IMpO006-breakout @ tWiliO

Intro The imp006-breakout design is intended to serve two purposes:
1. Provide a off-the-shelf hardware platform that allows a customer to evaluate the imp006 product & Twilio/Electric Imp platform
In order to evaluate the imp006, customers need to be able to connect it to sensors and actuators, build an application, integrate it with a cloud backend ,
and measure various parameters such as power consumption and latency to determine if they meet requirements. To satisfy these requirements, the
imp006-breakout has various on-board peripherals, industry standard expansion connectors, and a configurable power supply to satisfy several commo n
power scenarios.
2. Provide a reference design that customers can use to base their own imp006 products on
The schematics presented here are modular, with source provided for both schematics and PCB; a customer requiring only cellular connectivity can simply
remove the entire WiFi/BLE page (and conversely, a customer needing only WiFi/BLE can remove the cellular page). At a more granular level withine ac h

schematic sheet, each functional area is boxed with a short description of the functionality it provides - for example, if GNSS is not required but cellular is ,
the GNSS parts of the cellular page can be removed without any side-effects.

Index  1: This page.
2: Core imp006: components on this page are all required in every customer design - the MCU, QSPI flash, blinkup and status LEDs.

3: Power: the power system is designed to work with both primary cells (or external power) and Li-lon rechargeable cells; pick the power supply which suit s
your application, or omit this section and supply power to the components with your own power supplies.

4: Connectors/Peripherals: this page is really quite breakout-specific, but shows how various peripherals can be wired (eg sensors).
5: Cellular: parts required to support the Quectel BG96 Cat-M/2G/NB-1oT+GNSS radio. Can be omitted for WiFi/BLE only designs.

6: WIiFi/BLE: parts required to support the Murata 1MW dual-band 802.11ac/a/b/g/n + BLE 4.1 radio. Can be omitted for cellular only designs.
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imp006 clocks & application /O v Reset switch QSPI flash
Pulldown on QSPI_CLK reduces power on some flash devices
Clocks & Application 1/0 (even when nCS high, CLK floating can use significant power draw) s
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Power selection jumpers

The imp006-breakout is designed for extreme power savings in multiple operating modes

Primary battery 3V8 supply

Input range ~4v-17v
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This is used when JP-A is set to 2-3, so that the system output. This is used when a Li-lon VSYS or the primary buck. This is used when a L I - I 0 n reCh ar eab I e Ce I I 07E35P
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Breakout Connector

0.1" pitch 2x20 header
ava
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User RGB LED

All pins are PWMable, but can also be driven
as static levels with the MCU in microamp
mode for low power status

R52
470
5%
0402
Q5
PinXB
PinXA - : :
PinR
R26 R53 R54
100K 4 100K $ 100K
1% 1% 1%
0402 | 0402 | 0402

Power gate for Grove/Mikrobus

TPS22919 used to control inrush currents
Short W2 to force 3V3_GATED on
(if gated peripherals need to be on during deep sleep)

3v3

u13
TI
TPS22919DCK
1

V3 GATED

IN ouT

oo

QoD

Grove connectors for 12C and digital/analog
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3-Axis Accelerometer
8-bit 12C address: 0x32 (SAO0 HiFh) .
INT1 can wake imp from deep sleep via D3
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Note: SAQ has an internal pull-up;
connecting it to ground will waste >100pA @3V
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T
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J15 and J7 are not part of the Mikrobus standard
These provide extra I/0 for custom expansions

5V0_IN

JP-E set to 1-2 allows the breakout
to be powered from a Mikrobus unit

Temperature & Humidity sensor
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Quectel BG96 Cat-M, NB-IoT, 2G & GNSS module

Note all I/Os are 1.8v
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0805 | 0805 | o402 | o402 | odo2
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VMOD 4 12C_sDA USB_DP [—-R2o
RING ag] 126-sCL 0% usB DM 2
RS 2R 28 RESERVED
81 RS DCD =2 RESERVED |—75
H BLM15PD121SN1D ODULE CT¢ ) 5 RESERVED 14
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DULE_TXD [aya) d > 5 MCU_RADIO_PWRON
D D LER08 ggt 7 | PWRKEY g
RXD LRz 8QF,2 RESERVED [
Ve [ Beooge BE0QT Nofhry [17MCU RADIO RST
132 Jearpe 2xQEESHBORESY 2 [18MCU W DISABLE
ces ce9 cs2 cs8 cs3 TBB ZEos<alionalys e WPISABLE
47uF 47uF 0.1uF. 33pF 10pF U8 U= EEE
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0805 0805 0402 0402 0402 R 6 ] SRR N A £ 3]
V_INT
R23
TR 100K
1%
V_INT CU_AP_READY 0402
oD E_UAR RXD
D E_UAR TXD MODULE_STATUS
oD E_UAR TXD
oD E_UAR RXD MODULE NETLIGHT
ul11B BG96
—%2 | onp RESERVED |—°
191 6D opio % )
100 65 NOTE! GPS uart is 1v8
4190 Gnp RESERVED [
9 | CESERVED  RESERVED 5 XDSMODULE UART3 TXD
98 | reserveD onD 87 MODULE UART3 RXD
o
97 RESERVED GND -8
%8 | RESERVED GND 52
95| RESERVED GND 19—
94 RESERVED GND
92 | RESERVED GND 12—
% 7
RESERVED GND 13— VT
L | GND GND 4 !100}(
% | oo use_sooT |8 Meu uss Boot §1%
DNS
2 onp RESERVED |—/®
88| RESERVED ~RESERVED |’
8L RESERVED ~RESERVED —°
88 RESERVED GND 2
82| RESERVED GND 20
B4 RESERVED oD 2L
83| RESERVED GND -2

Cell antenna

Match circuit not stuffed; assumes 50 ohm antenna

V_usB

SIM select circuit

S2 switches all SIM lines between U10 (eSIM) and J8 (nano SIM socket)
Control signal must never float hence SPDT switch

GSM GSM 1 0402
@ UFLRCPT T
CELL ANT R22 /0.0 RF 1 ANT u?
B 14 L yee onp (&
o o [ ol =
0.1uF 2 1= 8 cs
0402 0402 6.3V 6] Sooem s IVSIM c2 c1 0.1uF
DNS DNS = 0402| R7sT VsiM ! 15 c7| RESET ~Vvee 6.3
- — | e—2vsim €5 DAT 2 e
— = — | 5 CLK O GND
N SIMRSTA | oo 7 1RST Nano SIM
| o— 2rsT 2 L
9
SIM CLKB | ¢ ¢ _,!)_ cLk u10 w]
[ 7 6 Q
GNSS antenna oo e g css
Match circuit not stuffed; assumes 50 ohm antenna . . = SIM 10 12 j war 12 L RsT ::gé{‘f
GPS antenna power is gated by MODULE_STATUS, so is only on when module is = == DAT 1 3 o 0402
powered and awake o— 2DAT 1o &
FSA2567 SLM 76CF3201P
GSM GSM 2
@ UELRCPT =
Q GNSS ANT 25v_||C34 RF 2 ANT, 2
Ca6 0402 | 100pF C45 ~ . . .
10pF 10pF
B B x - Radio brownout indicator
0402 | DNS 0402 | DNS  “Fmovi This circuit detects when VMOD drops below 3.3v when the radio is powered =~
= If this hapﬁaens. D5 is illuminated, indicating a possible supply issue. The indication is cleared by a reset

.|||_

L5
HK100527NJ-T

1v8 <> 3v3 level shifter

TXS0108 performs bidirectional level translation

NOTE: This part is very noise sensitive. Attaching a scope to what should be a driven

output often causes unpredictable behavior

This usual

If W1l is shorted then the MCU can read this state in software

indicates insufficient current available, especially on 2G networks

VMOD 3v3
R27
U18 100K - c71
C70 o 1% 0.1uF
0.1UF S 0402 vce u19 6.3V
J— 0402
Igfo\g o 2 1] ok ™R L6__RESETL L
= =
- o
| BD48K33G  MCU RADIO STATUS 3 | o 4 p3—PinXL
a o wiL

GND DS
74LVC1G175GW,125 N
R32
220
5%
0402

Radio VUSB gate

This circuit supplies V_USB from VMOD instead of 3V3

Network status LED

Searching for network: short on/long off
Registered on network: long on/short off

fer: fast blinking
VMOD
%
Rag | D4
470
5%
0402
NETLIGHT |z Q10
Ra0 =17 DMG1012UW-7
100K
1%
0402

V_BUFF This provides extra margin against accidental USB
J disconnect if 3v3 is glitched Data trans'
ca9
0.1uF
6.3V
0402
= U9 =
VMOD
MODULE PSM_IND AL 81 gg MCU_PSM_IND =
ODULE STATUS oA CU_RADIO_STATUS 100K
DULE RING "3 CU RI 3V3 1%
0 RT ™ CU RTS 3V3 040, MODULE
ODULE CT: 5 CU_CTS 3v3
DULE TXD "6 CU RXD 3V: RADIO_VUSB
DULE RXD a7 CU_TXD 3V: R46
MODULE DTR e CU DTR 3V 100K -
CELLPWR EN .~ 10 o 19
0402
Ra1 TXSOIGBEPWR -
v TXSO0108EPWR
1%
0402 [Copyright © 2020, Twilio Inc
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Dual-band WiFi & BT module

The Murata LBEE5SHY 1MW module is used to provide 2.4 & 5GHz WiFi ac/a/b/g/n and Bluetooth capabilities.

Please contact Electric Imp for guidance on using the Murata 1DX module if only single-band WiFi & BT is

required.

If you are not using WiFi or BT in your design, this entire page can be omitted.

Dual-band WiFi & BT antenna

The on-board antenna is the Murata reference antenna, which was used
for their FCC modular certification testing. Due to layout constraints, this
antenna is not used in the best configuration on the imp006-breakout.

Please contact Murata for more details on correct IMW antenna

placement and usage
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