1 2 3 4 5 6 7 8 9 10
MSTBA 2,5/2-G-5,08
""" PWR_OCXO
12V @0.5A C———
\ "
""" Power
Sheet 18
MSTBA 2,5/2-G-5,08 AGND PWR_OCXO
6V @7A PWR_Analog
PWR_Digital
12V @7A
WR_Clocks 10
And_Resample
Sheet 16
CLOCK_BUS
Clock_Out_Connectors
FPGA_EEPROM_AND_JTAG Seats —
Sheet 8
CLOCK_BUS
JTAG
CONFIG
QSPI_BUS ?
CLOCK BUS
JTAG
External_SPI_test_Con FPGA _Spartan7 JTAG
Sz o P g 1SO_SPI_DAC PLL OCXO_ASY PLL_ASY
Sheet 10 Sheset 12 Sheet 14
SPI_EXT TEST SPI_BUS
SPI_EXT_TEST SPI_EXT_TEST QSPI_BUS
SP|_ISOLATED DAC 100MHz_Out
BAC LVCMOS SPI_ISOLATED_DAC SPI_ISOLATED_DAC  100MHz_Out = 100MHZ_Ref_IN_PLL
DAC_LVCMOS |=eaassssssssssmmmmm - DAC_LVCMOS
Digital 10 - - ISO_100MHZ_EXT_INT s R ISO_100MHZ_EXT_INT
Sheet3 100MHZ_EXT_INT Coupled_CLK CLOCK_BUS
VDS DAC 100MHZ_EXT_INT 100MHZ_EXT_INT Coupled_CLK_IN Coupled_CLK
LVDS_DAC LVDS_DAC
LVDS SPI PLL PLL_SPI LVCMOS SPI ISOLATED PLL
LVDS_SPI_PLL LVDS_SPI_PLL PLL_SPI_LVCMOS | PLL_SPI|_LVCMOS SPI_ISOLATED_PLL SPI_ISOLATED_PLL
FPGA CLK
FPGA_CLK Heeeesssssssssssssmmm - FPGA_CLK
SWITCH LED
SWITCH_LED
Switch_and led
Sheet 9
SWITCH_LED
M5 M1 Mm23 M2 M15
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Test connector to hookup a microcrontroller.
LVCMOS 3V 3! No buffers direct to the FPGA.

R83
10 }

PLL_SDI_EXT

_____

10
R84
10 }

PLL SCLK EXT

10
R85
10

PLL CS EXT

R86
10 }

PLL SDO _EXT

10
R87
10 }

SPARE 10 0

10
R88
10

SPARE 10 1

R89
10

SPARE 10 2

DSUBO09 plug

4

DGND

7

Spare IO can be used for various functions

depends on the firmware.
Signal direction depends on firmware

4

ERERERER ERX

D33
S
=N

D34

M e v

DGND DGND DGND DGND DGND DGND

SP| EXT TEST

SPI_EXT_TEST

by t
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From WR. Tune
Reference oscillator.

Connectors PLL Control & DAC

Reducing common mode noise around 100 MHZ

—u37 LVDS PLL CS N
= = U3 LVDS PLL SCLK N
-U39™= LVDS PLL SDI N
= = U4 LVDS PLL SDO N
—ua1 ™ LVDS PLL STAT N
= =ua2 LVDS PLL LOCK N
—la3— LVDS SPI PLL
=us LVDS PLL SYNC N LVDS_SPI_PLL
—us4 LVDS PLL CS P
—uss ™ LVDS PLL SCLK P
=  —=us LVDS PLL SDI P
—uar ™ LVDS PLL SDO P
=  —=us LVDS PLL STAT P
—us9 ™ LVDS PLL LOCK P
= =uso LVDS PLL SYNC P
D15P24B4GVOOLF
D15P24B4GVOOLF
o o o o o o o ol o o o o o o
R PR PR PR— PR PR— PR—
3 9 3 9 3 9 3 9 3 9 8 9 8 9
2 2 2 2 2 2 2
O O O O O O O
= = = = = = =
D38 D39 D40 D41 D48 D42 D43
ESD122DMYR ESD122DMYR ESD122DMYR ESD122DMYR ESD122DMYR ESD122DMYR ESD122DMYR
DGND DGND DGND DGND DGND DGND DGND DGND
Reducing common mode noise around 100 MHZ LVDS DAC LVDS DAC
V- - - - u29
e el LVDS DAC SYNC N
= \ =  =U3 LVDS DAC SYNC P
G | —U3l= LVDS DAC SDI N
'(4 ! = e=U32 LVDS DAC SDI P
' T - 2V5_VCCo 2V5_vCCo
GO
G | -U33 LVDS DAC SDO P
= \ - U3 LVDS DAC SDO N
"G ' U35 = LVDS DAC SCLK N
= [ = U3 LVDS DAC SCLK P Q| MM
. S S
[ - Z < zZ <
ll [l
l b
L | o o o o o o o o
- o - o - o - S [ (=Y Y =] = T e
s} o s} o s} o s} o SPARE 0 1 [
DSUBO09 plug = = = = = = = = 470 L 357 ,
rRzz~~~ bt-----
Wire Terminal
g g g g SPARE 1 o W '
G 5 5 5 — Lo - - -2 '
R128
1 pas 1 oss 1 oss 1 oar Wire Terminal
ESD122DMYR ESD122DMYR ESD122DMYR ESD122DMYR ,% ,% ______
b N l
x x
AV s s T = '
DGND DGND DGND DGND DGND v8 83 Ve 2
=1 =1 Wire Terminal
1 = 1 =
[a} [=}
0] 0]
w w
DGND
DGND DGND
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FPGA_CONFIG

Sheet6 QSPI_BUS
JTAG
CONFIG

JTAG

- >

CONFIG

QSPI_BUS

FPGA_POWER

Sheet 7

RESET_MICRO_BLAZE_N

Pl EXT TEST

HS—

SPI_EXT_TEST

LVDS DAC
LVDS_DAC

I
1

LVDS SPI PLL
LVDS_SPI_PLL

I
n

FPGA CLK
FPGA_CLK

I
n

FPGA_BANK_14 34

Sheet 5

RESET_MICRO_BLAZE_N

QSPI_BUS

SPI_EXT_TEST 100MHZ_EXT_INT
LVDS_DAC DAC_LVCMOS
LVDS_SPI_PLL PLL_SPI_LVCMOS
FPGA _CLK SWITCH_LED

100MHZ_EXT_INT

DAC _LVCMOS

PLL SPI LVCMOS

SWITCH LED

JTAG

CONFIG

100MHZ_EXT_INT

DAC_LVCMOS

PLL_SPI_LVCMOS

SWITCH_LED
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3V3_ VCCO
S
ELL
-L c215
g% 100nF
4 DGND

DAC_LVCMOS

u23

CWX823-100.0M

J32

1

N N

DGND DGND

Backup 100MHz CLK
Place jumper to disable.

2V5_VCCo

R38
4.7K

FPGA CLK
FPGA_CLK
FPGA CLK P

100 Ohm diff

SPI_EXT_TEST

DAC_LVCMOS

|
|
1 ! LED 0
10_0_14 XC7S50-1FTGB196C  10_L20P_T3_D24_14 |
10_25_14 10_L20N_T3_D23_14 1 LED 1
Nl 10_L10P_T1 D14 14 B A N K 14 10_L21P_T3_DQS_14 + LED 2 r-——"———-
NclFEL 10_L10N_T1 D15 14 10_L21N_T3_DQS_D22_14 |
Fixed T T | |
neflF224 10_L11P_T1_SRCC_14 3V3 10_L22P_T3_D21_14 2v3 veco |
cia | | -
R107 ~NelFS4 10_L1IN_T1_SRCC_14 10_L22N_T3_D20_14
— | S SRR PLL_SPI LVCMOS |
33 10_L12P_T1_MRCC_14 10_L23P_T3_D19_14 PLL_SPI_LVCMOS | |
ncflFEEY 10_L12N_T1 MReC_14 10_L23N_T3_D18_14 | |
H11 |
nclF2H 10_L13P_T2_MRCC_14 10_L24P_T3_D17_14 o |
ncflHHL2] 10_L13N_T2_MRCC_14 10_L24N_T3_D16_14 | ! i
el 10_L14p_T2_SRcC 14 10_L2P_T0_D02_14 ! | ° |
PLL CS EXT H141 10 114N_T2_SRCC_14 10_L2N_T0_D03_14 |
PLL SCLK EXT ML3 {16 15p_T2_DQS_RDWR_B_14 10_L3P_T0_DQS_PUDC_B_14 ! | PUDCB |
PLL SDI EXT L1410 115N_T2_DQS_DOUT_CSO_B_14  I0_L3N_TO_DQS_EMCCLK_14 |A10 SP1 DAC SDI LVCMOS | |
PLL _SDO_EXT L12 10_L16P_T2_CSLB_14 10_L4P_T0_D04_14 A12 SPI_DAC_SDO_LVCMOS |
SEL XD TEs SPARE 10 0 L3 AL | | 8
10_L16N_T2_D31_14 10_L4N_T0_D05_14 RESET_MICRO_BLAZE_N b4 |
SPARE 10 1 I \0 117p_T2_D30_14 10_L5P_T0_D06_14 [B13 4 RESET N |
SPARE 10 2 32110 L17N_T2_D29_14 10_L5N_T0_D07_14 | BL4 | PUSHB 0 | |
SCL 13110 L18P_T2_D28_14 10_L6P_TO_FCS_B_14 |
SDA 41 10_L1eN_T2_D27_14 10_L6N_T0_D08_VREF_14 1 SW 0 | |
Nl 10_L19p_T3 D26 _14 10_L7P_T1_D09_14 [F12 i SW 1 | DEND
nelHL2] 10_L19N_T3_D25_VREF_14 10_L7N_T1_D10_14 |E12 100MHZ_EXT_INT | I_ [
SP1_DQO BI1{0 L1P_T0_D0O_MOSI_14 10_L8p_T1_D11_14 [R12 * UART TX SWITCH LED —_——_—— - ——— ]
10_LIN_T0_DO1_DIN_14 10_L8N_T1_D12_14 I UART RX SWITCH_LED
10_L9P_T1_DQS_14 T SW 2
10_LON_T1_DQS_D13_14 | SW 3
Bank14 |
QSPI_BUS |
|
| 3V3_VCCO  3V3_VCCo
|
|

|2C_EEPROM

u23
Nefll—E8 10 034 XC7S50-1FTGB196C
Nefll—L5] 1025 34
LVDS PLL CS P 21
10_L10N_T1_34

ourn e -BANK 34
B N AV A5

FPGA CLK N

10_L12P_T1_MRCC_34

R37
4.7K

FPGA_CLK isderived from the OCXO master,

so all internal clk are now phase related which
isbenficial w.r.t. spurs and other unwanted "guests".
In normal use the "rescue” clk should be turn off.

Note for Layout :

Nets can be swapped (respect bank volatge).

However, there are some exceptions:

mrcc, srcc type pind and pins for the eeprom.

LVDS_SPI_PLL

LVDS_DAC

LVDS SPI PLL

LVDS DAC

10_L12N_T1_MRCC_34
10_L13P_T2_MRCC_34
10_L13N_T2_MRCC_34
10_L14P_T2_SRCC_34
10_L14N_T2_SRCC_34
10_L15P_T2_DQS_34

10_L15N_T2_DQS_34

PLL SDI P
LVDS PLL SDI N H1

10_L16P_T2_34
10_L16N_T2_34
10_L17P_T2_34
10_L17N_T2_34
PLL STAT P 10_L18P_T2_34
PLL STAT N 10_L18N_T2_34
LVDS DAC SYNC P V] P
DAC SYNC N 10_L19N_T3_VREF_34
DAC SCLK P 10_L1P_T0_34
LVDS DAC_SCLK N 3116 11 To 30

10_L9P_T1_DQS_34
10_LON_T1_DQS_34

10_L20P_T3_34

PUSHB 1

PUSHB 2 MCU RESET

10_L20N_T3 34

10_121P_T3 DQs_34 P4 finc
10_L21N_T3_DQs_34 | 25— fnc

10_122p T3 34 2 gline
10_L22N_T3 34 -2 — fIne
10_123p_T3 34 [M5____gmne
10_L2aN_T3 34 [M4 e
10_124p_T3 34 [P5— gIne
10_L24N_T3 34 N4 gne
10_12P_T0_34 | 24— fgine
10_L2N_To_34 A5 _gIne

10_13P_T0_DQS_34 B3 gine
10_L3N_T0_DQs_34 42— finc

10_L4P_T0_34 | 25— fgInc
10_L4N_T0_34 A5 —_glIne
10_15P_T0_34 | 22— fgInc
10_L5N_T0_34 [BL— gine
10_L6P_T0_34 | <5—finc

10_L6N_T0_VREF_34 14— flInc

10_L7P_T1_34 | E4 SPARE 0
10_L7N_T1 34 [P4 SPARE 1
10_L8P_T1 34 F3 LVDS DAC SDO P
10_L8N_T1 34 F2 LVDS DAC SDO N

Gl LVDS DAC SDI P

F1 LVDS DAC SDI N

2V5LVDS

€205
100nF
DGND
D61
supe
L vee GND =
NC 4.7 INC
- - 24AA025E48
S ¥ S ¥
x |¥ o |¥
DGND
LB21 D61
SCL -
— EEPROM
LB22 <
SDA = s> ¢ son
1 A0
Z AL
=2 3
24AA025E48
DGND
rev. by notes
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CFGBV S Pulled to 3V 3 this pin selects the voltage 10 for bank 0

See UG470 7 Series config guide Table 2-4

3v3_vcco

XC7S50-1FTGB196C

CCLK_0

INIT_B_0

M8 MODE 1

M9 MODE 2

L7 PROG

CFeEVS 0 BANKO Mo_0
DONE_0 M0
DXN_O 3v3 M2_0
381 pxp o PROGRAM_B_0
Bank0
DGND
JTAG

u23

XC7S50-1FTGB196C

JTAG

QSPI_BUS

CONFIG
CONFIG

PROGRAM_B_0 (PROG) Active low reset.

When pulsed low the FPGA config is cleared and reloaded from FLASH.

See UG470 7 Series config guide Table 4-2

JTAG

rev. by notes
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1V8_VCCAUX 2V5_VCCO 3v3_vCCo 1V8_VCCAUX 1VO_VCCINT
u23
XC7S50-1FTGB196C
PG Po b k ALf enp oND HE2
° ° ° ° ° F A Wer ban AL oo onp 610
I__|_I j_ j_ BANKO: 3V3 Al o oo €22
ciss €296 c294 BANK143V3 A6 1 enp oNp |2
330uF 47uF 47uF c187 c297 c293 A9 enp N S5
g i i 330uF 47uF 47uF BANK342V5 B4] anp GNp HHS
DGND DGND DGND 871 oo ono (2
DGND DGND DGND 8% ano ]
I I g I I I * €131 enp GNp 18
u23 €21 enp oNp KL
c304 €305 306 c311 c312 c313 c314 XC7S50-1FTGB196C  VCCAUX -2 €61 6np GNp K14
470nF 470nF 470nF 470nF 470nF 470nF 470nF 470nF €71 enp GND 1S
N6l ycco_o vceBram FES TS TS C81 GND GND KL
DGND DGND DGND DGND DGND DGND DGND DGND N8 veeo o veceram [ l l I__|_I €91 6o e
veeeram (2 c301 €300 c190 D1l enp GND 10
G131 \cco_14 4.70F 4.70F 330uF D54 Gnp GND L
K131ycco_14 veeinT 28 B7{ Gnp GND 4
N3 veco_14 veeinT (28 DOND DOND DOND D3 enp GND 18
veeinT HEL Ell anp GND 18
G21ycco 34 veeinT HES E10{ Gnp GND [N12
K2{vcco 3a VCeINT El4 GnD GND
N21ycco_sa VCCINT 62 E3] GND GND S
veeinT HHe — ESfanp GND N2
I F10{yccaux VCCINT |22 o—E8fanp GND [RL
* H10 1 vecaux VCeINT K& = V) Gnp P14
° ° ° ° o K10 |\ ccaux veoT [K8 ° ° ° ° ° ° ° °
L. L. L. 1.1 L. L. L. L. L. L 1. Ll L1
€189 C298 €310 €309 C316 Eovior C307 C308 c317 C318 C319 €302 €295 C186
g 330uF i 47uF i 470nF 470nF 470nF i 470nF i 470nF i 470nF i 470nF i 470nF i 470F i i 470F 330uF
4 %
DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND DGND
UG483 Table 2-1 (XC7S50 FTGB196):
VCCINT: 1x 100uF, 3x 4.7uF, 5x 0.47uF
VCCBRAM: 1x 100uF, 1x 47uF, 1x 4.7uF, 1x 0.47uF
VCCAUX: 1x 47uF, 1x 4.7uF, 3x 0.47uF
VCCO: Ix 47uF, 2x 4.7uF, 4x 0.47uF
1V8_VCCAUX
0
alfl
L
l car4 =|: c315
100nF 470nF
I u23
DS189 Table 2 note 9 g e UGAS0 Figure 1-2
If battery is not used o . T :
Lo Eg ADC isnot used in this desgin
connect VCCBATT to either 83 nere dio
o8 _
> c8 rev. by notes
VP
ground or VCCAUX . »
[9) o7 100MHz in the loop v3.0
2 VREFN_
S Project . ET Pathfinder Demonstrator
XADC
N Sheetname : FPGA_POWER
11500.04.02.3
N 2lg 3lg . Designed by
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SPI FLASH 3v3_vCcco

See
XAPP586

ci1
alel olx
g% 15 100nF - o o
: 2<[l
ur
5| MT25QL128
QSPI_BUS vee
o DGND
SP1_SCK 161c  HoLD#DQ3
W#DQ2
QSPI_CS (M ss pQ1
46 RESET#  DQO QSPI DQO

See XAPP586

3v3_vcco 3v3_vcco
3|8
5 e “L
@ |
LGT67K§ D19
DONE
Open drain
3V3_VCCO 3v3_vceco UGAT70 Table 2-4 T4 ‘
A
FPGA DONE . BSH108
N
5 pene UG470 Table 2-1
vcec
3v3_vcco . . .
WR  RESETS Configuration mode M2 | M1 | MO | BushWith
Master Serial 0O |0 |0 | xt
s2 41 sRT us Master SPI 0 |0 |1 | xix2x4
oD MAX6414UK31+T J31 Master BPI 0 | 1 | 0 | x8,x16
c12
1000F 2 @ [¢ A E 2[5 Ymp2 0o |1 |1 |
PowerOn Reset E¢ 8 1 2 Master SelectMap 1 | 0 | 0 | x8x16
2710ms éITAGSeIM 110 |1 |x
aggs;;t ® 1 |1 |0 | x8x16x32
DGND DGND DGND MODE 0 1 | 1 | 1 | X1
MODE 1
MODE 2
3V3_vCCo
CONFIG CONFIG N % EH §|:§i|
N N %
DGND DGND DGND
3V3_vCCo
3v3_veco 3v3_veeo
8
@ |<
8%
@ |«
See UGA470 7 Series config guide Table 2-4
3v3 VCCco s1
R19 5 ° ™S
RS0 0 TCK
R81 10 TDO —— JTAG
RE2 0 DI
NC
NC
DGND
DGND
© 0} © © © rev. | by notes
3 3 3 3 3
E 4 e 4 e 4 e 4 e ~ |x
g g g g g & I}] 100MHz in the loop v3.0
v Eggw Eg;,vz Eg;,va Eggw Egg
] § j § ] § B § B § Project : ET Pathfinder Demonstrator
<Z> <Z> <Z> <2> <2> Sheetname . FPGA_EEPROM_AND_JTAG
11500.04.02.3

N N N N N N Designed by

]
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SWITCH_LED

SWITCH LED

3v3_vCCo

T7
BSH108

T6

BSH108

3v3_vCco

T5
BSH108

3v3_vcco

DGND DGND DGND
GE D)
Nl !
R91 L BN
UART RX 1 1 D'
UART TX = ° ! 5,
L 470 T 1
R0 nel—C_ !
htsw-106-07-t-s.
) © sl
4 e 4 e 2|2
x x
= s
V6 4 w g
o o
8 8
12 13
0 0 a D23
w w A | GT67K
DGND DGND DGND DGND

2V5_VCCo 2V5_VCCo

R35
]
R34
R

DGND DGND

PUSHB 2 MCU RESET

PUSHB 1

3v3_vcco 3v3_vcco

R31
]

DGND DGND

<

LVCMOS3V3
Possible UART connection

Reset for microblaze

3v3_vcco

R29
)

3v3_vcco

R30
4.7K

DGND

3v3_vcco 3v3_vCco

R32 R33 [
5 ]

DGND

rev. by notes
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3v3_VCCOo 3V3_PLL
-1 -1 Text onboard
I
S
_L | _L PLL IS0 €S :._Jag_ — _: wieTemna oy | gy oG
e 150
PLL ISO_SCLK !
c272 ! c273 L340 Wire Terminal
100nF U1 100nF Lo <! PLL_ISO_SCLK
1507241 1 PLL_1SO_SDI L(oa1 : Wire Terminal PLL I1SO SDI
- oozt - =
g g AGND PLL ISO_SDO — '
3 3 342 Wire Terminal
PLL_CS_LVCMOS oene 3 A > > oma |24 PLL ISO_CS [t [ PLL_ISO_SDO
wp—evmapt——ppe_——-—>-a . zzZzzzz
PLL_SCLK _LVCMOS 4 13 PLL_ISO_SCLK PLL_ISO_SYNC ! !
INB - \{ >—ouTB 343 Wire Terminal
Isolation is d K ode" 1o PLL_SDI_LVCMOS 5| e j;,u S—ourc |22 PLL_1SO_SDI Lo oo o2 PLL_ISO_SYNC
solation is done to prevent "common mode" noise PLL SDO_LVCMOS 6| oo < o |22 PLL ISO_SDO " e Temina
progation from the fpga to the PLL (conducted) 7 " 10 s ——— [ AGND
EN1 EN2
3 3 8 8
ERE S
IS ) -_—
2|8 9 |15 AGND
— SP| ISOLATED PLL
BOND  AdD SPI_ISOLATED_PLL
. . | .
Digital Domain . Analog Domain
PLL_SPI LVCMOS |
PLL_SPI_LVCMOS |
I
I
3Vv3_VCCO 3V3_PLL
I
L ‘ L
I
c270 | c271
100nF ! 100nF
u2
16 1S07241
DGND S s AC;\‘D
o o
PLL_STAT LVCMOS 141 657a < ::*<F FNE PLL ISO_STAT
PLL_LOCK LVCMOS 13 78— -} e |4 PLL ISO LOCK
neli—2 outc—<i-<J- Inc 12
PLL_SYNC LVCMOS 1 TN 6 PLL ISO_SYNC
IND — OouTD
10 » " 7
EN2 EN1
8 8 3 3
22 ERE
o o o o
15( 9 8| 2
FE
DGND  AduD AGND 20 Bit DAC MAX5719A needs a signal
. (LDAC_n) to load the SPI shifted bits
3vs_veco | 5V_DAC R1%s , into the DAC section. This signal is derived
-lK p——| P
: from the rising edge of SYNC_n.
! — C325 us2 us3
l ! 1.5nF SN74LVC1G04 1.5nF SN74LVC1G00
‘ L
| — — — —
c268 ! 269 AGND AGND AGND AGND
100nF : 100nF Digital Latency LDAC pulse
s delay (1.5 us) width (150 ns) Text onboard
DGND 1507241 AG-ND ______
1 1 o SPI_ISO_DAC LDAC e T SPI_ISO_DAC_LDAC
Q Q Lo - - - -
o S e v
SPI DAC SYNC LVCMOS 3l i o oo [ SPI ISO DAC SYNC ISO_DAC SYNC T T SPI_ISO_DAC_SYNC
SPI_DAC SCLK LVCMOS 4 13 SPI_ISO DAC SCLK LT o<
g >y {>—oums &g — S oL IO N Tz
DAC_LVCMOS
DAC_LVCMOS SPI_DAC_SDI_LVCMOS 5 v [Si1{>—ourc |22 SPI_ISO_DAC_SDI ISO_DAC_SCLK. e ' e Terminat SPI_ISO_DAC_SCLK
SPI_DAC SDO_LVCMOS 6 outo <1 - o [ 1L ° SPI_ISO_DAC SDO Lo o2
7{eny " Enz O ISO DAC SDI L (337 ' Wire Terminal SPI_ISO_DAC_SDI
=i-} 3 8 Lo - - -2 '
22 ee | % . LZzZzZzz
© 0o © 0 ISO_DAC SDO T U wretemia | SP1_ISO_DAC_SDO
2|8 9 |15 L- - - -~ l
2 138 ' Wire Terminal AGND
g5 =) ,
AG-ND
DGND AGND AGND SP|_ISOLATED DAC
SPI_ISOLATED_DAC
Sheet 11
FPGA CLK Coupled CLK IN
FPGA_CLK _ FPGA_CLK Coupled_CLK_IN —% Coupled_CLK_IN
l rev. by notes
100MHz in the loop v3.0
100MHZ_EXT_INT =LVCMOS 3V3 Project : ET Pathfinder Demonstrator
Drive'1" to enable interna OCXO Rt v Sheetname : 1SO_SPI_DAC_PLL
100MHZ_EXT_INT [rem ot ISO_100MHZ_EXT_INT
100MHZ_EXT_INT 1K O— ISO_100MHZ_EXT_INT 11500.04.02.3
a
2 ?‘ X 4 ™ Designed by
CTRL Lo2 N l k h ef G. Visser & P. Jansweijer
CPC1018N Drawn by
G. Visser & P. Jansweijer
Si 420 x 2971
—p Amsterdam s e
-_— Sheet 10 of 21 [ A3
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LVPECL

3v3_vcco
3
a Il
2
L smd 0805 300R bead
C16 C146
100nF 1uF
FILT bandwidth = 160 MHz
DGND DGND
2
U oara 3
Match network 8! FLte out+ L
T12 c19 ourt. O
Coupled_CLK_IN - WeCzATL I i
upled_CLK _|
Coupled_CLK_IN P Y » S 1 - 1000F o
1 outze (B fglIne
c261 €260 Neff——2 1 2 Ne | SoL ourz |&—fline
15pF 27pF gle — so2 %
4 I 3
5
c20
alvanic isolation vis
g 100nF LTC6957-1
AGND AGND AGND
DGND DGND

FPGA clk Shaphing and isolating

R101
R102
150

150

100 Ohn diff

FPGA_CLK
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100MHz in the loop v3.0
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SPI

1 2

5

10

Possible External OCXO tune:

KVG

Vtune=0- 10V 5V_0CXO
R14 - Steadystate 300 mA
N * L * 51l Warmup 1000 mA
MCX Connector Vertical Through l caz - V tune=0- 10V
D1 470nF r‘ﬁ
PTVS12VS1UR I
gy g gy C231 C265
A-ND A-ND AG-ND IC’:BOUF 100nF
AG-ND AG-ND
5 0-40840854%P3
SRy " - "
OCXO_DACL Place the right ocxo suited for the job
—_— Vtune VCXO - 3lyve
Sheet 13 Vtune_VCXO = Ve
Vtune VCXO 5V Vtune VCXO 5V GND  NC
- - 2 4
Mune FIL Exten | \/tyne_FIL_Extern Vtune_ext_ocxo l
ISOLATED_DAC > Mmmemmmmmmem | SP|_ISOLATED_DAC e
- Vtune_®&xt_ocxo
5V_PLL
Bl | IQ/ Le16 |||
Steadystate 125 mA
12v_OoCxo
Warmup 430 mA *
Vtune=0- 10V il 14650512
Positive TuningSlope_ | _ s o4 >
| ’ 5
6 | OCXO | 330uF MSE1PB . 5
LNBTE-100MFB-EBAB [ @ Selector E:I’ 10
p | © | 1l ! 12
R | | = - | e
3 ) ol X Plevel =10dBm AGND 2 v EIM
X7 RFout ERlAl T o / 17
= 3erc | | 14 " 19
LB32 2] o | a | 21
o Z o 22
MT 2 4 | |
l Lo m :% —_
BSH108 —
o — -
- 2 AGND
B AGND
AXTAL Morion g —>
; Steadystate 300 mA €7
mechincal placeholder y L
Warmup 800 mA Plevel =10dBm 100MHz_Out
Vtune=0-5V LN our =2 = 100MHz_Out
o 0.083 ppm/V = = g Ll o
TO Ax TAL g1l Negative Tuning Slope AGND AGND 3 gz &
Steadystate 250mA . A O
Warmup 450 mA I__|_I ADC-10-4
Vtune=0- 10V ;;33
Positive Tuning Slope 2 I ol MEEIE
-_— Plevel >5dBm
6 4 < AGND
Plevel =0dBm AG-DAG-DAG-D
Text on Board :
Lo | Power splitter i Coupled output -6 dBm
[ ~
From AXTA L MV137-B3F-3-F16-100.0 MHz E | 1
— | SMA Connector Vertical Mixed Mount
AGND AGND Plevel =-6dBm | | (isls
35 t LAl ©
SMA Connector Vertical Mixed Mount 50 Ohm | 1one 50 Ohm
50 Ohm c4 | 6dB loss
o [ [ Y SNt )
Plevel =16 dBm L1} =3
10nF Al -ND
5V_PLL
A(;\ID

1SO_100MHZ_EXT_INT

1SO_100MHZ_EXT_INT

R15
4.7K

Pull low for int input
normal usage

J30

Coupled_CLK

Coupled_CLK

To FPGA CLK Shaper and galvanic isolator

<+
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100MHz in the loop v3.0
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! Place all componest under the shielded can, to shield !
| it from EMI, and reduce the airflow around this circuit |

SPI_ISOLATED_DAC

SPI_ISOLATED DAC

D7
k1

~N
MSE1PB

u17
TPS7A4901

1ISO_DAC _SYNC -

o |o

ISO_DAC LDAC -

0-5vV

Vtune = 0to 5V (Guaranteed 0V 22 - 4V75)

C126 J28

u10 100nF SMA Connector Vertical Mixed Mount

7 ADA4625-1

1 100 °

I

o
H z
? Z
VW
o
=
S
o
>
o)
z
El
3
zll
El

R149

EP |4 158 —
350

Vtune VCXO 5V

Vtune_VCXO_5V

>
2|
o
NC|
NC|
NC|
|||—||—0
o
5
g
g
g

12vV_OCXO0 AGND

1ISO_DAC SCLK -

1ISO_DAC_SDI

7V9 @ 10mA

>
|
N

@
IS}

5V_DAC

1

NC

oP1V
oP2v
oP4V
oP8v
1P6V
3P2v
6PAVL
6PAV2
GND
EP

c124
10nF
c121 c123 c40
10uF 10nF 100nF
AGND AGND AGND D
12v_0CX0
Py rs P, 15
1004852 16
13
14
c13 cu7 ci4 cs 2 cus c120 -[
100nF 330uF 100nF 100nF 330uF 10uF
PTVS12VS1UR

NI

l C143 D6
22uF MSE1PB

>
4]
-4
5]
>
-4
[S]

Vtune_DAC I__|_I _L '
€263 €125 = T Wiré Terminal
10uF 000k ) L Lo - - -
3 1
4 v sl === | tune_FIL_Extern
-_— 7 ADA4625-1 — Wire Terminal
AGND 2 AGND Vtune VCXO Vitune_VCXO
IN+ J56
6
out 3 3 [o 66
IN- > 5
68 s g¢g¢ i T Laymes
C37 C327 imp3
EP 4 1518 Jmp.
100nF 10uF
25V 25V Vtune_ext_ocxo Vtune_ext_ocxo
g g AG-ND AG-ND
oo AGND oo Route the Vtune OCX O,short as possible to the OCXO.
I3 v The circuit in this box should be close as possible at the OCXO.
Vtune = 0to 10V (Guaranteed OV22 - 10V)
AGND
VREF_DAC 5V @ 1mA
------ 1
1
------ 1
_____ 1
c35 C104 Wire Terminal
I 1000F 100F Slotsin the board
G-ND Al -ND AG-ND AG-ND
MP1
LTC6655
SHIELD

>
@
z
5]
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100MHz in the loop v3.0
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5V_PLL

c284
100pF

|||—||—0

B T T X2
CVCS0-914-1000

>
@
z
IS}

f l
f l
! |
1
° ° .
T
l
1
' ' GND
' @ [ ! 2 of o ol o
. g8 Rz 8E g8
f l
f l
' Cp c289 Ci :
1
, 8.2nF coL l 5V_PLLCP  3V3PLLVP  3V3PLLVP  3V3_PLLVP
X 100nF , e — — — — —_— —_—
' ! AGND AGND AGND AGND
! — — !
ll - - l
. AGND AGND l i
' ' 1GHz SAW Oscilator 3V3_PLL_VO
3 ¥ o
VVCO+ VREF+ VD+
co- co+
s{vours ouror |2 125MHz P
81 vout+ outo- (382
11
VOUT+
3VEEVP 141 vout+ ouras L
7 vour+ u28 our- 0 125MHz
20 VOUT+ LTC6952
2 vour+ ouTa+ 28—
26 vour+ ourz- 2L
29 vout+
©
s 321 your+ outas |25
35 ouT+ ouTa. AL 100MHz
42 22
c258 e+ ouT4s
~ CLOCK BUS
I o e g outa- |25 CLOCK_BUS
_ - 100MHz N
Plevel =upto17dBm 10dB Att Plevel =7dBm unbal to bal 10nF
37 19
L4 VCo+ ouTs+ (== ——fINC
100MHZ_Ref IN_PLL — _ s ) o P
100MHZ_Ref_IN_PLL 732 AN veo- ouTs- |=2—~"—fInc
R134 <l
gl 45 16
3 10nF a6 ore ET.NC
MABA-007159-000000 REF oute- H5"_ggne
259 AUX_FREQ P
o ©
g E g ; PLL ISO LOCK 49 STAT oUuTT+ 123 .NC
outr- H22_gane
A7) e75 SRQ+
481 £75 SRQ- outs+ 10— fIne AUX_FREQ N
outs- |22~ ggne
— — = g SCLK 500 soik
AGND AGND AGND >
SDO 51 7
SPI_ISOLATED PLL o ol outer |- Mlive
SDI ouTe- °——{ffInc
A o c76
= = 5 3 ” Ok: ourio (£l 1l RESAMP_CLK P
= = éf B
AGND  AGND 2 2 cs outio L 100nF
; ; 3V3_PLL GND EP. NC
T 5 [% EE RESAMP_CLK N
x |&
g 2ls - - = =
&~ x| AGND AGND AGND AGND
10MHz P
U28 (PLL) Needs large cooling plane
D16 P H
- and asmall push pin heatsink.
A LGT67K
10MHz N
Lock s
T2 s
A N
SPI_ISOLATED_PLL BSH108 e
1
Power Vout o oL v Power Vref,Vd,Vvcco
. il AGND 3v3_PLL i . 3V3_PLL VP
Place on top close to chip 10nF Top Close to ic,1uF Bottom side
car
22uF F wF wF 100nF 100nF 100nF 100F 100F
rev. by notes.
100MHz in the loop v3.0
gy gy Project : ET Pathfinder Demonstrator
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3v3_PLL 3V3_PLL VO sv.pLL sv.pLL CP
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J6
SMA Connector Vertical Mixed Mount
125MHz_P o
To WR. Closes the loop

= of the refernce oscillator.

AGND
J7
SMA Connector Vertical Mixed Mount
125MHz N o
8 8 -
AGND

GND{

E
D49
ESD122DMYR
J8
AGND
SMA Connector Vertical Mixed Mount
100MHz P o
AGND
J9
SMA Connector Vertical Mixed Mount
100MHz N o
o )
= o —_—
g 9 -
AGND

CLOCK_BUS
CLOCK_BUS

GND{

E
D51
ESD122DMYR
AGND
J10
SMA Connector Vertical Mixed Mount
10MHz P o
AGND
Jil
SMA Connector Vertical Mixed Mount
10MHz N o
o o)
= o —_—
s} I} -
AGND

GND{

E
D52
ESD122DMYR
AGND
J12
SMA Connector Vertical Mixed Mount
AUX _FREQ P o )
AGND
J13
SMA Connector Vertical Mixed Mount
AUX FREQ N )
rev. by notes
o o 100MHz in the loop v3.0
3 8 -
= = AGND Project : ET Pathfinder Demonstrator
% *\ Sheetname : Clock_Out_Connectors
2 11500.04.02.3
[
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CLOCKS From WR
Phase aligned with WR
125 MHz reference clock.

Ji4
SMA Connector Vertical Mixed Mount

[og

CLK_FROM WR P

10

AGND .
Jis
SMA Connector Vertical Mixed Mount

CLK_FROM_WR_RESAMPLED P

J20
SMA Connector Vertical Mixed Mount

]
ClkisAC
COUplaj CML! AGND
J21
SMA Connector Vertical Mixed Mount
o CLK FROM WR N CLK FROM WR RESAMPLED N o
o ) o o|
- 3 8 3 8 -
AGND T T AGND
I} o
z z
o <]
E =
D53 D56
ESD122DMYR ESD122DMYR
1 PPS DC coupled! — =
P = Resampled Clk and =
P AGND 1 P f WR AGND 122
PS from
SMA Connector Vertical Mixed Mount SMA Connector Vertical Mixed Mount
o 1PPS FROM WR P 1PPS FROM WR RESAMPLED P o
= —p 1PPSisLVPECL =
AGND AGND
DC Coupled!
Ji7 J23
SMA Connector Vertical Mixed Mount SMA Connector Vertical Mixed Mount
o 1PPS FROM WR N R&mpler 1PPS FROM WR RESAMPLED N o
Sheet 17
o ) o o)
— b o8 CLOCKS WR CLOCKS WR_RESAMPLED = o —
o & 8 CLOCKS_WR CLOCKS_WR_RESAMPLED & 8 =
CLOCK_BUS
*;'j CLOCK_BUS *_'_\*
I} a
z z
o CLOCKS WR RESAMPLED SPARE G
- CLOCKS_WR_RESAMPLED_SPARE -
D54 D57
ESD122DMYR pr SD122DMYR
J60 = AGND J26
AGND
SMA Connector Vertical Mixed Mount SMA Connector Vertical Mixed Mount
o CLK FROM WR 2 P CLK FROM WR RESAMPLED 2 P o
AGND . AGND
J61 J27
SMA Connector Vertical Mixed Mount SMA Connector Vertical Mixed Mount
o CLK FROM WR 2 N CLK FROM WR RESAMPLED 2 N o
o ) o o
- 3 8 3 8 -
AGND P T AGND
Qo <)
z =
[} <]
E =
D62 D59
ESD122DMYR ESD122DMYR
Ji8 J24
SMA Connector Vertical Mixed Mount - - SMA Connector Vertical Mixed Mount
AGND 209 AGND
o TEST INPUT P RESAMPLER CLK SPAREO P 11 o
11
100nF
AGND . AGND
J19 J25
SMA Connector Vertical Mixed Mount SMA Connector Vertical Mixed Mount
C210
o TEST INPUT N RESAMPLER CLK SPAREO N 11 )
100nF
rev. by notes
o )
— ] A o o — 100MHz in the loop v3.0
AGND P 3 9 AGND
‘% :* = = Project : ET Pathfinder Demonstrator
o *_'_‘* Sheetname : WR_CLOCKS_IO
s g
- z 11500.04.02.3
D55 :3
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LB13 LB23
- & 8- 8- & - & & & &
esam l c1o1 l cos l c127 -L c285 esam l c207 l c206 l c218 -L c288
R pler MHz 22uF 1uF 100nF 100pF R pler MHz 22uF 1uF 100nF 100pF
D FLIPFLOP EY D FLIPFLOP 2o
=R * Se *
) l : L
AGND AGND
° ®
[ l |l| —|—
Cc211 C208 C287
C128 C106 C286 C214 100nF 10uF 100pF
100nF 10uF 100pF CLK FROM WR 2 P 11 u27 I I I
C131 1QIOI|: 13[16 15 HMC747LC3C e — —
n - - -
CLK FROM WR P v24 8y ¢ AGND AGND AGND
13| 16 15 HMC747LC3C — — — > >
200nF 09 AGND AGND AGND o
—> S s > co15 3 lop ol— 1 I CLK FROM WR RESAMPLED 2 P
c133 CLK FROM WR 2 N )on D 1000F
3 lpp o 11 |7 100nF
CLK FROM WR N oL D L00nE con2
RESAMPLER CLK2 P 6 |cp 7
100nF oN —Pek o o I CLK FROM WR RESAMPLED 2 N
RESAMPLER CLKO P 6 lep ci3a AR
—pck
— o o o
100nF €213 222292929,
RESAMPLER CLK2 N I G55556506h
1415 (8 12| 14| EP
€130 22292229, 100n
RESAMPLER CLKO N 65655560540 )
1 1[4 [s [8 [o [12]14]er OnChip
o Termination
CLOCKS From WR OnChip —
I Termination AGND Resampeled clk from WR
=3 CLK FROM WR RESAMPLED P .
AGND CLK_FROM WR RESAMPLED N
CLOCKS WR CLOCKS WR_RESAMPLED
CLOCKS_WR 4V3_RESAMPLERS Resampler 1 PPS CLOCKS_WR_RESAMPLEQ]
u2s5
LM1117MP-2.5 D FLl P FLOP
LB14
: 3 N ouT 2 Py Py Py @
C96 C135 GlND C136 C102
1uF 100nF 100nF 22uF
Resampeled 1 PPS from WR
AGND AGND AGND AGND AGND slel gl
S
[ [
o L 1PPS FROM WR P s U26
| . 1 MAX9381
Py 1|, vee
! | 25 ol 1PPS FROM WR RESAMPLED P
| | ™M s 1PPS FROM WR RESAMPLED N
NS
| | 3 _Jok
—() T
| | VEE
|
| | Resampler clocks °
|
|
I D60 |
CLOCK BUS
| CLOCK_BUS HMC6832ALPSLE |
RESAMP CLK P
[ —m—— ol 1o
e LVPECL I RESAMPLER CLK1 P N ZPFIE |
| AGND L pairs should be delay matched |
| - 5 100nF
S oureo |12 | RESAMPLER CLKO P
| mJ/ o oumo J/ s I RESAMPLER CLKO N 5 g o
! ourer |8 : RESAMPLER CLK1 P €
| S J/ o RESAMPLER CLK1 N cia1 -_— —_——
. / . ourpa |8 | RESAMPLER CLK2 P RESAMPLER CLK1 N AGND AGND AGND
= i CLK_RESAMPERS
[ e J/ " X RESAMPLER CLK2 N o0
| oures |22 RESAMPLER CLK SPAREQ P
| oo J/ a [ RESAMPLER CLK SPAREO N 2 5 3
outps 22 NC | e« e«
| 138 oums |2 Ne |
| TEST INPUT P oures |22 Ne
100nF ourns |22 N | - -
| AGND  AGND
outee 2 NC |
| 3 E NCIl—————] v rer ours |22 Ne |
| ouTPT. 2 NC
ourNT - NC |
| 130 3V3_RESAMPLERS | o To —
V3_RESAMPLERS
- TEST INPUT N
T 9ol lalelalelolZlolale]2lol oo | CLOCKS_WR_RESAMPLED_SPARE 100MHz in the loop v3.0
100nF a18[=2 1812 (8|2 182182182 8] 2 (8 CLOCKS_WR_RESAMPLED_SPARE
| 4 4 4 4 4 4 4 4 "
| Project . ET Pathfinder Demonstrator
I |x
| Er g2 | Sheetname . RESAMPER
I ool Ja3
v “ ! 11500.04.02.3
| e “ jmp A-ND A-ND A-ND A(;\ID A(;\ID A(;\ID A(;\ID A(;\ID |
| D60 Default Place Jumper => u Designed by
- | N k h f G. Visser & P. Jansweijer
47uF 100nF 1nF HMC6832ALP5LE . .
| Select INO | l e Drawn by
| — | G. Visser & P. Jansweijer
— SN — size 420 x 297mm
| = ] AGND = | Amsterdam
| w0 PropagationDelay:207ps AN, Sheet 17 of 21 [A3
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2023-12-15
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Input power should be awell 12V regulated power supply!
There is no regulation on this board, When using the 12V option Qgﬁo—L ocal_Regulator

LB9 -Iil-
PWR_OCXO PWR 0X0 = = * ® ® ® Y ® In_Local_Reg_LDO Out_Local_Reg_LDO —_,

- 121 24uH
T11 D28
Si4401DDY /\ EDzv10B
[==Retr == cus = cu9 =2 cue
330uF 330uF D2 10uF 330uF
sV sV PTVS12VS1UR sV
ci12
330nF

jmp2

12V_0CX0

J63

R75

AGND AGND AGND AGND AGND AGND

5V_PLL 3V3_PLL 3V3_RESAMPLERS
Power_Analog
Sheet 20
Max voltage 6V5
5V PLL 5V_PLL
LB8
PWR_Analog - |—{>[j PWR_Vanalog_Prot —
PWR_Analog = 1571 ] PWR_Vanalog_Prot 3v3 PLL
3V3_PLL —
9 D29 3v3_RESAMPLERS
Si4401DDY 7\ EDZV10B 3V3_RESAMPLERS
2 c110
330nF
MP2
AGND
S}E_LD
3V3_VCCo 2V5_VCCo 1V8_VCCAUX 1VO_VCCINT
Digital_Power
pano Sheet21 —
Max input voltage 28V ve 5V @1A
p 173010542 3v3 veco
PwR_Digial 13 o —=— 185 - 3v3_vcco -
PWR_Digital = = 151 T Y ® = L Hin out |2 *—— Y ® 5vVD 2V5_VCCOo
24uH 2V5_VCCO =
T10 D30 S -
P 1V8_VCCAUX
Si4401DDY 7\ EDZV108 1v8_VCCAUX
1VO_VCCINT
1VO_VCCINT —
D65
PTVS28VSIUR = cus c10 co c107
330uF 100nF 100nF 10uF
g cu1 sV
330nF
D18
LGT67K
rev. by notes.
DGND DGND DGND DGND DGND DGND DGND 100MHz in the loop v3.0
Project : ET Pathfinder Demonstrator
Sheetname : Power

11500.04.02.3

Designed by

u
N l k h ef G. Visser & P. Jansweijer
Drawn by

G. Visser & P. Jansweijer

Size 420 x 297mm
Amsterdam
Sheet 18 of 21 [ A3
Science Park 105, 1098XG, Amsterdam Date
+31-(0)20-5922000 www.nikhef.nl 2023-12-15

2 3 4 5 6 7 8 9 10




Todo:

MP3, replace FA-T220-64E (1006934) for
FA-T220-51E (1007644)
https://redmine.nikhef.nl/et/issues/1273

D63 365 !
11 Lo - - - - !
~N
MSE1PB — Wire Terminal
AGND
us1
LT1085CT-5

F1 R150 R151 R152

In_Local_Reg_LDO > In_Local Reg LDO T T +—1 1 } ° ® 3N ouT |2
AGND

== c283 l c262 D64
€235 100nF 0 100nF 22uF MSE1PB
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