TECHNOLOGY

FEATURES

= {1Mbps Isolated SPI Data Communications

= Simple Galvanic Isolation Using Standard
Transformers

Bidirectional Interface Over a Single Twisted Pair
Supports Cable Lengths Up to 100 Meters

Very Low EMI Susceptibility and Emissions
Configurable for High Noise Immunity or Low Power
Engineered for 1IS026262 Compliant Systems
Requires No Software Changes in Most SPI Systems
Ultralow, 2pA Idle Current

Automatic Wake-Up Detection

Operating Temperature Range: —40°C to 125°C

2.7V 10 5.5V Power Supply

Interfaces to All Logic from 1.7V to 5.5V

Available in 16-Lead QFN and MSOP Packages

APPLICATIONS

® |ndustrial Networking
® Battery Monitoring Systems
® Remote Sensors

| t /\D LTC6820

isOSPI Isolated

Communicutions Interface

DESCRIPTION

The LTC®6820 provides bidirectional SPI communications
between two isolated devices through a single twisted-
pair connection. Each LTC6820 encodes logic states into
signals that are transmitted across an isolation barrier to
another LTC6820. The receiving LTC6820 decodes the
transmission and drives the slave bus to the appropriate
logic states. The isolation barrier can be bridged by asimple
pulsetransformertoachieve hundreds of volts ofisolation.

The LTC6820 drives differential signals using matched
source and sink currents, eliminating the requirement
for a transformer center tap and reducing EMI. Precision
window comparators in the receiver detect the differential
signals. The drive currents and the comparator thresholds
are set by a simple external resistor divider, allowing the
system to be optimized for required cable lengths and
desired signal-to-noise performance.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and isoSPI
is a trademark of Linear Technology Corporation. All other trademarks are the property of their
respective owners. Patents pending.

TYPICAL APPLICATION

Microcontroller to SPI Slave Isolated Interface
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LTC6820

ABSOLUTE MAXIMUM RATINGS (Notes 1, 2, 3)

Specified Temperature Range

Input Supply Voltages (Vpp and Vpps) to GND............ 6V

Pin Voltages LTCO820 ..., -40°C to 85°C
SCK, CS, EN............... -0.3V to Vppg + 0.3V (6V Max) LTCBB20H.........coovveeeeecrerceeee, -40°C to 125°C
IBIAS, SLOW, IP, IM.....-0.3V to Vpp + 0.3V (6V Max)  Storage Temperature Range .................. -65°C to 150°C
All Other Pin Voltages.........ccccccevevevnene, -0.3Vto 6V  Lead Temperature (Soldering, 10 sec)

Maximum Source/Sink Current MSOP .o 300°C
P IM e 30mA
MOSI, MISO, SCK, CS.....cooveeeeeeeeeeeeeceee, 20mA

Operating Temperature Range
LTCB820! ..., -40°C to 85°C
LTCB820H.........cocveeereeeeeeeeeeeveeee, -40°C to 125°C

TOP VIEW
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wosifi} =——-—- | 19 sLow Mos! 2C 512 1ov
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sck[3l | I o} P €S 50 112 MSTR
osfa) l-———— [of it SHR
561718l PHA 80 —9 Vo
83 £ 8 MS PACKAGE
£ e a = 16-LEAD PLASTIC MSOP
UD PACKAGE Tyuax = 150°C, 64 = 120°C/W
16-LEAD (3mm x 3mm) PLASTIC QFN
Tamax = 150°C, 64p = 58.7°C/W
EXPOSED PAD (PIN 17) PCB CONNECTION TO GND IS OPTIONAL

LEAD FREE FINISH TAPE AND REEL PART MARKING* | PACKAGE DESCRIPTION SPECIFIED TEMPERATURE RANGE

LTC68201UD#PBF LTC68201UD#TRPBF LGFM 16-Lead (3mm x 3mm) Plastic QFN | -40°C to 85°C

LTC6820HUD#PBF LTC6820HUD#TRPBF | LGFM 16-Lead (3mm x 3mm) Plastic QFN | -40°C to 125°C

LTC6820IMS#PBF LTC6820IMS#TRPBF 6820 16-Lead Plastic MSOP ~40°C to 85°C

LTC6820HMS#PBF LTC6820HMS#TRPBF | 6820 16-Lead Plastic MSOP -40°C to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

Consult LTC Marketing for information on nonstandard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LTC 6820

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full specified

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 2.7V to 5.5V, Vpps = 1.7V to 5.5V, Rgjas = 2k to 20k unless
otherwise specified. All voltages are with respect to GND.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Power Supply
Vop Operating Supply Voltage Range ) 2.7 55 V
Vbps 10 Supply Voltage Range (Level Shifting) | Affects CS, SCK, MOSI, MISO and EN Pins ® 1.7 55 v
Ipp Supply Current, READY/ACTIVE States Rpias = 2kQ (Ig = 1mA) 1/tgLk = OMHz | @ 4 4.8 5.8 mA
(Note 4) 1/tgLk = IMHz 7 mA
Rpias = 20kQ (Ig = 0.1mA) 1/toLk = OMHz | @ 1.3 2 2.9 mA
1/tgLk = IMHz 2.4 mA
Supply Current, IDLE State MSTR = 0V ) 2 6 HA
MSTR = Vpp o 1 3 HA
Ipps 10 Supply Current (Note 5) SPI Inputs and EN Pin at OV or Vppg, ® 1 HA
SPI Qutputs Unloaded
Biasing
VBias Voltage on IBIAS Pin READY/ACTIVE State ° 1.9 2.0 2.1 v
IDLE State 0 v
I Isolated Interface Bias Current (Note 6) Rgias = 2k to 20k ) Veias/Raias mA
Ajg Isolated Interface Current Gain Vp<1.6V [g=1mA | @ 18 20 22 mA/mA
l[g=0.1mA | ® 18 20 24 mA/mA
Va Transmitter Pulse Amplitude Va=|Vip=Vim| Vpp<3.3V | e Vpp—1.7V V
Vpp23.3V | @ 1.6 v
Vicwp Threshold-Setting Voltage on ICMP Pin Vremp = Aromp ® Vicwp ) 0.2 1.5 v
ILeak(icmp) | Leakage Current on ICMP Pin Viemp = 0V to Vpp [ +1 HA
ILeak(ipv) | Leakage Current on IP and IM Pins IDLE State, Vip = Vi = 0V to Vpp ® +2 HA
Arcmp Receiver Comparator Threshold Voltage | Vom = Vpp/2 to Vpp = 0.2V, ® 0.4 0.5 0.6 VNV
Gain Viemp = 0.2V t0 1.5V
Veu Receiver Common Mode Bias IP/IM Not Driving (Vpp = Vigmp/3 = 167mV) v
Rin Receiver Input Resistance Single-Ended to IP or IM ) 26 35 42 kQ
Idle/Wake-Up (See Figures 13, 14, 15)
Vwake Differential Wake-Up Voltage tpweLL = 240ns ° 240 mV
(See Figure 13)
tDWELL Dwell Time at Viyake Vwake = 240mV ® 240 ns
tREADY Start-Up Time After Wake Detection ° 8 Hs
tioLE Idle Time-Out Duration ) 4 5.7 7.5 ms
Digital 1/0
Vincrg) | Digital Voltage Input High, Configuration | Vpp = 2.7V t0 5.5V (POL, PHA, MSTR, SLOW) | @ | 0.7 *Vpp v
Pins (PHA, POL, MSTR, SLOW)
ViLcre) | Digital Voltage Input Low, Configuration | Vpp = 2.7V t0 5.5V (POL, PHA, MSTR, SLOW) | @ 0.3+ Vpp v
Pins (PHA, POL, MSTR, SLOW)
Vinspyy | Digital Voltage Input High, SPI Pins Vpps = 2.7V t0 5.5V ® | 0.7°Vpps v
(GS, SCK, MOSI, MISO) Vppg = 1.7V t0 2.7V @ | 0.8°Vpps V
Viispy | Digital Voltage Input Low, SPI Pins Vpps = 2.7V t0 5.5V o 0.3 Vpps Y
(GS, SCK, MOSI, MISO) Vppg = 1.7V t0 2.7V ° 0.2 *Vpps V
Vinen) Digital Voltage Input High, EN Pin Vpps = 2.7V t0 5.5V [ 2 V
Vpps = 1.7V 0 2.7V ® (0.85°Vpps v
ViLen) Digital Voltage Input Low, EN Pin Vpps = 2.7V t0 5.5V [ 0.8 V
Vpps = 1.7V t0 2.7V ® 0.25 ¢ Vpps v
Vou Digital Voltage Output High (CS and SCK) | Vpps = 3.3V, Sourcing 2mA ® Vpps-0.2 v
Vpps = 1.7V, Sourcing 1mA ® (Vpps—0.25 v
Voo Digital VVoltage Output Low Vpps = 3.3V, Sinking 3.3mA ° 0.2 V
(MOSI, MISO, CS, SCK) Vpps = 1.7V, Sinking TmA ° 0.2 v
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ELECTGICHL CHHRHCTGBETKS The e denotes the specifications which apply over the full specified

junction temperature range, otherwise specifications are at T = 25°C. Vpp = 2.7V to 5.5V, Vppg = 1.7V t0 5.5V, Rgas = 2k to 20k

unless otherwise specified. All voltages are with respect to GND.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
ILeak(Dig) | Digital Pin Input Leakage Current PHA, POL, MSTR, SLOW = 0V to Vpp o +1 HA
CS, SCK, MOSI, MISO, EN = 0V to Vpps
Cio Input/Output Pin Capacitance (Note 9) 10 pF
Isolated Pulse Timing (See Figure 2)
t1/opw(cs) | Chip-Select Half-Pulse Width ® 120 150 180 ns
tinvics) | Chip-Select Pulse Inversion Delay ) 200 ns
tpe(cs) | Chip-Select Response Delay ) 140 190 ns
typw(p) | Data Half-Pulse Width [ J 40 50 60 ns
tinv(p) Data Pulse Inversion Delay ° 70 ns
toeLD) Data Response Delay (Note 8) ) 75 120 ns
isoSPI™ Timing—Master (See Figures 3, 4)
toLk SCK Latching Edge to SCK Latching Edge | (Note 7) SLOW=0 |® 1 Hs
SLOW=1 | @ 5 us
ty MOSI Setup Time Before SCK Latching Edge | (Note 8) ° 25 ns
to MQSI Hold Time After SCK Latching Edge ) 25 ns
t3 SCK Low tok =13+ 14> 1ps [} 50 ns
ty SCK High tolk =t3 + 14> 1ps (] 50 ns
ts CS Rising Edge to TS Falling Edge ° 0.6 us
tg SCK Latching Edge to CS Rising Edge (Note 7) [ 1 us
ty CS Falling Edge to SCK Latch Edge (Note 7) ) 1 us
tg SCK Non-Latch Edge to MISO Valid (Note 8) o 55 ns
tg SCK Latching Edge to Short +1 Transmit o 50 ns
t1o CS Transition to Long +1 Transmit ® 95 ns
t14 CS Rising Edge to MISO Rising (Note 8) ) 55 ns
isoSPI Timing—Slave (See Figures 3, 4)
tyo isoSPIData Recognized to SCK (Note 8) SLOW=0 |® 110 145 185 ns
Latching Edge SLOW=1 | @ 0.9 1.1 14 Hs
ty3 SCKPulse Width SLOW=0 |e® 90 115 150 ns
SLOW=1 | @ 0.9 1.1 1.4 Hs
ty4 SCKNon-Latch EdgetoisoSPI Data Transmit | (Note 8) SLOW=0 |® 115 145 190 ns
SLOW=1 | @ 0.9 1.1 1.4 Hs
ty5 CSFalling Edge to SCK Non-Latch Edge PHA =1 SLOW=0 |® 90 120 160 ns
SLOW=1 | @ 0.9 1.1 1.4 Hs
t1g CSFalling Edge toisoSPI Data Transmit SLOW=0 |® 200 265 345 ns
SLOW=1 | @ 1.8 2.2 2.8 Hs
ty7 CSRising Edgeto SCK Latching Edge PHA =1 SLOW=0 |® 90 120 160 ns
SLOW=1 | @ 0.9 1.1 1.4 Hs
t1g CS Rising Edge to MOSI Rising Edge ) 35 ns
tRTN DataReturn Delay SLOW=0 |® 485 625 ns
SLOW=1 | @ 3.3 4 Us

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: All currents into pins are positive, and all voltages are referenced
to GND unless otherwise specified.

Note 3: The LTC6820I is guaranteed to meet specified performance

from —40°C to 85°C. The LTC6820H is guaranteed to meet specified
performance from —40°C to 125°C.

Note 4: Active supply current (Ipp) is dependent on the amount of time
that the output drivers are active on IP and IM. During those times Ipp will
increase by the 20 e Ig drive current. For the maximum data rate 1MHz,
the drivers are active approximately 10% of the time if MSTR = 1, and 5%
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LTC 6820

ELECTRICAL CHARACTERISTICS

of the time if MSTR = 0. See Applications Information section for more

detailed information.

Note 5: The 10 supply pin, Vpps, provides power for the SPI inputs and
outputs, including the EN pin. If the inputs are near OV or Vppg (to avoid
static current in input buffers) and the outputs are not sourcing current,

then Ippg includes only leakage current.

Note 6: The LTC6820 is guaranteed to meet specifications with Rgjag

resistor values ranging from 2k to 20k, with 1% or better tolerance. Those

resistor values correspond to a typical Ig that can range from 0.1mA

(for 20k) to 1mA (for 2k).

Note 7: These timing specifications are dependent on the delay through
the cable, and include allowances for 50ns of delay each direction. 50ns

corresponds to 10m of CAT-5 cable (which has a velocity of propagation
of 66% the speed of light). Use of longer cables would require derating

these specs by the amount of additional delay.

Note 8: These specifications do not include rise or fall time. While fall
time (typically 5ns due to the internal pull-down transistor) is not a

concern, rising-edge transition time tgse is dependent on the pull-up
resistance and load capacitance. In particular, t1o and t14 require tgse

< 110ns (if SLOW = 0) for the slave’s setup and hold times. Therefore,

the recommended time constant is 50ns or less. For example, if the
total capacitance on the data pin is 25pF (including self capacitance

Cyjo of 10pF), the required pull-up resistor value is Rpy < 2kQ. If these
requirements can’t be met, use SLOW = 1.

Note 9: Guaranteed by design. Not tested in production.

T"PICHL PGRFOﬂmHﬂCG CHHRHCTGGISTICS Vpp = Vpps, unless otherwise noted.
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LTC6820

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Vpp = Vpps, unless otherwise noted.
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LTC 6820

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Vipp = Vpps, unless otherwise noted.
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LTC6820

PIN FUNCTIONS (arvmsop)

MOSI (Pin 1/Pin 2): SPI Master Out/Slave In Data. If
connected on the master side of a SPI interface (MSTR
pin high), this pin receives the data signal output from
the master SPI controller. If connected on the slave side
of the interface (MSTR pin low), this pin drives the data
signal input to the slave SPI device. The output is open
drain, so an external pull-up resistor to Vppg is required.

MISO (Pin 2/Pin 3): SPI Master In/Slave Out Data. If con-
nected on the master side of a SPI interface (MSTR pin
high), this pin drives the data signal input to the master SPI
controller. If connected on the slave side of the interface
(MSTR pin low), this pin receives the data signal output
from the slave SPI device. The output is open drain, so
an external pull-up resistor to Vpps is required.

SCK (Pin3/Pin4): SPIClock Input/Qutput. If connected on
the master side of the interface (MSTR pin high), this pin
receives the clock signal from the master SPI controller.
This input should not be pulled above Vpps. If connected
on the slave side of the interface (MSTR pin low), this pin
outputs the clock signal to the slave device. The output
driver is push-pull; no external pull-up resistor is needed.

CS (Pin 4/Pin 5): SPI Chip Select Input/Output. If con-
nected onthe master side ofthe interface (MSTR pin high),
this pin receives the chip select signal from the master SPI
controller. This input should not be pulled above Vpps. If
connected on the slave side of the interface (MSTR pin
low), this pin outputs the chip select signal to the slave
device. The output driver is push-pull; no external pull-up
resistor is needed.

Vpps (Pin 5/Pin 6): SPI Input/Output Power Supply Input.
The output drivers for the SCK and CS pins use the Vppg
input as their positive power supply. The input threshold
voltages of SCK, CS, MOSI, MISO and EN are determined
by Vpps. May be tied to Vpp or to a supply above or below
Vpp to level shift the SPI I/0. If separate from Vpp, con-
nect a bypass capacitor of at least 0.01pF directly between
Vpbps and GND.

POL (Pin 6/Pin 7): SPI Clock Polarity Input. Tie to Vpp or
GND. See Operation section for details.

PHA (Pin 7/Pin 8): SPI Clock Phase Input. Tie to Vpp or
GND. See Operation section for details.

Vpp (Pin 8/Pin 9): Device Power Supply Input. Connect
a bypass capacitor of at least 0.01pF directly between
Vpp and GND.

IM (Pin 9/Pin 10): Isolated Interface Minus Input/Output.
IP (Pin 10/Pin 11): Isolated Interface Plus Input/Output.

MSTR (Pin 11/Pin 12): Serial Interface Master/Slave
Selector Input. Tie this pin to Vpp if the device is on the
master side of the isolated interface. Tie this pin to GND
if the device is on the slave side of the isolated interface.

SLOW (Pin12/Pin13): Slow Interface Selection Input. For
clock frequencies at or below 200kHz, or if slave devices
cannot meet timing requirements, this pin should be tied
to Vpp. For clock frequencies above 200kHz, this pin
should be tied to GND.

GND (Pin 13/Pin 14): Device Ground.

ICMP (Pin 14/Pin 15): Isolated Interface Comparator
Voltage Threshold Set. Tie this pin to the resistor divider
between IBIAS and GND to set the voltage threshold of the
interface receiver comparators. The comparatorthresholds
are set to 1/2 the voltage on the ICMP pin.

IBIAS (Pin 15/Pin 16): Isolated Interface Current Bias.
Tie IBIAS to GND through a resistor divider to set the
interface output current level. When the device is enabled,
this pin is approximately 2V. When transmitting pulses,
the sink current on each of the IP and IM pins is set to
20 times the current sourced from pin IBIAS to GND.
Limit the capacitance on the IBIAS pin to less than 50pF
to maintain the stability of the feedback circuit regulating
the IBIAS voltage.

EN (Pin 16/Pin 1): Device Enable Input. If high, this pin
forcesthe LTC6820to stay enabled, overriding the internal
IDLE mode function. If low, the LTC6820 will go into IDLE
mode after the CS pin has been high for 5.7ms (when
MSTR pin is high) or after no signal on the IP/IM pins for
5.7ms (when MSTR pinis low). The LTC6820 will wake-up
less than 8ps after CS falls (MSTR high) or after a signal
is detected on IP/IM (MSTR low).

Exposed Pad (Pin 17, QFN Package Only): Exposed pad
may be left open or connected to device GND.
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OPERATION

The LTC6820 creates a bidirectional isolated serial port
interface (isoSPI) over a single twisted pair of wires, with
increased safety and noise immunity over a nonisolated
interface. Using transformers, the LTC6820 translates
standard SPIsignals (CS, SCK, MOSIand MISO) into pulses
that can be sent back and forth on twisted-pair cables.

A typical system uses two LTC6820 devices. The first is
paired with a microcontroller or other SPI master. Its IP
and IM transmitter/receiver pins are connected across an
isolation barrier to a second LTC6820 that reproduces the
SPI signals for use by one or more slave devices.

The transmitter is a current-regulated differential driver.
The voltage amplitude is determined by the drive current
and the equivalent resistive load (cable characteristic
impedance and termination resistor, Ry).

The receiver consists of a window comparator with a
differential voltage threshold, Virgmp. When Vip = Viy
is greater than +Vrcmp, the comparator detects a logic
+1. When V|p = V) is less than =Virpp, the comparator
detects a logic —1. A logic 0 (null) indicates V\p = Vi is
between the positive and negative thresholds.

The comparator outputs are sent to pulse timers (filters)
that discriminate between short and long pulses.
Selecting Bias Resistors

The adjustable signal amplitude allows the systemto trade
power consumption for communication robustness, and
the adjustable comparator threshold allows the system to
account for signal losses.
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ISOLATION BARRIER
TlwsR P P MSTR ?7
MASTER LTC6820 ﬁ g 7\/\'\/\/. 3 R LTC6820 SLAVE
SDO [—»—{MOSI  IM M MOSI —»— DI
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SCK ——| sck Rg; WITH CHARACTERISTIC IMPEDANCE Ry SCK —— sck
il g b ICMP ICMP g L
= V.
= J_ Rg2 6820 FO1

Rpa2 ¢

Figure 1. Typical System Using Two LTG6820 Devices

The transmitter drive current and comparator voltage
threshold are set by a resistor divider (Rgjas = Rg1 + Rp2)
between the IBIAS pin and GND, with the divided voltage
tied to the ICMP pin. When the LTC6820 is enabled (not
IDLE), Igias is held at 2V, causing a current, Ig, to flow
out of the IBIAS pin. The IP and IM pin drive currents are
20 « |g. The comparator threshold is half the voltage on
the ICMP pin (Vicmp).

As an example, if divider resistor Rgy is 1.21k and resistor
Rpo is 787Q (so that Rgjag = 2k), then:

2V

=———=1mA
Rg1+Rg2

lg

lpry = lip =iy =20°1g =20mA
R
EIT BE =I5 *Rgy =788mV

Viemp =2V ®
P B1TNB2

Vromp = 0.5 ¢ Vigump = 394mV

In this example, the pulse drive current Ipgy will be 20mA,
and the receiver comparators will detect pulses with [P-IM
amplitudes greater than +394mV.

If the isolation barrier uses 1:1 transformers connected
by a twisted pair and terminated with 100<2 resistors on
eachend, thenthe transmitted differential signalamplitude
(x) will be:

R
VA:|DRV°7M:1V

(This result ignores transformer and cable losses, which
will reduce the amplitude).

isoSPI Pulse Detail

The isoSPI transmitter can generate three voltage levels:
+Vp, 0V, and -V To eliminate the DC signal component
and enhance reliability, isoSPI pulses are defined as
symmetric pulse pairs. A +1 pulse pair is defined as a
+Vp pulse followed by a -V pulse. A1 pulse pair is =Vp
followed by +Vj.

The duration of each pulse is defined as t1opw. (The total
iSOSPI pulse duration is 2 ® t1opyy). The LTC6820 allows
for two different t1opyy values so that four types of pulses
can be transmitted, as listed in Table 1.

Table 1. isoSPI Pulse Types

PULSE TYPE FIRST LEVEL | SECOND LEVEL | ENDING LEVEL
Long +1 +Vp (150ns) -V (150ns) ov
Long -1 -Vp (150ns) +Vp (150ns) ov
Short +1 +Vj (50ns) -V (50ns) ov
Short —1 -V (50ns) +Vp (50ns) ov

Long pulses are used to transmit CS changes. Short pulses
transmit data (MOSI or MISO). An LTC6820 detects four
types of communication events from the SPI master: CS
falling, CS rising, SCK latching MOSI = 0, and SCK latch-
ing MOSI = 1. It converts each event into one of the four

pulse types, as shown in Table 2.

Table 2. Master Communication Events

SPI MASTER EVENT TRANSMITTED PULSE
CS Rising Long +1
CS Falling Long -1
SCK Latching Edge, MOSI = 1 Short +1
SCK Latching Edge, MOSI = 0 Short -1

6820f
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Onthe other side of the isolation barrier (i.e., the otherend
of the cable) another LTC6820 is configured to interface
with a SPI slave. It receives the transmitted pulses and
reconstructs the SPI signals on its output port, as shown
in Table 3. In addition, the slave device may transmit a
return data pulse to the master to set the state of MISO.
See isoSPI Interaction and Timing for additional details.

Table 3. Slave SPI Port Qutput

RECEIVED PULSE | SPI PORT ACTION RETURN PULSE
Long +1 Drive CS High None
Long -1 Drive CS Low Short—1 Pl
ort -1 Pulse

Short +1 1. Set MOSI =1 if M|r80=0u

2. Pulse SCK

(No Return Pulse

Short -1 1. Set MOSI =0 if MISO = 1)

2. Pulse SCK

A slave LTC6820 never transmits long (CS) pulses. Fur-
thermore, a slave will only transmita short—1 pulse (when
MISO =0), nevera +1 pulse. This allows for multiple slave
devices on a single cable without risk of collisions (see
Multidrop section).

isoSPI Pulse Specifications

Figure 2 details the timing specifications for the +1 and
—1isoSPI pulses. The same timing specifications apply to
gither version of these symmetric pulses. In the Electrical

Characteristics table, these specifications are further
separated into CS (long) and Data (short) parameters.

Avalid pulse must meet the minimum spec for t1opy and
the maximum spec for tyyy. In other words, the half-pulse
width mustbe long enoughto pass throughthe appropriate
pulse timer, but short enough for the inversion to begin
within the valid window of time.

The response observed at MOSI, MISO or CS will occur
after delay tpg, from the pulse inversion.

Setting Clock Phase and Polarity (PHA and POL)

SPI devices often use one clock edge to latch data and
the other edge to shift data. This avoids timing problems
associated with clock skew. There is no standard to specify
whether the shift or latch occurs first. There is also no
requirement for data to be latched on a rising or falling
clock edge, although latching on the rising edge is most
common. The LTC6820 supports all four SPI operating
modes, as configured by the PHA and POL Pins.

Table 4. SPI Modes

MODE | POL | PHA |DESCRIPTION
0 0 0 | SCK Idles Low, Latches on Rising (1st) Edge
1 0 1 SCK ldles Low, Latches on Falling (2nd) Edge
2 1 0 | SCK Idles High, Latches on Falling (1st) Edge
3 1 1 SCK Idles High, Latches on Rising (2nd) Edge

+1 PULSE

Va ————Z
VoMp ——— A

/ t1/2pw
Vip=Vim o et

VIEMP — ==~

-1 PULSE Vp =

MOSI, MISO OR CS

6820 F02

Figure 2. isoSPI Differential Pulse Detail
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OPERATION

If POL = 0, SCK idles low. Data is latched on the rising
(first) clock edge if PHA = 0 and on the falling (second)
clock edge if PHA = 1.

If POL =1, SCK idles high. Data is latched on the falling
(first) clock edge if PHA = 0 and on the rising (second)
clock edge if PHA = 1.

Thetwo mostcommon configurationsare mode 0 (PHA=0
and POL = 0) and mode 3 (PHA =1 and POL = 1) because
these modes latch data on a rising clock edge.

isoSPI Interaction and Timing

The timing diagrams in Figures 3 and 4 show how an iso-
SPIin master mode (connected to a SPI master) interacts
with an isoSPI in slave mode (connected to a SPI slave).
Figure 3 details operation with PHA = 0 (and shows SCK
signals for POL = 0 or 1). Figure 4 provides the timing
diagram for PHA =1. Although not shown, it is acceptable
to use different SPI modes (PHA and POL settings) on the
master and slave devices.

A master SPI device initiates communication by lowering
CS. The LTC6820 converts this transition into a Long —1
pulse on its [P/IM pins. The pulse traverses the isolation
barrier (with an associated cable delay) and arrives at the
IP/IM pins of the slave LTC6820. Once validated, the Long
—1 pulse is converted back into a falling CS transition, this
time supplied to the slave SPI device. If slave PHA =1,
SCK will also leave the idle state at this time.

Before the master SPI device supplies the first latching
clock edge (usually a rising edge, but see Table 4 for
exceptions), the slave LTC6820 must transmit the initial
slave data bit Sy, which it determines by sampling the
state of MISO after a suitable delay.

If MISO = 0, the slave will transmit a Short -1 pulse to the
master. The master LTC6820 will receive and decode the
pulse and set the master MISO = 0 (matching the slave).
However, ifthe slave MISO=1, the slave does not transmit
a pulse. The master will interpret this null response as a 1
and set the master MISO = 1. This makes it possible to
connect multiple slave LTC6820’s to a single cable with
no conflicting signals (see Multidrop section).

After the falling CS sequence, every latching clock edge

on the master converts the state of the MOSI pin into an
isoSPI data pulse (My, Mp-1, ... Mg) while simultaneously
latching the slave’s data bit. As the slave LTC6820 receives
each data bit it will set the slave MOSI pin to the proper
state and then generate an SCK pulse before returning the
slave’s MISQO data (either as a Short—1 pulse, orasanull).

At the end of communication, the final data bit sent by
the slave (either as a pulse or null) will be ignored by
the master controller. (The slave LTC6820 must return a
data bit since it cannot predict when communications will
cease.) The master SPI device can then raise CS, which
is transmitted to the slave in the form of a Long +1 pulse.
The process ends with the slave LTC6820 transitioning
CS high, and returning SCK to the idle state if PHA = 1.

Rise Time

MOSI and MISO outputs have open-drain drivers. The rise
time tgisg for the data output is determined by the pull-up
resistance and load capacitance. Rpy must be smallenough
to provide adequate setup and hold times.

Slow Mode

When configured for slave operation, the LTC6820 provides
two operating modes to ensure compatibility with a wide
range of SPI timing scenarios. These modes are referred
to as fast and slow mode, and are set using the SLOW
pin. When configured for master operation, the SLOW
pin setting has no effect on the LTC6820 operation. In
this case, it is recommended to tie the SLOW pin to GND.

In fast mode (SLOW pin tied to GND), the LTC6820 can
operate at clock rates up to 1MHz (tg x = 1ps). However,
some SPI slave devices can’t respond quickly enough to
supportthis datarate. Fastmode requires aslave to operate
with setup and response times of 100ns, as well as 100ns
clock widths. In addition, allowances must be made for the
RC rise time of MOSI and MISQ’s open-drain outputs. In
slow mode (SLOW pin tied to V*), the timing requirement
are relaxed at the expense of maximum data rate. As indi-
cated in the Electrical Characteristics, the clock pulses and
required setup and response times are increased to 0.9ps
minimum. Accordingly, the minimum tg  (controlled by
the master) must be limited to 5ps. The SLOW pin setting
has no effect on the master LTC6820 (with MSTR = 1).
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Figure 6 demonstrates slow mode, as compared to fast
mode in Figure 5.

P-IM || Ln i
2V/DIV U U [N
SCK m i J \ POS
5V/DIV : y
MOSI T
5V/DIV /| | l 0
MISO
5V/DIV '
¥ggs==5\5/v 200ns/DIV 6820705 NEG
Figure 5. Fast Mode (SLOW =0) 20-15
— Vip=Vim J—I_l_ 6820 FO7
IP-IM L L,
Qngéx ' | " Figure 7. Pulse Driver
5V/DIV | ] 5 | [ .
MOS! 7 ™ 2 SOURCING OUTPUT
5V/DIV 1 } 6 I I ""--~~~~
MISO - § 20 N |
5V/DIV ” £ K | y
i 2 J 1V AMPLITUDE |\
Vpp =5V 1ps/DIV eooree = ! \
Vpps =5V g ,I \
UZD 0 1 SINKING OUTPUT \‘
Figure 6. Slow Mode (SLOW = 1) & / \‘
> 1 \
3 ! \
IP and IM Pulse Driver "1 Vo av \
. . . . I lg=1mA
The IPand IM pins transmit and receive the isoSPI pulses. e T s 2 2 s
The transmitter uses a current-regulated driver (see Fig- Vip OR Vi (V)
ure 7) to establish the pulse amplitude, as determined by
f[he IBIAS pin current, lg, and the load re3|stance. The sink- Figure 8. Drive Source/Sink vs Output Voltage
ing current source is regulated to 20x the bias current Ig.
The sourcing current source operates in a current-starved 30 | >
(resistive) manner to maintain the sourcing pin’s voltage . SOURCING i
near Vpp, as shownin Figures 8 and 9. The common mode T i
voltage (while driving) is dependent on bias current and = 20 N ;
output amplitude. = N
_ _ S 151 FNGT =
The output driver will regulate the common mode and = N
peak swing of IP and IM to the proper levels, allowing for 3 10 N SKNG
a broad range of output amplitude with fairly flat gain, as 05 N\, OuTPUT
shown in Figure 10. Jooz SY TS

0
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PULSE AMPLITUDE (V)

6820 F09

Figure 9. Output Voltages and Common Mode vs Amplitude
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Figure 10. A;g Current Gain vs Amplitude

This type of driver does not require a center-tapped
transformer, but such a transformer may improve noise
immunity, especially if it has a common mode choke. See
the Applications Information section for additional details.

Receiver Common Mode Bias

When not transmitting, the output driver maintains IP
and IM near Vpp with a pair of 35k (Ryy) resistors to a
voltage of Vpp = Vicmp/3 — 167mV. This weak bias net-
work holds the outputs near their desired operating point
without significantly loading the cable, which allows alarge
number of LTC6820’s to be paralleled without affecting
signal amplitude.

Figure 11 shows the differential and single-ended IP and
IM signals while transmitting and receiving data. The
driver forces the common mode voltage it needs while
transmitting, then it returns to the bias level with a time
constant of Rjy ® Croap/2, Where G gap is the sum of the
capacitance at the IP and IM pins.

When the LTC6820 is in low power IDLE mode, the bias
voltage is disconnected from the 35k resistors, resulting
in a 70k differential load.

State Diagram

During periods of no communication, a low current IDLE
(or shutdown) state is available to reduce power. In the
IDLE state the LTC6820 shuts down most of the circuitry.
A slave device uses a low current comparator to monitor
for activity, so it has larger IDLE current.

3.0 : ;
TRANSMIT SHORT +1
25
2.0 IP M
15 RECEIVE SHORT -1
s g
o 10 8
S
<T
5 05
2 IP-IM
0
-05
-1.0 Vpp =3V
Ig=1mA

200 400 600 800 1000
TIME (ns)

6820 F11

Figure 11. Transmitting and Receiving Data

IDLE WAKE-UP SIGNAL
TIMEOUT (tREADY)
y

(tipLE)

NO ACTIVITY
ON isoSPI
PORT

TRANSMIT/RECEIVE

y

ACTIVE

6820 F12

Figure 12. State Diagram

In the READY state all circuitry is enabled and ready to
transmit or receive, but is not actively transmitting on IP
and IM.

Supply current increases when actively communicating,
so this condition is referred to as the ACTIVE state.

Supply Current

Table 5 provides equations for estimating Ipp in each state.
The results are for average supply current (as opposed
to peak currents), and make the assumption that a slave
is returning an equal number of 0s and 1s (significant
because the slave doesn’t generate +1 data pulses, so the
average driver current is smaller).
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Table 5. Ipp Equations
STATE MSTR ESTIMATED Ipp
IDLE 0 (slave) [2pA
1 (master) |[1pA
READY Oori 1.7mA+3elg
ACTIVE 0 (slave) .
2mA+(3+200100ns O'E’JqB
CLK
1 (master)
2mA+(3+20-M]-IB
tork

IDLE Mode and Wake-Up Detection

Toconserve power,an LTC6820 in slave mode (MSTR =0)
will enter an IDLE state after 5.7ms (t,p g) of inactivity
on the IP/IM pins. In this condition Ipp is reduced to less
than 6pA and the SPI pins are idled (CS = 1, MOSI = 1
and SCK = POL).

The LTC6820 will continue monitoring the [P and IM
pins using a low power AC-coupled detector. It will wake
up when it sees a differential signal of 240mV or greater
that persists for 240ns or longer. In practice, a long (CS)
isoSPI pulse is sufficient to wake the device up. Once the
comparator generates the wake-up signal it can take up
to 8ps (treapy) for bias circuits to stabilize.

Figure 14 detailsthe sequence of waking up aslave LTC6820
(placing it in the READY state), using it to communicate,
then allowing it to return to the low power IDLE state.

A LTC6820 in master mode (MSTR = 1) doesn’t use the
wake-up detection comparator. A falling edge on CS will
enable the isoSPI port within tgeapy, and the LTC6820
will transmit a long (CS) pulse as it leaves the IDLE state.
(The polarity of the pulse matches the CS state at the end

of trReADY)-

The master LTC6820 will remain in the READY/ACTIVE
state as long as CS = 0. If CS transitions high and EN =0
it will enter the IDLE state, but not until tjp g expires.
This prevents the device from shutting down between
data packets.

In either master or slave mode the IDLE feature may be
disabled by driving EN high. This forces the device to
remain “ready” at all times.

Figure 15 demonstrates a simple procedure for waking
a master (MSTR = 1) LTC6820 and its connected slave
(MSTR = 0). A negative edge on CS causes the master
to drive IBIAS to 2V and, after a short delay, transmit a
long +1 pulse. (If CS remains low throughout treapy, the
LTC6820 would first generate a —1 pulse, then the +1
pulse when CS returns high). The long pulse serves as a
wake-up signal for the slave device, which responds by
driving its IBIAS pin to 2V and entering the READY state.

240mV |
! =ls
3
2

240ns DELAY

(FILTER) —l
SLAVE
T MASTER
TS {>c
WAKE-UP

IDLE TIMER
EN : : tReADY I—Q— READY

fiote |_ > (BIAS = 2V)
—

|IPac—IMag| > 240mV

*»‘ 240ns l<—

Figure 13. Wake-Up Detection and IDLE Timer
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P M| U [

IM

IP-IM
toweLL—> F
READY =<—tREADY >

“*UDLE*’\

0K TO COMMUNICATE L
6820 F14

Figure 14. Slave LTC6820 Wake-Up/ldle Timing

ALLOW >2 * treapy TO WAKE

< MASTER AND SLAVE
MASTER TS
<«—tReADY —>

._Q_I
l«—tipe ‘ﬂ
MASTER
IBIAS _/ ’\—
IP-IM 1 I 1 I | I

tDWELL"‘ ~ I« tipie—>

SLAVE —thgapy—>| ‘
IBIAS / N—
SLAVECS I_Q 6820 F15

Figure 15. Master and Slave Wake-Up/Idle Sequence
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Multidrop

Multiple slaves can be connected to a single master by con-
nectingthemin parallel (multidrop configuration)along one
cable. AsshowninFigure 16, the cable should be terminated
only at the beginning (master) and the end. In between, the
additional LTC6820’s and their associated slave devices will
be connected to “stubs” on the cable. These stubs should
be kept short, with as little capacitance as possible, to avoid
degrading the termination along the cable.

The multidrop scheme is only possible if the SPI slaves
have certain characteristics:

MASTER LTC6820

MSTR

SDO
SDI
SCK
Cs CS
= =

YYAY

1P P
A MOS!
MISO -
SCK 1 M SCK

= The SPI slaves must be addressable, because they will
all see the same CS signal (as decoded by each slave
LTC6820).

= \When not addressed, the slave SDO must remain high.

When a slave is not addressed, its LTC6820 will not trans-
mit data pulses as long as MISO (the SPI device’s SDO)
remains high. This eliminates the possibility for collisions,
as only the addressed slave device will ever be returning
data to the master.

LTC6820 SLAVE 1

MSTR ?
Y s
<«— SDO
»—1 SCK
< S —>—CS
% ViV
% LTC6820 SLAVE 2
MSTR
1P Vz
MOS| [—»—— SDI
MISO —<—] SDO
IM  SCK —»— SCK
CS —»—CS
% LTC6820 SLAVE 3
MSTR
1P Vs
a MOSI f—— SDI
M MISO |—e— SDO
IM  SCK |=»—] SCK
tS b>—CsS

Vs Vs

6820 F16

Figure 16. Multidropping Multiple Slaves on a Single Cable
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APPLICATIONS INFORMATION
isoSPI Setup

The LTC6820 allows each application to be optimized for
power consumption or for noise immunity. The power
and noise immunity of an isoSPI system is determined
by the programmed Ig current. The |g current can range
from 0.1mA to 1mA. A low Ig reduces the isoSPI power
consumption in the READY and ACTIVE states, while a
high g increases the amplitude of the differential signal
voltage Vp across the matching termination resistor, Ryy.

lg is programmed by the sum of the Rg1 and Rg» resis-
tors connected between the Igjag pin and GND. For most
applications setting Ig to 0.5mA is a good compromise
between power consumption and noise immunity. Using
this Ig setting with a 1:1 transformer and Ry, = 12022, Rp1
should be setto 2.8k and Rpp setto 1.2k. Ina typical CATS
twisted pair these settings will allow for communication
up to 50m.

For applications that require cables longer than 50m it is
recommended to increase the amplitude Va by increasing
Ilg to TmA. This compensates for the increased insertion
loss in the cable and maintains high noise immunity. So
when using cables over 50m and, again, using a trans-
former with a 1:1 turns ratio and Ry, = 12022, Rgy would
be 1.4k and Rgo would be 600€2.

Other Ig settings can be used to reduce power consumption
orincrease the noise immunity as required by the applica-
tion. In these cases when setting V,gmp and choosing Rg1
and Rgo resistor values the following rules should be used:

For cables 50 meters or less:
lg =0.5mA
Vp = (20 * Ig) * (Ry/2)
Viemp = 1722 Vp
Vigmp =2 * Vremp
Re2 = Vicmp/I

2V
Rg1 =(|—]‘R32
B

For cables over 50 meters:
Ig = 1A
Va=(20+1g) * (Rm/2)
Vigmp = 1/4 2V
Vicmp =2 ¢ Vromp
Re2 = Vicme/Is

2V
Rg1 :(T)_RBZ
B

The maximum data rate of an isoSPI link is determined by
the length of the cable used. For cables 10 meters or less
the maximum 1MHz SPI clock frequency is possible. As
the length of the cable increases the maximum possible
SPI clock rate decreases. This is a result of the increased
propagation delays through the cable creating possible
timing violations.

Cable delay affects three timing specifications, tg k, tg, and
t7. Inthe Electrical Characteristics table, each is derated by
100ns to allow for 50ns of cable delay. For longer cables,
the minimum timing parameters may be calculated as
shown below:

toLk, te, and t7 > 0.9us + 2 * toppLE

Pull-Up Resistance Considerations

The data output (MOSI if MSTR = 0, MISO if MSTR = 1)
requires a pull-up resistor, Rpy. The rise time tgisg is
determined by Rpy and the capacitance on the pin. Rpy
must be small enough to provide adequate setup and hold
times. For a slave device, the time constant must be less
than t1o and ty4. In fast mode, 50ns is recommended.

RPU < 50nS/C|_0AD

Larger pull-up resistances, up to 5k, can be used in slow
mode.

6820f
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APPLICATIONS INFORMATION

Table 6. Typical Rgq and Rgp Values

MAX CABLE | TURNS | TERMINATION READY
LENGTH | RATIO | RESISTANCE Ig A Vicwe Viewr Re2 Re1 IDRV | CURRENT
100m 1:1 1200Q 1mA 1.2V 0.6V 6040 1.4k 20mA 4.7mA
50m 1:1 1200Q 0.5mA 0.6V 0.6V 1.21k 2.8k 10mA 3.2mA
100m 1:1 75Q 1mA 0.75V 019V 0.38V 3740 1.62k 20mA 4.7mA
50m 1:1 75Q 0.5mA | 0.375V 019V 0.38V 7500 3.24k 10mA 3.2mA

Transformer Selection Guide

As shownin Figure 1, atransformer ora pair of transform-
ers are used to isolate the IP and IM signals between the
two LTC6820’s. The isoSPI signals have programmable
pulse amplitudes up to 1.6V, and pulse widths of 50ns
and 150ns. To meet these requirements, choose a trans-
former having a magnetizing inductance ranging from
50pH to 350pH, and a 1:1 or 2:1 turns ratio. Minimizing
transformer insertion loss will reduce required transmit
power; generally an insertion loss of less than —1.5dB is
recommended.

Table 7. Recommended Transformers

Foroptimalcommon mode noise rejection, choose a center-
tapped transformer or a transformer with an integrated
common mode choke. The center tap can be tiedtoa 27pF
or smaller capacitor (larger will restrict the driver’s ability
to set the common mode voltage). If the transformer has
both a centertap and common mode choke on the primary
side, a larger capacitor may be used.

Table 7 shows a recommended list of transformers for use
with the LTC6820. 10/100BaseTX Ethernet transformers
are inexpensive and work very well in this application.
Ethernet transformers often include a common mode
choke, which will improve common mode rejection as
compared to other transformers.

MANUFACTURER PART NUMBER ISOLATION VOLTAGE TURNS RATIO CENTER TAP CM CHOKE
PCA EPF8119SE 1500VRus 1:1 Yes Yes
Halo TG110-AE050N5LF 1500VRus 1:1 Yes Yes
Pulse PE-68386NL 1500V DC 11 No No

Murata 78613/3C 1000VRus 1:1 Yes No
Murata 78604/3C 1000VRus 2:1 No No
Pulse HX1188NL 1500VRus 1:1 Yes Yes
EPCOS B82804A0354A110 1500V DC 1:1 No No
uc LTC6820 2:1 Transformers LTC6820 LTC2452
T— MSTR 2:1 1:2 MSTR
SDO mosi P ) ¢ L 37
SDI MISO WJ\B| % %4309 - D0
SCK SCK M SCK SCK
== vV
0 Tc6820 Single-Transformer Isolation 1706820 106802
T— MSTR MSTR V
SDO mosi P P 1o SDI
SDI MISO 120Q ﬂ\ 120Q e D0
SCK SCK M SCK SCK
cs (03 S o
== v

Figure 17. Alternative Isolation Barriers
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APPLICATIONS INFORMATION

Capacitive Isolation Barrier

In some applications, where the environment is relatively
noise free and only galvanic isolation is required, capaci-
tors can be used in place of transformers as the isolation
barrier. With capacitive coupling, the twisted pair cable
is driven by a voltage and is subject to signal loss with
cable length. This low cost isolated solution can be suit-
able for short distance interconnections (1 meter or less),
such as between adjacent circuit boards or across a large
PCB. The capacitors will provide galvanic isolation, but no
common mode rejection. This option uses the drivers in
a different way, by using pull up resistors to maintain the
common mode near Vpp, only the sinking drive current
has any effect. Figure 18 shows an example application
circuit using a capacitive isolation barrier capable of driv-
ing 1 meter of cable.

VOLTAGE
MANUFACTURER | PART NUMBER CAPACITANCE | RATING
Murata GCM188R72A104KA64 100nF 100V
EMC

When using the LTC6820, for the best electromagnetic
compatibility (EMC) performance it is recommended to

use a transformer with a center tap and a common mode
choke as shown in Figure 19. The center tap of the trans-
former should be bypassed with a 27pF capacitor. The
center tap capacitor will help attenuate common mode
signals. Large center tap capacitors should be avoided as
they will prevent the isoSPI transmitters common mode
voltage from settling.

To improve common mode current rejection a common
mode choke should also be placed in series with the IP
and IM lines of the LTC6820. The common mode choke
willbothincrease EMIimmunity and reduce EMI emission.
When choosing a common mode choke, the differential
mode impedance should be 202 or less for signals 50MHz
and below. Generally common mode chokes similiar to
those used in Ethernet applications are recommended.

Table 8. Recommended Common Mode Chokes

DIFFERENTIAL | COMMON MODE

IMPEDANCE AT | IMPEDANCE AT
MANUFACTURER | PART NUMBER 50MHz 90MHz
TDK ACT45B-220-2P 200 50000

Capacitive Isolation

e ‘ LTC6820
MSTR <

LTC6820 | LTC2640

100nF < MSTR V
SDo mos| IP—e I I * IP MOSI Sol
SDI MISO MISO ~
SCK SCKm I I M SCK SCK
e o 100nF Cs CS
_é_ _é_ ¢ vGBZOHS

Figure 18. Capacitive Isolation Barrier

LTC6820

IP
IM

:l %1209

27pF

i

6820 F19

Figure 19. Connection of Transformer and Common Mode Choke
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Layout of the isoSPI signal lines also plays a significant
role in maximizing the immunity of a circuit. The following
layout guidelines should be followed:

1. Thetransformershould be placedas closetotheisoSPI
cable connector as possible. The distance should be
kept less than 2cm. The LTC6820 should be placed at
least 1cm to 2cm away from the transformer to help
isolate the IC from the magnetic coupling fields.

2. On the top layer, no ground plane should be placed
underthe magnetic, theisoSPI connector, orin between
the transformer and the connector.

3. ThelPandIMtraces should beisolated from surround-
ing circuits. No traces should cross the IP and [M lines,
unless separated by a ground plane within the printed
circuit board.

The isoSPI drive currents are programmable and allow
for a tradeoff between power consumption and noise
immunity. The noise immunity of the LTC6820 has been
evaluated using a bulk current injection (BCI) test. The

BCI test injects current into the twisted-pair lines at set
levels over a frequency range of 1MHz to 400MHz. With
the minimum g current, 0.1mA, the isoSPI serial link has
been shown to pass a 40mA BCI test with no bit errors.
A 40mA BCl test level is sufficient for most industrial ap-
plications. Automotive applications tend to have a higher
BCl requirement so the recommended Igis setto 1mA, the
maximum power level. The isoSPI system has been shown
to pass a 200mA BCI test with no transmitted bit errors.
The 200mA test level is typical for automotive testing.

Software Layer

The isoSPI physical layer has high immunity to EMI and
is not particularly susceptible to bit errors induced by
noise, but for best results in a high noise environment it
is recommended to implement a software layer that uses
an error detection code like a cyclic redundancy check
or check sum. Error detection codes will allow software
detection of any biterror and will notify the systemto retry
the last erroneous serial communication.

! icm !

CONNECTOR '

6820 F20

Figure 20. Example Layout
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Remote Sensor Monitor with Micropower Shutdown

LTC6820 2.8k
EN
L fs o1k
- ' 1.21k 2.8k
5V Vpps  GND p LTC6820
100nF SLOW - IBIAS EN
jT—_ 2k Vpp 5V ICMP }
MSTR 100nF GND TS
MISO POL j:__ % SLOW SCK
—»— MOSI PHA 1 16 1 16 MSTR  MISO
———1 50K P 4 IP MOSI |—
——]CS IM IM
2 15 2 15 PHA
120Q
1202 \/\\/\ POL
V S
33|l 14 33|¢ 14 ops
HX1188NL HX1188NL 3V _
1uF
100nF X g
! . VReF Vee
+ MISO [—
TO SENSOR LTC2452  SCK
_ cS
6820 TA02
lg SHUTDOWN = 3.7pA
100 Meter Remote DAC Control
LTC6820 1.4k
EN IBIAS r
3V 1 V l((;i'\l\lllg e 60402 14k LTC6820
o o <
100nF e SLOW - IBIAS EN
jT__ 2k Vbp 5V ICMP }
MSTR 100nF GND o
MISO POL j:—_ $ SLOW SCK
—»—— MOSI PHA MSTR  MISO
———5CK P ! 18 ! 10 o 1P }
———ICS IM IM MOSI . 4
100 3|2 \/J\ 2213 S 1200 2
<
V| —0
33|l 14 33||¢ 14 ops
HX1188NL HX1188NL 3V _
1uF
T
VREF Vee
SDI =
Vout OUT  LTC2640  SCK
cS
6820 TA03
GND
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100nF

Interfacing to Addressable Stack of LTC6804-2 Multicell Battery Monitors

ik,

LTC6820
EN IBIAS
ICMP
Vbps GND
SLOW
Vpp
MSTR
MISO POL
MOSI PHA
SCK IP
cS IM

806Q

1.21k

5V
100nF

EO000C 1

F

i
s |

-

[

0

o

VReg  LTC6804-2
ISOMD
A3
A2
M
0 IBIAS

80602
IPA IcMP

121k
IMA VM

2
VReg  LTC6804-2
ISOMD
A3
A2
A
0 IBIAS

80602
IPA IcMP

121k
IMA M

1
VReg  LTC6804-2
ISOMD
A3
A2
M
A0 IBIAS

80602
IPA IcMP

121k
IMA M

6820 TAOS 0
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5V
100nF
L
[ —
—_
R SE—

LTC6820
EN IBIAS
ICMP
Vbps GND
SLOW
Vop
MSTR
MISO POL
MOSI PHA
SCK IP
CS IM

Battery Monitoring System Using a Multidrop isoSPI Link

:r‘ LTC6803-2 VsTACK3
1.21k 8069 GND3
p: LTC6820 GND3 A3
A2 — 100Q
IBIAS EN = Al
ICMP  MOSI MOSI A0
T GND  MISO MISO  Vpeg @ " CZT3055
GND3 — V[)D3_ SLOW SCK SCK
MSTR TS (&
<
%S
S
\ 4 IP VDDS
> >
L 31200 IM POL S
a Vibp PHA
|_ Vpp3
:r‘ LTC6803-2 VsTAck2
1.21k 806Q GND2
p: LTC6820 GND2 ﬁg 3:_ 1000
IBIAS EN —EL— A
ICMP  MOSI MOSI A0
T GND  MISO MISO  Vaeg CZT3055
GND2 = Vppo —— SLOW SCK SCK
MSTR s s
%S
pS
IP Vibps
IM POL Sk
) Vibp PHA
|_ Vb2
V.
LTC6803-2 STACK1
8060 ;
121k 0 GND1
< LTC6820 GND1 A3
1.21k Al-e= 100Q
IBIAS EN — Al
ICMP  MOSI MOSI A0
sy T GND  MISO MISO  Vpeg CZT3055
100nF GND1= | Voor —|SLOW SCK SCK
MSTR S CS
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! 4 IP Vbps X
1200Q IM POL Sk
| |—VDD PHA
& VDD1 6820 TA04
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LTC 6820
PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

UD Package
16-Lead Plastic QFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1700 Rev A)

Exposed Pad Variation AA

T

|
|

3.50£0.05 1,65 0.05 777777l77777|;g
2104005 (4 SIDES) ‘
|
|

igEpEgiy

| | |
| Q D ‘ :4— PACKAGE OUTLINE
[t o I I B B A

| | l<— 0.25+0.05
—»|  |l<—o0508sC

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

BOTTOM VIEW—EXPOSED PAD
PIN 1 NOTCHR =0.20 TYP

3.00+0.10 0.75+0.05 OR 0.25 x 45° CHAMFER
~ (4SIDES) ¢

PIN1 | 0.40+0.10

TOP MARK

(NOTE 61‘ T ] ¢

| ‘+ 77777 i 1.65+0.10 | 2
| (4-SIDES)
‘ !
|
‘ (UD16 VAR A) QFN 1207 REV A
I
—>|l<—0.00-0.05 —| l<—0508sC

NOTE:
1. DRAWING CONFORMS TO JEDEC PACKAGE OUTLINE MO-220 VARIATION (WEED-4
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION
ON THE TOP AND BOTTOM OF PACKAGE

T
~>‘ ~<— 0.200 REF %‘ - 0.25 +0.05
)
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

MS Package
16-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1669 Rev @)

0.889 +0.127
"(.035 +.005)
(5232) 3. 20 3.45
MIN (.126l.136)
A [“:”:”:”:l |:| 40390102
10.305+0.038 0.50 (159 +.004)
(0120 %.0015) ~ - = (0197) (NOTE3) |  0.08040.076
1615141312110 | 9|~ (.011 £.003)
RECOMMENDED SOLDER PAD LAYOUT ﬁﬁﬁﬁﬁﬁﬁ REF
o p5q  DETAILTAY 4.90 £0.152 3.000.102
10 W——+——(.118¢.004)
0° 6° TYP ST (NOTE 4)
¢ o v
GAUGE PLANE — ¥ —

P Tl TR

(021 +.006) 110 0.86
. (-043) (.034)
DETAIL “A VA REF
0.18
(:007) t |
\? ‘ SEATING . S
A PLANE  0.17-027 ||, 4 0.1016:+0.0508
(.007 -.011) 050 (.004 +.002)
NOTE: (0'197)*’ MSOP (MS16) 1107 REV 0
1. DIMENSIONS IN MILLIMETER/(INCH) 'BSC

2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX
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TYPICAL APPLICATION

Interfacing to Daisy-Chained Stack of LTC6804-1 Multicell Battery Monitors

LTC6804-1 }
REG
IPB ISOMD
VB IBIAS
806Q2
IPA ICMP
|| 120Q 1.21k
IMA VM
GND4
) LTO6B04-1 —
IPB ISOMD
120Q
IMB IBIAS
806Q2
—t IPA ICMP
c %1209 1.21k
706820 | so60 _ ¢ IMA VM
EN IBIAS GND3
J:—_ ICMP 1.21k
sV Vops  GND LTC6804-1 —
100nF sLow = ° iPB ISOMD
ju v, 5V C
= Db - 1200
MSTR 100nF C
MISO  POL I: ) IMB IBIAS
—»—— MOSI PHA 8060
———{SCK 1P o IPA ICMP
—— 155 IM —L%Eg mm 120Q 121k
IMA M
6820 TAOG GND2

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS
LTC6803-2/ Multicell Battery Stack Monitor with an Individually Functionality Equivalent to LTC6803-1/LTC6803-3, Allows for Parallel
LTC6803-4 Addressable SPI Interface Communication Battery Stack Topologies
LTC6803-1/ Multicell Battery Stack Monitor with Daisy-Chained Functionality Equivalent to LTC6803-2/LTC6803-4, Allows for Multiple
LTC6803-3 SPI Interface Devices to Be Daisy Chained
LTC6903 1kHz to 68MHz Programmable Silicon Oscillator with | Frequency Resolution of 0.01%. No External Components Required.

SPI Interface Operates on 2.7V t0 5.5V.
LTC6804-1/ Multicell Battery Stack Monitor with Built-In isoSPI Includes isoSPI Interfaces for Communication with Master LTC6820 and to
LTC6804-2 Interface other LTC6804 Devices
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