ift

159 mV input range, +22 dB system gain (12.59V/V)
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Sheet: Input heet: Offset Stage heet: Gain Stage heet: Common mode s
12V05 1 5v0 VIN_FILTERED DVIN_FILTERED  VSHIFTED_P DVSHIFTED_P VGAIN_P DVGAIN_P
SVO_Ph 5y0_p VIN_OFFSETH \iN_OFFSET VSHIFTED_N DVSHIFTED_N VGAIN_N DVGAIN_N
OV5_REFR, oys5_ReF
GNDB GND 6Y0_Ph 6vo_p SVOP_Z55v0_p SV0_PG5v0_p
NOV5_REFE N ovs_ReF BVONG 6vo_N 2V5REFG Hvs_Rer V85 1vg
5VO_NG 5v0_N 2V5_REFp, ovs_REF GNDG 6D OVI_REFH ovg_greF
GNDG 6D GNDG, 6N D
INPUTRSTH |\pyT_RST GAIN_PWRUPE, ¢ in_pwRUP 5VONs 5vo_N
RELAY_ENl3 e Ay EN GAINZ_PWRUPE, N 2_pwRUP
OVERVOLTAGE Ny oy RyOLTAGE N VGA_PERF_MODEL, yca_pERF_MODE
SPLCS_A NG opy_cs AN
SPICS_BN5 5py_cs_g_N
SPLSDIOG pi_spio
SPLSCLKS spi_scLk
iler nput.sc File: offset.sch File: gainstage.sch Filer cm_shift.sch
VSHIFTED VGAIN vouTt
VIN_FILTERED 0-5V range, 2.5V CM 2.5V CM 900 mV CM
+ 2.5V range Cumulative gain = 0.5V/V (-6 dB) Cumulative gain = 0.177 - 10 V/V Cumulative gain = 0.223 - 12.59 V/V
Cumulative gain = 0.5 V/V (-6 dB) VIN_OFFSET is *+ 2.5V range -15 to +20 dB -13 to +22 dB
SYSTEM GAIN CALCULATIONS
HMCAD1520 wants 2V full scale
In 12-bit mode: 488 uV/LSB @ 0 dB gain
In 8—bit mode: 7.8 mV/LSB @ 0 dB gain
heet: Power Supply MIN GAIN:
T2vopjt2vo 10V input range, —13 dB system gain (0.2V/V)
6V0 pDGVO_P -9 dB gain on VGA
5V07P05V0—P 12 bit mode: 2.4 mV/LSB
— 8 bit mode: 39 mV/LSB
svo_p_2ppV0-P-2
3v3|3§£ REF MAX GAIN:
2\/5*?5;31\/3_ +26 dB gain on VGA
oo REF 12 bit mode: 38.7 pV/LSB
ngJEFDOV{REF 8 bit mode: 619.5 uv/LSB
ovs_REFDOYS-
GNDDfeND
Novs_ReFpNOVS_REF
svo_NppPVo-N
6vo_NpPVO-N
File: pSU.SCh
heet: DAC EavOP 3 u
3PV 6N
GNDeND
5vo_NPVO-N GAIN_PWRUP cAIN_pwRUP RELAY_END{RELAY_EN
GAINZ_PWRUPLq A IN2_pwRUP OVERVOLTAGE_NGOVERVOLTAGE_N
DAC_CS_NPAC-CSN VGAPERF-MODEyca_pERF_MODE INPUT_RSTDfNPUTRST
DAC_LDACPAC-LDAC SPLCS A NGspi_cs AN
DAC_SCKOPI-SCLK SPICSBNGsp|_cs BN
bAC MOS) ISPI_SDIO SPLSCL
DAC RST NCPAC_RSTN SPLSDI
VIN_OFFSETDYIN-OFFSET DACCSNeypac_cs_n
DAC_RST MLAC-LDAC
- DAC_RSTN Top Level
Antikernel Labs
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18
Conn_01x05
FLasv3
=2 qGND
13 SWCLK
da SWDIO
5 RST_N

ICZB

3V3

J—CB iC7

J—CB

GF‘F 4.7 uf TO.LJ uF TO.LJ uF

0.1 uf
GND, 3vsig

3V35
GND16]

RST_N_4]

GND__R3 T

+
% b

J9

VDD
VDDA
VSS

RST
BOOTO

PFO/OSC_IN
PF1/0SC_OUT

Conn_01x04
1 3V3
2 _UART_TX
3 _UART_RX
4 GND

J11
Conn_01x04
3.1 _DAC_LDAC
| 2 DAC_CSN
| 3 _DAC_RST_N
| 4 GND

12
_01x04

.1 SPI_CS_AN
12 spisck
13 spi_soio

| 4 GND

UL4A
STM32F031G6UBTR

SPI_CS_A N
SPI_CS_B_N<HH
DAC_LDACH
DAC_CS_N<HY
GAIN2_PWRUP Y
LEDI11]

PAQ
PA1
PA2
PA3
PA4

== PAS

LED212)

DAC_RST_N<H3)

RELAY_ENGAS
UART_TX19)

UART_RX 20|
SWDI021
SWCLK22)

VGA_PERF_MODEGS]

PA6
PA7
PA8
PA9
PA10
PA13
PAL4
PA15

u4B

STM32F031G6UBTR

D9
GREEN
4
LEDO RO%751 2’5 GND
D10
GREEN
4
LEDL RO 77y 2’5 °
D11
GREEN
4
LED2 RO f7=y 2’5

INPUT_RSTEY PBO
GAIN_PWRUP Q2| PB1
SPLSCKO% PB3
SPI_SDIDOZY PB4

s PBS
OVERVOLTAGE_NoZ2X PB6
LED02] pg

us4c
STM32F031G6UBTR

ADL5205 has 2.4V Vih
so 3.3V inputs are OK

SPI_SDIO, RELAY_EN, and OVERVOLTAGE_N must be 5V tolerant

Andrew D. Zonenberg
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Input protection 6th order 100 MHz Bessel-Thomson
and attenuator antialiasing filter
K1
9202-12-00 1 TP1 TP3
. églvlgN ; o TESTPOINT TESTPOINT
SMA —— coi R2 + 2.5V range L L2 L3
VIN < g CW1Z06STRAFKEANE Net gain = 0.5 (=6 dB) 11 nH 51 nH 91 nH
oMLVIN 3 1SiGNAL  SIGNAL ° ° ° VIN_FILTERED
GND_5 | SHiELD  SHIELD R3 5V0 PD%Q—ML%LGSVO N c1 c2 c16
N _ _
13 pf 27 pF 75 pF
03 oND T p T p T p
GND NUP1301U . .
+ 5V range
CRCW1206150RFKEAHP
CRCW1206150RFKEAHP
50V input overload gives ~1A GND% ¥E;‘TCUP
VIN ESD diode can handle 1A for 1 ms
R2 can handle 30W for 1ms, 100W for 100us
R9 Relay turn—off time is 100 ps
9.1K 1% Goal: <50 ps response from overload ta relay
VIN_DIVL0 starting to shut off
R10
1K 1%
GN
5V0_P
u7
74LVC1G74—-XSONB _E c27 l c28
SVSES% Vee GN—[D 4.7 uF ]— 0.47 uF -
— GND INPUT_RST GND
GND_L} cp Q [2DRELAY_EN R36
GND_2| D Q %( INPUT_RST_N. 5V0_P
OVERVOLTAGE_N 6| & R37
—NO1Rp
7] OVERVOLTAGE_N_frz—] 5V0_P
G When VIN_OK goes low, relay turns off
INPUT_RST Pulling INPUT_RST_N low turns it back on
Need Q1B because Vih of 74LVC1G74 @ Vcc=5V is
0.7*Vcc which is 3.5V and INPUT_RST is a 3.3V signal
OVERVOLTAGE_N_1 P2
TESTPOINT
OV5_REF NOV5_REF
c73 C74
. 0.47 uF 0.47 uF
Relay driver Overvoltage shutdown GND|
U3
LM393-DSBGAS8
12v0 5V0_P_A2 V5D 5V0_P
D1 SVON_C€2 | np m c10
PDZ10BGWX w 4.7 uF
0v5_REFD-C11{ A p ouTA |-AL SVOM
02 VINZDIVIO_B1 | »
BAS21GWJ
COILN R53
CELAYEN vm,mvw% B_P ouTB |-A3 D OVERVOLTAGE_N
G
- NOV5_REF B_N .
4' SSMBN5BNU _REFD—=+ B_ Andrew D. Zonenberg
GNDI LM393 output is pulled to S5VO_N in fault state Antikernel Labs
R53 + R37 form voltage divider -
Midpaint floats to 5VO_P in normal state Sheet: /Input/
and is pulled to ground in fault state File: input.sch
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1 I 2 I 3 I [ [
6V0_P
6V0_P 6VO_N Lar Loas
4.7 uf 0.1 uf
Lo Lo GND| ! ’
0.47 uF 25V
GND| GND,
0.47 uf 25V
¢ uis c12 c14
4.7 uf 0.1 uf
vop oro7 . oo T
_P_7 oD NULL 8-
BVON_4 | yss NULL L
20K 0.1%
GND_3_| R63
R59 IN_P 6
2v5_REF_— 2 [ out D—_L
- 68
0.1 uf 2V5_REF
20K 0.1% 20K 0.1% 10K 0.1%
GND! Offset stage c15
R60 R64 R61 e
VIN_OFFSET , o T
R62
330 0.1% LMH6552
6V0_PD——{ V+ NC/GND FEAD qenD
DNP C70 6VO_ND—8—{ v- VCM |—2—q2v5_REF
R12 10K 1 1P6
V0P ™ 7 1N TESTPOINT
VIN_FILTEREDD- RS 330 0.1% 8 | np QP4 ggg 499 VSHIFTED_P
R4 VIN_OFFSET o—L [ INN QN> 499 VSHIFTED_N
68 0.1% €69 R6 330 0.1%
GND, oD 0.1 uF 1 TP7
TESTPOINT
R7 330 0.1%
1
—
R8 330 0.1%
+ 2.5V input
VIN_OFFSET_1 [ TP5 5 GND_1 [ TP8
TESTPOINT 0-5V output, 2.5V common mode TESTCLIP

Net gain = -0.5 (-6 db)
Voffset is +/— 2.5V range

Andrew D. Zonenberg
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2 T 3 T [ T 5
OV9_REF 5v0_P 5V0_N 5v0_P 5V0_N
L L L Loen L
0.47 uf 0.47 uF 2 0.47 uF 25V 4.7 uf 4.7 uf
GND| _I _I _I
ue
LMH6552
5V0_PD——{ V+ NC/GND FPAD qGND
5V0_ND—8— v- VCM —2—Qq0V9_REF
5V0_P__R1%omp 7
VGAIN_P gi 5
VGAIN_N 1
100 0.1%
100 0.1%

+2 dB = 1.258V/V 127°04%
127/100 ohms gives 1.270 V/V 127 0.1%

1v8

i NSRO1F30MXTSG i NSRO1F30MXTSG
VOUT_P_§ VOUT_N_¢

GNgi NSRO1F30MXTSG i NSRO1F30MXTSG

Clip output to ADC range

Andrew D. Zonenberg
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1 [ 2 [ 3 [ 4 [
u2¢
ADL5205
GAIN_PWRUPD3 PWUPA VCMA B3q2vs_REF
GND_1 P9
VSHIFTED_NDS3] Bl recreur

VSHIFTED_PD38]

VINA_P VOUTA_P 22D VGAINN
VINA_N VOUTAN 39 VGAIN_P

Swap P/N for routability

VGAIN_P_1 TP10

TESTPOINT

VGAIN_N_1 ETPil
TESTPOINT

U28
ADL5205
~ SMA GAIN2_PWRUPDLI PWUPB VCMB [L82V5_REF SMAN
12 ™
° GIN_P 168 viNB_P VouTB_p {22 GOULP 0
GINN 15 viNBIN :1>vounm 21 GOUTN L
73 ©

GND| o SMA

GND :

J5 ?
Break unused amp channel out to SMAs SMAN

U2A
ADL5205
5vo,P|:>—ﬁ' VPOS MODEO o—R285x] 5vo_P
27 vpos MODE1 GND
PM o QVGA_PERF_MODE
oNoD—FAR G
TSA/A3 H———aSPI_CS_AN
LATCHA 651,/C58/83 Lo Qqspi_cs_B_N
LATCHB SDI0/B5 [8——6SPI_SDIO
SCLK/B4 22— QSPI_SCLK

39
38

12
13

UPDN_CLK_A/AL
UPDN_DAT_A/AO

UPDN_CLK_B/B1
UPDN_DAT_B/BO

FA_A/A2

GSO0/FA_B/B2

AL
A5

SPI interface runs at 5V levels from U2 to MCU

MCU to U2 runs at 3.3V

ADL5205 Vih is 2V so no level shift needed

GND

5VO_P

J— Cc17

LCiB

J—Cig

GNDI7 UF 50V Ew UF 25V Jo.47 uF 25V

Andrew D. Zonenberg
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5V0_P 5VO_N 3V3 DAC_REF  DAC_REF_COMP
mczi Lo Lo Lo Lo
1 uF 1 uF 1 uF 0.1 uF 0.1 uF 0.1 uF
GND|
us
LTC2664
3v3pi8vceio REF |22 DAC_REF
svo_PD28 vec REFCOMP (26 DAC_REF_COMP
YA\
5VO,N[% AV— ovRTMP P%
Bl av—
GNDDLY REFGND oo
REFGND MSPO > Strap 3'b010 = +2.5V
1 5233 -
D9 AGND MSP1 GND Reset to mid scale
AGND msp2 H-
GND 2 9 MUXOUT 1 [ TP13 GND_1 [ TP1k
5| MUXINO MUxouT TESTPOINT 4ETESTCUP
MUXINL
9 MUXIN2
23 MuXIN3
SMAN
pAc_cs_NDL4 ToAC VOUTO [SDVIN_OFFSET 13
pAC_LDACDAS T3 vouTt [ VDACL
DAC_SCkDEY sck vour2 P VDACZ, >
»%3 Miso VouT3 2% 1k
pAc_MosIDE Mos| SMAN GND
GND17 1ep
DAC_RST_NDZ4 RST

Andrew D. Zonenberg
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1 I 2 I 3 I ] I 5 I
F1
J10 i (i i GND_1 TP15 NOV5_REF_1 P17 12v0_1 P21
Load per rail (incl safety margin —
CDNNJJ’wlRDUT A +6V: EMH5552(: 50 oY gin) TESTCLIP TESTPOINT TESTPOINT
> 1%2 o D12V0 +5V: ADL5205 (175 mA), LMH6552 (50 mA), DAC (trivial): 250 mA 5v0 P18 vop P
GND 08 +3.3V: MCU (30 mA) VON_1 Vo_P_1
3 SMBJ12A —5V: LMH6552 (50 mA TESTPOINT TESTPOINT
GND -6V: LMH6552 (50 mA
Input protection 6VO_N_1 ETPig 6VO_P_1 P23
Intermediate rails: Vi TP12 TESTPOINT TESTPOINT
1ve_1 E
+7V: 500 mA TESTPOINT
GND, =7V: 250 mA TVO_N_1 TP20 5V0_P_1 P24
c37 us TESTPOINT TESTPOINT
TPS54227-DRC L4 PTN78000AAZ
0.1 uF
12V 0 6g7V0_P_SW 47 o 7VO_P 12V0 o o 2 Ve 1LLZVON o SVoP2_1 g TP25
VIN SwW + VIN vouT TESTPOINT
c29 c30 L viN sw L op 34 35 c49 Locsi Locs;  oNoB[gnp  apy [47v0D) RS s 1 TP26
10 uF 10 uF — 22 uF 22 uF 220 uF R51 220 uF 10 uF —E
GND| A <1 OND GND| 4.7 uF 50V 115K 17 GNDL* TESTPOINT
GND Z 7o sov o 2V5_REF_1 [ 1P27
R11 VFB |[2—7VO_FB GND 7VO_N - 4ETESTPO\NT
12vo L1 EN  VREGS |2 R38
4lss  vest|B Lo OV9_REF_1 [TP28
_E631 TGN& uF 7VO_FB TESTPOINT
GN—Dr 3300 pF c32 180K 22.1K OV5_REF_1 Erng
0.1 uF Vout = 0.765 * (1 + R39/R38) TESTPOINT
VO_P_SW Datasheet likes R38 = 22.1K
so R39 = 180.1K . - .
1V8 is a clipping rail so we need a SINK regulator.
Not commonly available so we have to build one.
u9 See design notes:
0603601810 LT3042 https://github.com/electroniceel/io—protection—notes/tree/master/power—shunt
V0P, N ouT L 6VO_N
IN ouTS 10 57
EN/UV 4.7 uF 50V
PG GND|
GND! 81 GnD PGFB i
AD oD SET |5°7VO_N_1
8
GND_S
—~ ILIM Cc59
GN GND_6 | 7 R5 Q2
U16 49.9K 1% LiL. vioe = Sy uF Y 25A2039-TL—E
MI0603J601R-10 LT3042 u15 604K 1%
7VO_P. V0P QLM ouT ﬁ—_f}l 5V0_P_2 FB LT3093
o1 20 N ouTs |12 c62 Jvo_N_ 0603601810 — 1 o
4.7 uF 5 EN/UV 4.7 uF 50V 1 -
PG & IGND C56 IN ouT m Cc58
GND| 8 GND PGFB [6 7VO_P_4& IN ouTs GNTD 4.7 uF 50V
AR GND SET [ @ Y0P 2 5ET 4.7 oF sov | VWY e
C66 9 [5 7VO_N_2
GNDS{ i M 58 0.47 uF 25V Shb TS |
ND SET
49.9K 1% RS Cc60
u10 GND& i M vioc Fx 0.47 uf 25V
2vg_p M0803J601R~10 LT3042 49.9K 1% OND
- IN ouT | 6VO_P ’ :
IN outs |2 cu1 u12
EN/UV 4.7 uF 50V MCP1501T-25E/RW
PG & LGND 3V3 3 / 8 U16 is most heavily loaded LDO
GND| 8] 6ND PGFB [6 7VO_P_2 EN FB 2V5_REF ADL5205 with both channels active needs 175 mA
A 7 c47 L vop ouT 2 We are dropping 2V from 7VO_P = 350 mW
GND SET 22 uF —21 6N cuB 8Ja = 34C/W so expect 11.9C rise
C43 GND| 4
GND_5 | ILIM 43 0.47 uF 5 GND GN[:)BO pF Well within tolerance, so not even bothering to
ND GND do thermal calculations for the lighter ones.
U11 60.4K 1% 6 GND
MI0603J601R-10 LT3042 FAR{ No
V0P, N ouT |- 3v3
IN outs |2 45
EN/UV —[4.7 uf Andrew D. Zonenberg
GND| 8 Fe ?%VO P_3 o
A gzg PGSFE? 7 Antikernel Labs
cu6 Sheet: /Power Supply/
GNDS{ i M 46 0.47 uf - File: psu.sch
GND R54 R55
EETEY 5VO_N GND Title: Entry—Level Oscilloscope AFE Characterization Platform
LT3042 is total overkill for MCU supply! o 1K 1% "
But saves us having another requlator on the BOM. 9.09K 1% NOV5_REF Size: A4 [ Date: 2020-03-29 Rev: 0.1
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