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1 Key System Specifications

Table 1. Key System Specifications

SPECIFICATION

SYMBOL PARAMETER CONDITIONS UNIT
MIN TYP | MAX
Vin Input voltage Normal operation 10 24 33 \%
Iin Input current Normal operation — 15 50 mA
V. oap Load supply voltage Normal operation 0 24 44 \%
Per channel T, = 85°C — 500 600 mA
l.oap Load current Per channel T, = 25°C — 700 1000 mA
Single channel per driver, T, = 25°C — — 2000 mA
PLoss Power loss per channel R, =48 Q, Viopp =24V, T, =25°C — 200 — mwW
o Resistive load 1000 Hz
faw Switching frequency -
Inductive load, 0.1 H, all channels 10 Hz
trise Load voltage rise time 10% .. 90% R, =48 Q, Viopp =24V, T, =25°C — 600 — ns

Propagation Delay Input L—H, output

toonL HoL (<90%) RL=50Q, Vioap = 24V, T, = 25°C — 440 — ns
tea Load voltage fall time 90% .. 10% R =48 Q, Viopp =24V, T, =25°C — 140 — ns
toou Efﬂa(g;"‘gg&'))e'ay putH=L, output g =50 Q, Vyop=24V, Ta=25°C | — | 540 | — ns
loeak Peak current (1 ms) 2.3 3.8 A
Pro Lr;](it:]cr:iglz(gower for each group of 0.5 s

@ Qutputs YO to Y3 are one group, and outputs Y4 to Y7 are another group.

2 System Description

A digital output (DO) module is a standard module in a PLC or DCS system. The DO module is used to
permanently turn on and off resistive, capacitive, or inductive loads or control them with pulse width
modulation (PWM).

A DO with a MOSFET can be realized as a high-side or low-side switch. This design uses the low-side
switch principal, which means that the load connected to the output between the 24-V supply and the
output of the module. Therefore, the switch is below the load seen from the 24-V DC supply.

The advantage with this principle is its lower cost of the switching MOSFETSs as they can be of NMOS
type. These MOSFETSs are about 2.5 times smaller compared to a PMOS FET with the same Rgygn). A
gate voltage of 10 V above GND is sufficient to keep these FETSs in the saturated region. This gate voltage
also saves level shifters and charge pumps. A low-side configuration is on the other hand more sensitive
to corrosion as the load is permanently connected to a 24-V supply even when switched off. This
configuration also means that a short to ground turns on the load unintentionally.

The TIDA-00320 is designed as a Beaglebone Black Cape form factor. The microprocessor (MPU) on the
Beaglebone Black can be used to control the outputs or the board can be used stand alone or any other
MCU with 3.3-V GPIOs.

In most cases, the digital outputs are galvanic isolated from the control of the outputs. This design uses
low-power digital isolators to separate the 24-V field side from the driving logic implemented by the
Beaglebone Black. Even a lightning strike on the field side with ground shifts of 500 V and more will
preserve the operation of the MPU.
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3 Block Diagram
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Figure 1. TIDA-00320 Block Diagram
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The TIDA-00320 has eight DOs configured as low-side drivers. The design uses two DRV8803 with four
protected low-side drivers integrated in each device. The ISO7140 provides galvanic isolation for the SPI
channel. Each DRV8803 also has a global fault pin, which indicates fault on any of the four output
channels. Those signals are connected to the 1ISO7140, which galvanic isolate the signals. The SM72485
is used in a low-cost buck configuration to provide 5 V for powering the secondary side of the 1ISO7140
and 1SO7142. Eight status LEDs are connected to the outputs of the DRV8803s and indicate the physical

3.1 Highlighted Products
status of the output.
31.1 DRV8803
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Figure 2. DRV8803 Block Diagram

3.1.2 1ISO7140

ouT1

ouT2

ouT3

ouT4

Figure 3. DRV8803 Simplified Diagram

The design uses eight Beaglebone Black signals for the outputs YO to Y7. Two additional signals are
driving RESET and nENBL of the DRV8803s. The two signals /FAULTO and /FAULT1 from the two
DRV8803s are fed back to the Beaglebone Black to indicate error conditions. These ten forward and two
backward signals are distributed over three isolator devices with four channels each. Two of the isolators
are of an 1SO7140 type with four channels in one direction and one isolator is of an ISO7142 type with two
channels in each direction. The ISO714x family provides galvanic isolation at 2500 Vg, for one minute
per UL or 4242 V. per VDE. The selected isolators support up to 50 Mbps, which is well above the
communication speed used in the design.

3.1.3 SM72485

The SM72485 is a wide input step down non-synchronous converter with integrated FET. In the design,
this device provides a 5-V regulated output from the 24-V field connector to supply the isolator devices.
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4 System Design Theory

4.1 Low-Side Driver Selection

To demonstrate the small form factor, this design uses two DRV8803. These devices integrate four power
outputs in a PWP package at 5x7-mm board space and are capable of simultaneously driving 0.5 A at
each output with only PCB cooling. An area of about 15 cm? per DRV8803 would suffice to operate at
ambient temperatures of 85°C and the design provides around 22-cm? copper per device. The DRV8803s
have internal diodes to a common clamping pin. This pin allows setting a clamping voltage different from
the operating voltage for fast inductive discharge. The discharge then happens in an external Zener diode
(D57 and D58). The power capability of the zener diodes defines the quantity of inductive discharge the
module can handle and can be set application specific. The TIDA-00320 uses a clamp of 48 V and the
Zener diodes have a 3-W power capability each. Thus, a maximum inductive discharge of 750 mJ can
occur once each second for each output. The designer must take care of thermal management. In this
design, the TVS cooling is sufficient for 500 mW, limiting the discharge to 125 mJ per second. The design
considerations are also elaborated in Section 4.3.

Unlike the application circuit in the DRV8803 datasheet (SLVSAWS), the Zener diodes are connected
between the clamping point and ground. This connection guarantees independence of the 24-V supply
and the clamping voltage. Otherwise the 24-V supply voltage might creep up from inductive discharge until
the clamping point voltage exceeds the absolute maximum voltage. Also, it is easier from a layout point of
view to keep the current into ground close together during inductive switching, thus preventing noise from
injecting into the ground.

4.2 Thermal Management

The thermal management budget has been calculated based on the following design considerations:
» The junction temperature should not surpass 150°C.

» The thermal resistance of the package is 2.3°K/W junction to bottom plate.

» The thermal vias have an inner diameter of 8 mm and a thermal resistance of 170°K/W.

« The board space provides thermal resistance to air of around 900°K/W per cm? (see formula 23 in

Reference 2).

The Rps(ny Of the DRV8803 is max 0.8 Q, and with four outputs turned on at 0.5 A, the total power
dissipation is 0.8 W per device (4 x 0.5% x 0.8). For an ambient temperature of 85°C, the junction
temperature may increase 65°K. Therefore TIDA-00320 has 5 thermal vias per device, which results in
34°K/W resistance. The pad is also connected on the top side of the PCB with about the same thermal
resistance of 34°K/W. The total connection resistance then is 17°K/W corresponding to a 14°K increase
on top of the 1.8°K junction case rise. As a consequence, the copper area may only have a temperature
increase of 49°K. The copper area therefore needs a thermal resistance to air of less than 61°K/W, which
is equivalent to 15 cm?. The TIDA-00320 has approximately 22 cm? available per DRV8803, so an
ambient temperature of 85°C is safe to operate.

If an ambient temperature beyond 85°C is desired, the thermal management could be further optimized by
using a four-layer board with thicker copper. While the inner layers cannot radiate the heat, they could still
provide for better heat distribution and prevent the outer layers from being split by traces. Therefore, the
active cooling area could be increased.
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4.3

4.4

Switch off an Inductive Load

The TIDA-00320 can be used to switch off inductive loads like motors, valves, and so on. An inductive
load has the property that it stores energy. When the switch wants to turn, the inductive load off this
energy is released. The inductor tries to keep the current flowing, which could result in a high voltage
spike at the output of the switch. Typical methods to prevent the occurrence of spikes are freewheeling
diodes. These diodes limit the voltage at the inductor so that the diode does not exceed the typical diode
forward voltage of 0.7 V. The resulting voltage at the output of the switch would be 24.7 V, assuming a
power supply of 24 V. The method is simple, but it has the disadvantage the current keeps flowing for
some period of time. The time is reverse proportional to the freewheeling voltage. For high speed
actuators like injection valves in process control systems, this is not desired. The preferred method is to
use a Zener diode so that the freewheeling voltage can be higher. In this reference design, the
freewheeling voltage is clamped to 48 V. At a 24-V supply, this voltage will result in a freewheeling voltage
of 24 V and a much faster decay of the inductor current. Therefore, this reference design is best suited for
direct control of stepper motors or injection valves.

The DRV8803 has protected the low-side switches with one integrated clamping diode per each output. All
clamping diodes are fed to one pin for an external Zener diode. This diode will clamp the voltage to 48 V.

The external Zener diodes in the TIDA-00320 (D57 and D58) is a 3-W TVS diode with cooling calculated
for 500 mW; therefore, all outputs of one DRV8803 can absorb 0.5 J/s of energy. An inductive load of 100
mH can store around 12.5 mJ (E = % x L x I?) at a current of 0.5 A. The diode could therefore switch at a
rate of 40 Hz for one output or 10 Hz if all four outputs are loaded and switched.

Switching Light Bulbs

The TIDA-00320 can be used to switch conventional light bulbs. Such a load has a very low cold
resistance so that the initial current can be as much as 10 times higher than the continuous current. A 24-
V, 5-W light bulb has an in-rush current of 2 A, which is within the operating range of the DRV8803.
Larger light bulbs would trigger the overcurrent protection without harming the DRV8803, but the light bulb
might not turn on as desired.

6
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5.1

5.2

Getting Started Hardware

The TIDA-00320 can be used either as cape with the Beaglebone Black evaluation platform or as a
standalone card with any processor capable of handling parallel GPIO communication. For the connection
to the Beaglebone Black connector, J20 and J21 will handle the communication.

Pin Assignment

Table 2. Pin Assignment

TIDA-00320 FUNCTION | TIDA-00320 HEADER BBB HEADER SOFTWARE DIRECTION

YO J20, PIN 8 P8_8 TIMER7 ouT

Y1 J21, PIN 12 P9_12 GPIO1_28 ouT

Y2 J21, PIN 23 P9_23 GPIO1_17 ouT

Y3 J21, PIN 22 P9_22 UART2_RXD ouT

Y4 J20, PIN 9 P8_9 TIMERS ouT

Y5 J20, PIN 10 P8_10 TIMERG ouT

Y6 J20, PIN 14 P8_14 GPI00_26 ouT

Y7 J20, PIN 17 P8_17 GPI00_27 ouT

NENBL J21, PIN 15 P9_15 GPIO1_16 ouT

RESET J21, PIN 21 P9_21 UART2_TXD ouT
/FAULTO(YO..Y3) J20, PIN 26 P8_26 GPIO1_29 IN
[FAULTL1(Y4..Y7) J20, PIN 18 P8_18 GPIO2_1 IN

Initialization and Control

During the start-up phase, the Beaglebone Black 1/0 pins might be floating. The selected isolator type
ISO7140CC drives in this case its outputs high. These levels will keep RESET and nENBL high, which
deactivates the DRV8803 outputs and prevents undesired switching. The following initialization sequence

will help to activate outputs only after the control code is up and running:

S o

Configure P9_15 as output.
Set nENBL high (P9_15).
Configure P9_21 as output.
Set RESET high (P9_21).
SetIn_YO—In_Y7 low: YOto Y7 =P8_8, P9 _12, P9 23, P9 22, P8 9, P8 10, P8_14, P8_17
Set RESET low. 7. Set nENBL low.

The TIDA-00320 is now active. The following sequence should be part of the control loop:
1. Set In_x high for any output to activate: YO to Y7 = P8_8, P9_12, P9 23, P9 22, P8 9, P8 10, P8 14,

P8_17

2. Set In_x low for any output to deactivate.
3. Monitor input /FAULTO for YO to Y3 (BBB pin P8_26) and display error condition (error: /FAULTO =
low) in conjunction with group YO to Y3.

4. Monitor input /FAULT1 for Y4 to Y7 (BBB pin P8_18) and display error condition (error: /FAULTO =
low) in conjunction with group Y4 to Y7.
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5.3 Fault Signal

The /XFAULTO signal on pin 26 of J20 is a global fault signal for any of the four outputs YO to Y3.
/IXFAULT1 provides the same function for outputs Y4 to Y7. The pin will be driven low in the case of an
overcurrent in any of the DRV8803. At the same time, the corresponding output driver will be turned off.
After 1.2 ms, THE OUTPUT DRIVER will retry to drive the output and clear the fault signal if the
overcurrent situation is gone. /XFAULT will also be cleared if the XRST pin is activated or the 24-V field
supply is removed (J61 or J62).

If the die temperature in the DRV8803s exceeds safe limits, all outputs will be switched off and the
/IXFAULT of that DRV8803 will be driven low. The operation will resume when the temperature falls under
the limit.

5.4 Power Supply

The board is connected to a 24-V field supply. The 5 V for the isolators are coming from this supply as
well as the voltage VM for the DRV parts. A combination of a fusible resistor and a 33-V TVS diode is
used as protection against surge pulses of 500 V. For faster transients like ESD strikes, a filter based on
the fusible resistor and three low ESR capacitors is formed. Reverse polarity protection follows after this
surge protection and is implemented as simple diode.

EMI protection is implemented using the series resistor RF80 and set of Pl-filters for the DC/DC converter
and each of the DRV8804 driver ICs. The Pl-filter for the DC/DC converter consists of C93, C94, L40,
C47, and C48. The filter has the —3-dB point at 600 kHz and a steepness of 18 dB per octave. The filter
for the DRVs consists of C93, C94, and L80/C80 for U60 and L81/C81 for U61. Below 600 kHz, the
capacitive behavior of the PI-filter creates a low pass with RF80 with its —3-dB point at 30 kHz and a
steepness of 6 dB per octave. This low pass leads to a damping factor of —30 dB at 600 kHz for both
DRV8803 parts and —50 dB for the SM72485. At 1.2 MHz, these factors are already —64 dB for the DRVs
and —84 dB for the SM72485.

The spice simulation model for the set of filters is shown in Figure 4 and the corresponding AC simulation
plot in Figure 5.
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Figure 4. EMI Filter Simulation Model
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Figure 5. AC Simulation Plot

Output and Field Power Connector

All DRV8803 outputs are connected to blue LEDs. The LED current is set to around 2 mA. Additional
diodes are in series with the LEDSs to eliminate reverse currents from inductive switching. Close to each
output connector pin is a 10-nF capacitor to reduce ESD sensitivity and reduce EMI. The board connector
is a low-profile type so that it is possible to stack capes and still have access to each of the boards.
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6.1

6.2

Test Setup

Output Current Capability

Setup for testing the output current capability:

» Power supply: GW inSTEK GPS-4303 quad output DC power supply 2 x0to 30 V,3 Aand 8to 15V,
1Aand22to55V,1A

* Thermo scan: Fluke Ti40FT 160x120, calibrated from —20°C to 350°C

The correctness of the thermal management is verified by connecting the output Y7 through an electronic
load to the 24 V of the power supply. GND and Earth are connected to 0 V of the power supply. The
output is programmed to turn on. The current from the power supply into the electronic load is set to the
level required to achieve an approximate 0.8-W power loss in the DRV8803, which is the equivalent power
loss as if all outputs carry 0.5 A each. The value will be close to 1.15 A, causing a drop voltage of 0.72 V.
The temperature of the driving switch is observed using the thermo scan. The temperature is expected to
settle at around 65°C at a room temperature of 25°C. The typical drop voltage over the switch at room
temperature and at the nominal current of 500 mA is expected to be 250 mV.

Rise, Fall, and Propagation Delay Times

Setup for testing the rise, fall, and propagation delay times:

» Power supply: GW inSTEK GPS-4303 quad output DC power supply 2 x 0to 30V, 3 Aand 8to 15V,
1Aand2.2to55V,1A

» Oscilloscope: Tektronix TDS 3034

All four outputs of one group (Y4 to Y7) are connected through individual 48-Q, 12-W resistors to 24 V of
the power supply. GND and Earth are connected to 0 V of the power supply. The oscilloscope is
connected to the latch input on the host side with channel one and to output Y7 with channel two. It is set
to normal trigger rising edge with the trigger coming from channel one. Trigger level is 1 V. Then, all
outputs are programmed to turn on. The oscilloscope will capture a falling edge on Y7. Thereafter, all
outputs are programmed to turn off and the oscilloscope will capture a rising edge on Y7. The
measurement is repeated with the other three outputs of the same group. Then, the resistors are
connected to the second group of outputs (YO to Y3) and the measurement continues on these.

0000000 O0POFPOPOGOOGOOOGOIOGIOGIOIOGOOEOEO® 480
E000POOPOIOGICOICGOAIOGOOOGIOIOIOIOIOIGOEOPOT® 480 oo T oy
Ch 2[Ch 1’
48Q
v
480 Oscilloscope
Y3
Y2
Y1
YO
GND
Earth
Figure 6. Measurement Setup for Rise, Fall, and Propagation Delay Times
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Table 3. Test Results

SPECIFICATION
SYMBOL PARAMETER CONDITIONS MEAS. | UNIT
MIN TYP MAX
Vin Input voltage Normal operation 10 24 33 24.5 Vv
I Input current Normal operation — 15 50 14 mA
V ono Load supply voltage Normal operation 0 24 44 24.5 Vv
Per channel T, = 60°C — 500 600 —@ mA
lL.oro Load current
Per channel TA = 25°C — 700 | 1000 | —®@ mA
Poss | Power loss per channel R, =48 Q, Viopp =24V, Tp = 25°C — 200 — —@ mw
o Resistive load 1000 1000 Hz
fsw Switching frequency -
Inductive load, 0.1 H all channels 10 —O Hz
— .
truse '5803/3 voltage rise time (10% to R=480,Viorp =24V, T,=25°C | — | 600 | — | 550 | ns
teaLL Load voltage fall time (90% to 10%) | R, =48 Q, V\qap =24 V, T, = 25°C — 120 — 125 ns
ty | ropagation Delay (latch to output | p _ 500 v, . =24V, T,=25°C | 60 | 150 | 200 | 165 | ns
change)
lpeax | Peak current (1 ms) 2.3 3.8 —@ A
Puo Inductlve(gower for each group of 05 _® s
channels

@ Depends on number of LEDs on and communication activity.
@ Based on calculations derived from DRV8803 datasheet.
®  Qutputs YO to Y3 are one group, and outputs Y4 to Y7 are another group.
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In Figure 7, channel 2 (red) is connected to the In0 signal of the host connector and triggers on rising
edge. This edge causes the data to transfer to the output YO in the form of a high to low transition and is

therefore suited to capture this output transition on channel 1 (blue
propagation delay measurement. The fall time is dominated by the

) and the timing for the t,q,
switching speed of the output transistor

in the driver. Due to the open drain configuration, the rise time results from the RC combination formed by
the 10-nF capacitor connected to the switch output in the reference design, the driver output capacitance,

and the 48-Q load resistor at the output.
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- — C oAt 4400n: Curs1 Pos
- CLOCK - ML 227 3MHzT
L. . = Adons |
Curs2 Pos
; 430.0ns |
E Channel
A VAP A D SO SO | [~ Goupling —
LLATEH T i Oc
I T —
- - . - Ak
LN [T ! SA00m M 256 Lol FET . o 5548k i
inic1] - -1.2v - pr 19320369 mi-28 ' M:EZZE .4 8413 no G548k -
k-PKICT) - 2844 pro3BE334E me2p 0 Mr2E4 can 4207 ne 5548k 7
ST [, FE82Y ) 20955399 ||'T|:|ZEE|?¢| PiZd21 ) a7/ B4t ) ny 5588k ]
Chi 10.0% Chz 1.0% = Ml 1.0ps 2.5G3% 4000 At Close
& Chz o+ 1.0%
Figure 7. Fall Time and Propagation Delay
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In Figure 8, channel 2 (red) is still connected to the In0 signal of the host connector and triggers now on
the falling edge. This edge causes the data to transfer to the output YO in form of a low to high transition
and is therefore suited to capture this output transition on channel 1 (blue) and the timing for the t,q,
propagation delay measurement. Due to the open drain configuration, the rise time results from the RC
combination formed by the 10-nF capacitor connected to the switch output in the reference design, the
driver output capacitance, and the 48-Q load resistor at the output.

Tek  Run Sample 1 805 11 Oec 14 14:53:17
| LI | LI | LI | LI | LI hd LI :I T | LI | LI | It'll: T I__II:I.II:IrIISI T i @
- -~ ©otZ2: 5300n:
- - ' ©oab: S400nz Curs1 Pos
- CLOCE, 4+ : : : AL 1.852MHz
__ ....................... _:_ . : . L e L e P .. __ _'II:II:“.-IS |
i T _ : _ _ ¥ Curs2 Pos
- _..-..: T E20.Ons |
3 ] Channel

e | Coupling —
CLaTCH E ] oc
ol AV o — »
B ! - Ak
S S
aric1) . 25.8Y. P 22571494 r - T @ 750 ]
infC1) - -300.0mY p- 15 6EEE07 _-I-u" Bl 22 5 STy . n: 5545k g
k-FKIG1) - 2644 P 38045869 = i v WIZBS Cd 5859 n: 5545k 7
SIE1) | 1 |15DBI+I L1 ||-|:| ZDEEEE$| 1 m:zl?m’l:l I'-"|12|42'|| 1 | q: |?542| T A 55|45k| 1 ]
Ch1 10.0% Chz 1.0% By Ml 1.0ps 2. 5G54s 400 At Close
& Ch2 =~ 1.0%
Figure 8. Rise Time and Propagation Delay
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The result of the heat management verification is visible in Figure 9 for the bottom of the PCB and in Figure 10 for the top of PCB. The bottom side
reaches round 50°C under the DRV8803, and the top side peaks at 65°C on the top surface of the IC. These peaks correspond to a temperature
rise of 35°K to 40°K in the silicon above the ambient temperature. Based on the heat distribution on thermal images with both DRV8803 active, the
temperature rise would be 10°K higher. Assuming a maximum silicon temperature of 150°C, an ambient temperature of 100°C would be absolute
maximum. 85°C would leave sufficient guard band for safe operation under all conditions.

r65.0 —65.0

62 |62
60 60
58 58
56 56
54 54
52 52
50 50
48 48
46 46
a4 a4
a2 42
40 40
l-3g 38
36 36
34 34
32 32
30 30
L23.0 L2g.0
c T
Figure 9. Thermal Scan of PCB Bottom Under Load Figure 10. Thermal Scan of PCB Top Under Load
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8 Design Files

8.1 Schematics

To download the schematics, see the design files at TIDA-00320.

P8 Header
J20
1 2

MMC1_DAT6 3 g g 4 MMC1_DAT7
MMC1 DAT2 515 oft68 MMC1 DAT3
TIMER4 7 o O 8 TIMER? Outputs available from P8 header pins:
TIMERS 9 15 ot 10 TIMER6
GPIO1 13 11 o O 12 GPIO1 12 P8-11 PTO
EHRPWM2B 13 o O 14 GPIO0 26 P8-12 PTO
GPIO1 15 15 o O 16 GPIO1 14 P8-15 PRUO_in
GPIOO 27 17 o O 18 GPIO2 1 P8-16 PRUO_in
EHRPWM2A 19 o O 20 MMC1_CMD ) )
MMC1_CLK 21 o O 22 MMC1_DAT5 P8-7 Timer - DigO
MMC1_DAT4 28 15 o2 MMC1 _DAT1 P8-8 Timer - DigO
MMC1_DATO 25 o O 26 GPIO1 29 P8-9 Timer - DigO
LCD VSYNC 27 | 5 o128 LCD PCLK P8-10 Timer - DigO _
LCD HSYNC 2 15 ot30 LCD DE P8-13 EHRPWM2B DigO
LCD DATA14 31 o o132 LCD DATA15 P8-14 DigO
LCD DATA13 B 15 ol 3¢ LCD DATAT1 )
LCD DATA12 35 o O 36 LCD DATA10 P8-17 D!gO
LCD DATA8 37 o O 38 LCD DATA9 P8-18 Digl
LCD DATA6 39 o O 40 LCD DATA7 P8-19 EHRPWM2A
LCD DATA4 41 o O 42 LCD DATA5S P8-26 Digl
LCD DATA2 8 15 o4 LCD DATA3
LCD DATAO 45 15 of4e LCD DATA1

SSHQ-123-D-08-F-F

DGND DGND

Figure 11. Beaglebone Connector and ID Prom1
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P9 Header
J21
1 2
DGNDq 3 1 O 4 DD
VDD_3V3B 5 O O 5 VDD_3V3B
VDD_5V 7 O O s VDD_5V
SYS_5V O O SYS_5V
PWR BUT 9 |5 ot 10 svs RESETn
UART4 RXD 11 o O 12 GPIO1 28
UART4 TXD 13 | 5 S 1 14 EHRPWMIA
GPIO1 16 15 o O 16 _EHRPWM1B
12C1 ScL 17 15 o118 2c1 spA
12C2 scL 19 o O 20 _12C2 SDA
UART2 TXD 21 O O 22 UART2 RXD
GPIO1 17 23 o O 24 UART1 TXD
GPIO3 21 25 | 5 ol 26 UARTI RXD
GPio3 19 27 | 5 S| 28 SPi1CSO
SPI1 DO 20 |5 o} 30 skitp1
SPI1 SCLK 31 o o132 |vDD_ADC
AIN4 33 o o 34
AING 35 o O 36 _AIN5
AIN2 37 38 AIN3
O O
AINO 39 o O 40 AIN1
CLKOUT2 41 O o} 42 cpico7
43 44
45 © O 46
O O
SSHQ-123-D-08-F-LF
DGND DGND GNDA_ADC

GND

Outputs available from P9 header pins:

P9-11
P9-12 DigO
P9-13

P9-14

P9-15 DigO
P9-16

P9-17 12C1 SCL
P9-18 12C1 SDA

P9-21 DigO
P9-22 DigO
P9-23 DigO
P9-24 UART1 TXD

P9-26 UART1 RXD
P9-27 PTO

P9-41 PTO

Figure 12. Beaglebone Connector and ID Prom2

VDD_3V3B

SR20 fR21 LR22
3562k $5.62k 35.62k
S20A U20
o o ¢ 1o a0
— ]
CVS-02TB 2 A1
S20B
3 L 3.
CVS-02TB 4_lvss

SR23

\R24

vee $5.62k 5.62k

wp

scL 1262 SCL
SDA ket 12C2 SDA

AT24C02D-SSHM-T

DGND

DGND

Figure 13. Beaglebone Connector and ID Prom3

VDD_3V3B

C20
0.1pF

DGND

VDD_3V3B

IRos
$453

§D20

Green

DGND
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1
]
ISOLATION ~ BARRIER
1
]
1
VDD_3V3B 1
u40 1
0Up
1 N
VbD_3v3B 1 {vcer " veeal- 18 5usviso 5V iso
GPI00 27 3 | |Na : : : OUTA |14 In¥7 Ji
1h
ca0 GPI00 26 4 ) \g th ouTs 12 In_Y6 cas
0.1pF TIMER6 5.0 Ine :I: ouTc 12 In_Y5 0.1uF
1h
IMERS 6 .| \p |:| ouTp |11 In Y4
[ —
DGND 7 lne ::: en L t0 B+5V_iso GND_iso
]
2| GND1 il GND2 12
g GND1 1 : 1 GND2 %_
[}
i =
DGND 1SO7140CCDBQ GND_iso
VDD_3V3B !
VDD_3V3B A T )
1 veet o vee B sy iso *oviso
Pt 16 3| \na 0l IR nENBL
1
cat UART2 TXD 4 | |\g i outs —12 RESET c
0.1uF ik 45
UART2 RXD 5 ! 12 In_ Y3 0.1uF
SARIZ RXD 0 o INC ::: outc
oo GPIO1 17 6 .| INnD ::: ouTtp 1 In Y2 =
7 _InC :,: N hisviso GND_iso
000
2 GND1 1" GND2 12
g GND1 1 GND2 %_
[}
1y =
DGND |SO7140CCDBQ GND_iso
VDD_3V3B !
VDD_3V3B U42 !
(M
1 N
1 veer m veea 16 pisviiso oV iso
1
c42 GPIO1 28 3 INA :I: OUTA 14 In_Y1
1
0.1uF TIMERT 4| ne :l: ouTs |13 In_YO s
1
GPIO? 1 5 | outc ::: NG 12 [FAULT1 0.1pF
(I}
DGND GPIO129 6 | ourp " IND L1 [FAULTO
h —
] .
SYS RESETn 7 | ¢y ::: ENg [0 >+5V_iso GND_iso
1
2 GND1 i GND2 2
8 GND1 " GND2 %_
(I}
nlg =
DGND  1S07142CCDEQ GND_iso
1
]
1
43
{
I
1000pF
]
! =
DGND : GND_iso
I
|
Figure 14. Digital Isolators and Field Power Supplyl
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GND_iso
TP40 U43
C49
? 8 | 7] o1pF
+24V_Field 'égg o VIN vee Ra4
-l- ohm WA
1—F \ 4 sor L2 2.00k
R 8 - RT/SD TP41 L41 TP42
R40 P C50 =
7.50k ReL ow 1 { 4 0.02208
SRN4026-680M 1.00
- LRa1 ’ o D41 R46
——C47 ——=C48 D40 $86.6k 4 5 SR43 BAV70-V 1.21k
1uF 0.1pF gGreen | (R 7 $2.00k C51
N 4.7uF
SM72485MM/NOPB
74D42
_ _ pr— —_ pr— _ pr— pr— Green
GND_iso GND_iso GND_iso GND_iso  GND_iso GND _iso GND _iso GND _iso o
GND _iso

Figure 15. Digital Isolators and Field Power Supply2

18 8-Ch Parallel 0.5-A Low-Side Digital Output Module for Programmable Logic

Controllers (PLCs)

Copyright © 2015, Texas Instruments Incorporated

TIDU705A—-January 2015—-Revised January 2015
Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU705A

13 TEXAS

INSTRUMENTS
www.ti.com Design Files
Uso
L60 D60
+24V_Fieldd———}—{>+24V_EMI1  +24V EMU<——— 1 {ym VCLAMP |2 M |||- GND_iso
600 ohm I
SMBJ48A-13-F
nENBL 8 | ENEL OUTH b3 Y4 48V
In_Y4 14| N1
s " ouT2 b4 Y5 +24V_EMI1
Inys 13 . I\n2
In_Y6 11 6 Y6
Inye 11| L6 Y6
+5V_iso IN3 ouT3
In Y7 10 | na C60 ——C62
ouT4 L Y7 0.1uF 0.1uF
R60 RESET 9 .| RESET
2.00k - N
JFAULT1 16| = 5 = =
¢ FAULT D12 GND_iso  GND_iso
15 Ine PAD —17
DRV8803PWPR N
GND_iso
u61
L61 D61
+24V_Fieldd———}—1>+24V_EMI2  +24V EMi2<d——— 1 {ym VCLAMP (2 M I|| GND_iso
600 ohm
SMBJ48A-13-F
nENBL 8 ENBL OUT1 3 YO 48V
In_YO 14 | N1
. oUT2 4 Y1 +24V_EMI2
Inyl 13 I\\2
In_Y2 11 6 Y2
Iny2 = 11 L6 Y2
+5V_iso IN3 OouT3
In_Y3 10 ) na C61 ——C63
ouTa L Y3 0.1uF 0.1uF
R61 RESET 9 .| RESET
2.00k - N
JFAULTO 16| == 5 = =
¢ AL N2 GND_iso  GND_iso
15 _ne PAD |—Z
DRV8803PWPR N
GNI5_iso
Figure 16. Digital Output Stage
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+24V_Fielddt———

GND_isorl|

o |en [

‘GNNNHDII S

~

24V_extt————
1844265

GND_isorl|

| 4V _ext<t——

EEYYY YT

D80 D88
REO ﬁ 2
10.0k
CD0603-50180 Blue
Y0
c8o
1-TI Degigns.Ink D81 2(?,? _| E
Ret N 2 0.01yF
10.0k
CD0603-50180 Blue
Y1
cs1
D90 L
D82 |—| E
Re2 ;{ 2 0.01yF
10.0k
CD0603-50180 Blue
Y2
cs2
D83 o1 = Iy
Re3 ﬁ 2 0.01pF <
10.0k
CD0603-50180 Blue
Y3
_(|:83
D92
D84
Re4 ﬁ 2 0.01pF
10.0k
CD0603-50180 Blue
Y4
csa
D93 o
D85 |—|E
Re2 ﬁ 2 0.01yF
10.0k
CD0603-50180 Blue
Y5
css5
D94
D86 wg\ _|
R86 N 2 0.01yF
10.0k
CD0603-50180 Blue
Y6
_(|:se
D95
D87
Rer ﬁ 2 0.01yF
10.0k
CD0603-50180 Blue
Y7
cs7

Figure 17. Output Connectors
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RF80 D97 +24V_Field

MRA4003T3G

C90 D96 C94
4700pF 4700pF 4700pF SMAJ33CA 1uF 0.1uF
33V

Ca1

4700pF = = =l
GND_iso GND_iso GND_iso

C92

/7 ; 4700pF —

GND_iso

Figure 18. Output Connectors and Surge Protection2
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8.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-00320.

Table 4. BOM
ITEM # DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION PAGINEIE
REFERENCE
1 IPCB1 1 TIDA-00320 Any Printed Circuit Board
C20, C40, C41, C42,
2 CA44. CA5, C46, CA9, 10 0.1 uF CO603C104K5RACTU Kemet CAP, CERM, 0.1 uF, 50 V, 0603
+10%, X7R, 0603
C60, C61
o CAP, CERM, 1000 pF, 2 KV
3 C43 1 1000 pF 202R18W102KV4E Johanson Dielectrics Inc 10% X7R 1206 1206
CAP, CERM, 1 {F, 50 V, £10%,
4 ca7 1 1pF C3216X7R1H105K TDK 7R, 1206 1206
CAP, CERM, 0.1 pF, 50 V,
5 C48, C94 2 0.1 uF CO0603C104K5RACTU Kemet £10%, XIR, 0603 0603
CAP, CERM, 0.022 F, 50 V,
6 C50 1 0.022 uF C0603C223K5RACTU Kemet £10%, X7R, 0608 0603
CAP, CERM, 4.7 pF, 10 V,
7 cs1 1 4.7 uF C0603C475K8PACTU Kemet £10%, X5R, 0603 0603
CAP, CERM, 0.1 pF, 100 V,
8 C62, C63 2 0.1 uF CL21B104KCFSFNE Samsung £10%, X7R, 0805 0805
€80, C81, C82, C83, CAP, CERM, 0.01 WF, 100 V,
9 Caa g5, Ca6. Ca7 8 0.01 uF C1608X7R2A103M TDK 0%, XIR, 0603 0603
C88, C89, C90, C91, CAP, CERM, 4700 pF, 100 V,
10 oo 5 4700 pF C1608X8R2A472K TDK £10%, X8R, 0603 0603
CAP, CERM, 1 pF, 50 V, £10%,
11 c93 1 1 pF CL21B105KBFNNNE Samsung X7R. 0805 0805
12 D20, D40, D42 3 Green LTST-C190KGKT Lite-On LED, Green, SMD 1.6 x 0.8 x 0.8 mm
13 D41 1 70V BAV70-V Vishay-Semiconductor ggﬁf’égs"‘”t‘:h'”g’ 70V, 025 A, SOT-23
14 D60, D61 2 48V SMBJ48A-13-F Diodes Inc. g;\(zge, TVS, Uni, 48 V, 600 W, SMB
D80, D81, D82, D83, Diode, Switching, 90 V, 0.1 A, .
15 D84 D85, D86, DSY 8 90 Vv CD0603-S0180 Bourns 0603 Diode 0603 Diode
D88, D89, D90, D91,
16 D92, D93, DO4. DS5 8 Blue LB Q39G-L2N2-35-1 OSRAM LED, Blue, SMD BLUE 0603 LED
17 D96 1 33V SMAJ33CA Littelfuse g;\;’/‘ie' TVS, Bi, 33V, 400 W, SMA
. Diode, Standard Recovery
18 D97 1 300 V MRA4003T3G ON Semiconductor Rectifier, 300 V, 1 A, SMA SMA
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Table 4. BOM (continued)
ITEM # DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION CIGACIE
REFERENCE
FID1, FID2, FID3, FID4, Fiducial mark. There is nothing A
19 FID5 5 N/A N/A to buy or mount. Fiducial
. . Female Connector, 2.54 mm, Female Connector,
20 J20, J21 2 SSHQ-123-D-08-F-LF Major League Electronics 23x2, TH 2.54 mm. 23x2. TH
TH, 7-Leads, Body
. Header (Shrouded), 3.5 mm, ! M
21 Jgo, J81 2 1844265 Phoenix Contact 7x1, RIA. TH 9.2 x 25ghPItCh 35
Ferrite Bead, 600 Q @ 100
22 L40, L60, L61 3 600 Q BLM18KG601SN1D MuRata MHz, 1.3 A, 0603 0603
Inductor, Wirewound, Ferrite, 68 | SMD, 2-Leads, Body
23 L41 1 68 pH SRN4026-680M Bourns uH, 0.35 A, 0.852 Q, SMD 4.9%4.2 mm
Thermal Transfer Printable "
24 |LBL1 1 THT-14-423-10 Brady Labels, 0.650" W x 0.200" H - | FCB Label 0.650°H
x 0.200"W
10,000 per roll
25 | R20.Ral R22 R23, 5 5.62 k CRCWO6035K62FKEA Vishay-Dale RES, 5.62 k, 1%, 0.1 W, 0603 0603
26 R25 1 453 CRCWO0603453RFKEA Vishay-Dale RES, 453, 1%, 0.1 W, 0603 0603
27 R40 1 7.50 k CRCWO06037K50FKEA Vishay-Dale RES, 7.50 k, 1%, 0.1 W, 0603 0603
28 R41 1 86.6 k CRCWO060386K6FKEA Vishay-Dale RES, 86.6 kQ, 1%, 0.1 W, 0603 0603
29 R42 1 66.5 k CRCWO060366K5FKEA Vishay-Dale RES, 66.5 kQ, 1%, 0.1 W, 0603 0603
30 R43, R44, R60, R61 4 2.00 k CRCWO06032K00FKEA Vishay-Dale RES, 2.00 k, 1%, 0.1 W, 0603 0603
31 R45 1 1.00 CRCWO06031R00FKEA Vishay-Dale RES, 1.00, 1%, 0.1 W, 0603 0603
32 R46 1 121k CRCWO06031K21FKEA Vishay-Dale RES, 1.21 k, 1%, 0.1 W, 0603 0603
R80, R81, R82, R83, )
33 R84, R85 R86. R87 8 10.0k CRCWO060310KOFKEA Vishay-Dale RES, 10.0 kQ, 1%, 0.1W, 0603 0603
34 RF80 1 47 EMC2-47RKI TT Electronics/IRC .'?ES' 47.Q, 10%, 2 W, Fusible, Axial resistor
35 520 1 CVS-02TB Copal Electronics DIP Switch, SPST, 2Pos, Slide, SW, 4.7 x1.45x 3
SMT mm
I12C-Compatible (2-wire) Serial
36 u20 1 AT24C02D-SSHM-T Atmel EEPROM 2-Kbit (256 x 8), SOIC-8
SOIC-8
4242-\px Small-Footprint and
37 U40, u41 2 1ISO7140CCDBQ Texas Instruments Low-Power Quad Channels DBQO016A
Digital Isolators, DBQO016A
4242-\px Small-Footprint and
38 u42 1 1ISO7142CCDBQ Texas Instruments Low-Power Quad Channel DBQO016A

Digital Isolator, DBQO016A
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Table 4. BOM (continued)
ITEM # DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION CIGACIE
REFERENCE
SolarMagic 100 V, 150 mA
39 u43 1 SM72485MM/NOPB Texas Instruments Constant On-Time Buck DGKO0008A
Switching Regulator, DGKOO08A
Quad Low-Side Driver IC,
40 U60, U6l 2 DRV8803PWPR Texas Instruments PWP0016D PWP0016D
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8.3 PCB Layout Recommendations and Guidelines

Sufficient cooling of the DRV8803s is critical to the design and requires thermal vias under the devices
and contiguous copper area. In this design, thermal vias are also used to transfer the heat between the
layers if traces break the cooling area. The goal was to have sufficient cooling and still maintain a two-
layer design. The red circle in Figure 19 shows an area where heat is blocked by a trace. A number of
vias around the trace will lead the heat to the bottom layer under the trace and back to the top layer
beyond the trace. Figure 20 shows contiguous copper for that part of the PCB. All together, this design
practice effectively increasing the active copper area by around 50%. The result and effectiveness of this
practice can be seen in Figure 9 and Figure 10 where heat is transferred beyond the trace on the top
layer.

Figure 20. Bottom View
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Layer Plots

To download the layer plots, see the design files at TIDA-00320.
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Figure 25. Bottom Solder Mask
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Figure 27. Mechanical Dimensions
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8.4 Altium Project
To download the Altium project files, see the design files at TIDA-00320.
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Figure 28. Multilayer Composite Print
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8.5 Gerber Files

To download the Gerber files, see the design files at TIDA-00320.
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Figure 29. Fabrication Drawing
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8.6 Assembly Drawings
|
b
BB
)
‘ B
Figure 30. Top Assembly Drawing Figure 31. Bottom Assembly Drawing
8.7 Software Files
To download the software files, see the design files at TIDA-00320.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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