POWER ELECTRONICS

**DC—-DC Switching Power Regulation**

5V and 3.3V outputs are isalated from High Voltage,

but not each other
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EXTERNAL CONNECTORS
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AVR Reset Switch

+3.3V

GROUNDED LOW VOLTAGE

II 10k ll
R5
+3.3V +3.3V +5V
SWi
—_—t
. RESET . +3.3V +5V
AVR MICROCONTROLLER dg 1 " ¢ o
RESET_AVR 20| prepy S 9 o (AD0)PA0 |51 WATCHDOG 17
Maximum, Frequene = (AD1)PAL |20 =4 _SDA —
Datasheet EPag'E 368) (AD2)PA2 49 SW_SCL RESET RESET
Vsafe = 1.8/8%(F-8)+2.7 28 i e (46 SLOOP_CTRL = S—
23{ xTAL2 (ADL)PAL |47 CHRG_CTRL [RESETAVR)
(ADS)PAS |46 FAN_CTRL
X1 (ADBYPAG 3¢
O 621 AREF (AD7)PA7 Hix
v} SYSTEM STATUS LEDS
c1 c4 c6 (S5)PBO +3.3V
(SCK)PB1
10p (MOSI)PB2
PGO(WR) (MISO)PB3
PG4 (RD) (0C2A)PBA4
PG2(ALE) (0C1A)PBS
PG3(T0SC2) (0C1B)PB6
PG4(TOSCL) (0COA/0C1C)PB7
PFO(ADCO) (AB)PCO |22 PCO 03
PF1(ADCY) (ro)pC1 |36 PC1 PC1 ——ELLOWDY
PF2(ADC2) (At0)pPc2 |31 PC2 -RB REQ’UE\}-T
PF3(ADC3) (A11)PC3 |38 4
PF4(ADCA/TCK) (A12)PCh |39 ok
PF5(ADC5/TMS) (A13)pPcs 0% PC2 YELLQW 2
PF6(ADC6,/TDO) (A14ypce Fdx -Rg Low’v&T
PF7(ADC7/TDI) (A15/CLK0)PCT [42x 4
PEO(RXDO/PDI) (SCL/INTO)PDO |22 SCL
PE1(TXDO0/PDO) (SDA/INT1)PD1 |28 SDA
PE2(XCKO /AINO) (RXD1/INT2)PD2 [£Lx
PE3(0C3A/AIN1) (TXD1/INT3)PD3 [ 28
PE4(0C3B/INTA) (IcP1)PD4 [23x
PES(0C3C/INTS) (TXCAN/XCK1)PDS5 [30— CANTX
PE6(T3/INT6) A (RXCAN/T1)PD6 |31 CANRX
PE7(ICP3/INT7) 22 = (10)PD7 |32
AVR Decoupling 0o 5 EXTERNAL WATCHDOG
Capacitors (UT) N9 e AT90CAN32—M
+33V 433V +33V ° _
RESETA .
A 433y RESETAVR 1 | pet vee |5 +3.3V
u2
c2 C3 C5 GNDAZ GND
ADM6320
R L RESET 3 |yg wp| & WATCHDOG
Threshold: 2.93 V
Timenut:L‘iﬁOO ms
Open Drain Reset: 140 ms
|2C PULLUP SwI2C PULLUP reset pull—up resistor
+33V 433V +33V 433V
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HIGH VOLTAGE i LOW VOLTAGE
HIGH VOLTAGE INTERFACES
HIGH VOLTAGE POWER oy _
-, PWR_FLAG PWR_FLAG
[PACK=) PACK+ This power supply is responsible for delivering non—isolated 5V AMS_RESET [AM5_RESET)
gow_e? to the ﬁipg \gotftagz tEhL'ECthCLS{ AHMAM_ bus conneitedd
_ evices are powered from this regulator. Maximum current draw
BALK 250mA. This Switcher was selected for its high efficiency even at light load. gl\?l\)/
7CHRG DET PWR_FLAG
[CARE D) ———— 2= 350uA
L1
SDA_HV Vin ow L Y Yo  SV_HV <DA
SK310A-LTP U6 220u OSDA
SCLHV RUN vFB 2 scL -
2
LTC3638 o
N 12 ovio 55 L0 5
3= =Y &
~i| oo -
»&{ VPRG2 Z Z VPRGL L 2
PWR_FLAG g :
HV_GND PACK-—
PR FUAG 5V_HV ?ég;i?m
Bypass U I2C Address Ox48
5V_HV ? Cg;ac'\tm €23 [c8 (see datasheet page 14) 12C PULLUP [2C ‘SOLATOR
(U4) SV_HV SV_HV
0.4u  [0.1u 4—1
PACK VOLTAGE SENSOR HV_GND 2 SmA SmA
S 5V_HV 1 [voor 1ol vooal-8 +3.3V
PACK-+ 4 aino S opr lL___HV_GND 7
>3] AINL B RDY [2x SH c13SDARV. 2 lgpp gl spaz L SDA c17
3l x|y ADSTOLS gpplo  SDAHV 0.0uSCLHV. 3 |y 518600 o516 SCL
=[& > AIN3 - scLflo oCL AV =
= HV_GND 4 1 GND1 o GND2
ADC_PACK b 2
) SCL_HV i
9 HV_GND ‘ ‘
MCP6402 ;
c7 > :
NS HY GND | HIGH VOLTAGE : LOW VOLTAGE 3.3V Linear Regulator
o0 |9 Pack Voltage Sensor Scaling (1:10) WURTH775031156@ +5V ug +3.3V
! NCP1117ST33T36
PACK — HV_PWR This flyback converter has been simulated in LTSpice 4 211 2 - vo |2 +3.3V

SK310A-LTP 4| C16

o
=
[}

|

HIGH VOLTAGE DIGITAL I/0

D7
PTZTE25338B

This 1/0 expander is responsible for relaym%
digital signals accross the HV—LV isolation barrier
via the 12 bus. This flyback lator i ible for deliveri
o is ack regulator is responsible for delivering
SV_HV 5 5V Tso(ated power to low voltage systems. This
N © 5‘ includes: PACMAN computer, charge relays, and charge fans.
12C Address 0x40 co e 380uA ™ u7 a
. SV HV (see datasheet page 13) = - & The LT8302 requires a minimum current draw for stable voltage
I “Tou = sw L5 regulation. If this current draw is not met, the +5V rail can go as
o 40uA e e high as 20% over voltage. It is not recommended to run any
PCFB574A us 11 en/uvio digital logic, or sensitive ICs from this source.
CHRG_DET 4 3 14 SCLHV 6 P
PO > SCL RFB | FISTT Mimum Current Draw: 10mA
AMS_RESET 51pq spa |45 SDA_HV N R17 b
6| p, <l 2 | NTVCC Maximum Current Draw: 2.2A
X =1
xL]p3 a0 | L HV.GND 2 RREF
x| py a1 2 HV_GND c12 4
19 pg a2 |3 HV.GND - GND LT8302 Engineer: John Gehrig
1l pg ! o TC o Supervisor: Christopher Nadavich
5V_HV x4 p7 . 5 E | Fall Semester 2015
8 T f3x o Lafayette College
c22 Bypass Sheet: /Isolated Power Supply/
(ng)ac'\tm o HV_GND ® o o File: power.sch
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SAFETY_CTRLD—2LOOP. _CTRL
CHARGE_CTRLD—CHRGE_CTRL
FAN_CTRLD FAN_CTRL

HIGH SIDE P—FET DRIVER

This device is respansible for driving the
high side p—fet switches.

+3.3V

|

U3 o
>

CHRG_CTRL i D >c 1y |6

74LVC2G07

FAN_CTRL 3 a0 [

o
=z
o

CHRG_CTRL

FAN_CTRL

o

GND

APPLICATION NOTE:

The 5V line is not tightly requlated in low load scenarios. All
devices attached to the 5V rail should be tolerant to valtage
spikes of around 207%.

SAFETY LOOP RELAY

This relay is responsible for switch'mg% the PACMAN safety loop
connection ON/OFF. The lights show the user at a glance if
the safey loop is open or closed.

This relay is capable of switching 1A in AC configuration.

u10
SLOOP_CTRL 1 1 6 SLOOP_A1
| ] o
R33 ‘
Yo W
2 N 55 4 SLOOP_A2
$ RELAY_VO14642AT
GND AC Configuration (1A Max Current)
D10
SLOOP_CTRL o1 L2 GREEN GND
T S
Rei SAFE
D11
SLOOP_CTRL N 1 RED +3.3V
Rz ERROR

FAN CONTROL N—FET

This MOSFET is responsible for switching the charge fan ON/OFF.

The fan will not come on automatically when charging begins,
it is controlled by the software.

Fan Output Voltage: 5V

+5V °

S123230DS "

D18
SK310A-LTP

GND

GROUNDED LOW VOLTAGE

+3.3V +5V

+3.3V +5V

SL_24V
SLOQP_A pins are SL_GND
shorted together SLOCP_A1
only when the safety SLOQOP_A2
loop is closed SLOOP_B

FAN+
SLOQP_B pins are CHRG+

always shorted together

CHARGE CONTROL N—-FET

This MOSFET is responsible for connecting the CHARGE relays
when the pack charger has been connected. Power is supplied
from either the pack terminals, or USB connector.

Coil Output Voltage: 5V

sreg
CHRG_CTRL o1 1 2 GND
—_—
R23 CHAR&

+5V °

SK310A-LTP

GND

Lafayette College
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GROUNDED LOW VOLTAGE
+3.3V +5V

+3.3V +5V

CANTXD_CANTX GND
CANRXD——CANRX

CAN TRANCEIVER

Vv

o CANTX v
+5V CANTX 4 Uzin - CANTX »013 1RED EETEN
CANRX  1lup 2 cawn |2 I {CANH i< Ri;ks +5V
c19 5 ]I3 YELLOW
Ve, canc [ {CANL CANRX 2“{4 1 E_j\
0.1u M 8 I Rs 2 % R5T
R24 $CP2551—\/SN CE&RX

NOTE: Population of R26 is optional.

R26 should only be populated if you intend
to use this board as a terminating CAN node.
(R26 should usually be unpopulated).

Engineer: John Gehrig
Supervisor: Christopher Nadavich
Fall Semester 2015
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USB UART

This is an FTDI USB Serial Converter IC,

it can be used to upload code, configure
the device, or transger debugging mformat\on
if the software is conf\gu(edg properly

Drivers available for Windows, Mac OS & Linux

GROUNDED LOW VOLTAGE

+3.3V +5V

+3.3V +5V

u12
USB BOOTSTRAP POWER Al pys ) - UART LEDS
VUSB 20 LR r———vr
This diode is used to power the vee RXD gIRXD These LEDs light when USB serial
PACMAN computer board when RTS p—2—X data is being transmitted.
the battery pack has been fully USBD— 16 | ysgp-— cTs K11 ¢
discharged. If voltage is not USBD+ 15 | yspp+ DTR 2 DTR RED
resent between PACK+ and 9 X
ACK=, then this diode will allow DERP 0 X IXLED NgL— [T vuse
the USB #)ort to supply up to 19 DCD = X R26
500mA of sustained current. X—=2-01 RESET Rl A—2—x ax  YELLOW
For periods less than 0.1 cpuso 23— TXLED RXLED N 1 —1 VUSB
seconds, 1A can be drawn. x—2L | oscl cBUst 22— RXLED [ﬂ l%’
oy »x—28 1 0sco CBUS2 %x
17 | sysou1 E:Egi 1 X FTDI Reset Connection
—Le—x
> £\ 2 vuss RESET 1 DTR
SK310A-LTP 500mA S 6 ook ELL 5
20 23338 °
04u o o o o o FT232RL
[ — o [
A4
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HIGH VOLTAGE GROUNDED LOW VOLTAGE
J1 +3.3V +5V

5 P1 USB UART T

] ® +3.3V +5V

% 2 oND

E @VUSB s % USBD+<@I %

g gmg Sm&ﬁldj Sm&ﬁldii USBG?\JB

EXT 12C

PACK WIRING HARNESS APPLICATION NOTE

SAFETY LOOP A

Port J2 is a DB—37 backplane connector, which will be connected to
the pack wiring harness via solder pot connections. The wiring of
this connector, and its inputs/outputs are described in more

keep current draw within specification.

LCD HEADER/SWI2C
LCD HEADER/SWI2C

This 4 wire connector is used to interface with GLV HARNESS
an optional 12C LCD such as the DF-Robot

20x04 character display, or the Adafruit LCD

Backpack. NOTE: This port is software 12C only.

J2
(X
—O
40
—O
0
detail in the pack wiring diagram. SAFETY LOOP B S O
- O
AIRS 1 ©o
AIRS 2 L. ©
—o0
SAFETY LOOP A/B o o
i —O| e
GPIO HEADER SLOOP_A pins are O O
. shorted together o w
0.1" IDC Connector only when the safety =
External User Interface Board loop is closed © o %
P4 O -
1 2 SLOOP_B pins are L o | w
3 4 always shorted together O <Z(
5 6 o Ef
rlole GLV HARNESS o | %
—O
11712 This device only uses 3 pins from the - +O 3
13 14 GLV connector: CANH, CANL, and GLV_GND. CHARGE 1 ~ 5
15 16 -
E o O
CHARGE 1,2 CHARGE 21 —o
This connector contains pins which can be used for FAN O
SPI. If, at a later time, more complicated LCDs, or Charge Relay output, up to 5V & 1.5A can be used. —O
more 1/0 is required this feature can be utilized. A snﬁd state or PCB—mount relay is recommended to - O
—O
40
—O
40
—O
S

AVR DEBUGGING

JTAG Pngrammimeg/DEbug Header

TerOLCK 132 GND

@TDO 3 4 +3.3V

Tivs) M ? g RESE AVR(:M Engineer: John Gehrig

@TD\ 9 [ 10 GND Supervisor: Christopher Nadavich

Fall Semester 2015
Lafayette College
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