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Notes:

Traces with special current requirements are noted in red. Modify trace thickness for
external/internal layers and copper thickness.
Traces should be capable of withstanding twice the rated current for 1 minute.

Unless otherwise noted, assume traces will carry 100mA continuous current maximum
(200mA for 1 minute).

Trace thickness should be 8mils minimum (20z copper).

Do not split ground plane.
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[ 2 3 4 5 6
(6] [_DAUT.DET0.3} DAULDETI0.3
(3] [_PD.PLATEREG PDPLATEREG
(6] [ IWIRE.RX LWIRERX
(5 [ PD.MFDL PD.MFD1
PD.PWM_OUTL
5] |_PD.PWM_OUTL ST
[5] [_PD.PWM_OUT2 !
BD[3.0]
16] [ BD[0.3]
LVRETX [IWRETX > [ 5
FROG EN/ PROG_EN/ 7
u7A
VEC oo U10A BKGD P w———
INH/ OUT
R,10K0
OSC XTAL16.000MH YEC
VDDPLL
6] < RESETI VSSPLL
EXTAL
<2 xTAL PG7 £D
vee P o BD
RESET/ 46 1 BD
RESET/ ol e PD.PWM OUT2 L
N19A pe2 20 PD.PWM_OUTL
N,10K PoL 21 PD.MFDL vcc  vce
R 8 DBE/CALPET PGO —22 IWIRE.RX
PWMOUTS 38 | MODBIPES 64 61
T8 MODAPES oMIT oMIT
MODA and MODB must be low SENS 3 ECLK/PE4 32 SPAREL
during reset for proper operation. SENSLA 4| LSTRB/PE3 PH7 —37 SPAREQ
N19B N19C <RN19D SENS 55— RIWIPE2 PHE —=7 BOOT
N,10K  <SRN,10KSRN,10K SENS 56— IRQ/PEL PHS —75
56 XIRQIPEO PHa —35 SATTETS
PH3 DAUT.DE
S DAUT.DET2
GND GND  GND - DAUT.DETL
cois 2| par oho 52 DAUT.DETO
253 | pas
[3,6] [ SENS[IZ. 5] memebili2ud] b =2 pas VEP
=25l | paa
DL 60 | ppg TesT g9 " ¢
CD10 S59_ PA2 Ports G and H configured
g:)) ﬁgg_ PAL PHUPD 41 for pulldown.
o4 151 PAO PGUPD
(3] [_SCD[4.15] o7 a
iorh— <o 4
CD5 2 | poe
13] [ PLATEREG[D. 3wl aRECI0.3]. b =28 | ppy
LATEREGZ ~27 | pos
PLATEREGZ 26 | o>
e SELCSI0.3] { SPI.CSI0.3] 15.6]
LATE PBO PP7
- e - ] PP6
13] [ VREG[0.3] ~RECIO.] VREGS o PP5
e | Ana7 (PADIY) PP4
Mt o2 | AN16 (PAD16) PP3 —
AN15 (PAD15) PP2
[4] [ OPTOPD[0.2] meiblI0.2] R 28| AN14 (PAD14) PP1 SWMOUTIO.DL PWMOUTI0.5] > [5.6]
S o 78| An13 (PADI3) PPO
S £3— AN12 (PAD12)
- 4 [ POTEWP PD.TEMP PD.TEMP 70| AN (PADLY
Analog Circuitry [4] [_PD.TEN ( )
N18D
E GPToRERLT 51— A7 (2007 N0k
4] [ OPTOREFLID. 2wl OREELIC.Z] OFTOREFLD 19 ANOS (PADOS)
(4] _TEMP.EXT El ANO4 (PAD04)
4 e ) < e
4] AVSAFEDET 71 | AN02 (PADO2) PCANS 100 INTERRUPT LED
4] IBVSAFEDET 60| ANO1 (PADOL) PCANS 757 SERVICE.LED
4] : /ANOO (PADOO) PCANA E.
SENSTT 8
SENS10 i B
SENSO T
SENSS 5 | ora
SENST 7 —
SENS[4.11] SENSE 5 PT3 Place series termination resistors as close to
[3,6][__SENSI4..11] - SENSS 5 PT2 the microcontroller as possible.
SENSA s
PTO SPISS
i SPISS ]
SPLMISO 93 9% - SPLSCKz__ > [6]
: R69R,51R
6] [_SPLMISO SDI ss o—32 SPLSCKL
SCK o= AN St SPLSCKL > [5]
Sbo _| R67R,51R - [5.6]
UARTORXD 89 %0 UARTO.TXD
(6] [ UARTORXD RXDO TXDO UARTO.TXD > [6]
(6] [_UARTLRXD UARTLRXD 91 | pypy TXD1 —2 UARTLTXD UARTLTXD S [6] -
CANORXD CANORXD 105 104
[6] [ CANO.RXD RXCANO TXCANO
6] [_CANLRXD CANLRXD CANLRXD 103 | pCAN2 (RXCANREANS (TXCANI) [—L02
MC912D60A,MCU CANOTXD @ 6l
When reset is pushed, all LEDS will turn on R RN20D vcc CAN1.TXD 16l
due to pullups on the NOT gate inputs. 1 2 __Q Label on board POWER N15A -
GﬁND 0S5 D:]S’GRN RN,1K BDM (Background Debug vee N10K Second CAN controller (CAN1) is only
U9B (X8 RNZOC Module) Connector. BOOT Jumper for DG128 and if D60 is installed, pins
HEART.LED 3 {bo 4 1 Kt 2 NN Label on board HEARTBEAT Label on board BDM ; A Label on board BOOT 102 (CAN1.TXD) and 103 (CANL.RXD)
iC7anCT14 DS4 DS,GRN RN,1K 4K99 vee will be used as General Purpose 1/0. A
3 J4 ’ .
N N, RN2B - BKGD 7 RS NG LIONEL Schematic
CANCOM.LED 5 6 1 2 1 2 BOOT .
0 |4—/F\{{\‘\/1\(<-4 Label on board CAN COM %—¢ mo 7 Microcontroller
IC,74HCT14 DS3DS,GRN ™ L* GND s _L IC,74HCT14 CREO Confidential
usb AR RN20A S5 L RESED o0 N Gi\ElectricaHWLionel\10-48018-E\Eng\713-048018-C-SDOL.ddb - D Page 02 Micro.sch
INTERRUPTLED 9 {bo 8 G—=2 Label on board INTERRUPT pAR: i DESIGNED BY: BOCUMENT NUMBER] LAST ECO:
IC 74HCT14 DSs v RNIK J.M6,DUAL ROW vee GND GND J. Malm 713-04801B-E
USE X
R66 DRAWN BY: TAST REVISED BY: | APPROVED BY:
SERVICE.LED 1 10 )
{b(} 1 R.1K00 Label on board SERVICE J. Malm Dean Lowe Dean Lowe
DS, :
IC,74HCT14 S.RED DESIGN DATE: TAST MODIFIED DATE| SHEET:
July 10, 2000 October 31.2003 2 of 7
[ 2 3 4 5 6




16 Digital Inputs, Assembly/Version Registers

GND CHASSIS
27
— ——c48
C,10N C,10N
C.10N OMIT N6B N6A <RN7A
Digital Input Connector #1 C27. VCCEUSED N 100ISRN. L0OSRN. 100K
— GND CHASSIS GND CHASSIS GND CHASSIS
Plate Registration +24V.FUSED VCC.FUSED v Digital Input Connector #2
Label on board DIG_IN1 Label on board DIG_IN2 C52 C,10N| RN4A SENSA
29 25
cre N12D ésmzc é:leB ==C%0 mél:’( LA
‘—_| N,100K <SRN,100K <SRN,100K
C 10N 78 7 CHASSIS owiT | C1ON OMIT . {bc 2 sco4
C,10N RN14B  pp pLATEREG Emfg K IC,74HCT14
< CHASSIS BN1OK SENSS
< CHASSIS y AN1K
I RNLOA  PLATEREGO R\GB rl
AN1OK 13 {bo 12 SCD5
RN10B PLATEREGL |J\R{\'\'/1\6KRN ac IC,74HCT1L
SENS6
RN,10K —\W
RNIOC  paTEREG2 mggK usB
RN, 10K AN, el {bc 4 SCD6
RNIOD  p aTereGs A 2:5ng IC,74HCT14
RN,10K |—’\/\/\, SENS7
C83 C,10N N14A 48 ﬁﬂélém LE
49 N, 10K =—=C69 8 1 {bo 10 scb7
——C75 9
C,10N C,10N RN,10K
C62 C,10N| C.10N oM omIT 0 IC,74HCT14
omIT | C, b RN5D SENSS
Y GND CHASSIS| GND CHASSIS J:M,20,DUAL ROW SAMTEC g4 ¢ 10N AtAm
CHASSIS GND GND CHASSIS 47 20 22 , u4c
—cC72 —C68 ——=cC29 = ?2 1 30 RN2 5 5 6 scDs
c23 C10M| 221R <R, 221R <SR,221R
Pin 14 is Removed on this connector for Keying OMIT | C,10N OMIT | C.10N OMIT | C.10N oMIT | C,10N RN, 10K S rancTia
v
GND CHASSIS GND CHASSIS CHASSIS GNDGND CHASSIS GND CHASSIS GND CHASSIS Gl
21
——C32
OMIT | C,10N
GND CHASSIS
PD.PLATEREG > [2]
\ \ SLATEREGI0.3] { PLATEREGI0.3] > [2]
GND CHASSIS GND CHASSIS GND CHASSIS r <
SCOlLL SCOG.I5] > [2.6]
43 D15 33
—<n ——C56
VCC.EUSED omiT | CON OMIT omiT | C1ON -
NS[4.15]
65 C.10] SENS[4.15] > [2]
— GND CHASSIS GND CHASSIS GND CHASSIS GND CHASSIS
Digital Input Connector #3 Q RNBA SENS9
Label on board DIG_IN3 C39 C,10N RN,10K
45 38 24 39 N9D <RNOC <RN9B <RN9A ZRN7D <ZRN7C <ZRN7B : U4D
C70 ——C63 ——cCs7 N,100KSRN, 100KSRN, 100KSRN, 100KSRN, 100KSRN, 100KSRN, 100K RN2B 9 {bc 8 SCD9
18 CHASSIS omrr | G0N omrr | G0N omir | G0N omIT RN,10K
RNSB IC,74HCT14
SENS10
RN,10K U2k
RIN2C 13 {bc 12 SCD10
RN.10K IC,74HCT14
RINSC ' SENS11
ij}“\ie 1 {bc 2 scoiu
RN.10K IC,74HCT14
RNSD g _— _— Y — — — —
SENS12 -
MV Analog Circuitry
g U2E
RINLA 1 {bc 10 SCD12
g RN, 10K K cTia Version Register
S0 17 L/F\*;‘\% ' SENS13 VREG[0.3
_ VREG3 VREG[0.3] > [2]
RI u2B Resistor "3"
3 b(} 4 _SCD13 Resistor "2" VREG2 Version register
located in analog
2 IC,74HCT14 hop VREGL !
T SENS14 Resistor section.
g; u2c Resistor "0" VREGO,
P
29 5 6 SCD14
(5 30 {bo
| IC,74HCT14
JM.30DUAL ROW C64 C,10N D23 28 32 36 SENS15
C28 —C42 —ca7 = ?;34 ?; ? ?23 § ?;
221R SR221R SR221R SR221R SR221R SR.221R u20
c3s Caon| |OMIT [ CAON omiT | 1N OMIT | C,10N OMIT | C,10N o > 8 scDis
v
¥ GVI\IDGND CHASSIS GND CHASSIS GND CHASSIS GND CHASSIS D IC,74HCT14 LIONEL Schematic
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‘ Temperature Sensor Input

Port (thermistor)
Label on Board TEMP

0-5

Analog Input Port 1 (4-20mA or
‘ Label on Board AN_1

Analog Circuitry

Note:
Do not split GND plane. The OPTOREFL inputs are
single-ended and ground loops will form if the GND plane

Analog Input Port 2 (4-20mA or
0-5V;

‘ Label on Board AN_2

Analog Input Port 3 (4-20mA or
V)

Label on Board AN_3

Page 04 Analog_In.sch

is split.
Off-board Temperature (Analog) Sense P
c132 This amplifier is a 1st order LPF:
VCC.FUSED 1 TEMP.EXT(s) = (TEMP+ - TEMP-)*(1/(1+100K*10n*s))
GND CHASSIS +5V.A 1] = (TEMP+ - TEMP-)*(1/(1+1e-3*s))
C.10N
C137 59 R78 R76
C,10N C119 R,2K49 - 2
J21 omir | €N R77 RO el
2EC CHASSIS R0k 10 . U14A
ANV + RN26A
TEMPT : I . 7 TEMPEXT et @
AN - RN.IOK _|* 100
PD‘TEMP+ R 58 1o [C.LT1013DID CP,22U,20V
J,M,6,PCB MINI-MATE-N-LOCK 86 R82 GND
2K49 R,100K1%
v 56
CHASSIS ~ C134 GND ——c106 c131
C,10N omir | C1ON GND ”
C.10N
GND CHASSIS 55 c122 ‘
C,10N RN278
oMIT AN\ PD.TEMP PD.TEMP 2
N27 RN 10K
GND CHASSIS N 10K ‘
GND
For the connectors below, jumper Pins
3 and_ 5 for Cable Detect; Pin 6 to GNDCHASSIS
remain unused. OPTOREFL[0.2
il OPTOREFL[0.2]> [2]
C136
L—C,10N
omIT 4-20mA (0-5V) Analog Inputs
GND CHASSIS GND CHASSIS
c135
© 10N +24V.EUSED " " +5V.A QPTOPRIO2L BB > [2)
—=—C130 —=—=C120 GND D11
a7 CHASSIS omir | SN omir | ©1O0N D,DUAL,BATS4
¢ — RIN268 OPTOREFLO
A H5VA
Rre RN,10K
+
R.221R c45
VCCFUSED S u20v +5V.A GND D14 ‘
D,DUAL,BAT54
GND D6 +48V.SAFE PUAL
JM.6,SINGLE ROW,LOCKING GND GND D DUAL BATS4 RS3. _48vRESD R%2 RNZSA 48VSAFEDET [ 757sarenet > [y | *48VSAFE.DET = 0.076 X (+48V.SAFE)
v T g | . R,20K R,20K N,10K - =3.66V @ 48V.
CHASSISC105 GND ,Ff}“\izg’ OPTOPDO " " o cufM : :
C,10N X C,100N
N27ENA0K
c111 N, 10K GND
Caon *2AVEUSED +5V.A GND
GND GND D10
16 CHASSIS D.DUAL BATS4
¢ — WC OPTOREFL1
RN, 10K +SV.A
R81 +
c73
VCCFUSED R22IR T a0v +5V.A GND D13 ‘
D.DUAL,BAT54
J,M,6,SINGLE ROW,LOCKING GND D8 T2AVSAFE es R58 RN25B +24VSAFE.DET = 0.161 X (+24V.SAFE)
GND GND D.DUAL BATS2 24VRESO I UVSAFEDET _—reree et
v o R 20K R20K N, 10K : @ =387V @4V
CHASSISC128  GND ,F{;‘&\‘; OPTOPDL " " 87?< o c11 N ‘
C,10N ; C,100N
cos N2 RN 10K
N,10K
+24V.FUSED \ +5V.A GND
C,10N b
GND D9
14 CHASSIS GND D.DUAL BAT54
( — RN26D
OPTOREFL2
RAA 1
R e 15V.A oA +24V.DET = 0.161 X (+24V)
R,221R - DET = 0.
VCC.FUSED CP,22U,20V] GND D12 =387V @24V.
JV6,SINGLE ROW,LOCKING o oo GND o7 w2y D,DUAL,BATS4
23 D,DUAL BAT54 R70 R71 RN25C 24V DET
CHASsIsCo? G RN24D OPTOPD2 AN AN { 24VDET > 2
R,20K R,20K RN10K
¢.10 A 79 C11!
N2aEN: 7K6E | C,100N
N,10K
52 GND
C104 ——c133 GND
OMIT | C,10N OMIT | C.10N GND ‘
GND CHASSIS GND CHASSIS
41 -  — — — —!
——css VCCooo
OMIT | 10N 1 VECOEL [VECET D 1)
R.10K0 N25B——C102
GND CHASSIS N,10K | C,100N
o LIONEL Schematic
GND Cre 0 Analog Inputs
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. e - -
F2 424V
All circuitry within this dashed line requires 2.4mm 2A Current
creepage and clearance (0.5mm inner layer) to all OoMIT
00 Install F1 OR F2 (not both
other circuitry on the same layer. MEDS ‘ EE'z 4 |
. X C18 C11 F1 +24V.SAFE
Digital Outputs (open-drain) C,10N C,10N
MFDSAFE.VCC
[7] MFDSAFEVCC F,POLYSWITCH,0.90A
CHASSIS ~ CHASSIS i o
-
CHASSIS CHASSIS CHASSIS CHASSIS o
UlA
2 MFDRES0 MFDSAFE CS/0 T SENABLE) €10 ==C12 —=—=C13 —=—=C14
CAON | C1ON | C10N | Ci0N
R/470R 1206 R470R 1206 T g:g'}f 0.25A Current ___ MFDSAFE.ACT! 2
1 [ SiscK R10 MEDRESL RS MFDSAFE.SCKL [
R,470R,1206 R,470R,1206 3 SER IN 0.25A Current MFDSAFE.ACT:
R35 R28 N
2) [ SPiMoSI MFDRES2 MFDSAFE.MOSI 3 DRAING g | 0.25A Current __ MFDSAFE.ACTS s(,g:)eenno_g :irr]l)ver Output Port
RA470R,1206 RA470R 1206 4 DN [ | 0.25A Current __ MFDSAFE.ACTS Label on Board SOL_DRV1
% 7 | g
al DRAIN3 >
‘ g DRAING 0.25A Current __ MFDSAFE.ACT4 9 ‘
DRAINS
2100KO DRAING ] 0.25A Current __ MFDSAFE.ACT]
‘ ' DRAIN7 | | 0.25A Current __ MFDSAFEACT! ‘ |
18
o SEROUT X 0.25A Current __MFDSAFEACT
IC.TPIC6595
‘ giﬁw 811701\1 81160;\1 81150,\‘ 1M,16,DUAL ROW SAMTEC J
CHASSIS CHASSIS CHASSIS CHASSIS
R4 R9
MFDRES3 vee
R 10%/0}5' b3
10K, R,10K,1206 GND D,DUAL BATS4
Rt RAS  +24V
AL MFDRES4 PD.MFD1 S5 WEDT 2
R.10K,1206 R.10K,1206 NITA
L J N,10K
c
GND
-~
AV
25 Current ___PWMSAFE.24V1
uren - 7 Install F5 and F4, OR F6 and F3.
FPOLYSWITCH250A | Bend 90 degrees to avoid interference
with connectors.
+24V.SAFE
c30 F4
‘ omIT
CHASSIS C,10N —
‘ | S N G2 ) BA ‘
JMMINIETTIRZX3
1A Current __ PWMSAFE.PWMDO 4 LN 15D
2y IMMINIFITIRZXS PWM Output Port 1
r RPN - - 3 MMINIETTIRZX3 (open-drain, 1A per channel)
All circuitry within this dashed line requires 2.4mm W PWML__) J5E Label on Board PWM_OUT1
creepage and clearance (0.5mm inner layer) to all 3 J,M.MINIFITIR2X3
‘ other circuitry on the same layer. %% >—(PD.PWMO+ ) J5C ‘
3 M,MINIFITIRZX3
CHASSIS csi C10N 6 5
3 MMINIFITIRZX3
CHASSIS
€38 C10N o _—
o 2V vee
PWMSAFEPD1+ R3S PWMRES6 R46 D5 s
CHASSIS CHASSIS RI0K.Nal6 % 10K 1206 GND D,DUAL,BAT54
PWMOUT[O i
(2] [PWMOUT 5 PWM Outputs (open-drain) _L 5 L ¢y PWMSAFEPDL- __ R7 PWMRES? R12 PD.PWM OUT—55 5 GOTT
pwmouto R3L | pwMRESO R4 PWMSAFE.PWMO C10N | C,10N; R0 ¥ 10K 1206 - @
us 10K, 10K, N17C
R 470R,1206 R.A70R,1206 & rpiczeoL oy N 10K
pwmouTs R4S - pwmRrest R42 PWMSAFE.PWML 2 [61 brAML 2.5A Current  PWMSAFE.24V2 _ F5 [}
R470R,1206 R/470R,1206 |—‘7‘ G2  DRAIN2 FPOLYSWITCH250 Bend 90 degrees to GND
pwMouT2 R44|  pwvREs? R4l PwiMsAFEPWM2 g | 33 DRANS 1 1A Current cs avoid interference with
R,470R,1206 R.470R,1206 12 G5 DRAINA 0 1A Curre |_ 3 +24V.SAFE connectors.
pwmouTs RAO |\ pwwmRess R39 PWMSAFE PWM3 Y cs DRAING | X CHASSIS C,10N g
- DRAINS S ' omIT
R.470R,1206 DRAING L Lo e
PWMSAFE PWM4 GND 8 CION | C.0N —L > P CZ VD ¥ 73 ]
R 47°R'1;°:0 2'34270'?'1206 2 GNO [CHASSIS CHASSIS PWMSAFE PWMD2 5 I M.MINIFITIR2X4
PWMOUTS PWMRES5 PWMSAFE PWMS5 , INEMINIETIRE
R 470R,1206 R470R,1206 L2z 5 +24V 18
4| J,M,MINIFITIR2X4 PWM Output Port 2 (open-drain,
L ewwsarepwvps 6 o MR e
‘ A LA Current  PWMSAFE PWMDA 3 IMMINIFTTIRZX4 Label on Board PWM_OUT2 ‘
3 M.MINIFITIRZX4
1A Current ___PWMSAFE.PWMDS 7 NS 116
4 3 M.MINIFITIRZX4
— >—(PD.PWMI+ ) J1D
3 M.MINIFITIRZX4
20 ——c21 e6 CION —2 s PDPWNL ) JIH
CIN | G 10N ] M MINIFITIRZX4
CHASSIS C8 C,10N A
CHASSIS CHASSIS | -
[ +20v vee LIONEL Schematic
CHASSIS PwMsAFEPD2+ _ R33,  pwMRESS R4S creo Digital/PWM Outputs
R,10K,1206 R 10K, 1206 GND b4 CREO Confidential
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3 4 6
c B G Expansion Bus Connector
Xpansion Bus onnector
#: Label on board: SCON2
Label on board: SCON1
+48V.SAFE
J13A J9A
GAT_T4BSAFD 5 9A Current Q 9A Current 3 SAT 7435AD)
+24V . SAFE
AT T24SAT 9A Current Q 9A Current 3 INEEVTEI
Ao : g
AT A )< 9A Current . Q 9A Current 5 S AT )
\ R72 R 1m00 R55 R 1M00 4
11| GND ' L L y GND 8
— L L _cos co7 72 Z —>
JMMINIFITIR2X8 Ca0N100v T C.10N C.10N 0 big 050 JMMINIFITIRZXS
D,MBRS360 v/ D,MBRS360y D,MBRS360
€96 C,100N CHASSIS CHASSIS CHASSIS  CHASSIS GND GND GND CHASSIS C61 C,100N
- 12 TERM DET o 3% >—(TERM_DET)
JMMINIFITIR2X8 JMMINIFITIRZXS
N 9 CANO_H b % CAN
i SN B
JMMINIFITIR2X8 JMMINIFITIRZXS
J13C
6 CAN TRANSCEIVER 0
(BRD_LOC+) ——
BRD LOC* vee SCON COMMUNICATIONS
1 R73
BRD_LOCT AA
SR 55 15 R1KS RN,10KRNZ2A gpo A UsA
7 RN10K RNZ2B gy CANOTD ™0 RxD [—* EANORID R eE—
BRD_LOCL- -
16 RN,10K RN22C gy CANH —L
BRD_LOCZ- - CANL BD[3.0] > 2]
RN22D
BRD 10C3- 8 ¢ RN10K BD3 RS VREF 2
JMMINIFITIR2X8 o \CPCASICIR
N23A N23B N23C N23D
N,100K <RN,100K <RN,100K <SRN,100K
- - DAUGHTER BOARD CONNECTOR #2
——C118 ——=C129 v vee 10 Note daughter board is an extension of the
OMIT | C,10N OMIT | C10N GND base board and does not provide
BD[3.0] decoupling or input protection.
GND CHASSIS GND CHASSIS CANLRXD Y >: ([ o
GND . S
51 54 IXD_2 —
——co9 ——c110 c127 RXD_2 52
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Power Regulation and Filtering
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