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1 Introduction

RVDD. The RVDD(51) line is the positive voltage

This document describes how the Epic Core can be supply for the radio. The input voltage range for this sig-

integrated into a new mote platform. Integration has

nalis 2.1 V to 3.6 V. If the DVDD, RvVDD, and FVDD

both electrical and mechanical aspects to it that we voltages are different, then the pairwise difference be-

present (or will someday present) in this document.
Note: this documentis a work in progress so it will grow
as user requirements demand.

2 Electrical Signals

Creating a new mote design based on the Epic Core

can require various degrees of integration. The min-
imum recommended level of electrical integration is

shown in Figure 1 and described below. The basic re-
guirements include connecting ground and power sup-

ply lines, providing a way to program the Epic, config-
uring the default state of the external flash memory write
protect line, and optionally connecting LEDs to provide
visual output. Finally, a variety of I/O lines including
SPI, I12C, ONEWIRE, UART, ADC, GPIO, JTAG, RF,

and test lines can be exposed for additional functional-

ity.
2.1 Power Supply

GND1, GND2, GND3. The GND1(1), GND2(35),
and GND3(52) lines are the digital supply grounds and

they are connected together on the Epic Core. Although
these three lines are internally connected, they individ-

ually provide the preferential ground return for the mi-
crocontroller, flash, and radio, respectively.

AGND. The AGND(18) line is the ground return for
the analog section of the microcontroller. The AGND
signal may be connected to the GND1, GND2, and
GND3 lines, but care should be taken to minimize cou-
pling between AGND and the digital ground lines.

DVDD. The DVDD(68) line is the positive voltage
supply for the digital circuitry on the microcontroller.
The input voltage range for this signal is 1.8 V to 3.6 V.
If the DVDD, RVDD, and FVDD voltages are different,
then the pairwise difference between any paitsst not
exceed 300 mV.

Permission to make digital or hard copies of all or part of this work for personar

tween any pairsnust not exceed 300 mV.

FVDD. The FVDD(34) is the positive voltage sup-
ply for the flash memory. The input voltage range for
this signal is 2.5 V to 3.6 V. If the DvVDD, RvDD, and
FVDD voltages are different, then the pairwise differ-
ence between any painsust not exceed 300 mV.

AVDD. The AVDD(17) is the positive voltage sup-
ply for the analog section of the microcontroller. The
AVDD signal may be connected to the DVDD signal
but if these signals are connected, a pi-type filter (C1,
L1, C2) is highly recommended for reducing the effect
of supply noise on the analog segment. Care should be
taken to follow the power distribution topology shown
in the recommended design. In particular, if power sup-
ply connection is J1, the DVDD(68), RvDD(51), and
FVDD(34) should fan out from J1 along separate traces,
and the AVDD(17) pi filter should be placed close to the
AVDD(17) line on the Epic Core.

2.2 Programming

If Epic is to programmed in-system, then a handful
of Epic lines must be exposed as well. In particular,
programming the system requires DVDD(68), GND(1),
TX1(61), RX1(62), TCK(15), and RST#(16) be ex-
posed. The recommended programming port pinout is
shown in J2. The suggested programming port is a
2 mm, 2x3, header.

2.3 Reset

The Epic Core can be reset by asserting the RST#(16)
line low. Itis often convenient to be able to reset a device
using a pushbutton. A circuit that provides the suggested
debouncing includes S1 (a normally open switch), R4,
and C3.

2.4 Flash Write Protect
The Epic Core includes and Atmel AT45DB161D
lash memory. This device includes a write protect line

classroom use is granted without fee provided that copies are not made or distriﬁﬁ@! prevents accidental programming of certain sectors.
for profit or commercial advantage and that copies bear this notice and the full citafipre FLASHWP#(37) line must be asserted low to en-

on the first page. To copy otherwise, to republish, to post on servers or to redistri

to lists, requires prior specific permission and/or a fee.

BHfe write-protect and asserted (or pulled) high to dis-
able write protect. The challenge lies in deciding under



VCC
N

A
D1 ’\)I' R1 470

AAAA

\AAAJ

1
QTLP601C-7

D2 A R2 470
> MW VCC
QTLP601C-4
B80S & S|o|S BB 158 ie DD GND
D3 g R3.,470 HegnngnadnaEage
1 AAAAJ Ul EPIC-CORE_A
QTLP601C-EB -
544458ﬁ|—._|—5—gm§”,’0
Hp-rroccye =9 s
0L @ Z Is)
PS1 1 GNDf x8°52°520 9 O&  gypp |ESA
P$2 Q o = = P$50
32 | peo = RADIO_SFD
P$3 1 ps.q RADIO_CCA |—E349
vee GAD GND P84 1 pgp RADIO_CS [OE348
J2 P$5 : < P$47
P5.3 ATEST2
P31 { vob  enD B2 P$6 | P54 ATEST{ |-B346
P83 1 1x1 Rx1 |-E34 PS7 1 pss RFTXRX |—E345
— P85 1 1ok RsT# |-PS6 PS8 | pse RFGND2 | B34
P$9 | ps57 RFOUT |-E343
EPIC-PROG-PORT P$10 | | _P$42
Pais— XT20UT RFGND1 |-£3¢2
11 xT2IN P26 |£3 VCC
P$12 P$40
Pz mommi P23 JP 40 \
313 1 1pyTCLK p21 | -E¥
P$14 P$38
VCC psis | TMS Fes [opsaz
TCK FLASH.Wp [OES37 ¢
P$16 - P$36
; T t——Feioq RSTAMI on FLASH CS [OFS3
Y AVDD 35 GND2
-12 L1 <<
C1 C2 Q0 4 du
CorqMTW0OENL WLW (=]
I I 523888888 E e
0.1u 0.1u 2233233223285 GND
GND GND GND 99? g‘§|§|gﬁ‘§|§|§‘§|g|§;‘§|§|g‘§|§|§
R4 a8 o ya Wy o Wy o My Wy o Wy o My Wy o My o My Wy o My o My a M MY 0 Y
m GND
1 -3 100k
4
S1 c3
0.1u
GND GND

Figure 1. Recommended circuit for a basic mote based on the Epic Core.

what circumstances to protect the flash. If write protec- 3 Libraries
tion is not used, then this line should be pulled high or
connected to FVYDD(17) as shown in the recommended terns, and device footprints are available in Eagle CAD

circuit.

2.5 LEDs

A number of useful schematic symbols, land pat-

format. The filename iserkeley-epic.lbr and this
library is available online at Epic download website.
Theberkeley-epic.lbr contains a variety of parts but
the following are most relevant for integrating the Epic

TinyOS platforms have a history of providing LEDS  Core into a new mote design.
to indicate status to developers and users. The default

TinyOS Epic Core target has allocated three GPIO lines

for this purpose: LED1(65), LED2(66), and LED3(67).
These three lines are driven low when the LED is
turned on using the TinyOS 2.0 API callsds . 1ed00n,
Leds.ledlOn, andLeds.led20n, respectively. There-
fore, the recommended circuit for driving the LEDs is to

connect the anode of the LED to VCC and the cathode

through a series current limiting resistor to the LED1,

LED2, and LED3 lines as shown in the recommended

circuit.

e EPIC-CORE_A. The Epic Core symbol (rev A)
that can be added to the schematic for a new mote
design. The land pattern (or footprint) for the Epic
Core is EPIC-LCCG68.

e EPIC-PROG-PORT. The recommended pro-
gramming port for the Epic Core. The land pat-
tern (or footprint) for the programming port is
HEADER2x3x2mm.



