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Description Features
Spacecraft bus voltages vary from the well-established ¢ Isolated magnetic feedback using UC1901-SP
28-V to more than the 100-V typically used in high- « Current sensing using INA901-SP

power commercial communications satellites, this
reference design shows an example for a space-grade o
50-W isolated intermediary bus converter, while * Pulse-by-pulse current limiting
implementing over-current protection (OCP) limit + Double pulse suppression
function. This design features INA901-SP radiation . ;

hardened current monitor, LM139AQML-SP quad- Multiple feedback paths supported
comparator, and UC1901-SP to create an isolated P At

feedback flyback with current sensing and overcurrent Applications .

flags — the UC1843A-SP current mode PWM controller ¢ ¢ommand and data handling

is used to switch the low side MOSFET of the flyback o Satellite electric power system (EPS)
converter and provide voltage and current to the «  Optical imaging payload

output, the UC1901-SP senses the output voltage and . .
completes the loop for the isolated feedback. The * Radar imaging payload
INA901-SP senses the input current which is provided e Communications payload
to the LM139AQML-SP to create an overcurrent flag.

e Overcurrent comparison using LM139AQML-SP
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An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

1 System Description
The TIDA-070002 uses the UC1843A-SP, INA901-SP, LM139AQML-SP, and UC1901-SP to create an
isolated feedback flyback with current sensing and overcurrent flags. The UC1843A-SP is used to switch
the low side MOSFET of the flyback converter and provides voltage and current to the output. The system
uses the UC1843A-SP to provide 5-V and 10-A outputs. These outputs are not dependent on the
UC1843A-SP itself, and can be increased or decreased depending on the design. The UC1901-SP
senses the output voltage and provides isolated feedback to the UC1843A-SP to complete the control
loop. The INA901-SP senses the input current which is then provided to the LM139AQML-SP to create an
overcurrent flag. In a full system, this flag could be used to shutdown the UC1843A-SP and turn off the
converter.
1.1 Key System Specifications
Table 1. Key System Specifications
PARAMETER SPECIFICATIONS DETAILS
Input Power Supply 20 to 40 VDC Table 2
Output Voltage 5VDC Table 2
Output Current Oto10 A Table 2
Output Current Pre-load 100 mA Table 2
Operating Temperature 25°C Table 2
SWitCSié‘?s'ngfggcy of 200 kHz Section 2.4.1
Switching Frequency of
UC1901-SP 1 MHz Table 2
Peak Input Current Limit 12 A Section 2.4.7
Bandwidth ~2 kHz Section 3.2.2.3
Phase Margin ~70° Section 3.2.2.3
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2 System Overview

2.1 Block Diagram
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Figure 1. TIDA-070002 Block Diagram

2.2 Design Considerations

When using the INA901-SP and LM139AQML-SP as a way to implement an input overcurrent flag, care
has to be taken to where the overcurrent point is set. Input current can vary widely due to duty cycle
changes because of input voltage and efficiency changes over that input voltage. When using the
UC1901-SP care has to be taken into account for the max minimum input voltage of 4.5 V. For low output
voltages this can be a hard input voltage to maintain off of the output, so other methods may have to be
used. One method is to charge pump the switch node and use diodes between that and the output
voltage, while another method is simply have another source from a separate converter.
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Figure 2. Alternative Method to Create V., for UC1901-SP

2.3 Highlighted Products
23.1 UC1843A-SP
e QML Class V (QMLV) Qualified, SMD 5962-86704
* 5962P8670409Vxx:
— Radiation Hardness Assurance (RHA) up to 30-krad(Si) Total lonizing Dose (TID)
— Passes functional and specified post radiation parametric limits of 45 krad(Si) at LDR (10
mrad(Si)/s) per 1.5x over test as defined in MIL-STD-883 Test Method 1019.9 Paragraph 3.13.3.b
— Exhibits LDR sensitivity but remains within the pre-radiation electrical limits at 30-krad(Si) Total
Dose Level, as allowed by MIL-STD-883, TM1019
» Optimized for offline and DC-to-DC converters
» Low start-up current (< 0.5 mA)
» Trimmed oscillator discharge current
* Automatic feed forward compensation
* Pulse-by-pulse current limiting
» Enhanced load response characteristics
» Undervoltage lockout (UVLO) with hysteresis
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» Double-pulse suppression

» High-current totem-pole output

» Internally-trimmed bandgap reference
* 500-kHz operation

e Low R, error amplifier

2.3.2 UC1901-SP
» An amplitude-modulation system for transformer coupling an isolated feedback error signal
» Low-cost alternative to optical couplers
» Internal 1% reference and error amplifier
» Internal carrier oscillator usable to 5 MHz
e Modulator synchronizable to an external clock
» Loop status monitor

2.33 INA901-SP

» 5962-1821001
— Radiation Hardness Assured (RHA) 100 krad(Si) at LDR
— Single Event Latch-up (SEL) Immune to 93 MeV-cm? /mg at 125°C
— Qualified over the Military Temperature Range (-55°C to 125°C)
— High-performance 8-pin ceramic flat pack package (HKX)

* Wide common-mode range: —16 V to 80 V

+ CMRR: 120 dB

* Accuracy:
— 0.5-mV offset
— %0.2% gain error
— 2.5-uV/°C offset drift
— 50-ppm/°C gain drift

* Bandwidth: Up to 130 kHz

e Gain: 20 VIV

* Quiescent current: 700 pA

e Power supply: 2.7 Vto 18 V

» Provision for filtering

234 LM139AQML-SP
* Available with radiation ensured
— TID 100 krad(Si)
— ELDRS free 100 krad(Si)
* Wide supply voltage range
* LM139A Series 2 to 36 Vpc Or £1 to £18 V¢
* Very-low supply current drain (0.8 mA)
* Low input biasing current: 25 nA
» Low input offset current: £5 nA
» Offset voltage: £1 mV
» Input common-mode voltage range includes GND
 Differential input voltage range equal to the power supply voltage
» Low output saturation voltage: 250 mV at 4 mA
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» Output voltage compatible with TTL, DTL, ECL, MOS and CMOS logic systems

2.4 System Design Theory
24.1 Switching Frequency
Choosing a switching frequency has a trade off between efficiency and bandwidth. Higher switching
frequencies will have larger bandwidth, but a lower efficiency than lower switching frequencies. A
switching frequency of 200 kHz was chosen as a trade off between bandwidth and efficiency. Using
equations provided by the datasheet for the UC1843A-SP, R; and C; were chosen to be 7.15 kQ and
1200 pF, respectively. The equation from the datasheet are shown below:
~ 1.72
bse = R, %G [€))
~ 1.72 _
bse = 7775 kw1200 pF — 200 kHz ©)
2.4.2 Transformer
The transformer of the design consists of two major values, turns ratio and primary side inductance. There
is no minimum limit to the turns ratio of the transformer, just a maximum one. The equation below will give
the turns ratio as a function of duty cycle which if you put in the maximum duty cycle of the converter will
give you a maximum turns ratio. The UC1843A-SP design targeted a duty cycle of 50% which is
somewhat low for this controller. The suggested value would be around 70% duty cycle to take advantage
of the fact the UC1843A-SP has full duty cycle range. The equation of the turns ratio of the transformer is:
\4/7 xD/‘m
Nosmax = (T Vo ¥(1= D) (3)
_ 20 vx0.5 _
Nosmax = 5 v 0.7 wx(1—0.5) = 9+ O @
Often the turns ratio will slightly change in design due to how the transformer is manufactured. For the
UC1843A-SP design a turns ratio of 3.33 was used. Another turns ratio that is important is the turns ratio
of the auxiliary winding. The auxiliary winding is found by figuring out what positive voltage is needed from
the auxiliary winding. Picking what voltage the auxiliary winding should have lets one pick the turns ratio
from the secondary to the auxiliary winding, which in turn allows for the turns ratio from primary to auxiliary
to be found.
Nsx Vou(+ V/o e
Npg = ") ®)
_8.33%(5 V+0.7 V)
An auxiliary winding of 1.43 was used for the UC1843A-SP design due to manufacturing constraints. The
primary inductance of the transformer is found from picking an appropriate ripple current. A higher
inductance will often mean reduced current ripple, thus lower EMI and noise, but a higher inductance will
also increase physical size and limit the bandwidth of the design. A lower inductance will do the opposite,
increasing current ripple, lowering EMI, lowering noise, decreasing physical size, and increasing the
limited bandwidth of the design. The percent ripple current can be anywhere from 20% to 80% depending
on the design. The equation for finding the primary inductance from the percentage ripple current is:
L _ Vimax” % Dy’
PRI Vout x lou( x 6)50 x %Rlpple (7)
(40 v ¥xo0.25°
5 Vx10 Ax200 kHzx0.4 — 20 HH (8)
There are quite a few physical limitations when making transformers, so often this inductance will change
slightly. For the UC1843-SP design a primary inductance of 21 pH. This corresponds to a percent ripple of
around 0.475. The peak and primary currents of the transformer are also generally useful for figuring out
the physical structure of the transformer, so equations are listed below.
\éu(x’outx%Rl le
Riople =~V a x Dy )
Ripple = ° V4>E>1(\)/>:qox.gé475 =2.375 A (10)
Vout * lout IRipple
IPriPeak = Vouw X Dyax X1 + R% (12)
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lripeak = zosv‘:zﬁgxg.s + 2.275 =7.44 A (12)
2 2
Voutxlou[ IR/ e
lorirms = \ Dx W) +75
| (13)
2
brirus = O.5x(5 vx10 A) L@IBAE 3 79 A
ri \ 20 V0.5 3 (14)
lsecrms = (1 - D) x Iout2 + 7(1'?'”/9; =
\ (15)
2 X
beces = | 0.5x(10 A + @7420:57 — g 42 A
\‘ (16)

243 RCD and Diode Clamp
For the UC1843-SP design a Zener diode was used which will clamp, often called the snubber, the
voltage to around what the breakdown voltage of the Zener diode plus the input voltage of the design.
Since Zener diodes take time to switch, the actual clamped voltage will often be above the Zener diode
breakdown voltage plus the input voltage. Since using a resistor and capacitor are commonly used for the
clamp for flybacks, the design philosophy for how to pick resistor and capacitor values will be covered.
The resistor and capacitor is generally a value that is found through testing, but starting values can be
obtained. To figure out the resistor and capacitor needed for the RCD clamp, one must first pick how
much the node is allowed to overshoot. The equation for finding the voltage of the clamp is:
Vclamp = K:Iamp x /\435 x (Vout + VDiode) a7
Note that K, is recommended to be 1.5 as this will allow for only around 50% overshoot. Knowing the
parasitic inductance of the transformer and how much the snubber voltage is allowed to change over the
switching cycle, can allow one to figuring out starting values for the resistor and capacitor using the
following equations:
Vitamp
Rclamp = 1% x|, 2y - Velamp xf
2 Lleakage 'PriPeak Vclamp7 Npsx(\/out’i’ VDlode) 'osc (18)
_ vc/am
CCIamp - Avc/amp x Vc/amp)f&/amp xfc’;so (19)
A starting value of 10% is generally used for AV .
2.4.4 Output Diode
The voltage stress by the converter on the diode can be found with the following equation:
V/nMAX
VDiodeStress = Vout+ N (20)
VDiodeStress =5 V+ % =17 V (21)
Note that any diode picked should have a voltage rating of well above this value as it does not include
parasitic spikes in the equation. The UC1843-SP diode was picked to have a voltage rating of 60 V.
245 Output Filter and Capacitance
For most designs, a ripple voltage is picked and the output capacitance is figured out from that value. The
UC1843A-SP design started similar to that using the equations:
lout % Dyiax
COUt VR/pple x 7:750 (22)
Cout > 55 mvx 206 iz = 500 uF (23)
A’s!e
Cout> mwaixi (24)
10 A
Cout> zmx0.7 vz iz = 1 MF (25)
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A value of around 1145 pF was chosen to keep output voltage ripple low. Note that the output voltage
ripple in the design was further decreased by adding an output filter and by adding an inductor after a
small portion of the output capacitance. Six ceramic capacitors were picked to be placed before the output
filter and then the large tantalum capacitors with some small ceramics were added to be part of the output
filter. The initial ceramics will help with the initial current ripple, but have a very large output voltage ripple.
This voltage ripple will be attenuated by the inductor and capacitor combination placed between the
ceramic capacitors and the output. The equations below allow for finding the amount of attenuation that
will come from a specific output filter inductance. An inductance of 500 nH was chosen to attenuate the
output voltage ripple.

F, =1

resonant 2% Leiger X Copuc (26)

_ 1 _

Fresonant— anﬁ.s Hx 1127 F =6.7 kHz (27)
F 1

Zero= 21 x Cyogui * ESRogui (28)

1 _

Fzero= 2mx 1127 uF%0.009 Q — 15.69 kHz (29)
Attenuationyg,, = 40 x logyo( =) — 20 x logo(£=) (20)
Attenuationys, = 40 x logyo( 229K12 ) — 20 x logqq( 12942 ) = 36.88 dB (31)

Sometimes the output filter can causing peaking at high frequencies, this can be damped by adding a
resistor in parallel with the inductor. For the UC1843A-SP design 0.5 Q was used as a very conservative
value. The resistance needed to damp the peaking can be calculated using the following equations:

‘ z(coCerm+ CoBqu)

Wo = \ Leiter * Cocerm * Copuik (32)
_ [ 2019 wF+ 1127 uF)
Wo = \| 500 nHx19 pFx1127 uF — 463 kHz (33)
_ RoxLFlllerx(CoCerm+ coBulk)_ Lf{)léer
RFilter R x(cocexz+ CoBulk) _ Lriter® Cocerm (34)
0.5%500 nHX(19 uF+ 1127 uF)— 22 o
Reiter = 5% s st 110 19) o = 0,232 Q
P — 500 nHx19 uF (35)
2.4.6 Compensation
The poles and zeros of a flyback converter can be found with the following equations:
— 1+D
BESR= 2 Cop ¥ Reor (36)
besr= 1t2.5 =23.15 kHz
ZESR = 2mx1146 ;Fx0.009 : (37)
_ 1
P= 2mxcuxr, (38)
_ 1 _
B= amxtias wFxos = 218 Hz (39)
£ — Rout X(1— Dyax \’
RHPZ = 5 terixp, ﬁ X Dy (40)
_0.5%(1—0.5¢ __
ez = an wes = 21 KHE (41)
Type |IB compensation was selected to compensate the poles and zeros of the flyback converter. Since
the RHPZ of the flyback converter is unable to be compensated, the crossover frequency of the converter
should be between one fourth to a whole decade below the RHPZ of the converter. Type |IB
compensation has 1 pole and 1 zero to help compensate the converter. The pole from the compensation
is suggested to be placed by the RHPZ of the converter and the zero from compensation is suggested to
be placed a decade before the expected crossover frequency. Using these guidelines the compensation
values for the converter were picked for the converter. For the non-isolated portion of the board this
means choosing the value of the compensation resistors and capacitors along these guidelines. For the
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UC1901-SP, the compensation was placed using the same guidelines, however the UC1901-SP adds a
static gain of 12 to the feedback loop. This increase in gain can be compensated for by dividing the
resistor from compensation down and increasing the values of the capacitors by the same amount. This
allows for the gain to be controlled in the system without changing the poles and zeros of the system.
Optimization is needed for compensation values, and those values can be validated through testing.

2.4.7 Sense Resistor and Slope Compensation
The sense resistor is used to sense the ripple current from the transformer as well as shutdown the
switching cycle if the peak current of the converter is allowed to get too high. The voltage threshold of the
CS pinis around 1 V, thus the equation to find the sense resistor from the peak current is:
R) _ VCS Threshold ™ VS/ope Comp Offset
s lllmlt (42)
Re= 1'% "7=0.075 Q (43)
Note that |, should be greater than l,,p.. and that the voltage offset from the slope compensation will be
dependant on the amount of slope compensation in the design. The value of 0.075 Q for the sense
resistance was found to be the optimum value adding some headroom for slope compensation offset of
0.1 V. Slope compensation was implemented with a BJT being turned off and on by the RC pin of the
device. The BJT was placed between the REF pin and a resistor divider to the CS pin. The optimum slope
compensation value can be found from the following equations after picking a value for the top of the
divider:
— YouXRes*Ges
So= Lpgi % Nos (44)
5 Vx0.075 ©x3
Se= "7 uHx3.33 16088 (45)
fz’)scx vosc
Sosc = TNW (46)
200 kHzx1.7 V
Sosc= "9 25— = 1360000 47)
— Rop
Rest o1 (48)
11.8 k@
= 1360000 =141 Q
R:Sf 16088 =1 (49)
The UC1843A-SP design uses a much higher resistor of 1.47 kQ, but this is an attempt to be very
conservative. Note that the bottom resistor can be used as part of a filter to the CS pin as well, which is
implemented in the design using a capacitor near the CS pin. Care was taken such that the RC filter
would not filter the switching frequency by having the RC time constant be a decade less than the
switching frequency.
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

3.1.1 Hardware

A power supply is needed to provide voltage to the input from 20 to 40 V at 4 A. The output load needs to
sink up to 10 A of current at 5 V. The output of the device can reach 7 V during start up so the output load
must be able to handle up to 7 V for small portions of time.
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3.2 Testing and Results

3.2.1 Test Setup

Overcurrent
Protection

5V

Feedback Network

Figure 3. Test Setup

Table 2. Test Parameters

Compensation Network

SPECIFICATIONS

Phase Margin

PARAMETER
Input Power Supply 20 to 40 VDC
Output Voltage 5VDC
Output Current 0to 10 A
Output Current Pre-load 100 mA
Operating Temperature 25°C
Switching Frequency of UC1843A-SP 200 kHz
Switching Frequency of UC1901-SP 1 MHz
Peak Input Current Limit 12 A
Bandwidth ~2 kHz
~70°
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3.2.2 Test Results

3.221 Efficiency
Efficiency measurement was taken after the board was run for 20 minutes at full output load. Values for
input voltage, input current, output voltage, and output current were then taken starting at 10 A and
decreasing the output load by 1 A down to no load. The output current does not include the 100-mA pre-
load that is already included on the board.

Table 3. Efficiency for 20 V,,
Vin lin Vout lout Pin Pout Efficiency
19.97 32 4.95 9.99 63.9 49.45 0.774
20 2.84 4.95 8.99 56.8 44.50 0.783
20.04 2.49 4.95 7.99 49.9 39.55 0.793
20.07 2.15 4.95 6.99 43.2 34.60 0.802
20.1 1.82 4.95 6 36.6 29.70 0.812
20.13 1.51 4.95 5 30.4 24.75 0.814
20.16 1.2 4.95 4 24.2 19.80 0.818
20.19 0.91 4.95 3 18.4 14.85 0.808
20.21 0.63 4.95 2 12.7 9.90 0.778
20.24 0.33 4.95 1 6.7 4.95 0.741
20.27 0.05 4.95 0 1.0 0.00 0.000
Table 4. Efficiency for 40 V,,

Vin lin Vout lout Pin Pout Efficiency
40.39 15 4.95 9.99 60.59 49.45 0.816
40.4 1.34 4.95 8.99 54.14 44.50 0.822
40.42 1.19 4.95 7.99 48.10 39.55 0.822
40.43 1.04 4.95 6.99 42.05 34.60 0.823
40.45 0.89 4.95 6 36.00 29.70 0.825
40.46 0.75 4.95 5 30.35 24.75 0.816
40.45 0.61 4.95 4 24.67 19.80 0.802
40.49 0.46 4.95 3 18.63 14.85 0.797
40.5 0.32 4.95 2 12.96 9.90 0.764
40.52 0.18 4.95 1 7.29 4.95 0.679
40.53 0.03 4.95 0 1.22 0.00 0.000

3.2.2.2 Load Regulation

Load regulation was taken after output voltage settled and after decreasing load in 1-A increments.

Table 5. 20-V,, Load Regulation

Vout lout
4.9495 9.99
4.9498 8.99
4.95 7.99
4.9504 6.99
4.9507 6

12 20- to 40-V,y, 50-W Space-Grade Isolated-Flyback DC-DC Over Current
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Table 5. 20-V,, Load Regulation (continued)
Vout Iout
4.509 5
4.9513 4
4.9516 3
4.952 2
4.9523 1
4.9526 0
Table 6. 40-V,, Load Regulation
VOLI( Iout
4.9495 9.99
4.9497 8.99
4.95 7.99
4.9503 6.99
4.9507 6
4.951 5
4.9513 4
4.9516 3
4.9519 2
4.9523 1
4.9526 0
3.2.23 Frequency Response
100 200
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_g A T e %
o 50
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T 20 I g
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Trace 1 —Trace 2
Figure 6. 20 V,, Frequency Response
Frequency response was taken with 10-A output current and 20 V,,.
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Trace 1: Gain Magnitude (dB)

Table 7. Frequency Response Characteristics for 20 V,,

PARAMETER VALUE
Crossover Frequency 1.61 kHz
Phase Margin 71.3°
Phase Crossover 58.9 kHz
Gain Margin —20.95 dB
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Figure 7. 40 V,, Frequency Response

Frequency response was taken with 10-A output current and 40 V,,.

Table 8. Frequency Response Characteristics for 40 V,,

PARAMETER VALUE
Crossover Frequency 2.31 kHz
Phase Margin 68.96°
Phase Crossover 26.6 kHz
Gain Margin -27.2dB
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3.2.24 Thermal Characteristics

Figure 8. Thermal Characteristics for 20 V,,

Thermal measurement was done with 20 V,, after 20 minutes of running with full load on the output.

Table 9. Notable Thermal Values for 20 V;,

Area Temperature
Zener Diode Clamp (D4) 101°C
Output Diode (D2) 92.3°C
Output Filter Inductor (L1) 77.7°C
Main Switching MOSFET (Q1) 71.8°C
Sense Resistors (R17 and R18) 72.7°C
Transformer (T1) 61.7°C

Figure 9. Thermal Characteristics for 40 V,,

Thermal measurement was done with 40 V,, after 20 minutes of running with full load on the output.

Table 10. Notable Thermal Values for 40 V,,

Area Temperature
Zener Diode Clamp (D4) 70.3°C
Output Diode (D2) 84.9°C
Output Filter Inductor (L1) 73.8°C
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Table 10. Notable Thermal Values for 40 V,, (continued)

Area Temperature
Main Switching MOSFET (Q1) 61.4°C
Sense Resistors (R17 and R18) 54.7°C
Transformer (T1) 59.8°C

3.2.2.5 Output Voltage Ripple

w
|

"
'W’

(@ 1000V A& j{mnus 25065/ [1 [ 7 Dec 2018
(Taad UK ps  10Mpoints  =7.80mV 23:09:28

Figure 10. Output Voltage Ripple 20 V;,
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Figure 11. Output Voltage Ripple 20 V;, With Smaller Time Scale

Output voltage ripple was taken with 20 V,, and a fully loaded output. Ripple from the UC1843A-SP can be
seen in Figure 10 and ripple from the UC1901-SP can been seen in Figure 11.
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Figure 12. Output Voltage Ripple 40 V,,
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Figure 13. Output Voltage Ripple 40 V,, With Smaller Time Scale

Output voltage ripple was taken with 20 V,, and a fully loaded output. Ripple from the UC1843A-SP can be

seen in Figure 12 and ripple from the UC1901-SP can been seen in Figure 13. The additional ripple from

the output can be filtered out by POL converters that are supplied from the 5-V rail.

i T
-

h1]

(@ 10.0mv_AN Jl1 00ps 2506875 [} { 8 Dec 2018
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Figure 14. Output Voltage Ripple of TPS50601A-SP EVM Supplied From UC1843A-SP
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Figure 15. Output Voltage Ripple of TPS50601A-SP EVM Supplied From 5-V Power Supply

For the figure displayed in Figure 14, the UC1843A-SP and UC1901-SP design supplied a TPS50601A-
SP EVM using a 40-V rail. For the figure displayed in Figure 15, the TPS50601A-SP EVM was supplied
using a 5-V lab power supply. The additional ripple added to the line by the UC1843A-SP and the
UC1901-SP had a negligible impact on the output ripple of the TPS50601A-SP EVM.

3.2.2.6 Load Step

@ 50mv AN me; SO0MS /s 0\ ] 7 Dec 2018
l ) 0+¥7.020000ms _ 10Mpoints 4504 21130 |

Figure 16. Partial Load Step Down With 20 V,,
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Figure 17. Partial Load Step Up With 20 V,,
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For tests shown in Figure 16 and Figure 17, 20 V was applied to the input and a load step was applied to
the output. The load step applied was from 0.6 A to 10 A and 10 A to 0.6 A. Note that those currents do
not include the 0.1-A pre-load. The 0.6 A was found to be the minimum output current in order to avoid
light load conditions with the design.

(@ S00mvV A& qu;nm: SO0MS/s P\ ] 7 Dec 2018
4] u-v7 n 10M points 4,504 23:21:11

Figure 18. Partial Load Step Down With 40 V,,
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(TEad n 10M points 4504 23:21:24

Figure 19. Partial Load Step Up With 40 V,,

For tests shown in Figure 18 and Figure 19, 40 V was applied to the input and a load step was applied to
the output. The load step applied was from 0.5 A to 10 A and 10 A to 0.5 A. Note that those currents do
not include the 0.1-A pre-load. The 0.5 A was found to be the minimum output current in order to avoid
light load conditions with the design.
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Figure 20. Load Step Down With 20 V,,
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Figure 21. Load Step Up With 20 V,,

For tests shown in Figure 20 and Figure 21, 20 V was applied to the input and a load step was applied to
the output. The load step applied was from 0 Ato 10 A and 10 A to 0 A. Note that those currents do not
include the 0.1-A pre-load.

F’ S00mV Ay }zoom; SO0MS/s 0\ ][ 7 Dec 2018
(4] {u*' 20000ms __10M points 4.50 & 23:19:52

Figure 22. Load Step Down With 40 V,,
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Figure 23. Load Step Up With 40 V,,

For tests shown in Figure 22 and Figure 23, 40 V was applied to the input and a load step was applied to

the output. The load step applied was from 0 Ato 10 A and 10 A to 0 A. Note that those currents do not
include the 0.1-A pre-load.

3.2.2.7 Start-up

——a =]
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Figure 24. Start-up 20 V,, With Fully Loaded Output
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Figure 25. Start-up 20 V,, With No Load on Output
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For tests shown in Figure 24 and Figure 25, 20 V was applied to the input from 0 V initially. The output
was either loaded with 0 A on the output or 10 A. Note that those currents do not include the 0.1-A pre-
load.

s =2l

@ 20V )[10.0ms 100MS/s 0/ ][ 7 Dec 2018
(E+v10.600000  10Mpoints 152V 23:01:38

Figure 26. Start-up 40 V,, With Fully Loaded Output

s =2l
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Figure 27. Start-up 40 V,, With No Load on Output

For tests shown in Figure 26 and Figure 27, 40 V was applied to the input from 0 V initially. The output
was either loaded with 0 A on the output or 10 A. Note that those currents do not include the 0.1-A pre-

load.
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3.2.2.8 Shutdown
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Figure 28. Start-up 20 V,, With Fully Loaded Output
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Figure 29. Start-up 40 V,, With Fully Loaded Output

For tests shown in Figure 28 and Figure 29, 20 V or 40 V was applied to the input and then disconnected.
The output was loaded with 10 A on the output. Note that those currents do not include the 0.1-A pre-load.

3.2.2.9 Component Stresses
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Figure 30. Voltage Stress on Main Switching MOSFET (Q1)
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Figure 31. Output Diode Stress (D2)

For the test in Figure 30 and Figure 31, 40 V was applied to the input and 10 A was drawn from the
output. For the output diode stress, the voltage was measured with respect to ground so the output

voltage would have to be added to show the true stress on the output diode.
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-070002.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-070002.
4.3 PCB Layout Recommendations
Make all of the power (high current) traces as short, direct, and thick as possible. It is good practice on a
standard PCB to make the traces an absolute minimum of 15 mils (0.381 mm) per ampere. The inductor,
output capacitors, and output diode should be as close as possible to each other. This helps reduce the
EMI radiated by the power traces due to the high-switching currents through them. This also reduces lead
inductance and resistance, which in turn reduces noise spikes, ringing, and resistive losses that produce
voltage errors. The grounds of the IC, input capacitors, output capacitors, and output diode (if applicable)
should be connected close together directly to a ground plane. It would also be a good idea to have a
ground plane on both sides of the PCB. This reduces noise by reducing ground loop errors. For multi-layer
boards with more than two layers, a ground plane can be used to separate the power plane (where the
power traces and components are) and the signal plane (where the feedback and compensation and
components are) for improved performance. On multi-layer boards, vias are required to connect traces
and different planes. Arrange the components so that the switching current loops curl in the same
direction. Due to the way switching regulators operate, there are two power states: one state when the
switch is on and one when the switch is off. During each state there is a current loop made by the power
components that are currently conducting. Place the power components so that during each of the two
states the current loop is conducting in the same direction. This prevents magnetic field reversal caused
by the traces between the two half-cycles and reduces radiated EMI.
4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-070002.
4.4  Altium Project
To download the Altium Designer® project files, see the design files at TIDA-070002.
45 Gerber Files
To download the Gerber files, see the design files at TIDA-070002.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-070002.
5 Related Documentation
1. Using The DRV3204EVM To Evaluate The DRV3203-Q1 application note, SLVA559
2. INA901-SP Radiation Hardened, —16-V to 80-V Common Mode, Unidirectional Current-Shunt Monitor
data sheet, SBOS938
3. UC1843A-SP QML Class V, Radiation Hardened Current-Mode PWM Controller data sheet, SLUSCI6
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5.1 Trademarks

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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