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Power Module (PM)

Note 1, KiCAD translation of Altium Power Module Design

Initial KiCAD version of PM1C Rev 0 is equivalent to Altium version of PM1B Rev &

Note 2, Rev 1

Update to match Module Connector

Schematic table of contents.
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ANALOG SIGNALS

fixed polarity variable amplitude analog signal
fixed polarity canstant amplitude analog signal

=100

biopatential signal

(((,))) radiofrequency link
((Q)) near field link

DIGITAL SIGNALS

L high level true
-

i I

low level true
pulse width modulated

MIXED SIGNALS

FESCAN bus power and data signal

ANALOG CURRENT FLOW or
DIGITAL SIGNAL DIRECTION

— bidirectional
— unidirectional
— unidirectional

COMPONENT LABELLING
PART TEMPLATE

<power> vcce

Analog Input
Clock CLK
Qpen Drain Output SDA

Digital Input (high true INO
Digital Input (low true \IN1

<power> GND

comment
Note (optional)
Applicatian Note (optional)
Manufacturer Part Number

reversing polarity variable amplitude analog signal

current regulated passive recovery stimulus pulse

MODULE SYSTEMS

MODULE SYSTEM GROUPING
—Xx,—1x non-tissue interfaces
—2x power conditioning

—3x Internal energy systems
—bx processing

—6x tissue interfaces

MODULE SYSTEMS LIST

—1 MODULE HEADER SYSTEM

—2 ENCLOSURE THERMISTOR SYSTEM
—3 TEST HEADER SYSTEM

—11 CPLD SYSTEM

—12 NETWORK DRIVE SYSTEM

—13 NETWORK CURRENT SENSE SYSTEM
—14 RADIO SYSTEM

—21 NEAR FIELD LINK SYSTEM

—22 4V6 POWER SUPPLY SYSTEM

—23 MODULE CURRENT SENSE SYSTEM
—24 3V3 POWER SUPPLY SYSTEM

—25 N3V3 POWER SUPPLY SYSTEM
—26 1V8 POWER SUPPLY SYSTEM

—27 NETWORK POWER SUPPLY SYSTEM

BATTERY CONDITIONING SYSTEMS

—34 BATTERY 1 CONDITIONING SYSTEM
—32 BATTERY 2 CONDITIONING SYSTEM
—33 BATTERY 3 CONDITIONING SYSTEM

—41 UCONTROLLER SYSTEM

—42 DIGITAL PERIPHERAL SYSTEM
—43 ANALOG PERIPHERAL SYSTEM
—44 12C MULTIPLEXING SYSTEM

DESIGN NOTES

1) 3V3 and GND are global power objects and not shown
for clarity

2) Unless otherwise specified, all resistors have 1%
tolerance

TYPICAL APPLICATION

@)

TISSUE
ENCLOSURE = PULSE I

GENERATOR ANODE

BUSA ||_ —0
1

<<©22) WER

MODULE(PM1x)

ENCLOSURE = ELECTRICALLY

BUSB | o — N

I T

REMOTE
MODULE(PG4x) |

1 TISSUE

ISOLATED
TISSUE
TISSUE
ENCLOSURE = I
AMPLIFIER REFERENCE
[+ [
l TISSUE
|
I I e
|
REMOTE
MODULE(BP2x) _OI
MIN NOM MAX UNITS DESCRIPTION
VSYs 2.6 4.6 5.5 \) MIN from LTC4411, Max from LM3670MF-1.8 and LTC3440
VBR 6.3 20 34 \) MIN & MAX from LT1933
VREC 6.3 20 34 \i MIN & MAX from LT1933
VNET 4.5 10 \i MIN from EL7156, MAX from LT3464
P0.7 3.3 \i P0.7 Set High to enable SP| master.
P0.20 33 \i P0.20 Set High to enable SPI master.
P1.20 33 \i P1.20 Set High tp disable TRACE port.
P1.26 0 v P1.26 has internal Pull—up.
DRT1 VSYS 2.6 4.6 585 v Min from LTC4411,Max from LM3670MF-1.8 and LTC3440
DRT2 VBR 6.3 20 34 v Min,Max from LT1933
DRT3 VREC 6.3 20 34 v Min,Max from LT1933
DRT4 VNET 4.5 10 \ Min from EL7156,Max from LT3464 on PG4
DRT11 P0.7 B \ P0.7 set high to enable SPI master.
DRT12 P0.20 B \ P0.20 set high to enable SPI master.
DRT13 P1.20 55 v P1.20 set high to disable TRACE port.
DRT14 P1.26 Q \ P1.26 has interanl PUP.
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BLOCK DIAGRAM (((P))
TISSUE
POWER MODULE (PM1—x)J ENCLOSURE = ELECTRICALLY |
L o | —14 RADIO | | —2 THERMISTOR | | —-1/-3 HEADERS
POWER CONDITIONING SYSTEMS e
<<©>> —21 —22 4V6 -23 —24 3V3
NEAR || POWER CURRENT |_o—| POWER
FIELD SUPPLY SENSE SUPPLY PROCESSING
LINK —12
—41 _| —11 CPLD ':— NETWORK =——
—26 1VB UCONTROLLER — DRIVE
_| POWER
SUPPLY [ [
—42 DIGITAL 13
PERIPHERALS NETWORK
27 | —44 12C CURRENT
NETWORK MULTIPLEXING SENSE
POWER —43 ANALOG
SUPPLY PERIPHERALS
—25 N3V3 [ |
_| POWER | | INTERNAL
SUPPLY —31 BATTERY 1 —32 BATTERY 2 —33 BATTERY 3 ENERGY
CONDITIONING CONDITIONING CONDITIONING SYSTEMS
T T T
VSYS d ® |
ENCLOSURE = ELECTRICALLY
ISOLATED
TISSUE

BLOCK DIAGRAM FOR A SINGLE BATTERY CONDITIONING SYSTEM

discharge
Ux1 _—
._/_” . — VSYS
Dx1
Rx1 charge charge
,\X}\ — — VBTx
Al IA1
T -1 |LD°J Fx1
Mx3 4 Mx4
— Rk max=4.1V —
Hh Ux4 —BTx1
nSHDNBTx I Mxt Ux2
v ><—|'_
[
nSHDNCHGx ' Mx2
BATTERY DISCONNECT SWITCH
AND DIODE "OR" b
:; +
S AAY i 1V=100mA | _
Rx2
WHBY l HIGH SIDE SWITCH [on
Rx Cxt [ Mxs
ADJUSTABLE LINEAR \
CURRENT REGULATOR
VOLTAGE
PWM TO ANALOG CONVERTER CLAMP
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T 2 I 3 I 5 I 5 I 6 I 7 T I
TOP SIDE FEATURES MECHANICAL LEGEND
g 8 o 8 (O through hole
(s}
Z & & g ¢ top & bottom test pad with via
ONO) S = PCB trace
I flex PCB only
LIDTHROUGH — RADIO PWR & GND PLANES
l l igid—flex PCB
FLAP RADANT rgl
0.1"
LIDTHROUGH NECK
0O o0 ——— — — —
BATTERY 1 O OO TEST HEADER PINOUT NEAR FIELD COIL SIMULATION CONNECTION
FLAP RVL Thermistor - A\ CAUTION: VREC VOLTAGE WILL DESTROY
og O O [36] Rrck_ipe GND [ 35 /\. CIRCUIT IF APPLIED TO OTHER PINS
= = TDI_LPC VREC [33 —— —
e O O [32] Too_Lee e 20 VDC (100mA limit)
SW1 Reed SW., . TMS_LPC n3V3
. . TCK_LPC VNET
. . RECOMMENDED [ 26 ] nTRST_LPC vsupPLY [ 25
. 5 BOOTLOADER e v RECOMMENDED TEST
. & ENTRY METHOD nBOOT vsys [23 ] POWER CONNECTION
ngT;ERY 2 : : RECOMMENDED (22| nDRESET DA vsYs N
: : : RESET METHOD nRESET SCLOCK 3.7 VDC (200mA limit)
. : GND GND GND
: : RX 4 16 | RXDO MISO1
0 ° b 14 ] TXDO MOSI1
. . RECOMMENDED SERIAL
. . COMMUNICATION WIRING TMS_CPLD SCk1
. . TDI_CPLD misoo [ 9]
ﬁ] O O TDO_CPLD MOSI0
BATTERY 3 [C6] tek_cpLp scko [ 5]
FLAP a O O GND AN [ 3]
a O G [2]3v3 RXCAN
a O @

—|_ 0.1" BSC
—

Frame Mounting Holes

OJOJORO

\ 0.1" BSC

\ ASSEMBLY NOTES

\

CUT FLEX AS CLOSE AS POSSIBLE TO THIS FLAP BEFORE FINAL ASSY

FLAP IS ADHERED TO COIL DURING FINAL ASSY FOR MECHANICAL STABILITY
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0O - 4V6 POWER SUPPLY SYSTEM
D =21 NEAR FIELD LINK SYSTEM I
— e e e e e e | c40 |
10uF
See layout rules page 4 of 17. |
a, — D1 . ~ | (;AP_1206 |
©
| 21 | F[ | £0dF L2
PAD—70m_30m MBRO540-TP | K |
D_40_500m_S0D123 ) CAP_1206 o
| R29 | R30 c42 MBR0540-TP
D3 0.0 ohm VREC °. T . 10uF| D_40_500m_S0D123
| - o — N RES_0603 | m
NF2 R_DNP_0402
- CAP_1206 ® (43
AL MBRO540~TP AU —— 0.15uF VSYS
| D_40_500m_S0D123 I REEE w51 D4 U5 CAP_0603
| Q Q 5 VI B0OST|—L L6 PWR_FLAG
== 0.0 ohm _47uH R32 I VSYS
RES_0603 D_40_500m_S0D123 4 \SHDN sw 6 * vV _ ° |
D5 S0D123 Molded 2 lead Inductor 0.0 ohm ~
DFLZ15-7 | 2 |lgm LS 673-P1166.473T ® Cui  RES_0603 | —=
PowerDl 123 ° 4 100uF
| | R33 §T1933E56#TRMPBF i MBROD56‘|0—TP 4 CAP1210
Dy 30k 1% BUCK 3.6-36V 600mA D_40.500m.SOD123 R34
RES_0402 1507236 — R 200k 1%
® D8 RES_0402
RO540—TP DFLZ15-7
D_40 500m 50p123 PowerDl 123 | "\ = |
° VSYS TCAP_OAOZ
D9 PWR_FLAG = ® cus O 102
| K | 5.1k 1% 4.7uF °
0 RES_0402 CAP_0603
MBRO540—TP 0.1uF °
D_40_500m_S0D123 | Gl us1 R1 |
:; AD5247BKSZ100—-1RL7 71.5k 1%
| \ RES_0402
I | (i . A6
2 GND W 5
SCLOCKD I 3 SCL SDA| 4 o |
R36
\ 100k 1%
| G RES_0402 |
SDATA | |
USE SMT LANDING PADS TO SOLDER NEAR FIELD LINK BOARD '
PMix SOLDERED TO NFix
PMix LANDING PADS ONLY
DESIGN RATINGS
MIN NOM MAX UNITS  DESCRIPTION
LAYOUT RULES VsYS 2.6 4.6 5.5 v MIN from LTC4411, Max from LM3670MF—1.8 and LTC3440
VBR 6.3 20 34 v MIN & MAX from LT1933
VREC 6.3 20 34 v MIN & MAX from LT1933
VNET 45 10 v MIN from EL7156, MAX from LT3464
NF1 NF2 7 \ PO.7 33 v P0.7 Set High to enable SPI master.
) J—em — P0.20 33 v P0.20 Set High to enable SPI master.
< N P1.20 33 v P1.20 Set High tp disable TRACE port.
_/ | 77\ |\ P1.26 0 v P1.26 has Internal Pull—up.
H |
H |
DC/DC
| B cohverrer |
IC
CUTOUT PLANES AND DO NOT ROUTE
UNDERNEATH HIGH CURRENT ?:eetéM/lNceag-Fifl% LinkF( 4 iead oo
SWITCHING LOOPS ne: —Kkev_1l_Near_rielda.kicad_sc
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1 | | | | 5 6 | 7 |
-24 3V3 POWER SUPPLY SYSTEM
D =23 MODULE CURRENT SENSE SYSTEM L7
——S DS e e e s s —— —— —— PWR_FLAG &Y Y Y
| | ﬂ? Mo?‘doeu 2 lead Inducfor
»—DVSUPPLY
| | ¢———0O VSUPPLY . o A PWR_FLAG
38 39 Swi Sw2 R37
VSYSD s : ; VIN vout|-& . Q o 33
0 ~ ——
| R 3 1 | == R 50db3 L SN . L ReS 9B —-
S04 2 _{mopE FBl—2 R40 cu8
| | B osos 1ot Rtz 24F 0805
5]
GN
1z |ony velLo o||%50 o R4
| 17 | DFN3X3 I .y
N Losol-S . _ < SRR 130080, REOHD2
Line lout DLOAD_AN . S
| GND|-2 I R43 Aok 1o
RBsH4 0% #0852
BRRSET. 20vcim. 18 S 1
| - RES_0402 |
| | 7 v
725 N3V3 POWER SUPPLY SYSTEM
u1s
MAXB829E UK PWR_FLAG
Net— VSUPPLY— LAYOUT RULES 2_fyin Vout : o O n3V3
Source— page 11 "Module Current Sense System b ohm I
Circuit RES_0603 . o |51 ReL 9B —=
page 6 H1-25; TP25 * Il .
page 12 U19-13: U16-2.7.8 ,, &A¥Fos03 c52
page 13 U20-6 GND C- 4.7uF
_____________________________________ Voltage Inverter, 1.5-5.5V, 25mA CAP-0603
Net- 3V3 - +3.3Vdc Supply 600mA oltag , 1.5-5.5V,
Source — page 11 U16-6; LTC3440EDD#PBF NNPS:S0T23-5
Circuit
page 6 H1,TP2
page 7 U1-5; U3-4,6; U4-7,8; U5-1.5
Page 8 R15-1; U7-9, 17, 29, 41 e e e e e ——
page 9 U8-1, 6:; U9-1,3,8;: U10-1,8; U11-5; U12-5; U13-1
page 10 L1-1
page 12 U18-2,5
page 13 U21-1
page 14 R54-1 —26 1V8 POWER SUPPLY SYSTEM
page 15 R71-1 — — —— — —— — — — — — — — — —
pag3 16 R86-1
page 17 U46-7,23,48,51,63; U47-4
4 R106-R10 pln 1 R112 R115 pin 1 U19 s PWR_FLAG
page 18 U48-B; R119-1; R120—
U49-8; R123- 1 Ri24-1 | ; VN swlS ey o} o 1v8
U50-8; R127-1; R126-1 CUTOUT PLANES AND DO NOT ROUTE REOSong e 7880 88 =
_____________________________________ 803 2 lono rald 0803
Net- n3V3 (-3.3vdc) Supply 50mA UNDERNEATH HIGH CURRENT | 0T23-5 |
Source — page 11 U18-1; NCP1729SN35T1 7QMF - B °
Source SWITCHING LOOPS bUER7 2655 486 =5
page 6 H1-29; TP29
page 9 U8-5; U9-5; U10-5 | ° L |
————————————————————————————————————— ——C54
Net— 1vV8 1.8Vdc Supply 350mA
Source— page 11 U19-5 | exPloso3 v |
Circuit
page 6 H1-31; TP31
page 17 U46-17,49,63; R102—1 | N |
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| S | 4 | | 6 7 |
-~ NETWORK POWER SUPPLY SYSTEM
| L9 I
B ) WR_FLAG
| s | -
ELL6RHZ2R7M
I R4O . u20 . b R50 I VNET
VSUPPLYD: | EAAN : VIN Sw N" . O } : O VNET
N 0.0 ohm ° <56 0.0 ohm
—= RES_0603 ® (55 P rel-3 PMEG2010BER o RES_0603 —=
4T7uF SOD123W R51 cm% .
CAP_0603 > 5 470K 1% . 1
GND ss RES_0402 €57
10pF
LT3467AES6 CAP_0402
DC/DC Step-Up ® (58
TS0T23 —=—4700pF
CAP_0402
| 3V3 % wo |
(@]
€59 v/ 69.8K 1%
L) RES_0402
| 0.1uF |
CAP_0402
u21
AD5246BKS100-R2
1 6
VDD ﬁ B
I 2 {GND w2 6 |
SCLOCKD } 3 scL spaf-
DIGPOT. 100Kohm, 12C. SC70
\ 12Caddr 0101110
NNPS:SC70-6
SDATA I |
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——oO0 33
R100
A 45
c85
3v3 —'| }—P
? sl
° c87 Cc86
D —41 Microcontroller System R101 39pF _.|
0 0%onm = &fout?
RES_0402 RES 0402
M o] €88
A v 1 F >
T ECS-100-20-30B-TR sl
* oo | 10MHz 20pF SMD
1vse = 0.1uF co91 c89
9 CAP_0402 hh J ) -
stz
° RES_0402
R102 N
38.3K 1%
RES_0402
g [F 3 nRESET o 103 e
VDD \RST ; nDRESET | 46 ?
5 1SENSE 10k 1% I
L L 2 _{GND e x RES.0402 o . iZ RESET PHILLIPS VDD_(3V3) f‘é .
Swi 0.1uF [nBOOT P0.14_(BOOTLOADER) 32 BIT ARM CORE VDD_(3V3) >3 R104
e T 5 o o0 (o[ 2 B
CT05)_SMD RES_0402 SC70-5 61 |\an VDDA_(3V3) -
POR & MAG reset VDD_(1v8) 7
19 (1Ve) 5 0|9
TX00G——————FP0.0_(TxD0_/_PWM1) voD_(1ve) |13 I
RXDOD—————2L1p0.1_(RxDO_/_PWM3_/_EINTO) UART vooa_(1ve)—63 1 Eapfouts
N/ 6
suocm—gg P0.2_(SCL_/_CAPQ.0) POWER xig 18 cok
SDATAG——————26 1p0.3_(SDA_/_MATO.0_/_EINTL)  12€ vee |25 +— }—FP
27 vss|—42 foul2
SCKOG—————21—P0.4_(SCKO_/_CAPO.1) Vool 50
MIS00D——————=221Pg.5_(MISO0_/_MATO.1) 58 €95
MOSI0 G g‘i’ P0.6_(MOSIO0_/_CAPO.2) SPI VSSA\ngL',; 59 —°|
- — == 1P0.7_(SSELO_/_PWM2_/_EINT2) A
T o PWMET §f P0.0B_(TxD1_/_PWM&)
nRESET PO.09_(RxD1_/_PWM6_/_EINT3) UART
P®R106 o PR108 ®r109 ®R110 nSHDNBT3G ;3 P0.10_(RTS1_/_CAP1.0) " no—
1.5k 1% 1.5k 1% 10k 1% 10k 1% 10k 1% nSHDNCHG3 < 28 P0.11_(CTS1_/_CAP1.1) P1.16_(TRACEPKTO) 12 — DTHRM
RES_0402 RES 0402 RES_0402 RES_0402 RES_0402 nSHDNBT2< 35—{P0-12_(DSR1_/_MATL.0) P1.17_(TRACEPKTL) | — DnCSRAM #PWR0231
12C PUP 12C P BOOT PUP SSELO PUP SSEL1 PUP nSHDNCHG2< 23 —{P0.13_(DTR1_/_MATL.1) PORT 0 poRT 1 "LLBL(TRACEPKT2)—3 = ADISCHG 3V3
- - _ _ ACCINTD P0.15_(RI1_/_EINT2) P1.19_(TRACEPKT3) = DCPLD10
SCLOCK SDATA nBooTI SSEL0 SSELL [RADINTO 46 _1p0.16_(EINTO_/_MAT0.2_/_CAPO.2) P1.20_(TRACESYNC) :2 g
SCK1G 47 15017 (CAP1.2./_SCKI_/_MAT1.2) L2 SURIRESTATO) o Diesy L
53 P1.22_(PIPESTAT1) DI2CS1 LT
3v3 MISO1D P0.18_(CAP1.3_/_MISO1_/_MAT1.3) Sy = D
T MOSIL —r g; P0.19_(MAT1.2_/_MOSI1_/_CAP1.2) SPI o120 (TRACECLK) |32 & — War n o 111
RTCK_LPC TCK_LPC P0.20_(MAT1.3_/_ SSELL /_EINT3) 125 (EXTINO) |28 = ORCSFLA 18 1
. . . . . . ><+Po.21_(PWM5_/_CAP1.3) P1.26_(RTCK) |—24 RICKLPC  Sprek_pc  RES-0402
R112 R113 R114 R115 R116 R117 *—*=—{P0.22_(CAP0.0_/_MAT0.0) Py \:«LLEE?JLRN 0402
100k 1% 100k 1% 100k 1% 100k 1% 1Pk 1% PRk 1% nSHONBTLG 3 1F0.23_(RD2) P1.27_(T00) |4 —SD0"TrG DTDO_LPC
_vho2 <0462 23| 27 — L
RESICS02 RESS02 L RESSCECZ nSHDNCHG1G 5 _1p0.24_(1D2) 1.28_(1o1) (50 —ToLLFC QaTpI_LPC
RXCAND 190 P0.25_(RD1) CAN JTAG  PL.29.(TCK) |22 = QTcK_LPC
TDO_LPC TDI_LPC TMS_LPC nTRST_LPC TXCANG D1 P1.30_(TMS) A ATMS_LPC
~ 11 P1.31_(TRST) 20 nTRSTLPC  n7RsT_LPC
2 LOADAND 15 {PO-27-(AINO_/_CAPO.1_/_MATO.1) == -
= VREC_AND 1?' P0.28_(AIN1_/_CAP0.2_/_MAT0.2)
= VSYS_AND 15| PO-29_(AIN2_/_CAPO.3_/_MATO.3) A/D
= UNETAND 5 _1P0.30_(AIN3_/_EINT3_/_CAP0.0)
ARM Microcontroller, Vcore= 1.8V, VIO=3.3V, 16kB SRAM, 256kB Flash
LPC2129FBD64—S
L PWMET DNV, DCCBT
m BATTERY FUEL GAUGE SELECTION
- . 12650 1251 DESCRIPTION
R66 == C606F 1 1 no battery pack selected (default)
JR%%{O&/OZ %A#_O#OZ 0 1 battery fuel gauge 1
1 0 battery fuel gauge 2
0 0 battery fuel gauge 3
Sheet: /Microcontroller/
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2 | S | [ | | 6 7 |
D -11 CPLD SYSTEM
3v3
o)
| . | FESCAN BIT DECODING
RES. &‘:AOZ
| - 3V3 |
c8 ?
o] RECESSIVE DOMINANT
Il o |
4 7uF
| Us | ©| CAP_0603 £E£%6|ér33
| T - | BUSA — BUSB BUSA — BUSB
z DIVA .cg
DIVB _ VNET VNET — —
| g DIVC ouTZ CKCPLD ot | |
GND CAP_0402 ! !
| 6 lenD cio | GND . SR GND — ’7
(]
LTC6930CMSB—5.00#PBF - | _ [
~ 0SC ADJ 1.7-5.5V 5MHz S e e
usoP8 11
o]l
[
0.1uF
u7 CA(F:’--%"02 NETWORK CURRENT SENSE window. NETWORK CURRENT SENSE window.
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RADIO NOTES ot ot
1) USE SOLID GROUND PLANE IN LAYOUT
2) Ref section 29 "PCB Layout Recommendations” in Texas Instruments CC1101 datasheet SWRS061C p. 54.
3) Series ferrites on digital lines intended to reduce RF noise coupling back to processor.
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D —44 12C MULTIPLEXING SYSTEM
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I12C INTERFACING NOTES

1 — — —
* Pull up 12C line when main 12C pullup not connected.  SDA \ _/—
* Disconnect both clock and data lines when removing a © —L—\—
device from the 12C bus. — !

1
RATIONALE: seL, \ / \/

Both clock and data lines must be pulled up to indicate I p
an inactive bus (per attached figureg.

SOURCE: PHILIPS SEMICONDUCTOR,THE I12C-BUS SR B

SPECIFICATION VERSION 2.1, JANUARY 2000
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ANALOG PERIPHERAL SYSTEM
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D -42 DIGITAL PERIPHERAL SYSTEM
VOLTAGE REFERENCE NOTES . |
Voltage reference output capacitance needs to be at | ® |
least 100pF for stability but small enough to allow R9
pulse powering from a microprocessor digital output pin. 30k 1%
| RES_0402 35 |
The S5pA maximum supply current varies nnl{ Q.1pAN
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turn—on), the devices can draw up to 20pA beyond the ° R11
nominal supply current. The input voltage source must - R12 0.0 ohm
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