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1 System Description

Servo drives consist of a power stage, controller, position sensor and feedback, analog and digital I/Os,
communication module, and display. Multiple voltage rails are required for the operation of all the control
electronics in the drive which can be generated from the DC link voltage as ¥ 1 shows.
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1. System Block Diagram
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When the control electronics are getting powered up by the DC link voltage, its protection from unwanted
conditions become desirable. Input reverse polarity, reverse current flow, overvoltage, undervoltage,
overcurrent on the DC link voltage, and so forth, are some of the undesirable situations that cause the
control electronics to fail. The power supply for the control electronics should also be compact, cost
effective, and efficient. In a servo drive, the control electronics power supply can be further classified into
the following categories:

1.

Gate drive power supply — The three-phase inverters use semiconductor switches (IGBT, MOSFET,
SiC) to convert the DC bus voltage to three-phase AC voltage with adjustable magnitude and
frequency depending on the application. The fundamental frequency of the three-phase output
generated by the inverter is controlled by the PWM signals generated by the MCU and driven by the
gate drivers. A 15-V supply voltage is often used for powering up the gate drivers.

Encoder power supply — Various position encoders are available for industrial applications from
different vendors with vendor-specific or open-source interface standards. The supply voltage range is
encoder-specific and typically depends on the analog and digital interface standard it supports.
Encoders with TTL or analog Sin/Cos interface are typically offered with a 5-V input.

MCU power supply — A continuous and regulated supply voltage for the MCU is extremely crucial in
any system. The MCU should remain active even if the bus voltage shuts off in case of an undesirable
event. This design uses dual-channel architecture for supplying power to the MCU. The stepped down
voltage from the DC bus and the external USB supply are combined using power MUX to automatically
provide a seamless transition.

1.1 Key System Specifications
%z 1 describes the system specifications.
% 1. Key System Specifications
PARAMETER SPECIFICATIONS
DC input motor supply 48 VDC
DC input overvoltage threshold 60 VDC
DC input undervoltage threshold 36 VDC
DC link voltage (continuous) 70 VDC
DC input current 20 A
Inrush current limit 23 A
Protections Reverse polarity at input, reverse current from output, overvoltage and
undervoltage, overcurrent, inrush current
Logic suopl Non-isolated 15 V for gate drivers (2% regulation); 5 V for encoders (current
gic supply limit at 250 mA); 3.3 V for MCU (< 1% regulation)
Provision Powering MCU using USB and encoder, using external battery if DC bus is
powered down
4
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2 System Overview

2.1 Block Diagram

2. TIDA-010070 Block Diagram

| 1 1L r | Reverse Current During Motor Regeneration
T T
VP LM5050-1 LM5069 |
vervoltage Protection |
| Inrush Current Control |
| Reverse Polarity 'y J J J
| Protection DC/DC Converter sy Gate Drivers E E E
Reverse Current 1B5V@1A
| Protection LM5164
| Overload, SC Protection I
| .
| T 2
15V e 2 3
| TPS22919 5V & g
Lo | g L] =
() | 51V 2 =
T DC/DC Converter =T ° =
| 51V@500mA | - Encoder & S
| TPS560430 TPS26624 : m
I | =
I Power MUX LDO LP38691 - J 4
| TPS2121 3.3V @ 250 mA
| T ! = =
! Y Wy .
S

|
|
48V +20% | SV }I J7

(Single external Ny
power supply)

2.2 Design Considerations

B 2 shows the block diagram of the TIDA-010070 design. This design is capable of operating at 48-V
nominal input. The protection circuitry consists of the LM5050 and LM5069 devices. The 48-V input is fed
through the MOSFETSs controlled by the ORing controller LM5050 and hot swap controller LM5069.
Further, this protected 48 V is available at the output for the inverter. The 48-V input is stepped down
further to 15 V by the LM5164 device. This 15 V is available at the output for the gate drivers. The
encoder supply typically requires 5 V, so the 15 V is further down-converted to 5 V using the TPS560430
device which is then provided to the eFuse TPS26624 device for protecting the encoder supply rail.
Redundant supply on the encoder is needed so that the position information is not lost even if the DC link
fails. This design resolves such situations and uses a secondary voltage source as battery followed by the
TPS22919 load switch, to power the encoder. The USB provides the backup supply for the controller in
case the 48-V mains fail. The 5-V USB is ORed with 5 V from DC link using the TPS2121 power MUX.
The 5V at the output of the TPS2121 device is further converted to 3.3 V using the LP38691 LDO to
power the MCU.
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2.3

231

Highlighted Products

LM5050-1

The LM5050-1 high-side ORing FET controller operates in conjunction with an external MOSFET as an
ideal diode rectifier when connected in series with a power source. This ORing controller allows
MOSFETSs to replace diode rectifiers in power distribution networks thus reducing both power loss and
voltage drops.

3. LM5050-1 Functional Block Diagram

INPUT /ﬁ LOAD
" 1yl

v

-|IN GATE ouT

30 A
o | +12V Charge
SO
30 mv Pump
_ L

35 uA

N
V4

2A
L‘| MOSFET Off

30 mV Reverse

l- Comparator

Bias <!
Circuitry {

— Jvs

OFF [} ’ "

GND
—ET | v LM5050- 1

The LM5050-1 device in the current design aids in the input reverse polarity protection and reverse current
blocking from the load. If the MOSFET current reverses, possibly due to failure of the input supply, such
that the voltage across the LM5050-1 IN and OUT pins is more negative than the VSD (REV) voltage of

—28 mV (typical), the LM5050-1 will quickly discharge the MOSFET gate through a strong GATE to IN pin
discharge transistor.
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232 LM5069

The LM5069 positive hot swap controller provides intelligent control of the power supply connections
during insertion and removal of circuit cards from a live system backplane or other hot power sources. The
LM5069 device provides in-rush current control to limit system voltage droop and transients. The current
limit and power dissipation in the external series pass N-channel MOSFET are programmable, ensuring
operation within the Safe Operating Area (SOA). The Power Good output indicates when the output
voltage is within 1.25 V of the input voltage. The input undervoltage and overvoltage lockout levels and
hysteresis are programmable, as well as the initial insertion delay time and fault detection time.

The features of inrush current control, undervoltage lockout (UVLO) and overvoltage lockout (OVLO) of
the LM5069 controller are used in the current design for the protection. The UVLO and OVLO are set
through the resistor divider networks and inrush current limit is employed with the help of a shunt resistor.
The dv/dt startup is used to turn on the MOSFET in SOA.

4. LM5069 Functional Block Diagram
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233

LM5164

The LM5164 synchronous buck converter is designed to regulate over a wide input voltage range,
minimizing the need for external surge-suppression components. A minimum controllable on-time of 50 ns
facilitates large step-down conversion ratios, enabling the direct step-down from a 48-V nominal input to
low-voltage rails for reduced system complexity and solution cost. The LM5164 operates during input
voltage dips as low as 6 V, at nearly 100% duty cycle if needed, making it an excellent choice for wide
input supply range industrial applications.

The need for wide input comes from the fact that during motor braking the DC-link line can go high up to
80 V, so to accommodate that variation, wide-V,, DC/DC converter is used. With integrated high-side and
low-side power MOSFETSs, the LM5164 converter delivers up to 1 A of output current. Constant on-time
(COT) control architecture provides nearly constant switching frequency with excellent load and line
transient response. In the current design, the LM5164 device steps down 48-V DC input to 15-V DC.

5. LM5164 Functional Block Diagram
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234 TPS560430

The TPS560430 device is a synchronous step-down DC/DC converter capable of driving up to 600-mA
load current. With a wide input range of 4 V to 36 V, the device is suitable for a wide range of applications
from industrial to automotive for power conditioning from an unregulated source. The TPS560430 device
has 1.1-MHz and 2.1-MHz operating frequency versions for either high efficiency or small solution size.
The TPS560430 device also has a FPWM (forced PWM) version to achieve constant frequency and small
output voltage ripple over the full load range. Soft-start and compensation circuits are implemented
internally which allows the device to be used with minimum external components. In this design, the
TPS560430 converter is used to generate 5-V output from 15-V input.

6. TPS560430 Functional Block Diagram

EN
—
L
,| VCC < r
Enable » LDO |« [1VIN
Precision | r
Enable [~ »i {lcs
HSI Sense

Internal
SS

+
EA —
REF @_ !
r v TSD UVLO !
FB [ . O
C

L

A 4

h 4

L

——
PFM PWM CONTROL LOGIC o [1]sw
Detector —>
Slope
Ton_min/Toff_min Comp
Detector Freq HICCUP Zero
Foldback Detector Cross L —|
[ A A
[
v
Oscillator LSI Sense
FB
!
| -
GND
ZHCU718-December 2019 BAFIREMBRIEZ S, BRI ERLLHA %ﬂ%ﬁ&“%ﬂ%ﬁ?%i& 9
1

TIDUES3 — http://www-s.ti.com/sc/techlit/ TIDUES3
WriX © 2019, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUES3.pdf

13 TEXAS
INSTRUMENTS

System Overview www.ti.com.cn

235 TPS2121

The TPS2121 device is a dual-input, single-output (DISO) power multiplexer (MUX) that is well suited for
systems having multiple power sources. The device will automatically detect, select, and seamlessly
transition between available inputs. Priority is automatically given to the highest input voltage or manually
assigned to a lower voltage input to support both ORing and source selection operations. A priority voltage
supervisor is used to select an input source. An ideal diode operation is used to seamlessly transition
between input sources. During switchover, the voltage drop is controlled to block reverse current before it
happens and provide an uninterrupted power to the load with minimal hold-up capacitance. Here the
priority is set to the main DC link voltage, the output of the TPS2121 device is powered by 5 V from the
TPS560430 converter until it falls below 4.5 V, then the USB 5 V takes over the output.

7. TPS2121 Functional Block Diagram
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2.3.6

TPS26624

The TPS26624 device is high-voltage eFuse with protection features. The wide supply input range of 4.5
V to 57 V allows control of many popular DC bus voltages. The device can withstand and protect the loads
from positive and negative supply voltages up to £60 V. The TPS26624 device has both an input and
output reverse polarity protection feature. Integrated back-to-back FETs provide a reverse current blocking
feature making the device suitable for systems with output voltage holdup requirements during power fail
and brownout conditions. Load, source, and device protection are provided with many adjustable features
including overcurrent, output slew rate, and overvoltage, undervoltage thresholds.

The TPS26624 eFuse in the current design is used to protect the 5-V output encoder power supply for the
miss-wire protection.

8. TPS26624 Functional Block Diagram
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2.3.7 TPS22919

The TPS22919 device is a small, single-channel load switch with controlled slew rate. The device contains
an N-channel MOSFET that can operate over an input voltage range of 1.6 V to 5.5 V and can support a
maximum continuous current of 1.5 A. The switch ON state is controlled by a digital input that is capable
of interfacing directly with low-voltage control signals. When power is first applied, a Smart Pull Down is
used to keep the ON pin from floating until system sequencing is complete. Once the pin is deliberately
driven high (> VIH), the Smart Pull Down will be disconnected to prevent unnecessary power loss. The
TPS22919 switch is used to provide the protected encoder supply of 3.6 V from the battery. The device
turns on only when the main DC link is disabled.

B 9. TPS22919 Functional Block Diagram
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Circuit —[

ouT
JLI— Protection :l
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$ Control Logic
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% I
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2.3.8 LP38691

The LP38691 device is a low-dropout CMOS linear regulator which provides tight output tolerance (2%
typical), extremely low dropout voltage (250 mV at 500-mA load current, Vo, = 5 V), and excellent AC
performance using ultra-low equivalent series resistance (ESR) ceramic output capacitors. The LP38691
regulator is used to generate 3.3-V processor supply from the 5-V input.

10. LP38691 Functional Block Diagram
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2.4 System Design Theory

241 Input Power Protection — LM5050-1 and LM5069

2.4.1.1 Reverse Current and Reverse-Polarity Protection

The LM5050-1 ORing controller with external FET provides the reverse current protection from output to
input and also reverse polarity protection at the input as B 11 shows.

11. LM5050-1 Schematic
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At the input, the TVS diode D3 provides the transient suppression for input voltages above the maximum
recommended voltage at IN pin (75 V). The diode D4 placed between device ground and input ground
aids in the protection of the devices from the reverse input voltage.

24.1.2  Setting up UVLO and OVLO at the Input

The UVLO and OVLO are set at the input of the LM5069 device as B 12 shows. The UVLO and
overvoltage trip points are set using an external voltage divider network.

12. LM5069 Schematic

H13

1
7109DG

CSD19536KTT
TP3

{Cvccaev >

From LM5050-1 Q2
0.002 2 R
— il
R3
| | 102k
U2
é e Tof PR anp (= :i‘;; WF +c2 . D2
H = VS-6CWQ10FN-M3
5ol TMER sen |ol 160V ?gops f}
45 ovio GATE 10 Gate
3o uvio out p2 ) ’
o 21 VIN pcD -2
TE ek —— o m
°V ~IM5069MM-2/NOPB =
= = =
GND GND GND
ZHCU718-December 2019 BAFIREMBRIEZ S, BRI ERLLHA %ﬂ%ﬁ&“%ﬂ%ﬁ?%iﬁ 13
1

TIDUES3 — http://www-s.ti.com/sc/techlit/ TIDUES3
WriX © 2019, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUES3.pdf

13 TEXAS
INSTRUMENTS

System Overview www.ti.com.cn

The operating range at the input is from 36 V to 60 V. The upper OVLO threshold is 60 V with a hysteresis
of 2 V. The lower UVLO threshold is 36 V with hysteresis of 2 V. Set the overvoltage threshold using 23
1 and 23 2. Set the undervoltage threshold by using 223 1 through 223 4.

R5 = VOVH - VOVL _ 60 V-58V

=95.3kQ
21 pA 21 A Q)
RS — 25V x R5 :2.5V>< 95'3kQ:4_12kQ
Vow -25V 60V -25V @
\% -V -
Re = ~u ~ Vou _B0V-58V _ooa)q
21 yA 21uA 3)
|:{9:2.5V><F§6 :2'5VX95'3kQ:7_11kQ
Vou —25V 36V -25V @)

Solving these equations gives R5 = 95.3 kQ, R8 = 4.12 kQ, R6 = 95.3 kQ and R9 = 7.11 kQ.

24.13 Input Current Limit

The input current limit is set through the LM5069 hotswap controller. The current limit threshold is reached
when the voltage across the sense resistor R1 (VIN to SENSE) reaches 55 mV. Here, the input current
limit is set to 23 A. RSENSE (R1) is calculated based on 2% 5.

Voo  55mV

Ri=_— = =0.002 Q
I, 27A ®)

Hence, sense resistor R1 is selected to be 2 mQ.

2.4.1.4  Startup Based on dv/dt

13. Start up Based on dv/dt

From LM5069 D5
Gate
1N4148W-7-F
$1.02k
N
1 Q3
MMBT5401LT1G—==C8
50V
“ 0.01uF

GND
To reduce the stress on the FET during the initial startup and operate it in the safe operating area during
initial turn on, dv/dt start-up is employed. The Vo slew rate is set to 4 V/ms, based on this, C8 (Cdv/dt )

is calculated using 2% 6:

I
Cdv — Source,Max _ 40 |JA -1 O nF
\Y 4V /ms (6)

dt outSlewrate

Here, Cdv/dt = 10 nF is selected.

2.4.15 FET Selection

The device must meet the following requirements:

* The VDS rating must be sufficient to handle the maximum system voltage along with any ringing
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caused by transients
» The SOA of the FET must be sufficient to handle all usage cases: start-up, hot-short, start into short.

*  Rpsen) Must be sufficiently low to maintain the junction and case temperature below the maximum
rating of the FET. In fact, TI recommends keeping the steady state FET temperature below 125°C to
allow margin to handle transients.

e The maximum continuous current rating must be above the maximum load current and the pulsed
drain current must be greater than the current threshold of the circuit breaker. Most MOSFETSs that
pass the first three requirements also pass these two.

The calculations for the FET and the Hot swap controller are easily made using the following tool: FET
and hot swp controller calculations.
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24.2 Designing Gate Driver Power Supply - LM5164

14 shows the LM5164 schematic.

14. LM5164 Schematic

PG_LM5164

R12
25.5k

4
o3
(VG T8V >

™5 u3 - ™6 P
R13 T T
(VcC 48V 5 2 viN BsT [L “ 1f‘v‘v‘v‘\50 9
2.2nF “
8 25V c1o
R15 ENUVLGS | enuvio sw R14 R16
113k — PGOOD |B__PG_LM5164 o 576k
P8 c1 2.2nF
Rdiv ==C12 4 Fe o Tig\p/F v =S
} Rdiv == T35V
——c14 100 HON 17uF
100V 100 9
220F  LR17 o
20.0k
R18  LM5164DDAT R19
187k 49.9k
= TPo
| GND
1 =
= GND = = =
GND GND GND GND

2.4.2.1 LM5164 Switch Frequency
The switching frequency of the LM5164 device is set by the on-time programming resistor placed at R,,.

The R,, is related to switching frequency and is calculated using 2% 7:
R ( dv) _ Vour (V)x2500 15 V x 2500

== =187 kQ
dt

Few (kHz) 200 kHz @)

R,, is calculated to be 187 kQ, setting the switching frequency to 200 kHz.

2422 Inductor Calculation
The inductor ripple current (assuming CCM operation) and peak inductor current are given respectively by
A% 8 and 2 9.

Vv \Y
Al = our | q_Your |_ 15V ><£1—1—5j=343mA
Fouw <L V,, ) 200kHzx150 yH ( 48 ©
Al 0.343
lpost) = ouray + =5 =20+ =2 = 20.17 A o
The inductor L is calculated using 23 10:
\ \
L, = our  q__Your |_ 15V x(1—1—5j=147|JH
Fow % Al Vigwom ) 200 kHzx 350 mA 48 10

However, inductor L is selected to be 150 uH which results in the ripple of approximately 350 mA.
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24.3 Designing Encoder Supply - TPS560430, TPS22919, and TPS22625

2.4.3.1 Designing DC/DC Converter - TPS560430

The 5-V supply for the encoder is obtained either from the 48 V main bus or from 5 V external USB. The
TPS560430 device is used to generate 5 V from 15-V input as B 15 shows. The device operates at 2.1-
MHz frequency, which helps to reduce the inductor size. The external resistor divider is used to set the
output voltage. The inductor L2 and the output capacitor C22 form the output low-pass filter. The inductor
value is calculated based on the maximum current under static load conditions. For the switching
frequency of 2.1 MHz, to convert 15 V to 5 V the inductor value is calculated to be 6.8 pH and the output
capacitance of 15 pF is selected.

15. TPS560430 Schematic

VCC _5V_MAINS

Us Ul L2 P12

R20 5

[Vec_15v &

¢+ * VIN sw
6.8uH
PG LM5164 | o , c15
CBOOT —| R23
e L3 100nF 88.7k
c20 c21 <‘_| 25V
4.7yF 100nF 2
35V 25V SND) —=C22
TPS560430YDBVR 16V
15uF
R25
22.1k
GND GND N

L

2.4.3.2 Designing Self-Protected Load for Connecting External Battery - TPS22919
16 shows the TPS22919 schematic. Calculate the slew rate of the load switch using 23\ 11.

16. TPS22919 Schematic

V_5VBAT

TP19 18]

=l
T
N
S

V_5VBAT I ?
[ VCC_5V_BAT 1N out |-& VCC ENC2 >
o —]—CSS —]—037 —]—CSB J—CSS
s e T s aon | A B
= on P22 1 e GND [-2
m = = TPS22919DCKR = =
Ra2 GND GND GND GND
10.2k =
GiiD
aND
12.7k
oD
| 250 mA
RUSH
Slew rate = =——=250mV/us
Cour 1uF
where
e lzyusy = Maximum acceptable inrush current (mA)
e Cgyyr = capacitance on VOUT (uF)
e Slew rate = Output slew rate during turn on (mV/us) (12)

For Igysy Of 250 mA, using Cq; of 1 UF gives a slew rate of 250 mV/us. The TPS22919 switch has a slew
rate of 2.7 mV/us.
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This device has an active high switch control input, ON. This pin is connected to the PG of the LM5164
device as ¥ 16 shows, so that whenever the mains supply is unavailable PG goes down and ON gets
activated thereby supplying the encoder from the battery.

2.4.3.3 Designing Protection for Encoder - TPS22624

17. TPS22625 Schematic

U4 TP10

N our |12 T VCC_ENCT »

R21 R22

24.9k 49.9k
2

uvLo FLT

Y
——=C16 1 ¥P13 1 1
16V —==C17 R24 PG LM5164 | . py LM L ——=C18 —=C19
1uF 100nF 1.40k 10pF 100nF
25V 3. ovp RTN 25V 25V

5
pap [

8. pvor

R27

6
R26 cha SND
8.06k 20F  TPS26624DRCR 26.7k
16V
N

In the TPS26624 device, the current limit is set to 250 mA using the external resistor connected to ILIM
pin. The resistor value is calculated using A3 12:
R,y = 6.636 _ 6.636 _ 265KQ
loL 250 mA

where
e g is the current limit, that is, 250 mA in the design. Therefore, R, = 26.7 kQ (12)

The OVP and UVP are set using the resistive divider network derived from the input using 23 13 and 23
X 14.

R3
\Y; =————xV
©°) “Ri+R2+R3 (Y (13)
R3
Viovion) = R1+ R2 + R3 * Vi) (14)

From device electrical specifications, Voypgy = 1.19 V and V gy 0r) = 1.19 V. The OVP is set to 5.25 V and
UVP to 4.75 V, hence resistors R21 = 24.9 kQ, R24 = 1.40 kQ, and R26 = 8.06 kQ.

18
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24.4 Designing Controller Power Supply - TPS2121

2441  Designing Power MUX - TPS2121
18 shows the TPS2121 schematic.

18. TPS2121 Schematic

VCC_5V_MAINS

R D
C25 C26 ca7
100nF | 100nF 100nF
25V 25V 25V
L L L T?“ to LP38691
GND GND GND our |t
our &1
ovi LoVt
R34
sT B2
Il R32 3 0 L
ool 6.98k cP2 " 4
2 | e S8 GND
R36
IM [0
P17 14.3k
C32
R37 1uF
[[VcC 5V _USB
J_ _]_ J_ 4l ovs onp 12 51.1k 50V
33 C34 c35 R38
100nF | 100nF 100nF  $23.7k TPS212TRUXR
25 v 25V
P18 ) = = =
= = = GND GND GND
GND GND GND R39
4.9k

The TPS2121 device can operate in manual switchover, automatic switchover, and highest voltage
operation. In this design, the device is operated in automatic switchover with priority set to supply 1 (mains
supply) and switches to supply 2 (USB supply) when supply 1 goes down. The design involves accurate
selection of resistors at OV, PRI, and CP inputs. In this design, the device will switch from IN1 to IN2
when the voltage on IN1 drops below 4.5 V. Therefore, the voltage on PR1 needs to remain higher than
the voltage on CP2 until this condition exists. The resistor divider configured the voltage on CP2 to be
1.64 V using A% 15:

6.98 kQ

Ve, =5V x =1.64V
14.3kQ + 6.98 kQ (15)

To calculate the necessary resistor divider on PR1, the voltage on PR1 needs to drop below 1.64 V when
IN1 reaches 4.5 V as A3 16 shows.
13.3 kQ

Voo, = 4.5V x -1.64 V
23.2kQ+13.3kQ (16)

Hence for Vp,: R36 = 14.3 kQ and R35 = 6.98 kQ. Similarly for Vpg,: R30 = 23.3 kQ, R33 = 13.3 kQ.
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2442

Designing LDO - LP38691

The value of input and output capacitors are 4.7 uF and 1 pF as B 19 shows.

19. LP38691 Schematic

From TPS2121 u7 TP15
R31 Y
0 _L l ﬁ N our |4 : VCC 3.3V >
IN
co8 5
bs 4
4 7uF—=—=C29 5 | e SNS l
35V | 100nF 7] 2 30
25V ERP e —c31 100nF
16V 25V
s LP386915D-3.3/NOPB 1uF
= = L L
GND  GND = = =
GND GND GND

Foldback current limiting is built into the LP38691 regulator which reduces the amount of output current
the part can deliver as the output voltage is reduced. The amount of load current is dependent on the
differential voltage between the IN and OUT pins. Typically, when this differential voltage exceeds 5 V, the
load current limits at about 350 mA.

Output SNS pin of the LP38691 device allows remote sensing at the load which eliminates the error in
output voltage due to voltage drops caused by the resistance in the traces between the regulator and the
load.

The actual power dissipated is calculated by using A= 17:
Po= (Vi = Vour )% lour = (5 V—=3.3 V) x 200 mA =340 mW 17)

The maximum allowable power dissipation for the device in a given package is calculated using 23\ 18:

Tiwax = Ta) 125°C - 25°C
Po_wax ( JMI:( A): 50.6°C/ W =197 W
8JA : (18)

This gives enough margins to operate at a higher ambient temperature.

20
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware
The TIDA-010052 design is very compact, with 81.89-mm x 92.53-mm dimensions.

20. TIDA-010070 Board

48V_Protected

My
gyl ‘I'“'ﬂ

(- ll_l

Gate Driver (15 V)

¥

ﬂ“ E
AR

1@.. .

VCC_MCU (3.3V) Battery Input (5 V)

VCC_EN1 (5 V) VCC_EN2 (5 V)

J3 is a 2-pin connector which supplies the 48-V input voltage. J6 is the connector for supplying redundant
power input to the encoder through the battery. J9 is the input port for the USB. % 2 specifies the other
connectors with their description.

Fk 2. Connector Description

CONNECTOR FUNCTION
J1 Output 5-V encoder power supply
J2 Output protected 48-V supply to the inverters
J3 Input 48-V nominal power supply
J4 Output encoder power supply from external battery
J5 Output 15-V gate drive supply
J6 Input encoder power supply from external battery
J8 Output 3.3-V controller supply
J9 Input USB port
ZHCU718-December 2019 B TFIREMRKZER, EERFDENERLLHA %Jﬁﬂf“’%ﬂ%ﬁé%zﬁ 21
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3.2 Testing and Results
3.21 Test Results
3.2.11 Input Power Protection

3.2.1.1.1 Overvoltage Protection

The overvoltage threshold at the input is set with the LM5069 controller. As the input voltage rises to 60 V,
the power good signal goes low and the output of the LM5069 device decreases to 0 V, depending upon
the load, as B 21 shows.

21. Overvoltage Protection at 60 V
200V/ £ 1.500r 200/ Stop £ | 570V

VOUT (LM5069)

.M

PGOOD

-

AX = 1.00150s 1/AX = 998.50mHz AY{1) = 10.9950V

~  Mode Source X Y Y1 D) Y2
Normal 1 v 49 .00V 60.00V
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3.2.1.1.2 Undervoltage Protection

The undervoltage threshold at the input is set with the LM5069 controller. As the input voltage decreases
to 38.5 V, the power good signal goes low and the output capacitor of the LM5069 device discharges to 0
V, depending upon the load, as B 22 shows.

22. Undervoltage Protection at 38 V
0 100v/ g 1w0ov/ @ 100v/ o -50008 1008/ Stop t Q) 365V

~VIN (LM5069)

VOUT (LM50609)
ol ! PGOOD

AX = 362.000ms | 1/AX = 2.7624Hz | AY{4) = 12.0000V

~  Mode | ~ Source X Y
Normal 4 v
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3.2.1.1.3 Reverse Voltage Protection

The TIDA-010070 reference design is protected against reverse voltage at the input. & 23 shows that
when —48 V is applied at the input, the LM5050-1 device protects the subsequent stages by turning off the
pass FET. A negligible amount of current (approximately 100 mA) is present to charge the input capacitor

(C3).

23. Reverse Voltage Protection at the Input

1 1000v/ 2 100/ 100/ 2.0002 2.0002/ Stop ¥ 1 -10.3V
v
Input Voltage set at
-48 V
liyy Acquisition
Normal
H 5.00MSals
Output Voltage Channels
L 1] 10.0:1
DC 80.0:1
DC BW 10.0: 1
e ———
Save to file =[scope_2
Save Recall Default/Erase Press to
- - - Save
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3.2.114

The reverse current protection is achieved by using the LM5050-1 controller. The test setup for carrying

Reverse Current Protection

out the reverse current test is highlighted in B 24. The input voltage is kept fixed at 48 V and a resistive

load of 100 Q is used at the output. The output terminal is also connected to a 60-V supply source. The
ON/OFF key of the 60-V supply is represented in the test setup by a switch. When the 60-V supply is

turned ON, the direction of input current reverses. The reverse current reaches 100 mA before the
LM5050-1 device turns the pass FET off within 0.5 ms of current reversal. The LM5050-1 controller turns
off the FET which can also be seen by looking at the drain-to-source voltage which changes from
0 V when the FET is closed to —12 V when the FET is turned off.

24. Reverse Current Test Setup

Input
Current

—
O
\

Input
Voltage

+ o o

Output
Voltage

TIDA-010070

25 shows the test results of the reverse current protection tests.

25. Reverse Current Test Results

Voltage (FET1)

\Jmut Current

Voltage (FET1) \

T 700w 2 100w 3 100w 7 1008/ s W00 Swp ¥ 1 195 7100V 2 100w 3 100w 7 100%/ 00s 10005/ Step % |
- - .
g - A o \ |
Input Voltage e mp‘? \:T;a \?e \
setat48V o~ Output 1.00MSals seya \ 1.00MSa/s
Connected {
Output Connected
to 60-V source to 60-V Source o 1001
\ 0C 1001
| -Drain-to-Source -Drain-to-Source A oC 5001

10.0:1

. AX:
\ +540.000000us

oL /A
+1.8518kHz
l\\ Input/Current A
4y 2 T=== === == T -88.75mA
Cursors Menu Cursors Menu
© U(j;le [To turn on cursors, press the [Cursors] key on the front panel W — “ — ﬂ ggggggggg:: Q Pﬁglﬂi’ﬁmh
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3.2.1.2 Voltage Rail for Gate Drive — 15V

3.2.1.21 Line Regulation - 15V

The line regulation of the 15-V rail is shown in [§ 26 as the input voltage is varied from 36 V to 60 V. The
variation of 15 V is limited from 15 V to 15.4 V.

26. Line Regulation (15 V) From 36 V to 60 V

15.8
15.6
<~ 154
<
5 /\
(©]
> 15.2 \\/
15—
14.8
35 40 45 50 55 60

Vin (V)

3.2.1.2.2 Load Regulation —15V
The 15-V rail varies between 15.2 V at no load to slightly less than 15 V at 600 mA as shown in § 27.

27. Load Regulation at 15 V From No Load to Full Load (600 mA)

15.2
15.12
s 15.04
-
8 \\
> 14.96
14.88
14.8
0 150 300 450 600 750
Load Current (mA)
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3.2.1.3 Voltage Rail for Encoder -5V

3.2.1.3.1 Load Regulation -5V

The TPS560430 device provides strict voltage regulation at varying load conditions. The 5-V rail varies
between 5.2 V at no load to slightly less than 5 V at 250 mA (designated full load) as B 28 shows.

28. Load Regulation (5 V) From No Load to Full Load (250 mA)

5.3
5.2
s 51
>8 5 1
\
4.9
4.8
0 50 100 150 200 250
Load Current (mA)
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3.2.1.3.2 Encoder Current Limit at 250 mA

The encoder power supply is designed to provide a current limit of 250 mA at the output. As the output
current reaches 250 mA, the fault pin goes low indicating an overload condition as B 29 shows. The
output voltage stops regulating and decreases to 4 V and finally the output current decreases to 0 A after

550 ms.

29. Encoder Current Limit at 250 mA

200v/ @ 1008/ o 39609 2008/ Stop % [@ 1.20V 2.00V/ B 200v/ @ 100%/ o 00s 2000/ Stop t @ 120V
| SV_SWITCHOUT 5V_SWITCHOUT
SWITCH_FLT SWITCH_FLT
Jm =T — s | R —————]
I | 4 I_SWITCH "
I_SWITCH |

AX = 540.000ms 1/AX = 1.8519Hz AY{4) = 55.0mA AX = 1.12000ms 1/AX = 892 86Hz

- Mode | ~ Source X Y Y1 2 Y2 - Mode -~ Source X
Normal | 4 J v 195.0mA 250.0mA Normal 4 v

3.2.1.4  Voltage Rail for Controller — 3.3V

3.2.1.4.1 Load Regulation —3.3V

The LP38691 device provides strict voltage regulation at varying load conditions as & 30 shows.

30. Load Regulation (3.3 V) From No Load to Full Load (250 mA)
3.4

3.36

3.32

Vour (V)

3.08 ™

3.24

3.2
0 50 100 150 200 250

Load Current (mA)
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3.2.1.4.2 Switchover From DC Bus to USB - 3.3V

The TPS2121 is operated in automatic switchover mode to provide seamless supply to the MCU. Priority
is set to channel 1 (mains supply). When the voltage at channel 1 drops to 4.5 V, the MUX switches to

channel 2 (USB) as B 31 shows.
31. Automatic Switchover from DC Bus to USB for Controller Supply

I 1.00v/ B 100v/ @ 100v/ o -31.60r 5008/ Stop ¥ H 400V
VOUT ‘ _vour .
' ' * V_MAINS
5 V_USB \ o V-UsB \

V_MAINS

AX = 500.000us 1/AX = 2.0000kHz AY(1) = 450.0mV

0

AY(1) = 450.0mV

AX = 0.0s

- Mode
Normal

Y1 O Y2
4550V 5,000V

~  Mode ~ Source X W ()
1

Y1 Y2
Normal v 4550V 5.000V

3.2.15 TIDA-010070 Thermal Performance

32 shows the thermal image of the PCB. The temperature rise is 33°C for the output current of 18 A
and 50°C for the current of 23 A. The FET rises 33°C above the ambient temperature at the output current
of 18 A. Interpolating these temperatures, at an ambient temperature of 85°C, the case temperature of the

FET would reach 125°C.
32. TIDA-010070 Thermal Image

£=0.95
gl BG=23.5
T=100%

7/22/19 § 01:29:32 PM
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4

4.1

4.2

4.3

43.1

4.4

4.5

4.6

Design Files

Schematics

To download the schematics, see the design files at TIDA-010070.

Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-010070.

PCB Layout Recommendations

Observe the following layout recommendations when implementing this design:
1. The trace width of the power signal should be wide enough to handle up to 20 A.

2. Care should be taken while designing the DC/DC switching power supply. Minimize the loop area
formed by the input capacitor connections to the VIN and GND pins. Place the inductor close to the
SW pin. Minimize the area of the SW trace or plane to prevent excessive capacitive coupling.

Layout Prints

To download the layer plots, see the design files at TIDA-010070.

Altium Project

To download the Altium Designer® project files, see the design files at TIDA-010070.

Gerber Files

To download the Gerber files, see the design files at TIDA-010070.

Assembly Drawings

To download the assembly drawings, see the design files at TIDA-010070.

Related Documentation
1. Texas Instruments, TPS2663x 60-V, 6-A Power Limiting, Surge Protection Industrial eFuse Data Sheet
2. Texas Instruments, LM5050-1/-Q1 High-Side OR-ing FET Controller Data Sheet

3. Texas Instruments, LM5069 Positive High-Voltage Hot Swap and In-rush Current Controller With
Power Limiting Data Sheet

4. Texas Instruments, LM5164 100-V Input, 1-A Synchronous Buck DC/DC Converter With Ultra-low I,
Data Sheet

5. Texas Instruments, TPS560430 SIMPLE SWITCHER® 4-V to 36-V, 600-mA Synchronous Step-Down
Converter Data Sheet

6. Texas Instruments, TPS212x 2.8-V to 22-V Priority Power MUX with Seamless Switchover Data Sheet

7. Texas Instruments, TPS2662x 60-V, 800-mA Industrial eFuse with Integrated Input and Output
Reverse Polarity Protection Data Sheet

8. Texas Instruments, TPS22919 5.5V, 1.5 A, 90-m® Self-Protected Load Switch with Controlled Rise
Time Data Sheet

9. Texas Instruments, LP3869x/-Q1 500-mA Low-Dropout CMOS Linear Regulators Stable With Ceramic
Output Capacitors Data Sheet
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E2E is a trademark of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
All other trademarks are the property of their respective owners.

5.2 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.
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