VCCINT30L18
VCCINT31T18
VCCINT32U18

VCCO_M18_9M18
VCCO_K19_9K19
VCCO_U19_9U19
VCCO_L22_9L22
VCCO_T22_9T22
VCCO_L25_9L25
VCCO_T25_9T25
VCCO_P26_9P26

VCCO_N1_10N1
VCCO_L2_10L2
VCCO_T2_10T2
VCCO_L5_10L5
VCCO_T5_10T5
VCCO_K8_10K8
VCCO_U8_10U8
VCCO_R9_10R9

VCCO_AA2_8AA2
VCCO_AA5_8AA5
VCCO_AE5_8AE5
VCCO_V8_8V8
VCCO_W8_8W8
VCCO_AB8_8AB8
VCCO_AE8_8AE8
VCCO_W9_8W9

VCCO_W17_7W17
VCCO_W18_7W18
VCCO_V19_7V19
VCCO_AB19_7AB19
VCCO_AE19_7AE19
VCCO_AA22_7AA22
VCCO_AE22_7AE22
VCCO_AA25_7AA25

VCCO_F2_6F2
VCCO_B5_6B5
VCCO_F5_6F5
VCCO_B8_6B8
VCCO_E8_6E8
VCCO_J8_6J8
VCCO_H9_6H9
VCCO_H10_6H10

VCCO_H18_5H18
VCCO_B19_5B19
VCCO_E19_5E19
VCCO_H19_5H19
VCCO_J19_5J19
VCCO_B22_5B22
VCCO_F22_5F22
VCCO_F25_5F25

VCCO_V12_0V12
VCCO_J15_0J15

VCCO_E11_1E11
VCCO_E16_1E16

VCCO_AB11_2AB11
VCCO_AB16_2AB16

VCCO_B11_3B11
VCCO_B16_3B16

VCCOAE11_4AE11
VCCOAD15_4AD15

C105
100n
C105
100n

C125
100n
C125
100n

C126
100n
C126
100n

C80
100n
C80
100n

C134
100n
C134
100n

C97
100n
C97
100n

C121
100n
C121
100n

C87
100n
C87
100n

C96
100n
C96
100n

C82
100n
C82
100n

C103
100n
C103
100n

C86
100n
C86
100n

C133
100n
C133
100n

C88
100n
C88
100n

C119
100n
C119
100n

C92
100n
C92
100n

C115
100n
C115
100n

C124
100n
C124
100n

C132
100n
C132
100n

C106
100n
C106
100n

C107
100n
C107
100n

C123
100n
C123
100n

C110
100n
C110
100n

C131
100n
C131
100n

C128
100n
C128
100n

C95
100n
C95
100n

C109
100n
C109
100n

C127
100n
C127
100n

C85
100n
C85
100n

C116
100n
C116
100n

C81
100n
C81
100n

C129
100n
C129
100n

C117
100n
C117
100n

C122
100n
C122
100n

C90
100n
C90
100n

C93
100n
C93
100n

C91
100n
C91
100n

C114
100n
C114
100n

C102
100n
C102
100n

C84
100n
C84
100n

C130
100n
C130
100n

C94
100n
C94
100n

C135
100n
C135
100n

C118
100n
C118
100n
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J27

sma-3

J27

sma-3

1 1

2 23 3

J29

sma-3

J29

sma-3

1 1

2 23 3

J31

sma-3

J31

sma-3

1 1

2 23 3

J28

sma-3

J28

sma-3

11

22 33

J30

sma-3

J30

sma-3

11

22 33

J10

sma-3
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sma-3

1 1

2 23 3

J9

sma-3

J9

sma-3

1 1

2 23 3

J8

sma-3

J8
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1 1

2 23 3

J7
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J7

sma-3
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2 23 3

J32

sma-3

J32

sma-3

11

22 33



SDATA
SCLK

PLL_LE
PLL_CE

EXT_CLK_SELECT

PLL_LD

CLKIN_P

CLKIN_N

5V0USI1

3V0PLL

3V0PLL

3V0PLL

3V0PLL

3V0PLL
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PLL

EXTERNAL
CLOCK
INPUT

Loop Filter
Place Close to LMX2531
Surrond in Copper Pour

Assuming Transmission line...
Populate R5 and R6

ADC12D1000RB uses LMX2531LQ1910E
ADC12D1600RB uses LMX2531LQ1570E
ADC12D1800RB uses LMX2531LQ1778E

           ADC12D1000   ADC12D1600    ADC12D1800
R72        560           1.2K          560
C146       820 pF        560 pF        1.0 nF
C148       39 nF         27 nF         47 nF   

R69
49.9
R69
49.9

R56
50
R56
50

Y3

CLK_OSC

Y3

CLK_OSC

NC1

GND2 OUT 3

VDD 4

R76
NA
R76
NA

C146
See BOM
C146
See BOM

R74
100
R74
100

R72
See BOM

R72
See BOM

C143
10n
C143
10n

C138
100pF
C138
100pF

C148
See BOM

C148
See BOM

R65
0
R65
0

C152
100pF
C152
100pF

R80
10K
R80
10K

C137
100n
C137
100n

T1

TRANSFORMER AIR CORE_0

T1

TRANSFORMER AIR CORE_0

1

6

3 4

2

5

C145
100pF
C145
100pF

R77
NA
R77
NA

J11

sma-3

J11

sma-3

1 1

2 23 3

C151 4.7nC151 4.7n

C240
1uF
C240
1uF

C150 4.7nC150 4.7n

C147
0.47uF
C147
0.47uF

C156
100n
C156
100n

R79
10K
R79
10K

R66 33R66 33

C154
4.7uF
C154
4.7uF

C139
100n
C139
100n

C141
470p
C141
470p

C149
100n
C149
100n

R78
3.3
R78
3.3

R57
50
R57
50

C142
0.47uF
C142
0.47uF

R75
0
R75
0

C140
100n
C140
100n

R68
150
R68
150

R73
NA
R73
NA

R67
150
R67
150

U11

RELAY-RF303

U11

RELAY-RF303

C
1

1

X
A

2

X
1

3

X
2

4
Y

2
6

Y
1

7

Y
A

8

C
2

9

C155
100n
C155
100n

C

B E

3
1 2

Q1
BC817-25

C

B E

3
1 2

Q1
BC817-25

R70
0
R70
0

C144
100pF
C144
100pF

C153
100pF
C153
100pF

U12

LMX2531LQ1xxxE

U12

LMX2531LQ1xxxE

VccDIG1
NC-12
GND3
NC-24
NC-35
VregBUF6
NC-47
DATA8
CLK9

LE
10

C
E

11
N

C
-5

12
N

C
-6

13
N

C
-7

14
N

C
-8

15

N
C

-9
29

N
C

-1
0

35

V
cc

V
C

O
16

V
re

gV
C

O
17

V
re

fV
C

O
18

GND 19GND 20Fout 21VccBUF 22Vtune 23CPout 24FLout 25VregPLL1 26VccPLL 27

V
re

gP
LL

2
28

Ft
es

t/L
D

30
O

SC
in

31
O

SC
in

*
32

Te
st

33
G

N
D

34

V
re

gD
IG

36

GND 37
GND 38

NC-11 39

R71
0
R71
0
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D D

C C
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A A

ENABLE1
ENABLE2
ENABLE3

ENABLE26400

ENABLE2

ENABLE3

ENABLE1

ENABLE26400ENABLE1

ENABLE3

USB_PWR

3V3IO

VIN

VIN

2V2IO_PRE

2V2IO

5V0USI1

VIN
5V0USI1

2V5IO

3V3USB

5V0USI1
3V3USI1

2V2IO_PRE

5V0USI1
V_USI1

3V3USI1

VIN

VIN

1V8IO
2V5IO

1V2VCC_INT

1V9A

ENABLE3 12
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3V3IO - FPGA IO BANK SUPPLY

2V5IO - FPGA IO BANK SUPPLY, FPGA CORE
AUXILIARY SUPPLY, EXPANSION HEADERS SUPPLY

1V2VCC_INT - FPGA CORE SUPPLY

2V2IO/2V2_PRE - NOT USED (INTERMEDIATE SUPPLY ONLY) 1V9A - ADC ANALOG SUPPLY

5V0USI1 - USI1 HEADER SUPPLY, FPGA IO BANK SUPPLY (JUMPER SELECTABLE)

3V3USI1 - USI1 HEADER SUPPLY, FPGA IO BANK SUPPLY (JUMPER SELECTABLE)

3V3USB - CYPRESS uC & EEPROM USB SUPPLYMAIN USI1 SUPPLY SELECTION

SEQUENCING CONTROL

MAIN INPUT JACK1V8IO - ADC IO SUPPLY, FPGA IO BANK SUPPLY

R89
5.9k
R89
5.9k

R121
22k

R121
22k

D3D3

C243
10u
C243
10u

L5

10uH

L5

10uH

C186

0.01u

C186

0.01u

R93
12.1k

R93
12.1k

J14

JUMPER3

J14

JUMPER3

1 2
3 4
5 6

C188

0.1u

C188

0.1u

C158
1u
C158
1u

L7

10uH

L7

10uH

C220

0.01u

C220

0.01u

U16

LM25576

U16

LM25576

VCC1
SD2
VIN13
VIN24
SYNC5
COMP6
FB7
RT8
RAMP9
AGND10 SS 11OUT 12PGND1 13PGND2 14IS1 15IS2 16SW1 17SW2 18PRE 19BST 20

P
A

D
21

C177
1u
C177
1u

R88
26.7k
R88
26.7k

C160
10u
C160
10u

R90
5.9k
R90
5.9k

L6

10uH

L6

10uH

C223
10u
C223
10u

C227

0.01u

C227

0.01u

C184

0.1u

C184

0.1u

U15

LP3878SD

U15

LP3878SD

Input4
GND3
NC12
Bypass1

Output 5
ADJ 6
NC2 7
nS/D 8

P
A

D
9

C1640.1u C1640.1u

U17

LP38853

U17

LP38853

ADJ 5
OUT 6
BIAS 7
GND 4SS1 EN2 IN3 PAD8

C180
10u
C180
10u

U13

LM26400

U13

LM26400

BST116
SW115
FB11 FB2 8
SS12 SS2 7
EN13 EN2 6

G
N

D
5

SW2 10BST2 9

P
V

IN
1

11
P

V
IN

2
12

P
V

IN
3

13
P

V
IN

4
14

A
V

IN
4

P
A

D
17

R116
360

R116
360

C191
1u
C191
1u

C168
10u
C168
10u

J13J13

1
2
3

C182
10u
C182
10u

C199

4.7n

C199

4.7n

R99
680

R99
680

C216
0.1u

C216
0.1u

C194
270u
C194
270u

C224

0.1u

C224

0.1u

C197

0.1u

C197

0.1u

U19

LP3878SD

U19

LP3878SD

Input4
GND3
NC12
Bypass1

Output 5
ADJ 6
NC2 7
nS/D 8

P
A

D
9

L3L3

D2D2

U20

LP3878SD

U20

LP3878SD

Input4
GND3
NC12
Bypass1

Output 5
ADJ 6
NC2 7
nS/D 8

P
A

D
9

C214

0.1u

C214

0.1u

C2031u C2031u

C161
0.1u
C161
0.1u

C193

0.1u

C193

0.1u

C157
100uF
C157
100uF

R95
30k
R95
30k

C202
10n

C202
10n

C205

0.01u

C205

0.01u

C200
10u
C200
10u

R112
2.4k
R112
2.4k

C206

100p

C206

100p

C239
10u
C239
10u

R92
205k
R92
205k

C222

0.1u

C222

0.1u

C242
10u

C242
10u

C195

0.1u

C195

0.1u

R108
20k

R108
20k

R111
1k
R111
1k

L14L14

R117
1k

R117
1k

1

2 3

4

L9
CM CHOKE

1

2 3

4

L9
CM CHOKE

C1890.1u C1890.1u

C183

0.1u

C183

0.1u

R94
15k
R94
15k

C208

0.1u

C208

0.1u

J22J22

1 2

C244
0.1u
C244
0.1u

C175
0.01u
C175
0.01u

C165 0.1uC165 0.1u

L4L4

R102
2.8k

R102
2.8k

C167
0.1u
C167
0.1u C169

10u
C169
10u

R103 47.5kR103 47.5k

C190

1u

C190

1u

C237
1u
C237
1u

C196

0.1u

C196

0.1u

R120
22k

R120
22k

R91
18.7k

R91
18.7k

L2L2

L12L12

D1D1

C211
10u
C211
10u

D5D5

C235
100n
C235
100n

C2120.1u C2120.1u
R110

5.1k

R110

5.1k

U18

LP3878SD

U18

LP3878SD

Input4
GND3
NC12
Bypass1

Output 5
ADJ 6
NC2 7
nS/D 8

P
A

D
9

C192
10u
C192
10u

R122
22k

R122
22k

C207

10u

C207

10u

C236
2.2n
C236
2.2n

R101
1k
R101
1k

C201

100n

C201

100n

L8L8

J21J21

1 2

C218

0.01u

C218

0.01u

C213

10u

C213

10u

C185

0.1u

C185

0.1u

R82
10
R82
10

LD10
GREEN

LD10
GREEN

1
2

R105
NA
R105
NA

D6
4.7V
D6
4.7V

C215
10u
C215
10u

R96

5.1k

R96

5.1k

U21

LM3880

U21

LM3880

VCC1
GND2
EN3 FLAG3 4FLAG2 5FLAG1 6

U23

LM20242

U23

LM20242

SS/TRK1

FB 2
PGOOD 3COMP4

VIN15
VIN26
VIN315
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SW1 7
SW2 8
SW3 13
SW4 14

G
N

D
1

9
G

N
D

2
10

G
N

D
3

11
A

G
N

D
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BOOT 17

VCC 18

EN19
RT20

P
A

D
21

D4D4

C221
10u
C221
10u

J12
CONN PWR JACK

J12
CONN PWR JACK

2
3
1

C187

0.1u

C187

0.1u

L10

10uH

L10

10uH

R109
1.3k
R109
1.3k

C238100n C238100n

C159
1u
C159
1u

SW2
ROCKER

SW2
ROCKER

2
1

3

R118
2.4k
R118
2.4k

C210
0.1u
C210
0.1u

C219

0.1u

C219

0.1u

R107
10k
R107
10k

C204

10n

C204

10n

C209
10u
C209
10u

R106
7.87k
R106
7.87k

C176
0.01u

C176
0.01u

R98
1.8k
R98
1.8k

C198
10u
C198
10u

C170
0.1u
C170
0.1u

C217
10u
C217
10u

C226

0.1u

C226

0.1u
C225
10u
C225
10u

R97
2.2k
R97
2.2k

C181

0.1u
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0.1u

L11L11
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3V0PLL - LMX2531 CLOCK GENERATOR SUPPLY

C232
10u
C232
10uR125

2k
R125

2k

TP7

TP

TP7

TP

1
TP6

TP

TP6

TP

1

R124
1k
R124
1k C230

10u
C230
10u

C233
0.1u

C233
0.1u

C234

0.01u

C234

0.01u

C228
10u
C228
10u

U22

LP3878SD

U22
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ADJ 6
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nS/D 8

P
A

D
9

C229

0.1u

C229

0.1u
C231
0.1u
C231
0.1u

TP9

TP

TP9

TP

1
TP10

TP

TP10

TP

1

L13L13

TP11

TP

TP11

TP

1
TP8

TP
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