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Current Source and Monitoring

AD5420 Transfer function (0 to 20mA mode)

Each codepoint is 0.000305 mA =
NB: Available in P&P @ JLC

20 mA
I()L‘l = N xD

0.305 uA

TP1 3.3V_LOGIC
TestPoint R1 Tf)z
NP TestPoint
DNP R3

“I><I—<12C_SDA_PROCESS
“I><I—<12C_SCL_PROCESS

DNP R5

3.3V_LOGIC

R2

NP

DNP R4
“I><F—<12C_SDA_PROCESS
“I><T—<12C_SCL_PROCESS

oR DNP R6

A
3.3V_L0OGIC Power supply: N
3.3V_Logic 12C address bits
V=33V ~7 GND
| = de minimis GND
R9 CC_SUPPLY_ANALOG
10K V= 22V
I = Upto5 mA CC_SUPPLY_ANALOG
CC_D_nFAULT CC_SUPPLY_ANALGG 3.3V_LOGIC
[]| [CC_D_LATCH
k10 UL N o 3o
10K b} g Cc1 c2 TestPoint
Separate DVcc supplyﬂ = 2 10nF 10nF P4
CSENSE_BUS i
s 16 pyce SELECT CAP2 —-JZZ TestPoint o T°5
23 peet capy 21 CSENSE_LOAD TestPoint
VREF__15 peiN BoosT 2% ait
R12
8 CCD_CLEAR 81 cLear lout [£2 . | 20R 1% o
CC_D_LATCH LATCH — —
CC_D_nFAULT 31 JFAULT  R3sense [ _Lcs 1 ELYSIS_VPLUS)
REFOUT [t VREF 10nF Current sensing Current limiting
CC_D_SCLK 8l sk V_sense = 160mV @ 2mA  (Max 2 mA at 20V) —<ELYSIS_GND]
CC_D_SDIN 9! spIN Ne L% 3.3V_LOGIC ’
10 23, u2
[CC_D_SDO) SDo NC
&‘ GND Ré‘* INA219AXD
aoaococoaoaa 10R T 1
estPoint
GEE5833 CSENSE_BUS ] s < spa f 12C_SDA_PROCESS P86
| AD5420 <R T R16 IN+ scL 12C_SCL_PROCESS
10R 7 Al
IN— 12C_A1
< CSENSE_LOAD 1 % A0 2 12C_A0 <
GND ol GND
i2c address
1000000 GND
CC_D_CLEAR
C
R17 VREF
10K 4
100pF 1p7
P8 P9 TPLO TestPoint o TPi1 TP12
GND TestPoint TestPoint TestPoint TestPoint TestPoint
GND [CC_D_nFAULT [CC_D_LATCH [cc_b_scLk [cC_D_SDIN CC_D_CLEAR
I U ref
LIl Pult-up/Pult—down doconaling "
[CC_SUPPLY_ANALOG . . . EXTANE,
_Lcs _Lce _Lc7 _Lce * * ? ?
10ufF 10ufF 100nF 100pF
c9 c10
[ . [ <1:<1)1F <1:(1)2F Cég Cih 100nF 100pF Sheet: /Current Source And Monitoring/
D : : u u 100nF 100pF N . -
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i2c bus
FULL nRESE 1 o u3
2 E Pico
3
g 1 40
& GPI0O VBUS VBUS_USB
WDIO 5 3 2{GPI01 Raspberry Pi Pico VSYS %
?L( ] f GND GND;
< SCK[EXTL GPI02 3V3_EN % — -
A o spi0 | X [EXT29—2]GPI03 3v3 PS (I 3viocic Fie: 12cBus kicad_sch A
GND RX [EXT_3 90— GPID4 ADC_VREF 2
[TRIG_SWITCH »—Z{ GPI0S GPI028_ADC2 2 RF_BOARD_ADC
Debug connector g GND AGND ;g
L i
g::ggg :ggé 31 V_CC_SCALEDDOWN 10 Expansion Process
RUN 22
S 6PI022 23— CPROCESS_nINT
1L19488 sa (AUX_SPI_SCK] m GND 22
= ‘ GPI010 GPI021
u GPI011 GPI020 gg u
119488 5D0 GPI012 GPI019 {CC_D_SDIN] ™ : - )
SDFLASH S0 12C_SCLAU GPI013 6PI018 24— CCDSCLK ScK File: 10ExpansianProcess.kicad_sch
- = ig GND . GND g; — SPI0 10 Expansion A
1L19488_5DI 12C_SDA_PROCESS GPIO14 3 2 GPIO17 CC_D_CLEAR xpansion Aux
SDFLASH- 501> 12¢1 | 2 scLPrOCESS»—2%cpiots S 25 opio16 Pl —cc D sbo RX
[ N[ ™)
| | T
i i <
GND
| By o a
Pull—up 10K near IOEXT Process File: I0ExpansianAux.kicad_sch
TOEXT_AUX_nRESET
AUX_nRESET
D RF board
- connection
VBUS_USB 1;
33V_L0GIC ﬁ
GND  [RF_BOARD_ADC)> 10
¢ [ FBOARD_nRESE'I_< 9 Header for unused connections
[PROCESS_EXTGP_6 8 _ » that might be handy to keep accessiblp
[PROCESS_EXTGP_7 g Conn_01x14_Pin
%j 5 PROCESS_EXTGP_5 ;—' o
[EXT 39— Ghup—2—< £
_ L
3.3V_LOGIC P13 [12C_SDA_PROCESS 3 gz:; s Bd
R18 | TestPoint [I2C_SCL_PROCESS 2 5 . X
10K 1 GP3)— b
GP_l4 y—2—< Jul
- TOEXT_AUX_nINT g < -
(&)
GND
Sheet: /MCU/
D) PROCESS_nINT File: MCU.kicad_sch b
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Under worse case assumptions:
Vout = 30V lout = 50 mA
Took whatever JLC had Vin = 4.5V Efficiency = 0.5
at around the 5 cent pricepoint _ * «
with a not too annoying }éB - 8?262‘050)/(“‘5 )
footprint
Inductor ripple worst case:
" D I(pp) = 0.4A
10uH 1A So rating for inductor:
~ 0.66+0.4/2 = 0.88A P15
Rounding to 1A for design margin L%edrjsxf:g;%?n;igigg};; TestPoint
P16 " —=> 10 uH / 1A with no CC output
TestPoint TLV61046ADB 1 uF, 30V, QOka
6 4 —> below 5V in 80ms
[vBUS_USB » VI SW| 5
r:\’/OUT 3 * * * » » » CC_SUPPLY_ANALQG|
c15 c16 EN = FB N
1uF 100pF ~ c18 c19 JPL
c17 . R21
<L T 1°°DFT 100pF T 1uF | SolderJumper_2| Bridged 20k
. GND :
TestPaint V_CC_SCALEDDOWN
GND P18 < R24
GND GND 20k
R25
9 2.2k
£E R27
[3.3V_LOGIC I @ 20k
€20 R28R Controllable DCDC output OND
100pF 200 oD
Digitpot
us —O (wiper = 100R (nom))
_ - range 0 to 5k
GND ! MC":"” XxxLT £ (ith wiper: 0.1 to 5.1)
a a =
12C_SCL_PROCESS f scfg;w g g Vref FB = 0.795V
12C_SDA_PROCESS SDA | B - Maximum output range of DCDC:
@ 40K —— 1.4k ——> 23.5V
~> 40K —— 6.5k ——> 5.687V
¢ ——— O
P Max voltage at digitpot terminal;
s g 30V vout ?more than achievable)
GND <~ o = 41.4K - 0.1R —> 3.3V = Vsupply
“
GND & Digipot midrange on reset:
i2c address 0101111 40k — 2.5k+1.4k=3.9k
——-> Vout = 8.9V
(reasonable default, a bit weak)
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D1 D2
N} LED - RED N LED - WHITE
15 mA for 80% R29
R30 330R
15 mA for 80%
mA et 330R
R32 R31
2K 2K o
Q2 LED_STATUS
VNMBT3904 MMBT3904
N NV
GND OND
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3.3V_LOGIC

P22
TestPoint
[ILI9488_DC >
TP23
TestPoint
P26 (1L19588.TE}
TestPoint  LIS48ET GND

@
@)
_TE
3.3V_LOGIC
o TP28
TestPoint
SDFLASH_SDO
o TP30 [cTP_SDA 12C_SDA_AUX]
TestPoint o TP32
TestPoint
_J

R39 SDFLASH_SDI
ILI9488_nReset
1L19488_TE

TP33 CND [ILIg488_nCS >—==>—

TestPoint IV I0GKC [1LI9488_SCL
1L19488_DC ?

27

3.3V_LOGIC 3.3V_LOGIC

TP25
TestPoint

TP24
TestPoint

I

1L19488_SCL 1L19488_nCS 1LI9488_nReset

u!

FEIEH

3.3V_LOGIC

o

[cTP_ScL 12C_SCL_AUX]

T:

!

Jo

NN
=

P31
TestPoint

i

s

1L19488_SDI BACKLIGHT_ON

s

Tz

NN
cY

18-Bit Parallel Bi—Directional Data Bus
I
N

F

J4
Conn_01x40_Socket

N[N
= o

WJI

NLN
o1 |+

1L19488_SDI
TP34 1L19488_SDO 9

TestPoint BACKLIGHT_ON ?

3.3V_LOGIC SDFLASH: also font chip if populated
TP35
TestPoint alt CTP_INT: Flash hold Input. Low active. J8 Short and J7 Open.
es if J7 Short and J8 Open: Capacitive touch screen the interrupt signal
40
3.3V_LOGIC L
GND
TP36
TestPoint
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DC Connector RF+DC Connector

Which of the sleeve/shield or center
conductor of the coax gets the DC GND/Neg

Ry is determined by jumpers

100R

J6 (the RF bias tee is double DC blocked, so

Conn_01x01_Pin
1

ELYSIS_VPLUS

Needle at DC Negative/GND pole!

D3 ; E1

SMAF30CA SparkGap

GND
J7

Conn_01x01_Pin
1

[ELYSIS_GND

Trigger switch input protection

ESD_3.3V_LOGIC

TP39
TestPoint

TP38
TestPoint

R48
100R

TRIG_SWITCH_RAW

TRIG_SWITCH

c21
100nF

GND

E3 E4 D6
Zr SparkGap f SparkGap SMAF30CA

<

GND

both are supported)
This is chosen depending on antenna setup
near the needle, but GND is sleeve by default

The VPlus should generally not be passed
through the coax, since it is where the DC
return pad (not needle) is connected, but
the possibility is left if that is samehow
helpful

TP37
TestPoint

J5
Conn_Coaxial

COAX_PLUS »—+
CORX_MINUS

BNC coming out
of the enclosure
(Final RF+DC output)

COAX_PLUS_DCINPUT

'\i P2

SolderJumper_2_Open

ELYSIS_VPLUS

Integrated Bias Tee

RFSOURCE_COAX_PLUS -
RFSOURCE_COAX_MINUS

J13
Conn_Coaxia

SMA source
from RF daughterboard
RF anly (AC coupled)
signal

JPS
SolderJumper_2_Bridged

ELYSIS_GND
TP4Q
TestPoint
COAX_MINUS_DCINPUT estPoin
3 | File: IntegratedBiasTee.kicad_sch
JP4 JP3

- SolderJumper_2_Open

ELYSIS_VPLUS ELYSIS_GND

SolderJumper_2_Open

J8

Complex Input Port ESD

* * ESD_3.3V_LOGIC
Conn_01x05_Pin R I7_5RI ]
1 VBUS_USB 220
§ £SD_3.3V_L0GIC
Y 12C_SDA_AUX cotser) JP6 o o8 6 VE7 £8
5 12C_SCL_AUX otderjumper_s_tpen D9 €22 §§ ESDOB3.35T56 SparkGap A SparkGap A SparkGap
2“ L SMAF30CA 10uF 010 -
File: ComplexInputPortESD.kicad_sch Opti §§
ption to have .3ST
GND non-droopy 3.3V D11 ESDOBE.35T56
at the price of §§ P
e.g. Downstream MCU-based input COmplex (LED+)|nput port some protection
and illumination port ESD Prot for offboard GND ;%170
3 3v bUS Tripled since we have ;%170
. . three ingress points
e.g. Simple pedal or near—needle
control w/ LED and button SImple LED+InPUt port
General note: Since this is a deliberately
J9 Needle Led Switching and ESD prot very body—ESD—strike exposed device, we spec ESD
. J10 protection to the gills.
AudioJack4 AudioJack (Additional price of a handful of TVS is minor
RSZ ESD_3.3V_LOGIC] ESD_3.3V_LOGIC] compared to the other components)
R1 TRIG_SWITCH_RAW R1 TRIG_SWITCH_RAW
J NEEDLE_LED_1 J NEEDLE_LED.2 Sheet: /Process Connectors/
V] M File: ProcessConnectors.kicad_sch
File: NeedleLedSwitching.kicad_sch Tltle:
GND GND -
Size: A4 [ Date: Rev:
KiCad E.D.A. B.0.2 Id: 7/14
i [ 2 [ 3 [ [ [ 5 [




Alternate Power Inputs

J11
Conn_01x02_Socket
[
D12
GND S§S54 — Schottky 40V 550mV@5A 5A
NI
=
TP41 TP42
TestPoint TestPoint

GND

— Reverse Palarity Protectio

5V only
J12

n
— Power OR-ing w/ USB sort—of supported

Barrel_Jack

D13

N

S§S54 — Schottky 40V 550mV@5A 5A

VBUS_USB

N

D14
SS54 — Schottky 40V 550mV@5A 5A

1

E 2
Sheet: /Power and Upstrean Connectors/
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[3.3v_LOGIC >—o
P '\i
JP7
| SolderJumper_2_Bridged _j
R51
1K

[3.3v_LOGIC>—
P8 o
SolderJumper_2_Open 3
R52
3.3K

'\i
JP9

JP10
SolderJumper_2_Open

SolderJumper_2_Bridged ||
R53 R54
1K 3.3K
12C_SDA_PROCESS 12C_SDA_AUX
[3.3V_LOGIC >—» [3.3V_LOGIC >—»
‘e it '\i”’ﬂ PR '\i”’i"
T SolderJumper_2_Bridged g SolderJumper_2_Open T SolderJumper_2_Bridged g SolderJumper_2_Open
R55 R56 R57 R58
1K 3.3K 1K 3.3K
12C_SCL_PROCESS 12C_SCL_AUX
P43 P44
TestPoint TestPoint
[12c_scL_AuX [I2C_SCL_PROCESS
TP45 TP46
. . Sheet: /MCU/i2¢c bus/
TestPoint TestPoint
! ! File: i2cBus.kicad_sch
[12C_SDA_AUX [12C_SDA_PROCESS Title:
Size: A4 [ Date: Rev:
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TP47 TP48 TP49 TP50

3.3V_LOGIC TestPoint TestPoint TestPoint TestPoint

PROCESS EX
PROCESS_EX
P51 ESS_E)
TestPoint PROCESS_EX
PROCESS_EX
TOEXT_PROCESS nRESET
P52 (33V_L0GIC]
TestPoint
TOEXT_PROCESS_nINT Ic1
= = 9 TCA6408ARGTR
TOEXT_PROCESS nRESET Lireser S0 S ,
>
11 |— > PO BOOST_EN]
TOEXT_PROCESS_nINT TNT o1 i T
P2 CC_D_nFAUL
T2C_SDA_PROCESS 3 SDA ::3. > )-;EC_S,ESEE‘G”
—=2——2 1 =
12C_SCL_PROCESS scL pal 8 ROCEee EXTCr 5
P62 PROCESS EXTGP_6| |To RF board
. P70 CPROCESS_EXTGP_7
16 ADDR 2 o
(%) w
o
GND
3.3V_L0GIC
€23 24 €25 €26
10uF 10uF 100pF 100pF Sheet: /MCU/I0 Expansion Process/
File: I0ExpansionProcess.kicad_sch
‘ J7 Title:
Size: A4 [ Date: Rev:
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3.3V_LOGIC

P53
TestPoint
IOEXT_AUX_nRESET
33V_L0GIC
PS4 (33V_L0GIC]
TestPoint
OEXT_AUX_nINT Ic2
oA 9 3| TCA640BARGTR
t [reerr G &
IOEXT_AUX_nRESET RESET S & ,
>
11 | == > PO 1L19488_nCS
TOEXT_AUX_nINT T o f —
p2| FONT_nCS
[2C_SDAAUX >3 SDA P3| —CFLASHnCS
12C_SCLAUX 22 scL Pl CAUXEXTGP L
—2CL PS5 AUX_EXTGP_2
P62 LED_FAULT
p7| L0
16 ADDR% a P14
TestPoint
o 5
GND
33V_L0GIC
Ic3
9 % TCAG40BARGTR
t [reerr G &
IOEXT_AUX_nRESET RESET S & ,
>
11 | == > PO CTP_INT
TOEXT_AUX_nINT T o3 e
P2 ;’ ILI19488_nReset
[2C_SDAAUX >3 SDA P31~ FLASH_nWP
12C_SCLAUX>—22 {scL Phl— 1L19488 DC]
=2 P5 ILI948B_TE »
P62 AUX_EXTGP_3
. p7|L0 AUX_EXTGP_&
33V_L0GIC 16 a0 2 o
o 5
GND
33V_L0GIC
c27 _chg _Lcso €31 €32 €33 c34
10uF 100pF 100pF LOuF == 10uF 100pF 100pF Sheet: /MCU/I0 Expansion Aux/
File: I0ExpansionAux.kicad_sch
J7 ‘ J7 Title:
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[VBUS_USB *

_L C43

1uf
Max current 25mA
S12301CDS Modulated by PWM
Q3

Designed for PWM

operation at 1kHz GND
R64
2K
R65 R66
NLED_CTRL 100R 100R

NEEDLE_LED_1

VE9

NV
GND I N ESDSB5.0STIG 7N SMAF3ocA D SParkGep
NV NV
OND o GND GND GND
RC filter corner: ~800 Hz
L
1uF
512301CDS
Qs GND
R68
2K
R69 R70
NLED_CTRL 100R 100R

(NEEDLE_LED_2]

VEL0

NV
GND I /N ESD5B5.0ST1G A smarsoca [ SparkGap
NV NV
COND GND GND GND

GND

RC filter corner: 800 Hz
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_ VBUS_USB 12C_SDA_AUX T2 SCLAUX
$ E11 D19 ‘L
€39 D20 E12 D21 D22 ‘L
SparkGap § SMAF30CA §§ §§ §§ E13 D23 D24
lf T 100nF ESD5B5.0ST1G ?Spark(}ap ESD9B3.35T5G SMAF30CA ?Spark(}ap ESDOB3.35T56 SMAF30CA
GND GND GND
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RFSOURCE_COAX_PLUS

c40
R4S " 33nF
100R 22uH 200mA
COAX_PLUS_DCINPUT > : COAX_PLUS]
£2
\/ D& SparkGap
SMAF30CA: BiDi 30V TVS 1uA 200pF /\ SMAF30CA
NV
oD GND
RFSOURCE_COAX_MINUS
cul
33nF
R49 3
100R 22uH 200mA
COAX_MINUS_DCINPUT > : COAX_MINUS

\/ b7 E5
/N\ SMAF30CA SparkGap
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