A
B
50 Ohm resistive splitter/combiner
Output -6dB Buffer with high bandwidth Chebyshev Lowpass Filter
Chebyshev Lowpass Filter for 1 MOhm -> 50 Ohm GHz
2.8 GHz Outsplit has extra impedance in parallel 5th-7th order
| 5th-7th order to boost higher frequency components to outsplit FL3 50 Ohm
50 Ohm to account for losses in connectors and extra PCB traces FB and OUT OPABS9IDSGR 0.50B ripple
0.5dB ripple ‘_, 16pF are connected
internally for Ll pp |8
242t lowestinputC | %2 1 nc  yse L 15nH 15nH
3.3nH 3.3nH W e B
v PLITENT AV OUTSPLIT . 1MPATH . 4| e vs |8 L8 L15
L4 L7 o 4| outseur ﬁJ—% 2 w ol o @ < Sl
C et G S et} & - =i O H Sl S Semmd Femd
S L S ~— = x = =~
R -0 R o ' I
T 7 :
AW BLITOUT ACDC_CONTROL [8
o
ACIDC coupling
T K1 K2 K3 oma red
RF relay for splitting  GgK-2F-RF-T-TR03_DC5 RF relay for input Z - GgK-2F-RF-T-TR03_DC5 RF relay for attenuator Ggk-2F-RF-T-TR03_DA5 =10mA suggeste _
2.5V - 1.3V forward voltage drop = 1.2V
MP10 MP1 10 MP1 P10 1.2v/1200hm=10mA
GND_1  GND_10 GND_1 GND_10 GND_1 GND_10
cor  coL |8__COlla VD> cor  coL |8_COll cor  coL [8_Ccou2-
BNC input GND_2 GND_9 P MP GND_2 GND_9 MP: GND_2 GND_9
Ne L NC2 | Z_NOSPIIT S0PATH NC.1 NC 2 |_L__S0PATH NOEUT NC.1 NC 2 | L NOFIT To input amps
ENCINZ GND 3 GNp g (MPB GND 3 GND 8 | GND 3 GND 8 | on next sheet
b INPATH INPATH CoM1 com2 TQusPJJTTER QUTSPLITTER | com™1  com2 OQUTPATH OUTP; 'm: CoM1 com_2 OQUTPATHEIT QUTPATHEIT : GUTPATHMAIN [2]]
PLIT 4 ﬁga{" G,Z‘g—; 5 PLITOUT 1MPATH 4 ﬁgD{' ng*; 5 1MPATHS() ELTIN 4 ﬁngj ng*; 5 FILTOUT. RC freq for 50 Ohm * 1uF is ~3kHz,
MP5 GND_5 GND_6 MP6 MPS GND.5 GND_6 MP6 MP GND.5 GND 6 MP6 so frequencies less than that will be filtered
~ 4 4 4 4 v Z~1.5 Ohm at 2 GHz
for CLOSA105KASNQNC
RF relay driver RF relay driver RF relay driver
I for splitting for input Z for attenuator
Q@ a7 Qs
[SPLIT_CONTROL [8]> [ATT_CONTROL [8]>
5V USB for front panel SPLIT_CONTROL [8] 50_1M_CONTROL [8] ATT_CONTROL [8
Jis
E| Em— v
o H
4 =
— o+ 8
3
J GND
T
Preinput 1
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1 2 3 4 5 6 7 8 9
A
2V5+  2V5l  2V5+  2V51
2Vs+  2V5-1  2VE+  2V5l i i i i
s s oo I
i oo cas cae o ar ar awr ar
IC14
Termination was 357 in datasheet LMHS5401IRMST LMHB4OLIRMZR
but 220 found to be better 11 sp outp |-LLAMPQUT P
+ 1 [ 0e 1 ve.o & 2va1 QUTSMA P 2 | {5 Gnp o | 12GND To ADC input B
B - —GND 2 | oy~ pD 2 GND QUTSMA N 3 INM vs+ 2 |132Ve+ »
50 Ohm input g2V V51 3| yg 1 vss » |10 2va+ 41 spo  scik 2AMPSCLK ———AMPOUTN R%{\—<INB_N[6]]
from previous sheet ) A for enoa [IL_GND » ve1 51 3% "% [15ampscs INB_N 8
_» AIN N 5 - T 12 \_| SN 6 - . 162V5. AMPOUT P ApAA [
OUTPATHMAIN [1 EESET AN AINP 6 m} OOUUTK 13 AQUT P man QUTSMA_P GND 7 CgCM ve ﬁ 17 At INB P[6
< fel T—'\(y\/\,77 FB-  GND_2 14— GND S 25t 8 1 sy g 18 |8 >
= e GND% GND_1 19 %
e — Ic13 ’—AMM ouTM 20 2
Single-ended to differential
— amp with gain 4x
Buffered DAC output Variable gain amp
for DC offset gain 0.5x to 20x
Buffer with high bandwidth
C FL1 OPAB59IDSGR SPI
1 e po L2 2V5+  2V5.1
*2{ Nc vs+ L +
N. oUT |6 OFESETOUT
DACAMPQUTL 4 | ) vs. |5 51 o s
2 FB and OUT I I 15
g are connected SN74AVCAT774PWR
| i internally for
F lowest input C 11 oR1 veea
2| pro vees |15 5+ V5+  3V3
o) 3 31 a1 B1 |14 AMPSCLK
Buffered DAC output SPI toffom FPGA [ S5 al 2 |18 AMPSCS
12510 1.25V Febi N 65 [[12__AmPSDI 2 3
ledl o B D —ampspo onr our
I ors enp [R0—GND
GND 8 | pipy OE -2 GND
D
IC18
2V5+  2V5-1 Level shifter for SPI
DACAMPQUT1 TLVoL02IPWR Amp <-> FPGA
41 8 5+ 25V <->3.3V
DacoUTL g f A7 o ok ki 6 o
[avosouT-#yiw 4 GND 3 | it o |6
2v5-1 4 |y, IN2+
] Subtract 2.5V/2 from DAC out
2.5V ref voltage
from DAC, also
DAC output used on sheet 4
0to 2.5V for channel 2
Ic17
E DAC8562SDGSR
pAcOUTL L {"youTa or Lo 5DACOUT
2 voute
J.N.DT GND
4G.N.D;5 LDAC
—3v3 5| gR
SPI from FPGA
DAC output 2
<PACOUT2 [4]]
DACOUT2 [4 is used on sheet 4
for channel 2
Input amps 1
F
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1 2 3 4 5 6 7 9
A
B
2V5+  2V5.2
s s
QLuF, QLuF, Chebyshev Lowpass Filter
I I ELPZABSQ\DSGR L4 GHz
— 5th-7th order
1 8 50 Ohm
FB PD
w2 ne ves | Lb 2vss 0.5dB ripple
N I I A LMPATHSQ
IMPATH? . o Ve [= 52 MY
- BJ—(\ ~ 6.8nH 6.8nH .
8] S g
z ! % L16 L17
¢ wlm o P wlo cds
c £ S 1) S 2 S S
E— e Smm? o
P b i b P b z
o ACDC_CONTROL2 [8)
ACIDC coupling
Nearlyl nldhenlupal to pr‘ellnp;ﬂ for channel 1, P e CATHODE . ANODE
- except there's no split out RF relay forinput Z - Gg.2F-RF-T-TR03_DC5 RF relay for attenuator Ggk-2F-RF-T-TR03_DC5
See comments on sheet 1 for details MPL [TC0 T onp 10 |MP10 MP1 [0 T ono 10 |MP10 TLP3475_TRF
[V cols  colL- -8 COIll: v cor  colL |8__COll2
MP; GND_2 GND_9 MP; GND_2 GND_9 . To input amps
S0PATH. Nt No > | 7__50PATH EILTIN?_16 et N> |7 EILTOUT2 16 H on next sheet
ENGINL GND_3  GND_8 GND_3  GND_8 e
INPATH, INPATH, CoM 1 coma |6__OUTPATH QUTPATH COM1 cOM 2 |6 OUTPATHELT. QUTPATHELLT. ! GUTPATHMAINZ [4]]
o - o - 7
D TMPATHZ4 | Sort CNo-s | 5__1MPATHSD FITINZ 8 4] wnrt SNes |5 ElTOUT2 8
MPS | GND_5  GND_6 |-MPS MPS | GND.5  GND_6 |-MPS
4 4 4 4
Chebyshev Lowpass Filter
I 7 GHz
5th-7th order
50 Ohm
0.5dB ripple
15nH 15nH .
L18 L19
- N wlm s
E 3 3 3 S}
N — Ll — [l — "~ —
i b b b i b b
T T M T
32
o H
I &
— o+ 3 =
I 3 s
in GND ATT_CONTROL2 [8
T
Preinput 2
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1 2 3 4 6 7 8 9
A
B
2Vt 2V52  2VB+  2V52
VS 2VB2 VB 2V52
Ut itz 13 iz
- ae? 108 109 118 o1uE o1uE o1uE oLuE
IW IW IW IW I I I I
IC29 To ADC input A
LMHS5401IRMST LVHEA0URMZR Note that we have to switch
1{ so ourp [LLAMPOUT? P P and N so we don't need vias
VTS v I SV AQUTSMA2 P2 | np  oNp 2 | 12GND just invert ADC A result
50 Ohm input o AQUTSMAZ N3 | b vei s [ 132V5+
C from previous sheet 4| spo  ‘scik | 14AMPSCLK2 AMPO NG
- 5 s 15
3 252 51 ys B . .
OUTPATHMAINZ [3 v GND___6{ pp— s 2 (HO2VE2 AMPOUT2_ Py INA_N [6]
AW 2 AW GND—1 vocum =L s
L bl T—'\ﬂ(\/\,77 FB- GND_2 |4 GND R M*;g VS+_1 18 —19
= Rt % GND_1 19 %
OEESETOUT Ic21 ’—AMMZ:N— ouTM 20 M2
SPI
FL4
OPAB59IDSGR
D 1l pp [ 2VB+  2V52 \ca0
2 7 +
N oS [ aEEseTouT Nearly identical to input amps for channel 1 SNTAAVCATTTAPWR
DACAMPOUTZ 4| v ve. |5 X T Rt veon |6
B I I See comments on sheet 2 for details DR voce [ er o 2vsr V3
2
H o o [1=__ampscs?
i s b 2 AMPSDI2 s st
z o o é AMPSDO2 ou o
= DIR3  GND GND
DIR4  OF GND
Ic33
E DACAMPOUT: TLVO102IPWR 2V5+ V52
ouT1 V+
DACOUT2 [2 INI- OUT2
fe e I?ff; I?ff;
DAC is on sheet 2 SESACOUTT
- We use DAC output 2
for this channel, and
also the 2,5V ref voltage
Input amps 2
F
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1 2 3 4 5 6 7 8 9
A
CLKOUT [7 I—M Status outputs to FPGA
1 50 MHz input clock
from FF‘GAp MUXOUT @M
B ¥ LOCKDETECT [§
EE 4 EE
53 g 53
ul
i
GND of GND
GND GND
B 3v3
3v3
T R S ;(m
= P, GND GND pads for ADF4350
Pl rom FPGA S 335938 " PAD@L 1
rom o @11
3 5 é ® & o g G eangiz— OO
m SCLK3 [4)> L1 cik VReF |24 L3 onp
2L onD
SDI3 [4)> 2] patA veom zaﬁ- GND
GND
SCS3_CLK [7)> 31 e RsET |H22—3 o GND
GND
4 21 GND _|__
LADECE 4 o U268t AGNDVCO GND GND
c s 51 sw ADF4350BCPZ VIUNE |-20_GND
= = rﬁﬁ vp Temp (12
ot 7| cpour AGNpvco |18 Svs Ul
GND GND GND 8 17 o GND ]
GND [ 8 % 45 o weo 0.7 GND
GND 0 g 855550 U”I
s
. 2 2 2 e 3 GND
EFEEEEE
Unused
GND | GND output B
S, GND
D 3v3 B
. REQUTA_N CIK P 6
P E
GND REQUTA_P KNG
N 1.6 GHz differential
output clock to ADC
Filter for PLL bandwidth
E cPOUT ARE TUNE
VY ke 156
2 L
GND “ GND
a5t
et
- GND
Clock
E
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1 2 3 4 5 6 7 8 9
A
— High-speed 10 connections to the main ADC
Power for the main ADC Low-speed 10 connections to the main ADC
GND for the main ADC Ic1
ADC12DL2500ACF —
w
a = VAl 1 =2 15 [14]] B 2
DGND_1 3] AoND_L %:ﬁ:"}j CLK+ VAL9 2 14 syncse B2
ae2 b e Al e e 2 worer |21
B DGND_4 S| AGND 4 VALO 5 TS TmsTP- -EL
DGND_5 £L | AGND_5 VA19 6 4
DGND_6 i— AGND_6 VA19_7 —: TDIODE+ ”g or ADC temperature
DGND_7 Pa— AGND_7 vA19 8 -3 TDIODE- easurement on page 15
DGND_8 £S 1 AGND_8 val9 9 (L%
DGND_9 g— AGND_9 DALPTAS DASTR+ %D—ASIE:P VA19_10 % SYSREF+ %
DGND_10 BT AGND_10 D-ALNT DAO- DASTR- TDASIE:N VALOL11 3 SYSREF- L
DGND_11 £ AcND 1L D-AE-=PT DAG+ DBSTR+ WD&SIR:P VA9 12 |2
DGND_12 =2 AGND_12 D.AE.:NT DAG- DBSTR- W&&SIR:N VA1913 (— 3
DGND_13 £ AGND_13 JILCLPT DCO+ DCSTR+ WELCSIRJ VA9 14 |— 8
1 DGND_14 E2— AGND_14 RCLNT DCO- DCSTR- TQCSIR:N VA9 15— 3
DGND_15 E2—| AGND 15 DAl:PW DAL+ DDSTR+ TDDSIR:" VA9 16 (2
o | DAIN B10 ] . - |16 DDSTR N
meE | E ke Mo E e
DGND_18 4?— AGND_18 DAY:NT DA7- DACLK+ WDACL&,P - o
Bi AGND_19 DOLP_BI3{ peis DACLK- (10 DACLKN vou_1 ¢ D [14] | scLk (230K
% AGND_20 JlCl:NW DCl- DBCLK+ W‘lﬁﬂ-&f VD12 8 SDO ?SD-Q
D% AGND_21 % DC7+ DBCLK- WDE_CL@N Vo3 [~ SDI RB4S.D.L Tie powerdown to GND
E3 | AGND_22 JlC/:NT DC7- DCCLK+ WQCCL&J’ o4 (& scs [-R& _SCS 1k S0ADC is turned on
C =2 AGND_23 DAZ:PT DA2+ DCCLK- WQCCL&,N Vb5 ] o R14
¥ 2 AGND 24 DAZ:NT DA2- DDCLK+ WDDQ-&J" vp1_6 M PD 45'0—/\/\,1
b2~ AGND_25 DAﬂ:PT DA8+ pDCLk- K16 DDCLK N )
P2 | AGND_26 DAB N CI2 | ppg
% AGND_27 RCZ% DC2+ DD6+ %DDE-:L o
2| AGND_28 JlCZ:NT DC2- DD6- TDDLN— VLVDS_1 ORA0 25 ORAQ[7
> AGND_29 JlCﬁ:PT DC8+ DB5+ WDBLL VLVDS_2 ORAL —o |
F2— AGND_30 RCLNT DC8- DBS5- FDBLN— VLVDS_3 ORBL |—=2 71
i AGND 31 DA3=PT DA3+ DB11+ ﬁ‘lﬁﬂ:& VLVDS_4 ORBO [7]] These getinputto the FPGA
— 2—| AGND_32 DA3=NT DA3- DBl 2 DBI1N VLVDS 5 o
5| AGND_33 DA9 P S Do+ oos+ =% DD5_P VLVDS_6 CALSTAT — < CALSTAT [§]
o] AGND_34 DA9_N 2 oro- oS- |12 DD5_N VLVDS_7 CALTRIG |82
o AGND_35 DC3 P 2 pes+ [ T DDI1P VLVDS_8
o AGND_36 DC3 N 2 bes- DL | DDI1N VLVDS_9
| AGND_37 DCo_P o pcor oB3+ [0 DB3 P VLVDS_10
P11 AGND_38 DCON DCo- DB3- DB3 N
Level shifter for SPI P2 | AGND 39 DB4 P M9 | gy pBo+ | NI DB9 P
ADC <-> FPGA 3| anb 0 N wio | ooy beo. | N2 DBO N
D 1.9V <->3.3V g— AGND_41 DBIO_P ; DB10+ DD3+ x j DD3_P VALL_1
L2 AGND_42 DBIO_N 2 osio- o3 [-d DD3_N VAL 2
Ic2 £2— AGND_43 DD4_P 2| oo4r L DD9_P VAL1_3
SN74AVCAT774PWR "L_{ AGND_44 DD4_N DD4- DDY- DD9_N VALL_4
22 | AGND_45 DD10 P M15 | foio. DB2+ bz p VALLS
VDDD32 L ] pRy veca (18 DDD33 3 | AGND_46 DDI1ON M6 § ppgo. DB2- U DB2 N VALL6
2| pRr2 vces |2 DDL19 9 4| AGND_47 DAAP E9 |y DB8+ 1 DR8P VAL 7
B 14 CLKT 5 | AGND_48 DAAN_E10 | g DBS- 2 DRE N VALL8
B2 |13 SCST 0-1uR==0.1u 6| AGND_49 DAL P_E1L | pato, b2+ | P13 DD2 P VALL9
— B3 12 oir 7 AGND_50 DAION E12 | pujo DD2- 4 DD2 N VALL_10
Ba L DOT C3 c4 IL | AGND 51 DCAP EL | poa) DD8+ S Boap VALL_11
ono |10 _GND GND  GND 2 | anD o2 DCAN Ela | po,” Dos 6 DD N VALl 12
O — 2 AGND_53 DCI0 P EL5 | o, DB1+ bBL P VALL_13
T6 - DC10N_El6 0 DBIN -
10— AGND_54 o DB1- 12 DB VAL 14
7 1 AGND_55 DAE:PT DAS+ DB7+ 5 DB7 P
7 DASN_E0 1 Das- DB7- 2 DR7N
DALLE 1 DAl DD1+ 3 D01 P
. DAL F2 |y D1 4 D01 N
E _ GND Des P FIs | pos oo 5 DDTP
] o 1o VI e o7 DD7 N
= Q DCLLBF15 ] pour DBO+ _DB0_P
w2 DN DCl1- DBO- ——
£ HY £ DCAP G13 | pie/ Deoe 1 DB6 P
£ SDIT A —SD! £ DC6EN Gla | pee’ Deo 2 Da6e N
E o El DDO+ DDO_P
= HEY = D0 4 DDON
2} S A S "
ADC eval board terminates
the SPI from the ADC
with 100 Ohm
before level shifting
ADC
F
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1 2 3 4 5 6 7 8 9
IC5
GND for FPGA Power for FPGA Config and clocks for FPGA Inputs and outputs for the FPGA EPACE30F23C6N Inputs and outputs for the FPGA
5 1 GnpAL veeal VCeD_PLLL ™S A3 01 o153 |-ML__DAGN 10_76 10228 (Y12
18 | GNDA2 vcea2 VCCD_PLL2 TCK 10_2 0154 [-M2__DA6P 1077 10 229 |13
A GND lg GNDA3 VCCA3 VCCD_PLL3 NCE 103 10_155 %DALN— 1078 10_230 %D-QLL
GNDA4 VCCA4 VCCD_PLL4 TDO 10_4 10_156 [ M4__DA7P 10_79 10_231 [Uls_DC5 P
N DI 105 lo_157 [M® 10_80 0232 [-U6 _DC6P
GND_1 VCCINT_1 106 jo_158 [-M6 _DALN 10_81 0233 U7 _DCBN
GND_2 VCCINT 2 CONF_DONE 107 l0_150 [-MI 10_82 0234 [-U19 DBIOP
GND_3 VCCINT 3 NCONFIG 0.8 o160 [-M&__DC2 P 10_83 10235 [U20_DBION
GND_4 VCCINT_4 NSTATUS 109 |o_161 |16 10_84 0236 [—J2L _DD3 P
GND_5 VCCINT 5 DCLK 10_10 o162 [-ML9_DB6P 10_85 0237 U2 _DD3N
GND_6 VCCINT 6 10 11 0163 [-M20 DBEN 10_86 0238 [ _DCON
GND_7 VCCINT_7 MSELO 1012 0164 [-M2L_DBAP 10_87 0239 2 __DCOP
1 GND_8 VCCINT_8 MSELL 10_13 o165 [-M22_ DBAN 10_88 10240 2
GND_9 VCCINT_9 MSEL2 10_14 o166 NI __DASN 10_89 10241 |4
GND_10 VCCINT_10 MSEL3 10_15 o167 [-N2___DABP 10_90 0242 5 DAAN
GND_11 VCCINT_11 10_16 jo_168 NS 1001 0243 [-V6__DA4P
GND_12 VCCINT_12 10_17 10_169 [N& 1092 10_244 YL
GND_13 VCCINT_13 SL cuka 10_18 o170 [-NI_DA2 P 1093 10 245 |8
GND_14 VCCINT 14 2 1 cike 10_19 o171 [-N8___DC2N 1094 10_246 |2
GND_15 VCCINT_15 G—l— CLK3 10_20 jo_172 |-N16 10_95 10_247 [0
GND_16 VCCINT_16 5 L | Clka 10_21 0173 [-NI7_DBBN 10_96 10 248 A1
B GND_17 VCCINT_17 2 | CLks 10_22 o174 |-N1& _DBRP 1097 10_249 |2
GND_18 VCCINT_18 2L cike 10_23 10175 M"— 10_98 10250 |43
GND_19 VCCINT_19 T—g— CLK7 10_24 10_176 ML 10_99 0251 V14 DCaP
GND_20 VCCINT_20 CLK8 10_25 10_177 %DD-LP— 10_100 0252 V15 DCSN
GND_21 VCCINT 21 B2 | ko 10_26 o178 [-N22__DDON 10_101 10_253 —V;S
GND_22 VCCINT 22 AL | cikio 10_27 10_179 P; | 10_102 10_254 %D-MZP—
GND_23 VCCINT 23 Bl; CLK11 10_28 10_180 PTDALP— 10_103 10255 [¥22 DDAN
GND_24 VCCINT 24 ABlT CLK12 10_29 o181 B3 DAON 10_104 10_256 %
|| GND_25 VCCINT 25 23111— CLK13 10_30 10_182 %DA‘LP— 10_105 10_257 aTD-Cl:L
GND_26 VCCINT_26 A cLkis 10_31 10183 B2 10_106 10_258 [~
GND_27 VCCINT_27 M clkas 10_32 10184 —£% 10_107 10250 (WT__DCIP
GND_28 VCCINT_28 10_33 10185 (L DA2N 10_108 10_260 (—E
GND_29 10_34 10_186 ﬂg 10_109 10_261 %D-CLP—
GND_30 VCCIO2V5 [10] VCCIO1 1 VCCIo5_1 ? 10_35 10_187 %7 10_110 10_262 %D-DSIR:E
GND_31 VCCIOL 2 VCCIO5_2 10_36 10188 —£27 10_111 10263 (=4
GND_32 VCCIOL 3 VCCIOs 3 |—% 10_37 10_189 £ lo_112 10_264 [
GND_33 vceiora  vecios_a 10_38 10190 |—£2L_DD1LP 10_113 10 265 |—Wi7_DBI1P
GND_34 - N 10_39 0101 [P22 DDIN l0_114 10266 [—W19
C GND_35 VCCIO2V5 [10] VCClo2_1  VCCIo6_1 10_40 10_192 w 10_115 10267 —Wgn
GND_36 VCCIO2 2 VCCIO6_2 10_41 0193 [-R2__DAIOP 10_116 10_268 %D-DE:L
GND_37 VCCIO2 3 VCCIO6_3 10_42 10_194 —RZ 10_117 10260 [—W22_DDBN
GND_38 VCCIO2 4 VCCIO6_4 10_43 10_195 [R& lo_118 10_270 "; |
GND_39 10_44 0196 [RZ__DA3 P 10_119 10_271 VTQQLL
GND_40 VCCIO2V5 [10] VCCIO3_1  VECIo7_1 10_45 10_197 %‘; 10_120 10_272 %
GND_41 VCCIO3 2 VCCIO7_2 10_46 10108 [—R2 10_121 10273 =&
GND_42 VCCIO3 3 VCCIO7_3 10_47 10 199 (—BL 10_122 10274 L&
GND_43 VCCIO3 4 VCCIO7_4 10_48 10200 |RL7 10_123 0275 YL _DCON
— GND_44 VCCIO3 5 VCCIO7 5 10_49 0201 [-R18 DBON 10_124 10276 |8
GND_45 10_50 10_202 g DRI P 10_125 10_277 :g DC3 N
GND_46 VCCIO2V5 [10] VCCIO4_1  VCCIo8_1 10_51 10203 320 o 10_126 10 278 =2 ggnTT\TN
GND_47 VCCIO4_2  VCCIo8_2 10_52 10_204 S0k 10_127 10279 |~ i—DALLL
GND_48 VCCIO4_3  VCCio8_3 10_53 10_205 — 10_128 10280 2 —DD5E
GND_49 VCCIO4 4  VCCIO8_4 10_54 10_206 10_129 10 281 ({22
GND_50 VCCIo45  VCCios s 10_55 10_207 10_130 10 282 A%
GND_51 10_56 10_208 10_131 10 283 (A4
GND_52 1057 10_209 DAz | 10_132 10 284 |-AA%4
D GND_53 1058 10_210 DACLK P 10.133 10 285 AAS DCAP
GND_54 10_59 10_211 > DACIK_N 10_134 10_286 %ﬂmﬂi—
GND_55 10_60 10212 —H—DASIE:P— 10135 10_287 TQC‘U:L
GND_56 10_61 10_213 —12—%33:& 10136 10288 % _|
GND_57 10_62 10214 |12 DBSTR P 10137 10_289 10 DCSTR P
GND_58 10_63 10215 |13 DBSTR N 10_138 10200 [—AAL3 DDCLK P
GND_59 10_64 10216 114 DBCIKP 10139 10201 [-AALL DDILP
GND_60 10_65 10217 {115 DBCIKN_ 10_140 10202 [-AALS DDIO P
GND_61 1066 10_218 (46 10_141 10_203 |-AAL6 DD P
— GND_62 10_67 10_219 7{7} 10_142 10_294 %DDLP—
GND_63 10_68 10_220 {1 10_143 10_205 (—RALE
GND_64 10_69 10_221 DALL N 10_144 10_206 (—RALS
GND_65 10_70 10_222 DALLP 10_145 10207 -AA20 DD7 P
GND_66 1071 10_223 DA5_P 10_146 10_298 —’:Agl
GND_67 10_72 10_224 DAS_N 10_147 10 209 (483
L 03 10_225 (2 10_148 10_300 (A
BOARDING [8)>E12 10 74 10 226 {10 10_149 10 301 |AB5 DCAN
B8 1075 10_227 Y4 10_150 10_302 [-ABZ_DCION
E h b 10_151 10_303 [-AB8 DCILN
10_152 10_304 489 DCCLK N
- 10305 [ ABI0 DCSTRN
10308 | AB13 DDCLK N
10307 [ AB14 DDII N
10308 [ ABI5 DDION
10300 | AB16 DDA N
10310 [ AB17 DDEN
- AB18
10311 (A
— 10312 (—ABL®
10313 [ AB20 DD7N
FPGA and I0s
F
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1 2 3 4 5
3.3V outputs from 2.5V outputs from
the FPGA for debugging, etc. the FPGA for debugging, etc. 2.5V inputs and outputs to/from
the FPGA for status monitoring
These go to LEDs for monitoring These go to LEDs for monitoring and control of things, etc.
A
DEBUGQUTO [7] NI
DEBUGQUTL N % < I
DEBUGQUT?. N L
R DEBUGOUT: |
Y
I SEETITeTe 1]
ST o X
For controlling front panel LEDs EBL 3 ol
E 4 X
[ ] = 5 X
21. E 6 X
o= 2 : 3
GND 7 b 8 X
B
50 Ohm 1kHz / Aux output
50 Ohm external trigger input (was DEBUGOUT10)
(was BOARDIN4)
1kOhm 1kHz output for probe compensation
47
C EXTIRGN | 7 1KHZOUT50 [7 @ 50
50 = EXTTRIGIN [7]] R211 a| uzoutso
i 3
B~
Eysxys GND
o| o
nd
eS5ess
D
LVDS outputs and inputs for sync between boards
Us3 Usl
RJ45-CONNECTOR-SHIELDED RJ45-CONNECTOR-SHIELDED
I >
=
=
=
=
>
>
Extra clock input and output
E
CLKE)? C\LKDUTZ
[CLKEXT [
CLKEXT [ LKOUT2 [7] Cyclone IV E left and right 1/0 banks support
true LVDS transmitters, so use them for LVDS outputs
50 MHz clock for FPGA Hard reset (reload firmware) and soft reset
(send reset signal to firmware) buttons
Y2 C2901546
vcc out OSC _CLK_IN [7] Qo 03 <
=] SEe=]
F 5 EN GND — Feo- Feor
01Uk 1 v 2 NCONFIG [7]] -+ v 2 +<RESET_IN[7
GND  OSCILLATORSMD-5X3 3 1 4 3 1 4 C6l
0.1uF
RIGRDETL0 SN ROGRDETI0
GND

DAOP  gan—DAON DBOP g DBON DCOP  gwn—DCON DDOP g DDON
i R i i

DALP g DALN DBIP - DBIN DCIP  p\—DCLN DDIP  gwn DDIN
i Ry R i

DA2P g DA2 N DB2 P g\ DB2N DC2 P g\DC2N DD2P - DD2N
R hi R i

DAZP g DAIN DB3P g DBIN DC3P g DCAN DD3 P gy DDBN
hi] b R i

DA4P g DAAN DB4P - DBAN DCAP  pnDCAN DDAP s DDAN
i h i i

DAS P gy DAS N DBS P\ DBSN DCE P gw\DCEN DDS P awn DDSN
o b i it

DAGP g DAGN DB6P g DBEN DC6P g\ DCEN DD6 P gy DDEN
hi] hi] i i

DAZP g DAZN DB7P g\ DBZN DC7P - DCZ N DDZP - DDZN
hH R 19 it

DABP g DABN DBEP s DBEN DCEP g DCEN DDBP  aan DDEN
h hi] i it

DAIP g DAIN DBIP g DBON DCOP  gan DCON DDOP g DDON
R R i i

DA10.P ppan—DAI0 N DBIOP g\ DBION DCI0 P g DCION DDIO P pwn DDION
hi] hi] i i

DAI1 P ppanDAIN DBIIP g DBIIN DCILP g DCILN DDILP g DDILN
R i i i

DACIK_P pppp—DACLK N DBCIK_P ppap—DBCIK N DCCIK P ppap—DCCIK N DDCIK P gppp—DDCIK N
R i i o

DASTR_P gpap—DASTR_N DBSTR_P ppa\—DBSTR N DCSTR P g\ DCSTR N DDSTR P ppan DDSTR N
R hH hH ih

LVDS receivers require an external 100 Ohm termination resistor
between the two signals at the input buffer

We use 0201 resistors that fit on the bottom of the board and connect
the vias under the FPGA for each LVDS input pair

Flash for FPGA programming
For FPGA programming

1)
&
[MSELO [73

S 808
— o) =
[[CONF_DONE [7]
ND
30 b
x) = x)o
MSEL1 [7] NCE [7]
ND
g8 g8
MSEL2 [7] NSTATUS [7]
ND
808
x) -
MSEL3 [7]

%?

N

NCS
DATAL

vce
DATA3
DCLK

il

DATA2
C58
; 1.,%%3“”: o o

IC6
EPCQ16ASISN

JTAG interface for FPGA programming

m‘m»m

Other FPGA 1O
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1 2 3 4 5 6 7 8 9
A
cC
B 0.1ul
c122 C1211 C123 C124 C125
GND GND
I
oofa) K
FTDI FT232H does 8-bit data FIFO »
to USB2 interface z = 8 8 8
- > 000 8-bit data to/from
. >>> FT232H FIFO <-> FPGA
50mQ 2200@100MHz 0603 5V [8) : 40 VREGIN ADBUSOTXD 13 ETDLDATAGTZH
VBUSOUT [10] L coay 2 ADBUSL/RXD H
5V USE powwer 0uF L L 3 Veceore ADBUSSCTSH 3
USB C for 5V 2A input 10uF | 10uF - see next sheet c17 u 31 yeea ADBUSA/DTR# H
and USB2 data 10 cus| C126 GND O.1uF | 10uF ADBUSS/DSR# A
C GND  GND C116 L C120 Oc'll‘ifIO o ADBUS6/DCD# 2|
GND .1u ' 2
Toos BU GNDC115-_|_ ADBUST7/RI#
o USB_D_N | Tolfrom computer GND ACBUSOTXDEN U
D- USB D P ‘ 8 usep- ACBUSL SSx QS
¢ 9 @ cCl A useo+ ACBUS2 ARt
cc2 ACBUS3/RXLED#
ussc SBUL [— N ACBUSA/TXLED# _— R184
| | SBU2 [— Db R29 R28 R27 4, ACBUSS FTDI_AC5_CLK [7] |
- ElwE)n T T RESET eyl e E e acs pwe 39 60 MHz clock goes to FPGA
L Flash for FT232H config AcBUSS |22 and is used for data transmission
USBC GND GND GND ACBUSY |33 GND
=l
Pull downs to request USB power 0.1uF |
cug-_r 8
1] 45
EECS
D GND \—32 EECLK paD |-THERMAL
EEDATA
= GND
N 93LC56B Hz clock for USB
1]
& _LE 0SCIN
== 5
S
R179 RI57 152
2 oscout
| I I GND
22 tesT
GND
E FT2324Q ¥ [
Data output
F
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1 2 3 4 5 7 8 9
A P-MOS AO3401A
Detect if 12V is connected, From USB-C Q2
so we can disconnect from USB power
SVDIRTY
When 12V jack is connected, GNDBREAK pin VBUSOUT [9)
is not connected to GND anymore, and is then
pulled up to 5V (being generated by 12V)
TY
‘When 12V jack is not connected, Sl
— %< . GNDBREAK s conencted to GND 8<3
PE]
12VCONNECTED [8] |
——PWR T . -
12V input, in case USB C insufficient 'GNDBREAK] C242 | C319 [ C320 8 Connect USB-C power to 5V only if 12V not connected
AJGND 1 = = = PAVAnt=]
Tvin S 10uF “Ta0uF TT0uF ¥4 If 12VConnected is high (5V), then switch is off
330 If 12VConnected is low (0V), then switch is on
B C243 | C321 | C322 ¢
= = = o=
10uF 10uF 10uF @) w
GND
C L14
Make 5V from 12V in case USB C insufficient  pgy4 10uH
LMRSSGS0ADDA [ Cosa C286 B EZE (7 (I (S SRR
1 8 =
1 o] fene sw Towr gox 0.1uF “T22uF T 22uF ] 22uF ] 22uF
C283 1 E i vee |6 g8 T Filter the incoming 5V
_ 4 5 GND
0.1uF = e L2
| c318 & Rbot = Rtop/(Vout-1) 10uH
e i =100k/(5-1) = ~25k
N =
GND
GND
GND GND Bleed caps
D 10k
To FPGA to see if 12V connected.
Open-drain, so have to pull up to 2V5.
| 5V input, needed unless there is 12V input
Can also be taken from USB C of course
’ SVDIRTY
=}
= = PAVAR]
co87 | cos0 ¥ HE
10uF 10uF
E B<x
x{w
GND
Power - 12V
F
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1 2 3 4 5 6 7 8 9
A
2V5+
C253 o C258 ey
==0uF iL_p 1uF
GND
B TPS7A7200RGTR
3V3 9
e a R e
Need + and - 2.5V for the amplifiers N e vov [ 0.1uF
10k 41 somv  soomv [~
22,2 e
=] =
5 % 2 § 0.5 + grounded inputs
T
C297, C296, C295, C294
zml zml zml 220
ICc25
oo T T T T 2v5-1 [ ——
V- for input amp reg ~ -3.0V .
1 4 3
L13 - I G2 GNP NRFB = |
CMR33630A0DA Tanaal GNQ L 3 Ja 2E1]
_LCZSO _LCZSZ EF ==0.1u ==10uF 2
1 8 2 ~An c252 C251 ==9. 1uF 2
2] Do oW Towr oo 0.1uF gyt 2] o Tcaso  GND
[V Icad cars t N © 808 3 T
0 EN vce 5 x{= 29 GND
1uF[0.wF | — | PC FB S
i §x 2<% Rbot = Rtop/(Vout-1) - Need separate -2v5 supplies for inputs A and B because each needs more than 100mA
D SeEFLCS  =100k/(3.0-1) = 50k &0 and each of these negative regulators can only make 200mA
IC10
v5-2 TPS72325DBVR
> ono nRFe 2 hﬁ
0- N out 2 g 2v5-2 [4]|
=) 10l EN == OUF 2|,
crr C76 ==P.1uF
c7a ND
GND
E
Power - Amps
F
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2 3 4 6 7 8 9
Need some power for the FPGA
C298 , C299 , C300 , C301 1vsD
cs53
#2% %2% #2% #2% 1v2[14]]
GND Lu
V+ for FPGA reg ~ 1.5V
L12 GND
PS12 —
LMR33630ADDA c’zvmwa 1 oy i
N N L L . . " TPS7A7200RGTR
2] PSND_Sw — 0IF oo T0.1uF 2 =1 v
5V [11])> VIN BOOT Q< SO for FPGA
_Tcio c275 1 El Ve |8 828 A S
= 4 5 cl= GND ~ 2
Taour 0.1uF PG FB
1 C277  2<x  Rbot = Rtop/(Vout-1) GND FI en |12 Jvsp
GND = 808 =100k/(L5-1) = 200k Ri61 . S T L cs4
2 r LoV [-* D 1UE
o 10k —— 50MV  800MV [——
= 2z 2 GND
o =
§ § 2 § 0.5 + grounded inputs
0| | )
C302 , C303 , C304 , C305 D C257 o C258 (5vep [14]]
#zw %zw %zw %zw 10F
GND
V+ for 2v5D reg ~ 2.8V It
PS11 i
LMR33630ADDA 187 L A7200RGTR
—row s 8 Towr m VFPGA25 = 2.5V
5V [11])> VN BoOT |-L §S S
tcs C271 o Ve |8 808 1 3
5 el GND oS
PG FB an
& c2713 ® Rbot = Rtop/(Vout-1) GND R220
= S¢B  =100k/(2.8-1) = ~55k 0_GND
F
m\—,i 10k 50MV  800MV
GND >> >
S5,3
2323
SRG% = 0.5 + grounded inputs
pRAn
Power - FPGA
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1 2 3 4 5 6 7 8 9
2A max current linear regs
with 180mV dropout at 2A
Need 3v3 plus 1v1 and 1v9 for the main ADC
A
€244 ) 3V3[14]]
Yo = [14]
==10uF PAviaHs
0.1uF Se
3A max current buck converters GND 9
take in 5V and put out voltages c314 ,C315 ,C316 , C317 , Sod
| for linear reg that follows 2UF mep2uF mlp2uF mlepouF TPs7h7200RGTR
GND GND
V for 3.3V reg ~ 3.7V
o 3v3
PS2
LMR33630ADDA 11 sns EN 12
_LCZBO 2 1
R213 i ss L o
B e j Towr o L 31 pc 1ov (o=
A tems 2 v eoor L 893 S 10k 41 soMv  800MV o
B He ovee B8 am Jé
m 0.1uF N =0.5 + grounded inputs
S ‘ L
= 3 = 1) =~
3 .
S
[€)
C248 , C249 VI N
== 0uF ==9. 1uF
€310 ,C311 ,C312 ,C313 1vs5 GND
2UF m=P2UF m=P2UF m=P2uF 1C24
c ! % ! % ! % . TPS7A7200RGTR
Vfor 1.1V reg ~ 1.5V
Lo w1
PS9
AR 15, 1
LMR33630ADDA RIS 366 = Ell I en |12_PGive
1 8 = CRTRTY o 2 1
PGND  SW ’_“| .—l—. 2 re ss (L
Vi | peNo W TOowF ook § O-10F 52 @iﬁl e 1oy [29  Enable after Power Good 1.9V
CI75 | C263 3 6 808 S0 7 3
|| e vee ¢ @y fe00) N1 10k 50MV - 80OMV |
10uF "] 0.1uF -]
o & i x Rbot = Rtop/(Vout-1) ND = 0.5 + grounded inputs
D = g =100k/(1.5-1) = 200k
1
[€) x
<]
8
S
D
C246 , C247 Vis N[ C255 , C256
== 0UF ==9.1UF ==l 0UF ==9).1UF
GND GND
C306 , C307 , C308 , C309 ;
|| #ZL,F %ZL,F %ZHF %ZHF TPSTA7200RGTR TPS7A7200RGTR
GND
V for 1.9V reg ~ 2.2V
VLVDS = 1.9V
PS10 L0 S =19
LMR33630ADDA _chzvasvu( 7 i 4 m R ES en 2
pono sw |3 0.AUF 1o 1uF .—li.gg \—R/g}é 3 =2 B2 2 e Lo o
5V [12]> VIN  BOOT bS] S 10k —4 somv  soomv [-2—GND 10k —4 sowv  soomv [-2—GND
E _ €176 EN vee & (S 8°
5 o = 22 > >z >
Toour 7] e N " 2292 = 0.5 + grounded inputs 2202 = 0.5 + grounded inputs
S & a - Rbull(:/(Rle/§Vuul—1E( SR0% SR0%
= =100k/(2.2-1) = ~83
3
T —] T T
Power - ADC
F
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1 2 3 4 5 6 7 8 9
A
ADC power filters, as recommended in datasheet
cs
NFM31PC276B0J3L
ADC power decoupling
VLVDS_IN [13] 11 N |outr 2 LVD:! VLVDS [6] These transfer power to actual FPGA voltage inputs
10uRm=  1URE=0.1ul
R90
cel” 7 cio " e c12 CC,
ah &b 2V5D [12]> 5 1 VCCA[7]]
N 0.1uR== 10ul
B 1 T <o
GND GND
7112 S CCPLL |
c15 1V2 [12]> VCCPLL[7)
C70
NFM31PC276B0J3L 0 osim= 10u
I ca
GND
] 1 3 RIS REe CCINT
V19 IN[13]> N [ouT &¥BBL19 [6] &vppb33 6] | 1V2 [12]> 69 VCCINT [7]]
0 0
10u —nmé 0.1uR== 10ul
cig]_ C19 1 ca3
GND GND
o
C £
GND
c25
NFM31PC276B0J3L
FPGA banks 1-7, for LVDS, and some other 10
] R87
1 3 19 ICClO2VE . ° ° ’
V19_IN13]> N |ouT VA9 [6] 2V5D [12]) 5 &7 o] ol 6z 65 66 VCCIo2V5 [10]]
=0. 1ur.-L 0.1ul 0.1ul 0.1ul 0.1ul 0.1ul 0.1ul 0.1uR= 10ul
[ ]
€20 1 C40
GND GND GND GND GND GND
o
D L FPGA power decoupling
GND FPGA bank 8, for talking to FH232H, and some other 10
R18
'CCIO: *
NevdipcarsosaL RIS 0 col c63 Veaoa3 7]
0.1ul 0.1uR== 10l
T <=
GND GND
Vi1 IN[13)> Ll Jour |2 11 <VALL[6
10u —nmé 10uR== LuR==0. 1ul 1uR=E=0.1ul
cai " c2 c23° c32° c33
GND
o
E o
ca5
NFM31PC276B0J3L
VIL IN[13)> 11w |our |2 D11 <VD1L[6]
10uR==0. 1uPL 10uF==0 mr!L 10uFm= 1ur!Lo luF-L
C30° cal
N Power filters
F ao
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1 2 3 4 5 6 7 8 9
A
Monitor the temp of the PCB near FPGA
Q % LOWADCIN.
TR 10kQ 310uA 100mW +1% 3380K +1%
2|3K 0603 NTC Thermistors ROHS
B &
&
2
— Monitor the temp of the main ADC Gain=1+3/1=4
=
=
é;‘f Buffer and amplify inputs before feeding to slow adc
= | & ava Gain=1+1/10=1.1 33
c 3 o oo 2 LOWADCOUT: . c44
A\ —SLOWADCINI = N - [& | OWADCIN
TDIODE1 [6]>— Wi = e Wz{ 5 L OWADCIN = 0.1uF
- a3 — . I
= 0.681 when ADC running with clock, 5
0.731 when off TLV9102IPWR
Slow adc for temp monitoring
SCS3_SL
%% %% fﬁ§ 81 sak TS ﬁé N3go
i pour  va 2 AVA_
[3  GND
[soB > L OWADCOUTL s | P N3 [4_sLowADCOuT: 0.1uF
D SPI input from FPGA
IC3
ADC1225021CIMM_NOPB
SPI output to FPGA
'SDO3_SLOWADC [7] ]
PWM 5V power to fan
E Fan
PWM signal from FPGA
(was DEBUGOUT11)
Q1 J sa0so
FAN_CONTROL [7]
] x.
=
%
Temp monitoring
=
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1 2 3 4 5 6 7 8 9
A
B
Some extra things to put on
the board for testing only
Not connected to the rest of the system!
C
Chebyshev Lowpass Filter
2.8 GHz
i 5th-7th order
50 Ohm
0.50B ripple
INSMAL [¥ 3.3nH 3.3nH v | ouTsmAl
MAIN: fiR- MAOQUT.
L5 L6
w w o w_l.m [
D Smm? o= = =
HIu HIu HIu Iu
E
Testing
=
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