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VIN_OFFSET

GND
2V5_REF

GAIN_PWRUP
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GND
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12V0

12V0

5V0_N

5V0_P
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6V0_N
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VIN_FILTERED
± 2.5V range
Cumulative gain = 0.5 V/V (-6 dB)

VSHIFTED
0-5V range, 2.5V CM
Cumulative gain = 0.5V/V (-6 dB)
VIN_OFFSET is ± 2.5V range

VGAIN
2.5V CM
Cumulative gain = 0.177 - 10 V/V
-15 to +20 dB

VOUT
900 mV CM
Cumulative gain = 0.223 - 12.59 V/V
-13 to +22 dB

SYSTEM GAIN CALCULATIONS

HMCAD1520 wants 2V full scale
In 12-bit mode: 488 µV/LSB @ 0 dB gain
In 8-bit mode: 7.8 mV/LSB @ 0 dB gain

MIN GAIN:
10V input range, -13 dB system gain (0.2V/V)
-9 dB gain on VGA
12 bit mode: 2.4 mV/LSB
8 bit mode: 39 mV/LSB

MAX GAIN:
159 mV input range, +22 dB system gain (12.59V/V)
+26 dB gain on VGA
12 bit mode: 38.7 µV/LSB
8 bit mode: 619.5 µV/LSB
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R67
470

BOOT01

VSS16

VDD17

PF0/OSC_IN2
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GND
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GND
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UART_RX
GND

UART_TX
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ADL5205 has 2.4V Vih
so 3.3V inputs are OK

SPI_SDIO, RELAY_EN, and OVERVOLTAGE_N must be 5V tolerant
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0.47 uF

C27
4.7 uF

R37
1K

R36
10K

CP1

D2 !Q 3

GND4

Q 5

RD6

SD7

VCC8

U7
74LVC1G74-XSON8

C16
75 pF
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TESTPOINT
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TESTCLIP
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TESTPOINT
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VIN_FILTERED
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RELAY_EN
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GND

VIN_DIV2

GND

INPUT_RST_N

INPUT_RST GND

GND

GND

5V0_P
5V0_N

VIN_DIV10

GND

VIN

12V0
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GND
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COIL_N

COIL_N

5V0_P

GND GND

VIN_DIV10

5V0_P
GND

RELAY_EN

GND
GND

50V input overload gives 1A
ESD diode can handle 1A for 1 ms
R2 can handle 30W for 1ms, 100W for 100µs
Relay turn-off time is 100 µs
Goal: <50 µs response from overload to relay
starting to shut off

6th order 100 MHz Bessel-Thomson
antialiasing filter

Input protection
and attenuator

LM393 output is pulled to 5V0_N in fault state
R53 + R37 form voltage divider
Midpoint floats to 5V0_P in normal state
and is pulled to ground in fault state

When VIN_OK goes low, relay turns off
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 shutdown

± 5V range

Relay driver

± 2.5V range
Net gain = 0.5 (-6 dB)
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TESTPOINT
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TESTPOINT
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1 TP8
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TESTPOINT
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VIN_OFFSET

GND

VIN_OFFSET

GND
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GND

GND

2V5_REF

GND

6V0_P

6V0_N

GND

6V0_P
6V0_N

6V0_P 6V0_N

GND
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GND
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± 2.5V input
0-5V output, 2.5V common mode
Net gain = -0.5 (-6 db)
Voffset is +/- 2.5V range

Offset stage
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D5
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49.9

R33
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U6
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VGAIN_N

1V8

5V0_P
5V0_N 0V9_REF

GND

VGAIN_P

5V0_N

VOUT_P

GND
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GND

5V0_P 5V0_P

GND

5V0_P

VOUT_N

VOUT_P
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VOUT_N

+2 dB = 1.258V/V
127/100 ohms gives 1.270 V/V

Clip output to ADC range
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TESTPOINT
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TESTPOINT
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VCMA 33PWUPA34

VINA_P35
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R22
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10K

R24
10K

R25
10K

C17

4.7 uF 50V

R27
10K

R26
10K

1 TP9
TESTCLIP

1

2

J2
SMA

1

2

J3
SMA

CSA/A3 1

GS1/CSB/B3 10

GS0/FA_B/B211

UPDN_CLK_B/B112

UPDN_DAT_B/B013

LATCHB14

A42

VPOS24

VPOS27

A53

LATCHA37

UPDN_DAT_A/A038
UPDN_CLK_A/A139

MODE1 4

FA_A/A240

MODE0 5

PM 6

SDIO/B5 8

SCLK/B4 9

GNDPAD

U2A
ADL5205
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2

J4
SMA

SPI_SCLK

VGA_PERF_MODE

SPI_CS_A_N

SPI_SDIO
SPI_CS_B_N

GAIN_PWRUP 2V5_REF

GAIN2_PWRUP

5V0_P

GND

VSHIFTED_P
VSHIFTED_N

VGAIN_P
VGAIN_N

GND

GND

5V0_P

GND

VGAIN_P

VGAIN_N

5V0_P
GND

GND

GIN_P

GND

GIN_N

2V5_REF

GND

GND

GOUT_P

5V0_P

GOUT_N

Swap P/N for routability

Break unused amp channel out to SMAs

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
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C21
1 uF

C22
1 uF

C25
0.1 uF

C24
0.1 uF

MSP2 1

REFGND10

AGND11

LDAC12

CS13

SCK14

MISO15

MOSI16

TGP17

VCCIO18

MUXIN02

MUXIN220

VOUT2 21

VOUT3 22

MUXIN323

RST24

REF 25

REFCOMP 26

REFGND27

VCC28

AGND29

VOUT0 3

OVRTMP 30

MSP0 31

MSP1 32

VOUT1 4

MUXIN15

AV+7

AV-8

MUXOUT 9

AV-PAD

U5
LTC2664

C23
0.1 uF

1 TP13
TESTPOINT

1

2

J14
SMA

1 TP14
TESTCLIP

C20
1 uF

1

2

J13
SMA

DAC_LDAC
DAC_SCK

DAC_MOSI

DAC_CS_N VIN_OFFSET

GND

DAC_RST_N

5V0_P
3V3

5V0_N

MUXOUT

VDAC1

GND

GND

VDAC2

GND

DAC_REF_COMPDAC_REF

GND

DAC_REF_COMP
DAC_REF

5V0_P 3V3

GND
3V3
GND

5V0_N

GND

Strap 3'b010 = ±2.5V
Reset to mid scale
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1 TP24
TESTPOINT

C39
4.7 uF 50V

R
44 0

C34
22 uF

C35
22 uF

C55

4.7 uF 50V

IN1

OUTS 10
OUT 11
OUT 12

IN2

EN/UV3

PG 4

PGFB 5

ILIM6 VIOC 7

SET 8
GND9

INPAD

U13
LT3093

1 TP23
TESTPOINT

C38
4.7 uF 50V

1 2

F1
1A

R52 470 1%

FB2
MI0603J601R-10

C37
0.1 uF

R47

6.49K 1%

1 TP25
TESTPOINT

C36
10 pF

C43
0.47 uF

C57
4.7 uF 50V

R39

180K

R38

22.1K

VDD1

GND2

EN3

GND4

GND5

GND6

OUT 7
FB 8

GNDPAD

U12
MCP1501T-25E/RW

1 TP26
TESTPOINT

R11
10K

IN1 OUT 10

IN2

EN/UV3

PG 4

ILIM5

PGFB 6

SET 7
GND8

OUTS 9

GNDPAD

U11
LT3042

R42

49.9K 1%

C48
330 pF

C40
4.7 uF 50V

FB6
MI0603J601R-10

C41
4.7 uF 50V

R51
11.5K 1%

C61
4.7 uF 50V

C54
10 uF

D8
SMBJ12A

C47
2.2 uF

C42
0.47 uF

C53
220 uF

IN1 OUT 10

IN2

EN/UV3

PG 4

ILIM5

PGFB 6

SET 7
GND8

OUTS 9

GNDPAD

U16
LT3042

R45 2.7K 1%

C49
220 uF

C51

4.7 uF 50V

C52

4.7 uF 50V

R41 4.7K 1%

R57

49.9K 1%

VOUT 1VIN2

ADJ 4GND5

U14
PTN78000AAZ

1 TP21
TESTPOINT

IN1 OUT 10

IN2

EN/UV3

PG 4

ILIM5

PGFB 6

SET 7
GND8

OUTS 9

GNDPAD

U9
LT3042

R40 470 1%

1 TP22
TESTPOINT

C46
0.47 uF

L4
4.7 uH

FB5
MI0603J601R-10

FB4
MI0603J601R-10

1 TP19
TESTPOINT

R43

60.4K 1%

C56

4.7 uF 50V

IN1

OUTS 10
OUT 11
OUT 12

IN2

EN/UV3

PG 4

PGFB 5

ILIM6 VIOC 7

SET 8
GND9

INPAD

U15
LT3093

1 TP20
TESTPOINT

EN1

VIN10

VFB 2

VREG5 3

SS4

GND5

SW 6

SW 7

VBST 8

VIN9

GNDPAD

U8
TPS54227-DRC

1

2

3

U17
TL431ACDBZR

1 TP15
TESTCLIP

R46

33K 1%

C44
4.7 uF 50V

C65
22 uF

R58

49.9K 1%

C58
4.7 uF 50V

C60
0.47 uF 25V

C66
0.47 uF 25V

1 TP12
TESTPOINT

1
2
3

J10
CONN_3_PWROUT

R50

2K 1%

R49

8.06K 1%

C64
22 uF

C59
0.47 uF 25V

C63

22 pF

FB1
MI0603J601R-10

1 TP27
TESTPOINT

1

2
3

4

Q2
2SA2039-TL-E

C29
10 uF

C30
10 uF

R48

3.6K 1%

R56

60.4K 1%

C62
4.7 uF 50V

1 TP28
TESTPOINT

R55

1K 1%

1 TP29
TESTPOINT

FB3
MI0603J601R-10

C31
3300 pF

R54

9.09K 1%

C33
1 uF

1 TP17
TESTPOINT

C32
0.1 uF

C45
4.7 uF

1 TP18
TESTPOINT

IN1 OUT 10

IN2

EN/UV3

PG 4

ILIM5

PGFB 6

SET 7
GND8

OUTS 9

GNDPAD

U10
LT3042

5V0_P

0V9_REF

0V5_REF

5V0_P_2

N0V5_REF

5V0_N

1V8

2V5_REF

3V3

6V0_N

6V0_P

GND
12V0

N0V5_REF

GND

1V8

5V0_N

GND

7V0_N_2

6V0_N

7V0_N

7V0_N

GND

GND

GND

GND

GND
7V0_P_4

5V0_N

5V0_P_2_SET
GND

7V0_P

5V0_P

7V0_P_4

5V0_N

GND

5V0_P_SET

12V0

7V0_P

0V5_REF

6V0_P

GND

GND

5V0_P

GND

GND

GND

5V0_P_2

3V3

2V5_REF

GND

0V9_REF

GND

GND

GND

GND

GND

2V5_REF GND

GND

7V0_P

3V3

7V0_SENSE

12V0
GND

7V0_N
7V0_ADJ

7V0_N

GND
7V0_P

7V0_P_3

7V0_P_1

GND

GND

7V0_P_3

7V0_P_1

GND

7V0_P

GND

GND

7V0_P
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1V8 is a clipping rail so we need a SINK regulator.
Not commonly available so we have to build one.
See design notes:
https://github.com/electroniceel/io-protection-notes/tree/master/power-shunt

Load per rail (incl safety margin)
+6V: LMH6552: 50 mA
+5V: ADL5205 (175 mA), LMH6552 (50 mA), DAC (trivial): 250 mA
+3.3V: MCU (30 mA)
-5V: LMH6552 (50 mA)
-6V: LMH6552 (50 mA)

Intermediate rails:
+7V: 500 mA
-7V: 250 mA

LT3042 is total overkill for MCU supply!
But saves us having another regulator on the BOM.
Also, not going to be needed on the actual scope.

Input protection

Vout = 0.765 * (1 + R39/R38)
Datasheet likes R38 = 22.1K
so R39 = 180.1K

U16 is most heavily loaded LDO
ADL5205 with both channels active needs 175 mA
We are dropping 2V from 7V0_P = 350 mW
Ja = 34C/W so expect 11.9C rise

Well within tolerance, so not even bothering to
do thermal calculations for the lighter ones.


